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Abstract
Sepsis is a heterogeneous disease with variable clinical course and several clinical 
phenotypes. As it is associated with an increased risk of death, patients with this 
condition are candidates for receipt of a very well-structured and protocolized 
treatment. All patients should receive the fundamental pillars of sepsis 
management, which are infection control, initial resuscitation, and multiorgan 
support. However, specific subgroups of patients may benefit from a personalized 
approach with interventions targeted towards specific pathophysiological 
mechanisms. Herein, we will review the framework for identifying subpopu-
lations of patients with sepsis, septic shock, and multiorgan dysfunction who may 
benefit from specific therapies. Some of these approaches are still in the early 
stages of research, while others are already in routine use in clinical practice, but 
together will help in the effective generation and safe implementation of precision 
medicine in sepsis.

Key Words: Sepsis; Septic shock; Organ dysfunction; Precision medicine; Biomarkers; 
Phenotype; Endotype

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Sepsis is a heterogeneous disease with different clinical courses and several 
clinical phenotypes. Precision medicine in sepsis allows the identification of specific 
subgroups of patients who may benefit from a personalized approach with 
interventions targeted towards specific pathophysiological mechanisms.
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Lopez JJ, Larrosa N, Ferrer R. Precision medicine in sepsis and septic shock: From omics to 
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URL: https://www.wjgnet.com/2220-3141/full/v11/i1/1.htm
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INTRODUCTION
Sepsis requires a structured and protocolized treatment, which have been thoroughly 
reviewed in the literature[1-3]. The last version of the Surviving Sepsis Campaign 
(SSC) guidelines was released in 2021[4], and the hour-1 bundle was updated in 2018
[5]. The implementation of the SSC recommendations and bundles[6] is associated 
with a sustained reduction in the risk of death. Still, mortality from sepsis remains 
unacceptably high[7].

All patients with sepsis are candidates for receipt of the main pillars of sepsis 
treatment: Infection control, initial resuscitation, and multiorgan support. However, 
specific subgroups of patients not responding to conventional therapies may benefit 
from other therapies, which can be considered therapeutic rescue strategies.

Currently, sepsis is defined as organic dysfunction associated with a dysregulated 
response of the host to infection[8]. The host response is initiated when bacterial 
endotoxin or other bacterial structures interacting with the host´s immune system 
stimulate the production of a cascade of immune mediators that activate and target 
leukocytes, leading to organ dysfunction.

SEPSIS: A HETEROGENEOUS DISEASE
We have to ask ourselves whether all septic patients' clinical courses are predictable. 
Does dysregulated host response to infection progress and manifest similarly in all 
patients? The answer is clear and resounding: No. In sepsis, there is significant hetero-
geneity between individuals. In a certain way, such heterogeneity is foreseen based on 

http://creativecommons.org/Licenses/by-nc/4.0/
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the existing differences in age, causative microorganisms, types of sepsis foci, and 
comorbidities. Pathophysiologically, there are also significant differences. The inflam-
matory response occurs in two distinct stages: The pro-inflammatory and the anti-
inflammatory phases. These phases vary among individuals and within the same 
individual, depending on a particular moment within the clinical course. This could 
explain the observed heterogeneity in responses to available immunomodulating 
treatments (e.g., corticosteroids, elimination of cytokines, and anti-cytokine 
antibodies).

Therefore, patients with a low risk for adverse outcomes are candidates to receive 
conventional treatments. In contrast, patients with a high risk of clinical deterioration 
could benefit from specific therapies addressing their particular pathophysiological 
characteristics. This gives rise to so-called ‘precision medicine’. This term comes from 
oncology and described the adaptation of a treatment to each patient’s traits based on 
the genomic study and the molecular characteristics of tumors.

In this narrative review, we explain the different strategies to create and implement 
precision medicine for sepsis, with the intent of supporting individualization of 
patients’ management (Figure 1). In the first part of this manuscript, we will review 
the technologies developed to identify endotypes and phenotypes (omics-based 
biomarkers, bioinformatics, and biomarkers commonly used in the clinic). In the 
second part of the manuscript, we will describe the different endotypes with their 
specific potential treatments (e.g., immunoglobulins, endotoxin- and cytokine-
hemadsorption, restoration of immunoparalysis) (Table 1). Omics-based biomarkers 
research is still in the early stages, while other biomarkers are now available and in use 
in the clinic.

TECHNOLOGIES DEVELOPED TO IDENTIFY ENDOTYPES AND PHEN-
OTYPES
Omics technologies
Novel technologies have been developed in recent years to detect different 
evolutionary patterns or other patterns in response to different therapies in sepsis. 
Omics-based biomarkers and bioinformatics can select various endotypes and 
phenotypes of sepsis patients indistinguishable from the clinical point of view at the 
bedside. Therefore, they help in the adaptation of specific therapies to patients 
according to their individual characteristics[9].

Genomics and epigenomics: Genomics is defined as the study of genes and their 
functions. The different clinical presentations and prognoses of sepsis patients have 
already been associated with particular genetic variants. A genetic polymorphism is an 
allelic variant that exists in an unalterable state in a population, with a frequency 
(generally > 1%) that cannot be accounted for by new mutations. Various poly-
morphisms have been described in the genes that encode pro-inflammatory and anti-
inflammatory cytokines. This is also true for cytokine receptors, cellular recognition 
pathways, intracellular signaling pathways, and hemostasis molecules. All these 
pathways are involved in the severity and risk of mortality in sepsis[10].

Epigenomics studies the additional changes that alter gene expression without 
changing the DNA sequence. These include DNA methylation, non-coding (nc)RNAs, 
histone variants, and histone post-translational modifications. Epigenetic modific-
ations can respond to environmental stimuli by activating or inhibiting gene 
transcription. Lorente-Sorolla et al[11] showed that sepsis patients undergoing 
widespread changes in the methylome of their circulating monocytes had associated 
aberrant levels of interleukin (IL)-10 (IL-10) and IL-6, and a high occurrence of organ 
dysfunction. Changes in histone modifications, especially histone acetylation, can lead 
to abnormal expression of IL-10 mRNA[12]. An ncRNA is a functional RNA molecule 
transcribed from DNA, though not translated into a protein. ncRNAs regulate gene 
expression at the transcriptional and post-transcriptional levels. The three major 
classes of short ncRNAs are known as micro (mi)RNAs, short interfering (si)RNAs, 
and piwi-interacting (pi)RNAs. Plasma levels of miR-133a are higher in critically ill 
patients with sepsis than in patients with non-infectious inflammation, and predict 
intensive care unit (ICU) and long-term mortality[13]. Consequently, epigenetic 
biomarkers could help detect patients with clinical deterioration and unfavorable 
evolution[11-14].
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Table 1 Clinical applicability of precision medicine strategies

Precision medicine 
strategy Target (s) Clinical application

Genetic variants Prognosis, severityGenomics and epigenomics

Genotypes Susceptibility to sepsis

Gene expression profiles, activity and regulation Susceptibility to sepsisTranscriptomics 

Sepsis response signatures Severity, prognosis

Small molecules produced by cells PrognosisMetabolomics

Metabolomic profile Response to treatment

Proteins expressed by the genome under certain 
conditions

Diagnosis, PrognosisProteomics

Biomarkers Diagnosis, prognosis

Diagnosis

Prediction of clinical trajectories

Assessment and treatment of organ dysfunction

Bioinformatics Machine learning techniques

Clinical phenotypes

Phenotypes 

Antimicrobial stewardship

Prediction of organ dysfuntion

Allocation of hospital resources

Diagnosis

Biomarkers Levels of molecules (mostly inflammatory)

Severity

Immunoglobulins Immunoglobulin levels Detection and treatment of sepsis-associated 
hypogammaglobulinemia

Endotoxin and 
hemoadsoption

Endotoxin levels and elimination by hemoadsoption Rescue therapy

Cytokines and 
hemoadsoption

Cytokine levels and elimination by hemoadsoption Rescue therapy

Immunoparalysis detection

Immunoadjuvant treatment

mHLA-DR expression

Stratification of patients

Immunoparalysis

GM-CSF therapy

GM-CSF: Granulocyte-macrophage colony-stimulating factor.

Individualized treatment based on the genetic characteristics of the host has not yet 
been implemented in clinical practice, even though it is undoubtedly one of the most 
promising research fields for the future management of patients with sepsis and septic 
shock.

Transcriptomics: The transcriptome is the set of messenger RNAs and ncRNA 
molecules in a specific cell or tissue. Transcriptomics is the study of the transcriptome 
of one particular cell or tissue in a specific circumstance, based on the analysis of gene 
expression profiles. It aims at monitoring gene activity and regulation. Transcriptomic 
studies have made possible the characterization of different gene expression profiles in 
sepsis.

Interindividual transcriptome variation in sepsis has been evaluated in several large 
cohorts. Maslove et al[15] identified two subtypes in septic patients. The subtype 1 
gene expression profile is characterized by a significantly increased expression of 
genes involved in inflammatory and Toll-like receptor (TLR)-mediated signaling 
pathways. This profile is associated with a higher prevalence of sepsis. Davenport et al
[16] analyzed peripheral blood leucocyte global gene expression of 265 critically ill 
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Figure 1 Strategies to create precision medicine in sepsis.

patients with community-acquired pneumonia and organ dysfunction. That 
transcriptomic study showed two distinct sepsis response signatures: SRS1 and SRS2. 
SRS1, present in 41% of patients, identified patients with an immunosuppression 
phenotype that included features of endotoxin tolerance, T cell exhaustion, and down-
regulation of human leucocyte antigen class II. SRS1 was associated with higher 14-, 
28- and 60-d mortality than SRS2. Sweeney et al[17] performed an unsupervised 
clustering analysis on pooled transcriptomic profiles from 14 datasets of sepsis 
patients (n = 700). The authors described three transcriptomic subtypes based on their 
functional analysis: the inflammopathic, adaptive, and coagulopathic subtypes. The 
adaptive subtype was associated with a lower clinical severity and lower mortality 
rate than the other subtypes. The coagulopathic subtype was associated with higher 
mortality and occurrence of clinical coagulopathy than either the adaptative or inflam-
mopathic subtypes. Septic shock was more frequent in the inflammopathic subtype. 
Wong et al[18,19] conducted a genome-wide expression profiling using whole blood-
derived RNA from 98 children with septic shock, and identified three subclasses of 
patients, which they designated as A, B, and C. Patients in subclass A were charac-
terized by repression of genes corresponding to adaptive immunity and glucocorticoid 
receptor signaling. The subclass A patients had higher illness severity and mortality 
rate than the patients in subclasses B and C.

In the future, transcriptomic studies should help us in the early identification of 
patients with evolutionary patterns associated with greater severity and mortality, 
allowing for more personalized treatment.

Metabolomics: Metabolomics is the study of the metabolome, a collection of small 
molecules produced by cells[20]. This technology has been increasingly used in 
various investigations, such as the identification of biomarkers, drug activities, or 
drug-induced toxicity and metabolism. Critical illnesses, such as sepsis, alter the 
metabolomic profile. Thus, metabolomic studies in sepsis have been aimed at 
discovering metabolites that discriminate between patients with sepsis and non-
infectious systemic inflammatory response syndrome (SIRS), identifying prognostic 
factors, and recognizing changes in response to treatment[21].

Su et al[22] studied a total of 65 patients (35 with sepsis, 15 with SIRS, and 15 healthy 
subjects). Levels of dimethylisine, 2-phenylacetamide, glyceryl-phosphoryl-ethano-
lamine, and D-cysteine were associated with the severity of sepsis. In addition, four 
other metabolites (S-(3-methylbutanoyl)-dihydrolipoamide-E, glycerophosphocholine, 
and S-succinyl-glutathione) were elevated within 48 h prior to death, indicating their 
potential use in predicting mortality. Neugenbauer et al[23] demonstrated that high 
levels of putrescine, lysoPCaC18:0, and SM C16: 1 are associated with higher mortality 
in community-acquired pneumonia and intra-abdominal infections. In a previous 
study, Mickiewicz et al[24] found 20 metabolites significant for discrimination between 
survivors and non-survivors. The pathways highlighted in this study were related to 
energy metabolism and branched-chain amino acid processes.
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Metabolomic studies have characterized the fundamental role of lysophospholipids, 
especially lysophosphatidylcholine (LPC), in sepsis prognosis[25-27]. Ferrario et al[28] 
studied the changes in lipid homeostasis that occur during sepsis progression. Plasma 
samples from 20 patients with septic shock were studied on days 1 and 7 of septic 
evolution. The authors identified 137 metabolites, many of which were significantly 
different between survivors and non-survivors. LPC and phosphatidylcholine were 
found at lower levels in non-survivors than in survivors on day 1 and day 7. Using 
regression models, the lowest levels of LPC on day 7 were identified as the strongest 
predictors of mortality. Drobnik et al[26] observed that the LPC concentration was 
markedly reduced in patients with sepsis compared to controls, and a negative 
correlation between these levels and mortality was found. Instead, Cho et al[25] found 
no association between low LPC levels and severity of the disease in septic patients. 
They also observed no differences in LPC levels between survivors and non-survivors.

In sum, metabolomics is a tool that allows for predicting the severity and prognosis 
of sepsis patients. This technology also provides a higher level of biochemical detail 
and knowledge than other systems biology approaches.

Proteomics: Proteomics is the part of omics that is responsible for the study of the 
proteome. The proteome comprises the set of all proteins expressed by the genome of a 
cell, tissue, or organism at a given time and under certain conditions of time and 
environment[29]. This technology provides an analysis of the expression, location, 
function, and interaction of proteomes. Compared to other immunological tests, 
proteomics is a novel method that has the advantage of having high throughput, 
sensitivity, and specificity. The development of proteomics has provided a means to 
study cellular processes, such as cell signaling, identifying protein modifications, and 
the characterization of specific biological markers[30].

For more than a decade, the study of proteomics has been sought to find new 
biomarkers determining sepsis diagnosis and prognosis. Su et al[31] selected 192 
proteins in patients with sepsis and septic shock for investigation. Of these, vimentin 
(a molecule that modulates lymphocyte apoptosis and inflammatory response) 
increased significantly in patients with sepsis and septic shock compared to controls. 
The non-survivors had higher vimentin levels in serum, and its expression was 
increased in lymphocytes in particular. As such, this molecule could be a marker for 
prognosis prediction in patients with sepsis. In a previous study of 16 critically ill 
patients, Punyadeera et al[32] found that a combination of various proteins [e.g., IL-1α, 
interferon gamma-induced protein 10 (IP-10), soluble tumor necrosis factor receptor 
(sTNF-R)2 and soluble cell death receptor (sFAS)] could induce the progression of 
sepsis to septic shock. Furthermore, a combined measurement of matrix metallopro-
teinase (MMP)-3, IL-1α, IP-10, soluble IL-2 receptor (sIL-2R), sFas, sTNF-R1, soluble 
receptor for advanced glycation end products (i.e., sRAGE), granulocyte-macrophage 
colony-stimulating factor (GM-CSF), IL-1β, and eotaxin could differentiate survivors 
from non-survivors. Latour-Pérez et al[33] observed that increased levels of activator 
receptor 1 expressed in myeloid cells (i.e., sTREM-1) throughout the first 3 d of 
evolution were associated with high mortality in critically ill patients with sepsis. The 
high initial severity of illness explained this finding. Gibot et al[34] found that the 
progressive decrease in plasma concentrations of sTREM-1 indicated a favorable 
clinical course during the recovery phase of sepsis and discriminated between 
survivors and non-survivors. Decoux et al[35] analyzed the serum proteome in a group 
of patients with early sepsis. To cope with the large dynamic range of serum protein 
samples, the authors performed N-glycosylation, a chemical enrichment of 
glycopeptides and subsequent differences were found in the serum proteome between 
survivors and non-survivors. For instance, some modified proteins and glycopeptides 
belong to common pathways, such as the coagulation cascade and the complement 
system. The authors also found decreased total neutrophil gelatinase-associated 
lipocalin (NGAL) and vascular cell adhesion molecule 1 (VCAM-1) levels in non-
survivors, two molecules believed to be part of the inflammatory response. Thus, even 
though VCAM and NGAL increase in sepsis, their study suggested that these 
increases may be part of a beneficial response necessary for survival, and pointed to 
the complexity of the regulatory network that is already activated in these patients at 
an early stage.

Proteomics has also helped to understand the role of proteolysis in sepsis by 
studying circulating peptides. Bauzá-Martinez et al[36] described a higher number of 
circulating peptides in patients with septic shock than in sepsis patients or non-hospit-
alized healthy subjects. The peptide count and abundance in septic shock patients 
were higher in non-survivors than in survivors, suggesting an association between the 
magnitude of proteolysis and the outcome. The predominant role of serine proteases, 
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such as chymotrypsin and MMPs, in causing the observed proteolytic degradation was 
demonstrated.

Ultimately, proteomics helps increase our understanding of the pathophysiology of 
sepsis and identify new molecules that can predict patients’ evolution. This technology 
also aids in the identification of significant prognostic factors in sepsis patients. 
Therefore, proteomic approaches are promising for clinical applications and biomarker 
studies of sepsis.

Bioinformatics
A major trend today in research is improving the accuracy of the diagnosis of sepsis. 
The definition of sepsis was updated in 2016 and advocated using the quick Sequential 
Organ Failure Assessment (qSOFA), which assesses blood pressure, respiratory rate, 
and mental status for sepsis diagnosis[8]. A major criticism by the medical community 
of this score lies in its low specificity[37]. For this reason, different research teams are 
trying to enhance this scale through the addition of bedside parameters (e.g., bio-
marker data), which could improve these diagnostic criteria. Another critical aspect in 
clinical research is obtaining a set of baseline phenotypes and patient trajectories in the 
ICU through multivariate analysis techniques, such as principal component analysis, 
factor analysis, and probabilistic clustering. For instance, a previous study[38] defined 
the following four different phenotypes for sepsis through consensus k-means 
clustering: (1) Patients with low vasopressor titration; (2) Patients with chronic 
conditions and renal dysfunction; (3) Patients with high inflammation and pulmonary 
dysfunction; and (4) Patients with liver dysfunction and septic shock. Another study
[39] defined the following phenotypes predicting ICU outcomes: (1) Patients requiring 
mechanical ventilation support; (2) Patients with severe organ dysfunction; (3) Patients 
with high severity scores; and (4) Patients with hepatic dysfunction.

Therefore, improved versions of the qSOFA scale are evaluated in the context of all 
available data at hospital admission through standard machine learning techniques, 
such as multivariate logistic regression, relevance vector machines, support vector 
machines, shallow neural networks or random forests, taking the diagnosis of sepsis 
confirmed through hemocultures as the main outcome. To predict organ dysfunction 
before its onset, phenotypes are now being improved by adding different clinical traits 
and biomarkers that become altered before organ dysfunction is detected at a systemic 
level. Current initiatives are intended to enhance these phenotypes by applying a 
generalization of the factor analysis method with Deep Autoencoders to assess the 
strength of associations between variables and their importance within each patient 
phenotype.

Deep Reinforcement Learning has also become an important research line for 
assessing the continuum of organ dysfunction in sepsis. For instance, Raghu et al[40] 
proposed a continuous state-space model for sepsis management in a twist beyond the 
more traditional development and use of discriminative classifiers.

Other studies have used Bayesian Networks and Random Forests[41] for assessing 
patient trajectories of septic and septic shock patients in the acute phase. A common 
trend between these initiatives is that they all pave the way to study patient tra-
jectories in the ICU. Patient trajectory assessment includes studying the prevalence of 
each phenotype and their impact on other clinical outcomes, such as long-term 
survival (e.g., 100-d survival rate), vasopressor resistance, and days on organ support
[38,39,42].

An accurate assessment of the organ dysfunction continuum is possible with the 
inclusion of biomarker data (e.g., complement cascade, platelet degranulation, acute 
inflammation response, negative regulation of endopeptidase activity, and blood 
coagulation), through the development of comprehensive, interpretable and mathem-
atically rigorous models of knowledge representation through Deep Learning 
techniques such as Deep Reinforcement Learning and standard machine learning 
techniques based on graphical models[42]. These techniques will improve diagnosis, 
trajectory, and long-term survival prediction in sepsis and septic shock. Also, they 
could set the basis for the personalized treatment of organ dysfunction.

Available biomarkers at clinics
The reliability of clinical assessments in patients with sepsis is often limited, and there 
is a need to individualize decision-making processes based on objective data. The 
heterogeneity of patients with sepsis has led to the use of biomarkers for patient strati-
fication according to prognosis and severity of illness, improving phenotyping, 
intensifying medical therapy in high-risk patients, guiding antimicrobial stewardship, 
and allocating hospital resources.
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Procalcitonin (PCT) is the most widely studied biomarker and is helpful as an 
adjunctive clinical tool for predicting prognosis and supporting clinical decisions in 
sepsis[43]. In a previous study of patients with septic shock and high vasopressor 
requirements, patients who had PCT levels of > 2 ng/mL benefited from receiving 
adjuvant therapy with hydrocortisone, vitamin C, and thiamine to reduce the 
progression of organ dysfunction[44]. High initial levels of PCT (> 6 ng/mL) are 
helpful to predict progressive organ dysfunction and an increased risk of mortality
[45]. Thus, this subgroup of patients may be considered for receiving personalized 
rescue therapies, as conventional treatment may be insufficient to improve prognosis. 
Interestingly, PCT non-clearance is a predictor of adverse outcomes and treatment 
failure[46-48]. In a large observational study, the inability to decrease PCT by more 
than 80% was a significant independent predictor of mortality[49]. This finding may 
aid in sepsis care, potential suitability of adjuvant treatments, and allocation of 
resources. Well-designed randomized controlled trials (RCTs) and meta-analyses have 
shown a mortality benefit when using PCT-guided algorithms for antimicrobial 
stewardship in sepsis[50-52].

Mid-region fragment of pro-adrenomedullin (MR-proADM) is a biomarker mainly 
produced by vascular endothelial cells. MR-pro-ADM directly reflects plasma levels of 
adrenomedullin, a potent vasodilator agent with metabolic and immune-modulating 
properties. MR-proADM levels increase in sepsis, and high plasma clearance at day 5 
has been associated with better outcomes[53]. Furthermore, the role of this biomarker 
for the early identification of patients at higher risk of organ dysfunction has been 
recognized. In a recent study, the use of MR-proADM performed better in the 
prediction of mortality compared to lactate, PCT, C-reactive protein, and SOFA score
[54]. Former studies have evaluated MR-proADM to predict ICU admission and the 
need for urgent treatment[55]. Thus, MR-pro-ADM is found beneficial to guide clinical 
decisions regarding the use of ICU and hospital resources.

The use of sepsis biomarkers is evolving as one of the most promising deve-
lopments in precision medicine. Identifying additional reliable biomarkers in sepsis 
will significantly improve our understanding of this heterogeneous disease and help 
the medical community refine clinical assessments. Likewise, comprehensive clinical 
assessments should be the starting point for developing and studying clinically 
accurate biomarkers in sepsis[56,57].

Recent progress in several biomarker research areas, including the development of 
point-of-care testing technologies[58], will extend their application for diagnosis, risk 
stratification, molecular phenotyping, and monitoring therapeutic responses, leading 
to more personalized medicine at the bedside. Further clinical validation of current 
biomarkers should be sought in certain patients [e.g., renal dysfunction, receiving 
continuous renal replacement therapy (i.e. CRRT), trauma]. Point-of-care sepsis 
biomarkers have the potential to be a game-changer as their implementation becomes 
widely available.

ENDOTYPES AND SPECIFIC POTENTIAL TREATMENTS
Immunoglobulins 
The pathogenesis of sepsis is associated with dysregulation of the innate and adaptive 
immune systems. The adaptive immune system’s underlying altered mechanism is the 
function of antibodies and immunoglobulins (Igs)[59]. Still, the SSC guidelines[4] 
make a weak recommendation for using Igs as a potential treatment in sepsis patients, 
given the low certainty of evidence derived from the main studies and a meta-analysis
[60,61]. Although the previous studies have not assessed Igs’ baseline status as an 
inclusion criterion, it is reasonable to think that patients with hypogammaglobu-
linemia could benefit from Ig treatment.

The underlying mechanisms causing decreased levels of Igs in sepsis are not 
entirely clear. Still, impaired Ig production, vascular leakage secondary to endothelial 
dysfunction, an imbalance between IgG production and its utilization by the 
complement system, excessive catabolism, or reduced plasma cell Ig secretion may be 
involved. Also, patients with sepsis frequently have lymphopenia and quantitative or 
functional abnormalities within T cell and B cell populations[62].

Several studies have shown higher mortality in sepsis patients with hypogamma-
globulinemia. Although the definition of hypogammaglobulinemia is variable, low 
levels of gammaglobulins can be defined as IgG below 500 mg/dL in individuals older 
than 5 years or 2 standard deviations below reference values for age[63-67]. Low 
plasma levels of IgG (hypo-IgG) is the most common deficiency, with a prevalence as 
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high as 70%[68]. Hypo-IgG is associated with an increased risk of severe illness [higher 
acute physiology and chronic health evaluation II (i.e. APACHE II) score], a greater 
incidence of acute respiratory distress syndrome, and a longer duration of shock[69], 
especially on the day of diagnosis and the following 48 h[70]. Also, a synergistic role of 
IgG, IgM, and IgA in sepsis and septic shock has been described[66,71]. The combined 
presence of low levels of endogenous IgG, IgM, and IgA in plasma is associated with 
reduced survival in patients with sepsis or septic shock[72].

Some studies have reported that immunoglobulin formulations containing IgG did 
not improve mortality rates in patients with sepsis[60]. Conversely, Welte et al[73] 
demonstrated a clinically significant reduction of mortality risk in patients with 
pneumonia treated with intravenous Ig (IVIg). That study identified a population with 
a very high risk of mortality, namely patients with high levels of C-reactive protein 
and PCT, and hypo-IgM.

Polyvalent intravenous Igs represent a promising approach to modulate both the 
pro-and anti-inflammatory responses[74]. In adults, the use of IgM-enriched IVIg has 
shown favorable results[60,61,73-79]. IgM-IgA-enriched IVIg preparations are 
associated with a reduction in mortality[61,73,75,76]. A recent meta-analysis of 19 trials 
and > 1500 patients showed a significant reduction in mortality when using IgM- and 
IgA-enriched IVIg compared to human albumin solution or no treatment[80,81]. 
However, the eligibility criteria for receiving polyvalent IVIg and the best treatment 
strategy should be well defined[77]. The administration of a single dose of polyclonal 
gammaglobulin of 1 or 2 g/kg is widely accepted (level of evidence 2C)[82]. Other 
strategies propose IgM and IgA-enriched polyclonal IVIg dose of 250 mg/kg/d by a 
10-h infusion, for 3 consecutive days[83], or an infusion of 42 mg/kg body weight of 
IgM-enriched polyclonal IVIg once daily for 5 consecutive days[73]. In a retrospective 
study, 129 adult patients benefited from receiving IgM-IgA enriched IVIg, when the 
administration was performed within the first 23 h from admission[78].

The routine administration of IVIg in sepsis patients is not recommended, as stated 
in the 2016 SSC. However, patients with hypogammaglobulinemia could benefit from 
this treatment. Further studies are needed to clinically validate the most appropriate 
dose and administration regimen of IVIg in sepsis patients with hypogammaglobu-
linemia.

Endotoxin hemoadsorption
Endotoxin is a lipopolysaccharide (LPS) present in the outer membrane of Gram-
negative bacteria and is one of the best examples of pathogen-associated molecular 
patterns (i.e. PAMPs). Its presence, together with that damage-associated molecular 
patterns (i.e. DAMPs) released by host injured cells, results in the elevation of pro-
inflammatory and anti-inflammatory cytokines[84], activating the anti-infectious 
innate immune response and mediating the clinical syndrome of sepsis. LPS elicits its 
actions through a transmembrane protein, the TLR4, a type of pattern recognizing 
receptor expressed on innate immune system cells, in a process in which many 
important molecules are involved. In this process, the LPS-binding protein (i.e. LBP) 
transports circulating endotoxin and facilitates its recognition by the cell through 
receptor CD14. CD14 directs the LPS-LBP complex to TLR4, and the accessory protein 
myeloid differentiation 2 (MD2) associated with TLR4 on the cell surface is involved in 
the LPS-TLR4 union. Recognition of the LPS-LBP complex by these receptors 
transduces the endotoxin signal to the cell nucleus, leading to the expression of a 
complex network of inflammatory mediators. The presence of endotoxin activates 
changes in the expression of more than 300 genes, leading to the activation of 
macrophages, endothelial cells, neutrophils, and the coagulation cascade. It also 
triggers the release of a complex cascade of host-derived inflammatory mediators[85,
86].

Endotoxin activity has emerged as a valuable marker of disease severity. The lipid-
A domain of endotoxin induces most of the toxicity associated with LPS, characterized 
by fever, diarrhea, hemodynamic instability, multiple organ failure, and, ultimately, 
death[87]. A previous study highlighted the clinical relevance of circulating levels of 
LPS, showing a significant correlation between endotoxin levels and severity of septic 
shock, organ dysfunction, and mortality[86]. The prevalence of endotoxemia in 
patients with septic shock was high, and up to 82% of patients showing intermediate 
or high endotoxin activity[88]. Patients with endotoxemia also presented significantly 
higher lactate concentration and inotropic score.

In human illness, the measurement of endotoxin is notoriously difficult. The 
chromogenic limulus amebocyte lysate assay was the first diagnostic test developed. It 
was based on endotoxin’s ability to induce coagulation of proteins in the hemolymph 
of the horseshoe crab, Limulus polyphemus[89]. Since other microbial products, 
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especially from fungi, can activate the limulus reaction, the assay is not specific for 
endotoxin. Since 2004, the endotoxemia measurement in humans has been made 
through the Endotoxin Activity Assay (EAA), a chemiluminescent rapid (30-min) 
assay described by Romaschin in 1998[90]. That test is based on the ability of an 
antibody to form an antibody-antigen complex in whole blood. This antibody targets 
the highly conserved lipid A epitope of endotoxin. It has a very high binding affinity, 
leading to very high sensitivity. In addition, the antibody does not cross-react with 
Gram-positive or fungal components, allowing for very high specificity. The results 
are expressed in EAA units, where < 0.39 is considered low, 0.40-0.59 intermediate, 
and ≥ 0.60 high. As this assay uses patient’s neutrophils as a readout system, it is 
impossible to store specimens for later assaying, and measurements must be 
performed within 3 h of obtaining the sample. The EAA is the only assay that is 
approved by the United States’ Food and Drug Administration for measuring 
endotoxin activity in whole blood.

Endotoxin has been considered as one of the therapeutic targets for the treatment of 
sepsis and septic shock. The possibility of eliminating endotoxin through blood 
purification techniques and, specifically, by hemoadsorption has been raised. 
Adsorption with a fiber column immobilized with polymyxin B (PMX) (Toraymyxin®; 
Toray, Tokyo, Japan), is one of the best-known endotoxin elimination therapies. 
Another possibility is the oXiris® hemofilter (Baxter, Meyzieu, France).

Four clinical trials have evaluated the efficacy of endotoxin hemoadsorption in 
septic shock. In a multicenter, open-label, pilot, randomized, controlled study 
conducted in Europe, 36 postsurgical patients with severe sepsis or septic shock 
secondary to intraabdominal infection were randomized to receive PMX treatment 
over 2 h (n = 17) or standard therapy (n = 19)[91]. There were no statistically significant 
differences in endotoxin levels from baseline to 6, 8 or 24 h after treatment between the 
two groups. Five of the eighteen (28%) patients in the control group and five of the 
seventeen (29%) patients in the PMX group died during the study period. The survival 
analysis showed no statistical significance between the two groups. There was also no 
statistically significant difference in the mean duration of ICU stay nor the number of 
ICU-free days between the two groups. However, patients treated with PMX 
demonstrated substantial increases in cardiac index and oxygen delivery index, and 
the need for CRRT after study entry was reduced. PMX was well tolerated and 
showed no significant side effects. Thus, that study showed the PMX cartridge to be 
safe and to have the potential to improve cardiac and renal dysfunction due to sepsis 
or septic shock. The early use of polymyxin B hemoperfusion in abdominal septic 
shock (i.e. EUPHAS) trial[92] evaluated hemoperfusion with PMX in a small sample of 
64 patients with intraabdominal infection-related severe sepsis and septic shock. The 
design was oriented to assess hemodynamic improvement. The recovery of mean 
arterial pressure allowed for the reduction of vasoactive drugs in the PMX group. 
SOFA scores improved in the PMX group. Furthermore, a significant reduction in 28-d 
mortality was observed in the intervention group (32%) compared to the conventional 
treatment group (53%). The ABDOMIX trial[93] studied 243 patients with septic shock 
within 12 h after emergency surgery for secondary peritonitis due to organ 
perforation. The PMX hemoperfusion (i.e. PMX-HP) group (n = 119) received conven-
tional therapy plus two sessions of PMX-HP. There were no significant differences in 
the SOFA score nor the 28-d mortality rate between PMX-HP and control groups 
(27.7% vs 19.5%). The severity of the disease and mortality were moderate. Among the 
220 sessions performed, a premature interruption was observed in 25 cases (11%), 
mainly during the first session and primarily due to circuit clotting. A total of two 
PMX-HP sessions were completed in only 81 of 119 patients (69.8%). Of note, plasma 
EAA levels were not measured in any RCTs previously discussed.

The Euphrates trial[94] is one of the RCTs with the largest sample of patients and 
features the highest scientific rigor. Among its main characteristics is the use of EAA 
as a predictive biomarker. This trial studied 450 critically ill patients with septic shock 
and an EAA level of 0.6 or higher. The intervention consisted of two PMX-HP 
treatments (90-120 min) plus standard therapy, completed within 24 h of enrollment (n 
= 224) or sham hemoperfusion plus standard therapy (n = 226). PMX-HP was not 
associated with a significant difference in 28-d mortality. However, Klein et al[95] 
performed a post-hoc analysis of 194 patients with EAA between 0.6-0.89. A survival 
benefit was observed in patients who received therapy with PMX hemofilters. Monti et 
al[96] published the first study describing the use of PMX-HP as rescue therapy, 
involving 52 patients with refractory septic shock unresponsive to conventional 
therapy. The SOFA score was 10 (8-14) points and serum lactate level was 5.89 ± 4.04 
mmol/L. All patients were on mechanical ventilation, and 90% were treated with 
corticosteroids. Rapid and early reversal of circulatory dysfunction and other organ 
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failures were obtained. The overall 30-d mortality was lower (29%) than expected by 
the SAPS II score (47%).

Consequently, it seems reasonable that patients with refractory septic shock and 
severe multiorgan dysfunction, with adequate control of the focus and EAA 0.6-0.9 
could be candidates for endotoxin hemoadsorption. The TIGRIS study[97] is ongoing, 
recruiting patients with SOFA score > 9 and EAA levels between 0.60 and 0.89. The 
results of that study will provide more information on the possible benefits of 
endotoxin hemoadsorption in patients with septic shock, high requirement for 
vasopressor support, and severe multiorgan dysfunction.

Cytokine hemoadsorption
Sepsis appears when the initially appropriate host response to infection becomes 
amplified and subsequently dysregulated, leading to an imbalance between pro-
inflammatory and anti-inflammatory responses[98]. An excess of pro-inflammatory 
cytokines can lead to endothelial injury and SIRS. Severe cases can progress to dissem-
inated intravascular coagulation and multiple organ failure that eventually leads to 
death[99].

A tightly regulated balance in the cytokine network is crucial for eliminating 
invading pathogens on the one hand and restricting excessive, tissue-damaging 
inflammation on the other. This network comprises pro-inflammatory cytokines 
[tumor necrosis factor-alpha (TNF-α), IL-1, IL-6, IL-12, interferon-gamma (IFN-γ) and 
macrophage migration inhibitory factor (MIF)], anti-inflammatory cytokines [IL-10, 
transforming growth factor-beta (TGF-β), and IL-4], and soluble inhibitors of pro-
inflammatory cytokines[100], such as soluble TNF receptor (TNFR), IL-1 receptor 
antagonist (IL-1Ra), and IL-2 receptor antagonist (IL-1R2)[101,102]. In endothelial cells, 
TNF-α enhances the expression of adhesion molecules and increases integrin 
adhesiveness in neutrophils, promoting their extravasation into tissues[103,104]. TNF-
α and IL-1 are the main mediators of inflammation-induced activation of coagulation
[105]. In addition, TNF-α and IL-1 amplify inflammatory cascades in an autocrine and 
paracrine manner by activating macrophages to secrete other pro-inflammatory 
cytokines, lipid mediators, and reactive oxygen and nitrogen species, leading to sepsis-
induced organ dysfunction[98,106]. A key function of IL-6 is the induction of fever
[107] and the mediation of the acute phase response[108,109]. The high concentration 
of IL-6 binds to the soluble form of the IL-6 receptor. This complex combines with the 
signal-transducing component glycoprotein 130 on the cells, including endothelial 
cells, to elicit IL-6 signal activation. Despite its pro-inflammatory properties, IL-6 also 
has been shown to promote anti-inflammatory responses. IL-6 inhibits the release of 
TNF-α and IL-1[110] and enhances the circulation levels of anti-inflammatory 
mediators[111-113]. IL-10 and TGF-β suppress the production of pro-inflammatory 
mediators in immune cells and stimulate the production of IL-1Ra and sTNFRs[114,
115].

Several studies have suggested an association of IL-6 hypercytokinemia with organ 
dysfunction, response to treatment, and prognosis in sepsis. Kellum et al[116] found 
that 82% of patients with community-acquired pneumonia had a systemic elevation of 
cytokine levels. Furthermore, patients with higher levels of IL-6 and IL-10 had 
associated severe organ dysfunction[117,118] and higher mortality[116,118]. The 
association between high levels of IL-6 and IL-10 with organ dysfunction and 
mortality has been confirmed in other studies[117-120]. Patients who survive sepsis 
show a rapid decrease in IL-6 Levels, in contrast to the non-decreasing values or a 
slowly progressive decrease in non-survivors[119,120]. Thus, the reduction of IL-6 
Levels is associated with a better prognosis[121], and IL-10 overproduction is the main 
predictor of severity and mortality[122,123].

Given the central role of increased systemic inflammation in the pathophysiology of 
sepsis-induced organ dysfunction, the development of therapies aimed at dampening 
the cytokine storm could help improve immune homeostasis. Extracorporeal blood 
purification therapies have been proposed as a strategy to improve the outcome of 
septic patients, attenuating the systemic expression of pro-inflammatory and anti-
inflammatory mediators and restoring immune homeostasis[116]. These include 
different cytokine hemoadsorption techniques. Currently, we have several devices for 
assessing cytokine adsorption; these include Cytosorb® (CytoSorbents Corporation, 
Monmouth Junction, NJ, United States), oXyris (Baxter, Meyzieu, France), Alteco LPS 
Adsorber (Alteco Medical AB, Lund, Sweden), HA 330 and 380 (Jafron Biomedical Co., 
Zhuhai, GuangDong, China).

CytoSorb® is the most widely used cartridge, and our experience is greatest with it. 
It has been evaluated for various clinical conditions, such as SIRS after cardiopul-
monary bypass, liver failure, and rhabdomyolysis-associated myoglobinemia[118-
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120]. In it, cytokines are adsorbed by polymer beads within a perfused cartridge, 
through extracorporeal circulation[117]. Cytosorb® can attenuate both the pro-inflam-
matory and anti-inflammatory responses, achieving a recovery of balance much 
earlier.

Several observational studies have suggested the clinical benefits of using Cytosorb® 
in septic shock to reduce vasopressor support and even achieve a mortality reduction. 
Friesecke et al[124] studied 20 consecutive patients with refractory septic shock after 6 
h of standard treatment and hypercytokinemia. Refractory septic shock was defined as 
a progressive shock despite full-standard therapy and lactate ≥ 2.9 mmol/L (or 
increased compared to baseline), and high noradrenaline requirements (> 0.3 mcg/ 
kg/min). The mean IL-6 Levels were 25.523 ng/mL (range: 1052-491260 ng/mL). In 
that study, Cytosorb® application was found to be associated with a significant 
decrease in noradrenaline requirements and an increase in lactate clearance, which 
resulted in shock resolution in 13 patients. In another case series of 45 patients with 
septic shock treated with hemoadsorption, Paul et al[125] described a significant 
vasopressor dose reduction (i.e., norepinephrine by 51.4%, epinephrine by 69.4%, and 
vasopressin by 13.9%). Besides, a reduction in IL-6 Levels (by 52.3%) and lactate levels 
(by 39.4%) was observed in the survivors. A survival rate of 75% was reported in 
patients who received treatment within 24 h of admission to the ICU. Patients who 
received treatment within 24-48 h after admission to the ICU had a survival rate of 
68%. In a retrospective study conducted by Brouwer et al[126], Cytosorb® was 
associated with decreased 28-d all-cause mortality in patients with septic shock.

The scientific evidence on the clinical benefits of cytokine elimination derived from 
RCTs is scarce. Hawchar et al[127] performed a proof of concept, prospective, 
randomized pilot trial on the application of Cytosorb® in 20 patients with early-onset 
septic shock. A significant reduction in the need for vasopressor support was 
observed. In the control group, this change was not achieved with therapy. Rugg et al
[128] compared patients with septic shock who received CytoSorb® in addition to 
CRRT (n = 42) vs matched controls (n = 42). Median catecholamine requirements 
approximately halved within 24 h after the initiation of Cytosorb®. In-hospital 
mortality was significantly lower in the CytoSorb® group (35.7% vs 61.9%; P = 0.015). 
Derived from our current knowledge, we can attribute the benefits of cytokine 
hemoadsorption only to the elimination of cytokines in the subgroup of patients with 
very high hypercytokinemia and associated refractory septic shock. Further studies are 
needed to define the influence of hemadsorption in the elimination of other 
substances.

Cytokine hemoadsorption may have a role as rescue therapy in a particular 
subgroup of patients with refractory septic shock, hyperlactatemia, multiorgan failure, 
and very high hypercytokinemia. As such, appropriate and well-designed RCTs 
should be performed in patients with this clinical profile, to validate its benefits.

Immunoparalysis 
More than 20 years ago, it was hypothesized that the early hyperinflammatory phase 
in sepsis was followed by a compensatory anti-inflammatory response to limit tissue 
damage[129]. In recent years, the therapeutic advances incorporated in sepsis 
treatment have facilitated a reduction in sepsis mortality, especially in early mortality 
derived from septic shock and severe multiorgan dysfunction. Some of the patients 
surviving the first few days evolve to a situation of chronic multiorgan dysfunction, 
dependent on mechanical ventilation and vasopressor therapy. This stage, known as 
sepsis-associated immunoparalysis, resembles the normal aging process of the 
immune system (immunosenescence), characterized by a general dysregulation of 
innate and adaptive immune responses. Monocytes and macrophages play a critical 
role in critically ill patients with severe infections. These cells are the front-line of the 
innate cellular response that initiates and promotes the adaptive immune response.

The human leukocyte antigen (HLA)-DR isotype is a major histocompatibility 
complex class II cell surface receptor encoded by the HLA complex and constitutively 
expressed on antigen-presenting cells (e.g., monocytes/macrophages, dendritic cells, 
and B lymphocytes). It is also inducible on T lymphocytes[130]. Decreased HLA-DR 
expression has been demonstrated in septic patients, at both the protein- and RNA- 
levels. There is also a relationship between circulating HLA-DR mRNA and HLA-DR 
expression in vivo[131]. Various studies in vitro have shown that constitutive and IFN-γ 
inducible HLA-DR expression is predominantly regulated at the transcriptional level. 
The observed loss of HLA-DR expression in monocytes of septic patients implies a 
transcriptional regulation via a decrease of its transactivator, specifically the class II 
transactivator (i.e., CIITA)[130].
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Although no association has been found between the kinetics of monocytic 
(m)HLA-DR expression and primary infection sites or causative pathogens, it has been 
associated with severity. Patients with high SOFA scores have an associated low 
expression of mHLA-DR. The prognosis of patients with low mHLA-DR expression is 
poor compared to patients with a rapid increase in mHLA-DR expression, primarily 
because of the higher incidence of secondary infections and mortality rate[132]. The 
most reliable marker for monitoring the immune alterations in critically ill patients is 
the decreased mHLA-DR expression, measured by flow cytometry[133].

Immunoparalysis can be identified by studying the expression of HLA-DR in 
monocytes. Multiple studies have linked the low expression of mHLA-DR with the 
presence of more significant adverse effects and higher short and long-term mortality 
rates (at 7 d and 28 d) in sepsis and septic shock[134,135]. Measures of mHLA-DR 
levels can not only be used as a marker of monocyte functionality and severity of the 
disease but also to guide innovative clinical therapies based on restoring the immune 
system[135,136].

In patients with immunoparalysis, several immuno-adjuvant agents are under 
investigation. GM-CSF, IFN-g, anti-programmed death-ligand 1 (i.e., anti PDL-1), or 
IL-7 could have a role in treating sepsis-associated immunoparalysis. For instance, 
decreased mHLA-DR has been used to stratify patients for GM-CSF administration in 
a clinical trial, including a small sample of sepsis patients. This biomarker-guided GM-
CSF therapy was found to be safe and effective in restoring monocyte immunocom-
petence, shortening mechanical ventilation duration, and reducing ICU/hospital stay
[135]. Another clinical trial tested the hypothesis that GM-CSF improves neutrophil 
phagocytosis in critically ill patients. They previously measured the neutrophil 
phagocytic capacity and included the subgroup of patients in whom phagocytosis was 
known to be impaired (to < 50%). The study showed that GM-CSF did not improve 
mean neutrophil phagocytosis but was safe and appeared to increase the proportion of 
patients with adequate phagocytosis[137]. Novel therapies targeting the restoration of 
monocyte immunocompetence are promising for improving outcomes in later stages 
of sepsis.

CONCLUSION
The heterogeneity of sepsis is a complex and engaging feature of the disease that elicits 
novel strategies for improved patient classification. Thus, precision medicine creates 
an individualized approach on a case-by-case basis by identifying subgroups of sepsis 
patients with a high risk of adverse outcomes who may benefit from specific 
treatments or rescue therapies according to their particular characteristics (e.g., 
genotypes or phenotypes). Of note, we urge the implementation of predictive-
enrichment strategies for the design and development of future clinical trials to 
improve the certainty of scientific assessments.

Although some clinical tools are still being evaluated in the early stages of research, 
such as the omics technologies, precision medicine is becoming a reality that improves 
our clinical approaches when currently available tools are implemented in patients 
with sepsis, septic shock, and organic dysfunction. Further scientific contributions in 
this field will be essential to identify specific endotypes responding to targeted 
therapies and translate individualized treatments to the bedside.
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Abstract
Acute exacerbations of interstitial lung disease (AE-ILD) represent an acute, 
frequent and often highly morbid event in the disease course of ILD patients. 
Admission in the intensive care unit (ICU) is very common and the need for 
mechanical ventilation arises early. While non-invasive ventilation has shown 
promise in staving off intubation in selected patients, it is unclear whether 
mechanical ventilation can alter the exacerbation course unless it is a bridge to 
lung transplantation. Risk stratification using clinical and radiographic findings, 
and early palliative care involvement, are important in ICU care. In this review, 
we discuss many of the pathophysiological aspects of AE-ILD and raise the 
hypothesis that ventilation strategies used in acute respiratory distress syndrome 
might be implemented in AE-ILD. We present possible decision-making and 
management algorithms that can be used by the intensivist when caring for these 
patients.

Key Words: Interstitial lung diseases; Disease exacerbation; Mechanical ventilation; 
Intensive care unit; Pathophysiological aspect
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Core Tip: During the acute and morbid event of acute exacerbation of interstitial lung 
disease, an intensivist needs to understand the pathophysiology and reversible causes 
of acute exacerbations, the diagnostics and treatments that are usually recommended, 
and the experimental therapies on the horizon. More importantly, the intensivist needs 
to be able to risk stratify the patients, selectively pursue mechanical ventilation, 
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minimize ventilator induced lung injury, and involve palliative care early in non-lung 
transplant candidates.
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INTRODUCTION
Definitions and epidemiology
Acute exacerbations in interstitial lung diseases (AE-ILD) represent an acute, and 
frequently morbid, deterioration of the patients’ respiratory function, often leading to 
hospital admission. Intensivists are at the forefront of care for these patients, and often 
need to make critical decisions about treatment and whether mechanical ventilation 
will be beneficial. While originally and most thoroughly described in idiopathic 
pulmonary fibrosis (IPF), acute exacerbations are increasingly recognized in other 
types of fibrotic interstitial lung disease (ILD) such as fibrotic (chronic) hypersens-
itivity pneumonitis[1,2] and connective-tissue disease related ILD[3-5]. To distinguish 
between the two entities, we will refer to i) acute exacerbations of IPF (AE-IPF) and ii) 
acute exacerbations of non-IPF interstitial lung disease (AE-nonIPF), grouped together 
as AE-ILD.

The definition of AE-IPF has shifted between 2007 (Idiopathic Pulmonary Fibrosis 
network, IPFnet)[6] and 2016 (revised criteria by international working group)[7]. The 
definition currently includes: (1) Known diagnosis of IPF; (2) Worsening dyspnea 
within the last 30 d; and (3) New bilateral ground glass opacities and/or consolidation 
upon a background of usual interstitial pneumonia (UIP); the previous requirement 
for exclusion of concurrent pulmonary embolism (PE) and identifiable infection has 
been eliminated[7].

The incidence rate of AE-IPF has been estimated to be 41 cases per 1000 person-
years[8] with approximately 10% of IPF patients experiencing an acute exacerbation in 
the two years following their diagnosis[9]. AE-IPF tends to be more prevalent in those 
with more advanced disease, as measured by worse pulmonary function (especially 
forced vital capacity, and diffusing capacity for carbon monoxide), shorter 6 min 
walking distance, and lower baseline oxygenation[10-14].

Pathophysiology and triggers of acute exacerbations of ILD
An acute exacerbation occurring in patients with IPF and other fibrotic ILDs is often 
unpredictable, but specific intrinsic and extrinsic factors have been hypothesized to 
trigger the event. Intrinsic factors, such as epithelial homeostatic imbalance affecting 
fibrocyte differentiation, macrophage immune polarization, and possibly autoim-
munity emergence against heat-shock proteins and phospholipid-binding proteins[15-
18], have been identified in patients with AE-IPF. Several other factors, such as air 
pollution[19] and micro-aspiration[20,21], have also been identified. Interestingly, in a 
retrospective analysis of three well-known IPF placebo controlled clinical trials, none 
of the patients who developed AE-IPF were on anti-acid treatment[22,23]. A higher 
eosinophil percentage in bronchoalveolar lavage (BAL) has been associated with the 
onset of AE-IPF[24].

When an identifiable extrinsic trigger for AE-ILD is lacking, then the AE-ILD is 
considered idiopathic. On the contrary, infection, aspiration and drug toxicity are 
common extrinsic triggers of AE-ILD. Infection has been identified in 10% to 30% of 
patients with AE-ILD[25-27]. Furthermore, post-procedural AE-ILD has also been 
reported, including video-assisted thoracoscopic procedures and bronchoscopy with 
lavage[28-30]. The underlying mechanism is thought to be due to possible ventilator-
induced injury (including hyperoxia or barotrauma), perioperative mechanical stretch, 
or fluid balance[7,31]. In a large study of acute exacerbations in all types of ILD, 52% of 
admissions for acute respiratory worsening were considered idiopathic, 20% due to 
infection, 15% due to subacute progression or end-stage disease, 6% due to heart 
failure or severe pulmonary hypertension, 4% due to venous thromboembolic disease, 
and 2% from diffuse alveolar hemorrhage or peri-procedural exacerbation[25].
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Both AE-ILD and acute respiratory distress syndrome (ARDS) have bilateral ground 
glass opacities and/or consolidations on imaging and often refractory hypoxemia. 
Similar to ARDS, the most frequent histopathologic finding on lung biopsy seen in AE-
ILD is diffuse alveolar damage[3,32], which involves an acute exudative phase 
followed by an organizing-proliferative phase[33]. It is likely that both patients with 
AE-ILD and ARDS have an aberrant and defective healing response to lung injury, 
that involves a pro-fibrotic positive-feedback loop[34-36].

Diagnostic evaluation indicated on hospital or intensive care unit admission
When a patient with ILD, or specifically IPF, is admitted for acute respiratory 
worsening, it is up to the inpatient physician, or more often the intensivist, to 
distinguish between idiopathic acute exacerbation vs acute exacerbation secondary to a 
specific “treatable” trigger such as infection. In-hospital survival is worse in those with 
idiopathic AE-ILD compared to those stemming from a known-trigger[25], possibly 
due to lack of targeted treatment.

Interestingly, acute exacerbation may be the first presentation of previously 
undiagnosed ILD, with such patients comprising 29% of one large academic cohort
[25]. Radiologic findings of fibrotic disease including reticulation and traction 
bronchiectasis, in a patient without known pulmonary disease suggests undiagnosed 
ILD. Surgical lung biopsy is often avoided during AE-IPF as its results often do not 
alter the course of acute exacerbation[32], and have increased peri/post-operative 
morbidity[37].

If the patient has previously undiagnosed ILD as noted above, then autoimmune 
serologies, including evaluation for pulmonary vasculitis with antineutrophil 
cytoplasmic antibodies, would be indicated to further clarify any potential autoim-
munity that would suggest a related connective-tissue disease or interstitial pne-
umonia with autoimmune features (IPAF). This may potentially affect management, as 
patients with autoimmune disease-related ILDs are more likely to be treated with 
immunosuppression, unlike in IPF patients[38].

Infection can be evaluated by various sources, including laboratory findings (white 
cell count, urine Legionella or Streptococcus pneumoniae antigens, procalcitonin[39], nasal 
or sputum viral polymerase chain reaction [PCR] tests), vital signs, and of course 
blood or respiratory cultures[40]. The yield of bronchoscopy has been found to be 
relatively low; only 13% of bronchoscopies in AE-ILD yielded abnormal results 
according to a major study[27], with 25% of patients having bronchoscopy on the 
general floor necessitating post-procedural ICU transfer. When bronchoscopy is 
performed, BAL specimens should be sent for bacterial, fungal and mycobacterial 
cultures, including viral PCR tests. Since AE-non-IPF patients are often immunocom-
promised, an intensivist should consider pneumocystis jirovecii and herpesvirus 
infections, which represented 25% and 18% of positive bronchoscopies in one study, 
respectively[27].

High-resolution computed tomography (CT) is critical in clarifying the extent of 
underlying fibrotic interstitial disease and suspected new or superimposed ground 
glass or consolidative abnormalities. The extent and pattern of superimposed 
infiltrates on high-resolution CT have been found to be predictive of survival in AE-
IPF[41,42]. The separation of the Kaplan-Meier survival curves depending on 3 
different types of CT findings (peripheral, multifocal, or diffuse pattern) was found to 
be quite striking[41]. A protocol assessing for pulmonary embolism - or a ventilation-
perfusion and lower extremity doppler scan in patients with renal impairment - may 
be reasonable to exclude thromboembolic disease. However, a PE protocol study was 
performed in only 43% of admissions for acute respiratory worsening in ILD patients
[25]. Interestingly, a link between a profibrotic and a prothrombotic state has been 
found[43], with studies reporting higher risk of venous thromboembolism (VTE) in 
IPF patients[44,45]. Physical examination, serum brain natriuretic peptide concen-
trations, and echocardiography are used to evaluate for any component of heart failure 
and pulmonary hypertension[7].

TO INTUBATE OR NOT TO INTUBATE?
When an intensivist encounters a deteriorating patient with AE-ILD, the decision for 
invasive mechanical ventilation (IMV) must be balanced with the prognosis and 
reversibility of the patient’s condition. Multiple studies have shown poor outcomes in 
this population, including studies that analyzed admissions before[46-48] and after[25,
49] changes in lung protective ventilation following the publication of the ARDSnet 



Charokopos A et al. Interstitial lung disease in the intensive care unit

WJCCM https://www.wjgnet.com 25 January 9, 2022 Volume 11 Issue 1

trial in 2000. In-hospital mortality may reach 50% with 1-year mortality at 70%. In the 
years before lung protective ventilation strategies, studies identified that 85% mechan-
ically ventilated patients with AE-IPF died while ventilated, and proposed that ICU 
admission and intubation may be futile[46]. Nevertheless, both due to: (1) the 
acceptance of lower tidal volumes in ICUs; and (2) Changes in the definition of AE-IPF 
to include potentially reversible causes, the outcomes of ventilated patients with AE-
IPF have improved, but still remain poor. In a nationwide cohort from 2006-2012, in-
hospital mortality of AE-IPF patients who received mechanical ventilation was 51.6% 
(although improved from 58.4% in 2006 to 49.3% in 2012) and of patients who received 
non-invasive ventilation (NIV) was 30.9%[49]. In another study of patients in French 
ICUs from 2002 to 2009, only 30% of those mechanically ventilated were successfully 
weaned[50]. As expected, in-hospital mortality varies according to ventilation type, 
being higher in patients requiring IMV compared to patients requiring NIV or no 
ventilation support in a large multicenter ICU database study[51]. NIV is a reasonable 
therapeutic option which may allow certain patients to avoid the morbidity of IMV[51,
52].

In general, mortality is affected by disease type, with IPF for example having worse 
outcomes compared to other fibrotic ILD associated with autoimmune disorders or 
hypersensitivity pneumonitis. In a landmark study that explored admissions for acute 
respiratory worsening in patients with chronic fibrotic lung disease, in-hospital 
mortality was the same between IPF and patients without IPF (55% vs 45%, P > 0.05)
[25], although other studies found nonspecific interstitial pneumonia to be associated 
with a relatively good discharge rate and long-term prognosis[4]. In a different study, 
90-day mortality was found to be significantly higher in AE-IPF than AE-non-IPF (69% 
vs 34%)[53]. One-year mortality after hospitalization for acute exacerbation was worse 
in IPF than non-IPF (87% vs 71%), yet still very high in both groups[25]. Furthermore, 
while infection accounted for a third of AE-ILD cases in another United States cohort, 
outcomes did not differ between those with infection and those without[26]. However, 
post-operative exacerbation and respiratory failure in ILD patients is associated with a 
better prognosis[54]. Specific findings on high-resolution CT at admission in AE-IPF 
patients have been correlated with prognosis[41,42]. Artificial intelligence software is 
increasingly showing application and promise in the analysis of CT scans in ILD 
patients, and may potentially be used for prognostication[55].

In the authors’ opinion, risk stratification and goals of care discussion need to take 
place early on when a patient with AE-ILD is admitted to the ICU. Studies have shown 
that a subset of patients can be weaned from mechanical ventilation and discharged, 
suggesting that IMV should not be systematically denied to these patients but 
considered individually[50]. Risk stratification certainly depends on clinical 
judgement, but can also be assisted by other published insights, including the 
aforementioned CT characteristics[41,42]. On admission to the hospital for respiratory 
worsening, only 20% of patients with fibrotic lung disease have a “do not resuscitate, 
do not intubate” code status[25]. Palliative care should be consulted early in the 
patients’ admission, and eligibility (or pre-existing enrollment with previous work-up 
completion) of patients for lung transplant should play important roles in the 
management decision tree (Figure 1). While the poor outcomes of mechanical 
ventilation place it in the role of “bridge therapy”, lung transplant is a potential 
“destination therapy” even for patients with severe acute exacerbations and deteri-
orating oxygenation. In non-transplant candidates who are deemed high risk for poor 
outcome, hospice should be brought up early in family discussions and goals of 
patient comfort and wishes for end-of-life strongly taken into consideration.

USUAL TREATMENTS IN ACUTE EXCERBATIONS 
While the outcomes of AE-ILD patients have been well described, well-designed 
prospective clinical research in the management of these patients is lacking. It is 
unclear if the high morbidity and mortality of acute exacerbations creates a fertile 
environment for research as accepted by distressed patients and their families. Interna-
tional guidelines for AE-IPF make a weak recommendation for the use of corticost-
eroids, namely that corticosteroids should be used in the majority of patients with 
acute exacerbation of IPF, but not using may be reasonable in a minority[56]. This 
weak recommendation is based on expert opinion and retrospective reports[41,46,53]. 
No particular corticosteroid formulation has been found preferrable over another in 
AE-ILD, despite good outcomes with dexamethasone in ARDS and Coronavirus 
disease 2019 (Covid-19) associated lung injury[57,58]. Doses ranging from 1mg/kg of 
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Figure 1 Suggested decision-making tree and management approach of patients admitted to the intensive care unit with acute 
exacerbation of interstitial lung disease. AE-ILD: Acute exacerbation of interstitial lung disease; ICU: Intensive care unit; HFNC: High flow nasal cannula; AE: 
Acute exacerbation; NIV: Non-invasive ventilation; IMV: Invasive mechanical ventilation; ECMO: Extracorporeal membrane oxygenation.

prednisone to pulse steroids (methylprednisolone 1 g daily for 3 d) have been used, 
depending on institutional preference and severity of presentation. In studies 
comparing corticosteroid treatment in acute exacerbations in idiopathic interstitial 
pneumonias vs connective tissue disease-associated ILD, both groups were observed to 
be treated with corticosteroids[53]. While others have argued for a steroid-free 
approach in AE-IPF[59,60], the frequent misdiagnosis of fibrotic hypersensitivity 
pneumonitis as IPF may be confounding[61]. The uncertainty but routine use of 
corticosteroids in AE-ILD supports a need for a prospective clinical trial.

Antibiotics are routinely used in AE-ILD, accompanied by appropriate work up to 
evaluate underlying infection. Both broad spectrum and coverage for atypical 
pathogens should be considered. Azithromycin, which has been reported to improve 
outcomes in acute lung injury[62], has also shown particular promise in AE-ILD[63]. 
This is thought to a result of azithromycin’s anti-inflammatory and immune-
modulating effects rather than antimicrobial activity, as it has been compared to 
fluoroquinolones which also cover atypical bacteria[63]. If no underlying infection is 
found, a routine 7 to 10 day course is reasonable. In a randomized trial, use of procal-
citonin to guide antibiotic therapy in patients with AE-IPF resulted in reduced 
exposure to antibiotics without adversely affecting patient outcomes[39]. Since AE-
non-IPF patients are often immunocompromised prior to admission, search for 
opportunistic pathogens and targeted treatment is prudent (Figure 2).

Key treatments that have been shown to partially prevent AE-IPF or AE-ILD in the 
outpatient setting - such as antacid therapy[22] and nintentanib[64] - have not been 
evaluated clinically during acute exacerbation. From the authors’ point of view, it is 
reasonable to continue inpatient use of both antacids and antifibrotics in patients 
previously treated with them. While there is no peer-reviewed evidence for benefit in 
initiating antifibrotics in the acute setting except rare case reports[65], antacid therapy 
should be easily and already instituted in AE-ILD patients treated with corticosteroids 
and/or mechanical ventilation.
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Figure 2 Treatment approaches for acute exacerbation interstitial lung disease. AE-ILD: Acute exacerbation interstitial lung disease; ICU: Intensive 
care unit; PEEP: Positive end-expiratory pressure; P-V curve: Pressure-volume curve; PCP: Pneumocystis jirovecii pneumonia; CMV: Cytomegalovirus; DAH: Diffuse 
alveolar hemorrhage; GERD: Gastro-esophageal reflux disease; PMX: Polymyxin-B immobilized fiber column hemoperfusion; IV rhTM: Intravenous recombinant 
human thrombomodulin.

OPTIMIZATION OF MECHANICAL VENTILATION
AE-ILD has some parallels with ARDS both from a clinical (ground glass infiltrates 
and severe hypoxemia) and histological (diffuse alveolar damage on pathology) 
perspective. Similar to ARDS, patients with AE-ILD are prone to ventilator induced 
injury. Thus, mechanical ventilation strategies used in ARDS should be reasonably 
utilized in patients with AE-ILD[66]. Avoidance of ventilator-patient dyssynchrony 
(causing stacked inspired tidal volumes) and prevention of ventilator induced lung 
injury are of particular importance. Notably 42% of AE-ILD patients required 
paralytics in a large cohort, although paralytic use was associated with higher 
mortality in unadjusted analysis and possibly reflective of underlying disease severity
[67]. Optimization of positive end-expiratory pressure (PEEP) and lung recruitment 
using pressure-volume hysteresis curves, stress index, or calculation of transpul-
monary pressure with esophageal balloons present an opportunity to at least prevent 
iatrogenic contribution to a patient's already difficult prognosis. While prone posi-
tioning of ventilated patients is strongly supported in ARDS[68], patients with 
pulmonary fibrosis may be less responsive to proning[69] in the presence of end-stage 
fibrosis and absence of significant non-hydrostatic pulmonary edema.

Only two studies have examined the effect of ventilator parameters on mortality in 
patients with AE-ILD[54,67]. The largest study examined 114 admissions for AE-ILD, 
of which 34% were AE-IPF and 66% were AE-nonIPF[67]. Only 50% of patients in this 
study achieved a low tidal volume strategy (plateau pressure ≤ 30 cm H2O) within 3 h 
of intubation. A variety of modifiable and nonmodifiable parameters - including 
increased time to intubation, higher initial fraction of inspired oxygen or PEEP, higher 
mean airway pressures, vasopressor use and right ventricular systolic pressure - were 
associated with in-hospital mortality. In the second retrospective study, step changes 
in positive end-expiratory pressure > 10 cm of water were found to have been 
attempted in 20 patients and resulted in increased airway pressures and decrease in 
respiratory system compliance suggestive of overdistension[54].

The importance of fluid management - with a goal of net-neutral or net-negative 
fluid balance - has been increasingly recognized[70], similarly to the management of 
ARDS. A retrospective study of postoperative AE-IPF patients surgically treated for 
lung cancer, a common finding in the IPF population[71], showed that more intraop-
erative fluid administration was associated with higher probability of AE-IPF[31]. 
Total net fluid status was also an important adjusted risk predictor for mortality in a 
large study of mechanical ventilation in AE-ILD[67].
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EXPERIMENTAL TREATMENTS
In light of currently limited therapeutic options and the high mortality of patients with 
AE-ILD, experimental therapies have been tested in only a few small studies. Based on 
the premise of immune dysregulation being a primary driver of AE-IPF and/or AE-
nonIPF[72], studies have focused on alternative immunosuppressants or cytokine 
filtration removal, often in conjunction with corticosteroids (Figure 2). Cyclophos-
phamide has not been studied using matched controls, but in one single-institution 
study administration of 1 g daily of methylprednisolone for 3 d followed by monthly 
cyclophosphamide administration for up to 6 doses showed a favorable overall 
survival at 3 mo (73%), 6 mo (63%) and 12 mo (55%) compared to the general literature
[73]. Calcineurin inhibitors, such as tacrolimus and cyclosporine, have shown some 
benefit but have only been evaluated in small retrospective studies of 15-45 patients
[74-76]. Due to possible autoantibodies in AE-IPF[18], rituximab and plasma exchange 
were studied in 11 patients with AE-IPF and compared to 20 controls, showing 82% of 
treated patients improved in terms of oxygenation with some sustaining a relapse-free 
response[77]. Polymyxin-B immobilized fiber (PMX) hemoperfusion is an alternative 
approach mostly studied in removing bacterial toxins, but has also been postulated for 
removing proinflammatory cytokines[78,79] and promoting antifibrotic cytokines[80]. 
Retrospective studies have shown notable survival benefit from PMX treatment in AE-
IPF (12-month survival 41.7% in the PMX group vs 9.8% in the non-PMX group)[81,
82], although this has not been confirmed in randomized trials. Disordered hyperco-
agulation has also been implicated in AE-IPF pathophysiology. Recombinant human 
thrombomodulin (rhTM), a cofactor for thrombin and anti-coagulant molecule, was 
recently evaluated as add-on therapy to routine corticosteroid-treated AE-IPF patients 
decreasing 3 mo mortality to 30%-40 from control levels of 65%-70%[83-85].

CONCLUSION
Despite the relatively common occurrence of AE-IPF and AE-ILD in general[8,9], 
randomized clinical trials of interventions in acute exacerbations are lacking. As noted 
in a recent International Working Group report, the optimal management of AE-IPF 
represents an area of major unmet medical need[7]. Robust prospective clinical studies 
and randomized trials of therapeutics and maybe ventilation strategies are critical to 
advance the field and improve the grim prognosis of these patients.
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Abstract
Endotracheal intubation is one of the most common, yet most dangerous 
procedure performed in the intensive care unit (ICU). Complications of ICU 
intubations include severe hypotension, hypoxemia, and cardiac arrest. Multiple 
observational studies have evaluated risk factors associated with these complic-
ations. Among the risk factors identified, the choice of sedative agents 
administered, a modifiable risk factor, has been reported to affect these complic-
ations (hypotension). Propofol, etomidate, and ketamine or in combination with 
benzodiazepines and opioids are commonly used sedative agents administered 
for endotracheal intubation. Propofol demonstrates rapid onset and offset, 
however, has drawbacks of profound vasodilation and associated cardiac 
depression. Etomidate is commonly used in the critically ill population. However, 
it is known to cause reversible inhibition of 11 β-hydroxylase which suppresses 
the adrenal production of cortisol for at least 24 h. This added organ impairment 
with the use of etomidate has been a potential contributing factor for the 
associated increased morbidity and mortality observed with its use. Ketamine is 
known to provide analgesia with sedation and has minimal respiratory and 
cardiovascular effects. However, its use can lead to tachycardia and hypertension 
which may be deleterious in a patient with heart disease or cause unpleasant 
hallucinations. Moreover, unlike propofol or etomidate, ketamine requires organ 
dependent elimination by the liver and kidney which may be problematic in the 
critically ill. Lately, a combination of ketamine and propofol, “Ketofol”, has been 
increasingly used as it provides a balancing effect on hemodynamics without any 
of the side effects known to be associated with the parent drugs. Furthermore, the 
doses of both drugs are reduced. In situations where a difficult airway is 
anticipated, awake intubation with the help of a fiberoptic scope or video 
laryngoscope is considered. Dexmedetomidine is a commonly used sedative agent 
for these procedures.
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Core Tip: Intensive care unit endotracheal intubations are associated with a higher risk 
of complications such as hypotension, hypoxemia, and cardiac arrest when compared 
to non-intensive care unit endotracheal intubations. A necessity of endotracheal 
intubations, sedation, is a modifiable risk factor in the pathway to cardiovascular 
instability. The goal of this review is to present the pros and cons of each sedative 
agent used for endotracheal intubation while comparing the outcomes. This will help 
the reader to make an informed decision when choosing a sedative agent for 
endotracheal intubation in the intensive care unit.

Citation: Tarwade P, Smischney NJ. Endotracheal intubation sedation in the intensive care unit. 
World J Crit Care Med 2022; 11(1): 33-39
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INTRODUCTION
Endotracheal intubations are one of the most common, yet most dangerous procedures 
performed in the intensive care unit (ICU). Complications from ICU endotracheal 
intubations are seen in approximately 40%-45% of patients and include severe 
hypotension (10%-43%), severe hypoxemia (9%-25%), and cardiac arrest(2%-3%)[1]. 
Severe cardiovascular collapse is one of the most common complications after ICU 
endotracheal intubation[2]. Understandably, identification of risk factors for 
cardiovascular collapse surrounding endotracheal intubation becomes extremely 
imperative to mitigate or avoid this devastating complication. In a multicenter 
observational study, Perbet et al[2] identified patient risk factors for cardiovascular 
collapse which included advanced patient age, higher sequential organ failure 
assessment score, acute respiratory failure, brain injury, trauma, and chronic 
obstructive pulmonary disease. Procedural risk factors included multiple intubations, 
use of propofol for induction, and desaturation during intubation[2]. Recently, a 
multicenter observational prospective study derived and validated a hypotension 
prediction score for patients undergoing endotracheal intubation in the ICU. The 
investigators identified 11 variables (increasing illness severity; increasing age; sepsis 
diagnosis; endotracheal intubation in the setting of cardiac arrest, mean arterial 
pressure < 65 mmHg, and acute respiratory failure; diuretic use 24 h preceding 
endotracheal intubation; decreasing systolic blood pressure from 130 mmHg; 
catecholamine or phenylephrine use immediately prior to endotracheal intubation; 
and use of etomidate during endotracheal intubation) that were independently 
associated with peri-intubation hypotension with a C-statistic of 0.75 [95% confidence 
interval (CI): 0.72-0.78]. Of the 11 variables, the use of etomidate was found to protect 
against peri-intubation hypotension[3].

Incidence of adverse events like death or hypoxic brain damage are higher with 
intubations done in ICUs compared to those performed in the operating rooms[4]. In 
contrast to the ICU, endotracheal intubations in the operating room are frequently 
performed in a controlled fashion under non-emergent conditions. Although patients 
may have numerous comorbidities, personnel are specifically trained in airway 
management, and due to the elective nature of surgical procedures, preparations can 
be made for difficulties encountered[5,6].

Thus, based on the above evidence, preparation and planning for endotracheal 
intubations is paramount in critically ill patients to avoid life-threatening complic-
ations. An element of endotracheal intubation that is modifiable is the choice of 
sedative agents administered, which as the evidence suggests, may alter ICU complic-
ations, in particular, severe hypotension.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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ICU SEDATION AGENTS
Propofol
Propofol is currently the most common anesthetic induction agent used worldwide. Its 
rapid onset and short duration of action is ideally suited to settings such as the ICU. 
Propofol’s sedative effects are mediated through gamma aminobutyric acid receptors 
with some activity on N-methyl-D-aspartate receptors. Termination of action of 
propofol is by redistribution and is independent of organ elimination, thereby making 
it very useful in ICU patients who may have organ impairment. Standard induction 
doses of propofol in a healthy adult are 2-2.5mg/kg[7]. However, dosing in the ICU is 
dramatically different due to the nature of the patent population with patients usually 
requiring endotracheal intubation for acute respiratory failure or cardiovascular 
collapse as illustrated recently[1]. In fact, propofol has been shown to have increased 
potency in shock states indicating less is more[8]. This finding demonstrates the 
profound vasodilatory effects and associated cardiac depression of propofol[7]. For the 
healthy patient, this is well tolerated but in patients who are in septic or cardiogenic 
shock, this attribute can have a detrimental effect on patient hemodynamics. Hence, 
caution is warranted when using propofol in the critically ill population. A recent 
study evaluating intubation practices in critically ill patients from 29 countries showed 
that propofol is the most used sedative and was significantly associated with 
hemodynamic instability in 63.7% of patients who exhibited precarious hemody-
namics, as compared to etomidate with only 49.5% of patients developing hemo-
dynamic instability[1]. Another study performed at the Long Island Jewish Medical 
center looked at safety of propofol in urgent endotracheal intubations in the medical 
ICU[9]. Propofol was the sole sedative agent used in 87% of the patients, in 4% it was 
combined with other agents like benzodiazepines and in the remaining 9%, other 
sedative agents were used. Interestingly, only 4% of the patients in which propofol 
was used developed hypotension. This may be explained by the observation that 
patients were pre-emptively administered vasoactive agents along with propofol to 
maintain a targeted perfusion pressure. Despite the hemodynamic decompensation 
known to be associated with propofol, it remains an ideal induction agent in the ICU 
because of its rapid onset, short duration of action, minimal drug interactions, and 
organ independent elimination likely explaining its frequent use in the critically ill.

Ketamine
Ketamine is an anesthetic agent which causes complete anesthesia while providing 
analgesia at the same time. In addition, its causes less respiratory depression and has 
hemodynamic effects that are opposite that of propofol[7]. This property makes it a 
desired drug in multiple settings. It is a phencyclidine derivative which acts on the N-
methyl-D-aspartate receptor[10,11]. The standard induction dose of ketamine is 1-2 
mg/kg. Ketamine’s hemodynamic effects are mediated through central nervous 
system stimulation and inhibition of catecholamine reuptake. However, it is also a 
known direct myocardial depressant. Thus, in severely ill patients such as the patient 
in septic shock who is depleted of catecholamines, the direct myocardial depressant 
effects can be unmasked[7,12]. In addition, ketamine may cause increased intracranial 
pressure through increased cerebral perfusion thereby limiting its use in trauma 
patients[13]. Lastly, ketamine is known to induce salivation which can be problematic 
in airway management in the setting of difficult airways where visualization of the 
airway is paramount[7]. Although medications such as atropine or glycopyrrolate can 
be administered to help reduce this effect, these medications may alter the patient’s 
hemodynamics which may not be desirable. When compared to etomidate in the 
setting of rapid sequence intubation for trauma patients, no significant difference was 
observed for peri-intubation outcomes such as first pass intubation success, need for 
rescue surgical airway, and peri-intubation cardiac arrest. However, ketamine was 
associated with lower odds of hospital acquired sepsis [adjusted odds ratio [OR] 0.72, 
95%CI: 0.52-0.99] but higher number of days on vasopressor therapy (adjusted OR 0.74 
95%CI: 0.58-0.95)[14]. Another trial which compared these two agents was the Ketased 
trial which failed to show any difference in immediate post-intubation complications, 
catecholamine free days at day 28, or 28-d mortality[15].

Etomidate
Etomidate is an anesthetic induction agent commonly used because of its ability to 
maintain stable hemodynamics. Etomidate causes sedation by its agonistic action on 
gamma aminobutyric acid receptors and it is thought to maintain hemodynamics 
through simultaneous stimulation of α-2b adrenoreceptors[16]. In addition to this, 
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etomidate also reversibly inhibits 11β-hydroxylase and therefore suppresses the 
adrenal production of cortisol for at least 24 h after a single induction dose[17]. This 
specific adverse effect is a major reason that causes many intensivists to shy away from 
using etomidate in the critically ill. Furthermore, the use of etomidate for endotracheal 
intubation in septic patients has been associated with increased mortality and poor 
outcomes[18-20]. Moreover, this trend has been seen in surgical patients[21]. For 
example, a study at Cleveland Clinic in non-cardiac surgery patients showed that 
patients who received etomidate had a 2.5 (98%CI: 1.9–3.4) higher odds of dying than 
those who received propofol anesthesia. In addition, patients who received etomidate 
had a prolonged hospital stay without a significant difference in intraoperative 
vasopressor requirements[21]. A recent metanalysis that included 29 trials totaling 
8584 patients comparing etomidate with other induction agents demonstrated that 
etomidate was associated with adrenal insufficiency [risk ratio (RR) = 1.54, 95%CI: 
1.42, 1.67, P < 0.001] and increased overall relative mortality rates (RR = 1.09, 95%CI: 
1.04, 1.16, P = 0.001). However, on meta-regression, the increased mortality was 
associated with increasing severity of disease[22]. Hence, the association between 
etomidate and increased mortality should be interpreted with caution. It is likely that 
etomidate does lead to additional organ dysfunction, through adrenal suppression, in 
the critically ill resulting in possibly increased morbidity and mortality.

In the past, high doses of benzodiazepines and opioids were used for sedation 
during endotracheal intubation. However, with the association of benzodiazepines 
and increased delirium combined with the awareness to maintain lighter sedation 
levels, these practices have decreased[23,24].

Ketamine-Propofol Admixture (“Ketofol”)
Lately, a combination of two sedatives, namely ketamine and propofol (“Ketofol”), has 
demonstrated efficacy in terms of hemodynamic preservation when sedating for 
airway management. This is supported by two randomized controlled trials in which 
“Ketofol” was compared to propofol only and to half-dose etomidate. In addition to 
the hemodynamic stability offered by “Ketofol”, both trials also suggested that 
“Ketofol” reduced opioid requirements as compared to the competitor[25,26]. In one 
trial, “Ketofol” was associated with reduced transfusion requirements as compared to 
etomidate due to cortisol’s role in maintaining vascular homoeostasis (inhibited by 
etomidate)[26]. Other systemic reviews and meta-analyses have suggested that 
“Ketofol” is associated with less respiratory events than propofol alone[27,28]. Thus, 
this unique drug combination has the ability to cause less hemodynamic alterations 
than either parent compound while providing non-opioid pain control, which may 
translate into improved metrics such as reduction in post-intubation hypotension and 
therefore, morbidity and mortality.

Clinical implications of “Ketofol”
An ideal anesthetic is one that has a balanced effect on the cardiopulmonary system 
while providing hypnosis and analgesia[7]. The “Ketofol” admixture possesses these 
qualities and as such, its use is applicable to a variety of patient care settings. The 
rationale behind the drug combination is to provide an admixture that when used 
together, attenuates blood pressure swings and provides a smooth blood pressure 
profile during endotracheal intubation and beyond (Figure 1). Although this depends 
on dosing used for both individual medications, most of the evidence points to a 
stabilizing effect on blood pressure. This stabilization has the potential to translate into 
direct and indirect benefits to patients across multiple hospital settings (e.g., 
emergency room, ICU, operating room, procedural suites) throughout the world. For 
example, the admixture may offer neuroprotection via maintenance of cerebral 
perfusion through mean arterial pressure, which may reduce post-ICU psychological 
phenomena (e.g., cognitive dysfunction, depression, etc.) in long-term critical care 
survivors as well as delirium in surgical patients through reduction of benzo-
diazepines. Moreover, maintenance of hemodynamics in these settings has the 
potential to translate into reduced rates of adverse cardiac events, acute kidney injury, 
and mortality. This is of major significance as propofol is the most common anesthetic 
in use today[29]. Equally important is the ability to limit opioid medications with this 
admixture due to the properties of ketamine[7]. Every day, more than 130 people in 
the United States die after overdosing on opioids resulting in an economic burden of 
78.5 billion dollar/year[30]. Thus, the admixture may result in reduced exposure to 
opioid medications by providing a non-opioid alternative to patients needing sedation 
in multiple locations (e.g., pre-hospital, emergency room, ICU, operating room). This 
initiative aligns with the United States Health Human Services’ opioid crisis strategy
[30]. Thus, the “Ketofol” admixture offers the advantage of stable hemodynamics that 
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Figure 1 Ketofol concept. In addition, this drug mixture provides hypnosis and analgesia (closest to an ideal anesthetic agent).

is similar to etomidate with non-opioid pain control and minimal, if any, ill effects on 
patients over ketamine, propofol, or etomidate.

Muscle relaxants
Use of muscle relaxants also varies for endotracheal intubations in the ICU. An 
observational study comparing outcomes of intubation with or without the use of 
muscle relaxants failed to show any significant difference in post intubation complic-
ations, however, it did show that excellent intubation conditions were achieved in 
patients in which muscle relaxants were used[31]. Another observational study 
showed higher first attempt success rate when neuromuscular blockers were used 
(80.9% vs 69.6%, P = 0.003)[32].

Special occasions 
There are many unique occasions which affect the choice of sedatives in the ICU other 
than those mentioned above. Cardiac arrest is one such occasion. Typically, no drugs 
are administered during the intubation. For difficult airways, sedatives may be chosen 
that provide quick onset and offset or have specific reversal agents associated with 
their use. Burns, angioedema, and superior vena cava syndrome are some examples 
when awake fiberoptic intubation might be preferred over routine intubation. In 
addition, another setting in which sedatives are altered from the usual intubation 
practice include awake video laryngoscopy, which has been increasingly used to avoid 
a lost airway or spontaneous respirations[33]. Dexmedetomidine has been used during 
these situations, along with topical anesthesia, due to its anxiolytic effect with minimal 
adverse effects on spontaneous respirations[34].

CONCLUSION
Endotracheal intubation is a common procedure, yet can be associated with 
devastating complications, namely hypoxemia and cardiovascular collapse, that 
increase when conducted outside a controlled setting such as the operating room. 
Sedation is frequently administered to facilitate this procedure. However, sedation can 
sometimes exacerbate these complications, especially relevant when endotracheal 
intubation is carried out in an urgent/emergent context (e.g., ICU, emergency 
department, etc.). Several sedatives are available to facilitate airway management. Each 
has its own drawbacks as discussed above which the clinician needs to take into 
consideration when performing this procedure. As an alternative to the individual 
sedatives, a combination of sedatives may be needed to achieve the desired outcome 
such as “Ketofol” in which available evidence suggests a hemodynamic sparring effect 
with reduced opioid requirements.
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Abstract
BACKGROUND 
Acute hand and wrist injuries are common and may lead to long-term disability if 
not managed adequately. Claims for negligence have been increasing in medical 
practice over the past few decades, with hand and wrist injuries and their 
treatment representing a significant percentage of orthopedic surgery lawsuits. 
There is no available literature regarding medical malpractice claims in hand and 
wrist injuries and surgery in Greece.

AIM 
To identify claims related to hand and wrist trauma and surgery and to define the 
reasons of successful litigations.

METHODS 
We performed a retrospective study of all legal claims of negligence for hand and 
upper extremity surgery that went to a trial, attributed to all surgical specialties, 
in Greece for a 20-year period. Data was further analyzed to identify claims 
related to hand and wrist trauma and surgery.

RESULTS 
There were six malpractice claims related to hand and wrist trauma that ended in 
a trial. A missed diagnosis, which resulted in failure of initial management of the 
injury, was the main reason for a claim. Three of the six cases resulted in complete 
or partial loss of a finger. Two cases are still open, requiring an expert witness’s 
report, two cases were closed in favor of the defendant, and two cases were closed 
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in favor of the plaintiff with a mean compensation of €2000 (€1000-€3000).

CONCLUSION 
Missed diagnosis was the main reason for a malpractice claim. Better un-
derstanding of factors leading to successful claims will help surgeons improve 
their practice to minimize legal implications and litigation.

Key Words: Hand trauma; Wrist trauma; Litigation; Claim; Negligence
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Core Tip: This is the first report related to hand and wrist trauma malpractice claims in 
Greece. Hand and wrist injuries, although non-fatal, can lead to long-term disability if 
a delay in diagnosis or treatment occurs. Additionally, missed diagnosis and inadequate 
management of these injuries can be the leading cause for medical malpractice claims, 
which appear to have an upward trend over the last decades. We present six mal-
practice claims related to hand and wrist trauma that resulted in a trial over a 20-year 
period in Greece and their outcomes, aiming to determine the reasons that lead to 
successful litigations.

Citation: Vasdeki D, Varitimidis SE, Chryssanthakis C, Stefanou N, Dailiana ZH. Medico-legal 
risks associated to hand and wrist trauma. World J Crit Care Med 2022; 11(1): 40-47
URL: https://www.wjgnet.com/2220-3141/full/v11/i1/40.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i1.40

INTRODUCTION
Hand and wrist injuries are common and account for approximately 10%-30% of all 
presentations to emergency departments (EDs), affecting mainly young and econom-
ically productive people[1,2]. Although not commonly life threatening, delayed 
diagnosis or mismanagement of these injuries can result in prolonged recovery and 
likely long-term disability, having a negative impact on patient’s quality of life, 
income, social activities and occasionally mental health[3,4].

Claims for negligence have been increasing in medical practice over the past few 
decades, with hand and wrist injuries and their treatment representing a significant 
percentage of orthopedic surgery lawsuits[5,6]. There are a few articles addressing the 
issue of malpractice in hand and wrist surgery, with most studies being performed in 
Europe[6]. However, there are no reports related to medical malpractice claims in 
hand and wrist injuries and surgery in Greece.

The purpose of this study was to seek the available data about medical malpractice 
in hand and wrist trauma and surgery in Greece, to define the reasons and to evaluate 
the burden of successful litigations in Greece and to compare this data with the 
international malpractice data.

MATERIALS AND METHODS
Data on all legal claims of negligence for hand and upper extremity surgery attributed 
to all surgical specialties that ended in a trial during the period of 2000-2019 was 
obtained after permission from the archives of the Council of State in Greece. We 
further analyzed the data to determine the number of claims related to hand and wrist 
trauma, the reasons that a claim was filed, the outcome of each claim and the financial 
size of the plaintiff’s compensation in the case of a successful claim.

Our study was approved by our institutional research ethics board. All data was 
anonymized as indicated by the General Data Protection Regulation.
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RESULTS
Among the malpractice claims related to hand and upper extremity surgery that went 
to a trial in the period between 2000 and 2019, six cases were correlated to hand and 
wrist trauma. Missed diagnosis, which resulted in failure of management and in one 
case in delayed referral to a specialized unit, was the main reason for a claim. 
Substandard surgery was an additional reason for claim in one case.

The mean time between injury and definite treatment was 9.1 (1-25) d. In all but one 
case adult patients were involved. The majority of cases (5) concerned the soft tissues, 
while one case was related to a wrist bone (scaphoid fracture). Three of six cases 
resulted in complete or partial loss of a finger.

Two of six cases are still open, requiring an expert witness’s report, two cases were 
closed in favor of the defendant, and the remaining two cases were closed in favor of 
the plaintiff, with a mean compensation of €2000 (€1000-€3000). A brief summary of 
each case follows.

Case 1
A 51-year-old man presented to the ED of a district hospital on a Greek island, 
reporting high pressure injury of the proximal phalanx of his left index finger while 
cleaning a painting machinery. He was initially reviewed by a general surgery resident 
who under the guidance of a general surgeon cleaned the wound. On a follow-up visit 
3 d after the injury, the wound was found to be necrotic. Due to lack of an orthopedic 
surgeon in the hospital, he was advised to visit the hospital of a nearby island, where 
this specialty was available. Following assessment by an orthopedic surgeon there, the 
patient was finally referred to a plastic surgery unit in Athens. Six days after the 
injury, the patient underwent an amputation of his left index finger at the level of the 
metacarpophalangeal joint.

A claim was filed by the patient stating that the amputation was the result of missed 
diagnosis and delayed referral to a specialized hand trauma unit. The case is still open, 
and an expert witness’s report is required before a final decision is made.

Case 2
A fireman presented to the ED of a general hospital with a deep laceration of his left 
thumb following an injury by a satellite dish. The patient was reviewed by an 
orthopedic surgeon, and the wound was closed. On follow-up visit 15 d later, the 
patient complained of persistent pain and inability to move his thumb. Despite his 
complaints, no further action was taken. Due to persistence of symptoms 25 d after his 
injury, the patient was examined by a hand surgeon, and laceration of the flexor 
pollicis longus and the digital nerve was diagnosed. Reconstruction of the structures 
followed.

The patient filed a claim for initial missed diagnosis of his injury with subsequent 
late reconstruction and delay in his recovery. Compensation of €1000 was set for the 
patient. The case closed 8 years after the claim was filed.

Case 3
A 40-year-old woman presented to the ED of a general hospital with pain and swelling 
of her index finger and her thumb following an injury with a knife 4 d before. She was 
examined by a plastic surgery resident, who prescribed oral antibiotics and suggested 
reassessment in 2 d. The following day the patient was examined in a different 
hospital, where infection of her right hand and ischemic changes of the index finger 
were reported, necessitating surgical debridement. Four days later, in a specialized 
hand and microsurgery unit of a private hospital, the patient underwent amputation 
of the distal phalanx, further debridement of the index finger and reconstruction with 
a cross-finger flap. The patient filed a claim reporting missed diagnosis and improper 
management of her injury. The case was closed in favor of the defendant 10 years after 
the claim was filed.

Case 4
A woman presented to the ED of a general hospital following an injury to her left wrist 
with a glass. She was reviewed by both an orthopedic and a general surgeon. The 
wound was closed, and oral antibiotics were prescribed. On reassessment 12 d later, 
laceration of her ulnar nerve was diagnosed. Therefore, she was referred to a 
specialized unit and had her ulnar nerve repaired. Despite management in a 
specialized center, the patient was not able to fully use her left hand postoperatively. 
The patient filed a claim reporting missed diagnosis of her injury. The case was closed 
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in favor of the plaintiff and compensation of €3000 was set. The case closed 7 years 
after the claim was filed.

Case 5
A man presented to the ED of a general hospital following a fall from 2.5 m height and 
injury of his left wrist. He was assessed by an Orthopedic Surgery resident, and a 
radiograph was performed the same day. His wrist was splinted, and a follow-up visit 
was scheduled in 8 d. The follow-up radiograph depicted a fracture of the scaphoid 
bone, and 2 d later the patient was treated surgically. The fracture was fixed with 
Kirschner wires. Intraoperatively, one of the wires broke, and the remnant of the wire 
was left in the bone. The patient complained of reduced range of motion of his left 
wrist postoperatively. The patient filed a claim reporting missed diagnosis and 
substandard surgery. The case is still open, and an expert witness’s report is required 
before a final decision is made.

Case 6
A 9-year-old boy was brought to the ED of an urban general hospital by his parents 
following a crush injury to his left index, middle and ring fingers. He was there 
assessed by a general surgery resident who sutured the lacerations. Three days later 
the boy was brought back to the ED due to ischemic changes to his middle finger. 
Despite admission in the hospital, the parents’ wish was to visit a pediatric surgeon in 
another hospital. A degloving injury of the boy’s middle finger was diagnosed, and 
amputation of the finger was performed (the level of the amputation was not 
mentioned in the claim). The family filed a claim reporting missed diagnosis of the 
boy’s injury and subsequent mismanagement. The case was finally closed in favor of 
the defendant 7 years later.

Verdicts
In our study two cases were closed in favor of the plaintiff and two cases were closed 
in favor of the defendant. The reasonings behind the court’s final decisions varied. 
Documentation, rarity of injury, functional outcome and delay in recovery have been 
the main reasons for the verdicts.

The two cases which were closed in favor of the plaintiff involved delay in the 
diagnosis of ulnar nerve laceration and of flexor pollicis longus and digital nerve 
laceration. In the first case, compensation was set because there was no full recovery of 
the nerve, even though the reconstruction was performed within the allowed time-
period for nerve reconstruction. According to the decision, nerve reconstruction within 
the first days of the injury would have higher chances for full recovery. In the second 
case there was full recovery of both the nerve and the tendon despite the delay in 
diagnosis. However, due to the delay in diagnosis the plaintiff experienced pain and 
inability to use his hand for 25 d until the reconstruction of the structures and that was 
the reasoning for a verdict in favor of the plaintiff.

The two cases that were closed in favor of the defendant involved a degloving 
injury of a finger and an infection of a finger. The first case concerned a rare injury of 
the finger, the degloving injury, which a junior resident of an allied specialty (general 
surgery) was unlikely to know and have experience on its management. The degloving 
injury of the finger would be approached by every non-experienced doctor in the way 
the involved doctor did. The verdict of the second case was based on the clear 
documentation the involved doctor presented regarding the findings on the day of 
examination. The different and contradictory clinical presentation that the plaintiff 
contended could not be supported by any documentation or image to prove any 
inaccuracy in the doctor’s documentation.

DISCUSSION
Acute hand and wrist injuries represent a common cause of visit to the ED. Hand 
injuries occur with a significant rate, constituting a considerable proportion of non-
fatal injuries requiring medical attention[3]. Missed diagnosis and subsequent 
inadequate initial management of these injuries may lead to a prolonged period of 
disability and absence from work and social activities, further procedures and 
potentially a suboptimal outcome. The hand has complex anatomical and functional 
features and may be affected by a wide range of trauma, ranging from simple 
lacerations to injuries that require multiple reconstructive procedures. Adequate 
knowledge of the different mechanisms of injury and their association with certain 
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patterns of injury is essential to help the surgeon decide on the diagnostic and 
therapeutic process[4].

In Greece, hand and wrist injuries that present to the ED are initially assessed by 
orthopedic, plastic or general surgery residents, who usually review the cases with a 
consultant. The residents examine the patient, request laboratory and imaging 
evaluations and decide treatment in “simple” cases, while complex cases that cannot 
be managed in the hospital are referred to specialized hand surgery units. In district 
hospitals, initial assessment and management is performed by an orthopedic or a 
general surgeon. However, management of hand injuries by non-specialists (residents 
or consultants) carries the risk of poor outcome with subsequent increase in the cost 
for the patient, employer and society as stated by Kenesi and Masmejean in 2004[7].

Claims for negligence is a global problem with an upward trend[5]. According to 
the Greek Penal Code (article 28) “whoever due to lack of attention - that he should 
and could have paid according to the circumstances - didn’t foresee the punishable 
result which his action caused or had foreseen it as possible but didn’t believe it would 
actually happen, is acting in the content of negligence”. Gidwani et al[8] reported 
substandard surgery and delay in diagnosis or treatment having been the most 
frequent reasons for litigation[8-10]. Similarly, in a study of all claims related to hand 
injuries against EDs in England during the period 2004-2014, failure or delay in the 
diagnosis and in the treatment of the injury were the two most common reasons for 
litigation[10].

Despite best efforts, hand and wrist injuries may be missed, and therefore proper 
management can be delayed. Morrison et al[11] studied 500 acute hand injuries that 
were referred to the Regional Plastic Surgery Unit in Northern Ireland. There were 16 
(3.2%) missed injuries, and these were more common in patients examined by junior 
medical staff and in patients with trauma caused by glass. In minor lacerations the 
extent of the underlying injury can sometimes be underestimated. Previous studies 
reported that perioperative clinical findings of upper limb injuries may have an 8%-
14% error rate when compared to intraoperative findings. Miranda et al[12] compared 
the clinical and intraoperative findings of 1526 hand injuries that were referred to a 
Hand Trauma Unit. Flexor tendon injuries were associated with a poor diagnostic 
concordance, while lacerative injuries were most likely to be associated with add-
itional injuries. Mahdavian Delavary et al[7] studied all the claims related to hand and 
wrist injury for a period of 15 years in the Netherlands. A significant number of claims 
were related to the management of wrist fractures, while the commonest cause for a 
claim was inadequate management (34.8%), followed by missed diagnosis (33.8%). In 
the same study, 102 cases involved a missed nerve or tendon injury after a cut, and in 
74.5% of these misdiagnosed cases, initial diagnosis was made by a resident. Finally, it 
was concluded that general surgeons, who occasionally treat hand conditions, were 
more likely to be involved in litigation[7].

In an ED setting the assessment of hand injuries can be challenging. Distracting 
injuries may also be present, patient’s compliance may be poor due to alcohol or 
substance use, complexity of hand anatomy and the involvement of junior doctors or 
general surgeons, with limited experience in hand surgery can all contribute to errors
[10].

In general, management of fractures has been associated with a high risk of claims. 
It has been reported that approximately 49% of the upper extremity claims are related 
to fracture management. The higher risk is associated with the patient’s expectation to 
return to their pre-injury condition and with treatment by the on-call doctor, who may 
have a different area of expertise[14].

Scaphoid fractures are common wrist injuries, accounting for 82%-89% of carpal 
injuries. However, radiographs are often false-negative, and thus their contribution in 
diagnosing this injury is poor[13]. Litigation in wrist trauma is common with 48% of 
the claims related to hand and wrist surgery being for wrist fractures according to a 
study of Khan and Giddins[9]. Ring et al[13] studied all orthopedic claims registered in 
the National Health Service Litigation Authority between 1995 and 2012. Of all 
registered orthopedic claims, 36.3% were related to wrist and scaphoid fractures, with 
an average settlement per case of £45500 for wrist fractures and £51500 for scaphoid 
fractures[13]. The main reasons for successful claims was delayed, incorrect or missed 
diagnosis (43.5%), followed by alleged mismanagement (29.5%), poor patient care 
(10.1%) and alleged incompetent surgery[13].

Soft tissue injuries of the hand represent up to 82% of all hand injuries assessed in 
EDs. They can range from simple lacerations to more complex injuries requiring 
structural repair, with the high-pressure injection injuries being the "most urgent of all 
emergencies of the hand". High-pressure injection injuries, although not very frequent 
with an estimated incidence of 1 in 600 injuries, can be catastrophic for the patient if 
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Table 1 Learning points from the present study

First report of medical negligence claims related to hand and wrist trauma and surgery in Greece

Missed diagnosis was the main reason for filling a claim in hand and wrist trauma surgery

Missed diagnosis and subsequent inadequate management resulted in partial or complete loss of a finger in half of the cases

Junior doctors and doctors from allied specialties (other than orthopedic or plastic surgery) were involved in most of the claims

The main reasoning of the verdicts included accurate documentation, rarity of injury, functional outcome and delay in recovery

not referred to a hand unit promptly and not managed adequately. They have been 
associated with a high risk of amputation of the affected finger, ranging from 16% to 
48% as well with the risk of systemic intoxication, if missed and not treated app-
ropriately[15]. On the contrary, tendon injuries are common with an incidence of 
approximately 33.2 injuries per 100000 person-years and accompany most penetrating 
injuries of the hand. A concomitant tendon injury may be present in 54.8% of small 
lacerations and 92.5% of deep injuries through a small laceration[16].

Claims for negligence have been increasing in medical practice over the past few 
decades. In a retrospective study by Ajwani et al[5] of 325 successful claims related to 
hand and wrist injuries and surgery in England from the period 2002-2012, payouts for 
hand injuries were reported to range from £1000 to £374077 while for wrist injuries 
from £200 to £669471. In the same study, poor outcome, nerve damage, unnecessary 
pain due to delayed diagnosis or management, additional procedures and fracture 
were identified as the commonest reasons for successful litigation[5].

In our study, all claims were for missed diagnosis that resulted in delay of proper 
treatment. The amounts of plaintiff’s compensation (€1000, €3000) were lower 
compared to the ones described in the literature. The limited case law regarding 
compensation for hand and wrist injuries in Greece may explain the low compensation 
payments. Additionally, more than half of the cases were initially examined and 
treated by residents in plastic, orthopedic or general surgery, and failure in diagnosis 
was attributed to them by the plaintiff. In one case a high-pressure injury was assessed 
and managed by a general surgeon, who did not have experience in the management 
of this pattern of injury.

In the present study we reviewed only the claims related to hand and wrist trauma 
that went to a trial. It cannot be interpreted as representative of all malpractice claims 
in hand and wrist trauma. At present, there is no official authority in Greece where all 
negligence claims can be registered. Therefore, we cannot estimate the total amount of 
negligence claims for hand and wrist trauma that were filed between 2000 and 2019 
and the number of claims that were settled outside court (Table 1).

CONCLUSION
This is the first report of medical negligence claims related to hand and wrist injuries 
that went to a trial in Greece. We presented six cases of hand and wrist trauma that 
reached the court room and their decisions. The main cause for filing a claim was 
missed diagnosis, which resulted in delayed management and in loss of a finger in 
50% of cases. Hand and wrist injuries are common with possible long-term disability if 
treated inadequately. Therefore, a better understanding of the factors that lead to 
successful claims will help surgeons improve their practice to minimize legal implic-
ations and litigation.

ARTICLE HIGHLIGHTS
Research background
Medical negligence claims have presented an upward trend over the last decades 
worldwide, with hand and wrist liability representing a significant burden of 
orthopedic surgery lawsuits. Hand and wrist injuries are common, affecting mainly 
young and economically productive people. However, even small injuries may lead to 
long-term disability if treated inadequately, with affected people becoming unable to 
work, socialize and perform routine daily activities.
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Research motivation
Literature addressing the issue of malpractice in hand and wrist surgery has been 
scarce, with most studies being performed in Europe and the United States. However, 
there are no studies related to liability in hand and wrist trauma and surgery in 
Greece.

Research objectives
The purpose of this study was to identify medical malpractice claims in hand and 
wrist surgery in Greece, to define the reasons for filing a claim and to define the 
reasons of successful litigations. Additionally, the results of the study were compared 
with the international malpractice data.

Research methods
This is a retrospective study of all medical malpractice claims for hand and upper 
extremity surgery that went to a trial attributed to all surgical specialties in Greece 
over a 20-year period. Claims were further analyzed to identify claims related to hand 
and wrist trauma and surgery.

Research results
We presented six medical malpractice cases related to hand and wrist trauma that 
ended in a trial. Missed diagnosis and subsequent failure of initial management of the 
injury was the main reason for filing a claim. In half of the cases mismanagement 
resulted in complete or partial loss of a finger. Two cases are still open, two cases were 
closed in favor of the defendant, and two cases were closed in favor of the plaintiff 
with a mean compensation of €2000.

Research conclusions
This is the first report of medical negligence claims related to hand and wrist trauma 
in Greece. A missed diagnosis of hand and wrist injury can result in long-term 
disability for a patient and has been the main reason for a malpractice claim. In the 
present study, missed diagnosis resulted in partial or complete loss of a finger in half 
of the cases.

Research perspectives
Better understanding of the factors that lead to successful claims can result in the 
improvement of services to hand trauma patients and will help surgeons improve 
their practice to minimize legal implications and litigation.
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Abstract
BACKGROUND 
Since the beginning of corona virus disease 2019 (COVID-19) pandemic, there has 
been a widespread use of remdesivir in adults and children. There is little known 
information about its outcomes in patients with end stage renal disease who are 
on dialysis.

AIM 
To assess the clinical outcomes with use of remdesivir in adult patients with end 
stage kidney failure on hemodialysis.

METHODS 
A retrospective, multicenter study was conducted on patients with end stage renal 
disease on hemodialysis that were discharged after treatment for COVID-19 
between April 1, 2020 and December 31, 2020. Primary endpoints were oxygen 
requirements, time to mortality and escalation of care needing mechanical 
ventilation.

RESULTS 
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A total of 45 patients were included in the study. Twenty patients received 
remdesivir, and 25 patients did not receive remdesivir. Most patients were 
caucasian, females with diabetes mellitus and hypertension being the commonest 
comorbidities. There was a trend towards reduced oxygen requirement (beta = -
25.93, X2 (1) = 6.65, P = 0.0099, probability of requiring mechanical ventilation 
(beta = -28.52, X2 (1) = 22.98, P < 0.0001) and mortality (beta = -5.03, X2 (1) = 7.41, P 
= 0.0065) in patients that received remdesivir compared to the control group.

CONCLUSION 
Larger studies are justified to study the effects of remdesivir in this high-risk 
population with end stage kidney disease on dialysis.

Key Words: COVID-19; Remdesivir; End stage renal disease; Dialysis; Hemodialysis; 
Kidney disease
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Core Tip: Little known information exists regarding the efficacy of remdesivir in 
corona virus disease 2019 patients with end stage renal disease on dialysis. Use of 
remdesivir was associated with a trend towards reduced oxygen requirement, reduced 
probability of progression to mechanical ventilation and better prognosis. Larger 
studies are justified in this high risk, vulnerable population.

Citation: Selvaraj V, Lal A, Finn A, Tanzer JR, Baig M, Jindal A, Dapaah-Afriyie K, Bayliss G. 
Efficacy of remdesivir for hospitalized COVID-19 patients with end stage renal disease. World 
J Crit Care Med 2022; 11(1): 48-57
URL: https://www.wjgnet.com/2220-3141/full/v11/i1/48.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i1.48

INTRODUCTION
Corona virus disease 2019 (COVID-19) is a clinical syndrome arising from infection 
with severe acute respiratory syndrome - coronavirus 2 (SARS-CoV-2) coronavirus 
that has led to several hospitalizations and intensive care unit admissions. Remdesivir, 
a viral RNA polymerase inhibitor, has demonstrated in vitro activity against viruses 
such as Middle East Respiratory Syndrome - CoV (MERS-CoV), Ebola, and SARS-
CoV1.

In the Adaptive COVID-19 Treatment Trial-1 (ACTT-1), remdesivir was noted to 
reduce the median time to recovery when compared to the placebo group (10 vs 15 d)
[1]. The Infectious Diseases Society of America (IDSA) recommended the use of 
remdesivir in hospitalized patients with severe COVID-19 with SpO2 < 94%, including 
patients on supplemental oxygen or mechanical ventilation[2]. The World Health 
Organization (WHO) issued a ‘weak or conditional’ recommendation against the use 
of remdesivir in hospitalized COVID-19 patients[3]. Despite this, the use of remdesivir 
is widespread in hospitalized COVID-19 patients. Many of the clinical trials on 
remdesivir excluded COVID-19 patients with severe renal dysfunction (CrCl < 30 
mL/min/1.73m2). Little is known about clinical outcomes with use of remdesivir in 
COVID-19 patients with severe renal dysfunction or end-stage renal disease (ESRD) 
who are on hemodialysis (HD).

As remdesivir has poor water solubility, Sulfobutylether-β-Cyclodextrin (SBECD) is 
added to the intravenous preparation as a vehicle. Dialysis and renal replacement 
therapy readily remove SBECD, and significant accumulation of SBECD only occurs 
when dialysis is held for prolonged periods in ESRD patients. Voriconazole is another 
medication that has been safely used in patients with kidney failure using the same 
carrier (SBECD)[4].

Our hypothesis is that the addition of remdesivir to dexamethasone as part of the 
treatment regimen in COVID-19 patients with ESRD may have impact on the overall 
length of stay, need for supplemental oxygen, mortality, and mechanical ventilation. 
The aim of this study was to evaluate the feasibility and efficacy of using remdesivir in 
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Figure 1 Flow chart outlining patient selection. SARS-CoV-2: Severe acute respiratory syndrome- 
coronavirus 1; COVID-19: Corona virus disease 2019; CKD: Chronic kidney disease; HD: Hemodialysis.

patients with COVID-19 and ESRD on HD.

MATERIALS AND METHODS
We collected data from two quaternary, acute care hospitals, Rhode Island Hospital 
(RIH) and The Miriam Hospital (TMH), located in Providence, Rhode Island. All 
hospitalized patients above the age of 18 years with ESRD on HD from April 1 to 
December 31, 2020, with a positive polymerase chain reaction (PCR) nasopharyngeal 
or oropharyngeal SARS-CoV-2 swab were screened for potential study inclusion 
(Figure 1). ESRD was defined as a GFR of less than 15 mL/min/1.73m2 according to 
the chronic kidney disease epidemiology collaboration (CKD-EPI) formula. The study 
was reviewed and approved by the Institutional Review Board of TMH. Data was 
collected by physicians in the Division of Hospital Medicine at Miriam Hospital (an 
affiliate of Warren Alpert Medical School of Brown University).

Patients with moderate disease included patients with CRP levels between 50-200 
mg/L (normal 0-10 mg/L) and 2-6L/min of oxygen requirement. Patients with severe 
disease included patients with CRP levels greater than 200 mg/L and oxygen 
requirements greater than 6 L/min. Prone positioning was instituted in all patients 
with moderate to severe disease if they could tolerate it.

Remdesivir group selection
All patients with ESRD on HD hospitalized with PCR-confirmed COVID-19 in both 
hospitals were screened for inclusion. To be considered eligible for study inclusion, 
patients had to meet the following criteria: (1) Hospitalized for at least 48 h, aged ≥18 
years; (2) SARS-CoV-2 infection confirmed by RNA PCR test; (3) SpO2 ≤ 94% on room 
air or requiring supplemental oxygen; and (4) Presence of radiographic evidence of 
pulmonary infiltrates. These patients were given 200mg of intravenous (iv) remdesivir 
on day one, followed by 100 mg once daily for 2-10 d or until discharge, death or if 
there was elevated AST/ALT, with levels greater than ten times the upper limit of 
normal.

Control group selection
For the purposes of this study, we created a control group consisting of hospitalized 
ESRD patients on HD with PCR-confirmed COVID-19 who did not receive remdesivir 
(during the same study period). To identify controls, we screened all patients with 
ESRD on HD who were admitted to both hospitals from April 1 to December 31, 2020 
and did not receive remdesivir. After identifying those patients and to minimize 
selection bias, we used the following inclusion criteria: (1) Hospitalized for at least 48 
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Table 1 Baseline characteristics of study population

Remdesivir (n = 20) Control (n = 25)

Mean age (yr) 64.20 (± 15.16) 68.32 (± 12.67)

Age groups in years (n, %)

18-40 2 (10) 1 (4)

41-64 5 (25) 7 (28)

Above 65 13 (65) 17 (68)

Females (n, %) 11 (55) 12 (48)

Race or ethnic group (n, %)

White or Caucasian 9 (45) 12 (48)

Hispanic 5 (25) 9 (36)

Black or African American 2 (10) 2 (8)

Other 4 (20) 2 (8)

Tobacco use (n, %) 11 (55) 14 (56)

Diabetes mellitus (n, %) 13 (65) 20 (80)

Hypertension (n, %) 19 (95) 24 (96)

Coronary artery disease/peripheral vascular disease (n, %) 8 (40) 9 (36)

Congestive heart failure (n, %) 10 (50) 12 (48)

History of lung disease- no. (%) 6 (30) 9 (36)

Obesity (BMI>30 kg/m2) (n, %) 8 (40) 12 (48)

Arrhythmia (n, %) 6 (30) 9 (36)

Length of stay - d (± SD) 13.00 (± 7.35) 12.16 (± 8.38)

Treatment (n, %)

Corticosteroids 20 (100) 17 (68)

Antibiotics 13 (65) 13 (52)

Therapeutic anticoagulation 9 (45) 11 (44)

h, aged ≥18 years; (2) SARS-CoV-2 infection confirmed by PCR test; (3) SpO2 ≤ 94% on 
room air or requiring supplemental oxygen; and (4) Presence of radiographic evidence 
of pulmonary infiltrates.

Patients who met the following criteria were excluded: (1) Patients < 18 years of age; 
(2) Patients with ESRD who received renal transplant and are not on dialysis; and (3) 
Patients with AST, ALT > 10 times the upper limit of normal. The Nephrology service 
at Miriam Hospital (an affiliate of Alpert Medical School of Brown University) 
followed these patients while they were admitted. Patients also received antibiotics if 
there was a concern for superimposed bacterial infection in addition to the other 
interventions keeping in line with the institutional standard of care.

Endpoints
Our primary endpoint was comparing the oxygen requirements, time to mortality and 
escalation of care needing mechanical ventilation in patients that received remdesivir 
vs control group.

Data collection
Data were obtained from the Epic Electronic Medical Record system and recorded in a 
standardized form. Demographic data, laboratory findings, maximum oxygen 
requirements in Liters Per Minute (LPM), length of stay (LOS), and comorbid 
conditions were ascertained. Outcome measures were assessed through the date of 
study completion, hospital discharge or death; whichever came first.



Selvaraj V et al. Remdesivir in COVID-19 patients with ESRD

WJCCM https://www.wjgnet.com 52 January 9, 2022 Volume 11 Issue 1

Statistical analysis
To compare rates of oxygen and ventilator use, generalized linear modeling was used. 
Estimation was by maximum likelihood using SAS proc genmod software[5]. Mean 
oxygen use was modeled first as a normal distribution with an identity link, and the 
progression to mechanical ventilation was modeled as a binomial distribution with a 
logit link. For the length of stay and patient disposition, survival analysis was used, 
estimation by SAS proc phreg[6]. Here the length of stay is modeled as a ratio for 
patients who discharge vs patients who do not survive. The complete outcome data 
was available for both the cases and controls until death or discharge from the 
hospital. The risk of patient health deterioration as a function of time is modeled given 
covariates. Model selection was based on expert medical knowledge as well as the 
visual examination of residual plots.

Patient experience of COVID-19 pneumonia is highly variable, differences between 
patients were modeled as conditional on patient health status. Comparisons were 
made between patients with diabetes because this is a known risk population that 
would be highly susceptible to disease. Additionally, to identify the specific patients 
with severe condition, comparisons were also made based on d dimers. Grouping 
patients by rate of d dimers was selected because there were clear groupings among 
respondents. The histogram demonstrated a bimodal distribution, with some patients 
having very few d dimers, and some having many (skew = 2.64, kurtosis = 7.30). To 
account for this, patients above the mean were classified as “high d dimer” and 
patients below the mean classified as “low d dimer.” The three-way interaction could 
then be modeled as a 2 (remdesivir or control) × 2 (diabetic or not diabetic) × 2 (high or 
low d dimer) ANOVA style design with interactions. While there were data available 
on corticosteroids, the observational nature of the study raised concerns that this may 
be a biased estimate because treatments were not given at random. As the research 
question mainly focused on the clinical outcomes with use of remdesivir, only 
patients’ health characteristics were used as control variables, rather than introducing 
the complexity of various drug interactions within a small study sample.

Before analyzing the data, a brief power analysis was done to calibrate the limi-
tations of the sample size. This was accomplished using G × Power software and the 
equations provided by Schoenfeld[7]. For the general regression models (oxygen, 
ventilator use), it was estimated that the effect of remdesivir needed to be large to be 
significant, accounting for 28% of the variance (2% is considered small, 13% medium, 
and 26% large). The effects of the additional covariates would also need to be large, 
accounting for an additional 25% of the variance. The survival analysis had better 
power, sensitive to a small to moderate effect size, risk ratio 2.32 (convention is 1.68 
small, 3.47 medium, 6.71 Large)[8]. While the sample is smaller than would be 
preferred, the urgency of this research question outweighs the risk of statistical power.

RESULTS
A total of 108 charts were reviewed, of which only 45 met the inclusion criteria. A total 
of 20 patients received remdesivir while 25 patients were in the control group. Baseline 
statistics are reported in Table 1. There was no significant difference in length of stay 
in patients that received remdesivir (M = 13.00 ± 7.35 d) compared to patients that did 
not receive remdesivir (M = 12.16 ± 8.38 d). Table 2 has the main effect parameter 
estimates for the primary research questions and covariates, and Table 3 provides the 
estimated means by risk group for all three endpoints. Oxygen usage was considered 
first. The main effect of remdesivir was significant and the parameter was negative, 
indicating that across patients, those who were on remdesivir tended to use less 
oxygen (beta = -25.93, X2 (1) = 6.65, P = 0.0099). That said, the three-way interaction 
term was significant (X2 (1) = 6.37, P = 0.0116), indicating that the means varied based 
on patient risk conditions. Comparing remdesivir and control groups within risk 
groups, differences were only significant among patients who did not have diabetes 
(see Table 3).

Examining the covariates, the only significant finding at alpha = 0.05 was for sex, 
such that women tended to have lower oxygen need on average (beta = -9.49, X2 (1) = 
4.43, P = 0.0198). In addition, there was a trend for older patients and patients who 
used tobacco toward higher oxygen use (age: beta = 0.32, X2 (1) = 3.25, P = 0.0712; 
tobacco use: beta = 8.49, X2 (1) = 3.82, P = 0.0507). We anticipate that with larger 
sample size these results would reach the threshold of statistical significance.
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Table 2 Main effect parameter estimates for the primary outcomes and covariates

Outcome: Max O2 Outcome: Ventilation Outcome: Time to Mortality

Variable PE X2 (1) p PE X2 (1) P value PE X2 (1) P value

Age 0.32 3.25 0.0712 0.04 0.56 0.4562 0.05 1.75 0.1860

Tobacco use 8.59 3.82 0.0507 1.29 0.91 0.3399 -0.89 0.91 0.3398

Female Sex -9.49 5.43 0.0198 -2.94 3.80 0.0511 0.05 < 0.01 0.9529

Black, Hispanic, and 
Other races

7.02 2.69 0.1011 2.14 1.96 0.1614 1.18 1.91 0.1672

Obesity 5.35 1.36 0.2444 1.46 0.74 0.3904 0.32 0.16 0.6932

Diabetes -20.59 5.21 0.0224 -4.06 3.61 0.0575 -4.17 9.25 0.0024

High d dimers -21.50 2.22 0.1358 -0.01 < 0.01 0.9971 -5.86 7.41 0.0065

Remdesivir -25.93 6.65 0.0099 -28.52 22.98 < 0.0001 -5.03 7.42 0.0065

PE stands for parameter estimate. For Max O2, this is the average difference between the specified group and the overall mean. For ventilation, this 
represents the log odds difference between the specified group and the overall odds of being on a ventilator. For time to mortality, this represents the 
difference in risk of mortality as a function of time for the specified group relative to the overall risk of mortality for corona virus disease 2019 patients. 
Because age was specified as a continuous value, the values in PE represent the change in mean, odds, or risk for a one-year increase or decrease in age.

Next the progression to mechanical ventilation was considered. As before, 
remdesivir use was associated with much better outcome (beta = -28.52, X2 (1) = 22.98, 
P < 0.0001). The three-way interaction term was not significant, reducing the model fit 
overall, however the interactions between remdesivir and each of diabetes and high d 
dimer status was significant (P < 0.0001), indicating dependencies between patient 
characteristics and health outcomes. Examining the conditional probabilities of 
mechanical ventilation need, remdesivir was found to be helpful for patients who were 
not diabetic and had low d dimer values (P < 0.0001). No covariates showed statist-
ically significant association with the risk of needing a ventilator; female sex reached 
very close to statistical significance (X2 (1) = 3.80, P = 0.0511), indicating less risk of 
ventilator use on average (beta = 2.94).

Finally, the time to mortality was examined, providing similar results to the 
previous analyses. The main effect of remdesivir was significant (X2 (1) = 7.41, P = 
0.0065) indicating on average patients on remdesivir had a better prognosis (beta = -
5.03). The three-way interaction was not significant (X2 (1) = 0.63, P = 0.4262), however 
all two-way interactions were significant or close to significant (remdesivir-high d 
dimers: X2 (1) = 3.56, P = 0.0591; remdesivir-diabetes: X2 (1) = 4.59, P = 0.0322; high d 
dimers-diabetes: X2 (1) = 4.58, P = 0.0324) indicating dependent risks given patient 
characteristics. Again, it was specifically patients who did not have diabetes and had 
low d dimers for whom remdesivir demonstrated to significantly reduced risk (P = 
0.0032, risk ratio < 0.01). No covariates demonstrated significant association with 
COVID-19 pneumonia prognosis.

DISCUSSION
Our study demonstrated a trend towards lesser oxygen requirement in the group of 
ESRD patients on HD who received remdesivir for the treatment of COVID-19 
pneumonia. There was also a trend towards lower progression to mechanical 
ventilation in patients with COVID-19 that received remdesivir as compared to the 
control group. There was a trend towards better prognosis in terms of mortality in 
patients that received remdesivir compared to patients in the control group. However, 
due to the smaller number this trend did not reach statistical significance. None of the 
patients’ treatment was interrupted due to hepatotoxicity. To our knowledge, only 
case series have been previously published on the safety of remdesivir in COVID-19 
patients with ESRD.

Remdesivir is a monophosphoramidate prodrug of a nucleoside analogue and an 
inhibitor of the viral RNA-dependent RNA polymerase (RDRP). Intracellularly, the 
prodrug is rapidly converted into GS-704277 and subsequently into a monophosphate 
form that is finally converted into the active triphosphate form. Dephosphorylation of 
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Table 3 Group mean comparisons

D dimers Diabetes Condition Mean Z P value Cohen's d

Outcome: Max O2

High Yes Remdesivir 28.80 -0.75 0.2260 0.43

Control 36.81

No Remdesivir 46.23 2.38 0.0087 1.76

Control 13.22

Low Yes Remdesivir 13.99 -0.33 0.3712 0.09

Control 15.72

No Remdesivir 8.79 -2.06 0.0199 1.38

Control 34.72

Outcome: Probability of being on a ventilator

D dimers Diabetes Condition % on ventilator Z p Risk ratio

High Yes Remdesivir 6.16 -1.21 0.1125 0.11

Control 55.34

No Remdesivir 67.92 -0.07 0.4708 0.90

Control 75.47

Low Yes Remdesivir 8.22 0.27 0.3955 1.62

Control 5.07

No Remdesivir 0.00 -4.45 < 0.0001 0.00

Control 75.66

Outcome: Time to mortality

D dimers Diabetes Condition Hazard ratio Z p Risk ratio

High Yes Remdesivir -3.13 0.11 0.4570 5.78

Control -4.92

No Remdesivir -5.98 -0.02 0.4930 0.89

Control -5.86

Low Yes Remdesivir -4.84 -0.12 0.4512 0.52

Control -4.17

No Remdesivir -5.03 -2.72 0.0032 0.01

Control 0.00

Cohen’s d effect size is conventionally defined as small = 0.2, medium = 0.5, and large = 0.8. Effect sizes for risk ratios are conventionally defined as small = 
0.60 or 1.68, medium = 0.29 or 3.47, and large = 0.15 or 6.71.

the monophosphate form produces the nucleoside core (GS-441524), which becomes 
the predominant circulating plasma metabolite. The triphosphate form acts as an 
analog of adenosine triphosphate (ATP) and competes for incorporation by RDRP, 
causing premature chain termination and inhibition of viral replication. Originally 
developed as an investigational drug for Ebola virus, remdesivir has potent in vitro 
inhibitory activity against SARS-CoV1, MERS coronavirus, and SARS-CoV2. 
Remdesivir is usually intravenously administered at a dose of 200 mg once followed 
by 100 mg daily for a total of 5-10 d in adults and children ≥ 40 kg. The plasma t1/2 of 
parent remdesivir is 1-2 hours, however the t1/2 of GS-441524 is approximately 20-25 
hours[9,10].. 

The intravenous preparation of remdesivir also contains a solubilizing agent, 
SBECD. Every 100 mg of remdesivir contains 3-6 g of SBECD (maximum recom-
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mended threshold dose 250 mg/kg per day)[11]. Animal studies have shown that 
SBECD accumulation may only cause hepatic and renal toxicity at doses 50 to 100 
times higher than the present patients’ exposure during a 5-to-10-day course of 
remdesivir[12,13]. SBECD does not undergo significant tubular reabsorption and 
remains in an ionized state after glomerular filtration. Only less than 10% of 
remdesivir is renally excreted while 49% is recovered in the urine as GS-441524. In a 
case series by Davis et al, remdesivir’s half-life in 66% of the COVID-19 patients with 
ESRD was twice as long as in healthy volunteers. While there was a decline in 
remdesivir concentrations by the end of the dosing interval, GS-441524 levels were 
also considerably higher than reference values. Despite this, post-HD concentrations of 
GS-441524 were 45%-49% lower than pre-HD measurements[14].

The results from our feasibility study are hypothesis generating. We see interesting 
trends towards lower oxygen requirements, and reduced progression to mechanical 
ventilation in the ESRD patients that received remdesivir as a part of the treatment for 
COVID-19. If remdesivir is an efficacious treatment as hypothesized, it would be 
expected that patients receiving this treatment would have better outcomes. This was 
observed in the data, at least for patients who were lower risk (i.e., not diabetic, low d 
dimer rates). This provides early support for remdesivir, though larger studies could 
show the effect of remdesivir on these patient centric outcomes.

Our study has many limitations. Firstly, only 68% of the patients in the control 
group received dexamethasone. However, all the patients in the remdesivir group 
received dexamethasone. This is mainly because some patients in the control group 
presented before July 2020 when dexamethasone use was not considered standard of 
care. In place of dexamethasone, alternative treatments such as hydroxychloroquine 
and convalescent plasma were used. Steroids were only used in these patients if they 
were in septic shock requiring vasopressors. Secondly, the sample size was relatively 
small. The study may not have been adequately powered to detect a significant 
difference. However, being a feasibility study, we did not expect the results to be 
statistically significant. Lastly, being a retrospective study, the study design has 
inherent biases such as selection and confounding biases.

CONCLUSION
The use of remdesivir in COVID-19 patients with ESRD showed a trend towards lesser 
oxygen requirements, lower progression to mechanical ventilation and survived 
longer. Our feasibility study is hypothesis generating and these patterns need further 
exploration with larger studies. Further research is also needed to study the clinical 
effects of remdesivir in COVID-19 patients with CKD stage 4 or 5 that are not on 
hemodialysis.

ARTICLE HIGHLIGHTS
Research background
Little known information exists regarding the efficacy of remdesivir in COVID-19 
patients with end stage renal disease on dialysis.

Research motivation
With increasing use of remdesivir in COVID-19 patients we need more information 
about specific group of patients who could potentially benefit from the use of this 
medication and its safety profile.

Research objectives
To assess the clinical outcomes with use of remdesivir in adult patients with end stage 
kidney failure on hemodialysis.

Research methods
A multicenter, retrospective study was conducted on COVID-19 patients with end 
stage renal disease on hemodialysis that were discharged from the hospital between 
April 1st and December 31st, 2020. The primary outcomes were oxygen requirements, 
time to mortality and escalation of care needing mechanical ventilation.
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Research results
A total of 45 patients were included in the study. Twenty patients received remdesivir, 
while 25 patients did not receive remdesivir. Most of the patients were females, 
Caucasians, and had diabetes mellitus and hypertension as the commonest 
comorbidities. There was a trend towards reduced oxygen requirement (beta = -25.93, 
X2 (1) = 6.65, P = 0.0099, probability of requiring mechanical ventilation (beta = -28.52, 
X2 (1) = 22.98, P < 0.0001) and mortality (beta = -5.03, X2 (1) = 7.41, P = 0.0065) in 
patients that received remdesivir compared to the control group.

Research conclusions
Larger studies are justified to study the effects of remdesivir in this high-risk 
population with end stage kidney disease on dialysis.

Research perspectives
We believe that larger studies (both observational and randomized clinical trials) are 
warranted to further confirm the findings of this study.
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Abstract
BACKGROUND 
Electrical burns are devastating injuries and can cause deep burns with significant 
morbidity and delayed sequelae. Epidemiological data regarding the etiology, 
socioeconomic differences and geographic variation are necessary to assess the 
disease burden and plan an effective preventive strategy. These severe injuries 
often lead to amputations and thus hamper quality of life in the long term

AIM 
To identify the population at maximum risk of sustaining electrical burns. We also 
studied the impact of electrical burns on these patients in terms of quality of life as 
well as return to work.

METHODS 
The study was conducted at a tertiary referral teaching hospital over a period of 
eighteen months. All patients with a history of sustaining electrical burns and 
satisfying the inclusion criteria were included in the study. All relevant epidemi-
ological parameters and treatment details were recorded. The patients were 
subsequently followed up at 3 mo, 6 mo and 9 mo. The standardized Brief Version 
of the Burn Specic Health Scale (BSHS-B) was adopted to assess quality of life. 
Statistical analysis was conducted using IBM SPSS statistics (version 22.0). A P 
value of < 0.05 was considered statistically significant.

RESULTS 
A total of 103 patients were included in the study. The mean age of the patients 
was 31.83 years (range 18-75 years). A significant majority (91.3%) of patients 
were male. The mean total body surface area (TBSA) in these patients was 21.1%. 
In most of the patients (67%), the injury was occupation-related. High voltage 
injuries were implicated in 72.8% of patients. Among the 75 high voltage burn 
patients, 31 (41%) required amputation. The mean number of surgeries the 
patients underwent in hospital was 2.03 (range 1 to 4). The quality of life 
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parameters amongst the patients sustaining high voltage electrical burns were 
poorer when compared to low voltage injuries at all follow-up intervals across 
nine domains. In eight of these domains, the difference was statistically 
significant. Similarly, the scores among the amputees were poorer when 
compared to non-amputees. The difference was statistically significant in six 
domains.

CONCLUSION 
Electrical burns remain a problem in the developing world. Most injuries are 
occupation-related. The quality of life in patients with high voltage burns and 
amputees remains poor. Work resumption was almost impossible for amputees. 
These patients could not regain pre-injury status. Steps should be taken to create 
awareness and to implement an effective preventive strategy to safeguard against 
electrical injuries.

Key Words: Electrical burns; Quality of life; Amputation; Return to work; Occupational 
therapy; High voltage injuries
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Core Tip: Electrical burns remain a problem in the developing world. Most injuries are 
occupation-related. The quality of life in patients with high voltage burns and amputees 
remains poor. Work resumption was almost impossible for amputees. These patients 
could not regain pre-injury status. Steps should be taken to create awareness and 
implement an effective preventive strategy to safeguard against electrical injuries.
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INTRODUCTION
Electrical appliances are used in domestic as well as industrial settings on a daily basis, 
and it is difficult to imagine normal life without electricity. Electrical injuries are 
probably as old as the discovery of electricity itself. The first recorded case of electrical 
injury was in 1879 in France when a carpenter suffered a low voltage injury (250 V) 
when operating a generator[1], and today electrical injury is considered the most 
common cause of occupation-related injury in developing as well as developed nations
[2,3].

An electrical injury does not only involve the superficial layers of the skin but can 
injure the deeper tissue and can cause multiorgan damage and even death[4,5]. 
Electrical injuries occur due to passage of the electric current through the body and can 
be challenging to manage due to progressive necrosis as a result of injury to the 
microvasculature. The injury may lead to limb loss and disfigurement of the victim 
which will have a lasting impact on the ability of the individual to resume work 
(Figure 1). Most electrical injuries are preventable provided there are appropriate 
safety precautions. Epidemiological data regarding the etiology, socioeconomic 
differences and geographic variation are necessary before an effective prevention 
strategy can be planned[6,7]. Patients with electrical burns can suffer cognitive 
disturbances including slower thinking, impaired concentration, language and 
memory problems, as well as emotional distress[8,9]. Therefore, patients can have 
long-term residual effects affecting their quality of life. Knowledge of the character-
istics of the injury and mechanism by which the injuries are sustained in our area we 
can help formulate specific preventive strategies. Those people who are at maximum 
risk of sustaining these injuries can be educated in terms of preventive measures. This 
will help reduce the morbidity and mortality associated with this injury.
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Figure 1 The injury may lead to limb loss and disfigurement of the victim which will have a lasting impact on the ability of the individual 
to return to work. A: Appearance on day 5 following fasciotomy in a high voltage electrical burns patient showing a gangrenous middle finger and ring finger along 
with nonviable tendons; B: Following skin necrosis due to electrical burns, debridement and a groin flap were performed; C: Same patient shown in Figure 1A and B 
using his injured hand to hold a bottle.

MATERIALS AND METHODS
Patient selection
The study was conducted in the Department of Plastic Surgery, Post Graduate 
Institute of Medical Education and Research (PGIMER), Chandigarh, India, over a 
period of eighteen months. This prospective case series consisted of all patients 
presenting to the Advanced Trauma Centre, PGIMER with electrical burns. Patients 
who had pre-existing comorbidities, or who were incoherent/intubated were excluded 
from the study. Patients less than 18 years of age were also excluded as they would not 
be able to complete the quality of life questionnaire satisfactorily.

Patient evaluation and follow-up
A thorough history and physical examination was undertaken to determine the 
mechanism of injury, and an evaluation of possible associated life-threatening injuries 
was carried out. The wounds were evaluated and the need for emergency procedures 
such as fasciotomy for compartment syndrome were carried out when required.

Immediate complications were ruled out or addressed and resuscitation of the 
patient was started after determining the percentage of total body surface area (TBSA) 
involved (calculated using the Lund and Browder chart). Fluid resuscitation was 
guided by the Parkland formula. Adequate resuscitation was confirmed by mai-
ntaining adequate urine output.

An electrocardiogram was performed to rule out arrhythmia and necessary 
treatment was given if required. Urine myoglobin was determined in all patients with 
electrical burns. Routine blood investigations including serum electrolytes were 
evaluated to rule out any anomalies and if necessary corrective treatment was given.

The patient’s course was followed in the ward and epidemiological data were 
collected using a burn proforma and surgical procedures undertaken were recorded. 
Follow-up was carried out at 3 mo, 6 mo and 9 mo. The standardized and valid Brief 
Version of the Burn Specic Health Scale (BSHS-B) was adopted to assess health-
related quality of life (HRQOL) in patients with extensive severe burns in 40 items 
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among nine domains: heat sensitivity, affect, hand function, treatment regimens, work, 
sexuality, interpersonal relationships, simple abilities, and body image[10]. The items 
were scored using a ve point Likert scale with 0, extremely; 1, quite a bit; 2, 
moderately; 3, a little bit; and 4, none (not at all). Higher scores indicated greater 
HRQOL. Among the specific instruments available for measuring burn patients’ 
quality of life, BSHS-B is the most widely used[11].

Statistical analysis
Discrete categorical data are represented either as a number or a percentage (%); 
Continuous data are represented as either the mean and standard deviation or the 
median and interquartile range. The normality of quantitative data was checked using 
the Kolmogorov-Smirnov tests of normality. For normally distributed data the means 
of BSHS in 3 types of electrical burns were compared using One-Way ANOVA 
followed by the post hoc Multiple Comparisons test. For normally distributed data, the 
Student t-test was applied to compare 2 groups. For comparison of 2 groups of skewed 
data the Mann-Whitney U-test was used. Proportions were compared using the Chi 
square or Fisher’s exact test, depending on their applicability. For time related 
variables of skewed data the Wilcoxon Signed rank test was applied; for normally 
distributed data ANOVA was carried out. Analysis was conducted using IBM SPSS 
statistics (version 22.0). A P value of < 0.05 was considered statistically significant.

RESULTS
A total of 103 patients who satisfied the inclusion criteria were enrolled in our study.

Patients were aged 18 years to 75 years with a mean age of 31.83 years. 65% of 
patients were less than 30 years of age with the majority (46.6%) between 21 and 30 
years, 91.3% were male and 8.7% were female. Sixty-nine patients (67%) had 
occupation-related injuries. Seventy-five patients (72.8%) had high voltage electrical 
burns and only 28 patients (27.2%) had low voltage electrical burns (Table 1). Data 
regarding the exact mechanism of the burns were collected (Table 2). Thirty-three 
patients were injured due to contact with a live wire either in the field, roof or the 
factory. A total of 22 patients had burns related to working with a transformer. Fifteen 
patients were injured by a home appliance, 8 by farming machinery and 7 youngsters 
while playing came into contact with a live wire. Six patients were injured at a con-
struction site. Two patients were injured when flying a kite.

Fifty-eight patients (56.3%) had pure contact burns and 30 patients (29.1%) had pure 
electrical flash burns. Fifteen patients (14.6%) had a mixed injury with a flash as well 
as a contact burn. The TBSA of the burns ranged from 1% to 90%. The mean area was 
22% with a standard deviation of 18.3%. The 25th percentile was 10%, 50th percentile 
was 18%, and the 75th percentile was 18%.

Of the 103 patients, 40 patients underwent an amputation. A total of 32 patients who 
suffered a high voltage electrical burn underwent upper limb amputation at different 
levels. Eight patients with low voltage electrical burns also underwent amputation but 
this was limited to finger amputation only. Of the 32 patients with high voltage 
electrical burns who had upper limb amputation, 8 patients had bilateral upper limb 
amputation at various levels. Seventeen patients also underwent lower limb am-
putation of which 7 had bilateral lower limb amputation.

Patients with electrical burns are likely to have "progressive necrosis" and hence 
may need multiple surgeries. The patients usually required two debridements with a 
debridement in the first 24 h after resuscitation and a relook debridement after another 
48 h. In most cases definitive cover was feasible during the second intervention 
(Figure 2). However, some patients required multiple debridements before the wound 
was ready for definitive cover. The maximum number of surgeries in a single patient 
was 4 (Table 3).

Of the total number of patients, 13 (12.6%) succumbed to the injury. The cause of 
death included acute renal failure, cardiac arrhythmia, and sepsis due to extensive 
exposed areas.

Of 103 patients, there were 13 deaths and 17 patients were lost to follow-up during 
the study period. We followed up the remaining 73 patients at 3 mo, 6 mo and 9 mo.

The 40 questions in the BSHS were divided in 9 domains. The quality of life in 
patients with low voltage electrical burns vs those with high voltage electrical burns 
were recorded.

The mean of scores for all the questions and the standard deviation in the 9 domains 
at 3 mo, 6 mo and 9 mo are shown in Table 4.
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Table 1 Characteristics of electrical burn injuries

Age distribution Minimum age 18 yr, % Maximum age 75 yr, %

Sex distribution Male 94 (91.3) Female 9 (8.7)

Occupation-related injury Yes 69 (67) No 34 (33)

High voltage vs low voltage burns High voltage 75 (72.8) Low voltage 28 (27.2)

Table 2 Mechanism of sustained injury

Mechanism of injury Frequency (n) Percent (%)

Construction site 6 5.8

Domestic line repair 2 1.9

Farming machinery 8 7.8

Flying kite 2 1.9

Home appliance 15 14.6

Live wire in field 15 14.6

Live wire in factory 7 6.8

Live wire on roof 11 10.7

Loading in truck 3 2.9

Playing 7 6.8

Transformer 22 21.4

Welding 5 4.9

Total 103 100.0

Table 3 Mean number of surgeries performed with standard deviation and percentiles

Number of surgeries

Mean number of surgeries (n) 2.03

SD 0.842

Minimum number of surgeries (n) 1

Maximum number of surgeries (n) 4

25 1.00

50 2.00

Percentiles

75 3.00

When the t test was applied to the data in Table 4, differences in the domains when 
compared were significant in all except hand function at 3 and 6 mo, treatment 
regimen at 3 mo, 6 mo and 9 mo, and return to work at 3 mo, 6 mo and 9 mo (Table 5).

We also compared the quality of life amongst the patients who underwent 
amputation (Figure 3) vs those who did not undergo amputation. The mean total 
scores at 3 mo, 6 mo and 9 mo and the standard deviation are represented in Table 6.

We applied the t test to determine if the differences in the scores were significant. 
Comparisons between amputees and non-amputees showed that the differences in 
heat sensitivity, treatment regimens and body image were non-significant. All the 
other parameters were significant at 3 mo, 6 mo and 9 mo (Table 7).
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Table 4 Mean scores in patients with high voltage and low voltage burns as per various domains at 3 mo, 6 mo and 9 mo

Domain Voltage (n) 3 mo, mean ± SD 6 mo, mean ± SD 9 mo, mean ± SD

High voltage (49) 12.55 (4.92) 15.14 (4.03) 16.73 (3.41)Heat sensitivity

Low voltage (24) 15.71 (4.57) 17.46 (3.01) 18.21 (2.13)

High voltage (49) 16.12 (7.14) 19.00 (6.59) 20.82 (6.77)Affect

Low voltage (24) 23.33 (4.07) 25.46 (3.34) 26.5 (2.72)

High voltage (49) 11.29 (6.29) 13.88 (6.25) 15.04 (6.09)Hand function

Low voltage (24) 12.08 (5.93) 15.63 (3.94) 17.50 (3.48)

High voltage (49) 13.31 (4.35) 14.61 (4.19) 15.9 (4.05)Treatment regimens

Low voltage (24) 14.96 (4.71) 16.38 (3.89) 17.29 (3.22)

High voltage (49) 6.33 (5.83) 7.96 (6.11) 8.73 (6.26)Work 

Low voltage (24) 8.83 (5.29) 10.50 (5.32) 11.71 (5.47)

High voltage (49) 8.14 (2.89) 9.24 (2.90) 9.63 (2.95)Sexuality

Low voltage (24) 10.75 (1.89) 11.21 (1.53) 11.54 (1.10)

High voltage (49) 8.82 (3.97) 10.39 (3.80) 11.69 (3.76)Interpersonal relations

Low voltage (24) 13.08 (2.80) 14.58 (2.13) 15.08 (1.67)

High voltage (49) 6.78 (3.08) 8.85 (2.74) 9.98 (2.68)Simple abilities

Low voltage (24) 9.0 (2.6) 10.71 (1.4) 11.46 (1.06)

High voltage (49) 6.39 (3.19) 8.45 (2.93) 10.37 (2.95)Body image

Low voltage (24) 11.38 (3.28) 13.33 (2.44) 14.50 (1.84)

Table 5 P value of the various domains in patients sustaining high voltage vs low voltage electrical burns

Domains 3 mo, t value (P value) 6 mo, t value (P value) 9 mo, t value (P value)

Heat sensitivity - 2.63 (0.010) -2.49 (0.015) - 1.93 (0.057)

Affect - 4.59 (0.000) - 4.52 (0.000) -3.95 (0.000)

Hand function -0.52 (0.606) -1.25 (0.215) -1.84 (0.071)

Treatment regimens -1.48 (0.142) -1.73 (0.088) - 1.47 (0.146)

Work -1.78 (0.080) -1.74 (0.086) -1.98 (0.051)

Sexuality -4.02 (0.000) -3.11 (0.003) -3.06 (0.003)

Interpersonal relations -4.71 (0.000) -5.03 (0.000) -4.21 (0.000)

Simple abilities -3.04 (0.003) -3.12 (0.003) -2.60 (0.011)

Body image -6.22 (0.000) -7.05 (0.000) -6.28 (0.000)

DISCUSSION
Electrical burns are devastating injuries and can cause deep burns with significant 
morbidity, leading to prolonged hospital admission and multiple surgeries to achieve 
complete wound healing. These injuries are also responsible for amputation of limbs 
making the patient dependent on caregivers even for basic activities of daily living if 
multiple limbs are involved. Even after limb salvage surgery, the patient may have to 
undergo multiple admissions for reconstruction of tendons and nerves in the affected 
limb before adequate functionality of the limb is achieved. In the present study we 
attempted to examine the epidemiology of this injury and identify individuals at 
maximum risk of this injury.

We enrolled patients from 18 years to 75 years of age with 65% of patients below 30 
years of age and a mean age of 31.83 years. Buja et al[12] in their study included 
patients with an age distribution of 2 years to 67 years and a mean age of 33.6 years. 
Ambikavathy Mohan in his study of electrical burns in South India included almost 
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Table 6 Mean scores in patients undergoing amputation and those not undergoing amputation at 3 mo, 6 mo and 9 mo

Domain Amputee vs non-amputee (n) 3 mo, mean ± SD 6 mo, mean ± SD 9 mo, mean ± SD

Amputee (30) 13.64 (4.77) 16.17 (3.41) 17.47 (3.05)Heat sensitivity

Non-amputee (43) 13.56 (5.22) 15.72 (4.18) 17.05 (3.18)

Amputee (30) 14.33 (6.82) 17.80 (6.86) 20.17 (6.91)Affect

Non-amputee (43) 21.40 (5.84) 23.44 (5.08) 24.44 (5.30) 

Amputee (30) 7.83 (5.77) 11.13 (6.17) 13.17 (6.62)Hand function

Non-amputee (43) 14.14 (5.00) 16.77 (3.84) 17.72 (3.51)

Amputee (30) 14.13 (4.01) 15.43 (3.62) 16.97 (3.43)Treatment regimens

Non-amputee (43) 13.65 (4.86) 15.02 (4.52) 15.93 (4.08)

Amputee (30) 4.47 (4.71) 6.03 (5.38) 7.10 (6.20)Work 

Non-amputee (43) 9.02 (5.70) 10.72 (5.60) 11.53 (5.46)

Amputee (30) 7.93 (3.40) 9.10 (3.33) 9.53 (3.25)Sexuality

Non-amputee (43) 9.74 (2.16) 10.44 (1.99) 10.77 (2.02)

Amputee (30) 8.17 (3.87) 10.43 (4.01) 11.67 (3.73)Interpersonal relations

Non-amputee (43) 11.65 (3.72) 12.70 (3.54) 13.60 (3.30)

Amputee (30) 5.40 (2.88) 7.87 (2.86) 9.27 (3.01)Simple abilities

Non-amputee (43) 8.98 (2.31) 10.62 (1.41) 11.3 (1.30)

Amputee (30) 7.03 (3.80) 9.10 (3.52) 11.23 (3.21)Body image

Non-amputee (43) 8.72 (3.99) 10.72 (3.55) 12.07 (3.31)

Table 7 P value of the various domains among amputees and non-amputees

Domains 3 mo, t value (P value) 6 mo, t value (P value) 9 mo, t value (P value)

Heat sensitivity -0.063 (0.950) -0.482 (0.631) -0.564 (0.574)

Affect 4.743 (0.000) 4.040 (0.000) 2.989 (0.004)

Hand function 4.973 (0.000) 4.810 (0.000) 3.814 (0.000)

Treatment regimens -0.447 (0.656) -0.413 (0.681) -1.139 (0.259)

Work 3.601 (0.001) 3.575 (0.001) 3.230 (0.002)

Sexuality 2.781 (0.007) 2.153 (0.035) 2.001 (0.049)

Interpersonal relations 3.872 (0.000) 2.549 (0.013) 2.340 (0.022)

Simple abilities 5.868 (0.000) 5.390 (0.000) 3.952 (0.000)

Body image 1.814 (0.074) 1.927 (0.058) 1.076 (0.286)

50% of patients aged less than 30 years. These were young adults and most of them the 
sole earners in the family. Sustaining an electrical burn and losing the ability to work is 
a great loss to the family as well as society in general which has huge economic 
consequences[13]. In the present study, 91.3% of patients were male and only 8.7% 
were female. These results may be due to occupational predisposition among the male 
population. This is consistent with previous data regarding the sex distribution of 
electrical burns[14,15]. The electrical burns in 67% patients were occupation-related 
and 33% were due to unrelated causes. Electrical burns are considered the most 
common job related-injury in both developing as well as developed countries[2,3]. Our 
findings are consistent with the available literature.

Amongst the 103 patients, 72.8% were injured by a high voltage electric current, 
whereas 27.2% sustained burns by a low voltage source. High voltage injuries are 
more distressing causing larger body mass necrosis and have a higher chance of 
amputation and requiring extensive reconstruction[16]. 41% of patients with high 
voltage burns underwent amputation. On the other hand, only 8 patients with low 
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Figure 2 In most cases definitive cover was feasible during the second intervention. A: Electrical contact burns with the entry point at the left parietal 
region; B: Transposition flap cover after second debridement; C: Same patient shown in Figure 2A and B at 3 mo follow-up.

Figure 3 Bilateral amputee following electrical burns.

voltage burns  underwent minor amputation of fingers. Also all 13 deaths during the 
study period occurred in patients with high voltage electrical burns.

71% of patients had a contact burn component, and 43.7% of patients had a flash 
burn component. 29.1% of patients had pure flash burns. The contact burn injuries 
were deeper and required multiple surgeries and flap cover. Flash burns which were 
limited to the superficial layer of the dermis healed with regular dressings within 2 
weeks of the injury. In general, flash burns are superficial and usually do not damage 
deeper tissues. Surgery is required in these patients and sometimes multiple 
procedures may be required, but amputations are not usually required[17].

The mean TBSA in these patients was 21.1% with a standard deviation of 18.3%, and 
the range was from 1% to 90%. In the study by Kym et al[18] a mean TBSA of 14% was 
observed. Agakhani et al[19] found that the mean TBSA was 13.5%. The study by 
Hamid Karimi et al[20] in Iran found that the mean TBSA was 13.2%. The reason for 
the slightly higher mean TBSA in our study can be attributed to inter-observer 
variation in estimating the burns and to the large number of cases of electrical flash 
burns with larger TBSA burns.

Forty of the 103 patients (38.8%) underwent amputation. Of the 75 high voltage 
burn patients, 32 (42%) underwent amputation. Nine patients with low voltage 
electrical burns (32%) underwent amputation, but these were mainly minor 
amputations. Agakhani et al[19] reported similar results. The study by Kym et al[18] in 
South Korea demonstrated that 625 patients (74.7%) underwent amputation, but most 
of these were minor. They reported an amputation rate of 15.6% in the low tension 
group. This high rate of amputation following electrical burns indicates the morbidity 
associated with these burns and suggests that prevention is better than cure. It also 
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shows the importance of limb salvage by timely fasciotomy and early stable wound 
coverage after adequate debridement[21].

Thirty-two of our patients had upper limb amputation and 8 of these patients 
underwent bilateral amputation. Seventeen patients underwent lower limb 
amputation of which 7 had bilateral lower limb amputation. This is consistent with 
other studies[22]. In general, upper limbs are affected as they are frequently in contact 
with the electrical source.

The mean number of surgeries the patients underwent was 2.03 and ranged from 1 
to 4. The 25th percentile was 1, 50th percentile was 2 and the 75th percentile was 3. 
Extensive raw areas following flash burns required 2 surgeries consisting of split 
thickness skin grafts.

Early adequate debridement is the key to successful reconstructive procedures. The 
injury is usually most severe in the small muscle branches, where blood flow is slower
[22]. Sometimes complete damage is not initially evident. As the smaller vessels 
become thrombosed tissue damage then becomes evident. This creates the illusion of 
progressive tissue necrosis. Performing a flap and then having problems of pus 
discharge from below the flap is distressing both for the patient as well as the surgeon. 
We therefore found it prudent to occasionally have a second look when we had doubts 
about the viability of the tissue. This in our view prevented problems with both over 
debridement as well as under debridement. Frankly necrotic and devitalized tissue 
was removed in the first surgery and indeterminate tissue was left behind. Then 
further surgery was performed after 48 to 72 h to provide definitive cover. The only 
disadvantage of this technique is increasing management by one stage and the patient 
undergoing anesthesia an additional time and therefore increasing the cost of 
management. As our hospital is a government hospital the cost factor did not have 
much bearing, but this approach may increase the cost of management in a private 
setup. Hence this method was not followed in all patients.

During our study period, a total of 13 deaths (12.6%) were observed. The patients 
with a higher percentage of flash burns succumbed to sepsis, while acute renal failure 
and cardiac events were the cause of death amongst patients with contact burns. 
Mortality is reported to be between 3% and 15% in the U.S.[23]. A possible reason for 
the number of deaths being higher is that ours is a tertiary referral center with a lot of 
complex cases being referred to us on a regular basis.

The morbidity associated with burns is huge especially if the patient undergoes 
major amputation. It may be impossible for patients to return to work[24] and they 
may also become dependent on caregivers even for activities of daily living. This has 
an impact on the psychology of the patient.

The patients in our study were followed up at 3 mo, 6 mo and 9 mo to determine 
their quality of life. We compared quality of life based on the domains in patients with 
high voltage electrical burns vs low voltage electrical burns. In the total heat sensitivity 
domain the difference in the score was significant at all stages of follow-up. Patients 
with a flash component and large surface who underwent grafting had more problems 
regarding heat sensitivity. The difference in the score of the affect of high voltage 
electrical burns and low voltage electrical burns was significant at all stages. This may 
be due to the fact that usually high voltage burns are more devastating and have a 
poor affect as compared to patients with low voltage electrical burns. The hand 
function scores between the two groups showed that patients with low voltage burns 
fared better, but the difference was not statistically significant different between the 
groups at all stages of follow-up.

In general, patients with low voltage electrical burns had more trouble coping with 
the treatment regimen. This may be due to the fact that a lot of these patients required 
grafts and thorough post-graft skin care is required. The difference between the low 
voltage and high voltage groups was not significant, possibly because some patients in 
the high voltage group required grafts and they too needed to take care of the skin 
thus confounding the results.

With regard to work, the difference in scores between the low voltage and high 
voltage groups was significant, and patients sustaining low voltage electrical burns 
were significantly better at 3 mo, 6 mo and 9 mo. This is because high voltage electrical 
burns are usually more destructive[16].

Amongst the other domains, sexuality, interpersonal relationship, simple abilities 
and body image, patients with low voltage electrical burns were significantly better 
placed than those with high voltage electrical burns. We also compared the quality of 
life of amputees vs non-amputees. The domains of affect, hand function, sexuality, 
work, interpersonal relationship and simple abilities were significantly different and 
patients with amputation were significantly poorly placed as compared to non-
amputees. The difference between the score for body image was non-significant. The 
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reason for this could be due to amputees not liking their "incomplete" body and non-
amputees not being able to accept their bodies with extensive scars.

As 67% of electrical burns are related to occupation we strongly feel that a good 
education program for the at-risk population would be extremely beneficial.

From the available data it is clear that a prevention strategy should include the 
following 2 aspects: (1) Strict implementation of existing laws; and (2) An education 
program aimed at the at-risk population and the general public regarding the 
devastating outcome of electrical burn injuries and essential safety measures.

Strict implementation of existing laws can be ensured by heavy fines for the 
contractor or the builder responsible for breaking the law. Sign boards indicating 
danger depicted pictorially should be used. These sign boards will get the message 
across even to the uneducated population keeping them away from the areas where 
accidents are likely to happen. Various education programs regarding the effects of 
these devastating injuries and safety measures to be undertaken for prevention will go 
a long way to reduce the incidence of such injuries. Today we live in a world where 
communication is very easy and has become a powerful tool. There are countless 
means of mass communication including the internet, social media, television and 
radio. Only constant reminders will probably finally reduce accidental burn victims in 
our country[25] and we can use all these media to our advantage to spread the 
message.

CONCLUSION
In conclusion, electrical burns are still a major problem in India and most injuries are 
occupation-related. Furthermore, extensive injuries need to be managed in a tertiary 
care center using a multidisciplinary approach. Quality of life in patients with high 
voltage electrical burns and amputees is poor. Thus, steps should be taken to create 
awareness as well as plan and implement a good preventive strategy for electrical 
burns

ARTICLE HIGHLIGHTS
Research background
We have come a long way since the discovery of electricity and have become totally 
dependent on it. Yet there are numerous hazards associated with it. The accidental 
injuries sustained from electricity can potentially cripple individuals making them 
completely dependent on others for activities of daily living. There are a limited 
number of studies investigating the causes and characteristics of electrical injuries and 
the quality of life in these patients following treatment. In-depth evaluation of the 
circumstances of injuries and overall quality of life in this particular subset of patients 
has not been thoroughly evaluated.

Research motivation
Knowledge of the characteristics of electrical burn injuries and understanding the 
circumstances in which these injuries are sustained can help to formulate specific 
preventive strategies. The subjects who are at maximum risk of sustaining these 
injuries can be educated on these preventive measures. This will help reduce the 
morbidity and mortality associated with these devastating injuries.

Research objectives
To study the epidemiology of electrical burns and to define the population which is at 
maximum risk of sustaining such injuries. The impact of electric burns on these 
patients and their quality of life along with the potential of returning to previous work 
were also evaluated.

Research methods
This prospective study was conducted over a period of 18 mo at a tertiary care 
teaching hospital. All patients presenting to the Trauma Center with a history of 
sustaining electrical burns and satisfying the inclusion criteria were included in the 
study. The course of the patient in hospital was followed and epidemiological data 
were collected using a burn proforma. Follow up was carried out at 3 mo, 6 mo and 9 
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mo. The standardized and valid Brief Version of the Burn Specic Health Scale (BSHS-
B) was adopted to assess health-related quality of life (HRQOL). The normality of 
quantitative data was assessed by the Kolmogorov-Smirnov test. Normally distributed 
data were compared using One-Way ANOVA followed by the post hoc Multiple 
Comparisons test. For time related variables of skewed data the Wilcoxon Signed rank 
test was applied; for normally distributed data ANOVA was carried out. Analysis was 
conducted using IBM SPSS statistics (version 22.0). A P value of < 0.05 was considered 
statistically significant.

Research results
These injuries were more common in males and in the younger population. The 
majority of injuries were occupation-related and mostly accidental in nature, mainly 
due to ignorance as well as carelessness on the part of the victims. Hence, many 
injuries and resultant morbidities could have been prevented by mass education and 
awareness. A significant number of patients were uneducated. Thus, they had to take 
menial jobs without being aware of the appropriate safety measures. There was also a 
lack of awareness amongst their supervisors. Patients had a combination of contact 
and flash burns. The variety of associated injuries in these patients made a multidiscip-
linary approach vital for effective management. The patients underwent a variety of 
surgeries depending on the extent of the initial injury, of which amputation was the 
most devastating. Limb salvage necessitated multiple complex procedures which 
required intricate planning and execution. The quality of life among patients 
sustaining high voltage electrical burns and amputees was poor.

Research conclusions
Electrical burns cause extensive damage requiring multiple surgeries and 
reconstructive techniques. This makes it a major economic burden for the patient as 
well as the government. In addition, there are various social and rehabilitative 
challenges for the patient as well as his or her family. The patients who underwent 
multiple limb amputations became dependent on caregivers even for basic activities of 
daily living for the rest of their lives. It is a major challenge for these patients to return 
to pre-injury status due to the significant stigma of initial injury and persistent tissue 
damage. This underscores the importance of effective preventive strategies to reduce 
these injuries.

Research perspectives
Future studies should be carried out to determine the efficacy of various preventive 
strategies to decrease the frequency of these injuries and to reduce the morbidity and 
mortality associated with electrical burns.
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Abstract
Point-of-care ultrasonography (POCUS) for managing critically ill patients is 
increasingly performed by intensivists or emergency physicians. Results of needs 
surveys among intensivists reveal emphasis on basic cardiac, lung and abdominal 
ultrasound, which are the commonest POCUS modalities in the intensive care 
unit. We therefore aim to describe the key diagnostic features of basic cardiac, 
lung and abdominal ultrasound as practised by intensivists or emergency 
physicians in terms of accuracy (sensitivity, specificity), clinical utility and 
limitations. We also aim to explore POCUS protocols that integrate basic cardiac, 
lung and abdominal ultrasound, and highlight areas for future research.
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Core Tip: Point-of-care ultrasound (POCUS) is increasingly being used by intensivists 
and emergency physicians for the care of critically-ill patients. This mini-review 
highlights key findings in basic cardiac, lung and abdominal ultrasound, and introduces 
several POCUS-based protocols, which have practical utility for patient management.
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INTRODUCTION
Diagnostic errors in medicine and intensive care are prevalent, with autopsy studies showing 
substantial misdiagnoses[1]. Point-of-care ultrasonography (POCUS) fills a void to reduce diagnostic 
uncertainty and some features may also guide prognosis and management. However, image acquisition 
and interpretation needs to be done with skill and caution to avoid inadvertent over- or underdiagnosis 
of abnormalities. POCUS misdiagnoses due to inexperience may lead to errors in the treatment that may 
worsen patients’ outcomes or even be fatal[2]. Each POCUS practitioner must be mindful of this, and 
follow up or evaluate with alternatives where applicable. It is still important that any form of POCUS 
should be preceded by clinical examination, which provides complementary information for diagnosis 
and treatment.

There is an increase in the application of POCUS for managing critically ill patients, performed by 
intensivists or emergency physicians, who are neither radiologists nor sonographers. POCUS is 
inexpensive, non-invasive and can be readily available at the bedside. It is thus an important skill-set for 
anyone who takes care of critically ill patients.

POCUS may be too brief to have in depth interrogation of any pathology found and more detailed 
scanning is not practical in a busy intensive care unit (ICU) or emergency department. Excessive time 
taken for image acquisition and measurements may delay other clinical assessment or treatment. If 
abnormalities are found or if a comprehensive evaluation is required, a formal transthoracic echocar-
diogram or follow up computed tomography (CT) imaging can then be arranged at a more opportune 
time.

Results of needs surveys among intensivists reveal emphasis on basic cardiac, lung and abdominal 
ultrasound[3], which are the commonest POCUS modalities in the ICU. We thus aim to describe the key 
diagnostic features of basic cardiac, lung and abdominal ultrasound as practised by intensivists or 
emergency physicians in terms of accuracy (sensitivity, specificity), clinical utility and limitations. We 
also aim to explore POCUS-based protocols that integrate these ultrasound features.

BASIC CRITICAL CARE ECHOCARDIOGRAPHY
Basic critical care echocardiography (CCE) typically involves obtaining 4 echocardiography views 
(parasternal long axis, parasternal short axis, apical four- chamber, subcostal views) to answer urgent 
questions at the bedside, regarding myocardial contractility, left ventricular filling, right ventricular 
dilatation, or the presence of other obvious abnormalities (e.g. large pericardial effusion). Myocardial 
contractility is usually described in terms of regional wall motion abnormalities such as hypokinesia, 
dyskinesia or akinesia. Image acquisition and interpretation requiring all 4 of these views require skill 
and competency in order to complete the assessment in a timely manner. CCE is most often used to 
evaluate causes of shock, cardiac arrest or acute cardiopulmonary failure. Some key features of basic 
CCE are summarised in Table 1; examples in Figure 1.

BASIC LUNG ULTRASOUND 
Lung ultrasound has also gained popularity because of its relative portability. The added benefit 
compared to chest radiographs and CT imaging, is that the patient’s clinical course can be conveniently 
followed up over time with no radiation risk. Lung ultrasound has been shown to reduce the use of 
chest radiographs and CT scans in critically ill patients by 26% and 47% respectively[4]. The diagnostic 
accuracy rates of lung ultrasound for cardiogenic pulmonary edema (94% vs 65%, P = 0.03) and for 
pneumonia (83% vs 66% P = 0.016) are better if paired with CCE, than compared to lung ultrasound 
alone[5]. Some of the key features and the clinical utility of these features are described in Table 2, with 
examples in Figure 2.

General limitations to lung ultrasound include a large body habitus, presence of subcutaneous 
emphysema and thoracic dressings; these limit obtaining adequate windows[6]. Lack of access to 
training and ultrasound machines also limit more widespread application of lung ultrasound. However, 
compared to CCE, competency in lung ultrasound can be achieved more quickly with a minimum of 10 
scans[7].

ABDOMINAL ULTRASOUND
While basic cardiac and lung ultrasound features have generally been well-characterized individually, 
abdominal ultrasound features have instead been studied in the context of integrated protocols. The 
Focused Assessment with Sonography for Trauma (FAST) incorporates scanning the abdomen, heart, 
pericardial and pleural spaces in a trauma patient. This subsequently incorporated basic thoracic injury 
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Table 1 Characteristics of basic critical care echocardiography

Key features Accuracy % (95%CI) Clinical utility Limitations

Pericardial 
effusion

Echo-free space between heart and the parietal 
layer of the pericardium. 15 mL: Minimum 
detectable by echocardiography; > 50 mL: 
Pathological. Nature of the fluid-non-echogenic 
space (serous fluid), echogenic fluid (blood, pus)

ED physicians using a combination of parasternal 
short and long axis, apical and subcostal views: 
(1) Sensitivity 96 (90.4-98.9); (2) Specificity 98 
(95.7-98.7); (3) PPV 92.5 (85.8- 96.7); and (4) NPV 
98.9 (97.3-99.7). Accuracy: 97.5 (95.7-98.7)[29]

Diagnostic, as a cause of dyspnea; Characterisation 
of fluid; Estimate size of effusion; Guide approach 
for pericardiocentesis

Pleural effusion, pericardial fat pad may be mistaken as 
pericardial effusion. Limited echo windows may affect the 
sensitivity and specificity of CCE. 4 standard views should 
be done to assess if the effusion is localised or global[30] 

Pericardial 
tamponade

A pericardial effusion with: (1) Diastolic RV 
collapse; (2) Systolic RA collapse < 1/3 of cardiac 
cycle (earliest sign); (3) A plethoric IVC with 
minimal respiratory variation; and (4) Doppler: 
Exaggerated respiratory cycle changes in mitral 
and tricuspid valve in-flow velocities (peak E 
wave velocity will drop at least 25% (mitral) 40% 
(tricuspid) in expiration compared to inspiration 
(suggestive of pulsus paradoxus)

(1) Sensitivity 48-60; Specificity 75-90[31] 
(sensitivity and specificity improves as the 
severity increases); (2) RA collapse. Sensitivity 55-
97; Specificity 33-100[31]. Absence of both RA 
systolic, RV diastolic collapse: NPPV 90; 
Sensitivity 95-97; Specificity 40; (3) Sensitivity 
92% but not specific[32]; and (4) Pulsus 
paradoxus itself: Sensitivity 82% (95%CI: 
72%–92%); in the presence of pericardial effusion, 
positive LR 3.3 (95%CI: 1.8-6.3) and negative LR 
0.03 (95%CI: 0.01-0.24)[31]

Identifying tamponade as cause of shock. If found 
to be the cause of cardiac arrest, and had pericar-
diocentesis after diagnosis, survival to discharge 
increased by 15.4% (compared to 1.4% without 
POCUS)[33]

(1) Plethoric IVC may be caused by chronic lung disease, 
congestive cardiac failure, tricuspid regurgitation; (2) 
Patients on mechanical ventilation will not demonstrate 
plethora because inspiration is generated by positive 
pressure and hence IVC expands rather than collapses[34]; 
(3) Doppler techniques require more advanced practitioners 
of POCUS; and (4) Respiratory variation of the mitral and 
tricuspid inflows should not be used as a sole criterion for 
tamponade without the presence of chamber collapse, IVC 
dilation, or abnormal hepatic vein flows (blunting or 
reversal of diastolic flows in expiration)

Right 
ventricular 
dilation and 
dysfunction

(1) RV dilatation in PE: Diameter-> 42 mm (base), 
> 35 mm (mid-level). Longitudinal dimension > 
86 mm[35]; (2) RV dysfunction in PE, TAPSE < 
17.5 mm, indicated abnormal, RV systolic, 
function[36]; (3) RV hypokinesis; (4) Right heart 
thrombi; (5) Ventricular interdependence; (6) 
Leftward septal displacement; and (7) McConnell 
sign (Normal contraction or sparing of the RV 
apex with hypokinesis of midportion of the RV 
free wall)

(1) Enlargement of the RV compared to the LV. 
Sensitivity 55. Specificity 86[37]; (2) RV 
dysfunction indicated by abnormal TAPSE 
Sensitivity 87. Specificity 91. AUC 0.96 (95%CI: 
0.87-1.00)[36]; (3) RV hypokinesis for diagnosis of 
PE. Sensitivity 70. Specificity 33. Predictor of 30-d 
mortality in PE. Sensitivity 52.4 (43.7-61.0). 
Specificity 62.7 (59.5-65.8). NPV 90.6 (88.1-92.7). 
PPV 16.1 (12.8-19.9)[38]; (4) –; (5) –; (6) –; and (7) 
Sensitivity 70%. Specificity 33; PPV 67; NNV 36
[30] 

To identify acute cor pulmonale or pulmonary 
embolism. Various echocardiographic signs can be 
used to rule in PE, but none can rule it out. This is 
due to the known variability of PE presentation, 
clot burden, and physiologic reserve that 
contribute to pulmonary vascular resistance and 
acute RH strain[36]. RV dysfunction in PE found to 
be predictor of early mortality[38]. Presence of 
right heart thrombi is associated with an increased 
risk of death in 30 d

Obtaining adequate RV views in critically ill patients may be 
challenging, especially post abdominal-surgery with a 
smaller subcostal window. There are numerous methods 
available to measure RV size and function, yet the 
parameter that is the most accurate in the critically ill is 
controversial[39]. McConnell’s sign may also be present in 
RV infarct and not just PE (i.e. Not specific for PE)

Left 
ventricular 
dysfunction
[40]

(1) 2D Biplane; (2) Visual ejection fraction; (3) 
MAPSE < 12 mm; and (4) E-point septal 
separation > 7 mm

(1) -; (2) Predicts LVEF < 50%. AUROC 0.8 (0.70-
0.90); (3) Predicts LVEF < 50% AUROC 0.73 (0.62-
0.84); and (4) Predicts EF < 30%. Sensitivity 100 
(95%CI: 62.9-100). Specificity 51.6 (95% CI: 38.6-
64.5)[41]

(1) Allows more informed risk counselling, 
prognostication. Patients with no cardiac activity 
on PoCUS were much less likely to achieve ROSC, 
had shorter mean resuscitation times[42]; and (2) 
Relatively easy and rapid. Internal Medicine 
physicians were able to identify normal versus 
decreased LVSF with high sensitivity, specificity, 
and "good" interrater agreement compared to 
formal echocardiography after completing a 
training program[43]

(1) Requires optimal acquisition of endocardial borders, 
time consuming, requires training; (2) and (3) are rarely 
done

(1) Fluid responsiveness: Depending on whether 
a standardised or non- standardised spontaneous 
breath was taken: Sensitivity 66-93 Specificity 99-
98[44,45]; (2) Comparable to pulse pressure 
variation in predicting fluid responsiveness 
(AUROC 0.75 ± 0.07); (3) Cut off value of 16.5%. 
Sensitivity 71.4; Specificity 76.5[46]; and (4) In 
predicting CVP < 8 mmHg: PPV of 87, NPV of 96, 

Requires a spontaneously breathing patient, able to 
cooperate and perform a standardised breath. Accuracy 
affected by point of measurement along the IVC and the 
angle of insonation, given the cylindrical nature of the IVC 
and especially for the use of M-Mode measurements. IVC 
may be dilated in valvulopathies, pulmonary hypertension 
or in highly trained athletes[25]. May not accurately indicate 
volume status because venous return can be affected by 

Variation of 
IVC diameter 
with 
respiration

(1) Collapsibility index, measured 4cm caudal to 
the right atrium, with a deep standardised 
inspiration; (2) Distensibility index during 
intermittent positive pressure ventilation; and (3) 
IVC collapse of > 50 %

Assessment of fluid responsiveness to avoid 
unnecessarily fluid boluses. The degree to which 
the CVP falls during spontaneous inspiration 
depends upon 3 variables: Cardiac function; The 
drop in pleural pressure; Venous return 
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AUROC 0.93 other factors e.g. vascular tone. IVC collapsibility may be 
confounded by pressure within the abdominal cavity e.g. 
Intra-abdominal hypertension, ascites, IPPV

AUROC: Area under receiver operating characteristic; CVP: Central venous pressure; ED: Emergency department; IPPV: Intermittent positive pressure ventilation; IVC: Inferior vena cava (plethoric IVC defined as diameter > 2.1 cm and 
< 50% inspiratory reduction); LR: Likelihood ratio; LV: Left ventricle; LVEF: Left ventricular ejection fraction; LVSF: Left ventricular systolic function; MAPSE: Mitral annular plane systolic excursion; NPV: Negative predictive value; PE: 
Pulmonary embolism; PPV: Positive predictive value; RA: Right atrial; ROSC: Return of spontaneous circulation; RV: Right ventricle; TAPSE: Tricuspid annular plane systolic excursion.

assessment in form of extended FAST (E-FAST). In FAST, abdominal sonography focuses on detecting 
free fluid in the abdominal cavity which indicates hemoperitoneum associated with significant 
abdominal injuries. The 4 sonographic views in the FAST exam are the 4 Ps: Pericardial, perihepatic, 
perisplenic, pelvic regions. The limitations of FAST are that it has low accuracy in the very early post-
injury phase, and does not detect retroperitoneal bleeding well. It does not detect early solid organ 
injuries not accompanied by significant bleeding. It does not replace traditional imaging modalities if 
there are penetrating injuries[8]. Extended FAST further incorporates basic lung ultrasound to detect 
pneumothoraces or hemothorax, which has a sensitivity of 78.6%-95.3% (68.1%-99.2%) and specificity of 
98.2%-99.8% (97.0%-99.9%) compared to traditional clinical examination and radiological imaging with 
chest X-ray or CT[8]. Other than FAST, abdominal POCUS in the critical care setting also includes 
assessing the bladder (to detect retention of urine), kidneys (for hydronephrosis etc.), gallbladder (for 
cholecystitis etc.), and abdominal aorta (for abdominal aortic aneurysms). Some examples are shown in 
Figure 3.

POCUS PROTOCOLS
Since 2001, intensivists and emergency physicians have come up with protocols that integrate the key 
features of basic cardiac, lung and abdominal ultrasound. These protocols are used to confirm or 
eliminate certain diagnoses in a stepwise manner. Clinicians perform POCUS as an extension of the 
physical examination in a problem-oriented approach, and scans are often repeated post intervention.

As with all ultrasound procedures, POCUS is operator dependent. Some of the protocols described 
also require advanced CCE competencies. The more recent protocols tend to integrate multiple POCUS 
modalities, and have stepwise diagnostic questions to be answered depending on the clinical context. 
For lung ultrasound, different protocols have different number of points to assess, which is based on the 
clinical experience of the authors. Some other examples, which are used to explore causes of shock and 
cardiac arrest, are listed in Table 3. We also included some protocols which only involved one POCUS 
modality due to its integration in other protocols (BLUE protocol)[9], or the unique pathophysiological 
question it tries to answer (VeXUS)[10]. The clinical benefits of the protocols described below are still 
pending further study.

The C.A.U.S.E. protocol[11] aims to detect the common diagnoses that may explain a cardiac arrest, 
such as cardiac tamponade, severe hypovolemia, pulmonary embolism and pneumothorax. It involves 2 
sonographic perspectives of the thorax: The 4 chamber view (the subcostal view is recommended), and 
the anteromedial views of the lung and pleura at the second intercostal space, at the midclavicular line.
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Table 2 Characteristics of basic lung ultrasound

Key features Accuracy % Clinical utility Limitations

A-Pattern Horizontal artifact indicating normal lung surface indicating 
PAOP ≤ 13 mmHg

Sensitivity 67; Specificity 90
[47]

Dry inter-lobular septa. Aeration, response to PEEP and recruitment. 
Diagnosis/exclusion of large PE

For diagnosis of PE, requires 
ability to perform DVT scans to 
support findings. A-pattern may 
manifest in large pulmonary 
embolism but not in cases of 
smaller pulmonary emboli in the 
peripheral lung parenchyma near 
the pleural surface may be 
detected by lung ultrasound[48], 
classical described as hypoechoic, 
pleural-based parenchymal 
alteration with > 85% of these 
lesions wedge-shaped[49]. A-lines 
may be seen in cases of pneumo-
thorax, COPD/asthma 

Pneumothorax May have A pattern due to reflection of air at the parietal 
pleura. During M-Mode: (1) “Stratosphere”/“Bar code” 
sign, instead of a seashore sign. During B-Mode; (2) Loss of 
lung sliding; and (3) Lung point-transition of normal lung 
sliding/B lines to a pneumothorax pattern (no lung sliding 
or B lines) at a critical point, during a respiratory cycle

(1) Sensitivity 86-91, 
Specificity 91-99[6,50]; (2) 
Sensitivity 67, Specificity 
100, PPV 100, NPV 91; and 
(3) Sensitivity 66. Specificity 
100[51]

Early detection in trauma in the emergency department, even for non-
radiologists

Absence of "lung sliding" alone 
may not confirm the presence of 
pneumothorax. Small, apical 
pneumothoraces may be false 
negatives but usually do not 
require any intervention. False 
positives in non-trauma critically 
ill patients due to: (1) Dyspnea; 
(2) Single lung intubation or 
esophageal intubation; (3) Lung 
and pleura adhering together due 
to ARDS/chronic pleurodesis, 
cancer, phrenic nerve palsy, large 
infiltrates/pleural effusion, 
pulmonary contusions; and (4) 
Presence of several A lines in 
patients with asthma/COPD[52]

Occult pneumothorax 
(detected on CT scan 
but missed on chest 
radiography)

(1) Abolition of lung sliding alone; (2) Absent lung sliding 
plus the A line sign. The A line sign is the presence of A-
lines without associated B lines (In normal lung, A lines will 
be with artifacts such as B lines, and lung sliding); also 
known as the stratosphere sign; and (3) The lung point 

(1) Sensitivity 100, 
Specificity 78; (2) Sensitivity 
95, Specificity 94; and (3) 
Sensitivity 79, Specificity 
100[53]

Reduced need for CT scans, transportation, ionising radiation. Earlier detection 
of pneumothorax.

Among controls without 
pneumothorax, some may have 
absent lung sliding (false 
positive)

Comet tails, which are short (1cm) 
reverberation artifacts, may be 
mistaken as B-lines. Unlike B-
lines, comet tails do not obliterate 
A-lines, fades with increasing 
depth. They may be present in 
normal lung[55]. Lacks utility in 
patient with known pre-existing 
interstitial syndrome unless there 

B-profile B-lines are vertical ring-down artifacts that do not fade with 
increasing depth, and move with lung sliding, and obliterate 
A lines. > 3 is considered pathological. Alveolar-interstitial 
syndrome. > 2 Comet-tails 7 mm apart, indicating thickened 
interlobular septa

Sensitivity 97-98, 
Specificity88-95[54]

Diagnosis of acute hemodynamic pulmonary edema. Other differentials: 
Generalised–acute or chronic interstitial lung disease, acute lung injury/acute 
respiratory distress syndrome. Focal–related to pneumonia, pulmonary 
contusion, lung tumours, other pulmonary consolidating processes[55]. May be 
due to Gravity-related dependent edema may be present in dependent areas. 
May be used with other POCUS modalities e.g. CCE to diagnose underlying 
cause of interstitial syndrome
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are prior scans for comparison. 
False positives: (1) Physiological 
B-lines may be present in 10% of 
healthy population; and (2) Older 
persons may have more B-lines 
and chest areas positive

Consolidation Hypoechoic tissue with hyperechoic punctiform images (air-
bronchograms). C-profile in the BLUE protocol: Anterior 
lung consolidation or thick, irregular pleural line[40]

Sensitivity 92-93, Specificity 
92-100[54,56]

Atelectasis may appear similar 
and be misinterpreted as consol-
idation (false positive). This can 
be differentiated from consol-
idation by the lung pulse and 
dynamic air bronchogram[57]

Pleural effusion Fluid collection in pleural space, above diaphragm. Able to 
detect as little as 15 mm. Quantification of amount of pleural 
effusion: A pleural effusion ≥ 800 mL is predicted when 
interpleural distance was > 45 mm (right) or > 50 mm (left) 

Sensitivity 91-93, Specificity 
92-93[56] (Right side) 
Sensitivity 94, Specificity 76 
(Left side), Sensitivity 100, 
Specificity 67

Non-invasive, radiation-free detection of pleural effusion which can also guide 
bedside drainage. Avoids need for transportation for CT-imaging. May show 
features which further characterises the type of effusion; septations, debris, 
heterogeneous fluid collections which are suggestive of an exudative effusion; 
anechoic, homogenous fluid which suggests transudative effusion. Guides 
location for thoracocentesis. At least 2 cm of interpleural distance required as a 
minimum indication for thoracocentesis

In patients with an elevated 
hemidiaphragm, inappropriate 
diaphragm visualization may 
lead to mistaking effusion for 
sub-diaphragmatic ascites. May 
be confused with pericardial 
effusion. Peri-procedure complic-
ations and injury may occur if the 
heart/subdiaphragmatic organs 
are overlooked thinking a 
pericardial/subdiaphragmatic 
effusion is a pleural effusion. 
Loculated effusions may be 
missed or misjudged with 
inadequate scanning especially in 
posterior areas

ARDS: Acute respiratory distress syndrome; COPD: Chronic obstructive pulmonary disease; CT: Computed tomography; DVT: Deep vein thrombosis PAOP: Pulmonary artery occlusion pressure; PE: Pulmonary embolism; PEEP: 
Positive end expiratory pressure; PLAPS: Posterolateral alveolar and/or pleural syndrome, a posterior continuation of the lower BLUE point.

The SESAME protocol[12] was initially described for shock or cardiac arrest, aiming to identify the 
commonest causes, or easiest causes to diagnose or manage. It uses a single microconvex probe which is 
available on most ultrasound systems. The steps are as follows: (1) Lung ultrasound (BLUE followed by 
FALLS protocol), because of convenience and it quickly indicates if a fluid challenge is appropriate; (2) 
Lower femoral vein vascular ultrasound or abdominal ultrasound to detect deep vein thrombosis or free 
fluid in the abdomen respectively; and (3) This is followed by pericardial and cardiac ultrasound. The 
benefit of this protocol is that it uses a single “universal” probe which saves time in a crisis.

The PIEPEAR[13] protocol is a 7-step protocol used in the setting of acute clinical deterioration of a 
critically ill patient. It describes a thought process, and incorporates POCUS assessments: (1) Identifying 
deranged physiological systems; (2) Screening for causes; (3) Focused ultrasound exam; (4) Making a 
presumptive diagnosis; (5) Exploring an etiology, including other investigations; (6) Initiating treatment; 
and (7) Repeating the focused ultrasound to assess the response to treatment, and titrating the treatment 
accordingly. It includes a 12-step lung and cardiac ultrasound sequence involving inferior vena cava 
(IVC), right ventricle (RV), left ventricle (LV) systolic and diastolic function, and afterload 
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Table 3 Point-of-care ultrasonography protocols in intensive care unit and emergency departments

Modalities 
used Protocols (Year described) Clinical utility Limitations

Lung 
ultrasound 
only

BLUE protocol[9] (2008). (1) Nude profile (No 
abnormalities, A-profile with no DVT); (2) B-profile: 
Anterior lung rockets with lung sliding. Causes: Acute 
pulmonary oedema; (3) Pulmonary embolism (A-profile 
with DVT); (4) Pneumothorax (A’-profile with lung 
point); and (5) Pneumonia, 4 profiles (B’ profile, A/B, 
C-profile, no-V-PLAPS profile)

Diagnosis in acute respiratory failure. A simple, dichotomous protocol 
which uses a single microconvex probe without need for advanced 
techniques (1) Accuracy 90.5%, Sensitivity 89%, Specificity 97%, PPV 87%, 
NPV 99%; (2) Sensitivity 97% (89%-100%), Specificity 95% (91%-98%)[9,
58], LR+ 21.1, LR- 0.03; (3) Sensitivity 81% (58%-95%), Specificity 99% 
(98%-100%), LR+ 193, LR- 0.19; (4) Sensitivity 88% (52%-100%) Specificity 
100% (99%-100%), LR+ (infinity), LR- 0.11; and (5) All 4 profiles: 
Sensitivity 89 (80%-95%), Specificity: 94 (90%-97%), LR+ (15.8), LR- (0.11)

Pneumonia can generate a B-profile without anterior consolidation. Initial 
publication excluded patients post hoc with multiple diagnoses

Abdominal 
ultrasound 
only

VExUS[10] (2020). Evaluates IVC congestion and 
severity of congestion in 3 organs: Liver, gut, kidneys

(1) Indicates risk of post-cardiac surgery acute kidney injury related to 
venous congestion; (2) Potentially may guide fluid interventions to 
improve organ perfusion; and (3) Severe VExUS grade C and subsequent 
development of subsequent AKI after cardiac surgery. Sensitivity 27% (CI 
15%-47%); Specificity 96% (CI 89%-99%) (+LR: 6.37 CI 2.19-18.5)

(1) Does not identify the source of venous congestion; (2) Currently not yet 
validated in other clinical settings or successful interventions to change outcomes; 
(3) Includes difficult and complex image acquisition and measurements; (4) 
Hepatic vein Doppler may be influenced by tricuspid regurgitation; pulsatile portal 
vein flow and IVC dilatation have been reported in healthy athletic volunteers 
(potential false positive)[10]; and (5) Hepatic and portal vein Doppler waveforms 
may be abnormal in cirrhotics due to arterio-portal shunting, such as reversal of 
portal venous flow; pulsatile or helical portal venous flow[59]

C.A.U.S.E[11] (2008). 4 chamber view of the heart + 
lung ultrasound. Diagnosis of (1) Pericardial 
tamponade; (2) Tension pneumothorax; (3) Pulmonary 
embolus; and (4) Hypovolemia

Aims to detect the 4 leading causes of non-arrhythmogenic cardiac arrest 
without interfering with resuscitation (1) Poor to moderate sensitivity as 
routine screening in all patients suspected of pulmonary emboli, but good 
to excellent specificity; and (2) Collapsed IVC or < 5 mm should prompt 
fluid resuscitation. > 20 mm suggests pump failure (congestive heart 
failure, cardiac tamponade, PE)

FALLS (Fluid Administration Limited by Lung 
Sonography) protocol[60] 2013. Combines CCE and 
BLUE-protocol lung ultrasound to assess causes of 
circulatory failure

(1) For expediting a diagnosis; (2) Guides fluid management in acute 
circulatory failure e.g. cessation of inappropriate fluid boluses; (3) Sequen-
tially rules out obstructive, cardiogenic, then hypovolemic shock for 
expediting the diagnosis of distributive (usually septic) shock[60]; and (4) 
Allows earlier fluid therapy before confirmation of sepsis 

(1) Absence of cardiac windows will limit earlier parts of the protocol, requires 
lung ultrasound (PE section); (2) Presence of diffuse lung rockets (B-profile, B’ 
profile) on initial assessment will exclude patients from this protocol because fluid 
administration cannot be guided by transformation of A-lines to B-lines, but fluids 
can be given using other POCUS findings; and (3) Cardiogenic shock due to RV 
failure (with low wedge pressure) will not be easily diagnosed as it is usually 
associated with A-profile. Do ECG to rule out right sided myocardial infarction

ORACLE[15] (2020). O: Left ventricular functiOn, R = 
Right ventricular disease, A = vAlve disease, C = 
periCardium, L = Lung ultrasound, E = hEmodynamic 
parameters

(1) ICU, COVID-19 patients; and (2) Cardiac and pulmonary evaluations (1) Intermediate to advanced echo skills required with several measurements 
required; and (2) Requires at least 20 min in trained hands, may take longer for 
novices

Cardiac and 
lung 
ultrasound

PIEPIER (2018)[13]. 12 step lung ultrasound + CCE: 
IVC, RV, LV systolic and diastolic function, and 
afterload deduction/calculation 

A stepwise approach to diagnosing causes of cardio-respiratory failure, 
including consideration of etiology, interventions and reassessments 

Requires experience for image interpretation, diagnosis and intermediate echocar-
diography 

Cardiac, lung, 
venous

ASE POCUS protocol for COVID-19 pandemic[16] 
(2020). (1) Cardiac (basic views); (2) Lung (8 or 12 
point); and (3) Vascular [IVC, leg veins (optional)] 

(1) Outlines structures to be imaged, parameters to assess and measure, 
and disease associations; (2) May assist in the initial cardiopulmonary 
assessment of patients with COVID-19; (3) Also includes device cleaning 
checklist; and (4) Mentions need for storing and documenting POCUS 
results to reduce the need for repeat examination

In the case of difficult image acquisition, and it may be more efficient for a skilled 
sonographer to rapidly scan the patient, rather than have a POCUS operator 
struggle with prolonged attempts
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Cardiac, lung 
and 
abdominal 
ultrasound 

SHoC-ED[42] (2018). Combines ACES (abdominal and 
cardiothoracic evaluation with sonography in shock), 
and RUSH (rapid ultrasound in Shock and 
Hypotension)

Cardiac: Assess LV/RV function, size and presence of pericardial 
effusion. Lung: Base of lung-lung sliding. Abdominal-free fluid, AAA, 
IVC for size and collapsibility

An RCT in ED involving patients with undifferentiated hypotension did not detect 
significant difference in 30 d or hospital survival, media fluid administered, 
inotrope administration

GUCCI (2019)[14]. (1) Acute respiratory failure: Lung 
ultrasound + cardiac + vascular ultrasound; and (2) 
Shock: Cardiac + lung + vascular + abdominal 
ultrasound

Guide diagnosis and interventions in acute respiratory failure, shock and 
cardiac arrest (e.g. Defibrillation)

Needs competency in other modes of POCUSCardiac, lung, 
venous and 
abdominal

SESAME (2015)[12]. 5 steps: (1) Lung ultrasound (BLUE 
followed by FALLS protocol); (2) Lower femoral vein 
vascular ultrasound “V-point”: A distal, lower 
superficial femoral vein; (3) Abdominal ultrasound; (4) 
Pericardium; and (5) Cardiac ultrasound

Severe shock or cardiac arrest. Assess for tension pneumothorax, 
hypovolemia, pulmonary embolism, pericardial tamponade, free 
abdominal fluid as a cause of cardiac arrest

(1) Uses a single microconvex probe, which may not be available on all ultrasound 
systems; (2) Limitations due to body habitus; (3) Evaluates for VTE only at the “V-
point”, which is different from other VTE POCUS protocols which require 
assessment of 2 or more points on the lower limb veins[61]. 50% of patients with 
massive PE have DVT at the V-point, i.e. may be absent in 50%. Examining at one 
isolated point may not be as comprehensive as other protocols, but the author 
justifies this to avoid spending excessive time where there is low yield; and (4) 
Presence of DVT is used to “rule in” pulmonary embolism” as a cause of cardiac 
arrest[62]

AAA: Abdominal aortic aneurysm; AKI: Acute kidney injury; A4C: Apical 4 chamber; CCE: Critical care echocardiography; DVT: Deep vein thrombosis; ED: Emergency department; FAST: Focused assessment with sonography for 
trauma; IVC: Inferior vena cava; LR+: Positive likelihood ratio; LR-: Negative likelihood ratio; LV: Left ventricle; PE: Pulmonary embolism; PLAPS: Posterolateral alveolar and/or pleural syndrome; PLax: Parasternal long axis; POCUS: 
Point-of-care-ultrasound; RCT: Randomised controlled trial; RUSH: Rapid Ultrasound in Shock and Hypotension; RV: Right ventricle; VEXus: Venous Excess Ultrasonography Score; VTE: Venous thromboembolism; ICU: Intensive care 
unit.

deduction/calculation.
Another protocol is the Global Ultrasound Check for the Critically Ill (GUCCI) protocol, which 

integrates multiple protocols[14] and is organised based on 3 syndromes (acute respiratory failure, 
shock, cardiac arrest) and includes ultrasound-guided procedures. Compared to PIEPEAR, it has 
specific diagnostic questions to be answered, and has direct, specific management implications.

The ORACLE[15] protocol was designed for ICU patients with coronavirus disease 2019 (COVID-19) 
infections (O: Left ventricular functiOn, R: Right ventricular disease, A: vAlve disease, C: PeriCardium, 
L: Lung ultrasound, E: hEmodynamic parameters). It was designed such that POCUS is performed in a 
structured way while reducing additional staff (e.g. sonographers) exposure to infection. Images were 
acquired during ward rounds and offline measurements were done outside patient rooms.

FUTURE DIRECTIONS AND RESEARCH
POCUS has proven to be essential in triaging cases in the current COVID-19 pandemic, due to 
availability of relatively portable devices which are easy to disinfect. It reduces the logistical challenge 
of transporting patients to radiology suites or echocardiography units. The American Society of 
Echocardiographers (ASE) protocol combines cardiac, lung and vascular ultrasound and is an option for 
COVID-19 patients where cardiopulmonary disease requires evaluation. An added advantage of intens-
ivists using POCUS is reducing exposure to other personnel and locations, permitting conservation of 
personal protective equipment[16].
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Figure 1 Key features in basic critical care echocardiography. A: Dilated right ventricle [Parasternal long axis (PLAX)]; B: Dilated right ventricle (Apical 4 
chamber view); C: Pericardial tamponade-Pericardial effusion with diastolic collapse of right ventricle (PLAX view); D: Pericardial tamponade–Pericardial effusion with 
systolic collapse of right atrium [subcostal long axis (SLAX) view]; E: Left ventricular dysfunction-minimal thickening and contraction of basal anteroseptal and 
inferolateral wall with severe hypokinesia (PLAX view); F: Inferior vena cava variation of > 50% with foreceful spontaneous respiration-“sniff test” (SLAX view).

Recently, POCUS has started to appear in the secondary survey of adult cardiac life support (ACLS) 
algorithm, and can be considered especially if it does not interfere with algorithm. This is to identify 
potentially reversible causes for cardiac arrest[17] or to detect return of spontaneous circulation (ROSC). 
Depending on the type of shock or history preceding cardiac arrest, targeted CCE may identify clues to 
the underlying cause such as a plethoric IVC and absence of lung sliding associated with tension 
pneumothorax, or small/normal ventricles and collapsed IVC due to hypovolemic shock. CCE may also 
identify tamponade, thrombus-in-transit, myocardial infarction as a cause of cardiac arrest[18]. 
However, the International Liaison Committee on Resuscitation (ILCOR) task force recommends that 
the individual performing POCUS is trained to minimise interruptions to chest compressions. With 
regards to prognostication, ILCOR currently suggests against the use of POCUS for prognostication 
during cardiopulmonary resuscitation due to weak evidence for any CCE findings in predicting 
outcomes. Although a single small randomized controlled trial (RCT) found no improvement in 
outcomes with use of cardiac ultrasound during cardiopulmonary resuscitation, this result is not 
definitive and more research is required[19].

There are other modalities of POCUS, although less commonly performed, that can be useful in the 
ICU. These include airway ultrasound, screening for deep vein thrombosis (DVT), diaphragm 
ultrasound and ultrasound to assess the optic nerve sheath diameter. Pre-procedural airway ultrasound 
improves safety prior to a percutaneous tracheostomy[20]. Diaphragm ultrasound can be used to detect 
diaphragm dysfunction with great accuracy[21]. Optic nerve sheath diameter ultrasound allows 
detection of raised intracranial pressure at the bedside and can be used for prognostication post cardiac 
arrest[22]. Evidence for utility of these POCUS modalities in changing patient-centred outcomes is still 
lacking. Additionally, the training requirements and learning trajectory remain areas for further 
development and research.
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Figure 2 Key features in basic lung ultrasound. A: M-mode lung ultrasound-normal a lines (1), and seashore sign (2); B: M-mode lung ultrasound-
pneumothorax Bar code/stratosphere sign; C: Consolidation with air bronchograms (Asterisk); D: Pleural effusion (large); E: 1 single B line-normal; F: B profile, > 3 B 
lines (confluent)-pathological.

Currently, there has also been increasing interest in the use of artificial intelligence that provides real-
time guidance for probe placement, aids acquisition of optimal images[23], and helps to reduce 
exposure of healthcare workers to highly infectious cases[24]. Such technology has also been used to 
help users identify anatomy and do measurements of cardiac function[23]. Whether these algorithms are 
able to replace a trained sonographer, improve scan durations and accuracy, and improve healthcare 
delivery or patient outcomes remain uncertain. Robot-assisted ultrasonography, with scans conducted 
by operators remotely, has also been described. These devices are 5G-powered with robotic arms 
manipulated by an operator in another room using a simulated robotic hand[25].

There are currently few studies evaluating if CCE or multi-organ POCUS has any effect on mortality, 
which might be confounded by many other factors. One retrospective study found that POCUS done on 
ED patients prior to interventions such as fluid boluses are associated with care delays and increased in-
hospital mortality compared to critically ill patients with no POCUS[26]. Also, being a diagnostic and 
monitoring tool, the therapies given are variable depending on the clinician so it will be hard to link 
POCUS’s utility directly with mortality. More studies are nonetheless needed to explore the effect of 
POCUS on patient-centred outcomes.
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Figure 3 Key features in abdominal ultrasound. A: Bladder overdistension due to acute retention of urine (Asterisk); B: Incomplete gastric emptying 
(presence of semi-digested food in the stomach, Asterisk), which will indicate need for rapid sequence induction for intubation; C: Ascites (Asterisk); D: Free fluid in 
the hepato-renal pouch. In cases with abdominal trauma, this indicates intra-peritoneal bleeding (Asterisk).

Given the multitude of POCUS protocols described, there will unlikely be head-to-head studies or 
standardization of included devices. Each medical unit needs to adopt POCUS protocols that are 
relevant to its clinical practice. This process must involve multi-disciplinary stakeholders and trainers so 
that it remains relevant during different parts of a patient’s hospitalisation. This then leads to 
standardised curricula so that there can be quality assurance and reduction of inter-operator differences. 
More importantly, the systemic adoption of POCUS protocols can allow patient-centric outcomes to be 
studied. Needless to say, access to a point-of-care ultrasound machine is critical in adoption of POCUS 
on a regular basis. Given how each patient’s critical illness, response to treatment and subsequent 
trajectory lie on a continuum, it would be useful if the unit has a picture archiving and communication 
system (PACS) to allow different healthcare providers involved in the care of the patient at different 
stages of the hospitalisation to compare the images. This system also can be used for POCUS education 
or competency assessment of POCUS learners by their supervisors. Even without a PACS system, this 
also can be achieved on ultrasound systems which allow storage of video or still clips. Such 
documentation may be increasingly important for oversight of POCUS practice, which is one of the 
concerns raised by the Joint Commission in naming POCUS as one of the top 10 health technology 
hazards in 2020[27].

Hand-held POCUS as an extension of physical exam (i.e. stethoscope) is becoming more popular. If 
POCUS is integrated with structured assessments such as ACLS (Advanced cardiac life support), 
advanced trauma life support (ATLS), CERTAIN (Checklist for Early Recognition and Treatment of 
Acute Illness and iNjury), and teams are equipped with ultrasound devices, it can provide additional 
information at the bedside which may change management. This includes right-siting of patients to the 
relevant medical disciplines (e.g. a dissecting aortic aneurysm sent to a hospital with cardiac surgery 
facilities), or pericardiocentesis in a patient who has shock due to tamponade. Pitfalls of incorporating 
POCUS to routine assessments include inappropriate use of this tool, misdiagnoses by inexperienced 
operators, excessive time taken, and distraction from clinical assessment and critical resuscitation tasks. 
POCUS was associated with longer pauses during cardio-pulmonary resuscitation especially comparing 
between ultrasound-fellowship trained vs non-fellowship trained operators[28]. If it becomes integrated 
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in such structured assessments, teams must be mindful of the caveats and ultrasound operators should 
be adequately trained, with safety mechanisms inbuilt (e.g. strict timekeeping for pulse-checks and 
interruptions in cardiopulmonary resuscitation). Such training may also need to focus on POCUS views 
which are more easily accessed during a resuscitation situation such as anterior lung, and subcostal 
echocardiography windows.

The quality of handheld devices is still lacking compared to traditional point-of-care- ultrasound 
systems, which may lead to poorer image quality or artefacts and misinterpretation. This is an area that 
is rapidly expanding with newer devices that are smaller coming out in the market, including probes 
that can be connected to smart devices, and recently artificial intelligence-integrated handheld devices.

CONCLUSION
Cardiac, lung and abdominal ultrasound should be part of the skillset of doctors managing critically ill 
patients. Being operator dependent, the accuracy of POCUS in detecting or excluding abnormalities may 
be influenced by the operator’s experience. The influence of POCUS findings on treatment also depends 
on clinician experience. Several protocols combining different POCUS modalities have been described 
but the validity of these protocols in different settings still needs to be studied. There is a growing body 
of evidence describing the accuracy of POCUS applications, and with growing experience and 
competency one hopes that the accuracy will improve. POCUS should be considered a tool to confirm a 
diagnosis, as an extension of physical examination. More evidence is needed to recommend it as 
standard of care.
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Abstract
BACKGROUND 
Despite major advances in pharmacologic treatment, patients with pulmonary 
arterial hypertension (PAH) still have a considerably reduced life expectancy. In 
this context, chronic hyperactivity of the neurohormonal axis has been shown to 
be detrimental in PAH, thus providing novel insights on the role of neuroho-
rmonal blockade as a potential therapeutic target.

AIM 
To evaluate the application and prognostic effect of neurohormonal inhibitors 
(NEUi) in a single-center sample of patients with idiopathic PAH and risk factors 
for left heart disease.

METHODS 
We analyzed data retrospectively collected from our register of right heart cathet-
erizations performed consecutively from January 1, 2005 to October 31, 2018. 
Patients on beta-blocker, angiotensin-converting enzyme inhibitor, angiotensin 
receptor blocker or mineralocorticoid receptor antagonist at the time of right heart 
catheterization were classified as NEUi users and compared to NEUi non-
recipients.

RESULTS 
Complete data were available for 57 PAH subjects: 27 of those (47.4%) were taking 
at least one NEUi at the time of right heart catheterization and were compared 
with the remaining 36 NEUi non-recipients. NEUi users were older and had a 
higher cardiovascular risk profile compared to non-recipients. Additionally, NEUi 
non-users had a higher probability of dying during the course of follow-up than 
NEUi recipients (56.7% vs 25.9%, log-rank P = 0.020).
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CONCLUSION 
The above data highlighted a subgroup of patients with PAH and comorbidities for left heart 
disease in which NEUi use has shown to be associated with improved survival. Future prospective 
studies are needed to identify the most appropriate therapeutic strategies in this subset 
population.

Key Words: Pulmonary arterial hypertension; Left heart disease; Neurohormonal inhibitors; Prognostic 
outcome; Right heart catheterization; Pharmacological treatment

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this observational study we underscored an increase in risk predictors for left heart disease 
among patients with idiopathic pulmonary arterial hypertension. Data were retrospectively collected from 
a single-center sample of patients with idiopathic pulmonary arterial hypertension who underwent right 
heart catheterization from January 1, 2005 to October 31, 2018. Among them, subjects treated with 
neurohormonal inhibitors showed a significantly better prognostic outcome during the course of follow-up 
as compared to neurohormonal inhibitor non-recipients.

Citation: Scagliola R, Brunelli C, Balbi M. Treatment with neurohormonal inhibitors and prognostic outcome in 
pulmonary arterial hypertension with risk factors for left heart disease. World J Crit Care Med 2022; 11(2): 85-91
URL: https://www.wjgnet.com/2220-3141/full/v11/i2/85.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i2.85

INTRODUCTION
Pulmonary arterial hypertension (PAH) is a life-threatening cause of right ventricular failure, charac-
terized by endothelial dysfunction and pulmonary vascular remodeling[1]. Despite major advances in 
pharmacologic treatment, patients with PAH still have a considerably reduced life expectancy. In this 
context, chronic hyperactivity of the neurohormonal axis has been shown to be detrimental in PAH, 
thus providing novel insights on the role of neurohormonal blockade as a potential therapeutic target
[2]. To date, neurohormonal inhibitors (NEUi) are not currently labelled in PAH by contemporary 
guidelines, while they are used to treat PAH subjects with concomitant risk factors for left heart disease 
(LHD), for which they are instead scheduled for[3,4].

In recent years, further investigations have challenged the paradigm according to which PAH and 
pulmonary hypertension (PH) due to LHD are considered two separate pathophysiological entities. The 
AMBITION (Ambrisentan and Tadalafil in Patients with Pulmonary Arterial Hypertension) trial found 
a higher than expected prevalence of risk predictors for LHD among PAH patients[5]. In the same way, 
data from the COMPERA (Comparative, Prospective Registry of Newly Initiated Therapies for 
Pulmonary Arterial Hypertension) and other registry reports showed a significant trend towards an 
increased age and a higher percentage of cardiovascular comorbidities at diagnosis of PAH, together 
with a weaker response to targeted PAH therapy[6,7]. So the emerging definition of ‘atypical PAH’ or 
‘PAH with comorbidities’ has been coined to identify such a hybrid PH phenotype with a purely 
precapillary hemodynamic profile and risk predictors for LHD, in which a concealed post-capillary 
involvement may be supposed[8,9]. In this way, the favorable impact of NEUi in this subset population 
has been hypothesized, by targeting cardiovascular risk factors and hidden LHD.

MATERIALS AND METHODS
We evaluated retrospectively collected data of subjects who underwent right heart catheterization 
(RHC) in a single-center cohort followed in the Cardiology Unit of University Hospital San Martino in 
Genoa, Italy from January 1, 2005 up to October 31, 2018. Following the current European Society of 
Cardiology and European Respiratory Society guidelines for the diagnosis and treatment of pulmonary 
hypertension[3], PAH was defined hemodynamically by mean pulmonary arterial pressure ≥ 25 mmHg, 
together with pulmonary artery wedge pressure ≤ 15 mmHg and pulmonary vascular resistance > 3 
Wood units, in the absence of other identifiable etiologies of precapillary PH.

We selected patients with idiopathic PAH and complete information about demographics, 
biochemical data and drug therapy at the time of RHC. Patients with PAH and associated clinical 
conditions, such as PH due to lung disease and/or hypoxia, chronic thromboembolic PH or PH related 

https://www.wjgnet.com/2220-3141/full/v11/i2/85.htm
https://dx.doi.org/10.5492/wjccm.v11.i2.85


Scagliola R et al. NEUi in PAH with left heart disease risk 

WJCCM https://www.wjgnet.com 87 March 9, 2022 Volume 11 Issue 2

to unclear or multifactorial mechanisms, were ruled out of the observational analysis. Subjects with a 
diagnosis of LHD (defined by instrumental signs of left ventricular systolic or diastolic dysfunction or 
left heart valvular disease) did not undergo hemodynamic assessment by RHC and were excluded from 
the study population, according to our guidelines recommended study protocol[3,10].

In order to rule out occult post-capillary PH in patients suspected of having PAH, rapid fluid 
administration of 500 mL 0.9% NaCl solution within 5 min (by pressure cuff, C-fusor 500, Smiths 
Medical, Minneapolis, MN, United States) was performed, and the response of pulmonary artery wedge 
pressure to shifts in volume status was recorded within 2 min after the fluid challenge[11,12].

Patients on beta-blocker, angiotensin-converting enzyme inhibitor, angiotensin receptor blocker or 
mineralocorticoid receptor antagonist at the time of RHC were classified as NEUi users and compared 
with NEUi non-recipients. Comparisons between NEUi users and NEUi non-users were performed in 
terms of demographics, cardiovascular risk factors, biochemical samples, hemodynamic parameters and 
prognostic outcome.

This study was conducted in accordance with the principles of the Declaration of Helsinki, and the 
ethics committee of the Medical University of Genoa approved the protocol. Due to the retrospective 
design, written informed consent to participate in the study was not applicable.

Statistical analysis was carried out using the Statistica 13.1 software for Windows (StatSoft, Inc., 
Tulsa, OK, United States). Quantitative variables were expressed either as number (percentage of total) 
or mean ± standard deviation. The statistical significance of the results between the two groups was 
determined by means of either χ2 test or t-test, as appropriate. Death from any cause was assessed by 
Kaplan-Meyer survival analysis. A P value < 0.05 was considered statistically significant.

RESULTS
Complete data were available for 57 patients affected by idiopathic PAH. The majority of them were 
female (64.9%), mean age was 63.6 ± 10.6 years and mean follow-up period was 4.2 ± 3.0 years. Mean 
pulmonary arterial pressure, pulmonary artery wedge pressure and pulmonary vascular resistance 
were 45.0 ± 14.9 mmHg, 11.0 ± 2.8 mmHg and 8.8 ± 5.0 Wood units, respectively. Twenty-seven patients 
(47.4%) were under treatment with at least one NEUi at the time of RHC and constituted the NEUi user 
group: 15 (26.3%) were taking angiotensin-converting enzyme inhibitor/angiotensin receptor blocker 
and 12 (21.1%) beta-blockers, while 6 (10.5%) were taking mineralocorticoid receptor antagonists. The 
remaining 36 subjects of the study population belonged to the NEUi non-recipients.

The two groups were comparable in terms of PAH-specific drugs taken during the follow-up period, 
as well as of prognostic determinants for PAH provided by the current European guidelines, including 
World Health Organization functional class, 6-min walking distance, right atrial pressure, cardiac index 
and N-terminal pro-brain natriuretic peptide plasmatic levels (P = not significant). NEUi users were 
significantly older (67.6 ± 11.9 years vs 60.1 ± 14.5 years, P = 0.039), had a lower glomerular filtration rate 
(58.7 ± 22.7 mL/min/1.73 m2 vs 73.7 ± 24.7 mL/min/1.73 m2, P = 0.022), a higher body mass index (25.9 
± 4.4 vs 23.5 ± 3.5, P = 0.025), an increased prevalence of smoking habits (51.9% vs 20.0%, P = 0.025) and 
increased systemic arterial hypertension (74.1% vs 40.0%, P = 0.020) compared to non-recipients. 
Additionally, 5 NEUi recipients (18.5%) underwent coronary artery revascularization compared to 
NEUi non-users (P = 0.046). Baseline characteristics and statistical results are summarized in Table 1. 
NEUi non-users had a higher probability of dying during the course of follow-up than NEUi recipients 
(56.7% vs 25.9%, log-rank P = 0.020) (Figure 1).

DISCUSSION
The reported data detected a significantly higher cardiovascular risk profile in the study population, 
encountering more than 50% of subjects with arterial hypertension and more than 30% with smoking 
habits and dyslipidemia. Albeit limited by the retrospective nature of the investigation, the small size 
and the single-center origin of the sample examined, these findings are in agreement with the results 
from the AMBITION trial and substantiated by registry data supporting that PAH with cardiovascular 
comorbidities is a codified PH entity in clinical practice[5,7]. However, to date these data have not been 
acknowledged by the current international guidelines on PH, which still fail to consider patients with 
PAH and cardiovascular comorbidities as belonging to a defined clinical subset[3,13]. This lack in the 
current state of regard for PH has limited further speculation on the potential therapeutic effects of 
NEUi in these kinds of patients. In this regard, the analysis of the two patient populations studied 
herein showed a significantly higher cardiovascular risk profile for LHD among NEUi users, in whom a 
better prognostic outcome has been observed compared to NEUi non-recipients.

A plausible explanation to these observations comes from the beneficial effects of NEUi use on 
cardiovascular comorbidities, which tended to cluster in the NEUi users group acting mainly on 
systemic inflammation and microvascular circulation, with consequent worsening of right ventricular 
impairment and survival[14,15]. In the same line, data from the literature pointed out a plausible 
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Table 1 Baseline characteristics of the study population

Variable NEUi non-users, n = 30 NEUi users, n = 27 P

Age in yr 60.1 ± 14.5 67.6 ± 11.9 0.039

Men/Women, n (%) 11 (36.7)/19 (63.3) 9 (33.3)/18 (66.7) 0.988

Follow-up in yr 4.0 ± 2.7 4.5 ± 3.3 0.504

Dead at follow-up, n (%) 17 (56.7) 7 (25.9) 0.038

BMI in kg/m2 23.5 ± 3.5 25.9 ± 4.4 0.025

Arterial hypertension, n (%) 12 (40.0) 20 (74.1) 0.020

Smoking habits, n (%) 6 (20.0) 14 (51.9) 0.025

Dyslipidemia, n (%) 7 (23.3) 12 (44.4) 0.160

Diabetes mellitus, n (%) 2 (6.7) 5 (18.5) 0.339

Supraventricular arrhythmias, n (%) 4 (13.3) 7 (25.9) 0.386

Coronary artery disease, n (%) 0 (0) 5 (18.5) 0.046

eGFR in mL/min/1.73 m2 [CKD-EPI] 73.7 ± 24.7 58.7 ± 22.7 0.022

WHO-FC 2.2 ± 0.76 2.3 ± 0.47 0.572

6MWD in m 383.9 ± 129.7 374.3 ± 145.1 0.845

NT-proBNP in ng/mL 714.9 ± 692.4 808.7 ± 617.9 0.593

Systolic PAP in mmHg 74.7 ± 26.3 71.0 ± 21.3 0.569

Diastolic PAP in mmHg 27.5 ± 11.6 26.3 ± 9.6 0.681

Mean PAP in mmHg 46.2 ± 16.1 43.6 ± 13.6 0.509

Right atrial pressure in mmHg 8.3 ± 3.9 10.5 ± 5.0 0.063

PAWP in mmHg 10.5 ± 2.9 11.7 ± 2.5 0.105

PVR in Wood unit 9.0 ± 5.4 8.6 ± 4.6 0.789

Cardiac index in L/min/m2 2.6 ± 0.9 2.4 ± 0.6 0.258

BMI: Body mass index; NEUi: Neurohormonal inhibitors; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; eGFR: Estimated glomerular 
filtration rate; NT-proBNP: N-terminal pro-brain natriuretic peptide; PAP: Pulmonary arterial pressure; PAWP: Pulmonary artery wedge pressure; PVR: 
Pulmonary vascular resistance; 6MWD: 6-min walking distance; WHO-FC: World Health Organization functional class.

overlap between idiopathic PAH and PH due to LHD in terms of pathophysiologic mechanisms, 
prognostic outcomes and response to targeted PAH-specific treatment[11,14]. In the analysis conducted 
by Obokata et al[16], the activation of the endothelin signaling pathway seemed to contribute to right 
ventricular functional impairment in subjects with heart failure with preserved ejection fraction, while 
endothelin-1 is also historically known for its pathogenic role in developing PAH by pulmonary 
vasoconstriction, smooth muscle cell proliferation and pulmonary vascular remodeling.

Several studies emphasized a proposed paradigm whereby metabolic syndrome and cardiovascular 
comorbidities could reinforce PH in patients with LHD by exploiting molecular pathways actively 
involved in developing PAH, like a deranged interplay between decreased microvascular nitric oxide 
availability and enhanced endothelin expression[17-20]. Therefore, the close relationship between these 
two PH phenotypes raised the hypothesis of a potential continuum disease, in which PAH with risk 
factor for LHD lies in-between. For these reasons, it is possible to assume that the better prognostic 
outcome observed in NEUi recipients of our study population could also be intrinsically related to an 
intermediate pathophysiologic standpoint in the spectrum of disease (phenotypically closer to PH due 
to LHD albeit with a hemodynamic profile comparable with precapillary PH) rather than solely ascribed 
to the therapeutic properties of neurohormonal axis blockers on cardiovascular comorbidities.

Finally, considering the aforementioned upregulation of the neurohormonal axis in PAH and its 
deleterious properties on worsening right heart failure in the long-run, a direct favorable implication of 
NEUi on right ventricular function and pulmonary circulation in this study population may be also 
taken into account[2,21].
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Figure 1 Survival curves of the study population according to neurohormonal inhibitors users or non-users. NEUi: Neurohormonal inhibitors.

CONCLUSION
In conclusion, our data highlighted a codified subset of patients with PAH and a comorbidity profile for 
LHD, lying between the extremes of a pathophysiological continuum, in which NEUi use has been 
shown to be associated with a better prognostic outcome. Further investigation is required to define the 
proper pharmacological treatment in patients with PAH and hidden LHD.

ARTICLE HIGHLIGHTS
Research background
Despite new insights in pharmacological treatment, patents with pulmonary arterial hypertension 
(PAH) still have a considerably reduced life expectancy.

Research motivation
Chronic hyperactivity of the neurohormonal axis has been shown to be detrimental in PAH, thus 
providing novel insights on the role of neurohormonal inhibitors (NEUi) as a new potential therapeutic 
target.

Research objectives
To assess the use and prognostic impact of NEUi in a single-center cohort of subjects with idiopathic 
PAH and risk factors for left heart disease.

Research methods
This was a single-center, retrospective observational study, involving 57 subjects with idiopathic PAH, 
confirmed by right heart catheterization. Patients on beta-blocker, angiotensin-converting enzyme 
inhibitor, angiotensin receptor blocker or mineralocorticoid receptor antagonist at the time of right heart 
catheterization were classified as NEUi users and compared to NEUi non-recipients.

Research results
NEUi users were significantly older (67.6 ± 11.9 years vs 60.1 ± 14.5 years, P = 0.039), had a higher body 
mass index (25.9 ± 4.4 vs 23.5 ± 3.5, P = 0.025), a lower estimated glomerular filtration rate (58.7 ± 22.7 
mL/min/1.73 m2 vs 73.7 ± 24.7 mL/min/1.73 m2, P = 0.022) and more frequent systemic arterial 
hypertension (74.1% vs 40.0%, P = 0.020) and smoking habits (51.9% vs 20.0%, P = 0.025) compared to 
non-recipients. Mortality rate was significantly higher among NEUi non-users than in NEUi users 
(56.7% vs 25.9%, P = 0.038). NEUi non-users were more likely to die over the course of follow-up (log-
rank P = 0.020).

Research conclusions
Our analysis highlighted a subset of patients with PAH and cardiovascular comorbidities in which 
NEUi use has been shown to be associated with improved survival.
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Research perspectives
Future prospective studies are needed to identify the most appropriate therapeutic strategies in this 
subset population.
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Abstract
BACKGROUND 
Since December 2019, an outbreak of pneumonia caused by severe acute 
respiratory syndrome - coronavirus-2 (SARS-CoV-2) has led to a life-threatening 
ongoing pandemic worldwide. A retrospective study by Chow et al showed 
aspirin use was associated with decreased intensive care unit (ICU) admissions in 
hospitalized coronavirus disease 2019 (COVID-19) patients. Recently, the 
RECOVERY TRIAL showed no associated reductions in the 28-d mortality or the 
progression to mechanical ventilation of such patients. With these conflicting 
findings, our study was aimed at evaluating the impact of daily aspirin intake on 
the outcome of COVID-19 patients.

AIM 
To study was aimed at evaluating the impact of daily aspirin intake on the 
outcome of COVID-19 patients.

METHODS 
This retrospective cohort study was conducted on 125 COVID-19 positive 
patients. Subgroup analysis to evaluate the association of demographics and 
comorbidities was undertaken. The impact of chronic aspirin use was assessed on 
the survival outcomes, need for mechanical ventilation, and progression to ICU. 
Variables were evaluated using the chi-square test and multinomial logistic 
regression analysis.

RESULTS 
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125 patients were studied, 30.40% were on daily aspirin, and 69.60% were not. Cross-tabulation of 
the clinical parameters showed that hypertension (P = 0.004), hyperlipidemia (0.016), and diabetes 
mellitus (P = 0.022) were significantly associated with aspirin intake. Regression analysis for 
progression to the ICU, need for mechanical ventilation and survival outcomes against daily 
aspirin intake showed no statistical significance.

CONCLUSION 
Our study suggests that daily aspirin intake has no protective impact on COVID-19 illness-
associated survival outcomes, mechanical ventilation, or progression to ICU level of care.

Key Words: COVID-19; Aspirin; Intensive care unit progression; Antiplatelet; Hyper-coagulability; Anti-
inflammatory

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study suggests that aspirin has no beneficial effects with regards to progression to intensive 
care unit (ICU) from the medical floors in coronavirus disease 2019 (COVID-19) positive patients. This 
study was conducted on the patients presenting during the early phase of the pandemic when there was 
little evidence on the most beneficial modality of treatment. Over the last 2 years we have learned about 
the pro-thrombotic nature of COVID-19. Since aspirin is a widely dispensed medication in our adult 
population, we questioned if its chronic use could have a preventive effect on ICU progression of patients 
admitted to the medical floors. However, our data analysis suggests that there was no such protective 
effect.

Citation: Gogtay M, Singh Y, Bullappa A, Scott J. Retrospective analysis of aspirin's role in the severity of 
COVID-19 pneumonia. World J Crit Care Med 2022; 11(2): 92-101
URL: https://www.wjgnet.com/2220-3141/full/v11/i2/92.htm
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INTRODUCTION
Since December 2019, an outbreak of pneumonia caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) has caused a life-threatening ongoing pandemic worldwide[1]. Several 
nonsteroidal anti-inflammatory drugs (NSAIDs) have been used in patients with SARS-CoV-2 infection, 
but many remain controversial effects on the disease[2]. Aspirin (acetylsalicylic acid), a popular 
medicine, exhibits a variety of effects, including alleviating anti-inflammatory response, reducing fever 
and pain, and blocking viral propagation of RNA viruses (e.g., influenza virus and hepatic C virus)[3]. 
Moreover, coagulopathy plays a central role in the patho-mechanism of coronavirus disease 2019 
(COVID-19), which leads to end-organ complications and death[4-6]. COVID-19 has been linked with 
increased thromboembolic complications such as venous thro-mboembolism, stroke, and myocardial 
infarction[7-10]. Aspirin is potentially beneficial in patients with COVID-19 due to its antithrombotic 
nature[11]. Aspirin primarily acts by inhibiting platelet function through irreversible inhibition of cyclo-
oxygenase (COX) activity. Low-dose aspirin inhibits COX-1, resulting in reduced thromboxane A2 
synthesis which prevents platelet activation and aggregation[12,13]. In a retrospective study by Chow et 
al[14], it was found that aspirin use may be associated with improved outcomes, reduced rates of 
mechanical ventilation, and decreased intensive care unit (ICU) admissions in hospitalized COVID-19 
patients. Given the encouraging findings, the world’s largest randomized controlled open-label trial was 
performed using approximately 15000 patients in the UK (RECOVERY TRIAL)[15]. The patients in the 
study were allocated to receive aspirin after diagnosis of COVID-19 during in-hospital admission, and 
the results showed no associated reductions in the 28-d mortality or the progression to mechanical 
ventilation of such patients. With the above conflicting findings, the present study was designed to 
evaluate the impact of daily aspirin intake prior to hospitalization on the rate of COVID-19 positive 
patients’ progression to the ICU.

MATERIALS AND METHODS
This single-center retrospective cohort study was conducted on patients that tested COVID-19 positive 
and were admitted between March and April 2020. IRB approval was obtained before initiating the 
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study. Patient data including demographic information, history of comorbidities like hypertension, 
hyperlipidemia and diabetes mellitus, medication use like aspirin, P2Y12 inhibitor, warfarin and 
NOACs, clinical characteristics, and clinical outcomes were retrieved from the hospital database based 
on the following inclusion and exclusion criteria.

Inclusion criteria
COVID-19 positive in-patients. Adults aged 18 years and older.

Exclusion criteria
Patients with incomplete medical records. Pregnant women and patients aged 17 years and younger.

All the collected data were stored securely in a password-protected computer, and any paper records 
were securely stored. Only the approved study team had access to data.

Based on intensive retrospective chart review and recording the baseline characteristics of the 
patients, they were divided into two cohorts. The first cohort consisted of patients taking daily aspirin of 
at least 81 mg, and those who were not taking daily aspirin were placed in the second cohort. The 
patients were on chronic daily aspirin prior to contracting COVID-19 and hospitalization. Aspirin intake 
was recorded as per their pre-admission medication history. For both the cohorts, we calculated various 
outcomes, which included the percentage of patients progressing to the ICU, percentage of patients 
requiring oxygen supplementation, and percentage of patients requiring mechanical ventilation. We 
also calculated survival outcomes for the two groups. Additionally, subgroup analysis was undertaken 
by comparing various age groups and gender. All the statistical analysis was performed using SPSS 
(IBM SPSS Statistics for Windows, Version 21.0; IBM Corp, Armonk, NY, United States). Categorical 
variables were analyzed using the chi-square test; P < 0.05 was considered statistically significant. A 
multinomial logistic regression analysis was done to study the relationship between various outcomes 
(ICU admission, intubation rate, and survival rate) and multiple independent variables like the use of 
aspirin, warfarin, NOACs, P2Y12 inhibitors, and comorbidities like hypertension and diabetes mellitus.

RESULTS
One hundred and twenty-five patients met our inclusion criteria and were stratified for further analysis. 
Out of them, 38 (30.40%) patients were on daily aspirin, and 87 (69.60%) were not. The majority of the 
125 study subjects, i.e, 25.6% of the study subjects, belonged to the age group of 76-85 years, followed by 
20.8% in the 56-65 age group. 19.2%, 15.2%, 12%, 4%, and 3.2% of study subjects belonged to above 85, 
66-75, 46-55, 36-45, and 24-35 years of age respectively. The chi-square test showed a significant (P = 
0.016) difference in age groups of study subjects taking daily aspirin as shown in Figure 1.

Amongst the 125 patients, we found that 41.6% were males not taking daily aspirin, 28% were 
females not taking aspirin, 17.6% were women taking daily aspirin, 12.8% were males on daily aspirin (
P = 0.068), as depicted in Figure 2.

For those on daily aspirin, 32 (84.21%), 30 (78.94%), and 18 (47.36%) subjects had significant 
comorbidities like hypertension, hyperlipidemia and diabetes mellitus, respectively. Cross-tabulation of 
the clinical parameters of study subjects showed that hypertension (P = 0.004), hyperlipidemia (P = 
0.016), diabetes mellitus (P = 0.022), were significantly associated with aspirin intake (Table 1).

In terms of outcomes, 9 (23.68%) patients were on aspirin vs 38 (43.6%) not on aspirin progressed to 
requiring ICU level of care (P = 0.034) as depicted in Figure 3. 5 (13.15%) on aspirin required mechanical 
ventilation contrary to 21 (24.13%) not on aspirin (P = 0.16). 36 (94.73%) of aspirin users required supple-
mental oxygen vs 73 (83.9%) not on aspirin (P = 0.096). 26 (68.5%) on aspirin survived vs 66 (75.8%), not 
on aspirin (P = 0.38) as depicted in Table 1.

A multinomial logistic regression analysis was further used to predict the categorical placement of 
each independent variable (aspirin, warfarin, NOACs, P2Y12 inhibitors, hypertension and diabetes 
mellitus) against the dependent variables: (1) Progression to ICU (Table 2); (2) Need for mechanical 
ventilation (Table 3); and (3) Survival outcomes (Table 4).

The analysis showed that aspirin users had an odds ratio of 0.367 (P = 0.03, CI: 0.378-2.26), predicting 
the odds of a patient taking aspirin progressing to the ICU is 0.3677 higher than those not being on 
aspirin if all the other predictor variables were held constant as represented in Table 2, though not 
significant.

The odds ratio of warfarin was 1.466 (P = 0.60, CI: 0.179-3.701) higher risk of ICU transfer than those 
not on warfarin. NOACs users had an odds ratio of 0.8522 (P = 0.79, CI: 0.229-2.520) and P2Y12 
inhibitors were 2.998 (P = 0.22, CI: 0.141-5.144). Similarly, comorbidities (hypertension and diabetes 
mellitus) showed no significant impact on ICU admissions.

Other dependent variables like the need for mechanical ventilation and survival outcomes of the 
patients were also analyzed using the same independent variables with no significant association as in 
Table 3 and Table 4, respectively.
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Table 1 Distribution of clinical parameters based on aspirin intake

Aspirin
Patient characteristics

Taking (n = 38) Not taking aspirin (n = 87)
Total (n = 125) χ2 value P value

Yes 4 5 9

Percentage (%) 3.2 4.0 7.2

No 34 82 116

Warfarin

Percentage (%) 27.2 65.6 92.8

0.90 0.34

Yes 6 9 15

Percentage (%) 4.8 7.2 12.0

No 32 78 110

Direct oral anticoagulants (NOAC)

Percentage (%) 25.6 62.4 88.0

0.74 0.38

Yes 1 5 6

Percentage (%) 0.8 4.0 4.8

No 37 82 119

P2Y12 inhibitors

Percentage (%) 29.6 65.6 95.2

0.56 0.45

Present 32 50 82

Percentage (%) 84.2 57.4 65.6

Absent 6 37 43

Hypertension

Percentage (%) 15.78 42.5 34.4

8.38 0.004a

Present 30 49 79

Percentage (%) 78.9 56.32 63.2

Absent 8 38 46

Hyperlipidemia

Percentage (%) 21 43.6 36.8

5.82 0.016a

Present 18 23 41

Percentage (%) 47.36 26.4 32.8

Absent 20 64 84

Diabetes Mellitus

Percentage (%) 52.6 73.5 67.2

5.25 0.022a

Yes 3 4 7

Percentage (%) 7.8 4.5 5.6

No 35 83 118

Immunosuppression

Percentage (%) 92.1 95.4 94.4

0.54 0.46

Admitted to ICU 9 38 47

Percentage (%) 23.6 43.67 37.6

Remained on medical floors 29 49 78

ICU admission

Percentage (%) 90.6 56.3 62.4

4.50 0.034a

Yes 5 21 26

Percentage (%) 13.1 24.1 20.8

No 33 66 99

Intubation

Percentage (%) 86.8 75.8 79.2

1.93 0.16

Survived 26 66 92

Percentage (%) 68.4 75.8 73.6

Died 12 21 33

Outcome (survival)

Percentage (%) 31.5 24.1 26.4

0.75 0.38
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Present 2 1 3

Percentage (%) 5.2 1.1 2.4

Absent 36 86 122

PE/DVT

Percentage (%) 94.7 98.8 97.6

1.91 0.16

Present 36 73 109

Percentage (%) 94.7 83.9 87.2

Absent 2 14 16

Oxygen use

Percentage (%) 5.2 16 12.8

2.77 0.096

aP ≤ 0.05.

Table 2 Logistic regression result for progression to the intensive care unit

Characteristics Regression coefficients Standard error χ2 (wald) P value Odds ratio 95%CI 

Intercept -0.45044 0.332171 1.838826 0.175089 0.637351

Aspirin -1.00047 0.46281 4.67307 0.030639 0.367707 0.365575-2.269164

Warfarin 0.382791 0.733339 0.272467 0.601681 1.466372 0.179321-3.701697

NOAC’s -0.15984 0.616872 0.067143 0.795543 0.852277 0.22984-2.520831

P2Y12 inhibitors 1.098044 0.908435 1.461005 0.22677 2.998296 0.142169-5.14458

HTN 0.213851 0.424561 0.253712 0.614473 1.238438 0.259028-1.790559

DM 0.018183 0.432623 0.001767 0.966474 1.01835 0.187667-1.05208

NOAC’s: Novel oral anticoagulants; HTN: Hypertension; DM: Diabetes mellitus.

Table 3 Logistic regression results for need for mechanical ventilation

Characteristics Regression coefficients Standard error χ2 (wald) P value Odds ratio 95%CI 

Intercept -1.22056 0.389142 9.83799 0.001709 0.295063

Aspirin -0.83593 0.566163 2.179995 0.139815 0.433472 0.142903-1.31486

Warfarin 0.1583 0.859459 0.033924 0.853868 1.171517 0.217358-6.314246

NOACs -0.54597 0.812938 0.451048 0.501838 0.57928 0.117737-2.850114

P2Y12 inhibitors -0.42413 1.139528 0.138534 0.709742 0.654336 0.070118-6.106168

HTN 0.22629 0.500756 0.20421 0.651344 1.253939 0.469929-3.345963

DM 0.020291 0.510762 0.001578 0.968312 1.020498 0.375017-2.776985

NOAC’s: Novel oral anticoagulants; HTN: Hypertension; DM: Diabetes mellitus.

DISCUSSION
In a multi-center cohort study on COVID-19 patients by Chow et al[14], aspirin use was independently 
associated with a lower risk of mechanical ventilation, ICU admission, and in-hospital mortality. Given 
aspirin's wide inexpensive use, it could be the answer we are looking for especially in low-income 
countries where expensive immunomodulators aren't readily available[14]. But a recent randomized 
controlled, open-label trial - RECOVERY, compared multiple treatments, including 150 mg aspirin once 
daily. They found that in hospitalized COVID-19 patients, aspirin was not associated with reductions in 
28-d mortality or the risk of progressing to invasive mechanical ventilation or death but was associated 
with a slight increase in the rate of being discharged alive within 28 d[15]. Given the conflicting nature 
of recent studies, we sought to evaluate the effect of daily aspirin intake on clinical outcomes in hospit-
alized patients with COVID-19 and its impact on the rate of COVID-19 positive patient’s progression to 
ICU.
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Table 4 Logistic regression results for survival outcomes

Characteristics Regression coefficients Standard error χ2 (wald) P value Odds ratio 95%CI 

Intercept 1.689138 0.422469 15.98599 6.38E-05 5.41481

Aspirin -0.07596 0.456833 0.027651 0.867932 0.926849 0.378575-2.269164

Warfarin -0.20489 0.772302 0.070384 0.790778 0.814735 0.179321-3.701697

NOACs -0.27293 0.610988 0.199538 0.655094 0.761148 0.229824-2.520831

P2Y12 inhibitors -0.1564 0.915497 0.029184 0.864355 0.855219 0.142169-5.14458

HTN -0.38415 0.49321 0.606636 0.436057 0.681032 01.790559

DM -0.81116 0.439766 3.402248 0.065108 0.444344 1.05208

NOAC’s: Novel oral anticoagulants; HTN: Hypertension; DM: Diabetes mellitus.

Figure 1 Distribution of study population based on age and aspirin intake (chi-square value of 15.66, P value = 0.016).

Figure 2  Distribution of study subjects based on gender and aspirin intake (χ2 value = 3.32, P value = 0.068).

Our study analyzed 125 patients, of which 38 patients were on daily aspirin use, with a minimum 
dose of 81 mg. The study showed a significant association in variables such as age groups, hypertension, 
hyperlipidemia, and diabetes mellitus. This insinuated that our aspirin patients were older, and most of 
them had significant comorbidities, putting them at risk of severe COVID-19 illness.
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Figure 3 Distribution of study subjects based on aspirin and intensive care unit admission (χ2 = 4.50, P value = 0.034). ICU: Intensive care 
unit.

At first glance, aspirin showed a possible protective role in progression to ICU on chi-square analysis. 
It failed to reach significance in multinomial logistic regression analysis. Furthermore, in terms of 
mortality, patients on aspirin had a higher mortality rate of 32% as compared to only 25% for non-
aspirin users. This could be explained by the fact that patients on aspirin were older and had more 
comorbidities.

Hence, we conclude that aspirin shows no protective role for COVID-19 patients in terms of 
progression to ICU, survival outcome, and use of mechanical ventilation. Our findings concurred with 
the results of the RECOVERY trial[15]. 

Furthermore, bleeding risk is a potential adverse event while on aspirin. In the RECOVERY TRIAL, 
the incidence of major bleeding events was higher in the aspirin group (1.6% vs 1.0%; absolute 
difference 0.6%, SE: 0.2%). There were 18 reports of serious adverse events believed related to aspirin, all 
due to hemorrhagic in nature[15]. Even though we did not assess bleeding risk, this is a serious adverse 
event to bear in mind.

The advantage of our study is that it was conducted on the cohort of patients that presented at our 
hospital during the initial phase of the COVID-19 pandemic back in March of 2020. At that time, the use 
of corticosteroids and remdesivir were not established as the standard of care, and hence our study is 
not confounded by the effects of these medications.

The limitations of our study include a modest sample size and a retrospective - observational 
analysis, which limits generalizability and adjustment for confounding variables. We did not collect 
data on other concomitant medications - like statins or ACEI/ARBs, as most patients on aspirin are 
usually on the above, due to guideline-directed medical therapy for cardiovascular diseases, which 
could confound results. Some of our patients had their daily aspirin use discontinued after admission 
due to inability to tolerate enteral feeds, new bleeding complications, or being started on other antico-
agulants owing to COVID-19 complications.

CONCLUSION
Our study suggests that aspirin does not have beneficial effects regarding progression to ICU from the 
medical floors in COVID-19 positive patients. Furthermore, it showed no statistically significant impact 
in reducing rates of mechanical ventilation, oxygen requirement, or decreasing mortality in patients.

ARTICLE HIGHLIGHTS
Research background
In a retrospective study by Chow et al, it was found that aspirin use may be associated with improved 
outcomes, reduced rates of mechanical ventilation, and decreased intensive care unit (ICU) admissions 
in hospitalized coronavirus disease 2019 (COVID-19) patients. Given the encouraging findings, the 
world’s largest randomized controlled open-label trial was performed using approximately 15000 
patients in the UK (RECOVERY TRIAL). The patients in the study were allocated to receive aspirin after 
diagnosis of COVID-19 during in-hospital admission, and the results showed no associated reductions 
in the 28-d mortality or the progression to mechanical ventilation of such patients. With the above 
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conflicting findings, the present study was designed to evaluate the impact of daily aspirin intake prior 
to hospitalization on the rate of COVID-19 positive patients’ progression to the ICU.

Research motivation
With the never ending COVID-19 pandemic, it is imperative we find ways to keep patients out of the 
ICU. We have learnt that COVID-19 illness has major thrombotic and inflammatory effects. Aspirin 
would seem like an ideal choice to curb these effects. With this in mind, we conducted our study. But 
surprisingly we found that aspirin has no beneficial effects when it comes to preventing severe COVID-
19 illness like ICU admissions. We postulate that patients taking aspirin were also older and had 
significant comorbidities, putting them at high risk for severe COVID-19. Furthermore, this study was 
carried out back when the most effective treatment modalities like steroids and remdesivir were not 
used. Hence, we conclude that aspirin's antiviral, anti-inflammatory and anti-thrombotic properties may 
not be strong enough to combat the COVID-19 illness.

Research objectives
Present study was designed to evaluate the impact of daily aspirin intake prior to hospitalization on the 
rate of COVID-19 positive patients’ progression to the ICU.

Research methods
The idea of using the below methods were modeled after the study by Chow et al and the recovery trial 
on Aspirin in patients admitted to the hospital with COVID-19. Research methods adopted were the 
following: (1) Categorical variables, such as demographic information, comorbidities, receipt of investig-
ational therapeutics, type of oxygen support, mechanical ventilation need, and outcomes, were reported 
as the number and percentage of patients and were compared between groups using the χ2 test. P values 
< 0.05 were considered statistically significant; and (2) Multinomial logistic regression analysis to 
control for interplay of confounding from other anti-coagulation agents.

Research results
Our study analyzed 125 patients, of which 38 patients were on daily aspirin use, with a minimum dose 
of 81 mg. The study showed a significant association of aspirin with variables such as age groups, 
hypertension, hyperlipidemia, and diabetes mellitus. This insinuated that our aspirin patients were 
older, and most of them had significant comorbidities, putting them at risk of severe COVID-19 illness. 
At first glance, aspirin showed a possible protective role in progression to ICU on chi-square analysis. It 
failed to reach significance in multinomial logistic regression analysis. Furthermore, in terms of 
mortality, patients on aspirin had a higher mortality rate of 32% as compared to only 25% for non-
aspirin users. This could be explained by the fact that patients on aspirin were older and had more 
comorbidities.

Research conclusions
We conclude that aspirin shows no protective role for COVID-19 patients in terms of progression to 
ICU, survival outcome, and use of mechanical ventilation. Our findings concurred with the results of 
the RECOVERY trial. The advantage of our study is that it was conducted on the cohort of patients that 
presented at our hospital during the initial phase of the COVID-19 pandemic back in March of 2020. At 
that time, the use of corticosteroids and remdesivir were not established as the standard of care, and 
hence our study is not confounded by the effects of these medications.

Research perspectives
Given the conflicting results of recent studies on aspirin and COVID-19 illness, it would seem beneficial 
for future studies to study the effect of chronic daily aspirin use on COVID-19 outcomes. Since our N-
126, larger studies with N-1000s may be able to show definitive significance between aspirin and 
COVID-19. In theory, aspirin is an over the counter, cheap medication with a wide range of properties 
to battle the ill effects of the virus.

FOOTNOTES
Author contributions: Gogtay M contributed to inception of study idea, data collection, statistical interpretations, and 
manuscript editing and final submission; Singh Y drafting manuscript, assisting with statistics, proof reading and 
abstract creation; Bullappa A statistical analysis of data; Scott J inception of study idea, proof reading of manuscript 
and mentor for the study.

Institutional review board statement: The study was reviewed and approved by the Saint Vincent- MetroWest 
Medical Center Institutional Review Board [(Approval No. 2020-072)].

Informed consent statement: Requirement of informed consent was waived by the Saint Vincent- MetroWest Medical 



Gogtay M et al. Outcomes of COVID-19 patients on chronic aspirin

WJCCM https://www.wjgnet.com 100 March 9, 2022 Volume 11 Issue 2

Center Institutional Review Board [(Approval No. 2020-072)].

Conflict-of-interest statement: All authors declare that they have no conflict of interest.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: United States

ORCID number: Maya Gogtay 0000-0001-9955-7121; Yuvaraj Singh 0000-0003-4970-8870; Asha Bullappa 0000-0002-1567-
5241; Jeffrey Scott 0000-0002-1416-508X.

S-Editor: Liu JH 
L-Editor: A 
P-Editor: Liu JH

REFERENCES
Wang Y, Wang Y, Chen Y, Qin Q. Unique epidemiological and clinical features of the emerging 2019 novel coronavirus 
pneumonia (COVID-19) implicate special control measures. J Med Virol 2020; 92: 568-576 [PMID: 32134116 DOI: 
10.1002/jmv.25748]

1     

Russell B, Moss C, Rigg A, Van Hemelrijck M. COVID-19 and treatment with NSAIDs and corticosteroids: should we be 
limiting their use in the clinical setting? Ecancermedicalscience 2020; 14: 1023 [PMID: 32256706 DOI: 
10.3332/ecancer.2020.1023]

2     

Ornelas A, Zacharias-Millward N, Menter DG, Davis JS, Lichtenberger L, Hawke D, Hawk E, Vilar E, Bhattacharya P, 
Millward S. Beyond COX-1: the effects of aspirin on platelet biology and potential mechanisms of chemoprevention. 
Cancer Metastasis Rev 2017; 36: 289-303 [PMID: 28762014 DOI: 10.1007/s10555-017-9675-z]

3     

Huang I, Pranata R, Lim MA, Oehadian A, Alisjahbana B. C-reactive protein, procalcitonin, D-dimer, and ferritin in severe 
coronavirus disease-2019: a meta-analysis. Ther Adv Respir Dis 2020; 14: 1753466620937175 [PMID: 32615866 DOI: 
10.1177/1753466620937175]

4     

Lim MA, Pranata R, Huang I, Yonas E, Soeroto AY, Supriyadi R. Multiorgan Failure With Emphasis on Acute Kidney 
Injury and Severity of COVID-19: Systematic Review and Meta-Analysis. Can J Kidney Health Dis 2020; 7: 
2054358120938573 [PMID: 32685180 DOI: 10.1177/2054358120938573]

5     

Pranata R, Lim MA, Yonas E, Huang I, Nasution SA, Setiati S, Alwi I, Kuswardhani RAT. Thrombocytopenia as a 
prognostic marker in COVID-19 patients: diagnostic test accuracy meta-analysis. Epidemiol Infect 2021; 149: e40 [PMID: 
33509306 DOI: 10.1017/S0950268821000236]

6     

Barnes GD, Burnett A, Allen A, Blumenstein M, Clark NP, Cuker A, Dager WE, Deitelzweig SB, Ellsworth S, Garcia D, 
Kaatz S, Minichiello T. Thromboembolism and anticoagulant therapy during the COVID-19 pandemic: interim clinical 
guidance from the anticoagulation forum. J Thromb Thrombolysis 2020; 50: 72-81 [PMID: 32440883 DOI: 
10.1007/s11239-020-02138-z]

7     

Nishiga M, Wang DW, Han Y, Lewis DB, Wu JC. COVID-19 and cardiovascular disease: from basic mechanisms to 
clinical perspectives. Nat Rev Cardiol 2020; 17: 543-558 [PMID: 32690910 DOI: 10.1038/s41569-020-0413-9]

8     

Porfidia A, Pola R. Venous thromboembolism in COVID-19 patients. J Thromb Haemost 2020; 18: 1516-1517 [PMID: 
32294289 DOI: 10.1111/jth.14842]

9     

Wichmann D, Sperhake JP, Lütgehetmann M, Steurer S, Edler C, Heinemann A, Heinrich F, Mushumba H, Kniep I, 
Schröder AS, Burdelski C, de Heer G, Nierhaus A, Frings D, Pfefferle S, Becker H, Bredereke-Wiedling H, de Weerth A, 
Paschen HR, Sheikhzadeh-Eggers S, Stang A, Schmiedel S, Bokemeyer C, Addo MM, Aepfelbacher M, Püschel K, Kluge 
S. Autopsy Findings and Venous Thromboembolism in Patients With COVID-19: A Prospective Cohort Study. Ann Intern 
Med 2020; 173: 268-277 [PMID: 32374815 DOI: 10.7326/M20-2003]

10     

Abdelwahab HW, Shaltout SW, Sayed Ahmed HA, Fouad AM, Merrell E, Riley JB, Salama R, Abdelrahman AG, Darling 
E, Fadel G, Elfar MSA, Sabry K, Shah J, Amin H, Nieman GF, Mishriky A, Aiash H. Acetylsalicylic Acid Compared with 
Enoxaparin for the Prevention of Thrombosis and Mechanical Ventilation in COVID-19 Patients: A Retrospective Cohort 
Study. Clin Drug Investig 2021; 41: 723-732 [PMID: 34328635 DOI: 10.1007/s40261-021-01061-2]

11     

Bianconi V, Violi F, Fallarino F, Pignatelli P, Sahebkar A, Pirro M. Is Acetylsalicylic Acid a Safe and Potentially Useful 
Choice for Adult Patients with COVID-19 ? Drugs 2020; 80: 1383-1396 [PMID: 32705604 DOI: 
10.1007/s40265-020-01365-1]

12     

Mohamed-Hussein AAR, Aly KME, Ibrahim MAA. Should aspirin be used for prophylaxis of COVID-19-induced 
coagulopathy? Med Hypotheses 2020; 144: 109975 [PMID: 32531536 DOI: 10.1016/j.mehy.2020.109975]

13     

Chow JH, Khanna AK, Kethireddy S, Yamane D, Levine A, Jackson AM, McCurdy MT, Tabatabai A, Kumar G, Park P, 
Benjenk I, Menaker J, Ahmed N, Glidewell E, Presutto E, Cain S, Haridasa N, Field W, Fowler JG, Trinh D, Johnson KN, 
Kaur A, Lee A, Sebastian K, Ulrich A, Peña S, Carpenter R, Sudhakar S, Uppal P, Fedeles BT, Sachs A, Dahbour L, Teeter 

14     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-9955-7121
http://orcid.org/0000-0001-9955-7121
http://orcid.org/0000-0003-4970-8870
http://orcid.org/0000-0003-4970-8870
http://orcid.org/0000-0002-1567-5241
http://orcid.org/0000-0002-1567-5241
http://orcid.org/0000-0002-1416-508X
http://orcid.org/0000-0002-1416-508X
http://www.ncbi.nlm.nih.gov/pubmed/32134116
https://dx.doi.org/10.1002/jmv.25748
http://www.ncbi.nlm.nih.gov/pubmed/32256706
https://dx.doi.org/10.3332/ecancer.2020.1023
http://www.ncbi.nlm.nih.gov/pubmed/28762014
https://dx.doi.org/10.1007/s10555-017-9675-z
http://www.ncbi.nlm.nih.gov/pubmed/32615866
https://dx.doi.org/10.1177/1753466620937175
http://www.ncbi.nlm.nih.gov/pubmed/32685180
https://dx.doi.org/10.1177/2054358120938573
http://www.ncbi.nlm.nih.gov/pubmed/33509306
https://dx.doi.org/10.1017/S0950268821000236
http://www.ncbi.nlm.nih.gov/pubmed/32440883
https://dx.doi.org/10.1007/s11239-020-02138-z
http://www.ncbi.nlm.nih.gov/pubmed/32690910
https://dx.doi.org/10.1038/s41569-020-0413-9
http://www.ncbi.nlm.nih.gov/pubmed/32294289
https://dx.doi.org/10.1111/jth.14842
http://www.ncbi.nlm.nih.gov/pubmed/32374815
https://dx.doi.org/10.7326/M20-2003
http://www.ncbi.nlm.nih.gov/pubmed/34328635
https://dx.doi.org/10.1007/s40261-021-01061-2
http://www.ncbi.nlm.nih.gov/pubmed/32705604
https://dx.doi.org/10.1007/s40265-020-01365-1
http://www.ncbi.nlm.nih.gov/pubmed/32531536
https://dx.doi.org/10.1016/j.mehy.2020.109975


Gogtay M et al. Outcomes of COVID-19 patients on chronic aspirin

WJCCM https://www.wjgnet.com 101 March 9, 2022 Volume 11 Issue 2

W, Tanaka K, Galvagno SM, Herr DL, Scalea TM, Mazzeffi MA. Aspirin Use Is Associated With Decreased Mechanical 
Ventilation, Intensive Care Unit Admission, and In-Hospital Mortality in Hospitalized Patients With Coronavirus Disease 
2019. Anesth Analg 2021; 132: 930-941 [PMID: 33093359 DOI: 10.1213/ANE.0000000000005292]
Group RC, Horby PW, Pessoa-Amorim G, Staplin N, Emberson JR, Campbell M, Spata E, Peto L, Brunskill NJ, Tiberi S, 
Chew V, Brown T, Tahir H, Ebert B, Chadwick D, Whitehouse T, Sarkar R, Graham C, Baillie JK, Basnyat B, Buch MH, 
Chappell LC, Day J, Faust SN, Hamers RL, Jaki T, Juszczak E, Jeffery K, Lim WS, Montgomery A, Mumford A, Rowan 
K, Thwaites G, Mafham M, Haynes R, Landray MJ.   Aspirin in patients admitted to hospital with COVID-19 
(RECOVERY): a randomised, controlled, open-label, platform trial. 2021 [DOI: 10.1101/2021.06.08.21258132]

15     

http://www.ncbi.nlm.nih.gov/pubmed/33093359
https://dx.doi.org/10.1213/ANE.0000000000005292
https://dx.doi.org/10.1101/2021.06.08.21258132


WJCCM https://www.wjgnet.com 102 March 9, 2022 Volume 11 Issue 2

World Journal of 

Critical Care 
MedicineW J C C M

Submit a Manuscript: https://www.f6publishing.com World J Crit Care Med 2022 March 9; 11(2): 102-111

DOI: 10.5492/wjccm.v11.i2.102 ISSN 2220-3141 (online)

ORIGINAL ARTICLE

Observational Study

Association of latitude and altitude with adverse outcomes in 
patients with COVID-19: The VIRUS registry

Aysun Tekin, Shahraz Qamar, Romil Singh, Vikas Bansal, Mayank Sharma, Allison M LeMahieu, Andrew C 
Hanson, Phillip J Schulte, Marija Bogojevic, Neha Deo, Simon Zec, Diana J Valencia Morales, Katherine A 
Belden, Smith F Heavner, Margit Kaufman, Sreekanth Cheruku, Valerie C Danesh, Valerie M Banner-
Goodspeed, Catherine A St Hill, Amy B Christie, Syed A Khan, Lynn Retford, Karen Boman, Vishakha K 
Kumar, John C O'Horo, Juan Pablo Domecq, Allan J Walkey, Ognjen Gajic, Rahul Kashyap, Salim Surani, The 
Society of Critical Care Medicine (SCCM) Discovery Viral Infection and Respiratory Illness Universal Study 
(VIRUS): COVID-19 Registry Investigator Group

Specialty type: Critical care 
medicine

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B, B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Al-Ani RM, 
Papadopoulos K

Received: October 4, 2021 
Peer-review started: October 4, 
2021 
First decision: December 9, 2021 
Revised: December 21, 2021 
Accepted: February 23, 2022 
Article in press: February 23, 2022 
Published online: March 9, 2022

Aysun Tekin, Romil Singh, Mayank Sharma, Diana J Valencia Morales, Rahul Kashyap, Salim 
Surani, Department of Anesthesiology, Mayo Clinic, Rochester, MN 55905, United States

Shahraz Qamar,  Post-baccalaureate Research Education Program, Mayo Clinic College of 
Medicine and Science, Rochester, MN 55905, United States

Vikas Bansal, Marija Bogojevic, Simon Zec, John C O'Horo, Ognjen Gajic, Division of Pulmonary 
and Critical Care Medicine, Department of Internal Medicine, Mayo Clinic, Rochester, MN 
55905, United States

Allison M LeMahieu, Andrew C Hanson, Phillip J Schulte, Division of Clinical Trials and 
Biostatistics, Department of Quantitative Health Sciences, Mayo Clinic, Rochester, MN 55905, 
United States

Neha Deo, Alix School of Medicine, Mayo Clinic, Rochester, MN 55905, United States

Katherine A Belden, Division of Infectious Diseases, Thomas Jefferson University Hospital, 
Philadelphia, PA 19107, United States

Smith F Heavner, Prisma Health, Greenville, SC 29605, United States

Margit Kaufman, Englewood Health, Englewood, NJ 07631, United States

Sreekanth Cheruku, Divisions of Cardiothoracic Anesthesiology and Critical Care Medicine, 
Department of Anesthesiology and Pain Management, UT Southwestern Medical Center, 
Dallas, TX 75390, United States

Valerie C Danesh, Center for Applied Health Research, Baylor Scott and White Health, Dallas, 
TX 75246, United States

Valerie M Banner-Goodspeed, Department of Anesthesiology, Critical Care and Pain Medicine, 
Beth Israel Deaconess Medical Center, Boston, MA 02215, United States

https://www.f6publishing.com
https://dx.doi.org/10.5492/wjccm.v11.i2.102


Tekin A et al. Latitude and altitude in COVID-19

WJCCM https://www.wjgnet.com 103 March 9, 2022 Volume 11 Issue 2

Catherine A St Hill, Allina Health, Minneapolis, MN 55407, United States

Amy B Christie, Department of Critical Care, Atrium Health Navicent, Macon, GA 31201, 
United States

Syed A Khan, Division of Critical Care Medicine, Mayo Clinic Health System, Mankato, MN 
56001, United States

Lynn Retford, Karen Boman, Vishakha K Kumar, Society of Critical Care Medicine, Mount 
Prospect, IL 60056, United States

John C O'Horo, Division of Infectious Diseases, Mayo Clinic, Rochester, MN 55905, United 
States

Juan Pablo Domecq, Division of Nephrology and Hypertension, Department of Internal 
Medicine, Mayo Clinic, Rochester, MN 55905, United States

Allan J Walkey, Pulmonary Center, Division of Pulmonary, Allergy, Critical Care and Sleep 
Medicine, Department of Medicine, Evans Center of Implementation and Improvement 
Sciences, Boston University School of Medicine, Boston, MA 02118, United States

Salim Surani, Department of Pulmonary and Critical Care Medicine, Texas A&M University, 
Bryan, TX 77807, United States

Corresponding author: Salim Surani, FACP, FCCP, MD, MPH, Doctor, Professor, Department 
of Pulmonary and Critical Care Medicine, Texas A&M University, 8447 Riverside Pkwy, 
Bryan, TX 77807, United States. srsurani@hotmail.com

Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) course may be affected by environ-
mental factors. Ecological studies previously suggested a link between climato-
logical factors and COVID-19 fatality rates. However, individual-level impact of 
these factors has not been thoroughly evaluated yet.

AIM 
To study the association of climatological factors related to patient location with 
unfavorable outcomes in patients.

METHODS 
In this observational analysis of the Society of Critical Care Medicine Discovery 
Viral Infection and Respiratory Illness Universal Study: COVID-19 Registry 
cohort, the latitudes and altitudes of hospitals were examined as a covariate for 
mortality within 28 d of admission and the length of hospital stay. Adjusting for 
baseline parameters and admission date, multivariable regression modeling was 
utilized. Generalized estimating equations were used to fit the models.

RESULTS 
Twenty-two thousand one hundred eight patients from over 20 countries were 
evaluated. The median age was 62 (interquartile range: 49-74) years, and 54% of 
the included patients were males. The median age increased with increasing 
latitude as well as the frequency of comorbidities. Contrarily, the percentage of 
comorbidities was lower in elevated altitudes. Mortality within 28 d of hospital 
admission was found to be 25%. The median hospital-free days among all 
included patients was 20 d. Despite the significant linear relationship between 
mortality and hospital-free days (adjusted odds ratio (aOR) = 1.39 (1.04, 1.86), P = 
0.025 for mortality within 28 d of admission; aOR = -1.47 (-2.60, -0.33), P = 0.011 
for hospital-free days), suggesting that adverse patient outcomes were more 
common in locations further away from the Equator; the results were no longer 
significant when adjusted for baseline differences (aOR = 1.32 (1.00, 1.74), P = 
0.051 for 28-day mortality; aOR = -1.07 (-2.13, -0.01), P = 0.050 for hospital-free 
days). When we looked at the altitude’s effect, we discovered that it demonstrated 
a non-linear association with mortality within 28 d of hospital admission (aOR = 
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0.96 (0.62, 1.47), 1.04 (0.92, 1.19), 0.49 (0.22, 0.90), and 0.51 (0.27, 0.98), for the altitude points of 75 
MASL, 125 MASL, 400 MASL, and 600 MASL, in comparison to the reference altitude of 148 
m.a.s.l, respectively. P = 0.001). We detected an association between latitude and 28-day mortality 
as well as hospital-free days in this worldwide study. When the baseline features were taken into 
account, however, this did not stay significant.

CONCLUSION 
Our findings suggest that differences observed in previous epidemiological studies may be due to 
ecological fallacy rather than implying a causal relationship at the patient level.

Key Words: 28 d mortality; Altitude; COVID-19; Hospital-free days; Latitude; Outcomes

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We detected an association between latitude and mortality within 28 d of admission and hospital-
free days in this worldwide study. When the baseline features were taken into account, however, this did 
not stay significant. Our findings suggest that differences observed in previous epidemiological studies 
may be due to ecological fallacy rather than implying a causal relationship at the patient level.

Citation: Tekin A, Qamar S, Singh R, Bansal V, Sharma M, LeMahieu AM, Hanson AC, Schulte PJ, Bogojevic M, 
Deo N, Zec S, Valencia Morales DJ, Belden KA, Heavner SF, Kaufman M, Cheruku S, Danesh VC, Banner-
Goodspeed VM, St Hill CA, Christie AB, Khan SA, Retford L, Boman K, Kumar VK, O'Horo JC, Domecq JP, 
Walkey AJ, Gajic O, Kashyap R, Surani S, The Society of Critical Care Medicine (SCCM) Discovery Viral 
Infection and Respiratory Illness Universal Study (VIRUS): COVID-19 Registry Investigator Group. Association 
of latitude and altitude with adverse outcomes in patients with COVID-19: The VIRUS registry. World J Crit Care 
Med 2022; 11(2): 102-111
URL: https://www.wjgnet.com/2220-3141/full/v11/i2/102.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i2.102

INTRODUCTION
After being identified at the end of 2019, Coronavirus disease 2019 (COVID-19) rapidly disseminated 
worldwide and affected millions[1,2]. Although studies have shown the efficacy of some medications or 
the impact of certain conditions on the disease process[3-8], there are still unknown factors that affect 
the patient outcomes. The investigation of the relationship of disease severity with different environ-
mental settings might provide better insight into the pathogenesis of COVID-19.

A link between climatological factors and Coronavirus Disease 2019 (COVID-19) fatality rates was 
previously suggested by ecological studies[9-13]. Geographic factors were also demonstrated to impact 
other respiratory infection processes[14,15]. However, these studies may be subject to the ecological 
fallacy, in which grouped population-level associations are not observed at the individual level[16]. 
Large-scale, patient-level cohort studies have thus far not evaluated associations between factors such as 
altitude and latitude with COVID-19 severity.

The Society of Critical Care Medicine Discovery Viral Infection and Respiratory Illness Universal 
Study (VIRUS): COVID-19 registry[17-19] is a global collaboration of partners from 27 countries that 
provides a novel resource for the investigation of associations between altitude and latitude, with 
outcomes of individuals with COVID-19, allowing adjustment for baseline factors to evaluate the 
relationship between COVID-19 disease severity and geographical factors. Using this large cohort, we 
targeted to assess the relationship of altitude and latitude with unfavorable patient outcomes.

MATERIALS AND METHODS
This study was conducted on the data collected within the scope of the VIRUS: COVID-19 registry. The 
project was approved as exempt by the institutional review board at Mayo Clinic (IRB:20-002610). 
Clinical Trials Database registration number for the registry is NCT04323787.

Study population and data collection
All subjects hospitalized with a COVID-19 associated indication (laboratory-confirmed or clinically 
diagnosed infection) at participating institutions were eligible for inclusion in the VIRUS: COVID-19 
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registry[20]. The exclusion criteria for the VIRUS Registry study are non-COVID-19 related admissions, 
Minnesota patients who have not provided research authorization, and readmissions of already 
included patients. De-identified data were collected through Research Electronic Data Capture software 
(REDCap, version 8.11.11, Vanderbilt University, Nashville, Tennessee) and stored in a central database 
hosted by Mayo Clinic[21].

Regarding the analysis for this particular study, all adult subjects admitted between March 15, 2020, 
and January 15, 2021, were screened for inclusion. Although enrolled in the VIRUS: COVID-19 registry, 
we excluded pediatric patients (< 18 years old) from this project. Another exclusion criterion was 
patients enrolled from institutions reporting fewer than 65% of subjects with hospital discharge status. 
Since those participating centers were unlikely to represent a realistic distribution of outcomes, they 
were omitted as non-participating. After the application of exclusion criteria, patients of 143 
participating hospitals in 21 countries were found to be eligible for inclusion. Detailed inclusion and 
exclusion criteria for the VIRUS Registry and this project is provided in Supplementary Figure 1.

The patients' residential addresses at the time of diagnosis were not accessible due to the de-
identified database. As a surrogate, the location of the participating institutions, which was available for 
all enrolled patients, was used to determine geographical variables. Latitude and altitude information 
was retrieved from the Google Earth software[22]. Based on their locations, subjects were grouped 
according to the elevation above the sea level and the distance from the Equator, regardless of the 
hemisphere of location[23,24]. Baseline information and disease-related specifics were gathered from the 
VIRUS Registry.

Outcome of interest
The primary outcome was mortality within 28 d of admission, and the secondary outcome was length of 
hospital stay. The variable "hospital-free days" (HFD) was used to analyze the impact on hospital length 
of stay[25], calculated by subtracting the number of admission days from 28; which was 0 for patients 
who died in the hospital or stayed in the hospital for longer than 28 d. Both outcomes were evaluated 
independently.

Statistical analyses
The statistical methodology was reviewed by our co-authors from the Division of Clinical Trials and 
Biostatistics, Department of Quantitative Health Sciences, Mayo Clinic, Rochester.

The median and interquartile range (IQR) were used to summarize continuous data. Categorical 
variables were reported as numbers and percentages. Unadjusted and multivariable-adjusted logistic 
regression assessed the association with outcomes. To account for the clustering of patients within sites, 
models were fitted using generalized estimating equations using an exchangeable working correlation 
for individual hospitals. When the results indicated a non-linear functional structure, they were 
graphically summarized using the restricted cubic spline fit; otherwise, the linear relationship was 
defined. Age, gender, race, body mass index, number of days with symptoms prior to admission, 
symptom groups, the timing of admission with regards to the start of the pandemic, and comorbidities 
were factored into the models. Unadjusted and multivariable linear regression models assessed the 
association with HFD using a similar approach. Odds ratios (OR) and 95% confidence intervals for the 
mortality endpoint were determined per 10-degrees of latitude and 250-meters of altitude in relation to 
the median reference points, i.e., 39° and 148 meters above sea-level (MASL), respectively. For HFD, the 
estimate is the expected difference in mean days, similarly displayed per 10 degrees of latitude and 250 
meters of altitude.

For missing data among included institutions and patients, multiple imputations assuming data were 
missing at random using fully conditional specification with 100 imputations was used to impute 
missing covariates or outcomes. Analyses were performed on each dataset, and results combined to 
reflect uncertainty due to missingness. Without correcting for multiplicity related to testing the 
outcomes or testing both altitude and latitude in regression models, statistical significance was specified 
as P < 0.05.

RESULTS
After exclusion of “non-participating sites,” 23210 patients with complete data enrolled in the VIRUS 
registry were evaluated. Among those, 22108 met eligibility criteria after excluding pediatric patients (
Supplementary Figure 2, Supplementary Table 1). The median age was 62 (IQR 49-74) years, with 54% 
males. Among the subjects, 51% of the included were White, 26% were Black, and 65% of the patients 
were non-Hispanic; 86% had at least one comorbid condition, hypertension (46%) being the most 
prevalent. When baseline data were analyzed within latitude and altitude groups, patients were more 
often older on high-latitude locations (locations farther from the Equator). The frequency of patients 
with comorbidities and the proportion of females also increased with latitude. At higher altitudes, 
however, females and patients with comorbidities were less prevalent (Table 1).

https://f6publishing.blob.core.windows.net/8fc53c4e-1f3b-434a-b22b-082cb7c42ff8/WJCCM-11-102-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/8fc53c4e-1f3b-434a-b22b-082cb7c42ff8/WJCCM-11-102-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/8fc53c4e-1f3b-434a-b22b-082cb7c42ff8/WJCCM-11-102-supplementary-material.pdf
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Table 1 Baseline characteristics and their distribution to latitude and altitudes

Latitude Altitude
Variables Total (n = 

22108) 0-15° (n = 
589)

16-30° (n = 
1961)

31-45° (n = 
19163)

46-60° (n = 
395)

< 500 MASL (n 
= 21122)

500 - 1000 MASL 
(n = 765)

> 1000 MASL (
n = 221)

Age, median, IQR 62 (49-74) 50 (36-62) 59 (47-70) 62 (49-74) 72 (59-83) 62 (59-74) 58 (46-69) 60 (49-71)

Gender

Female 9804 (44%) 198 (34%) 797 (41%) 8626 (46%) 183 (46%) 9476 (45%) 255 (33%) 73 (33%)

Male 12025 (54%) 391 (66%) 1163 (59%) 10259 (54%) 212 (54%) 11367 (55%) 510 (67%) 148 (67%)

Race

White 11210 (51%) 2 (0%) 471 (24%) 10449 (55%) 288 (73%) 10928 (52%) 227 (30%) 55 (25%)

African American 5757 (26%) 74 (13%) 505 (26%) 5145 (27%) 33 (8%) 5738 (27%) 17 (2%) 2 (1%)

Mixed race 785 (4%) 164 (28%) 119 (6%) 501 (3%) 1 (0%) 524 (2%) 129 (17%) 132 (60%)

Asian American 416 (2%) - 9 (0%) 398 (2%) 9 (2%) 412 (2%) 4 (1%) 0 (0%)

Others 3940 (18%) 349 (59%) 857 (44%) 2670 (14%) 61 (15%) 3122 (15%) 371 (48%) 32 (1%)

Ethnicity

Hispanic 4592 (21%) 88 (15%) 313 (16%) 4185 (22%) 6 (2%) 4322 (20%) 197 (26%) 73 (33%)

Non-Hispanic 14411 (65%) 354 (60%) 1250 (64%) 12571 (66%) 236 (60%) 14073 (67%) 281 (37%) 57 (26%)

BMI 29.0 (25, 35) 26.7 (24, 
28)

28.0 (25, 34) 29.3 (25, 35) 26.7 (23, 32) 29.0 (25, 35) 28.6 (26, 33) 28 (26, 32)

Comorbidities 
(any)

18991 (86%) 295 (50%) 1580 (81%) 16753 (87%) 363 (92%) 18262 (86%) 578 (76%) 151 (68%)

Hypertension 10267 (46%) 191 (32%) 1050 (54%) 8785 (46%) 241 (61%) 9865 (47%) 322 (42%) 80 (36%)

Diabetes 6473 (29%) 134 (23%) 738 (38%) 5474 (29%) 127 (32%) 6163 (29%) 256 (33%) 54 (24%)

Coronary artery 
disease

4124 (19%) 29 (5%) 338 (17%) 3678 (19%) 79 (20%) 4017 (19%) 87 (11%) 20 (9%)

Obesity 3794 (17%) 34 (6%) 394 (20%) 3304 (17%) 62 (16%) 3640 (17%) 125 (16%) 29 (13%)

Dyslipidemia 3521 (16%) 7 (1%) 315 (16%) 3168 (17%) 31 (8%) 3422 (16%) 87 (11%) 12 (5%)

Chronic kidney 
disease

2609 (12%) 5 (1%) 233 (12%) 2295 (12%) 76 (19%) 2543 (12%) 56 (7%) 10 (5%)

BMI: Body mass index; IQR: Interquartile range; MASL: Meters above sea level.

A total of 3451 patients (25% of 13,959 patients with mortality data available) died within 28 d 
following admission. The median HFD for the general study population was 20 (IQR 3.0-24.0) days. The 
28-day mortality rate was higher in higher-latitude locations. Mortality rates were also higher for 
patients hospitalized in higher altitudes. Additionally, the median HFD was lower for higher latitude 
and altitude levels (Figure 1).

The unadjusted analysis showed a significant linear association of higher latitude locations associated 
with increased mortality (OR = 1.39, 95%CI = 1.04, 1.86, P = 0.025) and lower number of HFD (Estimate 
= -1.47, 95%CI = -2.60, -0.33, P = 0.011) per 10 (degree) latitude. However, after adjustment to the 
baseline characteristics, there was insufficient evidence to indicate a significant association with both 
outcomes (adjusted OR (aOR) = 1.32, 95%CI = 1.00, 1.74, P = 0.051 for mortality, and adjusted Estimate = 
-1.07, 95%CI = -2.13, -0.01, P = 0.050 for HFD) (Table 2).

When evaluating the impact of higher altitudes on adverse outcomes, there was a non-linear 
association with mortality, which remained significant after adjustment (aOR and 95%CIs for the 
altitude points of 400 MASL and 600 MASL, compared to the reference altitude of 148 MASL were 0.49 
(0.22, 0.90), and 0.51 (0.27,0.98), respectively, P = 0.017) (Table 2). The odds of fatal disease course 
slightly increased at altitude levels between 125 and 145 MASL; decreased to the lowest around the 
altitude of 350 MASL, and gradually increased after that point with the increasing altitude (Figure 1C). 
No association was present with HFD and altitude levels either before or after adjustment.
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Table 2 Comparison of outcomes according to latitude and altitudes

Study 
outcomes Latitude Altitude

Unadjusted Adjusted Unadjusted Adjusted

Estimate 95%CI P 
value 

Estimate 95%CI P 
value 

Estimate 95%CI P 
value 

Estimate 95%CI P 
value 

28 d 
mortality

1.39 (1.04, 
1.86)

0.025 1.32 (1.00, 
1.74)

0.051 RCS, P value non-
linearity ≤ 0.001, P 
value overall 
association = 0.001

RCS, P value 
non-linearity = 
0.049, P value 
overall 
association = 
0.017

Hospital-
free days

-1.47 (-2.60, 
-0.33)

0.011 -1.07 (-2.13, 
-0.01)

0.050 0.14 (-0.37, 
0.64)

0.587 0.10 (0.37, 
0.56)

0.683

For the altitude points of 75 MASL, 125 MASL, 400 MASL, and 600 MASL, compared to the reference altitude of 148 MASL; the adjusted odds ratios and 
95%CIs regarding 28 d mortality were 0.96 (0.62,1.47), 1.04 (0.92,1.19), 0.49 (0.22, 0.90), and 0.51 (0.27, 0.98), respectively. CI: Confidence interval; ICU: 
Intensive care unit; MASL: Meters above sea level; RCS: Restricted cubic spline.

Figure 1 Distribution of outcomes and adjusted associations to different altitude and latitude levels. A: Outcomes and latitude; B: Outcomes and 
altitude; C: Adjusted associations between 28 d mortality with altitude, shown using restricted cubic spline with 5 knots. IQR: Interquartile range; MASL: Meters above 
sea level.

DISCUSSION
We reported the distribution of patient outcomes to different altitudes and latitudes within an interna-
tional COVID-19 registry. In our study, even though 28-day mortality increased and the number of HFD 
decreased in high-latitude locations on unadjusted estimates, the associations were not significant after 
adjustment for patients’ characteristics. In the adjusted model, the odds of mortality were associated 
with altitude, gradually increasing after 350 MASL.
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Older age and certain comorbidities were shown to be associated with unfavorable disease outcomes 
for COVID-19 patients[26,27]. Populations living in higher latitudes were shown to have a higher 
median age and more frequent comorbid conditions[28]. Furthermore, individuals living at higher 
elevations from the sea level were shown to have less comorbidity burdens[12]. Our study sample also 
noted a similar distribution of median age and comorbidities to different latitude and altitude levels.

Prior studies suggested that the variation of mortality rates in different latitude settings was partly 
attributable to baseline characteristics of populations[32,33]. However, others detected a relationship 
between humidity or sunlight exposure and case rates, which was thought to be related to viral 
dynamics[11,34]. In this study, the association of mortality within 28 d of admission and HFD with 
latitude, although statistically significant in the unadjusted analysis, was not statistically significant after 
case-mix adjustment. Our findings indicate that differences observed in previous epidemiological 
studies may be due to ecological fallacy rather than implying a causal relationship with environmental 
factors at the individual level[16].

Studies evaluating the impact of altitude on case and fatality rates of COVID-19 illustrated that higher 
altitude had a protective effect, possibly due to physiological and habitual characteristics of the 
individuals and environmental factors impacting virus survival[12,35]. Conversely, in our study, 
mortality gradually increased with increasing altitude after 350 MASL, suggesting the impact of 
environmental hypoxia resulting in the fragility of pulmonary functions or coagulation disorders. 
Although our results might suggest an impact of different elevation levels on disease outcomes, not 
having enough variation in altitude to test the impact of atmospheric oxygen pressure impedes our 
ability to conclude the actual effect of higher altitudes. Thus, our analysis results should be interpreted 
with caution.

Studies that evaluated the effects of latitude and altitude in patients with COVID-19 were epidemi-
ological investigations that were conducted on populations rather than on individual patients. Thus, 
they are subject to the bias of aggregated variables rather than providing insight for a causal 
relationship[16]. This is the first study to evade ecological fallacy by considering individual baseline 
characteristics to the best of our knowledge. Thus, it might provide a better insight into the causal effect 
of environmental factors on adverse outcomes.

The most important limitation was the small sample variety in lower latitude and higher altitude 
environments. Especially not having patients from a wide range of altitude levels precluded drawing 
definitive conclusions about the impact of higher altitudes. Another limitation is being conducted 
exclusively on hospitalized patients, which might subject our results to collider bias[36]. Although our 
outcomes of interest might have ameliorated this limitation’s impact, it still hampers the generalizability 
of our results. Additionally, variations in patient management among different regions might have an 
impact on our results. Another weakness of our analysis is the lack of information about patients' home 
location (exempt IRB only allowed de-identified data use) and institutions' geographical locations as a 
surrogate. However, travel restrictions imposed during the study period might have kept patients 
confined to their primary residence and resultant nearby hospital admissions. Furthermore, although it 
was suggested as a contributor to disease severity, especially in higher latitudes, vitamin D levels were 
not incorporated in the analysis due to the unavailability. However, the timing of the study 
encompassing enough sunlight hours for the Northern Hemisphere might mitigate this limitation’s 
impact. Also, the number of patients included from the countries outside of the United States was 
limited. Moreover, to increase the accuracy of the frequency measurement, several institutions were not 
included in the study due to incomplete data variables.

CONCLUSION
Although 28 d mortality and HFD seemed to be associated with latitude, the association did not remain 
significant after adjustment. Our results might indicate that reported variations in COVID-19 in 
different environmental conditions might be based on individual patient characteristics rather than 
geographic factors.

ARTICLE HIGHLIGHTS
Research background
The coronavirus disease 2019 (COVID-19) has taken the world by storm. Several factors were attributed 
to the spread of the virus including altitude and latitude. We studied the relationship of location with 
unfavorable patient outcomes in COVID-19.

Research motivation
There were variations in the case and fatality rates in different regions of the world. Using a large 
cohort, we aimed to assess if latitude or altitude had an impact on the disease course of the COVID-19 
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on the individual patient level.

Research objectives
To study the association of certain aspects of location with unfavorable outcomes in COVID-19.

Research methods
An observational study using the Virus COVID-19 Registry was used to analyze for mortality within 28 
d of admission and hospital length of stay. Adjusting for baseline parameters and admission date, 
multivariable regression modeling was utilized.

Research results
Twenty-two thousand one hundred eight patients from 21 countries were included. Mortality within 28 
d of hospital admission was found to be 25%. The median number of hospital-free days among all 
included patients was 20 days. Despite the linear association between mortality within 28 d of hospital 
admission and hospital-free days and increasing latitude being significant, indicating that adverse 
disease outcomes were more frequent in locations further away from the Equator, the association was 
not significant after adjusting for baseline characteristics. A non-linear association between altitude and 
28-day mortality was seen.

Research conclusions
There seemed to be an association of latitude with mortality within 28 d of admission and hospital-free 
days, which was nonsignificant when adjusted for baseline characteristics.

Research perspectives
The differences observed in previous epidemiological studies may be due to ecological fallacy rather 
than implying a causal relationship with environmental factors at the individual level.
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Abstract
Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory 
syndrome coronavirus-2 has become a worldwide public health crisis. Studies 
have demonstrated that diabetes and dyslipidaemia are common comorbidities 
and could be high-risk factors for severe COVID-19. Vitamin D, a group of fat-
soluble compounds responsible for intestinal absorption of calcium, magnesium, 
and phosphate, has been widely used as a dietary supplement for the prevention 
and treatment of numerous diseases, including infectious and non-infectious 
diseases, due to its high cost-effectiveness; safety; tolerability; and anti-thro-
mbotic, anti-inflammatory, antiviral, and immunomodulatory properties. In this 
letter to the editor, we mainly discuss the potential role of vitamin D in patients 
with diabetes, dyslipidaemia, and COVID-19.

Key Words: Coronavirus disease 2019; Severe acute respiratory syndrome coronavirus-2; 
Vitamin D; Diabetes; Dyslipidaemia

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetes and dyslipidaemia are common comorbidities in patients with 
coronavirus disease 2019 (COVID-19), and these comorbidities are often associated 
with worse clinical outcome. In this letter to the editor, we hypothesize that vitamin D 
may be a prognostic factor and could be a promising preventive measure and treatment 
for patients with diabetes, dyslipidaemia, and COVID-19.
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TO THE EDITOR
We read with great interest the recent article by Iglesias et al[1] entitled “Retrospective analysis of anti-
inflammatory therapies during the first wave of coronavirus disease 2019 (COVID-19) at a community 
hospital”, which demonstrated the survival benefit associated with anti-inflammatory therapy with 
glucocorticoids and revealed that combination treatment with tocilizumab and glucocorticoids could 
provide the most benefit in critically ill patients with COVID-19 caused by severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2). However, monotherapy with tocilizumab as an interleukin 6 
(IL-6) antagonist was not associated with an increase in survival among critically ill patients with 
COVID-19, which could be explained by the fact that tocilizumab non-selectively blocks both anti-
inflammatory and pro-inflammatory actions of IL-6[2]. Meanwhile, vitamin D, a group of fat-soluble 
compounds, may have advantages over tocilizumab as an IL-6 immunomodulator by potentially 
reducing the pro-inflammatory effects, but avoiding the deleterious effects on the anti-inflammatory 
actions of IL-6 in patients with COVID-19[2]. Additionally, vitamin D could modulate the innate and 
adaptive immune responses, and its deficiency is associated with increased morbidity and mortality in 
SARS-CoV-2 infection[3]. Vitamin D status may be a potential predictor of COVID-19 outcomes, and 
vitamin D supplementation could be a promising therapeutic and preventive method against COVID-
19, due to its high cost-effectiveness; safety; tolerability; and anti-thrombotic, anti-inflammatory, 
antiviral, and immunomodulatory properties[3,4].

Another published article in your journal by Gkoufa et al[5] entitled “Elderly adults with COVID-19 
admitted to intensive care unit: A narrative review” found that diabetes and hypercholesterolemia were 
common comorbidities in older patients with COVID-19 and these comorbidities were often associated 
with worse clinical outcome. Previous studies also showed that vitamin D deficiency was associated 
with diabetes and dyslipidaemia[6,7]. Unfortunately, about 30%-50% of people in the world have 
vitamin D deficiency or insufficiency, and vitamin D deficiency has been a global health problem[8]. 
Singh et al[3] reviewed the evidence of vitamin D deficiency in patients with diabetes and COVID-19, 
and they proposed that diabetes increased the tendency for infection and COVID-19, vitamin D 
deficiency was linked to both diabetes and an increased risk of infections, including COVID-19, and 
vitamin D supplementation may be a safe, cheap, and simple adjuvant therapy in patients with diabetes 
and COVID-19. Verdoia et al[4] reviewed the mechanisms of action of vitamin D and its potential 
interaction with SARS-CoV-2 infection, and they reported that vitamin D plays an important protective 
role in the cardiovascular system, immune system, respiratory system, and glucose-lipid metabolism. 
Therefore, we hypothesize that vitamin D status has prognostic significance in diabetes and dyslip-
idaemia, and vitamin D supplementation could exert a triple preventive and therapeutic effect in 
patients with diabetes, dyslipidaemia, and COVID-19.

In summary, diabetes and dyslipidaemia are common comorbidities in patients with COVID-19. 
Patients with diabetes and dyslipidaemia are more prone to SARS-CoV-2 infection, and they have poor 
clinical outcomes. Vitamin D may be a potential prognostic factor and could be a promising preventive 
measure and treatment for patients with diabetes, dyslipidaemia, and COVID-19. Notably, hypervit-
aminosis D is a rare but potentially serious condition, and it should be avoided when recommending 
fat-soluble vitamin D supplementation in the era of COVID-19[9]. Certainly, more robust studies are still 
required to ascertain the prognostic significance and one-arrow three-vulture effect of vitamin D in 
patients with diabetes, dyslipidaemia, and COVID-19.
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Abstract
Cough is a common respiratory complaint driving patients to seek medical 
advice. Besides being a fundamental respiratory sign, it is also a crucial 
neurological sign. There are three main types of coughs: Reflex cough (type I), 
voluntary cough (type II), and evoked cough (type III). Cough is a reflex predom-
inantly mediated by control centers in the respiratory areas of the brainstem, 
modulated by the cerebral cortex. Cough reflex sensitivity could be increased in 
many neurological disorders such as brainstem space-occupying lesions, 
medullary lesions secondary to Chiari type I malformations, tics disorders such as 
Tourette's syndrome, somatic cough, cerebellar neurodegenerative diseases, and 
chronic vagal neuropathy due to allergic and non-allergic conditions. Meanwhile, 
cough sensitivity decreases in multiple sclerosis, brain hypoxia, cerebral 
hemispheric stroke with a brainstem shock, Parkinson's disease, dementia due to 
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Lewy body disease, amyotrophic lateral sclerosis, and peripheral neuropathy as diabetic 
neuropathy, hereditary sensory and autonomic neuropathy type IV, vitamin B12, and folate 
deficiency. Arnold's nerve ear-cough reflex, syncopal cough, cough headache, opioids-associated 
cough, and cough-anal reflex are signs that could help diagnose underlying neurological 
conditions. Cough reflex testing is a quick, easy, and cheap test performed during the cranial nerve 
examination. In this article, we reviewed the role of cough in various neurological disorders that 
increase or decrease cough sensitivity.

Key Words: Cough reflex; Neurological disorders; Cerebral disorders; Cerebellar disorder; Vagal neuropathy; 
Parkinsonism

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The article aimed to define the role of cough as a crucial symptom and sign for various 
neurological disorders. It sheds some light on the cough reflex and when its sensitivity is exaggerated or 
depressed and related to multiple neurological diseases. Cough reflexes can help diagnose some acute and 
chronic neurologic disorders, both in children and adults.

Citation: Al-Biltagi M, Bediwy AS, Saeed NK. Cough as a neurological sign: What a clinician should know. World 
J Crit Care Med 2022; 11(3): 115-128
URL: https://www.wjgnet.com/2220-3141/full/v11/i3/115.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i3.115

INTRODUCTION
Cough is a forced expiratory effort against a closed glottis that opens suddenly with the expulsion of 
secretion and foreign particles out of the airways, producing a distinctive sound. Cough is one of the 
most common complaints driving patients to seek medical advice. It is one of the essential respiratory 
protective mechanisms, alerting to the presence of a potential or actual respiratory tract lesion, and 
helps to clear secretions and foreign particles from the airways[1]. There are three main types of coughs 
according to the central control mechanisms: Reflex cough (type I), voluntary cough (type II), and 
evoked cough (type III), which follows the urge to cough[1,2].

Both reflex and voluntary cough initiate similar mechanisms of cough motor behavior. Cough is a 
reflex predominantly mediated by control centers in the respiratory areas of the brainstem, modulated 
by the cerebral cortex (Figure 1). Cough production passes through three harmonized phases: 
Inspiratory, compression, and expiratory. It starts with contraction of the inspiratory muscles (drawing 
air into the lungs), closure of the glottis (which generates a subglottic pressure), and abduction of the 
vocal folds with a forced expiration (enforcing the glottis to open) with expelling of the secretions out. 
However, the cough reflex is under the voluntary control of the higher neurologic centers, such as the 
cerebral cortex, which has a vital role in initiating and inhibiting cough[3]. The reflex has afferent 
sensory nerve fibers (mainly branches of the vagus nerve), which carry the afferent impulses diffusely to 
the medulla to reach the upper brain stem and pons. Other brain parts are integrated with the proper 
function of the cough center in the medulla as the pontine respiratory group, the lateral tegmental field, 
and deep cerebellar nuclei, which play a role in the pattern of cough generation, and regulation. The 
efferent fibers carry the signals from the cough center via the vagus, phrenic, and spinal motor nerves to 
the diaphragm, abdominal wall, and muscles[4]. As the cough reflex is a reflex, it could affect or be 
affected by different neurological disorders (Table 1). Both reflex and volitional coughs could be tested 
in various neurological and otolaryngological conditions. Other methods can test the sensitivity and 
efficiency of the cough reflex. The sensitivity can be assessed by the concentration or the duration at 
which the cough can be evoked when exposed to variable concentrations and/or durations of nebulized 
aerosols of a tussive substance (such as citric acid, L-tartaric acid, or capsaicin). However, considerable 
variabilities in the used methods are present while performing the test[5-7]. A group of Japanese 
scientists developed a device to measure cough strength while testing the cough reflex to assess cough 
efficiency and strength. They added an electronic spirometer to an ultrasonic nebulizer through a 
special pipe with a double lumen. The spirometer measures the peak cough flow of the provoked 
involuntary cough[8].
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Table 1 Neurological conditions associated with increased cough reflex sensitivity and its mechanism

Disorder Mechanism

Psychogenic causes: Somatic or “tic” cough, Tourette's 
syndrome

(1) Peer and familial psychosocial stress; and (2) Mediated in part by the 
dopaminergic activity

Cerebral 
disorders

Primary central reasons: (1) Medullary lesion: Chiari I 
malformations; (2) Space-occupying lesion; and (3) Neuromy-
elitis Optica spectrum disorder

(1) Lesions in the dorsal medullary region of the brainstem; (2) Irritation 
of the cough center; and (3) Autonomic dysregulation secondary to loss 
of parasympathetic innervation

Cerebellar 
disorders

Cerebellar neurodegenerative disorders e.g., autosomal 
dominant cerebellar ataxia

Lesions in deep cerebellar nuclei which are engaged in neural activities 
necessary for breathing and coughing causing laryngeal hyperreactivity 
and vagal dysfunction

Viral infections Induction of persistent plasticity in the neural pathways mediating 
cough with activation of the cough-evoking sensory nerves that 
innervate the airway wall

Irritant exposure Irritation of the rapidly adapting irritant receptors, located mainly on 
the posterior wall and the carina of the trachea, and pharynx

Chronic conditions such as asthma Due to Airway vagal hypertonia

Vagal 
neuropathy

Vitamin B12 deficiency Damages the myelin sheath and axonal degeneration

Figure 1 Cough reflex. The cough center lies in the medulla oblongata in the brainstem. Cough receptors project through the vagus nerve to relay neurons in the 
solitary nucleus, which project to other parts of the respiratory network, especially the pre-Bötzinger complex. Higher brain centers (cerebral cortex[1]) provide 
voluntary control over cough, e.g., cough inhibition. However, voluntary coughing does not seem to activate medullary systems. Subcortical centers[2] receive signals 
from other receptors and other emotional stimuli acting through the hypothalamus. Cerebellum[3] also has control over the cough center. The cough center starts the 
cough by signaling to the effector organs through the vagus nerve to the larynx, trachea, and bronchi[4], spinal motor neurons[5] to the expiratory muscles, and the 
phrenic nerve[6] to the diaphragm.

NEUROLOGICAL CONDITIONS ASSOCIATED WITH INCREASED COUGH REFLEX 
SENSITIVITY
Various neurological diseases could associate with increased cough reflex sensitivity, including cerebral 
and cerebellar disorders, neuromyelitis optica spectrum disorder (NMOSD), and vagal neuropathy 
(Table 1).

Cerebral disorders
The urge-to-cough (UTC) is a cognitive sensation needed to initiate and inhibit the reflexive cough 
stimuli lower than what is usually required to evoke a motor cough. Cough is mediated by the cerebral 
cortical or subcortical regions and activates multiple brain regions such as the insula, anterior midcin-
gulate cortex, primary sensory cortex, orbitofrontal cortex, supplementary motor area, and cerebellum
[9]. Cough, without an apparent medical etiology, is refractory to medical management,  underlying a 
possible psychiatric or psychological basis was previously called psychogenic, habit, or tic cough. 
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Nowadays, the term "psychogenic" is replaced by "somatic" cough, and the term "habit" was replaced by 
"tic" cough, according to the Diagnostic and Statistical Manual of Mental Disorders, fifth (DSM-5) 
edition[10]. The exact prevalence of somatic cough syndrome is not well known due to scarcity and 
discrepancies in studies. However, it affects about 3% to 10% of children suffering from a chronic cough 
with unknown causes and about 3.02% of Chinese in-patients with chronic cough[11].

The differentiation between somatic and non-somatic chronic cough is occasionally challenging 
because patients with chronic cough are more prone to psychomorbidities such as anxiety and 
depression, which can trigger a chronic cough. Diagnosis of somatic cough syndrome should only be 
made if the patient meets the DSM-5 criteria, independent of the presence or absence of the nocturnal 
cough or a cough with a barking/honking quality. Some categories of patients with somatic cough 
disorders (as children) may benefit from non-pharmacological trials of hypnosis or suggestion therapy 
or combinations of reassurance, counseling, or referral to a psychologist and/or psychiatrist[12]. Tic 
cough is a form of vocal or phonic tics characterized by sudden, brief, intermittent, involuntary, or semi-
voluntary cough. It may be associated with other motor or vocal tics such as throat clearing, sniffing, 
grunting, squeaking, screaming, barking, blowing, and sucking sounds[13]. To diagnose the cough as a 
tic, we depend on core tic criteria such as suppressibility, distractibility, suggestibility, variability, 
presence of a premonitory sensation, and whether the cough is single or a part of many tics[14]. 
Tourette's syndrome is a well-described neuropsychiatric disorder characterized by involuntary motor 
and phonics tics such as coughing, grunting, and wheezing. These phonic tics can be misdiagnosed as 
respiratory tract disorders such as asthma and upper and lower respiratory system infections. A careful 
history and thorough neurologic assessment are needed to reach a proper diagnosis. Behavior therapy, 
psychotherapy, deep brain stimulation, botulinum (Botox) injections, antiepileptics, and antidepressants 
are possible therapeutic options[15]. When the chronic cough is associated with cerebral manifestations 
such as truncal ataxia, nystagmus, or incoordination, a central cause in the cough center or higher 
controlling area should be suspected. Primary central reasons for chronic cough are scarce. A cough 
may be the initial symptom in patients with Chiari I malformations due to lesions in the dorsal 
medullary region of the brainstem. A space-occupying brainstem lesion involving the cough center or 
compressing on the efferent fibers can be a rare cause of chronic cough[16].

NMOSD
NMOSD is a rare autoimmune disease of the central nervous system with inflammation of the long 
segments of the spinal cord inflammation (myelitis) and optic nerve (severe optic neuritis) with attacks 
of intractable vomiting and hiccoughs due to autoimmune-mediated lesion affecting the postrema area 
and medullary floor of the fourth ventricle[17]. An uncontrollable cough may be an added key 
manifestation aiding the diagnosis of NMOSD, as described in many case reports. The cough is caused 
by autonomic dysregulation secondary to loss of parasympathetic innervation, which originates 
predominantly in the nucleus ambiguous of the medulla oblongata[18].

Cerebellar disorders
The neurons in the ventrolateral medulla that create cough and respiratory patterns interact with neural 
networks in the cerebellum-rostral interposed nucleus, rostral fastigial nucleus, and infra-cerebellar 
nucleus. The deep cerebellar nuclei are engaged in neural activities necessary for breathing and 
coughing. For this reason, a dramatic reduction in the cough frequency is observed after cerebellectomy 
or lesion of the interposed nucleus[19]. In neurodegenerative disorders associated with cerebellar 
degeneration, there is a reduction in the frequency of coughing episodes that coincides with cerebellar 
atrophy. However, in a rare type of autosomal dominant cerebellar ataxia (Spinocerebellar ataxia type 
5), episodes of spasmodic cough begin 10 to 30 years earlier than the onset of ataxia. It could also be 
associated with spasmodic dysphonia and tremor. A study from Portugal showed that the prevalence of 
spasmodic cough is about 2.7% in all the families with documented autosomal dominant cerebellar 
ataxia. Both spasmodic cough and dysphonia can be caused by laryngeal hyperreactivity and vagal 
dysfunction. These cough bursts could be considered reliable markers for familial neurodegenerative 
disease if a previously diagnosed case exists in the family[20].

Vagal neuropathy
The prevalence of chronic cough in vagal neuropathy differs according to the underlying pathology. It is 
prevalent with laryngeal disorders such as laryngeal sensory neuropathy, postviral vagal neuropathy, 
and irritable larynx. On the other hand, it is rare with hereditary sensory neuropathy and Vitamin B12 
deficiency[21]. Cough reflex hypersensitivity manifests by coughing spells, frequently triggered by low 
threshold stimuli which the patient faces during his usual daily activities such as exposure to a changing 
temperature, aerosols, perfumes, odors, or during talking or laughing. Cough reflex hypersensitivity is 
observed in all respiratory diseases (either acute or chronic) when the cough is a predominant feature. 
At the same time, neuroinflammation is one of the important underlying reasons for cough reflex 
hypersensitivity[22]. Cranial nerves, including the vagus nerve, can be affected by neuropathic inflam-
matory processes. The vagus nerve extensively innervates the respiratory and digestive tracts. Vagus 
nerve dysfunction can trigger cough[23].
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Chronic neuropathy of the laryngopharyngeal nerve, a branch of the vagus nerve, presents with 
symptoms of laryngeal irritation such as chronic cough, stridor, throat irritation, dysphonia, and foreign 
body sensation in the throat. There is increased cough reflex sensitization with abnormal neuropathic 
responses to the receptor stimuli in patients suffering from laryngeal neuropathy. Laryngopharyngeal 
neuropathy can result in changes in the afferent branches of the laryngeal and digestive reflex arch. 
Consequently, various stimuli like acids can trigger the symptoms. This laryngopharyngeal neuropathy 
may be associated with paradoxical vocal fold movement as a part of an irritable larynx syndrome 
where afferent reflex hypersensitivity is a common mechanism[24]. A vagal nerve neuropathy can also 
impair other motor branches of the vagus nerve, causing paresis or even paralysis of the vocal folds, 
paradoxical vocal fold movement, or other sensory branches inducing chronic cough and other 
symptoms such as throat tickling sensation, sore throat, laryngeal paraesthesia, and laryngospasm. 
These symptoms may be exacerbated and provoked by talking, laughter, irritating inhalants, and 
laryngeal palpation[25].

Vagus nerve dysfunction can follow viral infections, irritant exposure, or complicated chronic 
conditions such as asthma. In asthma, elevated substance P and neurokinin A levels in the induced 
sputum samples reflect airway neuronal activation. Furthermore, neuropeptide calcitonin-gene-related 
peptide (NCRP) levels in bronchoalveolar lavage from children with chronic cough are positively 
correlated with capsaicin cough reflex sensitivity. There is an increased expression of NCRP in the 
nerves supplying the airways in patients with chronic cough[26]. In conditions with intractable coughs, 
such as idiopathic pulmonary fibrosis, there are high levels of the nerve growth factor in the patients' 
airways which has significant neuroinflammatory consequences and is one of the factors responsible for 
cough chronicity[27]. Vitamin B12 deficiency can cause sensory neuropathy resulting in pharyngeal and 
laryngeal dysfunction, triggering a chronic cough. Vitamin B12 supplementation can improve the 
histamine threshold and significantly increase the cough threshold in patients with chronic cough due 
to vitamin B12 deficiency but has no significant effect on subjects without deficiency[28]. Vitamin B12 
deficiency-related cough should be in mind in patients treated with proton pump inhibitors or cytotoxic 
medications.

Behavioral therapy and medical management are needed to treat the hypersensitive cough reflex. 
Practicing respiratory retraining and learning how to do cough suppression strategies and techniques 
could help the patients cut the vicious circle of cough by loop suppression of the reflex. A superior 
laryngeal nerve (SLN) block is another method to help relieve chronic cough due to hypersensitive 
cough reflex. SLN block can be done as an outpatient service, where a combination of triamcinolone 
acetonide, lidocaine, and epinephrine is injected into the SLN internal branch at the level of the thyroid 
membrane. If injection of both sides is needed, we should do one side at a time[29]. Gabapentin, a well-
known antiepileptic drug, showed efficacy in controlling epilepsy and various painful conditions such 
as pruritus, diabetic neuropathy, fibromyalgia syndrome, hiccups, hot flashes, neuropathic pain, and 
restless leg syndrome. It was also successful in treating some cases of chronic refractory cough. It works 
by modulating the release of excitatory neurotransmitters, which act by interacting with gamma-
aminobutyric acid (GABA) receptors or N-methyl-D-aspartate receptors. Gabapentin is a valuable and 
safe drug in treating sensory neuropathic cough. Successful control of the cough by Gabapentin can help 
to confirm the diagnosis of sensory neuropathic cough. Tricyclic antidepressants, amitriptyline, and 
desipramine can also be used to treat this type of cough, but they are not as safe as Gabapentin, 
especially in old age[30]. Considering chronic cough as a neuropathic disorder, just like chronic 
neuropathic pain, will significantly change the potential strategies for diagnosing and managing chronic 
cough[31].

NEUROLOGICAL CONDITIONS ASSOCIATED WITH DIMINISHED COUGH REFLEX 
SENSITIVITY
Being a reflex predominantly involves the brainstem and is modulated by the cerebral cortex; cough can 
be diminished in several neurological disorders affecting the peripheral and central nervous systems. 
Diminishing cough reflex (dystussia) is associated with a high risk of developing pneumonia and 
increased morbidity and mortality rates in these diseases (Table 2).

Brain hypoxia and cerebrovascular events
The central nervous system (CNS) is significantly affected by hypoxia, which can depress cough 
through different mechanisms and decrease the sensitivity of the peripheral cough receptors and the 
rostral and caudal parts of the solitary nucleus. This nucleus is the recipient of all visceral afferents and 
an essential part of the regulatory centers of internal homeostasis through its multiple projections with 
cardiorespiratory and gastrointestinal regulatory centers[32]. The depressive effect of the hypoxia on the 
solitary nucleus is mediated by the GABA–mediated pathway. GABA is the chief inhibitory neurotrans-
mitter and can down-regulate the cough reflex sensitivity. Therefore, Baclofen, a GABA agonist, can 
decrease the cough sensitivity to capsaicin in healthy individuals[33]. In addition, hypoxia can increase 
CNS levels of endogenous opioids, thus reducing the cough sensitivity by inhibiting the central 
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Table 2 Neurological conditions associated with diminished cough reflex sensitivity

Category

Brain hypoxia

Cerebrovascular events

Dementia

Parkinson’s disease

Cerebral disorders

Drugs: e.g., antipsychotic drugs, anaesthetics

Amyotrophic lateral sclerosis and multiple sclerosis

Neuromuscular diseases: e.g., myasthenia gravis

Hereditary sensory autonomic neuropathies

Phrenic nerve palsy or injury

Diabetic autonomic neuropathy

Peripheral neuropathy

Vitamin B12 and folate deficiency

component of the cough. Hypoxia can occur in many cardiovascular diseases. The hypoxia-related 
impairment of the cough increases the morbidity and mortality rates in these diseases[34]. Cough reflex 
can be assessed in a comatose patient as a part of the Brainstem Responses Assessment Sedation Score in 
the intensive care unit by observing the patient's response to a tracheal suctioning. It is considered 
positive if any contraction of abdominal muscles is observed[35].

Cortex has control over the cough. The ability to voluntarily produce and suppress a cough is an 
example of the cortical control of the cough. Reduced strength of the voluntary cough may increase the 
risk of aspiration and other pulmonary consequences due to inadequate clearing of the aspirated 
material from the airway, as seen in patients with brainstem or cerebral stroke associated with an 
abnormal laryngeal cough reflex[36]. Many patients with cerebral hemispheric stroke showed a 
temporary or long-lasting malfunction of the laryngeal cough reflex (Known as "brainstem shock"). This 
shock is characterized by a generalized transient or permanent neurological malfunction of one or more 
vital neurological functions, including the respiratory drive, reticular activating system, or the laryngeal 
cough reflex.

Consequently, many patients with significant or minor hemispheric strokes may develop impaired 
consciousness and need intubation due to reduced respiratory drive. Addington et al[37] showed the 
importance of the stroke location in determining the effect of stroke on the laryngeal cough reflex and 
consequently on the pneumonia risk. They showed that the brainstem and cerebral hemispheric infarcts 
are more liable to affect the laryngeal cough reflex than basal ganglionic or cerebellar infarcts[37]. 
Daniels et al[38] showed that 67% of their patients with stroke did not show cough response, and 38% 
had suffered from aspiration[38]. Therefore, adding cough sensitivity testing to the clinical evaluation of 
the swallowing function will significantly reduce the aspiration pneumonia risk in patients with 
cerebral or brainstem stroke[7]. It also helps in monitoring the recovery from stroke and evaluating the 
postsurgical recovery of the laryngeal cough reflex after extubation and following general anesthesia
[39].

Patients with Lewy body disease-related dementia have decreased cough reflex sensitivity and 
central respiratory chemosensitivity, with decreased insula activation associated with UTC[9]. Patients 
with Parkinson's disease also have reduced intensity of voluntary and reflex cough efforts with a 
slightly higher cough threshold. Fontana et al[39] found that a motor rather than a sensory component of 
the cough reflex is primarily involved, especially in the early stages, primarily due to impairment in the 
central activation of motor units and reduced neural drive to expiratory muscles. The impaired central 
activation reflects the presence of bradykinesia which is one of the critical functional disorders in these 
patients[36]. Parkinsonism is associated with decreased Dopamine and other neurotransmitters 
production in substantia nigra, impairing substance P production in vagal sensory nerve C-fibers in the 
cervical ganglia. The low level of substance P weakens the swallowing reflex and suppresses the cough 
reflex causing frequent aspiration[40]. About 20% of deaths in patients with Parkinsonism were related 
to pneumonia, probably because of the impaired cough reflex and upper airway muscle dysfunction
[41]. In the same way, multiple sclerosis, with its characteristic disseminated demyelination patches in 
both the brain and spinal cord, can affect the voluntary cough efficiency and respiratory muscle power 
due to bulbar dysfunction and corticospinal tract damage in the spinal cord. The degree of impairment 
of cough reflex has an inverse correlation with the patients' degree of disability[42].

Motor neuron diseases
Motor neuron disease is a chronic degenerative neurological disorder affecting the corticospinal tracts, 
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motor nuclei in the brainstem, and the anterior horn cells of the spinal cord. It reduces the capacity of 
efficient cough. There is a hyperactive cough reflex in its early stages due to inflammatory mediators 
such as bradykinin and prostaglandins. As the disease progresses, there is continuous damage-causing 
cough desensitization. Various combinations of upper and lower motor neuron dysfunction may 
increase the need to cough but, unfortunately, impair the efficiency of both the voluntary and reflex 
types of coughs[43]. Amyotrophic lateral sclerosis is characterized by upper (UMN) and lower motor 
neuron (LMN) degeneration which negatively impacts the ability of respiratory and laryngeal 
musculature to work in harmony during the cough phases. The rigidity due to UMN degeneration and 
weakness due to LMN degeneration led to abnormal cough flow and impaired airway clearance 
abilities, causing different pulmonary sequelae, such as poor secretion management, recurrent 
pneumonia, and even respiratory failure[44]. Voluntary cough testing detects the presence of dysphagia 
and impaired airway defense physiologic capacity and secretion management. Constant assessment of 
voluntary cough function provides rapid detection of respiratory deterioration, permitting appropriate 
implementation of cough assist, non-invasive ventilation, and respiratory training before significant 
function degradation[45].

Neuromuscular diseases
Neuromuscular diseases are associated with increasing breathing disorders, including swallowing 
dysfunction, cough impairment, and frequent choking. In myasthenia gravis, cranial nerves impairment 
and bulbar weakness could be the initial symptoms causing frequent aspiration and, consequently, 
increasing the coughing frequency. However, if the patient develops a respiratory failure, the associated 
hypoxia causes peripheral and central impairment of the cough reflex sensitivity[46]. Phrenic nerve 
palsy or injury is associated with decreased cough reflex[47].

Peripheral neuropathy
Since cough is a defensive reflex, it could be affected by diseases targeting the peripheral nerves. 
Consequently, vagotomy or anesthesia-induced vagal block abolishes cough[48]. Hereditary Sensory 
Autonomic Neuropathies (HSAN) are rare hereditary peripheral neuropathies characterized by the loss 
of large myelinated and unmyelinated fibers resulting in decreased pain sensation and its associated 
consequences. Congenital insensitivity to pain with anhidrosis (CIPA) is HSAN type-IV; it occurs due to 
a mutation in the gene encoding for the neurotrophic tyrosine kinase receptor type I, called the NTRK1 
gene[49]. Both pain and cough can be evoked experimentally by stimulating nociceptive C-fibers and 
faster-conducting A-δ-fibers. Consequently, CIPA can impair both pain and cough. Few cases reports 
described this association[50,51].

Diabetes-related autonomic neuropathy is one of the most typical complications of diabetes mellitus 
(DM). Meanwhile, the vagus nerve is one of the first nerves damaged in DM. Different studies showed a 
significant increase in the cough threshold with cough reflex impairment. Ciljakova et al[52] found a 
robust negative correlation between cough reflex sensitivity and heart rate variability as an indicator of 
diabetic autonomic neuropathy[52]. Down-regulation of the cough reflex may start very early in the 
pathogenesis of diabetes. Varechova et al[53] found decreased cough reflex sensitivity in children with 
Type-I DM with subclinical autonomic neuropathy. Testing those children for reduced cough reflex 
could reflect the presence of autonomic dysfunction and its impact on respiratory and general health
[53]. Cough reflex sensitivity could also decrease with aging, during sleep, cranial nerve conduction 
abnormalities due to vitamin B12 and folate deficiency, and inhibition of dopamine receptors by 
antipsychotic drugs[40].

HOW CAN COUGH HELP TO DIAGNOSE NEUROLOGIC DISORDERS?
When a chronic cough is present, the underlying lesion should be investigated.

Arnold's nerve ear-cough reflex
In Arnold's nerve ear-cough reflex, the cough is triggered by mechanical stimulation of the external 
auditory meatus through the auricular branch of the vagus nerve (Arnold's nerve), which supplies the 
external auditory canal, middle ear, and auditory tube. The test is done using a cotton swab on a stick to 
stimulate the ear by placing the swab 3 to 5 mm into the external auditory canal and rotating for 2 to 3 s. 
We consider the test positive if the patient coughs within 10 s. The test should be performed on both 
sides, as many persons may only have one affected side. The test is positive in 2% of healthy children 
and adults, 3% of children, and 25% of adults with chronic cough. A positive reflex is more common in 
women than men and is unilateral in over 90% of patients[54].

Interestingly, hair within the ear canal can stimulate Arnold's nerve and trigger the urge to cough 
(Oto-tricho-tussia). Such patients can be easily treated by removing the hair[55]. This effect can be 
applied to any foreign body or earwax impaction in the auditory canal. Consequently, examining the 
external auditory canal should be a routine in patients with chronic cough, especially in old age[56]. The 
high prevalence of positive Arnold’s nerve reflex in patients with chronic cough suggests that chronic 
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cough is a neuropathic condition due to a disorder or alteration in the vagus (vagal hypersensitivity) 
that could be secondary to sensory nerve damage caused by the inflammatory, infective, or allergic 
factors. It is usually accompanied by other neuropathic features such as throat irritation (laryngeal 
paraesthesia). Cough is triggered upon exposure to non-tussive triggers such as cold air and eating 
(allotussia or UTC). The low prevalence of positive reflex in children with chronic cough (3%) compared 
to the adults (25%) indicates that the hypersensitivity of this reflex may be acquired, possibly by a viral 
infection[57]. A positive Arnold’s nerve reflex can be reversed after successful therapy of chronic cough. 
However, a positive Arnold’s nerve reflex is not a valid predictor of the cause of chronic cough but can 
trigger the need to investigate it[58].

Holmes-Adie syndrome
Holmes-Adie syndrome is another rare cause of tendon areflexia, unilateral or bilateral tonic pupils with 
slow reaction to near direct light, and chronic cough; due to autonomic dysfunction affecting some 
cranial nerves, including the vagus nerve. Autonomic dysfunction is a frequent finding for this 
condition; attributed to lesions in both afferent and efferent sympathetic and parasympathetic neurons. 
Airways reflux secondary to vagal dysfunction is a possible etiology of cough in these patients. The 
patients present with anisocoria, abnormal deep tendon reflexes, patchy hyperhidrosis or anhidrosis, 
and chronic cough[59]. Many patients with sensory neuropathic cough were relieved by neuralgia-
neuromodulator drugs, such as amitriptyline, desipramine, Gabapentin, pregabalin, oxcarbazepine, and 
others, when other potential causes of chronic cough have been ruled out. These medications may help 
reduce or abolish cough by diminishing the nerve-ending "misfires" caused by sensory neuropathic 
cough[60].

Cough syncope
Cough syncope is a temporary impairment or loss of consciousness with facial congestion and cyanosis; 
it typically occurs within seconds of a coughing paroxysm, followed by a rapid recovery. Cough 
syncope originally can mimic epilepsy. It was previously considered a form of epilepsy "known as 
laryngeal epilepsy" because of the associated jerking movements. However, many studies showed 
regular brain electrical activity during the episodes. It typically occurs in middle-aged and older, 
overweight, or muscularly built male smokers with a history of chronic obstructive lung disease. These 
persons are more prone to create a very high intrathoracic pressure associated with cough-induced 
syncope and fainting[61]. As it is mainly an adult disease, cough syncope was rarely reported in 
children, particularly under ten years[62]. The exact mechanism of cough syncope is debatable. Cough 
markedly elevates the intrathoracic pressures, diminishes the cardiac output, and decreases the systemic 
blood pressure and cerebral perfusion. At the same time, cerebrospinal fluid (CSF) pressure increases 
causing reduced brain perfusion; or a cerebral concussion-like effect due to rapid CSF pressure 
elevation. Another theory suggests that the cough initiates a neurally-mediated reflex vasodepressor-
bradycardia. Elimination of cough eliminates the resultant syncopal episodes[63].

The patient may have a fixed upward deviation of the eyes during the syncopal episode, which 
should not be confused with epilepsy. EEG shows temporary slowing during the attack but no seizure 
discharges. It is always accompanied by a coughing paroxysm. During the attack, the face becomes 
plethoric rather than cyanotic, and the entire episode lasts less than a minute. An aura never precedes it 
and is very rarely followed by post-ictal confusion/headache. Cough syncope frequently occurs at night 
while prone, whereas epilepsy can develop in any position[64]. Cough syncope is associated with a high 
incidence of pulmonary, cardiac, and neurologic disorders. Numerous CNS disorders were reported to 
be associated with cough syncope, including cerebral tumors (meningioma, glioblastoma), herniation of 
cerebellar tonsils (Type 1 Arnold-Chiari malformation), hydrocephalus, carotid and vertebral arterial 
occlusive disease, basilar invagination, autosomal dominant hereditary sensory neuropathy, and 
medullary infarction[65].

Cough headache
Cough-triggered headaches are uncommon, with a lifetime prevalence of 1%. Headache can be 
triggered by a rapid increase in the intra-abdominal, intra-thoracic, and intracranial pressure, caused by 
coughing, sneezing or straining in patients with low pain threshold[66]. It is either primary or 
symptomatic. Primary cough headache (previously known as benign cough headache or Valsalva 
maneuver headache) is currently defined as a headache with sudden onset, occurring only in 
association with coughing, straining, and/or Valsalva maneuver. It lasts from one second to 30 min and 
is unrelated to other disorders[67]. It is more frequent in males over 40 years, and usually bilateral, but 
sometimes unilateral. Pain is of moderate-to-severe intensity and is usually located in the fronto-
temporal regions, but sometimes presents with different patterns such as toothache. The pain can be 
triggered by Valsalva maneuvers but never by physical exercise. Nausea, vomiting, photo- and 
phonophobia are uncommon[68].

Underlying disorders can be detected in 40% of cases with symptomatic cough headaches. These 
lesions may involve but are not limited to Chiari type I malformation, obstructive hydrocephalus, 
posterior fossa structural lesions (as arachnoid cysts, dermoid tumors, meningiomas, or Os 
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odontoideum), spontaneous low CSF pressure or leak, subdural hematoma, multiple brain metastases, 
acute sphenoid sinusitis, pneumocephalus, pneumococcal meningitis, or non-ruptured cerebral 
aneurysm[69]. Symptoms are more common than those observed with the primary type, depending on 
the underlying abnormality. The headache is increasing in intensity with variable durations and 
locations. The pain may be pressing, explosive, bursting, stabbing, dull, electrical, lancinating, or having 
a mixed nature. Headache duration ranges from seconds to several weeks[65]. Headache can be 
triggered by a cough and other factors such as laughing, exertion, weightlifting, defecation, or rapid 
body or head postural changes. Posterior fossa symptoms are common, such as dizziness, unsteadiness, 
facial and upper limb numbness, vertigo, and syncope. The mechanism of headache is due to raised 
intracranial pressure, evidenced by the disappearance of the headache after surgical correction of the 
lesion[70].

Opioids-associated cough
Opioids are well known to have a central antitussive action. However, some opioids such as Alfentanil, 
Fentanyl, and Sufentanil can elicit a brief tussive effect in about 50% of the patients (especially smokers) 
within a few seconds from the rapid bolus intravenous injection. This tussive effect is due to the 
chemical stimulation of opioid receptors in the smooth muscles in the trachea, bronchi, and bronchioles. 
This pulmonary chemoreflex is unlikely to be mediated by the vagus nerve, as it is not affected by 
atropine pretreatment. Instead, pretreatment with inhaled β-2 adrenergic agonists considerably 
decreases the rate of cough related to the intravenous opioid injection. This opioid-associated cough is 
usually self-limited. It is also related to circulation time and could serve as a clinical landmark for vein-
to-brain time or cardiac output[71].

Cough-anal reflex
The anal wink in response to cough or sniff is a significant clinical sign during a neurological 
examination. It could be elicited by asking the patient to voluntarily cough or sniff while observing the 
anus. This reflex is not affected by transection of the spinal cord while being lost in cauda equina 
lesions. It is easier to be done and more convenient to the patient than the classic anal reflex. It is a 
promising tool and is better to be included in the neurological examination[72].

OTHER RESPIRATORY SYMPTOMS THAT COULD HAVE NEUROLOGICAL PATHOLOGY
Many other respiratory symptoms and signs could have underlying neuropathologies. Intractable 
sneezing and hiccup could be seen in patients with NMOSD[73]. However, a diminished sneezing reflex 
or difficulty initiating sneezing or the urge to sneeze is an uncommon neurological symptom. A runny 
nose and hypo or hyper-reflexive rhinopathy could indicate autonomic nervous system dysfunction
[74]. Nasal discharge may be observed in Parkinson's disease, dementia, and Alzheimer's disease or 
arise from their treatment[75]. CSF rhinorrhea is observed in head trauma and can be easily distin-
guished by a simple glucose dipstick test[76]. Throat clearing, dysphonia, and vocal fatigue can be 
observed in many patients with postviral vagal neuropathy[77]. However, a detailed discussion of these 
symptoms is out of the scope of this review.

TREATMENT OF NEUROLOGICAL DISEASE-RELATED COUGH
Treatment of cough secondary to neurogenic disorder is mainly directed to treat the cause. A suggested 
guideline for managing chronic neuropathic cough is demonstrated in Figure 2. Different modalities 
could be used to treat these coughs after trying to treat the original neurogenic disorder. Speech and 
language therapy, behavior modification, biofeedback, self-hypnosis, bed-sheet technique, and differ-
ential reinforcement can help treat somatic cough[21]. We can also try combined codeine and 
guaifenesin or empiric therapy with Gabapentin, Pregabalin, Nortriptyline, or Amitriptyline[78]. 
Botulinum toxin injection into the thyroarytenoid muscles or vocal cords may help to relieve chronic 
cough secondary to a neuropathic disorder[79]. Referral to a Specialist cough clinic could be an excellent 
choice to reach a definitive treatment for chronic cough not responding to the previous management. 
Enrolment in ongoing clinical trials could also be a valid option. Transcutaneous electrical nerve 
stimulation is a relatively new electroanalgesia method that helps relieve neuropathic pain disorders, 
including refractory chronic neuropathic cough, which is physiologically like other neuropathic pain 
conditions. Michalowski et al[80] studied the tolerability and feasibility of using Transcutaneous 
electrical nerve stimulation to treat neuropathic cough[80]. Other new modalities and novel therapeutic 
agents are under trial, especially those working on the brainstem and cerebral cortex.
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Figure 2 Proposed guidelines for the treatment of chronic cough.

CONCLUSION
A cough is a crucial neurological sign, the same as a critical respiratory sign. Cough reflex sensitivity 
could be increased or decreased in many neurological disorders. Cough reflex testing is quick, easy, and 
cheap tests can be performed during the cranial nerve examination.
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Abstract
Among the cardiac complications of coronavirus disease 2019 (COVID-19), one 
increasingly reported in the literature is myocardial infarction with non-
obstructive coronaries (MINOCA). We reviewed all reported cases of MINOCA in 
COVID-19 patients to summarize its clinical features, evaluation, and treatment. 
We performed a literature search in Pubmed using the search terms ‘COVID-19’ 
and ‘MINOCA’ or ‘non-obstructive coronaries’. Among the reported cases, the 
mean age was 61.5 years (SD ± 13.4), and 50% were men. Chest pain was the 
presenting symptom in five patients (62.5%), and hypertension was the most 
common comorbidity (62.5%). ST-elevation was seen in most patients (87.5%), and 
the overall mortality rate was 37.5%. MINOCA in COVID-19 is an entity with a 
broad differential diagnosis. Therefore, a uniform algorithm is needed in its 
evaluation to ensure timely diagnosis and management.
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Core Tip: Myocardial infarction with non-obstructive coronary arteries (MINOCA) may be more 
commonly seen in patients with coronavirus disease 2019 (COVID-19). To ensure that cases of MINOCA 
are identified and managed appropriately, a well-defined, algorithmic approach should be taken while 
evaluating COVID-19 patients with evidence of myocardial injury. This review summarizes the clinical 
characteristics and outcomes of all COVID-19 patients with MINOCA reported to date.

Citation: John K, Lal A, Sharma N, ElMeligy A, Mishra AK. Presentation and outcome of myocardial infarction 
with non-obstructive coronary arteries in coronavirus disease 2019. World J Crit Care Med 2022; 11(3): 129-138
URL: https://www.wjgnet.com/2220-3141/full/v11/i3/129.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i3.129

INTRODUCTION
Myocardial infarction with non-obstructive coronaries (MINOCA) is defined as a rise or fall of cardiac 
troponin, with at least one value above the 99th percentile of the upper reference limit, corroborative 
clinical evidence of infarction (classic symptoms, electrocardiogram changes, or new wall motion 
abnormality), non-obstructive coronary arteries on angiography (< 50% obstruction), and lack of an 
alternative diagnosis[1]. MINOCA is seen in 5%-6% of patients with acute myocardial infarction (AMI)
[2]. However, this number may be as high as 15% in certain subgroups[2]. Compared to patients with 
AMI due to obstructive coronary artery disease (CAD), patients with MINOCA are younger, consist of 
more women, and have a lesser prevalence of traditional risk factors such as dyslipidemia, diabetes 
mellitus, hypertension, tobacco use, and family history of AMI[1].

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has led to more than 4,250,000 deaths worldwide. Although primarily a 
respiratory illness, it is becoming increasingly clear that COVID-19 is a multi-system disease. How 
COVID-19 affects the cardiac system has been well documented. However, as more cases are reported, 
uncommon presentations and complications of COVID-19 are surfacing. Although there have been 
many reports of MINOCA in COVID-19 patients, a unified approach to evaluate such patients is 
lacking. In this paper, we review cases of MINOCA reported in patients with COVID-19 and provide a 
summary of its clinical features, evaluation, and treatment.

METHODS
In this review, we included articles on COVID-19 and MINOCA published in PubMed until January 
2022. We used the search terms ‘COVID-19’ and ‘MINOCA’ or ‘non-obstructive coronaries’. Case 
reports, case series, retrospective, and prospective observational studies on adult patients with COVID-
19 were eligible to be included. We excluded opinions, recommendations, and reviews that did not have 
clinical details of patients. Patients whose initial diagnosis of MINOCA was modified after further 
evaluation were also excluded. Studies in languages other than English were translated using Google 
Translate. Two independent clinicians were involved in the screening of the articles.

RESULTS
We found five cases and one case series of three patients with MINOCA and COVID-19[3-8] (Table 1). 
We also found five observational studies of MINOCA in COVID-19 patients, which are discussed 
seperately[9-13] (Table 2). Among the reported cases, the mean age of patients was 61.5 years (SD ± 
13.4), and 50% were men.

Demographic details and presentations
Chest pain was the presenting symptom in five patients (62.5%), two patients (25%) had dyspnea 
without chest pain, and one patient (12.5%) was found unresponsive at the time of presentation. 
Hypertension was the most common comorbidity and was present in 62.5% of the patients. Other 
comorbidities included diabetes mellitus, chronic obstructive pulmonary disease, non-ischemic heart 
failure with reduced ejection fraction, past ST-elevation myocardial infarction (STEMI), hypercholester-
olemia, and motor-neuron disease.

https://www.wjgnet.com/2220-3141/full/v11/i3/129.htm
https://dx.doi.org/10.5492/wjccm.v11.i3.129
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Table 1 Case reports of myocardial infarction with non-obstructive coronary arteries in coronavirus disease 2019

Sl. 
No Ref.

Age 
in 
yr

Sex Presenting 
complaint Comorbidities Chest imaging ECG Cardiac 

troponins Echocardiogram Angiogram Other investigations Management Outcome

1 [3] 47 M Shortness of 
breath for 6 
d, angina on 
day 2 of 
admittion

Hypertension CT thorax: 
Diffuse bilateral 
infiltrates, 
ground glass 
opacities, crazy 
paving with 
thickened 
interlobular 
septa, and 
consolidation in 
lower lobes

Inferior 
STEMI

0.012 
ng/mL 
(Ref range: 
< 0.0262 
ng/mL)

Not reported Emergency 
coronary 
angiography 
showed 30%-40% 
stenosis in the 
midportion of the 
left anterior 
descending artery. 
In addition to this, 
the left main 
coronary artery, 
left circumflex 
artery and right 
coronary artery 
were normal. ST 
segment elevation 
regressed in the 
ECG of the patient, 
who had no more 
ischemic cardiac 
symptoms after 
the intervention

CTPA did not reveal any 
evidence of pulmonary 
embolism. Cardiogo-
niometry (a non-invasive 
medical tool worked with 
spatiotemporal vectocardio-
graphic advancement), was 
performed after 24 h of the 
pain, it revealed septal 
inferior myocardial ischemia

300 mg po 
acetylsalicylic acid, 180 
mg po ticagrelor, and 
4000 IU IV heparin

Discharged on the 
eleventh day of his 
hospitalization in a 
healthy state

2 [4] 48 F Pain in her 
chest and left 
shoulder for 
1 day

none none Inverted T-
waves in II, 
III, aVF, V4, 
V5, and V6

Upward of 
25000 
pg/mL 
(Ref range: 
0.0–51.4 
pg/mL)

Hypokinesis in the 
apical inferior 
segment of the left 
ventricle

CTCA was 
performed to 
exclude a coronary 
origin for the 
complaints and for 
the laboratory and 
ECG 
abnormalities, 
which revealed no 
significant 
coronary 
obstruction

CMR showed features of 
myocardial oedema 
restricted to the mid-
ventricular to apical territory 
of the right coronary artery 
(RCA). Based on subendo-
cardial to partially 
transmural late gadolinium 
enhancement in the mid-
ventricular to apical inferior 
wall, an acute myocardial 
infarction was diagnosed. 
Cardiac positron emission 
tomography–computed 
tomography showed 
evidence of reduced 
metabolic activity in the area 
affected by the infarction

Acetylsalicylic acid, 
prophylactic-dose low-
molecular-weight 
heparin, and statin. 
Later dual anti-platelet 
therapy and an 
angiotensin-
converting-enzyme 
inhibitor was started

Discharged. Follow-
up echocardio-
graphy 2 d after 
discharge revealed a 
normal ejection 
fraction (58%) 
despite persistent 
inferior apical 
akinesia

Cough and 
shortness of 
breath which 
progressed 

Chest X-ray: 
bilateral 
infiltrates at the 
bases with no 

3–4 mm ST-
segment 
elevations in 
leads V2 and 

4.82 
ng/mL 
(Ref range: 
< 0.10 

Ejection fraction of 
50%–55%, no 
significant regional 
wall motion 

Admitted to the 
intensive care unit, 
requiring mechanical 
ventilation and 

Respiratory status 
worsened and he 
required increased 
oxygen and positive 

3 [5] 86 M No significant 
coronary artery 
disease
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to acute 
hypoxemic 
respiratory 
failure 
requiring 
intubation

other 
abnormalities

V3 ng/mL abnormalities, and 
no signs of cardiac 
tamponade

vasopressor support end-expiratory 
pressure, renal 
function worsened, 
as did lymphopenia 
and inflammatory 
biomarker 
abnormalities. Died 
on day 8

4 [6] 61 M Shortness of 
breath, 
respiratory 
failure 
requiring 
intubation

Hypertension, diabetes 
mellitus

2 mm of 
antero-
lateral ST-
elevation 
without 
reciprocal 
depression

6283 ng/L 
(Ref range: 
< 40 ng/L)

Moderate left 
ventricular systolic 
dysfunction

No luminal 
stenosis or 
thrombosis, with 
preserved TIMI 3 
flows in all 
coronary arteries

Left ventriculography: Mild 
apical hypokinesis

Loading dose of 
ticagrelor and IV 
heparin

On day 13, he was 
anuric and CVVH 
was started. 
Continued to 
worsen and died

5 [6] 59 F Found 
minimally 
responsive 
on the 
ground. 
Intubated by 
paramedics

Hypertension, COPD CT thorax: 
Bilateral lower 
lung lobe 
infiltrates and 
pulmonary 
oedema with 
moderate 
calcification in 
the mid-left 
anterior 
descending 
artery

ST-segment 
elevations in 
V1–V4 and 
reciprocal 
ST-
depressions 
in leads II, 
III, and aVF

2390 ng/L reduced left 
ventricular ejection 
fraction of 40% 
with antero-apical 
wall hypokinesis

Moderate diffuse 
atherosclerotic 
disease was 
observed in the left 
system with no 
significant luminal 
obstruction 
elsewhere

Not specified Extubated on Day 3. 
Discharged home 
subsequently

6 [6] 69 F acute onset 
chest 
tightness and 
dyspnea

Non-ischemic heart 
failure with reduced 
ejection. Implantable 
cardioverter-
defibrillator was 
placed in 2004. Motor 
neurone disease, 
diagnosed 4 yr 
previously

Chest X-ray: 
Bilateral 
infiltrates

Left bundle 
branch 
block. On 
day 3 
progressive 
dynamic 
concordant 
ST-elevation 
in V1–V2 
and ST-
depression 
in V3–V5

504 ng/L Impaired left 
ventricular function 
which was similar 
to baseline

No obstructive 
atheroma or 
thrombus

Loading dose dual 
antiplatelets, 
therapeutic low 
molecular weight 
heparin, high-dose IV 
diuretics, and IV 
nitrates

The patient died on 
Day 7 of admission

Chest X-ray: 
Bilateral 
interstitial 
prominenceCT 
chest: perihilar 
ground glass 
opacities, 
thickening of 
interlobular 
septa, and 
minimal bilateral 

Admitted to Cardiac 
Intensive Care Unit 
and started on 
supportive measures. 
Treated with 
lopinavir/ritonavir 400 
mg/100 mg tablet 
every 12 h for 4 d and 
hydroxychloroquine 
500 mg every 12 h, 
then hydroxy-

7 [7] 51 M Left sided 
chest pain, 
diaphoresis, 
syncope

Hypertension and 
hypercholesterolemia

3.5 mm ST 
elevation in I 
and avL, 5 
mm isolated 
ST elevation 
in lead V2, 
with deep 
reciprocal 
depressions 
in III, avF 
and avR

Not 
reported

Preserved left 
ventricular ejection 
fraction (LVEF) of 
55% and 
anteroapical 
hypokinesis on 
ventriculography

Patent coronary 
arteries

The patient 
recovered and was 
discharged home on 
day 26 on aspirin, 
statin and 
metoprolol
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pleural effusions, 
interpreted as 
consistent with 
congestive heart 
failure

chloroquine alone 400 
mg daily

8 [8] 71 F Chest-pain Hypertension, past 
STEMI

Chest X-ray: No 
pulmonary 
opacities

ST-segment 
elevation in 
inferior 
leads, and ST 
depression, 
and inverted 
T waves in 
V1-3

Negative Preserved left 
ventricular ejection 
fraction of 50% 
with inferior and 
septal hypokinesis

Non-obstructive 
coronary artery 
disease

Loading dose of 
ticagrelor and unfrac-
tionated heparin

Discharged

M: Male; F: Female; ECG: electrocardiogram; CT: Computed tomography; STEMI: ST-elevation myocardial infarction; CTPA: Computed tomographic pulmonary angiography; CTCA: Computed tomography coronary angiography; 
CMR: Cardiac Magnetic Resonance Imaging; TIMI: Thrombolysis in myocardial infarction; CVVH: Continuous veno-venous hemofiltration; COPD: Chronic Obstructive Pulmonary Disease.

Investigations
ST-elevation was seen in most patients (87.5%), while one patient (12.5%) had only T-wave inversion. In 
addition, a new-onset left bundle branch block was seen in one patient (12.5%)[6]. Three-quarters of all 
patients had elevated troponin levels. On echocardiography, three patients (37.5%) had reduced ejection 
fraction, and four (50%) had preserved ejection fraction. One case report did not include echocardio-
graphy findings. Non-obstructive coronary arteries were demonstrated by invasive angiography in all 
patients, except one who underwent computed tomography coronary angiography (CTCA)[4]. Cardiac 
magnetic resonance imaging (CMR) was performed on one patient. It showed myocardial edema 
restricted to the mid-ventricular to apical territory of the right coronary artery, and subendocardial-to-
partially transmural late gadolinium enhancement in the mid-ventricular to apical inferior wall. These 
findings were suggestive of acute myocardial infarction[4]. The same patient underwent cardiac 
positron emission tomography-computed tomography (PET-CT), which showed reduced metabolic 
activity in the area affected by the infarction. Another patient underwent computed tomographic 
pulmonary angiography, which ruled out pulmonary embolism, and cardiogoniometry, which revealed 
septal inferior myocardial ischemia[3].

Treatment and outcome
While most patients were treated with supportive care, antiplatelets, statins, and anticoagulation, one 
patient received anti-viral therapy (lopinavir/ritonavir) with hydroxychloroquine[7]. The overall 
mortality rate was 37.5%.

Observational studies reporting outcomes of MINOCA in COVID-19
In the five observational studies included in this review, the incidence of MINOCA among COVID-19 
patients with an acute coronary syndrome varied from 5.2% to 54.5%[9-13]. Demographic details were 
only reported in the study by Stefanini et al[9]. The mean age of patients with MINOCA in that study 
was 69.27 years (SD ± 10.6), and 54.5% were male. Hypertension was the most common comorbidity 
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Table 2 Studies that reported myocardial infarction with non-obstructive coronary arteries in coronavirus disease 2019

Sl. 
No Ref.

Total number 
of patients 
with MINOCA 
(%)

Mean 
age

Male 
(%) Comorbidities (%) Smoking(%)

Prior 
MI 
(%)

LVEF EKG (%) Mortality 
(%)

1 [9] 11/28 (39.3) 69.27 ± 
10.6

6 
(54.5)

Diabetes mellitus: 1/11 (9.1), 
Hypertension: 9/11 (91.8), 
Dyslipidemia: 3/11 (27.3), 
Chronic kidney disease: 5/11 
(45.4)

1/11 (9.1) 1/11 
(9.1)

43 ± 12.7 ST elevation: 
9/11 (81.81), 
New onset 
LBBB: 2/11 
(18.2)

5/11 
(45.4)

2 [10] 6/11 (54.5) - - - - - - -

3 [11] 3/9 (33.3) - - - - -- Low ejection 
fraction and 
RWMA in 2 
patients (ECHO 
not done for 
third)

ST elevation: 
3/3 (100)

2/3 (66)

4 [12] 1/19 (5.2) - - - - - - -

5 [13] 5/29 (17.24) - - - - - - - -

MINOCA: Myocardial infarction with non-obstructive coronary arteries; MI: Myocardial infarction; LVEF: Left ventricular ejection fraction; EKG: 
Electrocardiogram; LBBB: Left bundle branch block: RWMA: Regional Wall Motion Abnormality: ECHO: Echocardiography.

(91.8%), followed by chronic kidney disease (45.4%), dyslipidemia (27.3%) and diabetes mellitus (9.1%). 
The proportion of patients with ST-elevation on ECG was between 81.8% and 100%, and the mortality 
rate ranged from 45.4% to 66%.

DISCUSSION
Gross and Sternberg first described MINOCA in 1939[14]. Later, the term MINC or MINCA (myocardial 
infarction with normal coronary arteries) was coined, which was modified to MINOCA to be more 
inclusive. Other words that have been used in the literature to describe this pathology include ‘acute 
coronary syndromes with normal or near-normal coronary arteries’ (ACS-NNOCA) and ischemic 
syndromes with non-obstructive coronaries (INOCA). Strictly speaking, MINCA is a subset of 
MINOCA, which is a subset of ACS-NNOCA. The subtle differences between these terms have been 
confusing as these terms are often used interchangeably. Nevertheless, the term MINOCA provides a 
framework for evaluating such patients and is often used as a ‘working diagnosis’. Further evaluation 
may reveal secondary causes such as myocarditis, Takostubo cardiomyopathy, sepsis, cardiac 
contusion, spontaneous coronary artery dissection, microvascular disease, coronary artery spasm, or 
missed obstructive coronary artery disease. If a secondary cause is not found, a diagnosis of ‘unclas-
sified MINOCA’ is made[1].

The proportion of MINOCA seems to be higher in COVID-19 patients. In the study by Popovic et al
[10], there was a statistically significant increase in the proportion of MINOCA in COVID-19 patients 
compared to a historical cohort (54.5% vs 1.4%, P < 0.001). Due to the heterogeneity in case definitions 
and evaluation protocols between centers, the actual proportion of MINOCA among COVID-19 patients 
is difficult to estimate. One can gauge the upper limit of this estimate from the proportion of COVID-19 
patients with acute cardiac injury (ACI), which is one of the earliest measures of cardiac involvement 
reported during the COVID-19 pandemic. ACI, defined as cardiac-troponin elevation with values 
exceeding the 99th percentile of the upper reference limit, was observed in 8%-62% of COVID-19 patients
[15]. Also noteworthy was that any amount of cardiac injury was significantly associated with mortality 
(adjusted HR 1.75, P < 0.001)[16].

Some other characteristics of COVID-19 patients with MINOCA can be extrapolated from the results 
of a systematic review of 161 patients from 42 studies of COVID-19 patients with ST-elevation[17]. The 
authors observed that patients with non-obstructive CAD had more diffuse ST-segment elevation (13% 
vs 1%, P = 0.03) and diffuse left ventricular wall-motion abnormality (23% vs 3%, P = 0.02) when 
compared to those with obstructive CAD[17]. In the same review, the proportion of men in the group 
with obstructive CAD was higher than in the group with non-obstructive CAD (79% vs 57%)[17].

Our literature review found that many patients with COVID-19 and MINOCA received alternative 
diagnoses such as Takotsubo cardiomyopathy, coronary vasospasm, myocarditis, and coronary 
vasculitis on further evaluation. This is consistent with the concept that MINOCA is a dynamic 
diagnosis, and patients who were initially diagnosed with MINOCA may receive a revised diagnosis on 
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further evaluation. However, some patients were presumed to have myocarditis without objective 
evidence for the same[18-21]. A diagnosis of MINOCA or MINOCA under evaluation would better suit 
such patients. It must also be noted that the cases of MINOCA with COVID-19 that were included in 
this review are cases of ‘unclassified MINOCA.’

Specific causes for MINOCA in COVID-19 patients
Myocarditis: Myocarditis is defined as an inflammatory disease of the myocardium diagnosed by 
histological, immunological, immunohistochemical, and molecular criteria[22]. There have only been a 
handful of COVID-19 patients with endomyocardial biopsy-proven myocarditis[23,24]. Even in these 
patients, the SARS-CoV-2 genome could not be isolated from the biopsy sample. Thus, there is no 
conclusive proof that SARS-CoV-2 infects the myocardium resulting in myocarditis. Instead, the 
mechanism is probably one of immune-mediated damage and would justify steroids for treatment. 
However, many COVID-19 patients who were diagnosed with myocarditis do not meet the strict 
diagnostic criteria for the same, and giving steroids to such patients may be harmful[18-21].

Takotsubo cardiomyopathy: Takotsubo cardiomyopathy is an intriguing disorder, and its mechanism is 
yet to be elucidated fully. Takotsubo cardiomyopathy has been well documented in COVID-19 patients 
and can be due to the infection or the emotional stress associated with the pandemic[25]. Whether 
Takotsubo cardiomyopathy should be included as a cause of MINOCA is debatable. This is because the 
‘Fourth Universal Definition of Myocardial Infarction’ does not consider Takotsubo cardiomyopathy a 
form of myocardial infarction[26]. On the other hand, the elevation of cardiac troponins is well 
documented in Takotsubo cardiomyopathy[27]. In our opinion, Takotsubo cardiomyopathy must be 
included in the diagnostic algorithm of MINOCA as there seems to be an increased incidence in COVID-
19. Such a diagnosis carries certain therapeutic and prognostic implications as well.

Coronary vasculitis: Although coronary vasculitis is a rare cause of MINOCA, it has been reported in 
patients with COVID-19. Feuchtner et al[27] described an interesting case of a 48-year-old COVID-19 
patient who was evaluated for chest pain and was found to have non-obstructive coronaries suggestive 
of MINOCA. However, further evaluation with CMR confirmed subendocardial inferior zonal late 
enhancement, and CTCA showed diffuse irregular vessel wall thickening and perivascular edema 
suggestive of vasculitis. The patient was managed with acetylsalicylic acid and clopidogrel and was 
discharged after cardiac enzyme levels declined. Postmortem studies showed COVID-19 viral inclusion 
bodies in endothelial cells, supporting the possibility of endothelial cell infection and endarteritis[28]. 
Hence, COVID-19 induced coronary vasculitis may be more common than currently reported. This case 
also underscores the importance of identifying patients with MINOCA and evaluating them further, 
rather than giving a presumptive diagnosis of myocarditis.

Spontaneous coronary artery dissection: Multiple case reports in COVID-19 patients have documented 
spontaneous coronary artery dissection[29-32]. The obstruction is caused by the separation of the medial 
and adventitial walls, with an intramural hematoma protruding into the lumen. It is hypothesized that 
there is an intrinsic underlying vasculopathy, and the dissection is precipitated by stress, catecholamine 
surge, physical activity, or sympathetic stimulation[33]. The underlying endothelial dysfunction and 
thrombo-inflammation may be the reason for coronary artery dissection occurring in COVID-19.

Coronary vasospasm: Diagnosis of coronary vasospasm in COVID-19 patients with MINOCA is 
challenging, but possible, if a systematic approach is followed. This was demonstrated by Rivero et al
[34] in their case report of a 66-year-old man who presented with bilateral COVID-19 pneumonia and 
chest pain. After angiography, optical coherence tomography showed a stable, mainly fibrotic athero-
matous plaque. The diagnosis of coronary vasospasm was clinched by administering intracoronary 
ergonovine at increasing doses which led to severe chest pain and universal ST-segment elevation. 
Coronary angiography done at this time revealed nearly occlusive coronary vasospasm involving both 
the left anterior descending coronary artery and left circumflex coronary artery. Given how challenging 
it is to diagnose coronary vasospasm, it may be another under-reported cause of MINOCA in COVID-
19.

Miscellaneous causes: Type 2 myocardial infarction refers to events that occur due to a mismatch 
between myocardial oxygen supply and demand[26]. This is a heterogeneous class that can include 
various causes such as sepsis, anemia, arrhythmia, and pulmonary embolism-all of which can be seen in 
the setting of COVID-19 infection.

Evaluation of MINOCA
The differential diagnosis for MINOCA is broad, and therefore, a complete history and physical 
examination must remain at the core of its evaluation. It is also vital to re-take history and re-examine 
the patient multiple times at various stages of the evaluation process. This will ensure that investig-
ations are directed appropriately and a ‘fishing-expedition’ approach is avoided. The initial set of 
investigations may give clues to the underlying diagnosis before more invasive tests are undertaken. In 
a prospective cohort of STEMI patients who underwent primary percutaneous coronary intervention 
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(PPCI) during the COVID-19 outbreak, patients with COVID-19 and MINOCA had elevated markers of 
inflammation and abnormal coagulation parameters[10]. Moreover, anti-phospholipid antibodies were 
observed in three of these patients.

Once obstructive coronary artery disease has been ruled out, the most important investigation for 
evaluating the cause of MINOCA is CMR[35]. A large prospective multicenter observational study 
conducted from 2007 to 2011 included 152 patients with MINOCA. In this study, CMR showed that 19% 
of the patients had signs of myocardial necrosis, 7% had signs of myocarditis, and 7% had unrecognized 
hypertrophic cardiomyopathy or could not be classified[36]. A meta-analysis of 34 studies with 199 
COVID-19 patients for whom CMR was performed showed abnormal results in 79% and myocarditis in 
40.2%[37]. A caveat is that the absence of myocardial necrosis on CMR does not exclude MINOCA as 
they may have other findings that support the diagnosis[38].

Prognosis
While the prognosis of MINOCA depends on the underlying disease, most studies to date indicate a 
better prognosis for MINOCA when compared to patients with AMI due to obstructive CAD[2]. A 
review of ST-elevation in COVID-19 patients observed an overall in-hospital mortality of 30%, with no 
significant difference between obstructive and non-obstructive CAD[17]. This is comparable with the 
mortality rate of 37.5% in our review. The effect of anti-viral therapy for MINOCA on COVID-19 is 
debatable. While none of the patients who died received anti-viral therapy, the small sample size and 
study designs preclude us from drawing definite conclusions[39,40]. As more cases of MINOCA are 
reported, it may be feasible to conduct well-designed prospective studies to explore these questions 
further.

LIMITATIONS 
There are several limitations to this review. Many cases of MINOCA may have been treated along the 
lines of COVID-19 associated myocarditis. Therefore, it is likely that MINOCA is grossly under-reported 
in the literature. The small sample size of this review, due to the under-reporting of cases and the rarity 
of this condition, limits the generalizability of our findings. The publication of challenging cases with a 
positive outcome may have led to publication bias. There is also a lack of uniformity in the evaluation 
and diagnosis of MINOCA in COVID-19[41].

CONCLUSION
This review highlights that MINOCA in COVID-19 has a broad differential diagnosis that must be 
evaluated with a systematic diagnostic algorithm. COVID-19 patients with MINOCA had a mean age of 
61.5 years, and 50% of them were men. The most common presenting symptom was chest pain (62.5%), 
and ST-elevation was present in most patients (87.5%). The overall mortality rate was 37.5%. More 
studies are required to arrive at a reliable estimate of the true prevalence and prognostic relevance of 
MINOCA.
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Abstract
BACKGROUND 
Neonatal sepsis is a life-threatening disease. Early diagnosis is essential, but no 
single marker of infection has been identified. Sepsis activates a coagulation 
cascade with simultaneous production of the D-dimers due to lysis of fibrin. D-
dimer test reflects the activation of the coagulation system.

AIM 
To assess the D-dimer plasma level, elaborating its clinicopathological value in 
neonates with early-onset and late-onset neonatal sepsis.

METHODS 
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The study was a prospective cross-sectional study that included ninety neonates; divided into 
three groups:  Group I: Early-onset sepsis (EOS); Group II: Late-onset sepsis (LOS); and Group III: 
Control group. We diagnosed neonatal sepsis according to our protocol. C-reactive protein (CRP) 
and D-dimer assays were compared between EOS and LOS and correlated to the causative 
microbiological agents.

RESULTS 
D-dimer was significantly higher in septic groups with a considerably higher number of cases with 
positive D-dimer. Neonates with LOS had substantially higher levels of D-dimer than EOS, with 
no significant differences in CRP. Neonates with LOS had a significantly longer hospitalization 
duration and higher gram-negative bacteriemia and mortality rates than EOS (P < 0.01). Gram-
negative bacteria have the highest D-dimer levels (Acinetobacter, Klebsiella, and Pseudomonas) 
and CRP (Serratia, Klebsiella, and Pseudomonas); while gram-positive sepsis was associated with 
relatively lower levels. D-dimer had a significant negative correlation with hemoglobin level and 
platelet count; and a significant positive correlation with CRP, hospitalization duration, and 
mortality rates. The best-suggested cut-off point for D-dimer in neonatal sepsis was 0.75 mg/L, 
giving a sensitivity of 72.7% and specificity of 86.7%. The D-dimer assay has specificity and 
sensitivity comparable to CRP in the current study.

CONCLUSION 
The current study revealed a significant diagnostic value for D-dimer in neonatal sepsis. D-dimer 
can be used as an adjunct to other sepsis markers to increase the sensitivity and specificity of 
diagnosing neonatal sepsis.

Key Words: Early-onset neonatal sepsis; Late-onset neonatal sepsis; C-reactive protein; D-dimer

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study aimed to define the diagnostic and prognostic value of the D-dimer assay in early and 
late-onset sepsis. We prospectively studied C-reactive protein and D-dimer levels in 90 neonates divided 
into control, Early-onset sepsis, and late-onset sepsis. D-dimer was significantly higher in the septic 
groups, more in late-onset than early-onset sepsis, and with gram-negative sepsis than gram-positive 
sepsis. The best-suggested cut-off point for D-dimer in neonatal sepsis was 0.75 mg/L, giving a sensitivity 
of 72.7% and specificity of 86.7%.

Citation: Al-Biltagi M, Hantash EM, El-Shanshory MR, Badr EA, Zahra M, Anwar MH. Plasma D-dimer level in 
early and late-onset neonatal sepsis. World J Crit Care Med 2022; 11(3): 139-148
URL: https://www.wjgnet.com/2220-3141/full/v11/i3/139.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i3.139

INTRODUCTION
Neonatal sepsis is a severe systemic inflammatory response to blood-stream infection with high 
morbidity and mortality during the neonatal period. Early and proper diagnosis of neonatal sepsis is 
critical for timely-administered antibiotics, decreases the length of the hospital stay, and improves the 
prognosis, especially the neurodevelopmental outcome[1]. To diagnose neonatal sepsis, the physicians 
usually depend on the blood culture, the gold standard, and some screening tools such as acute phase 
reactants and cytokines, for instance, the white blood cell count, C-reactive protein (CRP), procalcitonin, 
interleukin-6, interleukin-8, CD11b, and CD64. However, the blood culture yield is not always accurate, 
with the possibility of false-negative and positive results. Acute phase reactants and cytokines may have 
high sensitivity to diagnose bacterial sepsis, but they may lack high specificity and good predictive 
value[2,3].

As sepsis is a clinical condition resulting from the interaction between the microbial agent and the 
host immune, inflammatory, and coagulation responses, some studies showed changes in the circulating 
coagulation proteins coupled with impaired fibrinolytic activity in patients with confirmed sepsis[4]. 
Activation of the coagulation cascade resulting from the released sepsis-induced; inflammatory 
cytokines enhance the degradation of cross-linked fibrin polymers with increased production of D-
dimer[5]. Consequently, D-dimer is considered a specific marker for increased procoagulatory activity 
and fibrinolysis. Elevation of D-dimer and fibrinogen degradation products rapidly occurs after dissem-
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inated intravascular coagulation (DIC) initiation, which may arise as a complication of sepsis[6]. 
Activation of the coagulation reflected by the increase in D-dimer levels contributes significantly to the 
sepsis outcome. Different ways to assess D-dimer levels are available, including enzyme-linked 
immunofluorescence immunoassay, microplate enzyme-linked immunosorbent assay, latex 
quantitative, latex semiquantitative, latex qualitative, and whole-blood assays[7]. In this study, we 
aimed to assess the plasma level of D-dimer in infants with neonatal sepsis to throw more light on its 
clinicopathological value in patients having neonatal sepsis.

MATERIALS AND METHODS
The present research was a prospective cross-sectional study conducted on ninety-four full-term 
neonates recruited serially from the Neonatal Intensive Care Unit (NICU), Pediatric department; the 
tertiary care hospital of Tanta University between January 2019 to January 2021. The recruited neonates 
were divided into three comparable groups: Group I included neonates with early sepsis (who 
developed sepsis within the first week after childbirth), Group II included neonates with late neonatal 
sepsis (who developed sepsis within the first week after birth), and Group III included healthy neonates 
with no clinical manifestation of sepsis and negative CRP and Gerdes sepsis screen less than two, 
recruited from the postnatal ward of the Obstetric Department and the outpatient clinic. All parents, 
guardians, or next of kin signed informed consent for the minors to participate in this study. The Institu-
tional Ethical and Research Review  Board of the Faculty of Medicine, Tanta University, approved the 
study.

We diagnosed neonatal sepsis based on the presence of suspected clinical signs of sepsis, positive 
CRP (≥ 10 mg/L), positive Gerdes' sepsis screen (≥ 2), and positive blood culture. Sepsis was suspected 
in the presence of fever or temperature instability, irritability, lethargy, feeding difficulty, apnea or 
respiratory distress, hepatomegaly, abdominal distention, convulsion, hypotonia, hemodynamic 
instability, or bleeding diathesis. As the diagnosis of neonatal sepsis is hampered by the frequent 
presence of non-infectious conditions that may mimic sepsis, we only included those with proven sepsis 
and positive blood culture in the study. According to Neonatal Intensive Care Unit protocol, all children 
with suspected sepsis receive the appropriate management.

We excluded premature neonates and neonates with congenital heart diseases, hypoxic-ischemic 
encephalopathy, liver diseases, renal diseases, hereditary coagulopathy, or other non-sepsis-related 
systemic disorders that could affect the level of CRP or D-dimer levels. All included neonates had 
thorough prenatal, natal, and postnatal history, thorough clinical examination, complete blood cell 
count (CBC) with differential, CRP levels, urine analysis and culture, blood culture, cerebrospinal fluid 
(CSF) analysis, and culture, and other infection markers as indicated. Chest X-ray, echocardiography, or 
abdominal X-ray were tailored according to the clinical indications. The D-dimer assay was performed 
using the D-dimer test device (NycoCard D-dimer, Axis-Shield, Oslo, Norway) and the Nycocard 
READER II (NycoCard READER II, Axis-Shield, Oslo, Norway). It is a single rapid test for detection of 
D-dimer in plasma and is based upon an immunometric flow-through, sandwich-format, immuno-
filtration principle. CRP levels were measured using high-sensitive Tinaquant CRP (Latex) immunotur-
bidimetric assay using Roche Modular P analyzer (CRP latex HS, Roche kit; Roche Diagnostics, GmbH, 
D-68298 Mannheim, Germany), following the manufacturer's instructions.

Statistical analysis
We used the Power and Precision V3 program to estimate the power level of the primary endpoint 
(serum level of D-dimer with a mean level of 1.0 ± 0.3 mg/L) (http://www.Power-Analysis.com, 
Englewood, New Jersey). The power level was 90% when using 30 patients for each group. The 
collected data were organized, tabulated, and statistically analyzed using SPSS version 19 (Statistical 
Package for Social Studies, IBM, Chicago, IL, United States). For numerical values, the range means and 
standard deviations were calculated. The differences between the two mean values were used using the 
student's t-test. Differences in mean values between more than two groups were tested by analysis of 
variance (F). We used the Scheffe test to compare every two groups when we found significance. The 
number and percentage were calculated for categorical variables, and differences between subcategories 
were tested by chi-square. Fisher and Monte Carlo exact tests were used when chi-square was not 
appropriate. We used the receiver operating characteristic (ROC) test to evaluate the diagnostic power 
of the different diagnostic techniques. We used Pearson's correlation coefficient to test the relations 
between two variables. Sensitivity, specificity, and predictive values were calculated to differentiate the 
ability to diagnose sepsis by CRP, Gerdes, and I/T ratio. We adopted the level of significance at P < 0.05.

RESULTS
Figure 1 shows the flow chart of the study, which included three groups: the control group (30 healthy 

http://www.Power-Analysis.com
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Figure 1 The flow chart of the study.

neonates), Neonates with EOS (30 neonates after exclusion of 36 neonates), and neonates with LOS (30 
neonates after exclusion of 8 neonates). The neonates were recruited sequentially. Table 1 and Figure 2 
show the groups' demographics, clinical presentation, and laboratory testing. There were no significant 
differences between the groups in the male-to-female ratio, presentation weight, and cesarean section 
rate. However, LOS was more common in males than females. We found no significant differences in 
the clinical presentation between EOS and LOS, although respiratory distress was more common in the 
EOS while cyanosis was more common in LOS. However, the number of neonates with a positive 
Gerdes score (≥ 2) was significantly higher in the EOS than in LOS. Premature rupture of membranes 
was present in 20% of cases with EOS. While umbilical vein catheterization or endotracheal intubation 
was more common in EOS, combined umbilical vein catheterization and endotracheal intubation were 
significantly more common in LOS. Neonates with EOS had a substantially higher rate of thrombocyt-
openia than LOS. However, Neonates with LOS had considerably higher levels of D-dimer than EOS. 
Meanwhile, we found no significant differences in CRP levels in neonates with EOS or LOS. However, 
neonates with LOS had a significantly longer duration of hospitalization and higher mortality rates than 
neonates with EOS.

Table 2 shows the microbial profile of neonates with EOS and LOS. The gram-negative bacteremia 
rate was significantly higher in LOS than in EOS, while gram-positive bacteremia was markedly higher 
in EOS than in LOS (P < 0.01). Klebsiella was the most common isolated gram-negative organism, while 
Group B Streptococcus was the most common isolated gram-positive organism. Table 3 shows the blood 
levels of D-dimer and CRP according to the isolated organism, with gram-negative bacteria having the 
highest levels of D-dimer (Acinetobacter, Klebsiella, and Pseudomonas) and CRP (Serratia, Klebsiella, and 
Pseudomonas). On the other hand, gram-positive sepsis was associated with relatively lower levels of D-
dimer and CRP. Table 4 showed that D-dimer had a significant negative correlation with hemoglobin 
level and platelet count while having a significant positive correlation with CRP, duration of the 
hospital stays, and mortality. The D-dimer levels were non-significantly higher in the neonates who 
died (1.91 ± 1.72) than those who survived (1.81 ± 1.68). We used the ROC curves to evaluate D-dimer's 
diagnostic power (discriminative ability) to diagnose neonatal sepsis. It revealed a significant diagnostic 
value for D-dimer for neonatal sepsis. The best-suggested cut-off point for D-dimer in neonatal sepsis is 
0.75 mg/L, giving a sensitivity of 72.7% and specificity of 86.7% (Table 5).

DISCUSSION
The current study examined D-dimer yield in diagnosing neonatal sepsis in 90 neonates, divided into 
three groups, early-onset, last onset sepsis, and a control group. Despite there being no significant 
differences in gender among the studied group, we observed an increased rate of LOS in males than in 
females, which could be related to a diminished cell-mediated immune response in males as it is an X-
chromosome-linked trait with the expression of some sex-specific pro-and anti-inflammatory cytokines
[8].

D-dimers are the D fragments of fibrinogen resulting from fibrinolysis during the plasmin mediated 
lysis of fibrin and are more specific than fibrin/fibrinogen degradation products and can serve as an 
indicator of microcirculatory failure[9]. In the current study, we found a significant increase in serum 
level of D-dimer in both patient groups with sepsis compared to the control, being significantly higher 
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Table 1 The control and patients' demographic and clinical and laboratory data

Control group (n = 30) EOS group (n = 30) LOS group (n = 30) t/Z P value

Age (mean ± SD, d) 2.10 ± 0.8 2.47 ± 0.57 12.47 ± 4.03 147.024 0.001

Weight (mean ± SD, g) 2.98 ± 0.4 2.85 ± 0.41 2.95 ± 0.3 0.895 NS

Male: Female 0.9:1 0.87: 1 1.5:1 0.356 NS

% of cesarean section 23 (76.7%) 22 (73.3%) 21 (70%) 0.381 NS

PROM 0 6 (20%) 0

UVC 0 4 (13.3%) 0 0.001

ETT 0 5 (16.7%) 4 (13.3%) 0.001

UVC + ETT 0 7 (23.3%) 13 (43.3%) 0.001

Risk factors (invasive procedure)

None 100% 14 (46.7%) 13 (43.3%) 0.001

Respiratory distress 0 27 (90%) 23 (77%) 1.920 NS

Apnea 0 3 (10%) 3 (10%) FE NS

Cyanosis 0 10 (33.3%) 14 (46.7%) 1.111 NS

Positive Gerdes score (≥ 2) 0 22 (73.3%) 19 (63.3 %) 38.258 0.001

Thrombocytopenia 2 (6.7%) 22 (73%) 12 (40%) 6.787 0.009

CRP (mg/dL) 4 ± 2 57.53 ± 38.82 65.47 ± 39.62 0.783 NS

D-dimer (mg/L) 0.60 ± 0.70 1.48 ± 1.44 2.27 ± 1.86 10.512 0.001

Hospital duration 0 21.6 ± 10 22 ± 9 0.051 NS

Mortality 0 9 (30%) 11 (36.7%) 0.300 NS

ETT: Endotracheal intubation; PROM: Premature rupture of membranes; UVC: Umbilical vein catheterization; NS: Not significant.

Table 2 Microbial profile in the patients' groups

EOS group (n = 30) LOS group (n = 30) Total (n =60) t P value

Total 21 (70.0%) 28 (93.3%) 49 (81.67%) 2.3 < 0.01

Klebsiella 15 (50%) 20 (67%) 35 (58%) 1.3 NS

E. coli 4 (13.30%) 1 (3.3%) 5 (8.33%) -1.4 NS

Acinetobacter 2 (6.66%) 4 (13.30%) 6 (10%) 0.85 NS

Serratia 0% 1 (3.3%) 1 (1.66%)

Gram-negative bacteria

Pseudomonas 0% 2 (6.66%) 2 (3.33%)

Total 8 (26.7%) 2 (6.7%) 10 (16.7%) -2.07 < 0.01

Group B Streptococcus 5 (16.60%) 0% 5 (8.33%)

CoNS 2 (6.66%) 1 (3.3%) 3 (5%) -0.6 NS

Enterococcus 1 (3.3%) 0% 1 (1.66%)

Gram-positive bacteria

MRSA 0% 1 (3.3%) 1 (1.66%)

Candida 1 (3.3%) 0% 1 (1.66%)

EOS: Early-onset sepsis; LOS: Late-onset sepsis; E. coli: Escherichia coli; CoNS: Coagulase-negative staphylococci; MRSA: Methicillin-resistant Staphylococcus 
aureus; NS: Not significant.

in the LOS than the EOS. These findings agree with Peker et al[10] and Mautone et al[11], who found 
high D-dimer levels in neonates with sepsis. These results contrast with Brahmana et al[12], who found 
low D-dimer in neonates with sepsis. This difference could be related to the gestational age of the 
neonates recruited, as they included preterm babies in their study.
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Table 3 Comparing D-dimer and C-reactive protein levels according to the isolated organisms

Organism D-dimer (mean ±  SD) CRP (mean ±  SD)
E. coli 1.3 ± 0.81 44.2 ± 4.3

Klebsiella 2.0971 ± 1.98916 71.1 ± 3.9

Acinetobacter 2.1333 ± 1.63 37.7 ± 3.4

Pseudomonas 1.95 ± 0.92 64.0 ± 5.65

Gram-negative bacteria

Serratia 1.8 ± 0.4 99.0 ± 0.79

Group B Streptococcus 1.6 ± 10.6 39.7 ± 2.5

CoNS 1.3 ± 0.51 53.7 ± 2.7

Gram-positive bacteria

MRSA 1.2 ± 0.60 58.0 ± 8.2

CRP: C-reactive protein; E. coli: Escherichia coli; CoNS: Coagulase-negative staphylococci; MRSA: Methicillin-resistant Staphylococcus aureus.

Table 4 Correlation between D-Dimer and other variables

D-dimer
Variables

R P value

Hemoglobin -0.246 0.0201

Platelets -0.228 0.0311

CRP 0.249 0.0181

Duration of the hospital stays 0.4 0.0011

Mortality 0.43 0.0011

1Significant.
CRP: C-reactive protein.

Table 5 Recipient observer characteristics curve results for D-dimer to diagnose neonatal sepsis

ROC curve results The area under the curve P value Cut off point Sensitivity Specificity

D-dimer (mg/L) 0.822 0.001 0.75 72.7% 86.7%

ROC: Receiver operating characteristic.

Our study found that D-dimer has a high sensitivity (72.7%) and specificity (86.7%) to diagnose 
neonatal sepsis with a cut-off point of 0.822 mg/L. This finding agrees with the work of Pancham et al
[13], who found that D-dimer had a sensitivity (90.0%) and negative predictive value (84.4%) in 
predicting sepsis. Considering the relatively high sensitivity of D-dimer, it can be beneficial as an 
additional diagnostic tool for neonatal sepsis. However, we should consider the relatively low 
specificity of the D-dimer. The current study observed that D-dimer was higher in the LOS than in 
neonates with EOS. The increase of D-dimer in LOS than EOS may be related to increased frequency of 
gram-negative bacterial sepsis and rate of invasive procedures such as umbilical vein catheterization 
and endotracheal intubation compared to EOS, as we observed a significant increase of D-dimer plasma 
levels in gram-negative sepsis when compared to EOS. Previous studies showed that the inflammatory 
cytokines, reflecting the severity of infection, increased from 1.5-5 folds in gram-negative sepsis 
compared to gram-positive sepsis[14]. Unfortunately, we did not find previous studies comparing D-
dimer levels between gram-negative and gram-positive sepsis. Meini et al[15] found that the D-dimer 
level can predict the severity and the course of severe invasive infections caused by the gram-negative 
bacteria Neisseria meningitides while failing to expect the course of the disease in invasive infections 
caused by Streptococcus pneumoniae. The increased rate of invasive procedures in LOS compared to EOS 
in our study could be an effect rather than a cause due to the increased rate of gram-negative sepsis with 
increasing severity. Meanwhile, there were higher rates of maternal risk factors such as premature 
rupture of membranes in the neonates with EOS than with LOS in our study. This finding could explain 
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Figure 2 The groups' demographics, clinical presentation, and laboratory testing. A: Frequency (%) of manifestations of sepsis in patients with early-
onset sepsis; B: Frequency (%) of manifestations of sepsis in patients with late-onset sepsis.

why gram-positive sepsis was relatively more common in EOS than in LOS.
In the current study, we observed a significant positive correlation of D-dimer with CRP level, 

duration of hospitalization, and mortality rate. CRP is a marker of inflammation and plays a role in the 
inflammatory process itself, activating the complement pathway, phagocytosis, apoptosis, and the 
production and release of cytokines[16]. CRP evaluation has a role in neonatal sepsis diagnosis even 
though many studies showed low or at least variable validity in screening neonatal sepsis and being a 
non-specific test[17,18]. However, it is a good indicator of the success of the antibiotic treatment[19]. The 
addition of D-dimer to CRP can increase the sensitivity and specificity of both tests in the diagnosis of 
neonatal sepsis. We also observed a significant positive correlation of the level of D-dimer with the 
duration of hospitalization, which agrees with the results of previous studies[20,21]. The positive 
correlation of D-dimer level with the mortality rate observed in the current research is related to many 
factors, as high D-dimer is observed in gram-negative sepsis, which carries high mortality risk and is 
associated with elevated CRP, indicating the severity of inflammation.

The high mortality observed in the current study is related to the high percentage of gram-negative 
sepsis included in the study. Our NICU is the leading tertiary NICU in the region, receiving critically 
sick and septic neonates from peripheral units. Most of the isolated gram-negative organisms were 
Acinetobacter and Klebsiella; most were MDR. Meanwhile, many neonates had severe thrombocyt-
openia and markedly elevated CRP, which predict a worse prognosis. Our results agree with the meta-
analysis done by Shah et al[22]. They found that patients with COVID-19 infection and elevated D-dimer 
levels had a higher risk of severe morbidity and mortality. Our results also agree with Ay et al[23], who 
found that a high D-dimer level was associated with a poor survival rate and high mortality rate in 
patients with cancer.

In the current study, we found a significant negative correlation of D-dimer with both hemoglobin 
(%) and the platelet count. Platelets have an active role in the host defense mechanisms as they can 
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perform phagocytosis. Their activation helps generate cytotoxic free radicals and oxidative molecules 
that destroy the invading organisms[24]. The current study found thrombocytopenia in 73% and 40% of 
EOS and LOS, respectively. Thrombocytopenia could be one of the presenting signs of neonatal sepsis 
but lack sensitivity and specificity and may appear late in the disease, which questions its usefulness as 
an initial marker of neonatal sepsis. However, we found a significant negative correlation between 
platelet count and plasma D-dimer levels. This correlation could reflect early or developing DIC, linked 
to increased fibrin degradation products (FDP) and D-dimer levels and increased platelet consumption
[25]. Other possible causes of neonatal sepsis-associated thrombocytopenia could be increased platelet 
activation, diffuse endothelial cell injury, and bacterial/fungal toxins-associated platelet destruction
[26]. Our results agree with Ree et al[27]. They reported that thrombocytopenia is independently 
associated with intravascular thrombosis and gram-negative sepsis, increasing the mortality risk nearly 
four to six-fold, especially in gram-negative sepsis.

Limitations
We have some limitations in the current study. We had a relatively small sample size. At the same time, 
the study was conducted in a single institution, so the results could not be generalized.

CONCLUSION
Neonatal sepsis is a life-threatening disease with high mortality and morbidity. The D-dimer is an 
exciting and promising biomarker for neonatal sepsis, able to predict morbidity and mortality. The 
current study revealed a significant diagnostic value for the D-dimer in neonatal sepsis. D-dimer can be 
used as an adjunct to other sepsis markers to increase the sensitivity and specificity of diagnosing 
neonatal sepsis.

ARTICLE HIGHLIGHTS
Research background
Neonatal sepsis is one of the critical conditions that put the life of neonates in danger. It is a severe 
systemic inflammatory response to blood-stream infections with significant neonatal morbidity and 
mortality. Early and proper diagnosis of neonatal sepsis is critical for timely-administered antibiotics, 
decreases the length of the hospital stay, and improves the prognosis, especially the neurodevelop-
mental outcome.

Research motivation
Early and proper diagnosis of neonatal sepsis is critical for appropriate and effective management with 
timely-administered antibiotics to decrease the hospitalization length and improve the prognosis, 
especially for the neurodevelopmental prospects.

Research objectives
We aimed to evaluate the significance of plasma D-dimer level in the early diagnosis of neonatal sepsis 
and elaborate on its clinicopathological value in neonates with early-onset and late-onset neonatal 
sepsis.

Research methods
The study was a prospective cross-sectional study that included ninety neonates; divided into early-
onset sepsis (EOS) group (Group I), late-onset sepsis (LOS) group (Group II), and control group (Group 
III). We diagnosed neonatal sepsis according to our protocol. C-reactive protein (CRP) and D-dimer 
assay were compared and related to the causative microbiological agents.

Research results
D-dimer was significantly higher in septic groups. Septic groups showed a significantly higher number 
of cases with positive D-dimer. Neonates with LOS had considerably higher levels of D-dimer than EOS. 
At the same time, there were no significant differences in CRP levels in neonates with EOS or LOS. 
However, neonates with LOS had a significantly longer duration of hospitalization and higher mortality 
rates than neonates with EOS. The rate of gram-negative bacteremia was substantially higher in LOS 
than in EOS, while the rate of gram-positive bacteremia was significantly higher in EOS than in LOS (P 
< 0.01). Gram-negative bacteria have the highest D-dimer levels (Acinetobacter, Klebsiella, and 
Pseudomonas) and CRP (Serratia, Klebsiella, and Pseudomonas). On the other hand, gram-positive 
sepsis was associated with relatively lower levels of D-dimer and CRP. D-dimer had a significant 
negative correlation with hemoglobin level and platelet count while having a significant positive 
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correlation with CRP, duration of the hospital stays, and mortality. The best-suggested cut-off point for 
D-dimer in neonatal sepsis was 0.75 mg/L, giving a sensitivity of 72.7% and specificity of 86.7%. The D-
dimer assay showed lower specificity and comparable sensitivity relative to CRP in the current study.

Research conclusions
The study revealed a significant diagnostic value for D-dimer in neonatal sepsis. D-dimer can be used as 
an adjunct to other sepsis markers to increase the sensitivity and specificity of diagnosing neonatal 
sepsis.

Research perspectives
To generalize our results, the authors need to include larger sample size and perform a multicenter 
study.

ACKNOWLEDGEMENTS
We thank the editors and the anonymous referees for their valuable suggestions.

FOOTNOTES
Author contributions: Anwar MH and El-Shanshory MR performed the clinical work and collected the data; Badr EA 
and Zahara MK performed the laboratory part; Hantash EM did the statistical analysis; Al-Biltagi M analyzed the 
data and wrote the manuscript; and All the authors revised and agreed to the final version of the manuscript.

Institutional review board statement: We performed the study according to the latest version of Helsinki's 
Declaration. The Institutional Ethical and Research Review Board of the Faculty of Medicine, Tanta University, 
approved the study.

Informed consent statement: All parents, guardians, or next of kin signed informed consent for the minors to 
participate in this study.

Conflict-of-interest statement: The authors declare no conflict of interest for this article.

Data sharing statement: Data are available upon reasonable request.

STROBE statement: The authors have read the STROBE statement, and the manuscript was prepared and revised 
according to the STROBE statement.

Open-Access: This article is an open-access article selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) 
license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their 
derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: 
https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: Egypt

ORCID number: Mohammed Al-Biltagi 0000-0002-7761-9536; Ehab M Hantash 0000-0002-4164-6014; Mohammed Ramadan 
El-Shanshory 0000-0002-7995-8662; Enayat Aly Badr 0000-0002-9438-7255; Mohamed Zahra 0000-0002-1923-2659; Manar 
Hany Anwar 0000-0001-8927-2990.

S-Editor: Ma YJ 
L-Editor: A 
P-Editor: Ma YJ

REFERENCES
Simonsen KA, Anderson-Berry AL, Delair SF, Davies HD. Early-onset neonatal sepsis. Clin Microbiol Rev 2014; 27: 21-
47 [PMID: 24396135 DOI: 10.1128/CMR.00031-13]

1     

Marks L, de Waal K, Ferguson JK. Time to positive blood culture in early-onset neonatal sepsis: A retrospective clinical 
study and review of the literature. J Paediatr Child Health 2020; 56: 1371-1375 [PMID: 32621356 DOI: 
10.1111/jpc.14934]

2     

Morad EA, Rabie RA, Almalky MA, Gebriel MG. Evaluation of Procalcitonin, C-Reactive Protein, and Interleukin-6 as 
Early Markers for Diagnosis of Neonatal Sepsis. Int J Microbiol 2020; 2020: 8889086 [PMID: 33061986 DOI: 

3     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-7761-9536
http://orcid.org/0000-0002-7761-9536
http://orcid.org/0000-0002-4164-6014
http://orcid.org/0000-0002-4164-6014
http://orcid.org/0000-0002-7995-8662
http://orcid.org/0000-0002-7995-8662
http://orcid.org/0000-0002-9438-7255
http://orcid.org/0000-0002-9438-7255
http://orcid.org/0000-0002-1923-2659
http://orcid.org/0000-0002-1923-2659
http://orcid.org/0000-0001-8927-2990
http://orcid.org/0000-0001-8927-2990
http://www.ncbi.nlm.nih.gov/pubmed/24396135
https://dx.doi.org/10.1128/CMR.00031-13
http://www.ncbi.nlm.nih.gov/pubmed/32621356
https://dx.doi.org/10.1111/jpc.14934
http://www.ncbi.nlm.nih.gov/pubmed/33061986


Al-Biltagi M et al. D-dimer in neonatal sepsis

WJCCM https://www.wjgnet.com 148 May 9, 2022 Volume 11 Issue 3

10.1155/2020/8889086]
Semeraro N, Ammollo CT, Semeraro F, Colucci M. Sepsis-associated disseminated intravascular coagulation and 
thromboembolic disease. Mediterr J Hematol Infect Dis 2010; 2: e2010024 [PMID: 21415977 DOI: 
10.4084/MJHID.2010.024]

4     

Fiusa MM, Carvalho-Filho MA, Annichino-Bizzacchi JM, De Paula EV. Causes and consequences of coagulation 
activation in sepsis: an evolutionary medicine perspective. BMC Med 2015; 13: 105 [PMID: 25943883 DOI: 
10.1186/s12916-015-0327-2]

5     

Trimaille A, Thachil J, Marchandot B, Curtiaud A, Leonard-Lorant I, Carmona A, Matsushita K, Sato C, Sattler L, 
Grunebaum L, Hansmann Y, Fafi-Kremer S, Jesel L, Ohana M, Morel O. D-Dimers Level as a Possible Marker of 
Extravascular Fibrinolysis in COVID-19 Patients. J Clin Med 2020; 10 [PMID: 33374487 DOI: 10.3390/jcm10010039]

6     

Coskun F, Yilmaz D, Ursavas A, Uzaslan E, Ege E. Relationship between disease severity and D-dimer levels measured 
with two different methods in pulmonary embolism patients. Multidiscip Respir Med 2010; 5: 168-172 [PMID: 22958319 
DOI: 10.1186/2049-6958-5-3-168]

7     

Angele MK, Pratschke S, Hubbard WJ, Chaudry IH. Gender differences in sepsis: cardiovascular and immunological 
aspects. Virulence 2014; 5: 12-19 [PMID: 24193307 DOI: 10.4161/viru.26982]

8     

Chapin JC, Hajjar KA. Fibrinolysis and the control of blood coagulation. Blood Rev 2015; 29: 17-24 [PMID: 25294122 
DOI: 10.1016/j.blre.2014.09.003]

9     

Peker E, Akbayram S, Geylani H, Dogan M, Kirimi E. Global fibrinolytic capacity in neonatal sepsis. Clin Appl Thromb 
Hemost 2011; 17: E64-E69 [PMID: 21078608 DOI: 10.1177/1076029610384113]

10     

Mautone A, Giordano P, Montagna O, Quercia M, Altomare M, De Mattia D. Coagulation and fibrinolytic systems in the 
ill preterm newborn. Acta Paediatr 1997; 86: 1100-1104 [PMID: 9350893 DOI: 10.1111/j.1651-2227.1997.tb14816.x]

11     

Brahmana AR, Lubis BM, Ali M. The role of d-dimer levels as a marker of neonatal sepsis. Glob J Res Anal 2019; 8: 47-
49 [DOI: 10.1136/archdischild-2019-epa.783]

12     

Pancham K, Anjula C, Parveen B, Lokesh C, Mohit K. D-dimer: A useful marker in neonatal sepsis. J Clin Neonatol  
2015; 4: 101-103 [DOI: 10.4103/2249-4847.154552]

13     

Surbatovic M, Popovic N, Vojvodic D, Milosevic I, Acimovic G, Stojicic M, Veljovic M, Jevdjic J, Djordjevic D, 
Radakovic S. Cytokine profile in severe Gram-positive and Gram-negative abdominal sepsis. Sci Rep 2015; 5: 11355 
[PMID: 26079127 DOI: 10.1038/srep11355]

14     

Meini S, Sozio E, Bertolino G, Sbrana F, Ripoli A, Pallotto C, Viaggi B, Andreini R, Attanasio V, Rescigno C, Atripaldi L, 
Leonardi S, Bernardo M, Tascini C. D-Dimer as Biomarker for Early Prediction of Clinical Outcomes in Patients With 
Severe Invasive Infections Due to Streptococcus Pneumoniae and Neisseria Meningitidis. Front Med (Lausanne) 2021; 8: 
627830 [PMID: 33937280 DOI: 10.3389/fmed.2021.627830]

15     

Sproston NR, Ashworth JJ. Role of C-Reactive Protein at Sites of Inflammation and Infection. Front Immunol 2018; 9: 
754 [PMID: 29706967 DOI: 10.3389/fimmu.2018.00754]

16     

Khan F. C-reactive Protein as a Screening Biomarker in Neonatal Sepsis. J Coll Physicians Surg Pak 2019; 29: 951-953 
[PMID: 31564268 DOI: 10.29271/jcpsp.2019.10.951]

17     

Hisamuddin E, Hisam A, Wahid S, Raza G. Validity of C-reactive protein (CRP) for diagnosis of neonatal sepsis. Pak J 
Med Sci 2015; 31: 527-531 [PMID: 26150837 DOI: 10.12669/pjms.313.6668]

18     

Ahmed E, Rehman A, Ali MA. Validation of serum C-reactive protein for the diagnosis and monitoring of antibiotic 
therapy in neonatal sepsis. Pak J Med Sci 2017; 33: 1434-1437 [PMID: 29492073 DOI: 10.12669/pjms.336.13927]

19     

Dhainaut JF, Shorr AF, Macias WL, Kollef MJ, Levi M, Reinhart K, Nelson DR. Dynamic evolution of coagulopathy in 
the first day of severe sepsis: relationship with mortality and organ failure. Crit Care Med 2005; 33: 341-348 [PMID: 
15699837 DOI: 10.1097/01.ccm.0000153520.31562.48]

20     

Rodelo JR, De la Rosa G, Valencia ML, Ospina S, Arango CM, Gómez CI, García A, Nuñez E, Jaimes FA. D-dimer is a 
significant prognostic factor in patients with suspected infection and sepsis. Am J Emerg Med 2012; 30: 1991-1999 [PMID: 
22795996 DOI: 10.1016/j.ajem.2012.04.033]

21     

Shah S, Shah K, Patel SB, Patel FS, Osman M, Velagapudi P, Turagam MK, Lakkireddy D, Garg J. Elevated D-Dimer 
Levels Are Associated With Increased Risk of Mortality in Coronavirus Disease 2019: A Systematic Review and Meta-
Analysis. Cardiol Rev 2020; 28: 295-302 [PMID: 33017364 DOI: 10.1097/CRD.0000000000000330]

22     

Ay C, Dunkler D, Pirker R, Thaler J, Quehenberger P, Wagner O, Zielinski C, Pabinger I. High D-dimer levels are 
associated with poor prognosis in cancer patients. Haematologica 2012; 97: 1158-1164 [PMID: 22371182 DOI: 
10.3324/haematol.2011.054718]

23     

Ali RA, Wuescher LM, Worth RG. Platelets: essential components of the immune system. Curr Trends Immunol 2015; 16: 
65-78 [PMID: 27818580]

24     

Sridhar A, Sunil Kumar BM, Rau A, Rau ATK. A Correlation of the Platelet Count with D-Dimer Levels as an Indicator 
for Component Therapy in Children with Dengue Hemorrhagic Fever. Indian J Hematol Blood Transfus 2017; 33: 222-227 
[PMID: 28596655 DOI: 10.1007/s12288-016-0686-7]

25     

Sheu JR, Hung WC, Wu CH, Ma MC, Kan YC, Lin CH, Lin MS, Luk HN, Yen MH. Reduction in lipopolysaccharide-
induced thrombocytopenia by triflavin in a rat model of septicemia. Circulation 1999; 99: 3056-3062 [PMID: 10368125 
DOI: 10.1161/01.cir.99.23.3056]

26     

Ree IMC, Fustolo-Gunnink SF, Bekker V, Fijnvandraat KJ, Steggerda SJ, Lopriore E. Thrombocytopenia in neonatal 
sepsis: Incidence, severity and risk factors. PLoS One 2017; 12: e0185581 [PMID: 28977011 DOI: 
10.1371/journal.pone.0185581]

27     

https://dx.doi.org/10.1155/2020/8889086
http://www.ncbi.nlm.nih.gov/pubmed/21415977
https://dx.doi.org/10.4084/MJHID.2010.024
http://www.ncbi.nlm.nih.gov/pubmed/25943883
https://dx.doi.org/10.1186/s12916-015-0327-2
http://www.ncbi.nlm.nih.gov/pubmed/33374487
https://dx.doi.org/10.3390/jcm10010039
http://www.ncbi.nlm.nih.gov/pubmed/22958319
https://dx.doi.org/10.1186/2049-6958-5-3-168
http://www.ncbi.nlm.nih.gov/pubmed/24193307
https://dx.doi.org/10.4161/viru.26982
http://www.ncbi.nlm.nih.gov/pubmed/25294122
https://dx.doi.org/10.1016/j.blre.2014.09.003
http://www.ncbi.nlm.nih.gov/pubmed/21078608
https://dx.doi.org/10.1177/1076029610384113
http://www.ncbi.nlm.nih.gov/pubmed/9350893
https://dx.doi.org/10.1111/j.1651-2227.1997.tb14816.x
https://dx.doi.org/10.1136/archdischild-2019-epa.783
https://dx.doi.org/10.4103/2249-4847.154552
http://www.ncbi.nlm.nih.gov/pubmed/26079127
https://dx.doi.org/10.1038/srep11355
http://www.ncbi.nlm.nih.gov/pubmed/33937280
https://dx.doi.org/10.3389/fmed.2021.627830
http://www.ncbi.nlm.nih.gov/pubmed/29706967
https://dx.doi.org/10.3389/fimmu.2018.00754
http://www.ncbi.nlm.nih.gov/pubmed/31564268
https://dx.doi.org/10.29271/jcpsp.2019.10.951
http://www.ncbi.nlm.nih.gov/pubmed/26150837
https://dx.doi.org/10.12669/pjms.313.6668
http://www.ncbi.nlm.nih.gov/pubmed/29492073
https://dx.doi.org/10.12669/pjms.336.13927
http://www.ncbi.nlm.nih.gov/pubmed/15699837
https://dx.doi.org/10.1097/01.ccm.0000153520.31562.48
http://www.ncbi.nlm.nih.gov/pubmed/22795996
https://dx.doi.org/10.1016/j.ajem.2012.04.033
http://www.ncbi.nlm.nih.gov/pubmed/33017364
https://dx.doi.org/10.1097/CRD.0000000000000330
http://www.ncbi.nlm.nih.gov/pubmed/22371182
https://dx.doi.org/10.3324/haematol.2011.054718
http://www.ncbi.nlm.nih.gov/pubmed/27818580
http://www.ncbi.nlm.nih.gov/pubmed/28596655
https://dx.doi.org/10.1007/s12288-016-0686-7
http://www.ncbi.nlm.nih.gov/pubmed/10368125
https://dx.doi.org/10.1161/01.cir.99.23.3056
http://www.ncbi.nlm.nih.gov/pubmed/28977011
https://dx.doi.org/10.1371/journal.pone.0185581


WJCCM https://www.wjgnet.com 149 May 9, 2022 Volume 11 Issue 3

World Journal of 

Critical Care 
MedicineW J C C M

Submit a Manuscript: https://www.f6publishing.com World J Crit Care Med 2022 May 9; 11(3): 149-159

DOI: 10.5492/wjccm.v11.i3.149 ISSN 2220-3141 (online)

ORIGINAL ARTICLE

Retrospective Study

Stress cardiomyopathy in critical care: A case series of 109 patients

Parth Pancholi, Nader Emami, Melissa J Fazzari, Sumit Kapoor

Specialty type: Critical care 
medicine

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Lv Y, China; 
Moldovan C, Romania

Received: November 22, 2021 
Peer-review started: November 22, 
2021 
First decision: January 12, 2022 
Revised: January 20, 2022 
Accepted: March 16, 2022 
Article in press: March 16, 2022 
Published online: May 9, 2022

Parth Pancholi, Department of Medicine, Montefiore Medical Center, Albert Einstein College 
of Medicine, Bronx, NY 10467, United States

Nader Emami, Division of Critical Care Medicine, Department of Medicine, Montefiore 
Medical Center, Albert Einstein College of Medicine, Bronx, NY 10467, United States

Melissa J Fazzari, Department of Epidemiology and Population Health, Albert Einstein College 
of Medicine, Bronx, NY 10461, United States

Sumit Kapoor, Division of Critical Care Medicine, Department of Medicine, Montefiore 
Medical Center, Albert Einstein College of Medicine, Bronx, NY 10467, United States 

Corresponding author: Sumit Kapoor, MD, Division of Critical Care Medicine, Department of 
Medicine, Montefiore Medical Center, Bronx, NY 10467, United States.  
drkapoorsumit@gmail.com

Abstract
BACKGROUND 
Critically ill patients are at risk of developing stress cardiomyopathy (SC) but can 
be under-recognized.

AIM 
To describe a case series of patients with SC admitted to critical care units.

METHODS 
We conducted a retrospective observational study at a tertiary care teaching 
hospital. All adult (≥ 18 years old) patients admitted to the critical care units with 
stress cardiomyopathy over 5 years were included.

RESULTS 
Of 24279 admissions to the critical care units [19139 to medical-surgical intensive 
care units (MSICUs) and 5140 in coronary care units (CCUs)], 109 patients with SC 
were identified. Sixty (55%) were admitted to the coronary care units (CCUs) and 
forty-nine (45%) to the medical-surgical units (MSICUs). The overall incidence of 
SC was 0.44%, incidence in CCU and MSICU was 1.16% and 0.25% respectively. 
Sixty-two (57%) had confirmed SC and underwent cardiac catheterization 
whereas 47 (43%) had clinical SC, and did not undergo cardiac catheterization. 
Forty-three (72%) patients in the CCUs were diagnosed with primary SC, whereas 
all (100%) patients in MSICUs developed secondary SC. Acute respiratory failure 
that required invasive mechanical ventilation and shock developed in twenty-nine 
(59%) MSICU patients. There were no statistically significant differences in 
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intensive care unit (ICU) mortality, in-hospital mortality, use of inotropic or mechanical circulatory 
support based on type of unit or anatomical variant.

CONCLUSION 
Stress cardiomyopathy can be under-recognized in the critical care setting. Intensivists should 
have a high index of suspicion for SC in patients who develop sudden or worsening unexplained 
hemodynamic instability, arrhythmias or respiratory failure in ICU.

Key Words: Stress cardiomyopathy; Critical care; Shock; Respiratory failure

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In our retrospective study, we found that stress cardiomyopathy (SC) is often under-recognized 
in the critical care setting. Primary SC is commonly seen in the coronary care units and the secondary 
form predominates in the medical-surgical intensive care unit setting. Presentation of secondary SC is 
often atypical and the majority of patients have simultaneous acute respiratory failure and sepsis. High 
index of clinical suspicion for SC is needed in patients who develop sudden or worsening unexplained 
hemodynamic instability, arrhythmias or respiratory failure. Cardiac catheterization may not be always 
feasible to confirm the diagnosis. Routine utilization of point of care ultrasound on all intensive care unit 
patients will help identify more cases. The outcomes of these patients are excellent as majority of them 
show reversibility of cardiac function on follow up imaging.

Citation: Pancholi P, Emami N, Fazzari MJ, Kapoor S. Stress cardiomyopathy in critical care: A case series of 109 
patients. World J Crit Care Med 2022; 11(3): 149-159
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INTRODUCTION
Stress cardiomyopathy (SC) or Takotsubo cardiomyopathy or broken heart syndrome, was first 
described three decades ago in Japan[1]. It is characterized by acute and transient (< 21 d) left 
ventricular systolic and diastolic dysfunction, often precipitated by emotional or physical stress[1-6]. 
The diagnosis is usually made by modified Mayo Clinic criteria comprising of echocardiographic 
pattern of left ventricular apical hypokinesia, akinesia, or dyskinesia (apical ballooning) and basal 
hyperkinesis, electrocardiogram (EKG) changes (ST segment elevation and/or T wave inversion), 
troponin elevation and clean coronaries during cardiac catheterization[7].

Primary or classic SC has a reported incidence of around 1%-2% in patients with a suspicion of acute 
coronary syndrome (ACS) and is usually precipitated by physical or psychological stress[1]. Secondary 
SC, on the other hand, usually develops in hospitalized medical, surgical and neurological patients who 
may be under the major stress of critical illness in the medical-surgical intensive care unit (MSICU) 
setting[2,3,6,8-24].

The diagnosis of secondary stress cardiomyopathy in critically ill intensive care unit (ICU) patients 
can be challenging, requires a high degree of clinical suspicion, and is often under-recognized and 
under-reported for a myriad of reasons[8]. First, ICU patients do not always present with or report 
typical cardiac symptoms such as chest pain, shortness of breath, and syncope as patients presenting 
from the community do[8]. Second, there are no established diagnostic criteria for secondary stress 
cardiomyopathy in ICU patients and extrapolation of 2008 modified Mayo criteria may not be ideal[8]. 
Third, cardiac catheterization cannot be routinely performed in critically ill patients to confirm the 
diagnosis[8]. Fourth, patients can present with atypical morphologic variants of stress cardiomyopathy 
and there can be overlap with other diagnoses like sepsis induced cardiomyopathy[25]. Lastly, various 
multicenter international registries’ data did not include critically ill patients, thereby limiting 
understanding of the clinical presentation and outcomes of this disease in the ICU population[8].

Very few studies have reported the incidence, clinical features and outcomes of stress cardiomy-
opathy in the intensive care setting[3,9,10,12-19,25-27]. None of them compared characteristics and 
outcomes based on critical care unit [MSICU vs coronary care unit (CCU)]. The reported incidence of 
secondary stress cardiomyopathy in the ICU varies from 0.37% to as high as 28%[3,13,14,16,18,19]. Jo et 
al[15] described underlying malignancy, male sex, old age and high APACHE2 score as the predictors of 
in-hospital mortality in patients with stress cardiomyopathy.

https://www.wjgnet.com/2220-3141/full/v11/i3/149.htm
https://dx.doi.org/10.5492/wjccm.v11.i3.149
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The aim of our research was to describe the case series of patients with stress cardiomyopathy 
admitted to the critical care units (CCUs and MSICUs) and study their clinical presentation, complic-
ations, and outcomes.

MATERIALS AND METHODS
Study design
We performed a retrospective case series study where all adult (≥ 18 years old) patients with the 
diagnosis of Stress cardiomyopathy or Takotsubo cardiomyopathy admitted to the critical care units of 
three hospitals in the Montefiore Healthcare System were included. Electronic health records for the 5-
year period from January 1, 2015, to December 31, 2019, were retrospectively analyzed incorporating 
Looking Glass Clinical Analytics (Streamline Health, Atlanta, GA) to identify the target population. 
Critical care units included two coronary care units (CCUs) and five medical surgical units (medical, 
surgical or neurosurgical ICUs). The study was approved by the Institutional Review Board of the 
Albert Einstein College of Medicine (IRB# 2019-10754) and waiver of informed consent was granted due 
to minimal risk. Data about patient demographics, baseline characteristics, laboratory values, hospital 
course, complications and outcomes were collected for patients admitted to the critical care units.

Study definitions
The diagnosis of stress cardiomyopathy was made by the ICU teams collectively using a combination of 
2-dimensional echocardiography, cardiac enzymes, EKG changes, and in some cases, coronary 
angiography.

Confirmed SC: Patients with SC who underwent cardiac catheterization to prove the absence of 
underlying coronary artery disease.

Clinical SC: Patients with SC who did not undergo cardiac catheterization and diagnosis was made 
clinically using 2D-echocardiography, cardiac enzymes and EKG changes only.

Primary SC: Patients with SC presenting from the community with cardiac symptoms like angina, 
dyspnea or palpitations. Clinical presentation mimics ACS, often precipitated by physical or mental 
stress.

Secondary SC: Patients developing SC during the course of hospitalization with critical medical, 
surgical or neurosurgical illness.

Typical variant of SC: Echocardiography regional wall motion abnormality pattern showing apical 
akinesis with basal hyperkinesis (apical ballooning).

Atypical variant of SC: Echocardiography regional wall motion abnormality pattern showing 
midventricular, basal, focal, or global hypokinesia.

Statistical analysis
Continuous variables were reported as median and interquartile range (IQR), whereas categorical 
variables were reported as counts and percentages. Associations between categorical variables and unit 
were tested via chi-square or Fisher’s exact test, as appropriate. Distributional differences between 
critical care units (CCU vs MS/ICU) with respect to continuous variables were assessed via Wilcoxon 
Mann-Whitney tests. Cumulative incidence functions for hospital discharge from the time of SC 
diagnosis stratified by critical care unit to allow for the competing risk of in-hospital death were 
estimated and differences tested using Grey’s test[28]. Cumulative incidence functions for in-hospital 
death from the time of SC diagnosis with a competing risk of hospital discharge alive were computed 
similarly. All analyses were performed using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, 
United States) by the biomedical statistician. A two-sided P value of 0.05 or less was considered statist-
ically significant.

RESULTS
Incidence and baseline characteristics
Of 24279 admissions to the critical care units (19139 MSICU and 5140 in CCU) over the five-year study 
period, 109 patients with SC were identified. Sixty (55%) of them were admitted to the coronary care 
units and forty-nine (45%) to the medical-surgical units. The overall incidence of SC was 0.44%, 
incidence in CCU and MSICU was 1.16% and 0.25% respectively. Sixty-two (57%) had confirmed SC and 
underwent cardiac catheterization whereas 47 (43.1%) had clinical SC and did not undergo cardiac 
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catheterization. Forty-three (72%) patients in the CCUs were diagnosed with primary SC, whereas all 
(100%) patients in MSICUs developed secondary SC.

Overall, the mean (SD) age was 67.2 (14.2) years and 72% were females. Hypertension and Diabetes 
Mellitus were the most common comorbidities seen in 65 (60%) and 40 (37%) patients respectively. 
Patients in the CCUs had more hypertension compared to those in MSICUs (70% vs 47%, P = 0.01). 
Table 1 lists the baseline characteristics of the study patients, both overall and stratified by critical care 
unit (CCU vs MSICU).

Unit course, complications and outcomes
Shortness of breath was the most common presenting symptom seen in 55 (50%) of the patients overall. 
Twenty-seven (45%) patients in the CCU complained of chest pain compared to only eight (16%) in 
MSICUs. Acute respiratory failure that required invasive mechanical ventilation was seen in twenty-
nine (59%) MSICU patients, as opposed to only fifteen (25%) in CCU. Twenty-nine (59%) of patients in 
medical-surgical units also developed shock compared to twelve (20%) of the cardiac patients. Septic 
shock was the most common type of shock in MSICUs vs cardiogenic shock in CCUs (47% vs 8%, P < 
0.001).

All SC patients had transthoracic echocardiography performed, with only 12 (24.5%) in MSICU 
getting cardiac catheterization, compared to 50 (83.3%) CCU patients. The majority (n = 87, 80%) of the 
cases were of typical anatomical type with apical akinesia/hypokinesia and basal hyperkinesia (apical 
ballooning). Inotropic support was required in ten patients and mechanical circulatory support in three 
patients. Follow up echocardiogram was performed in sixty-nine (63.3%) patients, all of them had 
complete reversibility of cardiac function. Of 47 patients with clinical SC, 27 had follow up echocardio-
graphy; all of them showed return to baseline cardiac function. Table 2 presents the complications and 
outcomes of SC by type of unit (MSICU vs CCU).

There was a statistically significant difference in the cumulative incidence function of hospital 
discharge stratified by critical care unit (0.56 vs 0.24 at 7 d, P = 0.01) but non-significant for in-hospital 
deaths stratified by critical care unit (P = 0.33) (Figure 1). Median length of stay from time of SC 
diagnosis to unit discharge was 1 d (range, 0-14) in CCU vs 5 d (range, 1-24) in MSICU.

A total of fifteen patients died out of which eight deaths were in the critical care units. There were no 
statistically significant differences in the peak laboratory values of creatine phosphokinase (CPK), 
troponin and pro-BNP (pro-B-type natriuretic peptide) or outcomes like ICU mortality, in-hospital 
mortality, use of inotropic or mechanical circulatory support based on type of unit (MSICU vs CCU) or 
anatomical variant (typical vs atypical) (Tables 3 and 4).

DISCUSSION
To our knowledge, this is the largest case series describing the clinical presentation, complications and 
outcomes of patients with stress cardiomyopathy admitted to the critical care units (MSICUs and 
CCUs). The overall incidence of SC in our patients was 0.44%, incidence in medical-surgical ICU was 
0.25%, all of them having developed secondary SC. The incidence of SC in medical-surgical units varies 
per previous published reports. One of the earlier studies done by Park et al[13] in 2005 screened 92 
consecutive critically ill patients admitted to medical ICU by serial echocardiography on day 1, 3, and 7. 
They observed a high incidence (28%) of left ventricular apical ballooning (LVAB) in medical ICU 
patients with no cardiac diseases. Patients with LVAB had higher prevalence of sepsis, hypotension 
upon ICU admission, use of inotropes, pulmonary edema, cardiomegaly and lower mean 2-month 
survival compared to patients without LVAB. The higher incidence of SC reported in the Park et al[13] 
study is likely because the diagnosis was solely made based on echocardiographic findings without 
integrating EKG, cardiac enzymes and coronary angiogram findings. An Australian study showed a 
much lower incidence of silent LVAB of around 3.5% in their medical ICU without any association of 
negative outcomes with silent LVAB[27]. Another prospective single center study by Doyen et al[14] in 
medical ICU patients found a high incidence of secondary SC of 4.6%. Our reported incidence of 0.25% 
in MSICUs is lower than the prior studies, because of the prospective nature of those studies, where all 
patients got echocardiographic screening for SC upon ICU admission. Muratsu et al[18] conducted a 
retrospective study on 5084 patients in Japan over a 5-year period and found a low incidence of clinical 
Takotsubo cardiomyopathy of 0.37%; a majority of their SC patients had the diagnosis of sepsis and 
subarachnoid hemorrhage. This demonstrates that there are likely many cases of SC which go under-
recognized since formal echocardiography is not performed on every patient in the ICU. However, use 
of routine point of care ultrasound (POCUS) on critically ill ICU patients will likely identify many more 
cases of SC.

Sepsis and acute respiratory failure were the most common ICU diagnoses of patients developing 
secondary SC in these studies, which is similar to our patients in the MSICUs[13,14,18]. Kleber et al[29] 
reported a 15% prevalence of stress cardiomyopathy in the setting of acute respiratory failure requiring 
mechanical ventilation.
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Table 1 Patient baseline characteristics and presentation by unit

Overall, n = 109 MSICU, (n = 49) CCU, (n = 60) P value1

Age (yr), mean (SD) 67.2 (14.2) 64.9 (14.4) 69 (13.7) 0.13

Female gender – n (%) 78 (71.6) 30 (61.2) 48 (80.0) 0.04

Race/Ethnicity – n (%) 0.37

White 30 (27.5) 17 (34.7) 13 (21.7)

Black 20 (18.4) 9 (18.4) 11 (18.3)

Hispanic 42 (38.5) 15 (30.6) 27 (45.0)

Other 17 (15.6) 8 (16.3) 9 (15.0)

Comorbidities – n (%)

Diabetes mellitus 40 (36.7) 19 (38.8) 21 (35) 0.68

Hypertension 65 (59.6) 23 (46.9) 42 (70) 0.01

Coronary disease 13 (11.9) 5 (10.2) 8 (13.3) 0.77

Heart failure 7 (6.4) 4 (8.2) 3 (5) 0.70

Arrhythmia 14 (12.8) 4 (8.2) 10 (16.7) 0.25

Asthma 16 (14.7) 6 (12.2) 10 (16.7) 0.52

COPD 13 (11.9) 6 (12.2) 7 (11.7) 0.93

Obesity 10 (9.2) 3 (6.1) 7 (11.7) 0.51

CKD 14 (12.8) 8 (16.3) 6 (10) 0.33

ESRD 3 (2.8) 1 (2) 2 (3.3) 1.00

Cancer 23 (21.1) 10 (20.4) 13 (21.7) 1.00

Cirrhosis 6 (5.5) 5 (10.2) 1 (1.7) 0.09

HIV 2 (1.8) 1 (2) 1 (1.7) 1.00

Social risk factors – n (%)

Alcohol use 25 (22.9) 13 (26.5) 12 (20) 0.42

Current smoker 15 (13.8) 4 (8.2) 11 (18.3) 0.17

Former smoker 36 (33) 21 (42.9) 15 (25) 0.05

Presenting symptoms- n (%)

Chest pain 35 (32.1) 8 (16.3) 27 (45) 0.001

SOB 55 (50.5) 23 (46.9) 32 (53.3) 0.51

Shock 41 (37.6) 29 (59.2) 12 (20) < 0.001

Reason for unit admission- n (%)

Cardiac 44 (40.3) 0 (0.0) 44 (73.3) < 0.001

Respiratory 14 (12.8) 9 (18.4) 5 (8.3) 0.54

Sepsis 24 (22.0) 19 (38.8) 5 (8.3) < 0.001

GI 11 (10.0) 9 (18.4) 2 (3.3) 0.14

Neurological 7 (6.4) 6 (12.2) 1 (1.7) 0.04

Metabolic 4 (3.7) 3 (6.1) 1 (1.7) 0.32

Other 5 (4.6) 3 (6.1) 2 (3.3) 0.66

1Corresponds to chi-square or Fisher’s exact test for association for categorical variables, Wilcoxon Mann-Whitney test for continuous variables. Data are 
summarized as mean (SD) or n (%), where n = available sample size. MSICU: Medical surgical intensive care unit; CCU: Coronary care unit; COPD: 
Chronic obstructive pulmonary disease; CKD: Chronic kidney disease; ESRD: End stage renal disease; HIV: Human immunodeficiency virus; SOB: 
Shortness of breath; GI: Gastrointestinal.
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Table 2 Stress cardiomyopathy diagnosis, complications and outcomes by unit

Overall, n = 109 MSICU, (n = 49) CCU, (n = 60) P value1

Confirmed SC 62 (56.9) 12 (24.5) 50 (83.3)

Clinical SC 47 (43.1) 37 (75.5) 10 (16.7)

< 0.0001

Hospital day of diagnosis1; median 
[IQR]

2 [1-3] 3 [2-4] 1 [1-2] 0.0002

Diagnostic Studies – n (%)

Cardiac catherization 62 (56.9) 12 (24.5) 50 (83.3)

Transthoracic echo 109 (100) 49 (100) 60 (100)

< 0.001

Lowest ejection fraction – (%); median 
[IQR]

35 [28-40] 30 [30-40] 35 [30-45] 0.38

TTE anatomical variant- n (%)

Atypical 22 (20.2) 12 (24.5) 10 (16.7)

Typical 87 (79.8) 37 (75.5) 50 (83.3)

0.31

Type of SC- n (%)

Primary 43 (39.4) 0 (0.0) 43 (71.6)

Secondary 66 (60.5) 49 (100.0) 17 (28.3)

< 0.001

EKG Findings- n (%)

Normal EKG 21 (19.2) 14 (28.6) 7 (11.7) 0.03

ST-Segment elevation 54 (49.5) 15 (30.6) 39 (65.0) < 0.001

ST-Segment depression 4 (3.7) 2 (4.08) 2 (3.3) 1.00

T-Wave inversion 23 (21.1) 13 (26.5) 10 (16.7) 0.24

Other 25 (22.9) 14 (28.6) 11 (18.3) 0.25

Complications – n (%)

ECMO/IABP use 3 (2.8) 1 (2.0) 2 (3.3) 1.00

Inotrope use 10 (9.2) 7 (14.3) 3 (5) 0.11

New arrythmia 14 (12.8) 5 (10.2) 9 (15.0) 0.57

AKI 37 (33.9) 21 (42.9) 16 (26.7) 0.08

RRT 14 (12.8) 4 (8.2) 2 (3.3) 0.41

Acute respiratory failure – n (%)

Mechanical ventilation 44 (40.4) 29 (59.2) 15 (25.0) < 0.001

NIPPV only 15 (13.8) 8 (16.3) 7 (11.7) 0.48

Shock – n (%) 41 (37.6) 29 (59.2) 12 (20.0) < 0.001

Cardiogenic shock 14 (12.8) 5 (10.2) 9 (15.0) 0.46

Septic shock 28 (25.7) 23 (46.9) 5 (8.3) < 0.001

Other shock 2 (1.8) 2 (4.1) 0 (0.0) 0.11

Follow-up echocardiogram- n (%)

Repeat echo (% Total) 69 (63.3) 30 (61.2) 39 (65.0) 0.69

Reversibility (% Echo) 69 (100.0) 30/30 (100.0) 39/39 (100.0) 1.00

Clinical SC patients

Repeat Echo (% Total) 27/47 (57.4) 21/47 (44.7) 6/47 (12.8) 0.01

Reversibility (% Echo) 27/27 (100.0) 21/21 (100.0) 6/6 (100.0) 1.00

Hospital outcomes – n (%)

In-hospital mortality 15 (13.8) 9 (18.4) 6 (10) 0.27
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ICU mortality 8 (7.3) 3 (6.1) 5 (8.3) 0.73

1n = 3 patients diagnosed prior to intensive care unit admission, corresponds to chi-square or Fisher’s exact test for association for categorical variables, 
Wilcoxon Mann-Whitney test for continuous variables.
27 patients with clinical SC got follow up echocardiogram, reversibility seen in all of them. Data are summarized as median (IQR) or n (%), where n = 
available sample size. SC: Stress cardiomyopathy; MSICU: Medical surgical intensive care unit; CCU: Coronary care unit; EKG: Electrocardiogram; ECMO: 
Extracorporeal membrane oxygenation; IABP: Intraaortic balloon pump; AKI: Acute kidney injury; RRT: Renal replacement therapy; NIPPV: Non invasive 
positive pressure ventilation.

Table 3 Peak laboratory values by unit

MSICU (n = 49) CCU (n = 60) P value1

Troponin-T (ng/mL) 0.42 [0.23-1.2] 0.87 [0.29-1.54] 0.11

CPK (U/L) 427 [148.5-1348.5] 276.5 [161-695] 0.48

Pro-BNP (pg/mL) 5395 [1458-15000] 3363.5 [944.5-15369] 0.72

1Corresponds to a Wilcoxon Mann-Whitney test. Data are summarized as median (IQR). 
MSICU: Medical surgical intensive care unit; CCU: Coronary care unit; CPK: Creatine phosphokinase; Pro-BNP: N-terminal pro- brain natriuretic peptide.

Table 4 Peak laboratory values and outcomes of stress cardiomyopathy by anatomical variant

Typical  (n = 87) Atypical (n = 22) P value1

Lab findings- median (IQR)

Troponin-T (ng/mL) 0.65 [0.23–1.57] 0.58 [0.25-0.94] 0.61

CPK (U/L) 297.5 [151-919] 278 [168-631] 0.94

Pro-BNP (pg/mL) 3722 [874-11932] 5599 [1608.5-17373.0] 0.29

Hospital complications- n (%)

Inotrope use 8 (9.2) 2 (9.1) 1

ECMO/IABP use 2 (2.3) 1 (4.5) 0.5

RRT 3 (3.4) 3 (13.6) 0.1

Hospital outcomes- n (%)

In-hospital mortality 12 (13.8) 3 (13.6) 1

ICU mortality 7 (8) 1 (4.5) 1

1Corresponds to a Wilcoxon Mann-Whitney test.
Data are summarized as median (IQR) or n (%), where n = available sample size. CPK: Creatine phosphokinase, Pro-BNP: N-terminal pro- brain natriuretic 
peptide; ECMO: Extracorporeal membrane oxygenation; IABP: Intraaortic balloon pump; RRT: Renal replacement therapy; NIPPV: Non invasive positive 
pressure ventilation.

We found that CCU patients mostly presented with primary SC from the community, many of them 
developing typical chest pain, shortness of breath and classic ST segment elevation on electrocar-
diogram.

It is reported that patients with secondary SC usually have an atypical presentation in the ICU, with 
the majority of them developing sudden or worsening unexplained shock/hemodynamic instability and 
shortness of breath[9,13,14,18,19]. Fifty-nine (59%) percent of our MSICU patients developed shock 
compared to 20% of CCU patients. In the prospective study by Doyen et al[14], 53.8% medical ICU 
patients developed cardiogenic shock. This is different from our findings as the most common type of 
shock in our study was septic shock. The likely explanation for this discrepancy is that 47% of our 
population in medical surgical ICUs had the diagnosis of severe sepsis and septic shock compared to 
38% in the Doyen study.

The 2008 modified Mayo Clinic criteria and European Society of Cardiology (ESC) Heart Failure 
Association diagnostic criteria for stress cardiomyopathy require that patients have the absence of 
obstructive culprit coronary artery disease[30,31].
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Figure 1 Cumulative incidence function curve for hospital discharge vs death. P = 0.01 for hospital discharge stratified by type of unit, P = 0.33 for in 
hospital death stratified by type of unit.

However, there are many reasons for forgoing cardiac catheterization in the critically ill ICU patients, 
such as hemodynamic instability, multi-organ failure, risk of acute kidney injury (AKI) due to contrast 
induced nephropathy or established AKI amongst others.

Only 25% of our patients in medical-surgical units underwent cardiac catheterization, compared to 
83% in the cardiac units. The mainstay of diagnosis of clinical SC in these critically ill patients was the 
combination of transthoracic echocardiography, cardiac enzymes and electrocardiogram findings.

Previous reports of SC in medical-surgical ICUs also relied mainly on transthoracic echocardiography 
along with cardiac enzymes and EKG changes for diagnostic purposes for similar reasons[13,14,18]. 
With the integration of POCUS as a routine diagnostic tool in the management of ICU patients, there 
will be an earlier recognition and an increase in the number of patients diagnosed with Stress cardiomy-
opathy at bedside by Intensivists, thereby improving care of these patients[32].

Patients with secondary SC in MSICUs also had longer ICU and hospital lengths of stay compared to 
CCU patients, primarily because MSICU patients were sicker with stressors such as acute respiratory 
failure, septic shock, neurologic disorders and multi system organ failure. Interestingly, we found that 
11% (n = 12) of our cases developed SC in the perioperative setting. Agarwal et al[33] performed a 
systematic review of perioperative SC and found 102 cases in 93 articles. Management of our periop-
erative SC cases was similar to non-perioperative cases.

We report a low overall mortality for patients with SC. This is similar to prior studies that also report 
favorable outcomes of this patient population[3,9,10,13,14,18,19]. A relatively fast and complete 
recovery of cardiac function may explain this finding. Fifty-seven percent of our clinical SC patients had 
follow up echocardiogram, all showing reversibility of cardiac function, further supporting the 
diagnosis of SC. We also did not find any differences in mortality based on unit type (MSICU vs CCU) 
or anatomical type (typical vs atypical).

The major strength of our study is that we describe a large case series of patients with stress 
cardiomyopathy over the five-year period. We report and compare for the first time, characteristics, 
complications and outcomes of stress cardiomyopathy stratified by the type of unit and anatomical type. 
Our study has few limitations that need to be acknowledged. First, it is a single center study. Second, it 
is retrospective in nature and hence some data elements may not be captured accurately. Third, we 
believe that our incidence is likely underestimated, as many cases of SC may have gone unrecognized. 
Fourth, our definition of clinical SC could include cases of myocardial ischemia, showing improvement 
with development of collateral circulation. Fifth, follow up echocardiograms were only available in only 
69 (63.3%) patients.

CONCLUSION
Stress cardiomyopathy can be under-recognized in the critical care setting. Primary stress cardiomy-
opathy is commonly seen in the CCUs and the secondary form predominates in the MSICU setting. 
Presentation of secondary SC is often atypical and the majority of patients have simultaneous acute 
respiratory failure and sepsis. Intensivists should have a high index of clinical suspicion for SC in 
patients who develop sudden or worsening unexplained hemodynamic instability, arrhythmias, or 
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respiratory failure. Many of the SC cases in MSICU may be diagnosed clinically as cardiac catheter-
ization is not always feasible. Routine utilization of POCUS on all ICU patients will help identify more 
cases. The outcomes of these patients are excellent as majority of them show reversibility of cardiac 
function on follow up imaging.

ARTICLE HIGHLIGHTS
Research background
Critically ill patients are at risk of developing stress cardiomyopathy (SC) but can be under-recognized.

Research motivation
Our goal was to learn more about patients with SC in the intensive care unit (ICU) setting.

Research objectives
To study the patient characteristics, clinical course, and outcomes of critically ill patients with SC.

Research methods
We conducted a retrospective observational study at a tertiary care teaching hospital. All adult patients 
admitted to the critical care units with Stress cardiomyopathy over 5 years were included.

Research results
One hundred and nine patients were identified with SC, with 55% of them in the coronary care units 
(CCU) and 45% in the medical-surgical intensive care units (MSICUs). 57% of patients had SC confirmed 
by cardiac catherization while 43% were diagnosed clinically with echocardiography. 72% of CCU 
patients had primary SC whereas all MSICU patients had secondary SC. 59% of MSICU patients 
developed shock and acute respiratory failure that required mechanical ventilation. There were no 
statistically significant differences in ICU mortality, in-hospital mortality, use of inotropic or mechanical 
circulatory support based on type of unit or anatomical variant.

Research conclusions
Primary SC was commonly seen in the CCUs while secondary SC was seen more commonly in the 
MSICUs. Secondary SC often presents atypically and many patients have acute respiratory failure and 
sepsis. Many of the SC cases in the MSICU may be diagnosed clinically as cardiac catherization is not 
always feasible. Patients with SC in the ICUs have excellent outcomes with the majority of them 
showing reversibility of cardiac function.

Research perspectives
Stress Cardiomyopathy is often under-recognized in the critical care setting. In the MSICUs, secondary 
SC is the main form of SC encountered, where is it is often diagnosed clinically. Routine use of Point-of-
care ultrasound may help with early identification of these cases.
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Abstract
BACKGROUND 
Prematurity in newborns is a condition that is associated with worse hospital 
outcomes when compared to birth to term. A preterm infant (PI) is classified 
when gestational age (GA) < 37 wk.

AIM 
To analyze prognostic indicators related to the use of oxygen therapy, non-
invasive ventilation (continuous positive airway pressure) and mechanical 
ventilation (MV) in PI.

METHODS 
This is a retrospective cohort. The sample was composed of PIs from a private 
hospital in southern Brazil. We included neonates with GA < 37 wk of gestation in 
the period of January 1, 2018 to December 31, 2018. For data collection, electronic 
records were used in the Tasy PhilipsTM system, identifying the variables: maternal 
age, type of birth, prenatal information, GA, Apgar score, birth weight, neonatal 
morbidities, vital signs in the 1st hour at birth, need for oxygen therapy, 
continuous positive airway pressure and MV, hospitalization in the neonatal 
intensive care unit, length of stay and discharge or death.

RESULTS 
In total, 90 PI records were analyzed. The median (p25-p75) of GA was 34.0 (31.9-
35.4) wk, and there were 45 (50%) males. The most common morbidity among PIs 
was the acute respiratory discomfort syndrome, requiring hospitalization in the 
neonatal intensive care unit in 76 (84.4%) cases. The utilization rate of oxygen 
therapy, continuous positive airway pressure and MV was 12 (13.3%), 37 (41.1%) 
and 13 (14.4%), respectively. The median (p25-p75) length of stay was 12.0 (5.0-
22.2) d, with 10 (11.1%) deaths. A statistical association was observed with the use 
of MV and GA < 28 wk, lower maternal age, low birth weight, Apgar < 8 and 
neonatal deaths.
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CONCLUSION 
The identification of factors related to the need for MV in prematurity may help in the indication 
of a qualified team and technologies to promptly meet the unforeseen events that may occur after 
birth.

Key Words: Premature; Continuous positive airway pressure; Artificial respiration; Non-invasive ventilation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is an observational study evaluating the need for oxygen therapy and ventilatory support in 
preterm infants. In our analysis, we present the odds ratio of the use of mechanical ventilation when 
compared to maternal and preterm epidemiological parameters.

Citation: Meier A, Kock KS. Need for oxygen therapy and ventilatory support in premature infants in a hospital in 
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INTRODUCTION
Prematurity in newborns is a condition that is associated with worse hospital outcomes when compared 
to birth to term. However, in recent years there has been an increase in survival rates due to the 
improvement in neonatal intensive care, supported by technological evolution and the qualification of 
professionals in the field[1]. Even with all these progressions, prematurity rates at the present time 
remain high, reaching 10.94% of live births in 2018 in Brazil[2].

The determining gestational age of a preterm birth (PTB) is less than 37 wk, related to some resultants 
that generate the anticipation of childbirth[3]. Obstetric complications can interfere with the natural 
process of pregnancy, causing premature delivery, some of which are infections, hypertensive diseases, 
diabetes and hemorrhages that are more common[4]. According to DATASUS in Brazil in 2018 (its last 
census), the duration of pregnancy between 22 wk and 36 wk was 322234 live births, among them 
single, double, and triple births; in the South region there were 43313 live births[2].

Among the factors related to the clinical evolution of the PTB are gestational age (GA), Apgar score, 
weight at birth, congenital malformations/morbidities and vital signs. The Apgar scale is a tool for 
systematic assessment of the newborn, created by Virginia Apgar in 1953, for this reason the name 
Apgar. It uses a numerical score from 0 to 10, which has five variables, heart rate, respiratory effort, 
color, muscle tone and reflex irritability. It is used as an indicator of fetal distress if less than 5 on the 
scale is determined. Oxygen therapy (O2) is offered to reduce respiratory difficulty and collaborate in 
hemodynamic stabilization[5]. Newborns under 2500 kg have an increased risk of death in the 1st year of 
life and of developing infectious diseases, respiratory diseases, growth retardation and development[6]. 
Constant monitoring and early initiation of appropriate therapy prevent possible complications of 
disease and prematurity[7].

In Brazil, 24061 live births and 268 neonatal deaths were named, with a neonatal mortality rate of 11.1 
deaths per thousand live births. Causes of neonatal death prevailed in the prematurity group, 
accounting for about one-third of the cases, followed by congenital malformation (22.8%), infections 
(18.5%), maternal factors (10.4%) and asphyxia/hypoxia (7%)[8].

At-risk birth, as in PTB, a physiological and/or hemodynamic imbalance occurs, where the 
extrauterine environment generates numerous adaptations involving morphophysiological and 
biochemical maturation of the lung parenchyma[9]. The inability to achieve effective breathing, lack of a 
powerful respiratory drive, reduced muscle strength, lack of surfactant and high compliance of the chest 
wall are contributing factors to respiratory failure[10]. As a result of these factors, premature babies 
need respiratory assistance to perform and/or adapt gas exchange and establish consistent functional 
residual capacity[10].

Several methods are used to provide respiratory support to premature infants, including intubation, 
prophylactic surfactant, oxygen therapy and non-invasive ventilation. Intubation requires all airway 
control, reducing support according to tolerance, with as little intubation time as possible, avoiding 
related morbidities. Surfactant administration is prophylactic, preventing lung damage and respiratory 
implications[11].

Due to the importance in early recognition of PTBs that will need ventilatory support, this work 
sought to analyze prognostic indicators related to the need for invasive mechanical ventilation in PTB[8,
12]. The use of maternal and newborn epidemiological parameters as well as physiological signs of the 
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premature infant in the first 24 h can be used as indicators for respiratory failure. In this sense, the 
general objective of this study was to analyze factors related to the need for ventilatory support in PTB 
in 2018 in a hospital in southern Brazil.

MATERIALS AND METHODS
This is a retrospective cohort type study. The sample was composed of premature infants in a private 
hospital in the city of Tubarão, Santa Catarina, Brazil. It has 8 beds in the neonatal intensive care unit, 10 
adult beds in the intensive care unit, 50 adult inpatient beds and 21 adult and pediatric beds as required.

The following criteria were adopted for inclusion: newborns of both sexes and preterm born with less 
than 37 wk of gestation in the period from January 1, 2018 to December 31, 2018. The exclusion criteria 
were incomplete medical records and newborns transferred to another hospital. Electronic records were 
used in the Tasy PhilipsTM system for data collection.

This research project was approved by the Ethics Committee in Human Beings of UNISUL under the 
number of the opinion 3.529.438, CAAE: 17573519.2.0000.5369.

The following variables were extracted from the electronic records: gestational age, Apgar score, birth 
weight, congenital malformations/morbidities, vital signs at the first hour of birth, maternal age, type of 
delivery, previous adequate prenatal, mother's morbidity, number of gestations, use of O2, non-invasive 
ventilation [continuous positive airway pressure (CPAP)] and mechanical ventilation (MV), need for 
admission to the neonatal intensive care unit, length of stay and discharge or death.

The data were stored in a database created with the Excel® software and later exported to the SPSS 
20.0® software. They were presented through absolute numbers and percentages, measures of central 
tendency and dispersion. A logistic regression analysis was performed to obtain the odds ratio in 
comparison to the use of mechanical ventilation. Considering the 95% confidence interval, a 5% 
statistical significance level was used.

RESULTS
We analyzed 90 PTB records and their maternal antecedents. Of these, 81 were cesarean deliveries and 
45 (50%) were boys. The median (p25-p75) age of the mother was 31.0 (28.0-35.0) years, the most 
common comorbidity was premature rupture of membranes, and other comorbidities included fetal 
malformations and inadequate fluid in the amniotic sac. The highest frequency of prenatal visits was 4 
to 7, which 64 women performed.

The median gestational age was 34.0 (31.9-35.4) wk, where the most common morbidity among the 
PTB was respiratory distress syndrome. The Apgar in the first and fifth minute were higher than 8 in the 
majority, where 37 needed CPAP and 13 needed orotracheal intubation. The need of admission to the 
neonatal intensive care unit occurred for 76 patients, where the median length of hospital stay was 12.0 
(5.0-22.2) d, of which 10 deaths occurred, totaling 11.1% of the PTB. Tables 1 and 2 summarize the 
information from maternal data and PTB.

In the present study, lower maternal age, lower gestational age, lower birth weight, Apgar < 8 and 
death were statistically significant and were associated with patients who required MV compared to 
those who did not require oxygen support (Table 3).

DISCUSSION
Prematurity all over the world is an evident problem in perinatal health, and in Brazil it is one of the 
major causes of infant mortality. Preterm infants (PIs) are at an increased risk of adapting to life in the 
extrauterine environment, mainly due to the immaturity of the physiological and anatomical system[9,
13].

The main findings of the study showed that the need for MV is associated with extreme prematurity 
with gestational age < 32 wk, a lower maternal age, low birth weight, Apgar < 8 in the first and fifth 
minutes of life and neonatal deaths compared to PIs who did not use oxygen therapy. More than half of 
the studied PIs required some form of oxygen support, whether helmet or incubator O2, CPAP or MV.

Premature rupture of membranes is determined by the loss of amniotic fluid before birth. According 
to the Hackenhaar et al[14] study, that rupture may be associated with a pregnant woman’s age above 
29 years. The study explained that it may be related to endogenous changes in the fetus and its annexes. 
In the present study we noticed that one-third of the pregnant women had premature rupture of 
membranes as a comorbidity and that a little more than half of the women were older than 30 years.

Prenatal care should be initiated in the first trimester of pregnancy; a total of at least six consultations 
should be performed. During the consultations, physical examinations should be performed, and if 
necessary, specific tests should be performed. The early initiation of prenatal care provides access to 
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Table 1 Maternal data

n (%)

Mother’s age

≤ 25 yr 9 (10.0)

> 25 and ≤ 30 yr 27 (30.0)

> 35 and ≤ 40 yr 20 (22.2)

> 40 yr 1 (1.1)

Maternal/gestational comorbidities

PROM 30 (32)

Preeclampsia 11 (12.1)

UTI 8 (8.8)

HDP 6 (6.6)

HELLP Syndrome 2 (2.2)

DM 1 (1.1)

Others 32 (32.8)

Number of pregnancies 

1 50 (55.6)

2 31 (34.4)

3 6 (6.7)

4 3 (3.3)

Prenatal consultations

< 4 2 (2.2)

4-7 64 (71)

≥ 8 24 (26.7)

PROM: Premature rupture of membranes; UTI: Urinary tract infection; HDP: Hypertensive disease of pregnancy DM: Diabetes mellitus; HELLP Syndrome: 
Hemolysis, elevated liver enzymes, low platelet count.

diagnostic and therapeutic methods to prevent possible pregnancy complications[14]. More than half of 
the pregnant women had 4 to 7 consultations, showing that consultations do not prevent prematurity 
but that a more thorough follow-up can prevent maternal and child complications.

Cesarean delivery was predominant in more than 85% of PIs, and most pregnancies were uniparous, 
according to the Miranda-Flores study[15]. Cesarean section is indicated in pregnancies from 26 wk to 
31 wk + 6 d, and vaginal delivery in pregnancies under 26 and over 31, depending on maternal and fetal 
conditions, in which the cesarean section represents a higher percentage[15].

The median gestational age found was similar to the study by Galleta et al[16]. It is during this period 
that the formation of surfactant takes place by the type II pneumocytes, which are responsible for 
preventing the alveoli from collapsing when in contact with air. Newborn respiratory distress syndrome 
(NRDS) remains one of the most frequent complications in infants weighing 1500g or less.

The data in relation to neonatal death in this study are similar to the works of Lansky et al[8] and 
Andegiorgish et al[17]. In the study by Myrhaug et al[18], in infants born alive, the survival rate 
increased from 74.0% for infants born at 25 wk GA to 90.1% for those born at 27 wk GA. The study by 
Glass et al[19] reported the morbidity and mortality of 1765 PIs (birth weight 500-1500 g) in the period 
after implementation of neonatal intensive care units and mechanical respiratory support. In a meta-
analysis evaluating the outcome in PIs, survival improved significantly with each week of GA and for 
each 100-g increase in birth weight. Specifically, survival in the 500-600 g group was only 20% compared 
to 56% in the 700-800 g birth weight group. It can be observed that in the studies there was a higher 
survival rate in infants with lower GA who had support in the neonatal intensive care unit where more 
and more medical and technological advances are showing a better prognosis regarding the prediction 
of ventilatory support[18]. In this study, it was observed that lower GA and low birth weight were 
associated with the use of MV, and this in turn was related to death.
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Table 2 Preterm infant data

Median (p25-p75)

Gestational Age (wk) 34 (31.9-35.4)

< 28, n (%) 7 (7.8)

≥ 28 and < 30, n (%) 5 (5.6)

≥ 30 and < 34, n (%) 27 (30.0)

≥ 34 and < 37, n (%) 51 (56.7)

Birth weight (grams) 2240.0 (1588.7-2520.0)

PI Morbidities, n (%)

NRDS 55 (60.9%)

Low birth weight 5 (5.5%)

Tachypnea 4 (4.4%)

Apnea 1 (1.1%)

Others 25 (28.1%)

HR (bpm), 1st h after birth 145.0 (134.7-153.2)

RR (cpm), 1st h after birth 52.0 (41.7-64.0)

SpO2 (%)-1st h after birth 96.0 (93.0- 97.0)

Apgar (1st min) 8.0 (6.0-8.0)

< 8, n (%) 39 (43.2%)

≥ 8, n (%) 51 (56.7%)

Apgar (5th min) 9.0 (8.0-9.0)

< 8, n (%) 6 (6.6)

≥ 8, n (%) 84 (93.3%)

Need for oxygen therapy or ventilatory support

Oxygen therapy 12 (13.3%)

CPAP 37 (41.1%)

MV 13 (14.4%)

ICU admission 76 (84.4%)

Length of stay (d) 12.0 (5.0-22.2)

Death 10 (11.1%)

Death by gestational age

< 28 wk, n (%) 6 (6.7)

≥ 28 and < 30 wk, n (%) 0 (0.0)

≥ 30 and < 34 wk, n (%) 2 (2.2)

≥ 34 and < 37 wk, n (%) 2 (2.2)

PI: Preterm infant; ICU: Intensive care unit; NRDS: Newborn respiratory distress syndrome; HR: Heart rate; RR: Respiratory rate; SpO2: Peripheral oxygen 
saturation; CPAP: Constant positive airway pressure; MV: Mechanical ventilation.

The main morbidity found in PIs was NRDS. According to Sweet et al[20], NRDS is a significant 
problem for premature infants, and they sought to maximize survival with the creation of guidelines for 
better management of these patients. CPAP should be initiated from birth in all infants at risk of 
respiratory distress, such as those at < 30 wk GA who do not require intubation for stabilization. After 
stabilization, MV should be used in infants with respiratory distress when other methods of respiratory 
support fail. The duration of MV should be minimized whenever possible. To achieve the best outcomes 
for PIs with respiratory distress, optimal supportive care with monitoring of physiological variables is 
important. In the neonatal intensive care unit, there should be access to continuous pulse oximetry, 
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Table 3 Comparison of data according to the need for mechanical ventilation

Ambient air-O2-CPAP MV OR (95%CI) P value

Median Median 

(p25-p75) (p25-p75)

n (%) = 77 (85.6) n (%) = 13 (14.4)

Maternal age 32.0 (28.5 - 36.0) 28.0 (25.0 - 31.5) 0.823 (0.710-0.954) 0.010a

GA in wk 34.1 (33.1-35.4) 29.4 (25.4-32.0) 0.632 (0.504-0.790) < 0.001b

< 281 1 (14.3) 6 (85.7) 147.000 (11.527-1874.655) < 0.001b

≥ 28 and < 301 4 (80.0) 1 (20.0) 6.125 (0.451-83.116) 0.173

≥ 30 and < 341 23 (85.2) 4 (14.8) 4.261 (0.727-24.970) 0.108

≥ 34 and < 371 49 (96.1) 2 (3.9) 1.000

Birth weight (g) 2260.0 (1707.5-2621.5) 1035.0 (605.0-1819.0) 0.997 (0.996-0.999) < 0.001b

HR (bpm) 145.0 (135.0-153.5) 139.0 (129.5-155.0) 1.001 (0.970-1.032) 0.969

RR (com) 52.0 (41.0-64.0) 53.0 (46.5-64.5) 1.014 (0.971-1.059) 0.525

SpO2 (%) 93.0 (93.0-97.0) 96.0 (84.0-97.5) 0.975 (0.939-1.012) 0.178

Length of stay (d) 12.0 (5.0-21.0) 15.0 (1.5-39.0) 1.028 (0.990-1.067) 0.154

Apgar 1 min1

< 8 28 (71.81) 11 (28.2) 9.625 (1.989-46.569) 0.003a

≥ 8 49 (96.1) 2 (3.9) 1.000

Apgar 5 min1

< 8 2 (33.3) 4 (66.7) 16.667 (2.666-104.189) 0.003a

≥ 8 75 (89.3) 9 (10.7) 1.000

Outcome1

Discharge 76 (95.0) 4 (5.0) 1.000 < 0.001b

Death 1 (10.0) 9 (90.0) 171.000 (17.185-1701.583)

1n (%).
aP < 0.05.
bP < 0.001. GA: Gestational age; HR: Heart rate; RR: Respiratory rate; SpO2: Peripheral oxygen saturation; O2: Oxygen therapy; CPAP: Constant positive 
airway pressure; MV: Mechanical ventilation; OR: Odds ratio; CI: Confidence interval.

electrocardiogram monitoring and monitoring of PaCO2 levels.
Regarding vital signs in the first hour, no association was observed with the need for ventilatory 

support. According to the study by Kumar et al[21], where clinical assessment and nursing observation 
are very important, some vital sign data are not used and the update in the medical records can still be 
improved. Vital sign monitoring is constantly monitored on monitors at the incubator bedside. Short 
and long-term monitoring can predict sepsis risks and neurological and respiratory problems, as 
slowing heart rate may be indicative of some pathologies. Lower peripheral oxygen saturation (85%-
89%) has a higher incidence of intermittent hypoxemia compared to higher peripheral oxygen 
saturation (91%-95%) during the first 3 d of life. Respiratory rate monitoring is important for detection 
of apnea associated with decreased heart rate and peripheral oxygen saturation. Perhaps, dynamic 
monitoring of vital signs could provide more prognostic information than those assessed only at the 
first hour.

The comparison of data from PIs with low Apgar scores at the fifth minute and birth weight less than 
1500g are closely linked to the need for MV and neonatal mortality, corroborating the study by Dalili et 
al[22]. The study by Oliveira et al[23] states that mortality increased for those with Apgar scores 4-7 in 
relation to PIs weighing between 1500 g and 2999 g, which shows that the lower the birth weight, the 
higher the mortality. The Apgar score was the best known and oldest form of measurement of neonatal 
asphyxia. New knowledge, such as the determination of fetal blood pH, among others, has changed this 
concept, and the score of 6 or less at the fifth minute has become the most important reference in the 
diagnosis and prognosis of asphyxia, along with the proposal not to wait for the first minute score to 
start resuscitation maneuvers. Despite this, the first minute score still seems to have importance in the 
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prognosis of mortality[21,22].
Limitations found in this study were the small sample size, research conducted in a hospital that 

provides health care only to health insurance companies/private entities, and not being able to 
generalize the findings to other hospitals.

CONCLUSION
We conclude that the need for mechanical ventilation is associated with extreme prematurity with GA < 
28 wk, lower maternal age, low birth weight, Apgar < 8 at the first and fifth minutes of life and neonatal 
deaths. NRDS is the most frequent morbidity in premature infants, where more than half of those 
studied required some form of oxygen support, whether O2, CPAP or MV. The identification of factors 
related to the need for MV in prematurity may help in the indication of a qualified team and techno-
logies to promptly meet the unforeseen events that may occur after birth.

ARTICLE HIGHLIGHTS
Research background
Prematurity may be associated with some degree of respiratory failure.

Research motivation
Clinical recognition of premature infants at risk is important for appropriate management of ventilatory 
support.

Research objectives
To assess maternal and newborn factors related to the need for ventilatory support.

Research methods
A retrospective cohort conducted in a private hospital in southern Brazil consisted of preterm infants 
with gestational age < 37 wk.

Research results
We evaluated 90 premature infants with median (p25-p75) gestational age of 34.0 (31.9-35.4) wk. The 
utilization rate of oxygen therapy, continuous positive airway pressure and mechanical ventilation was 
12 (13.3%), 37 (41.1%) and 13 (14.4%), respectively. The median (p25-p75) length of stay was 12.0 (5.0-
22.2) d, with 10 (11.1%) deaths. A statistical association was observed with the use of mechanical 
ventilation and gestational age < 28 wk, lower maternal age, low birth weight, Apgar < 8 and neonatal 
deaths.

Research conclusions
The need for mechanical ventilation in premature infants was related to low birth weight, extreme 
prematurity and low Apgar.

Research perspectives
Other clinical indicators for predicting ventilatory support in premature infants can be used, such as 
monitoring vital signs and their variability measures.
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Abstract
BACKGROUND 
There is variability in intensive care unit (ICU) resources and staffing worldwide. 
This may reflect variation in practice and outcomes across all health systems.

AIM 
To improve research and quality improvement measures administrative leaders 
can create long-term strategies by understanding the nature of ICU practices on a 
global scale.

METHODS 
The Global ICU Needs Assessment Research Group was formed on the basis of 
diversified skill sets. We aimed to survey sites regarding ICU type, availability of 
staffing, and adherence to critical care protocols. An international survey ‘Global 
ICU Needs Assessment’ was created using Google Forms, and this was 
distributed from February 17th, 2020 till September 23rd, 2020. The survey was 
shared with ICU providers in 34 countries. Various approaches to motivating 
healthcare providers were implemented in securing submissions, including use of 
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emails, phone calls, social media applications, and WhatsApp™. By completing this survey, 
providers gave their consent for research purposes. This study was deemed eligible for category-2 
Institutional Review Board exempt status.

RESULTS 
There were a total 121 adult/adult-pediatrics ICU responses from 34 countries in 76 cities. A 
majority of the ICUs were mixed medical-surgical [92 (76%)]. 108 (89%) were adult-only ICUs. 
Total 36 respondents (29.8%) were 31-40 years of age, with 79 (65%) male and 41 (35%) female 
participants. 89 were consultants (74%). A total of 71 (59%) respondents reported having a 24-h in-
house intensivist. A total of 87 (72%) ICUs were reported to have either a 2:1 or ≥ 2:1 patient/nurse 
ratio. About 44% of the ICUs were open and 76% were mixed type (medical-surgical). Protocols 
followed regularly by the ICUs included sepsis care (82%), ventilator-associated pneumonia (79%); 
nutrition (76%), deep vein thrombosis prophylaxis (84%), stress ulcer prophylaxis (84%), and 
glycemic control (89%).

CONCLUSION 
Based on the findings of this international, multi-dimensional, needs-assessment survey, there is a 
need for increased recruitment and staffing in critical care facilities, along with improved patient-
to-nurse ratios. Future research is warranted in this field with focus on implementing appropriate 
health standards, protocols and resources for optimal efficiency in critical care worldwide.

Key Words: Intensive care unit; Critical care; Global; Survey; Intensive care unit survey; Intensive care unit 
needs
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Core Tip: Intensive care unit (ICU) practices are variable across the world. Most common admitting 
diagnoses for ICUs worldwide are similar to Western reporting in literature. We aimed to survey sites 
regarding ICU type, availability of staffing, and adherence to critical care protocols. There is variable 
protocol penetration for processes of care in ICUs. Future research is warranted in this field with focus on 
implementing appropriate health standards, protocols and resources for optimal efficiency in critical care 
worldwide.

Citation: Nawaz FA, Deo N, Surani S, Maynard W, Gibbs ML, Kashyap R. Critical care practices in the world: 
Results of the global intensive care unit need assessment survey 2020. World J Crit Care Med 2022; 11(3): 169-
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URL: https://www.wjgnet.com/2220-3141/full/v11/i3/169.htm
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INTRODUCTION
Critical care is defined by varying practices across countries worldwide. This is affected by multi-
factorial trends in epidemiology, finance, and cultural and human resources that in turn influence 
patient outcomes[1].

Intensive care units (ICUs) are at the center of diverse practices in health systems around the world. 
Their needs are dictated by hierarchical arrangements, resource designation, patient demographics, and 
health practices, including the allied goals of health providers[2]. With a necessity for standardization 
deemed essential for efficiency and high-quality patient care, it is vital to understand the context of 
epidemiological variability, resource accessibility, and local health practices[3] in such sophisticated 
settings. Moreover, the current understanding and comparison of clinical practices, guidelines, 
equipment, and facilities available in different countries can help identify potential areas of quality 
improvement via protocol development and enhancement of unified care delivery. Current literature on 
this topic can be found in developed countries[4,5]; however, it is significantly limited in multinational 
settings[6-8] on a global level.

We aimed to delineate the critical care practices that are found worldwide and their characteristics, 
including staffing, ICU resources, and adherence to protocols. This study sets a novel benchmark in 
sharing insights on key areas of critical care by highlighting the state of ICUs across different countries 
and understanding the trends in contemporary health systems. By defining gaps in knowledge, 
resources, and protocols, this study can facilitate the development of best practice strategies and thereby 

https://www.wjgnet.com/2220-3141/full/v11/i3/169.htm
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lay a strong foundation for critical care provision worldwide[9].

MATERIALS AND METHODS
Study design
This was a cross-sectional, multinational, survey-based study. We proposed the formation of a 
multidisciplinary, diverse team of skilled researchers who established the “Global ICU Needs 
Assessment Research Group”.

A questionnaire was developed under the guidance of this research group with the goal of evaluating 
most common patient presentations, and resource needs in terms of ICU equipment and assisting 
technology.

Study variables 
Furthermore, we asked about other variables, such as the availability of intensivists, residents, fellows, 
12-h in-house intensivists, and patient/nurse ratio, along with other demographics of those surveyed, 
such as their level of qualification, duration of clinical experience, and overall expertise in this field. It 
was also deemed crucial to include outcome variables, such as mechanical ventilation (MV) duration, 
MV mortality, ICU length of stay, ICU mortality, and sepsis mortality as well. Using a pilot study 
approach, we implemented this strategy within a randomized group of ICU clinicians before proceeding 
with the main study phase. This was done for internal validation purposes in the form of a survey 
shown in the digital supplement.

Sample of convenience was done. Intensivists were contacted using social media platforms and 
personal networking and via critical care societies. The survey was designed using Google™ forms 
online and sent out from February 17th, 2020 to 23rd September, 2020, to critical care professionals in 34 
countries worldwide (Figure 1). The need for regular follow-ups and motivation within critical care 
professionals was a vital factor to this study. This was achieved by leveraging various online platforms, 
such as e-mail and social media applications including WhatsApp™[20].

Using a diverse set of researchers, critical care physicians, and digital platforms, a sample of 122 ICUs 
was acquired through this questionnaire.

Statistical analyses
The responses were presented as stratified data in the form of mean, with standard deviation, or median 
with interquartile range. It was also deemed necessary to include relevant pictographic presentation of 
this data.

Descriptive statistical analysis was used after obtaining eligibility for category-2 Institutional Review 
Board exempt status.

ICU practices at a given healthcare facility, including details about the respondents and 
demographics of the facility. The survey asked about the state of the ICU being open or closed, type of 
patients receiving care, number of ICU beds, protocols implemented for efficient practice.

RESULTS
The respondents of this survey primarily reflected a young adult population, with the respondents of 
this survey primarily reflected a young adult population with the greatest proportion 31-40 years old 
and males representing the majority, n = 79 (65%) with an average ICU experience of 3 years. Moreover, 
consultants were the main constituents of the survey respondents at n = 89 (74%), followed by residents 
from post-graduate year 3 and above (18, 15%). The ICU settings were mostly designed as a mixed 
medical-surgical environment (92, 76%) in academic teaching hospitals (38, 32%) with an average of 16 
(interquartile range 11-20) beds. Furthermore, the ICUs were commonly open type, (53, 44%) (Table 1).

The need for intensivists and nurses to lead critical care is noted worldwide[1]. The analysis showed a 
patient/nurse ratio of 2:1 being implemented in the majority (55%) of the ICU units, and only (10%) of 
responders were following a 1:1 nursing care approach. Moreover, 34% of ICUs, which typically 
functioned at 2:1 patient/nurse ratios, transferred to 1:1 for complicated cases. There was also a 
significant number of ICUs (20, 16.5%) working with more than a 2:1 patient/nurse ratio. It is also 
noteworthy that a vast majority of the ICUs (101, 84%) were led by certified intensivists with 24-h 
intensivists deployed in 71 (59%) of the ICUs for optimal patient care. Other notable providers were 
residents/fellows/medical students active in 101 (84%) ICU units (Table 2).

Critical care was driven by protocols that were followed within all ICU facilities. There was a strong 
predominance of protocols for Advanced Cardiac Life Support (93%), glucose control (89%), stress ulcer 
prophylaxis (84%), deep vein thrombosis (DVT) prophylaxis (84%) and sepsis care (82%). The protocols 
least reported included palliative care/end of life (44%), acute lung injury (55%), transfusion restriction 
(59%), hypothermia after cardiac arrest (61%), and delirium (67%) (Table 3).
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Table 1 Demographic variables

Demographic variables Responses in % (n = 121)
Age (yr)

31-40 29.8

41-50 23.1

20-30 23.1

> 50 24.0

Gender

Male 65.3

Female 34.7

Intensive care unit experience (yr)

< 10 50.4

10-20 35.5

21-30 9.9

> 30 4.1

Designation

Consultant staff 73.6

Resident-PGY-3 and above 14.9

Resident-PGY-1 5.0

Resident-PGY-2 6.6

Intensive care unit specialty wise distribution

Mixed medical-surgical 76.0

Medical 7.4

Others 16.6

Institution type

Private/non-academic 16.5

Government hospital (tertiary care) 19.8

Academic teaching hospital 31.5

Corporate teaching hospital 8.2

Other 0.9

Number of intensive care unit beds

< 11 28.1

11-20 31.4

21-30 23.1

> 30 17.4

Intensive care unit type

Open 43.8

Closed 56.2

PGY-3: Post-graduate year 3.

The sample population was analyzed across a total 121 adult/adult-pediatrics ICU responses from 34 
countries in 76 cities. Distribution of the respondents was spread amongst North America (41.3%), Asia 
(30.5%), Europe (18.2%), Africa (5.8%), South Africa (2.6%) and Oceania (1.6%) (Figure 1).
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Table 2 Clinical resource parameters

Clinical resource parameters Responses in % (n = 121)

Patient/nurse ratio (n)

Usually 2:1 (for complicated patients 1:1) (n = 41) 33.9

2:1 (n = 26) 21.5

> 2:1 (n = 20) 16.5

1:1 (n = 31) 25.6

No fixed patient/nurse (n = 3) 2.5

24 h in-house intensivist (n = 71) 58.7

Certified intensivist (n = 101) 83.5

Residents/fellows/medical students rotate through or cover intensive care units along with staff intensivists (n = 101) 83.5

Table 3 Critical care protocols self-reporting

High (%) Medium (%) Low (%)

Glucose control 89.3 Daily interruption of sedation 69.4 Palliative care/end of Life 43.8

Advanced cardiac life support 93.4 Acute coronary syndrome 81.0 Delirium 66.9

Deep vein thrombosis prophylaxis 83.5 Acute lung injury 54.5 Early mobility 68.6

Stress ulcer prophylaxis 83.5 Transfusion restriction 58.7 Hypothermia after cardiac arrest 61.2

Severe sepsis 81.7

Ventilator-associated pneumonia bundle 78.5

Nutrition 76.0

The most common diagnoses for patients admitted into the ICU settings in this study included sepsis 
(88%), respiratory failure (88%) and heart failure (55%), as shown in Table 4.

The average ICU mortality (n = 36) assessed in this survey was 14% (interquartile range 2-40); ICU 
length of stay (n = 41) was 5.2 d (interquartile range 2-21); mechanical ventilation (MV) duration (n = 34) 
was 4.3 d (1-15); MV patient mortality (n = 27) was 20% (1-64) and sepsis mortality (n = 27) was at 21% 
(5-70) across the survey respondents (Table 5).

DISCUSSION
In a multi-national study that evaluates the critical care practices of 121 ICUs in 34 countries, the 
majority of the centers were from mixed medical-surgical or medical practices, with consultants 
comprising the majority of respondents. The most common diagnoses included sepsis/septic shock and 
respiratory failure. The largest proportion of responders were young adult males who identified as 
intensivists, suggesting that this field is expanding to include more learners who are early in their 
training.

Considering that this was a multinational study, it is important to note that local practices and 
resources may vary between different regions. A lack of resources may limit the total number of beds 
available, or even result in a lower number of monthly admissions[10] in a given center relative to other 
regions. Because financial resources may influence how patients are triaged or how the healthcare 
organization is structured[11], it is important to keep this in mind when evaluating multi-center data 
from different countries.

The predominant diagnosis in the ICU was sepsis. Studies show that sepsis has a mortality rate 
varying from 13% to 39%[12]. The second most common diagnosis was respiratory failure, with studies 
indicating a mortality rate of 26.2%[13]. Both sepsis and respiratory failure followed the same trend that 
is observed in country-specific ICU studies[14]. Considering that the mortality rates of both diseases are 
so high, it is imperative that ICUs are equipped with the resources and training to achieve best practice 
guidelines[15].

Many of the reported surveys were from individuals in mixed medical-surgical ICUs that were closed 
in nature and had 24-h intensivists. Additionally, the greatest number of the respondents reported 
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Table 4 Common diagnoses

Common diagnoses No % of intensive care unit

Sepsis or septic shock 106 87.6

Respiratory failure 106 87.6

Heart failure 67 55.4

Post-operative observation 68 56.2

Poisoning 15 12.4

Head trauma 37 30.6

Renal failure 46 38.0

Alcohol withdrawal 13 10.7

Epilepsy or uncontrolled seizures 18 14.9

Chronic obstructive pulmonary disease exacerbation 37 30.6

Hypertension 15 12.4

Cardiogenic shock 37 30.6

Electrolyte imbalance 20 16.5

Hypotension or hypovolemic shock 44 36.4

Heat stroke 4 3.3

Table 5 Critical care outcomes

Variables Outcome

Intensive care unit mortality (response n =36) 14%

Intensive care unit length of stay, in days (response n = 41) 5.2 

Mechanical ventilation mortality (response n = 27) 19.5%

Mechanical ventilation duration, in days (response n = 34) 4.3 

Sepsis mortality (response n = 27) 21.2%

having 11-20 beds in the ward. Most of these centers were within academic or privately-owned 
hospitals. Although it is believed that ICUs with more beds will achieve better optimal care, it is 
important to consider that more money shifted towards ICUs will limit funding to other departments
[16]. This predominantly impacts areas of low-resource settings, which is why the median ICU beds in 
low-income countries is 8[7]. Closed ICUs are associated with better outcomes, such as shorter ICU stay 
and decreased ICU costs[17]. North America is reported to have the lowest amount of closed ICUs 
(63%), with Western Europe having the highest (89%) (17). Since closed ICUs require an intensivist 
working on site, more and more ICUs are now including a 24-h intensivist, which can lead to decreased 
risk of in-hospital death and rate of complications[1].

Respondents most often reported a patient/nurse ratio of 2:1, which flexed to 1:1 for complicated 
patients. In a study by Sakr et al[1] it was reported that a patient/nurse ratio of more than 1.5:1 was 
associated with a higher risk of in-hospital death. Adequate care in ICUs requires proper staffing of 
nurses. This can greatly impact patient outcomes, especially if there are limited nurses available to 
provide care[1]. A high patient/nurse ratio can result in more mistakes being made due to a stressful 
work environment and fatigue[18]. It is imperative that adequate staffing is provided to ICUs to best 
provide patient care in an optimized environment.

Kredo et al[19] noted that evidence-informed best practice guidelines are imperative to optimizing 
patient care. A multifaceted, team-based approach in the ICU is the best way of reinforcing these 
guidelines and developing strategies that can better manage the patient or prevent complications[15]. In 
our survey, we found that a majority of centers are able to follow best practice guidelines related to 
glucose control, advanced cardiac life support, DVT prophylaxis, and stress ulcer prophylaxis. 
However, challenges exist with protocols related to palliative care, acute lung injury, and transfusion 
restriction. It is important to address barriers to guideline adherence, which can differ from region to 
region. Some commonly reported barriers include lack of knowledge[20] or needing effective leadership 
to promote adoption of guidelines[21].
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Figure 1 The survey was designed using Google™ forms online and sent out from February 17th, 2020 to 23rd September, 2020, to critical 
care professionals in 34 countries worldwide. Created by mapchart.net.

Strengths
The strengths of this study include being one of the first multinational surveys to collect data from 34 
countries during the pandemic of the century[22]. Having more regions participate in a survey like this 
is beneficial because it provides a snapshot of the ICU statistics in that area. A multi-center design 
allows for a broader range of data representing the resources of each area vs a single center study. These 
data can be used to evaluate current ICU resources and limitations worldwide and can therefore help 
administration create designs to optimize care for patients who are in the critical care unit. Such multi-
national collaborations would lead to robust data collection during pandemic and peace times[23-25].

Limitations
Our study has several limitations. First, since our primary recruitment method was through social 
media and networking at critical care societies, we may be missing out on data from remote areas or 
sites that did not see our recruitment invitation online. Second, as we had only 34 countries represented, 
a larger sample size from different geographical locations would allow us to understand the needs of 
the ICU in those regions better. Recall bias is also a factor in survey studies, as participants may not be 
able to fill in all the information as accurately as possible. Additionally, since this survey was filled out 
during the year of the coronavirus disease 2019 pandemic, ICUs may have been impacted or changed 
very drastically to meet the needs of their community. Therefore, the reported results may not 
accurately reflect ICU data prior to the pandemic. A final limitation to our study is that we did not 
stratify our data into geographical regions to evaluate differences from region to region. Further 
research could aim to delineate this data.

CONCLUSION
This international, multi-dimensional, needs-assessment survey reflects a need for increased recruitment 
and staffing in critical care facilities, along with improved patient-to-nurse ratios. Multi-center ICU data 
are imperative in designing future critical care delivery models that reflect the needs of the patient and 
address barriers to their care. Understanding current trends in health systems helps us develop quality 
improvement interventions that can lead to better outcomes in patients.

ARTICLE HIGHLIGHTS
Research background
There is variability in intensive care unit (ICU) resources and staffing worldwide. This may reflect 
variation in practice and outcomes across all health systems.

Research motivation
By understanding the nature of ICU practices on a global scale, administrative leaders can create long-
term strategies for improved research and quality improvement measures.

Research objectives
We aimed to delineate the critical care practices that are found worldwide and their characteristics, 
including staffing, ICU resources, and adherence to protocols.
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Research methods
An international survey ‘Global ICU Needs Assessment 2020’ was created using Google Forms, and this 
was distributed from February 17th, 2020 till September 23rd, 2020. The survey was shared with ICU 
providers in 34 countries.

Research results
There were a total 121 adult/adult-pediatrics ICU responses from 34 countries in 76 cities. A majority of 
the ICUs were mixed medical-surgical (92, 76%). 108 (89%) were adult-only ICUs. Total 36 respondents 
(29.8%) were 31-40 years of age, with 79 (65%) male and 41 (35%) female participants. 89 were 
consultants (74%). A total of 71 (59%) respondents reported having a 24-h in-house intensivist.

Research conclusions
Based on the findings of this international, multi-dimensional, needs-assessment survey, there is a need 
for increased recruitment and staffing in critical care facilities, along with improved patient-to-nurse 
ratios.

Research perspectives
Future research is warranted in this field with focus on implementing appropriate health standards, 
protocols and resources for optimal efficiency in critical care worldwide.
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Abstract
BACKGROUND 
In patients with respiratory failure, loop diuretics remain the cornerstone of the 
treatment to maintain fluid balance, but resistance is common.

AIM 
To determine the efficacy and safety of common diuretic combinations in critically 
ill patients with respiratory failure.

METHODS 
We searched MEDLINE, Embase, Cochrane Library and PROSPERO for studies 
reporting the effects of a combination of a loop diuretic with another class of 
diuretic. A meta-analysis using mean differences (MD) with 95% confidence 
interval (CI) was performed for the 24-h fluid balance (primary outcome) and the 
24-h urine output, while descriptive statistics were used for safety events.

RESULTS 
Nine studies totalling 440 patients from a total of 6510 citations were included. 
When compared to loop diuretics alone, the addition of a second diuretic is 
associated with an improved negative fluid balance at 24 h [MD: -1.06 L (95%CI: -
1.46; -0.65)], driven by the combination of a thiazide plus furosemide [MD: -1.25 L 
(95%CI: -1.68; -0.82)], while no difference was observed with the combination of a 
loop-diuretic plus acetazolamide [MD: -0.40 L (95%CI: -0.96; 0.16)] or spirono-
lactone [MD: -0.65 L (95%CI: -1.66; 0.36)]. Heterogeneity was high and the report 
of clinical and safety endpoints varied across studies.
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CONCLUSION 
Based on limited evidence, the addition of a second diuretic to a loop diuretic may promote 
diuresis and negative fluid balance in patients with respiratory failure, but only when using a 
thiazide. Further larger trials to evaluate the safety and efficacy of such interventions in patients 
with respiratory failure are required.

Key Words: Respiratory failure; Diuretics; Fluid management; Furosemide; Thiazide; Systematic review

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Loop diuretics are a cornerstone treatment to maintain fluid balance in patients with respiratory 
failure, but resistance is common. In the caveat of a substantial heterogeneity, this meta-analysis shows a 
significant increase in urine output with negative fluid balance with the combination of loop diuretics plus 
thiazides compared to loop diuretics alone in patients with respiratory failure. Further trials are required to 
confirm the safety and efficacy of such interventions in patients with respiratory failure.

Citation: Côté JM, Goulamhoussen N, McMahon BA, Murray PT. Diuretic combinations in critically ill patients 
with respiratory failure: A systematic review and meta-analysis. World J Crit Care Med 2022; 11(3): 178-191
URL: https://www.wjgnet.com/2220-3141/full/v11/i3/178.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i3.178

INTRODUCTION
Progressive fluid accumulation is a commonly encountered scenario in critically ill patients and in 
patients with acute kidney injury (AKI), acute heart failure, and other edematous states. Fluid overload 
is associated with increased mortality[1,2] and numerous systemic complications such as poor wound 
healing, AKI and pulmonary edema with acute hypoxemic respiratory failure (AHRF)[3]. Interpretation 
of studies evaluating the relationship between fluid balance and mortality in AHRF is complex, 
especially in the context of other organ outcomes[4]. Early observational studies of fluid management in 
the specific context of patients with AHRF have shown that a negative fluid balance is associated with 
improved survival, particularly in the context of acute respiratory distress syndrome (ARDS)[5,6]. 
Though, the definitive trial evaluating fluid management during ARDS showed that a conservative 
fluid balance achieved with diuretics did not statistically affect mortality but did increase the number of 
ventilator-free days and intensive care unit (ICU)-free days survival[7].

In the ICU, loop diuretics remain the most widely used class of diuretics, and are used in up to 49% of 
all ICU admissions[8]. However, prolonged use of loop diuretics may be associated with therapeutic 
resistance, which is a frequent observation in the ICU and associated with increased risk of mortality[9]. 
Combining multiple diuretics with different mechanisms of action may achieve a sequential nephron 
blockade, further limiting the kidney's ability to reabsorb fluid and electrolytes. These actions may 
further increase urine output, but also potentially lead to complications such as electrolyte and acid-base 
disorders and worsening kidney function[10,11]. Diuretic combinations are routinely used in the 
management of heart failure, and there is a significant body of evidence supporting that practice[12,13]. 
Both American and European Heart Failure Guidelines recommend that when diuresis remains 
inadequate with loop diuretic therapy despite dose escalation, the addition of thiazide diuretics may be 
considered[14,15]. Recent data have also shown that the addition of a second diuretic can help to 
mitigate loop-diuretic resistance in a broad cohort of patients hospitalised in the ICU[16].

However, in patients with AHRF, only few data exist on the additional efficacy of various diuretic 
regimens to promote diuresis in resistant edematous states, despite the use of this approach in up to 6% 
of all ICU admissions[8]. Instead of progressively escalate the dose in patients resistant to loop diuretics, 
a proactive administration of a second diuretic may help to quickly increase the urine output, and 
therefore minimize respiratory complications. On the other hand, as opposed to patients with heart 
failure where the extravascular fluid retention usually represents multiple liters, patients with AHRF 
may have a relatively small fluid retention but enough to significantly affect the perturbed pulmonary 
physiology. In these patients, the risks of quickly increasing the diuresis, and therefore having a 
substantial negative fluid balance, may be higher regarding renal function, electrolyte homeostasis or 
hypotension. To date, no systematic review has evaluated different protocols of diuretic combinations in 
this population regarding their efficacy but also their safety.

https://www.wjgnet.com/2220-3141/full/v11/i3/178.htm
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Scope
The aim of this systematic review was to determine the efficacy of common diuretic combinations to 
promote negative fluid balance in patients hospitalised in the ICU with AHRF. The objective was to 
compare the use of loop diuretics in monotherapy to the use of a loop diuretic with an adjunctive non-
loop diuretic agent paying particular attention to rates of AKI and electrolyte disturbance.

MATERIALS AND METHODS
This systematic review with meta-analysis was reported following the Preferred Reporting Items for 
Systematic Reviews and Meta-analysis guidelines[17]. The protocol was registered on the PROSPERO 
international prospective register of systematic reviews (CRD42020218381).

Eligibility criteria
Inclusion criteria: Eligible studies compared diuretic combinations to loop diuretics alone in adult 
patients hospitalised in ICU with respiratory failure receiving diuretics for volume control. Respiratory 
failure was defined as receiving invasive or non-invasive positive ventilation for an acute hypoxemic or 
hypercapnic respiratory failure, or for severe pulmonary edema requiring oxygen therapy. Patients with 
non-primary pulmonary aetiology, such as acute decompensated heart failure, were included if signs of 
severe pulmonary edema requiring oxygen, with or without mechanical ventilation, were clearly 
reported. Studies evaluating a combination of diuretic agents without a comparison group were 
included in the systematic review if at least one efficacy clinical outcome of interest was reported, but 
were not included in the final meta-analysis. The following classes of non-loop diuretics in combination 
with a loop diuretic were included: Thiazide or thiazide-like agents, carbonic anhydrase inhibitors, 
Epithelial sodium channel (ENaC) inhibitors and mineralocorticoid antagonists. No study design, date 
or language limits were imposed on the literature search, although only studies in English, Spanish and 
French were included in the analysis.

Exclusion criteria: Studies reporting patients with peripheral edema only were excluded. Studies 
reporting patients with chronic kidney disease (CKD) treated with maintenance kidney replacement 
therapy (KRT) were also excluded. Studies of the use of loop diuretic agents in pediatric populations 
were excluded.

Literature search
According to the predetermined protocol, a systematic literature search of 4 databases (MEDLINE, 
Embase, Cochrane Library and PROSPERO) was performed from inception until May 5, 2021 in collab-
oration with a trained medical librarian (covering from 1946 to May 2021). The literature search strategy 
was developed using medical subject headings and text words related to all classes of diuretics included 
and their individual name, fluid balance, respiratory failure and hypoxemia, and critical care 
(Supplementary Table 1). We also scanned the reference lists of included studies and searched the grey 
literature for all abstracts listed into the annual meeting archives of the American Society of Nephrology, 
the European Society of Intensive Care Medicine and the Society of Critical Care Medicine. Finally, a biblio-
graphy of all potentially included articles was circulated to all authors, to prompt consideration of any 
other relevant publications.

Study selection
Eligible studies were clinical trials, observational cohort studies, case-control studies and cross-sectional 
studies. Cases series with more than five patients and abstracts not yet published were also included 
when at least one outcome of interest was described quantitatively. Literature search results were 
uploaded and screened using Rayyan QCRI application. Two reviewers (JMC and NG) independently 
screened the titles and abstracts of all identified articles. These reviewers then screened the full-text 
reports for all potential studies and decided whether these met the inclusion criteria, reporting the 
reason(s) for exclusions. When necessary, the authors (JMC and BMcM) contacted the corresponding 
author of potential studies to obtain additional information. Once the final list of included articles was 
determined, there was no disagreements between authors.

Data extraction
RevMan (Version 5.4, The Cochrane Collaboration, 2020) was used to extract data from each eligible 
study. Data extracted included eligibility criteria, demographics, methodology, diuretic name, class and 
dosage, risk of bias and results. The prespecified primary efficacy outcome of interest was the 
cumulative fluid balance, and secondary outcomes were the 24-h urine output (diuresis), ventilation-
free survival, number of days on mechanical ventilation, need of therapeutic paracentesis, hospital and 
ICU length-of-stay, in-hospital and 90-d mortality. Due to lack of data regarding the cumulative ICU 
fluid balance for all included studies, the 24-h fluid balance was therefore reported as primary outcome. 
Safety endpoints included AKI incidence and progression to KRT, electrolyte and acid-base 

https://f6publishing.blob.core.windows.net/fd5750ef-6829-4a73-86ed-3eeb441e2c1b/WJCCM-11-178-supplementary-material.pdf
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abnormalities, creatinine and electrolyte changes from baseline (sodium, potassium, bicarbonate) and, 
finally, hypotensive events, arrythmias and ototoxicity occurrence. Reports of 24-h natriuresis, not 
planned in the original protocol, were also captured as this endpoint was considered clinically relevant.

The risk of bias was assessed using the Cochrane Collaboration tool for assessing the risk of bias for 
randomised controlled trials (RCTs) (RoB2)[18], and non-randomised trials (n-RCTs)(ROBINS-I)[19], 
and the Newcastle-Ottawa Scale for observational studies. These assessments were based on the 
reporting of fluid balance, the primary outcome of the current review. When insufficient details were 
reported, the risk of bias was judged as unclear.

Statistical analysis
A meta-analysis using mean differences (MD) with 95% confidence interval (CI) was performed for the 
primary outcome and for the 24-h urine output (secondary efficacy endpoint), while descriptive 
statistics were used for all other endpoints reported. The statistical heterogeneity for pooled results was 
reported using I2. As the clinical heterogeneity of included studies was considered high, a random-
effects model was used for both meta-analyses. In studies reporting the endpoint using median and 
IQR, the statistical method described by Wan et al[20] was used to convert the reported value to mean ± 
SD allowing meta-analysis. None of the preplanned sub-analyses (dosage of loop diuretics and the type 
of respiratory failure) were performed due to limited data. All statistical analyses were performed on 
RevMan (Version 5.4, The Cochrane Collaboration, 2020) and SPSS (Version 26, IBM, Armonk NY).

RESULTS
Study selection 
Study selection is depicted in Figure 1. After removal of duplicates, there were 6510 studies. Of these, 
6476 were excluded after screening titles and abstracts. A total of 34 studies were assessed for eligibility, 
from which 25 were excluded for not meeting inclusion criteria (Supplementary Table 2). Therefore, a 
total of 9 studies were included[21-29], from which 8 presented quantitative results for endpoints meta-
analysis[21-23,25-29].

Study characteristics
A detailed summary of each of the study characteristics is presented in Table 1. The included studies 
investigated the combination of furosemide with either spironolactone[21], indapamide[22], 
chlorothiazide[23,27,29], metolazone[23,27,28], acetazolamide[24,25] or a combination of hydrochloroth- 
iazide and amiloride[26] at various doses in patients with respiratory failure. These studies were 
published between 1997 and 2019, and included a total of 440 participants. Three studies were RCTs[21,
22,25] and 5 were observational[23,24,27-29], and one was a prospective non-randomised interventional 
study[26].

For the study by Heming et al[24], only 29 from the 68 participants were receiving a loop diuretic in 
addition to acetazolamide. All results reported from this study were calculated using the subset of the 
entire cohort receiving that combination of diuretics based on the dataset shared by the authors. 
Similarly, only patients with confirmed ICU admission with respiratory failure from the Shulenberger et 
al[29] study (n = 78, from 177 in total) were included in this review, after access to the original dataset. 
Overall, in this review, females were the minority and the median age ranged from 57 to 77 years. Most 
patients were admitted following cardiac surgery or acute decompensated heart failure. The duration of 
the diuretic combination intervention varied from 24 to 96 h, while the median furosemide dose 
(equivalent to intravenous furosemide) ranged from approximately 80 to 351 mg per day. The doses of 
the second diuretic are reported in Table 1.

Risk of bias
The quality assessment and risks of bias are presented in the Supplementary Material 
(Supplementary Table 3). All 3 RCTs included[21,22,25], despite limited sample size, were good quality 
with an overall low risk of bias. The non-randomised interventional trial was classified with an overall 
unclear risk of bias, due to missing data[26] and potential uncontrolled confounders. The observational 
cohort studies included were of good quality, where the risk of bias was adequately minimized for most 
components of the Newcastle-Ottawa Assessment Scale. No unpublished data was included in this 
review. Heterogeneity was substantial across all included studies, regarding study design, intervention 
duration and timing of administration, dose of loop-diuretics administered, baseline kidney function 
and safety endpoints reported. Notably, the intervention duration, defined as the period of diuretics 
administration during which clinical endpoints were measured, ranged between 24 h to 96 h. In 
addition, regarding the second diuretic, some studies reported a fixed dose for all patients, while other 
reported a titratable dose. The comparison group receiving only a loop-diuretic was an independent and 
parallel-group for 4 studies[21,22,25,26], and a sequential paired group–where clinical endpoints were 
compared before and after the addition of a second diuretic within the same group–for 4 studies[23,27-

https://f6publishing.blob.core.windows.net/fd5750ef-6829-4a73-86ed-3eeb441e2c1b/WJCCM-11-178-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/fd5750ef-6829-4a73-86ed-3eeb441e2c1b/WJCCM-11-178-supplementary-material.pdf
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Table 1 Characteristics of included studies

Ref. Country, 
design

Inter-
vention 
duration

Major eligibility 
criteria

Study groups 
(sample size)

Median 
daily 
dose of 
diuretic 
(route)

Patients characteristics

Furosemide + 
Spironolactone (n 
= 10)

97 mg (71-
288) (IV); 
300 mg 
(PO)

(1) Age: 68 (55-79); (2) 
Male sex: 7 (70%); (3) 
SCr, μmol/L: -; (4) 
Apache II Score: 21 
(15-28); and (5) 
Positive ventilation: 10 
(100%)

ICU admission for (1) 
Sepsis: 4 (40%); (2) 
Cardiovascular: 2 (20%); 
and (3) COPD/Resp. 
failure: 2 (20%). In-
hospital mortality: -

Apte et al[21], 
2008

Australia; 
RCT

72 h (1) Mechanically 
ventilated; and (2) On 
continuous IV 
furosemide

Furosemide + 
Placebo (n = 10)

168 mg (74-
295) (IV)

(1) Age: 67 (52-76); (2) 
Male sex: 6 (60%); (3) 
SCr, umol/L: -; (4) 
Apache II Score: 24 
(17-26); and (5) 
Positive ventilation: 10 
(100%)

ICU admission for (1) 
Sepsis: 6 (60%); (2) 
Cardiovascular: 1 (10%); 
and (3) COPD/Resp. 
failure: 0 (0%). In-hospital 
mortality: -

Furosemide (n = 
20)

1 mg/kg 
(IV); 
Median 
weight: 78 
kg

(1) Age: 75 (62-86); (2) 
Male sex: 12 (60%); (3) 
SCr, μmol/L: 97 (69-
133); (4) Apache III 
Score: 68 ± 21; and (5) 
Positive ventilation: 14 
(70%)

ICU admission for (1) 
Sepsis: 3 (15%); (2) 
Cardiovascular: 3 (15%); 
and (3) COPD/Resp. 
failure: 12 (60%). In-
hospital mortality: 5 (25)

Bihari et al
[22], 2016 

Australia; 
RCT

24 h (1) Fluid overload (> 
10% ICU admission 
weight); and (2) No 
prior diuretic last 48 h

Furosemide + 
Indapamide (n = 
20)

1 mg/kg 
(IV); 5 mg 
(PO)

(1) Age: 70 (53-75); (2) 
Male sex: 14 (70%); (3) 
SCr, μmol/L: 91 (63-
141); (4) Apache III 
Score: 74 (29); and (5) 
Positive ventilation: 10 
(50%)

ICU admission for (1) 
Sepsis: 3 (15%); (2) 
Cardiovascular: 4 (20%); 
and (3) COPD/Resp. 
failure: 10 (50%). In-
hospital mortality: 5 (25)

Furosemide + 
Chlorothiazide (n 
= 34, from 108)1

≥ 80 mg 
(IV); 500 to 
1000 mg 
(IV)

(1) Age: 64 (54-69); (2) 
Male sex: 74 (69%); (3) 
SCr, umol/L: 132 (90-
187); (4) Apache II 
Score: 12 (9-15); and 
(5) Positive 
ventilation: -

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 108 
(100%); and (3) 
COPD/Resp. failure: -. In-
hospital mortality: 21 (19)

Furosemide (n = 
34, from 108)1

≥ 80 mg 
(IV)

- -

Furosemide + 
Metolazone (n = 
16, from 60)1

≥ 80 mg 
(IV); 5 to 10 
mg (PO)

(1) Age: 63 (54-74); (2) 
Male sex: 41 (68%); (3) 
SCr, umol/L: 142 (102-
188); (4) Apache II 
Score: 10 (7-14); and 
(5) Positive 
ventilation: -

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 60 (100%); 
and (3) COPD/Resp. 
failure: -. In-hospital 
mortality: 1 (2)

Bohn et al[27], 
20191

United 
States; 
Observa-
tional 
(paired 
groups)

24 h (1) ADHF with 
reduced ejection 
fraction; and (2) Not 
responding to 
furosemide 
monotherapy

Furosemide (n = 
16, from 60)1

≥ 80 mg 
(IV)

- -

Heming et al
[24], 2011

France; 
Observa-
tional

24 h (1) Mechanically 
ventilated; and (2) 
Acute respiratory 
failure

Furosemide + 
Acetazolamide (n 
= 29, from 68)2

80 mg (40-
80) (IV); 
500 to 1000 
mg (PO)

(1) Age: 77 (73-83); (2) 
Male sex: 9 (31%); (3) 
SCr, umol/L: 66 (57-
89); (4) Apache II 
Score: 25 (20-30); and 
(5) Positive 
ventilation: 29 (100%)

ICU admission for (1) 
Sepsis: 6 (21%); (2) 
Cardiovascular: 5 (17%); 
and (3) COPD/Resp. 
failure: 16 (55%). In-
hospital mortality: 10 (34)

Furosemide3 + 
Acetazolamide (n 
= 10)

110 mg (± 
73) (IV); 
250 to 500 
mg (PO)

(1) Age: 73 (± 8.6); (2) 
Male sex: 8 (80%); (3) 
SCr, μmol/L: 137 (± 
42); (4) Apache II 
Score: -; and (5) 
Positive ventilation: -

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 10 (100%); 
and (3) COPD/Resp. 
failure: -. In-hospital 
mortality: -

(1) Age: 71 (± 14); (2) 
Male sex: 9 (90%); (3) 
SCr, umol/L: 141 (± 

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 10 (100%); 

Imiela and 
Budaj[25], 
2017

Poland; RCT 96 h (1) ADHF not 
responding to 
furosemide; and (2) 
Significant 
pulmonary overload

Furosemide3 (n = 
10)

152 mg (± 
97) (IV)
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77); (4) Apache II 
Score: -; and (5) 
Positive ventilation: -

and (3) COPD/Resp. 
failure: -

Furosemide + 
Chlorothiazide (n 
= 58)

280 mg (40-
720) (IV); 
392 mg (± 
225) (IV)

(1) Age: 61 (± 12); (2) 
Male sex: 35 (60%); (3) 
SCr, μmol/L: 124 (± 
53); (4) Apache II 
Score: -; and (5) 
Positive ventilation: -

ICU admission for (1) 
Sepsis: 4 (6.8%); (2) 
Cardiovascular: 25 (43%); 
and (3) COPD/Resp. 
failure: 15 (26%). In-
hospital mortality: 11 (19)

Furosemide (n = 
58)

193 mg (20-
710) (IV)

- -

Furosemide + 
Metolazone (n = 
64)

240 mg (20-
960) (IV); 
6.8 mg (± 
3.3) (PO)

(1) Age: 65 (± 14); (2) 
Male sex: 31 (48%); (3) 
SCr, μmol/L: 115 (± 
44); (4) Apache II 
Score: -; and (5) 
Positive ventilation: -

ICU admission for (1) 
Sepsis: 9 (14%); (2) 
Cardiovascular: 24 (38%); 
and (3) COPD/Resp. 
failure: 12 (19%). In-
hospital mortality: 17 (27)

Michaud and 
Mintus[23], 
2017

United 
States; 
Observa-
tional 
(paired 
groups)

24 h (1) Hospitalized at the 
ICU; and (2) Received 
IV furosemide + 2nd 
diuretics for severe 
fluid overload

Furosemide (n = 
64)

130 mg (20-
750) (IV)

- -

Furosemide + 
Metolazone (n = 
42)

80 mg (80-
160) (IV); 5 
mg (2.5-10) 
(PO)

(1) Age: 57 (± 13); (2) 
Male sex: 22 (52%); (3) 
SCr, μmol/L: 148 (± 
88); (4) Apache II 
Score: -; and (5) 
Positive ventilation: -

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 42 (100%); 
and (3) COPD/Resp. 
failure: -. In-hospital 
mortality: 0 (0)

Ng et al[28], 
2013

United 
States; 
Observa-
tional 
(paired 
groups)

48 h (1) Hospitalized at the 
ICCU; and (2) Failed 
to respond to 
intermittent 
furosemide

Furosemide (n = 
42)

80 mg (0-
160) (IV)

- -

Furosemide + 
Chlorothiazide (n 
= 40, from 88)4

346 mg (± 
144) (IV); 
508 mg (± 
273) (IV)

(1) Age: 59 (± 12); (2) 
Male sex: 26 (65%); (3) 
SCr, μmol/L: -; (4) 
Apache II Score: -; and 
(5) Positive 
ventilation: - 

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 40 (100%); 
and (3) COPD/Resp. 
failure: -. In-hospital 
mortality: 3 (8.5)

Furosemide (n = 
40)4

351 mg (± 
143) (IV)

Furosemide + 
Metolazone (n = 
38, from 89)4

261 mg (± 
111) (IV); 
5.7 mg (± 
2.5)

(1) Age: 57 (± 13); (2) 
Male sex: 19 (50%); (3) 
SCr, umol/L: -; (4) 
Apache II Score: -; and 
(5) Positive 
ventilation: -

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 38 (100%); 
and (3) COPD/Resp. 
failure: -. In-hospital 
mortality: 9 (24%)

Shulenberger 
et al[29], 2016

United 
States; 
Observa-
tional 
(paired 
groups)

24 h (1) ADHF with loop-
diuretic resistance 
defined as > 160 
mg/d of furosemide; 
and (2) Admitted in 
the ICU

Furosemide (n = 
38)4

263 mg (± 
102) (IV)

Furosemide + 
HCTZ + 
Amiloride (n = 
20)

87 mg (± 4) 
(IV); 50 mg 
(PO); 5 mg 
(PO)

(1) Age: 70 (± 1.4); (2) 
Male sex: 15 (75%); (3) 
SCr, μmol/L: 98 (± 3); 
(4) Apache II Score: -; 
and (5) Positive 
ventilation: -

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 20 (100%); 
and (3) COPD/Resp. 
failure: -. In-hospital 
mortality: -

Vánky et al
[26], 1997

Sweden; n-
RCT 
(unpaired 
groups)

24 h (1) Hospitalized at the 
ICU post-Cardiac 
surgery; and (2) 
Received IV 
furosemide for severe 
fluid overload

Furosemide (n = 
57)

117 mg (± 
18) (IV)

(1) Age: 67 (± 1.2); (2) 
Male sex: 40 (70%); (3) 
SCr, μmol/L: 105 (± 4); 
(4) Apache II Score: -; 
and (5) Positive 
ventilation: -

ICU admission for (1) 
Sepsis: -; (2) 
Cardiovascular: 57 (100%); 
and (3) COPD/Resp. 
failure: -. In-hospital 
mortality: -

1Bohn et al[27]: Baseline characteristics reported are from the whole cohort. However, only critically ill patients receiving vasopressors (Chlorothiazide: 34, 
Metolazone: 16) were included in aggregated data.
2Heming et al[24]: Only 29 participants from the whole cohort (n = 68) received a loop-diuretic in combination with acetazolamide. All aggregated data 
were re-analysed using the original dataset shared by the authors.
3Some patients received torsemide. The dose was converted to furosemide equivalent.
4Shulenberger et al[29]: Only intensive care unit patients (Chlorothiazide: 40, Metolazone: 38) were included in aggregated data, after re-analysis based on 
the original dataset shared by the authors.
RCT: Randomized Controlled Trial; ADHF: Acute decompensated heart failure; SCr: Baseline Serum creatinine; ICU: Intensive care unit; ICCU: Intensive 
cardiac care unit.



Côté JM et al. Diuretic combination systematic review

WJCCM https://www.wjgnet.com 184 May 9, 2022 Volume 11 Issue 3

29].

Primary endpoint: Daily fluid balance
When combining all studies using various combinations of non-loop-diuretic plus loop-diuretic 
compared to loop-diuretics alone, a significant difference was observed in the primary outcome, with a 
MD in the 24-h fluid balance in favour of the combination group [overall MD: -1.06 L (95%CI: -1.46; -
0.65), I2 = 68%] (Figure 2A). However, when each combination diuretic class was analyzed separately, no 
significant difference was observed for the spironolactone-furosemide [MD: -0.65 L (95%CI: -1.66; 0.36), I
2 = NA] or the acetazolamide-furosemide combination [MD: -0.40 L (95%CI: -0.96; 0.16), I2 = NA]. Thus, 
the observed effect on the daily fluid balance was mainly driven by the thiazide-furosemide combin-
ations [MD: -1.25 L (95%CI: -1.68; -0.82), I2 = 60%]. Inspection of the funnel plot (Supplemen-
tary Figure 1) showed no substantial publication bias toward specific studies.

Secondary efficacy endpoints
Similar findings were reported for the 24-h urine output, where the addition of a second diuretic was 
associated with an increase in the urine output by 1.08 L (95%CI: 0.65; 1.52, I2 = 73%). Once again, that 
effect was mainly attributed to the thiazide-furosemide combination [MD: 1.30 L (95%CI: 0.81-1.79), I2 = 
76%] as no difference was observed for other combinations (Figure 2B). Overall, while the addition of 
spironolactone or acetazolamide to furosemide had a limited effect on fluid and sodium balance 
(Supplementary Table 4), the addition of a thiazide was associated with an increase in urine output by 
14% for indapamide, 31% for hydrochlorothiazide plus amiloride, ranged from 52%-101% for 
metolazone and, finally, from 89%-114% for chlorothiazide, with corresponding effects on the negative 
fluid balance. In-hospital mortality, ICU length-of-stay, and hospital length-of-stay are depicted in 
Supplementary Table 5. Due to limited data, no pooled analysis was performed for these outcomes. No 
study reported the 28-d or 90-d mortality, need of therapeutic paracentesis and ventilation free-survival.

Safety endpoints
Available data on the physiological effects of these diuretic combinations on electrolytes and serum 
creatinine is shown in Table 2, but reporting was inconsistent. Due to significant heterogeneity across 
these studies, results for these endpoints were not pooled, but instead reported separately. No diuretic 
combination was associated with a substantial serum creatinine change at 24-h from baseline. According 
to the specific segment of the nephron targeted, varied impacts on electrolytes were observed for these 
three diuretic classes; for example, whereas a limited increase in serum potassium was observed with 
the spironolactone combination, a decrease in serum potassium was observed in all thiazide studies 
reporting this endpoint. Notably, as opposed to thiazide and loop-diuretic combinations, with which an 
increased in serum bicarbonate was observed, treatment with acetazolamide for 24-h reduced serum 
bicarbonate levels by 3.6 ± 5.1 mmol/L.

The risk of all other adverse (safety) events, where definitions and follow-up varied across included 
studies, are reported in Supplementary Table 6. Notably, hypokalemia was documented in 6 studies and 
ranged from 0% to 85%, while hyponatremia was documented in 4 studies and ranged from 0% to 43% 
when combining a thiazide with a loop-diuretic. No study reported arrythmia or ototoxicity events.

DISCUSSION
To our knowledge, this is the most comprehensive systematic review and meta-analysis to address the 
clinical efficacy and safety of various diuretic combinations in the context of patients hospitalised at the 
ICU with fluid overload and respiratory failure. A significant increase in the 24-h urine output leading 
to a negative fluid balance was observed in the pooled analyses, mainly attributed to the thiazide-
furosemide combination. Reporting of other clinical endpoints including the efficacy, safety, and clinical 
outcomes of groups treated with each combination was inconsistent and generally incomplete.

Currently, strategies to manage fluid balance in critically ill patients with acute lung injury and other 
causes of respiratory failure include fluid restriction but this may be difficult given the requirement of 
fluid for carriers for vasopressors, antibiotics, and nutrition. A preferred option is augmenting urine 
output with diuretics. In addition, positive sodium balance specifically, rather than simple fluid balance, 
has recently been associated with respiratory dysfunction in mechanically ventilated patients[30,31], 
and with worsening prognosis in decompensated heart failure[32]. Ensuring adequate negative sodium 
balance along with increased urine output may be crucial to optimising extracellular fluid volume and 
outcomes. This approach is now endorsed by the European Society of Cardiology[33]. Also, as recently 
confirmed by the STARRT-AKI trial, delaying initiation of KRT based on a watchful waiting approach 
(in the absence of emergency indications for RRT initiation) can be beneficial by reducing RRT complic-
ations including prolonged KRT requirement[34]. Therefore, refining the ways to achieve a negative 
fluid balance with a diuretic combination strategy might potentially delay or avoid the need for RRT 
initiation (including ultrafiltration) to treat volume overload and control fluid balance in patients with 
loop-diuretic resistance.

https://f6publishing.blob.core.windows.net/fd5750ef-6829-4a73-86ed-3eeb441e2c1b/WJCCM-11-178-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/fd5750ef-6829-4a73-86ed-3eeb441e2c1b/WJCCM-11-178-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/fd5750ef-6829-4a73-86ed-3eeb441e2c1b/WJCCM-11-178-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/fd5750ef-6829-4a73-86ed-3eeb441e2c1b/WJCCM-11-178-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/fd5750ef-6829-4a73-86ed-3eeb441e2c1b/WJCCM-11-178-supplementary-material.pdf
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Table 2 Safety events and change in serum creatinine and electrolytes at 24-h for all included studies

24-h biochemical changes1 Safety events, n (%)
Ref. Treatment group Creatinine, 

μmol/L
Sodium, 
mmol/L

Potassium, 
mmol/L

Bicarbonate, 
mmol/L

Hypona-
tremia

Hypo-
kalemia

Mineralocortocoid-antagonist

Spironolactone + 
Furosemide (n = 10)

+4.8 (4.1-6.9) -1.0 (?) +0.13 (?) - - -Apte et al[21], 2008

Furosemide (n = 10) +23 (-4.4-39) +3.0 (?) +0.13 (?) - - -

Thiazides

Indapamide + Furosemide (
n = 20)

-5.2 ± 38 0 ± 0 -0.4 ± 1.8 +1.4 ± 6.3 0 (0) 0 (0)Bihari et al[22], 2016

Furosemide (n = 20) -2.3 ± 14 +2.0 ± 4.0 -0.2 ± 0.6 +0.9 ± 2.5 0 (0) 0 (0)

CTZ + Furosemide (n = 34) - - - - - 8 (24)Bohn et al[27], 2019

MTZ + Furosemide (n = 16) - - - - - 3 (19)

CTZ + Furosemide (n = 58) -18 ± 57 +0.5 ± 5.6 -0.4 ± 0.6 +3.3 ± 5.1 15 (26) 10 (17)Michaud and Mintus
[23], 2017

MTZ + Furosemide (n = 64) -18 ± 73 -1.2 ± 5.3 -0.3 ± 0.6 +2.6 ± 5.6 25 (39) 11 (17)

Ng et al[28], 2013 MTZ + Furosemide (n = 42) +2.7 ± 28 - - - 18 (43) 15 (35)

CTZ + Furosemide (n = 40) +8.8 ± 27 +0.1 ± 2.3 - - 2 (5)2 34 (85)3Shulenberger et al
[29], 2016

MTZ + Furosemide (n = 38) +18 ± 35 -0.7 ± 3.1 - - 2 (5)2 27 (71)3

HCTZ + Amiloride + 
Furosemide (n = 20)

-2.0 ± 7.1 - - - - -Vánky et al[26], 1997

Furosemide (n = 57) -2.0 ± 7.6 - - - - -

Carbonic anhydrase inhibitor

Heming et al[24], 
2011

Acetazo + Furosemide (n = 
29) 

+4.3 ± 9.4 - -0.3 ± 0.4 -3.6 ± 5.1 - 9 (31)

Acetazo + Furosemide (n = 
10)

- - - - - -Imiela and Budaj
[25], 2017

Furosemide (n = 10) - - - - - -

1Results are presented in median (IQR), or mean ± SD change within 24-h, from baseline.
2Only severe hyponatremia event (Na+ < 125 mmol/L) were reported.
3Hypokalemia was defined as K+ < 4.0 mmol/L, instead of 3.5 mmol/L for all other studies.
CTZ: Chlorothiazide; MTZ: Metolazone; HCTZ: Hydrochlorothiazide; Acetazo: Acetazolamide.

The mechanisms of resistance to furosemide and other loop diuretics is multifactorial[35]. They 
include a decrease in sodium delivery to the site of action by systemic and renal hypoperfusion[36], as 
well as an increase in sodium and water retention due to neurohormonal, renin-angiotensin-aldosterone 
and antidiuretic hormone systems activation in critically ill patients. In addition, proximal tubular 
injury or loss in AKI or CKD results in diminished loop diuretic secretion into the tubular lumen and 
reduced effects more distally in the thick ascending limb of Henle’s loop, while in chronic exposure to 
furosemide, adaptive changes in the nephron occur with hypertrophy of the distal tubule leading to an 
increase of its reabsorptive capacity[37]. For patients who do not respond to an increasing dose of 
furosemide, sequential nephron blockade of sodium reabsorption with other classes of diuretics can 
overcome these resistance mechanisms[16], which was confirmed in the current review focusing on 
patients with AHRF.

In order to promote liberation from mechanical ventilation in patients with metabolic alkalosis and 
associated hypoventilation, normalisation of the acid-base state while improving fluid balance with 
acetazolamide has also been investigated[38-40]. Also, the combination of an aldosterone receptor 
antagonist with furosemide is recommended as first line therapy in cirrhotic patients with ascites[41], 
due to the efficacy of that combination to promote natriuresis while minimising the risk of hypokalemia. 
This combination is also widely recommended in the management of patients with chronic heart failure 
and has been shown to reduce morbidity and mortality in patients with reduced ejection fraction[42].

In this review, various factors may explain the limited efficacy of these combinations to promote 
diuresis and a negative fluid balance in some included studies. First, the dose of furosemide was not 
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Figure 1 Flow chart of included studies.

maximised for most studies, unlike recent RCTs on acute heart failure[12]. Indeed, the studies with 
higher median daily doses of furosemide were associated with higher and significant increases in urine 
output, even before addition of the second diuretic[23,29], which was also confirmed in previous 
cohorts[16]. On the other hand, the use of sub-maximal doses of multiple drugs in combination may 
additively or synergistically augment efficacy, while avoiding the adverse effects of higher doses of 
these drugs. Secondly, in the context of respiratory failure, the total negative fluid balance required to 
improve respiratory parameters may be less than the diuresis desired in patients with acute heart 
failure, in which the cumulative volume overload is usually greater[1]. As this review focused on the net 
fluid balance achieved instead of respiratory outcomes, it is still possible that the limited diuresis 
observed for these patients was judged as clinically sufficient to maintain an even fluid balance (rather 
than targeting negative fluid balance), as opposed to a fluid-liberal approach[7]. Also, none of these 
studies reported the use of an integrated tool, such as point-of-care ultrasound, bioimpedance, or other 
hemodynamic and volume measures[3], to evaluate the volume status of these patients, once again 
limiting the capacity to determine if the urine output achieved was adequate to optimise volume status.

All diuretic agents have a safety profile that varies according to their intrinsic mechanism of action. 
This review showed that combination of acetazolamide and furosemide may reduce serum bicarbonate 
and induce potassium loss, causing hypokalemia in up to 31% of patients[24] after only 24 h of 
treatment. In contrast, when furosemide is combined with thiazides, a trend toward an increase in 
bicarbonate and lower potassium levels was observed, reflecting the greater natriuretic and kaliuretic 
effects of reabsorption blockade in sequential nephron segments. The rate of hypokalemia was consid-
erable, emphasizing the need to regularly monitor electrolyte levels, acid-base parameters, and kidney 
function (which is under-reported in this literature) when choosing such combinations. The role of 
potassium-sparing diuretics in the prevention of hypokalemia with aggressive diuretic regimens 
warrants further research.

In sum, this study brings new data on the use of diuretic combinations in the subgroup of ICU 
patients with AHRF, which has never been systematically reported before. The pooled analysis 
confirmed an increased efficacy regarding urine output and net fluid balance, which is interesting in a 
clinical setting, but also brings relevant data on the potential risk of substantial electrolyte disturbances 
in patients exposed to these combinations. Indeed, the study also confirms the need for additional lab 
monitoring when prescribing such combinations especially if no pre-emptive electrolytes administration 
is planned.

There are several limitations to the current systematic review. First, no study reported the pre-
planned endpoint of cumulative fluid balance, which required us to deviate from the original protocol 
and to use the daily fluid balance as primary outcome. Also, no study reported the use of ENaC 
inhibitors alone (e.g. triamterene, amiloride) in conjunction with furosemide, which did not allow this 
review to evaluate that combination. This highlights the importance of future studies using ENaC 
inhibitors in combination with loop-diuretics in the management of respiratory failure. In addition, the 
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Figure 2 Forest plot. A: Daily fluid balance; B: Urine output. Comparing loop diuretic in monotherapy to three combinations of diuretics (mineralocorticoid 
antagonist, thiazides and carbonic anhydrase inhibitor). Mean difference and 95% confidence intervals are shown for each study and the pooled analysis using a 
random effects model and the Mantel-Haenszel method. Mean difference > 0 means that urine output is higher in the group receiving the combination of diuretics.

literature strategy was limited to generic name. The limited duration of these interventional periods, 
from 24 to 96 h, may not have substantially affected clinical outcomes such as in-hospital mortality, ICU 
length-of-stay and ventilation-free survival, which were only partially reported in these studies. Most 
importantly, the heterogeneity across all included studies was high, including for diuretics doses, renal 
function, reasons of ICU admission with notable inconsistencies in clinical endpoints reporting. We 
contacted corresponding authors of all included references to confirm eligibility criteria, but we cannot 
independently confirm with certainty that all included patients were on mechanical ventilation or 
required high oxygen volume as some did not respond. Finally, the risk of publication bias is significant, 
since only limited data has been published in the context of critically ill patients receiving such diuretic 
strategies.

CONCLUSION
In critically ill patients with respiratory failure receiving a loop diuretic, we showed that addition of 
another class of diuretic is associated with an increased 24-h urine output leading to a negative fluid 
balance, where the thiazide and loop-diuretic combination had the higher efficacy. However, given the 
significant heterogeneity, the risk of publication bias and the lack of adequately powered RCTs, no 
definitive evidence can be drawn, especially for non-thiazide combinations. In addition, electrolytes 
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disturbance secondary to the use of these adjunctive diuretics in combination with a loop diuretic 
warrants additional monitoring to ensure their safety. This limited evidence emphasizes the need for 
further high-quality trials investigating the efficacy, safety profile and clinical outcomes of such 
therapeutic interventions for patients with respiratory failure requiring diuretics to control fluid 
balance.

ARTICLE HIGHLIGHTS
Research background
Diuretics are essential to maintain fluid balance in patients admitted to intensive care units (ICUs). 
However, resistance to loop-diuretics is common and diuretic combinations are often used in order to 
mitigate this resistance.

Research motivation
As opposed to patients with heart failure where combinations of different classes of diuretics have been 
extensively studied and are now recommended, the body of evidence regarding diuretic combinations 
in ICU patients with hypoxemic respiratory failure is scarce.

Research objectives
This study systematically reviewed the efficacy and safety of common diuretics combinations in ICU 
patients with respiratory failure when compared to loop-diuretics in monotherapy.

Research methods
A systematic review and meta-analysis were performed. A pooled analysis of the mean difference for 
the 24-h urine output and the 24-h fluid balance between loop-diuretics in monotherapy and common 
diuretics combinations (thiazides, carbonic anhydrase inhibitors and mineralocorticoid antagonists) was 
performed. Descriptive statistics were used to report the occurrence of safety events, such as electrolyte 
disturbances, hypotension and acute kidney injury.

Research results
From 6510 citations, nine studies totalling 440 patients were included. When compared to loop diuretics 
alone, the addition of a second diuretic is associated with an improved negative fluid balance at 24 h 
mean differences (MD) of -1.06 L [95% confidence interval (CI): -1.46; -0.65], mainly driven by the 
combination of a thiazide plus furosemide [MD: -1.25 L (95%CI: -1.68; -0.82)]. The heterogeneity on the 
report of clinical and safety endpoints was high, but electrolytes anomalies were frequent and confirms 
the need for additional monitoring when prescribing such combinations.

Research conclusions
Larger trials are required to confirm the efficacy and safety of diuretic combinations in this population. 
However, based on limited evidence the combination of thiazide plus loop-diuretics is associated with 
an increase in urine output and negative fluid balance.

Research perspectives
The study has highlighted the paucity of data on the optimal strategy to optimise fluid balance in 
patients with respiratory failure and relative diuretics resistance.
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Abstract
BACKGROUND 
Renal cell carcinoma (RCC) is an aggressive tumor, with an incidental discovery 
in most patients. Classic presentation is rare, and it has a high frequency of local 
and distant metastasis at the time of detection.

CASE SUMMARY 
We present a rare case of a 58-year-old man with a ball-shaped thrombus in the 
right atrium at the time of first incidental identification of RCC in the emergency 
department. Cardiac metastasis, especially thrombus in the right atrium, is rare. It 
could either be a bland thrombus or a tumor thrombus, and physicians should 
consider this potentially fatal complication of RCC early at the time of initial 
presentation.

CONCLUSION 
Ball-shaped lesions in the right atrium are rare, and bland thrombus should be 
differentiated from tumor thrombus secondary to intracardiac metastasis.

Key Words: Renal cell carcinoma; Metastasis; Tumor thrombus; Bland thrombus; Right 
atrium; Case report
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Core Tip: The classic presentation of renal cell carcinoma is rare, and patients can present with atypical 
symptoms and local or distant metastasis at the time of initial detection. Cardiac metastasis, especially 
thrombus in the right atrium, is rare and emergency physicians should consider it early at the time of 
presentation. Detection of a ball-shaped lesion in the right atrium is rare, and the patient should undergo 
appropriate evaluation with the aim to differentiate bland thrombus from a tumor thrombus secondary to 
intracardiac metastasis, as it aids in therapeutic management and prognosis.

Citation: Pothiawala S, deSilva S, Norbu K. Ball-shaped right atrial mass in renal cell carcinoma: A case report. 
World J Crit Care Med 2022; 11(3): 192-197
URL: https://www.wjgnet.com/2220-3141/full/v11/i3/192.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i3.192

INTRODUCTION
Renal cell carcinoma (RCC) is an aggressive tumor constituting about 3% of all adult malignancies, with 
a peak incidence in the sixth and seventh decades of life. The classic triad of flank pain, abdominal mass 
and hematuria is seen in 10% of the cases. Most cases have an incidental discovery[1,2] with local or 
distant metastases in 25% of the cases at the time of detection. About 10% of these patients have tumor 
extension into the renal vein and inferior vena cava[3], while only 1% of the total cases have the tumor 
extending into the right atrium[4]. We present a rare case of a 58-year-old man with a right atrial ball 
thrombus secondary to metastasis at the time of first incidental identification of RCC in the emergency 
department (ED).

CASE PRESENTATION
Chief complaints
A 58-year-old man presented to the ED with complaints of breathlessness and reduced effort tolerance 
for 1 wk.

History of present illness
A 58-year-old man presented to the ED with complaints of breathlessness and reduced effort tolerance 
for 1 wk. He denied chest pain, orthopnea or paroxysmal nocturnal dyspnea. He also noted a 10 kg 
weight loss over the last 2 mo. He went to a family physician where he was found to have hematuria 
and proteinuria on urine examination, and hence referred to the ED. He denied hematuria, lower 
urinary tract symptoms or fever.

History of past illness
He had no past medical history and was not on any long-term medication.

Physical examination
On presentation, his vital signs were stable but he appeared pale and had bilateral pitting lower limb 
edema up to the knees. Abdominal examination revealed a left sided large, palpable abdominal mass, 
but there was no rectal bleeding or melena. Examination of respiratory, cardiac and neurological 
systems was normal.

Laboratory examinations
His electrocardiogram showed normal sinus rhythm with T-wave inversions and ST-segment flattening 
in all leads, along with deep T inversions in leads V2-V4. Bedside ultrasound showed a large hetero-
geneous mass arising from the left kidney suspicious of RCC. Bedside echocardiogram showed a ball-
like structure in the right atrium (Figure 1), oscillating between the right atrium and right ventricle 
intermittently during cardiac cycles, suspicious for a tumor thrombus. There was no pericardial effusion 
but the right ventricle appeared larger than the left ventricle, suggestive of signs of right heart strain. 
Blood investigations showed hemoglobin 7.3 g/dL, elevated serum creatinine 155 mol/L (1.75 mg/dL) 
and N-terminal pro-B type natriuretic peptide 7325 pg/mL. The remaining blood tests, including liver 
panel, troponin-T, prothrombin time/activated partial thromboplastin time and severe acute respiratory 
syndrome coronavirus 2 polymerase chain reaction, were normal.
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Figure 1 Bedside ultrasound showing ball-shaped thrombus in the right atrium (arrow).

Imaging examinations
Chest X-ray revealed mild pulmonary venous congestion. Computed tomography (CT) of the abdomen 
and pelvis (Figure 2) revealed a 13.9 cm × 15.8 cm × 16 cm irregular, heterogeneous left renal mass, 
suspicious of RCC, with extension of tumor into left renal vein and inferior vena cava (IVC) and 
metastasis to the liver. CT pulmonary-angiogram showed extensive right pulmonary embolism 
(Figure 3) with evidence of right heart strain and pulmonary arterial hypertension, as well as 
pulmonary metastasis (Figure 4). A thrombus was noted in the enlarged right ventricle and right atrial 
appendage.

MULTIDISCIPLINARY EXPERT CONSULTATION
The patient was commenced on subcutaneous enoxaparin 80 mg and admitted to a high dependency 
unit. Histopathology after imaging-guided biopsy of the left renal tumor revealed clear cell RCC. After 
discussion at the multidisciplinary tumor board meeting, he was not scheduled for cytoreductive 
nephrectomy and thrombectomy in view of metastatic burden.

FINAL DIAGNOSIS
He was diagnosed to have left RCC with ball-shaped thrombus in the right atrium, with associated right 
pulmonary embolism as well as pulmonary metastasis.

TREATMENT
He was treated with enoxaparin 80 mg twice daily and tyrosine kinase inhibitor (TKI) pazopanib 800 
mg once daily.

OUTCOME AND FOLLOW-UP
He was discharged and scheduled for outpatient follow-up with a hematologist and oncologist 
(Figure 5).

DISCUSSION
RCC can present as a solitary metastatic lesion or as a widespread systemic disease, but cardiac 
metastasis from RCC is extremely rare. The incidence of a thrombus in the right atrium is 0.75%, which 
is significantly lower than that that of a thrombus in the left atrium[5]. Thrombus in the right atrium is 
usually located at the atrial appendage or atrial wall. A ball thrombus in the right atrium is even rarer
[5].
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Figure 2 Computerized tomography scan of abdomen and pelvis showing left renal cell carcinoma (thin arrow) invading in to the hepatic 
portion of inferior vena cava (thick arrow).

Figure 3 Large filling-defects in the right segmental and subsegmental branches and right lobar and interlobar arteries suggestive of 
right-sided pulmonary embolism. A: Right segmental and subsegmental branches; B: Right lobar and interlobar arteries suggestive of right-sided pulmonary 
embolism.

Figure 4 Multiple pulmonary nodules of varying sizes in the lungs suggestive of pulmonary metastasis. A: Multiple bilateral pulmonary nodules; 
B: Prominent right sided pulmonary metastasis.

The ball-shaped lesion in our patient’s right atrium could either have been a bland thrombus or a 
tumor thrombus that spread along the IVC. In patients with malignancy, bland thrombus is usually a 
venous thrombus. Pathogenesis of ball thrombus is still unclear and it can be difficult to make a 
diagnosis. The challenge is to correctly differentiate bland thrombus from a tumor thrombus secondary 
to intracardiac metastasis, as it aids in appropriate therapeutic management as well as prognosis. On 
perfusion magnetic resonance imaging (MRI), heterogeneous enhancement of this ball-shaped lesion 
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Figure 5 Timeline following case report guidelines. ED: Emergency department; CT: Computerized tomography; RCC: Renal cell carcinoma; MRI: 
Magnetic resonance imaging.

and presence of blood products within it suggests a tumor thrombus secondary to RCC metastases. On 
the contrary, a bland thrombus shows unrestricted diffusion and complete nulling of the mass on MR 
perfusion imaging[6]. Bland thrombus may resolve after thrombolytic and anticoagulant therapy, unlike 
tumor thrombus. Our patient unfortunately died before further evaluation could be conducted.

Combining cytoreductive nephrectomy and/or metastasectomy with chemotherapy helps in 
palliation. The possible surgical option for metastatic RCC extending into the right atrium and causing 
pulmonary embolism, in this patient, was cardiopulmonary bypass with deep hypothermic circulatory 
arrest, which is a safe and efficient method for removal of the tumor and thrombus[7]. Manual reposi-
tioning of the tumor thrombus out of the right atrium into the IVC on the beating heart is also a safe 
approach with low risk of tumor thrombembolization[8]. In recent times, the progression free survival 
has improved due to advances in chemotherapy, immunotherapy and TKI[9]. The overall long-term 
prognosis of patients with metastatic RCC is poor, with a median survival of 6-12 mo.

CONCLUSION
The classic presentation of RCC is rare, and patients can present with atypical symptoms and local or 
distant metastasis at the time of initial detection. Cardiac metastasis, especially thrombus in the right 
atrium, is rare and emergency physicians should consider it early at the time of presentation. Detection 
of a ball-shaped lesion in the right atrium is rare, and the patient should undergo appropriate 
evaluation with an aim to differentiate bland thrombus from a tumor thrombus secondary to intrac-
ardiac metastasis, as it aids in therapeutic management and prognosis.
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Abstract
Clinical scoring systems are required to predict complications, severity, need for 
intensive care unit admission, and mortality in patients with acute pancreatitis. 
Over the years, many scores have been developed, tested, and compared for their 
efficacy and accuracy. An ideal score should be rapid, reliable, and validated in 
different patient populations and geographical areas and should not lose 
relevance over time. A combination of scores or serial monitoring of a single score 
may increase their efficacy.
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Core Tip: A score which is rapid, reproducible, reliable, and validated across different 
patient populations is ideally required to predict outcomes in acute pancreatitis. As most 
of the scores have similar efficacy, the choice of score in a particular center may depend 
on ease of computation and application. Sequential organ failure assessment score has 
been validated in various patient populations, is easy to compute and apply, and has 
withstood the test of time. Hence, it may be a good option, to predict outcomes in 
patients with acute pancreatitis.
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(AP) by Teng et al[1], in which they compared the efficacy of six clinical scores to predict outcomes. The 
authors concluded that even though both sequential organ failure assessment (SOFA) and 48-h Ranson’s 
score could accurately predict the severity, need for intensive care unit (ICU) admission, and mortality 
in patients with AP, SOFA score had more favourable statistics.

Scoring systems are commonly employed to assess the need for ICU, to compare groups of patients, 
and to predict complications and outcomes. Many a time, these scoring systems are developed and 
tested in particular patient populations like patients with sepsis, AP, and chronic liver disease. Some 
scoring systems can be applied to general ICU patients. Many scores can be computed at the time of 
admission but certain others have to be calculated 24-48 h after admission. With improvements in 
healthcare standards and availability of modern healthcare equipment, patient outcomes may also 
improve over time, making older scores lose relevance. Hence, these scores need to be tested and 
compared for their efficacy and accuracy in different patient populations, different geographical areas 
and over different time periods.

Severe AP is associated with high morbidity and mortality and hence, early recognition of patients at 
risk of developing complications and poor outcomes is required to institute early aggressive care, and 
improve outcomes. Many scores have been specifically developed for predicting outcomes of patients 
with AP, and these include Ranson’s, Glasgow, Pancreatitis outcome prediction (POP), bedside index of 
severity in acute pancreatitis, and Harmless AP scores. These have been compared with each other and 
also with other scores designed for general ICU patients like Acute Physiology and Chronic Health 
Assessment (APACHE), simplified acute physiology score (SAPS), and SOFA scores. However, no 
single score has been found to be an ideal score, able to accurately identify the patients at risk and 
predict outcomes in different clinical conditions. Hence, newer scores are being developed and tested 
against the existing scores[2]. But before these scores are routinely used, they need to be meticulously 
tested in varied patient populations, over a period of time.

In a similar prospective cohort study conducted in ICU patients, we compared ten scores: APACHE II 
and III, SAPS II, mortality probability models II, SOFA score, Logistic Organ Dysfunction System, 
Multiple Organ Dysfunction Score, Ranson, modified Glasgow, and POP[3]. As with the analysis of 
Teng et al[1], we also could not identify a single ideal score but SOFA score had the best statistics in 
predicting severity and mortality in patients with AP. SOFA score > 8 had a sensitivity and specificity of 
87% and 90%, respectively, in predicting 30-d mortality[3]. Our study is more than a decade old but 
SOFA score still seems to be efficacious in predicting outcomes of patients with AP.

SOFA score was originally developed to describe organ failure in patients with sepsis and was 
termed “Sepsis-related Organ Failure Assessment”[4]. Subsequently its utility in other patient 
populations have been tested and validated. It has been compared to other severity of illness scores and 
has shown good accuracy to predict outcomes in varied patient populations. Expanding the role of 
SOFA score, different modifications have been suggested to improve its accuracy in specific patient 
populations like pSOFA for paediatric patients, CLIF-SOFA for chronic liver disease, SOFA-HM for 
haematological malignancies, and qSOFA and lactic acid SOFA for patients in emergency rooms[5]. 
Even the latest sepsis definitions recommend using SOFA score for diagnosis of sepsis and septic shock
[6].

Now, in the age of artificial intelligence (AI), machine learning algorithms have been developed to 
predict severity, complications, recurrence, mortality, and even timing for surgery in patients with AP, 
with good accuracy[7]. However, the quality of the studies assessing the accuracy of AI remains low 
and there is a dearth of studies comparing AI with these commonly applied clinical scores. Hence, more 
studies need to be done before we routinely start using AI in our daily routine clinical practice. Till then, 
SOFA score, which is easy to compute and apply, seems to be the most reasonable choice.
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Abstract
Recent research has demonstrated that critically ill patients with coronavirus 
disease 2019 (COVID-19) show significant immune system dysregulation. Due to 
that, some nutrients that influence immunomodulation have been suggested as a 
form of treatment against the infection. This review collected the information on 
the impact of vitamins on the prognosis of COVID-19, with the intention of 
facilitating treatment and prevention of the disease risk status in patients. The 
collected information was obtained using the PubMed electronic database by 
searching for articles that relate COVID-19 and the mechanisms/effects of the 
nutrients: Proteins, glucose, lipids, vitamin B12, vitamin D, calcium, iron, copper, 
zinc, and magnesium, including prospective, retrospective, and support articles. 
The findings reveal an optimal response related mainly to omega-3, eicosap-
entaenoic acid, docosahexaenoic acid, calcium, and iron that might represent 
benefits in the treatment of critically ill patients. However, nutrient supple-
mentation should be done with caution due to the limited availability of 
randomized controlled studies.
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Core Tip: Immunomodulation has a considerable influence on the response to severe acute respiratory 
syndrome coronavirus 2 infection. Therefore, the medical team must acknowledge different resources to 
improve the immune system. In the current situation of prevalence coronavirus disease 2019, knowing the 
potential risks and benefits of nutritional supplementation can improve patients' response and avoid severe 
conditions, facilitating the process of healing. For that purpose, this article brings nutrients which might 
help and those which worsen the immunological regulation and other body functions, pursuing to mitigate 
the response against the virus.

Citation: Costa BTD, Araújo GRL, da Silva Júnior RT, Santos LKS, Lima de Souza Gonçalves V, Lima DBA, 
Cuzzuol BR, Santos Apolonio J, de Carvalho LS, Marques HS, Silva CS, Barcelos IS, Oliveira MV, Freire de 
Melo F. Effects of nutrients on immunomodulation in patients with severe COVID-19: Current knowledge. World 
J Crit Care Med 2022; 11(4): 201-218
URL: https://www.wjgnet.com/2220-3141/full/v11/i4/201.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i4.201

INTRODUCTION
Among nutrition studies, some emphasize the importance of vitamins, trace elements, and long-chain 
fatty acids in supporting the immune system, keeping it able to protect against infections such as severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)[1-3]. Therefore, the analysis of micronutrient 
supplementation is necessary to consider the effective optimization of the immune function and its use 
as adjuvant treatment in some cases[1].

Inadequate and insufficient intake of iron, zinc, vitamins B, C, and E can affect the immunological 
function of the organism and allows the presence of high levels of free radicals favoring oxidative stress
[4]. Importantly, according to ESPEN expert statements and practice guidelines for the nutritional 
management of individuals with SARS-CoV-2 infection[5], oral nutritional supplements (ONS) should 
be preferred over enteral (EN) and parenteral nutrition, whenever possible to meet the patient’s needs. 
EN should be considered in polymorbid medical inpatients and elderly patients with a reasonable 
prognosis when ONS are not possible. ONS must provide at least 400 kcal/d, including 30 g or more of 
protein per day, for at least 1 mo[5].

On the other hand, a diet rich in vitamin C and zinc improves neutrophil phagocytosis, monocytic 
activity, and immune cell locomotion, and vitamin D is related to the mediation of interleukins (ILs) 
essential for immune defense, acting in the induction of antimicrobial peptides in macrophages[5]. The 
strong qualitative T-cell response is crucial against SARS-CoV-2, and lymphopenia is associated with 
elevated mortality[6,7]. Both CD4+ and CD8+ T-cell responses are present in infection, although the 
latter is inefficient[6]. Elevated IL-2 associated with decreased IFNγ levels have been observed in these 
cells, increasing the severity and chronic course of the disease[8].

Successful immune regulation of innate and adaptive immunity is a predictor for avoiding severe 
responses to SARS-CoV-2 infection[6]. Critically ill infected patients showed increased neutrophil 
counts, tissue damage, activation of the coagulation cascade, and decreased hemoglobin and lymp-
hocyte values[6,9], which are associated with a drop in monocyte HLA-DR expression, and demon-
strated acquired immunosuppression[6]; nutrition has a role in their management.

Some nutrients such as carbohydrates, proteins, omega 3, vitamin B12, vitamin D, iron, copper, 
calcium, zinc, and magnesium are the focus of this article for being directly linked to the host immune 
response in coronavirus disease 2019 (COVID-19) cases. Apart from these, conjugated linoleic acid and 
vitamins A and E regulate cytokine production as well as the proliferation and differentiation of specific 
leukocyte populations, in addition to acting on immunoglobulin production and lymphocyte differen-
tiation[10-12]. In this review, we summarize the mechanisms of immunomodulation promoted by 
micro- and macro-nutrients in COVID-19.

METHODOLOGICAL REVIEW 
This methodological review was conducted by two investigators, working independently with the 
guidance and support of a research advisor. Both prospective or retrospective trials and support articles 
were identified using The United States National Library of Medicine (PubMed). Between October 4, 
2021 and February 15, 2022, we searched the relevant articles published in English using the following 
specific descriptors: COVID-19; SARS-CoV-2; immune system; immune response; vitamin B12; 
cobalamin; macronutrients; micronutrients; carbohydrate; protein; lipid; intensive care; vitamin D; iron; 
copper; zinc; magnesium and calcium; severe; nutrition; therapy; critically ill patients; coronavirus; 
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immunomodulation; pro-resolving mediators; and inflammation. The descriptors were used alone 
and/or in combination in the PubMed database. No restriction was made as to the date of publication of 
the articles, nor was a target age range defined. Articles not written in English and not addressing these 
topics in the title and/or abstract were excluded. Original articles describing prospective, retrospective, 
and cross-sectional studies were included, as well as secondary research, such as systematic and 
narrative reviews. Guidelines were also included. Commentaries, editor letters, book chapters, and 
manuals were not included. Finally, 3316 articles were identified, of which 122 were included in this 
minireview.

INFLUENCE OF MACRONUTRIENTS ON COVID-19 SEVERITY
Proteins and glucose
The dietary factor that leads to the weakening of immune functions is the failure of macro- and micro-
nutrient intake. In addition, clinical studies have shown that malnutrition, weight imbalance, and 
fragility and dysbiosis of the gut microbiota are the main factors involved in the deterioration of 
immune functions in infected patients[13].

The use of immunonutrients aims to increase the production of less potent inflammatory mediators 
and reduce those highly inflammatory, besides minimizing the production of free radicals and 
modulating the generalized inflammatory response[14]. For diabetic patients, this formulation is 
suggested, as it is a supplement already used. Once a product is removed from the formula, fruit is 
added to reach the caloric goal and improve palatability. Protein is the most important macronutrient 
for maintaining immune function and preserving muscle mass[1].

Proteins are types of macromolecules made of amino acids (AA) that perform various important 
functions for the body, for example, acting as antibodies, enzymes, messengers, transporters, and 
structural components in the body[15,16]. Some studies indicate that protein supplementation 
stimulates the immune system, which specifically improves infectious disease surveillance[17].

Studies with hydrolyzed proteins have shown that they are able to reduce the inflammatory state and 
stimulate IgA function and production. Also, arginine and glutamine are both non-essential amino acids 
that enhance the action of the immune system. The former is associated with macrophages in the 
generation of nitric oxide, and the latter provides energy for immune cell utilization[18].

Proteins show antiviral activities against enveloped and non-enveloped viruses. They inhibit virus 
entry into the cell by adhering to cell receptors[19]. Viruses need some enzymes, including DNA or 
RNA polymerases, reverse transcriptase, and integrase for replication, and some evidence suggests that 
proteins can inhibit the activity of these enzymes and eventually prevent virus replication[20,21].

On the other hand, increased consumption of saturated fats, refined carbohydrates, and alcohol, and 
low levels of fiber, unsaturated fats, micronutrients, and antioxidants significantly impair adaptive 
immunity while increasing innate immunity, which leads to chronic inflammation and severe damage 
to the host defense against viral pathogens[1]. These dietary patterns might have a detrimental effect on 
immune responses and are involved in the development of several inflammatory diseases[22]. Excessive 
macronutrient intake contributes to the propensity to acquire pneumonia, which is the most common 
high-risk complication of COVID-19[23].

The high mortality from COVID-19 in obese people points to an important role in nutrition[24]. Food 
can influence cytokine gene expression levels and thus modulate inflammation and oxidative stress[25]. 
Cytokines such as tumor necrosis factor (TNF)-alpha and IL-6 when produced excessively have been 
related to dysregulation of the inflammatory response and stimulation of cytokine storms[26]. 
Furthermore, increased adipose tissue contributes to greater leptin production, which is related to 
macrophage activation and proliferation, while reduced adiponectin levels decrease the synthesis of 
anti-inflammatory compounds. In addition, there is an increase in the release of non-esterified fatty 
acids into the bloodstream, which also leads to the perpetuation of the chronic inflammatory process
[27]. Health-related consequences in populations affected by economic outages, quarantines, and 
curfews due to SARS-CoV-2 infection include psychological distress[28-30], which is associated with an 
increase in carbohydrate and lipid intake[31] and a decrease in physical exercise[32], resulting in weight 
gain and increased rates of overweight and obesity. Adipose tissue, besides storing energy, is 
responsible for producing certain substrates that, in excess, can stimulate a state of constant oxidative 
stress and contribute to the severity of clinical manifestations during SARS-CoV-2 infection.

Some comorbidities have emerged as risk factors for the severe development of COVID-19, including 
type 2 diabetes, increased body weight, hypertension, and dyslipidemia. In this sense, increased glucose 
concentrations may be responsible for the reported poor outcome. A recent study reported that type 2 
diabetes was associated with a higher mortality rate due to COVID-19, although the mortality rate was 
lower with better controlled blood glucose[33]. Furthermore, diabetes mellitus (DM) can impair the 
adaptive inflammatory response by delaying T-cell activation, as well as negatively impact neutrophil 
chemotaxis and contribute to cytokine storm, leading to dysregulation of the immune response, suscept-
ibility to infection, and an increased chance of severe clinical manifestation during SARS-CoV-2 
infection[34]. On the other hand, DM was related to the overexpression of angiotensin-converting 
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enzymes in some organs such as the heart, lungs, liver, and pancreas, increasing the severity of the cases 
and leading to organ failure during infection[35]. Consequently, diabetes was significantly associated 
with the development of acute respiratory distress syndrome, with a hazard ratio of 2.3[36].

The few articles available that mention supportive care in COVID-19 recommend that nutritional 
status should be assessed in all infected patients on hospital admission[1,5,37] and that patients at 
nutritional risk should receive nutritional support as early as possible, especially through increasing the 
protein intake by ONS[5,37].

Moreover, studies, including SPEN statements[5], highlight that even patients with COVID-19 who 
are not at risk of malnutrition should maintain an adequate intake, especially regarding adequate 
amounts of protein (1.5g/d) and calories (25-30 kcal/d), as well as oral supplementation with whey 
protein (20g/d) and intravenous solutions of multivitamins, multiminerals, and trace elements (goal: 
satisfaction of recommended dietary intake on admission). The choice of whey proteins is based on their 
anabolic and antioxidant properties combined with high digestibility[38,39]. Its potential clinical 
benefits have been highlighted in cancer cachexia[40] and were recently demonstrated in a randomized 
controlled trial of malnourished patients with advanced cancer[41]. Whey proteins also have 
immunomodulatory properties[42] and potential antiviral activity[43]. Furthermore, whey protein 
supplementation has been associated with improved immune recovery in HIV patients during the first 3 
mo of antiretroviral treatment[44].

Figure 1 provides a summary of mechanisms of action of proteins and other nutrients in targeting 
SARS-CoV-2 infection.

Lipid profile and omega-3
Decreased or absent lipids in nutritional support can cause essential fatty acid deficiency, especially in 
preterm infants, and result in insufficient synthesis of omega-3 fatty acids, docosahexaenoic acid (DHA), 
and omega-6 fatty acid arachidonic acid (ARA)[45]. Lipids also play an important role in the delivery of 
fat-soluble vitamins such as vitamins A, D, E, and K[46]. Physiological processes such as metabolism, 
immune response, oxidative stress, blood clotting, organ function, and wound healing have a direct 
association with fatty acid availability[46,47]. However, this process needs to be well balanced, given 
that excess lipids can cause undesirable consequences. The excess of linoleic acid (LA) may be associated 
with exacerbation of inflammation, manifested mainly by increased levels of CRP, although other 
biomarkers such as IL-6, adiponectin, and adhesion molecules have not shown significant changes 
related to higher levels of LA consumption[48]. For this, studies have evaluated the impact of the use of 
substances able to reduce the expression of cytokines that contribute to the gravity of the infection and 
the enhancement of the inflammatory state in SARS-CoV-2 infection[49].

Omega-6 polyunsaturated fatty acids (PUFAs) can metabolize LA and further desaturate and form 
ARA, the main PUFA in cell membranes involved in inflammation in humans[50]. Omega-6 PUFAs may 
influence inflammation due to the fatty acid composition of the cell membrane phospholipids, which 
modulates cellular responses and cellular function[50,51]. Membrane phospholipids produce second 
messengers, such as diacylglycerols, endocannabinoids, and platelet activating factor, that act on 
biological activity[52]. These second messengers also modulate gene expression and physiological and 
metabolic responses, affecting the immune and inflammatory response, disease severity, and clinical 
outcome[53]. Moreover, ARA composes peripheral blood mononuclear cells, such as lymphocytes, 
neutrophils, and monocytes[52]. ARA also acts as a substrate for the enzymes cyclooxygenase, lipoxy-
genase, and cytochrome P450, constituting eicosanoid mediators such as leukotriene B4 (LTB4) and 
prostaglandin E2, which induces pro-inflammatory cytokines and IL-6[53,54]. LTB4 promotes leukocyte 
chemotaxis, adhesion, and degranulation, increases vascular permeability, and produces inflammatory 
mediators, leading to a pro-inflammatory effect[51,54]. ARA metabolism also results in the production 
of lipoxin A4 (LXA4) and lipoxin B4 (LXB4)[55,56]. LXA4 is an anti-inflammatory and pro-resolution 
mediator that acts by inhibiting inflammatory cell recruitment, cytokine production, and NADPH 
oxidase function, and restoring normal physiological function in damaged tissue, which leads to 
decreased inflammation[57,58]. Studies suggest that LXA4 can suppress leukocyte-mediated injury and 
promote chemotaxis of monocytes, and phagocytosis of apoptotic neutrophils[59]. LXB4 is generated by 
mucosal tissues in the upper respiratory tract and lower airways, and acts by regulating neutrophil 
activation[60].

In contrast, PUFAs, such as omega-3, are lipid compounds with potent anti-inflammatory activity, 
responsible for the homeostasis of the organism and regulation of various biological functions. It can be 
produced in small quantities by the human organism; however, it is possible to obtain this nutrient 
through foods such as fish, nuts, and soy oil, and the intake of 250 to 2000 mg/d is recommended for 
adults and 200 to 250 mg/d for children[61]. Lipid and carbohydrate requirements are adapted using 
the energy ratio of fat and carbohydrates between 30:70 in patients without respiratory impairment and 
50:50 in patients on mechanical ventilation[5]. Linolenic acid, eicosapentaenoic acid (EPA), and DHA 
correspond to the representatives of this group of essential fatty acids, and their metabolism results in 
substances such as protectins and resolvins that regulate platelet coagulation and the inflammatory 
process[62].
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Figure 1 Summary of nutrients’ mechanisms of action in targeting coronavirus disease infection.

EPA and DHA sources have shown potential anti-inflammatory activity, in addition to promoting 
immune function and improving liver metabolism[63]. Studies have shown that resolvins are able to 
reduce the inflammatory response by decreasing neutrophil invasion and reducing the synthesis of pro-
inflammatory cytokines via inhibition of nuclear factor kappa B (NF-κB), in addition to promoting 
monocyte recruitment and increasing phagocytosis of apoptotic neutrophils and macrophage clearance
[46,64]. Resolvins are specialized pro-resolving lipid mediators (SPMs), endogenous lipid mediators that 
include protectin, maresins, and lipoxins (LXs). SPMs are involved in the pathophysiology of 
respiratory diseases, such as COVID-19, and play a role in signaling events during the inflammatory 
process[65-67]. Studies have also shown their potential in tissue repair, regression of inflammation by 
increasing anti-inflammatory mediators such as IL-10, and regulating the adaptive immune response[67,
68]. Several studies using animal disease models have shown the potential of SPMs to decrease lung 
inflammation and tissue damage, and to be able to disrupt the cytokine storm. Furthermore, SPMs do 
not act as an immunosuppressive agent[65,66,69,70]. Thus, regarding COVID-19, SPMs may in the near 
future be used to treat inflammation with the active precursors 18-HEPE, 17-HDHA, and 14-HDHA[66,
69,71]. Furthermore, omega-3 PUFAs have been linked to reduced expression of cyclooxygenase 2 and 
decreased levels of pro-inflammatory cytokines such as IL-6, IL-8, and IL-1 beta and free radicals[72].

PUFAs are responsible for altering the composition of cell membranes, modulating cell signaling, and 
influencing immune responses[73,74]. They are present in the cell membrane, taking part in the 
formation of the phospholipids and assisting in the maintenance of both cell structure and functionality. 
Thereby, alterations in the composition and homeostasis of these compounds are able to influence 
cellular responses[75]. Thus, studies have shown that, due to their lipophilic capacity, PUFAs can bind 
to the cell membrane, altering the permeability of this structure, interfering with the virus' binding to 
the angiotensin-converting enzyme 2 (ACE2) receptor, and also interrupting its action as a receptor[76]. 
In addition, omega-3 PUFAs could contribute to alterations in the structure of the lipid rafts that carry 
the ACE2, being able to modify the ability of the virus to bind to its receptor and reduce replication rates
[77]. This lipid could directly regulate and alter the amount, size, and the proteins expressed in the rafts 
by modulating the binding between the virus and its receptors[78]. Finally, the viral spike protein, 
which is responsible for interacting with ACE 2 and allowing entry into the cell, could be inactivated by 
PUFAs when they bind, thus blocking infection[79].

During cases of infection, adequate management of the patient's nutritional status must be 
performed, since systemic inflammation is capable of increasing the demand for nutrients and 
propitiating a picture of malnutrition that may worsen the clinical picture generated by COVID-19[80]. 
As a result of the aforementioned, lipid nutritional support emerges as a possible element in medical 
nutrition therapy for critically ill patients with COVID-19[73,74]. Studies have shown that there is a 
possible association between omega-3 levels in the body and reduced fatal outcomes caused by COVID-
19[79]. A cross-sectional study observed a possible relationship between low omega-3 PUFA levels in 
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the body and clinical manifestations of COVID-19. However, there is a need for further research that 
evaluates a larger population and standardizes the levels of this lipid as a possible predictor of risk in 
the bloodstream during infection[80]. Of note, patients admitted to intensive care units (ICUs) with 
respiratory distress syndrome had improved oxygenation and reduced length of stay after adminis-
tration of this lipid[81,82]. Similarly, a randomized clinical trial with 101 patients reported that during 
omega-3 PUFA supplementation, there was regulation of some laboratory parameters such as normal-
ization of arterial pH, bicarbonate level, and base excesses, as well as improvement in renal function[83].

INFLUENCE OF MICRONUTRIENTS ON COVID-19 SEVERITY
Vitamin B12
Vitamin B12, also known as cobalamin, is a micronutrient obtained mainly through the consumption of 
animal source foods and absorbed in the gastrointestinal tract through metabolic pathways involving 
substances such as hydrochloric acid, pepsin, and intrinsic factor. It is a micronutrient with well-
established functions in red blood cell synthesis, cell growth, the nervous system, and DNA synthesis. 
The active forms of cobalamin are hydroxocobalamin and methylcobalamin, which are closely linked to 
folic acid and adenosylcobalamin[84,85]. In addition, studies suggest that vitamin B12 plays an 
important role in the immune system by assisting in balancing the gut microbiota, which is sometimes 
compromised during SARS-CoV-2 infection[4]. Yet, cobalamin modulates the immune system by 
exerting influence on T lymphocytes, participating in their differentiation and proliferation and, thus, 
being important in maintaining the ratio between cytotoxic and helper T cells, in addition to influencing 
the activity of natural killer cells. By playing a role in cell division, vitamin B12 can have a direct 
influence on the rapid proliferation of B lymphocytes. Furthermore, vitamin B12 in association with 
folate is important in the production of antibodies[86]. Considering that vitamin B12 participates in 
metabolic reactions involving carbon-1, with interactions occurring with folate metabolism, in 
individuals with low levels of vitamin B12, 5-methyl-tetrahydrofolate (THF), produced by an 
irreversible reaction, results in an inactive form of folate. 5-methyl-THF can result in secondary folate 
deficiency, impairing purine and thymidine synthesis. This results in changes in DNA and RNA 
synthesis and, consequently, in the secretion of immunoglobulins[87].

Thus, insufficiency or deficiency of micronutrients such as vitamin B12 may affect the host immune 
response against viral infections and inflammatory activity, as well as influence the clinical outcomes of 
patients with COVID-19 in both immunological, microbiological, and hematological forms[88,89]. A 
single-center study[90] noted that patients who died from SARS-CoV-2 infection had less vitamin B12 
when compared to those hospitalized in ICUs, but no significant differences were observed between 
them. Another study that evaluated serum micronutrient levels and disease severity in COVID-19 
patients reported that some of these substances, such as cobalamin, were reduced in these individuals
[91]. On the other hand, some patients may also have increased B12 levels, especially those who were 
intubated and deceased, with excess vitamin B12 being significantly correlated with a worse prognosis, 
such as ICU admission, intubation, and death[92]. Similarly, this increase was also observed in patients 
with poor clinical outcomes in another study[92,93]. The liver is responsible for cobalamin storage and 
damage to this organ in hospitalized patients may be the cause for the high levels of this vitamin found 
in certain individuals. However, despite the high plasma concentration of cobalamin, these patients may 
have neurological and hematological conditions, which are common in patients with low concentrations 
of the micronutrient. There are two possible pathways for the occurrence of this paradoxical effect: 
Tissue lysis reduces the intracellular concentration of cobalamin and increases the plasma concentration; 
thus, the high concentration ends up interfering in the transport of the substance and, consequently, in 
the intracellular uptake[94].

Given this scenario, studies linked to vitamin B12 supplementation are scarce and show inconclusive 
results. In this sense, some authors advocate supplementation associated with other micronutrients, 
making it difficult to analyze their results in isolation. In non-COVID-19 situations, vitamin B12 
deficiency is classically treated with parenteral injection therapy of 1000 μg for 1 to 2 wk, followed by 
monthly administration. Intramuscular injections are uncomfortable and painful in children, as well as 
expensive. Thus, oral preparations are being investigated[95]. In a study, children over 6 years were 
treated with a daily pill containing thiamine 250 mg, pyridoxine 250 mg, and cyanocobalamin 1000 μg 
for 3 mo, and those under 6 years old with an ampoule of 1000 μg of vitamin B12. This treatment was 
effective for vitamin B12 nutritional deficiency[96]. Another study that evaluated 47 individuals aged 1 
mo to 17 years with serum vitamin B12 levels less than 200 pg/mL treated for 120 d with 1000 μg of this 
oral vitamin showed improvement in cobalamin levels. However, despite the high dose, reduced results 
were achieved in older children, indicating the need for dose adjustment according to weight[97]. Yet, 
patients ≥ 6 or ≥ 18 years who reported gastrointestinal abnormalities or restricted diet received 1000 μg 
of oral vitamin B12 or 1000 μg intramuscularly in nine injections for 3 mo and both administrations 
restored the cobalamin levels of all patients[98].
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A study performed joint supplementation of magnesium and vitamins B12 and D3 in individuals 
aged over 50 years with COVID-19 and observed less need for supplemental oxygen and ICU admission
[99]. Therefore, these findings suggest the potential role of vitamin B12 in limiting disorders and 
complications related to SARS-CoV-2 infection, and further studies are needed to more reliably establish 
whether vitamin B12 alone is able to show statistically significant results in these patients[100,101].

Vitamin D
Although the level of vitamin D has been widely studied in patients infected with SARS-CoV-2, other 
previous studies have evaluated the role of this vitamin in patients with acute respiratory infections 
(ARI), mainly in the upper airways[102,103].

The role of vitamin D in bone health, through calcium and phosphorus maintenance, is well 
established[104], but its role in respiratory infections appears to be related to the production of antimi-
crobial peptides in the respiratory epithelium and in the response of the inflammatory cascade against 
the virus[105-107]. In addition, vitamin D helps maintain cell junctions and gaps, decreasing the 
cytokine storm caused by the infection[108], and inhibiting type 1 T helper cell response and T cell 
induction[109]. Furthermore, vitamin D deficiency causes deprivation in macrophage production and 
performance, interfering with the innate immune response and favoring the establishment of infection
[110]. Thus, although the levels of this macronutrient do not represent a great impact in reducing the 
risk of contracting the disease, studies show that there is a great impact on the modulation of the innate 
and adaptive immune response and, consequently, on the severity of the disease[111].

The pathophysiology of SARS-CoV-2 infection is favored by high expression of ACE2, a receptor 
through which the virus enters cells of the lung epithelium and other organs, triggering activation of the 
pro-inflammatory cascade and viral replication[112]. Increased storage of the inactive form of vitamin D 
(calciferol) increases the risk of virus infection because it stimulates ACE2 production[110]. However, as 
this is one of the factors for the manifestation of more critical forms of COVID-19, at the experimental 
level, vitamin D helps to reduce ACE2 expression and viral load by reducing the inflammatory cascade
[111,112].

Despite such evidence, studies involving this vitamin and the prognosis of patients with COVID-19 
are inconclusive, and most of them are observational or retrospective studies with a small, usually 
single-center sample. Therefore, the medical recommendation for vitamin D supplementation is based 
on the observation of increased mortality from COVID-19 in those with low vitamin D levels, even with 
adjustment for patient age[111]. Studies indicate that vitamin supplementation is relevant only in 
patients who are vitamin-deficient or at risk for immune system deficiency, such as patients with 
chronic diseases[113]. In a study that looked at different doses of vitamin D in patients with COVID-19, 
the recommendation for people at risk of influenza and/or COVID-19 was supplementation of 10000 
IU/d of vitamin D3 for a few weeks and then 5000 IU/d, without describing the variation for the 
patients’ age group. The ultimate goal would be to rapidly increase 25(OH)D concentrations and reach 
concentrations between 40-60 ng/mL (100-150 nmol/L). For the treatment of patients with COVID-19, 
higher doses, depending on the reference protocol, may be useful[108].

There are studies that have shown lower vitamin D levels in critically ill patients with COVID-19[78,
114] and in addition, a 15% reduction in the number of severe COVID-19 cases with normal vitamin D 
status was found in a population[115]. However, after removing confounding variables, the results are 
still inconclusive. Other studies that have found increased mortality from infection in countries with 
vitamin D deficient populations, such as Italy, point to overlapping risk factors related to old age, 
obesity, and diabetes[104].

Meanwhile, high level supplementation may be recommended for patients at risk. A randomized 
controlled trial indicates that high doses of vitamin D supplementation are a successful treatment for 
high-risk elderly patients, and that this type of treatment would not pose risks to patients. Still, it is clear 
that further prospective, randomized, controlled, large-scale studies on vitamin D supplementation 
related to mortality and severity of COVID-19 are needed to conclude[113].

Calcium
Hypocalcemia is quite common in viral diseases, which overcomes the fact that studies report its 
presence in more than 60% of patients hospitalized for SARS-CoV-2 infection[116]. The calcium ion is 
involved in two important parts of the development of COVID-19. It is of paramount importance for the 
life cycle of the virus, but it is also related to the inflammatory response and its regulation[117].

Some hypotheses are raised to explain this condition. Among them, we can mention some degree of 
malnutrition that causes hypovitaminosis D and hypoalbuminemia in COVID-19, given that the calcium 
ion is primarily linked to albumin, the high degree of inflammation in the infected patient, as well as a 
consequence of this, alterations in the receptors and in the hormonal axis of calcium, which causes it to 
be mobilized from the bones. Furthermore, it is possible to mention the fact that patients with 
hypocalcemia have fewer lymphocytes and higher levels of D-dimer, justifying the more intense inflam-
matory response, as well as greater chances of developing coagulopathies. Regarding lymphopenia, it 
can be justified by mechanisms of bone marrow suppression that may have been caused by the virus 
and/or by direct destruction of these lymphocytes, due to all the toxic substances that are produced 
during the SARS-CoV-2 infection, mainly the cytokines[118]. D-dimer is related to the cytokine storm 
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Table 1 Role of micro- and macro-nutrients in the immune system

Micro-/macro-
nutrient Clinical outcomes Affected cells 

and cytokines Immunological outcomes Ref.

Proteins Whey protein has 
antiviral properties; 
supplementation 
facilitates the patients' 
recovery in viral infections

DNA or RNA 
polymerases, 
reverse 
transcriptase, 
integrase, etc.

Antiviral activities against enveloped and non-enveloped 
viruses; inhibit the entrance of the virus into the cell; inhibit 
the virus enzymes activity; prevent virus replication

Siqueiros et al[19], 2014; 
Nejati et al[20], 2021; Ng et 
al[21], 2001; Ng et al[43], 
2015; Olsen et al[44], 2014

Lipids/omega-
3

Improvement of 
oxygenation and reduced 
length of stay after 
omega-3 administration; 
normalization of blood 
pH, reducing base excess; 
improves renal function

IL-6, IL-8, IL-
1beta, free 
radicals

Altering the composition of cell membranes and 
modulating cell signaling; decrease the pro-inflammatory 
response by reducing the levels of proinflammatory 
cytokines IL-6, IL-8, IL-1beta, and free radicals

Hawryłkowicz et al[62], 
2021; Romano et al[73], 
2020; McClave et al[74], 
2016; Vivar-Sierra et al
[79], 2021; Asher et al[81], 
2021; Doaei et al[83], 2021

Vitamin B12 Combined supple-
mentation resulted in 
lower necessity of oxygen 
and ICU admission; 
increased levels of B12 are 
correlated to higher risk of 
ICU admission, 
intubation, and death

T and B 
lymphocytes, NK 
cells; antibodies

Cell differentiation and proliferation; maintenance of the 
ratio between T helper and cytotoxic cells; influence on NK 
cell activity; in association with folate and production of 
antibodies

Gombart et al[2], 2020; 
Chaari et al[86], 2021; 
Ersöz et al[92], 2021; Tan 
et al[99], 2020 

Vitamin D Increased mortality in 
patients with low vitamin 
D levels; high dose 
supplementation is related 
to successful treatment of 
high risk elderly patients

Antimicrobial 
peptides; T cells, 
macrophages

Production of antimicrobial peptides in the respiratory 
epithelium; helps maintain cell junctions and gaps; 
decreasing the cytokine storm; inhibiting type 1 T helper 
cell response and T cell induction; its deficiency causes 
deprivation in the production and performance of 
macrophages

Dankers et al[105], 2016; 
Gombart et al[106], 2005; 
Greiller and Martineau
[107], 2015; Grant et al
[108], 2020; Cantorna et al
[109], 2015; Ilie et al[110], 
2020; Rhodes et al[111], 
2021; Annweiler et al[113], 
2020

Calcium Calcium associated with 
albumin is capable of 
decreasing metabolic 
dysfunctions and organ 
damage during the 
COVID-19 infection

Cytotoxic T 
lymphocytes; IL-
1, IL-6

Hypocalcemia as a result of hypoalbuminemia; increased 
pro-inflammatory cytokines IL-1 and IL-6 interfere with 
calcium metabolism; lower levels of lymphocyte counts 
related to higher levels of D-dimer in critically ill patients 

Alemzadeh et al[116], 
2021; Alsagaff et al[126], 
2021; Mendez et al[127], 
2021

Iron Maintaining adequate 
levels of iron is related to 
lower levels of respiratory 
failure 

T cells, B cells, 
macrophages

Chelation/deficiency: Enhances IFN-γ signaling and STAT1 
activation which may stabilize the TH1 phenotype in early 
TH polarization; activates the transcription factors hypoxia-
inducible factor (HIF)-1α and nuclear factor (NF)-IL6 in 
macrophages. Supplementation/overload: in TH1 cells, 
stimulates the production of GM-CS, and reduces 
expression of the T-box transcription factor T-BET; inhibits 
ICAM1 and MHC-II expression in macrophages, impairing 
TH1 immunity; in B cells, counteracts the Ig class switch 
towards IgG; may promote TH2 polarization

Tojo et al[131], 2021; 
Sonnweber et al[133], 
2020; Akhtar et al[138], 
2021; Nairz and Weiss
[164], 2020

Copper There is still no evidence 
to support the supple-
mentation of copper in 
COVID-19 patients

Macrophages, 
neutrophils, NK 
cells; IL-2

Participates in the functioning of innate immune cells (e.g., 
it accumulates in macrophage phagolysosomes to combat 
pathogens); has intrinsic antimicrobial properties; acts in 
defense against reactive oxygen species; has a role in IL-2 
production and response; maintains intracellular 
antioxidant balance; has a role in differentiation and prolif-
eration of T cells

Zhou et al[130], 2020; 
Zeng et al[140], 2021; Rani 
et al[143], 2021

Zinc Currently there is no 
evidence of interferences 
of this element regarding 
severe cases

Th1 cells; IL-2, 
IL-1β, IL-6, IL-8

Acute zinc deficiency promotes the adhesion of monocytes 
to endothelial cells in vitro and reduces the production of 
TH1 profile cytokines including IFN-γ, IL-2, and TNF-α; it 
has the potential to inhibit the inflammatory process by 
stimulating the release of IL-1-β depending on the 
transcription factor NF-κB; low levels of zinc are associated 
with an increase in IL-6, IL-8, and TNF-α which contributes 
to inflammation

Gammoh et al[144], 2017; 
Elalfy et al[153], 2021; 
Thomas et al[154], 2021; 
Abdelmaksoud et al[155], 
2021; Mariani et al [165], 
2006

Magnesium This nutrient is capable of 
reducing the necessity of 
oxygen and intensive care 
unit admission

Natural killer 
cells, CD8 killer T 
cells, monocytes, 
macrophages, 
leukocytes

Reduction of immune cell toxicity; cytokine storm favoring; 
decreased anti-oxidant and anti-inflammatory action, 
energy depletion, muscle catabolism, and prothrombotic 
conditions

Tang et al[159], 2020; 
DiNicolantonio and 
O’keefe[160], 2021; van 
Niekerk et al[161], 2018; 
Zhu et al[162], 2021; Iotti 
et al[163], 2020; Nairz and 
Weiss[164], 2020
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that is caused in more severe cases of infection. This is because this intense immune reaction activates 
the coagulation cascade, favoring the occurrence of thrombotic events. As D-dimer is involved in blood 
clotting events, its detection in examinations is favorable to attest to a possible state of thrombosis in the 
patient, which increases the chances of pulmonary complications and thromboembolism[118]. However, 
the increase in unsaturated lipids can also contribute to hypocalcemia, due to the link established with 
the ion[116,119,120].

Given this and studies that have evaluated calcemia in hospitalized patients, it was possible to 
establish an important risk factor between low calcium levels and increased risk of developing serious 
diseases, complications in the cardiovascular system, nervous system, and muscle, and mortality[116,
120,121].

In regard to the viral life cycle, much has been studied about the role of calcium. SARS-CoV-2 needs 
to release its genetic material inside the host cell and to do so, it needs to penetrate the host cell 
membrane and fuse its membrane with the viral membrane[122].

The key and initial point lies with the spike (S) protein, which is composed of two subunits, S1 and 
S2, containing a region called fusion peptide (FP) that is crucial in the cell invasion process, along with 
the help of calcium, which binds to two negatively charged FP residues located in the S2 subunit to 
allow viral fusion. In this sense, calcium acts directly on the proteins responsible for mediating fusion, 
playing an activating role and increasing the binding of the S protein to host cells, favoring viral 
penetration[122-124]. Importantly, PF interacts with the host cell membrane, changing its structure and 
allowing membrane fusion[124].

Despite the use of calcium in the process of virus entry into the host cell, what may account for the 
hypocalcemia is the lack of the viral envelope protein E that alters intracellular calcium metabolism, 
favoring the increase of IL-1B. This cytokine is responsible for regulating the expression of a calcium-
sensitive receptor. With the action of the cytokine, the set point of calcium suppression by PTH is 
reduced. Thus, even though calcium is in lesser amounts, it is able to decrease PTH secretion and 
corroborate an even greater decrease in serum calcium[117].

Early use of calcium and albumin supplementation is reported to lead to reduced toxicity from free 
fatty acids, which are then carried by albumin, and to decrease the degree of mitochondrial metabolic 
dysfunction and organ damage[125,126]. Also, a meta-analysis of 199298 patients demonstrated that the 
use of calcium channel blockers (CCBs) in hypertensive patients reduced mortality rates in hypertensive 
patients with COVID-19. This may be explained by the action of CCBs blocking the virus replication 
cycle through ion-dependent pathways, although the use of CCBs has not been shown to interfere with 
the severity of disease presentation[126]. Some studies, which used a smaller sample of patients, are 
against the use of CCBs in the treatment of patients with COVID-19 and found an increased risk of 
respiratory failure, intubation, and death in patients taking this medication[127].

Further studies are needed, but vitamin D supplementation is hypothesized to prevent hypocalcemia, 
severe disease, and other complications[120,128].

Iron
Hemoglobin, iron, and saturated transferrin levels were lower in patients with COVID-19 compared to 
individuals without the disease, while ferritin levels were higher in SARS-CoV-2 infected patients[129]. 
Correspondingly, Zhou et al[130] reported that serum hepcidin and ferritin levels contribute 
independently to the severity of COVID-19. Another study points out that the relationship between iron 
levels and disease severity is U-shaped, considering that patients with mild respiratory failure had 
significantly lower serum iron levels compared to individuals without respiratory failure, while no 
significant differences in iron levels were observed between the group without respiratory failure and 
those with severe respiratory failure[131]. Hippchen et al[132] identified an iron concentration 
< 6 μmol/L as the best cut-off point to predict hospitalization of patients with COVID-19. Furthermore, 
it has been reported that alterations in iron metabolism can persist for a few months after the initiation 
of COVID-19 and are associated with pulmonary pathologies[133]. Low serum iron has also been 
associated with mortality from COVID-19[134].

In order to decrease viral replication, the innate immune system stimulates the reduction of iron 
bioavailability, so hepcidin levels tend to increase and block ferroportin activity, which results in 
cellular accumulation of the metal, mainly inside macrophages, hepatocytes, and enterocytes[135]. The 
increase in intracellular iron stimulates the expression of inflammatory cytokines, such as IL-6, IL-8, and 
TNF-α, which worsen the accumulation of iron in cells, generating a cycle that contributes to the 
“cytokine storm” in patients with COVID-19[133].

In general, adequate levels of iron are obtained through diet. However, supplementation of this 
mineral can be used in patients with challenges in meeting dietary requirements[136]. The usual dosage 
for therapeutic iron supplementation is 325 mg (equivalent to 65 mg of elemental iron), three times a 
day[137]. Iron supplementation therapy has been considered a more promising approach than 
transfusion to promote erythropoiesis in pregnant women and cancer patients with anemia and COVID-
19[138].
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Copper
Skalny et al[139] reported that the copper/zinc ratio, besides being increased in patients with COVID-19 
compared to healthy individuals, presents a gradual increase according to the severity of the cases and 
was considered as a predictor of lower O2 saturation. A cohort of 306 patients with COVID-19 in Wuhan 
also identified an increase in copper levels in severe cases compared to non-severe patients[140]. On the 
other hand, Hackler et al[141] reported that patients surviving COVID-19 had higher mean serum 
copper levels compared to non-surviving patients. Arrieta et al[142], in turn, carried out a study with 
patients with severe COVID-19 on parental nutrition and supplemented with zinc, revealing that serum 
copper concentrations were lower in critically ill participants. However, it should be considered that 
copper and zinc are competitively absorbed in the small intestine, which may justify the reduction of 
copper in these patients[143].

SARS-CoV-2 infection involves the induction of an inducible transcription factor (NF-κB), responsible 
for triggering an inflammatory process. Copper, in turn, acts by preventing inflammatory events, 
through several mechanisms, such as the generation of reactive oxygen species, which act in the 
destruction of viral morphology and genomes[143]. Despite a favorable theoretical approach to comple-
mentary therapy with copper supplementation, there is still no evidence to support its use in cases of 
patients with COVID-19[142].

Zinc
Zinc plays an important role in modulating the immune system, including roles in antiviral and antibac-
terial responses[144]. Zinc is essential for the recruitment of neutrophil granulocytes and chemotaxis 
process and positively influences NK cells, phagocytosis, oxidative burst generation, and CD4+ and 
CD8+ T cells[145]. It has already been clarified that acute zinc deficiency has the potential to interfere 
with both innate immunity and T cell-mediated immunity by impairing those defenses, whereas chronic 
deficiency of that metal is associated with an increase in pro-inflammatory cytokines[146]. In addition, 
previous studies have already suggested the use of zinc in order to reduce the duration of acute 
respiratory tract viral infections and to prevent symptoms[147].

A possible therapeutic role of the mineral in respiratory tract infections was the demonstration that 
zinc gluconate supplementation inhibits the NF-κB-dependent transcription of inflammatory genes, 
contributing to a reduction of neutrophilic infiltration and TNF-α release in the airways[148]. In that 
context, it was hypothesized that zinc could inhibit SARS-CoV-2 viral replication since it inhibits RNA-
dependent RNA polymerase (RdRp) activity in vitro by inhibiting SARS-CoV-2 RdRp elongation and 
binding of model[149,150]. Furthermore, it is possible that zinc has the potential to restrict SARS-CoV-2 
access in host cells by inhibiting ACE2 activity[151,152]. Therefore, during the COVID-19 pandemic, the 
possibility of reducing infection severity through zinc administration led scientists to research this 
metal. Among these studies, a non-randomized clinical trial including 113 patients compared the use of 
combined nitazoxanide, ribavirin, ivermectin, and zinc along with routine supportive treatment and the 
results showed that the combination effectively cleared SARS-CoV-2 from the nasopharynx faster than 
supportive therapy; however, patients experienced some side effects such as gastrointestinal 
disturbances[153]. In contrast, a randomized clinical trial including 214 patients looked at whether high-
dose zinc, high-dose ascorbic acid, or both substances were able to reduce the severity or duration of 
symptoms caused by SARS-CoV-2 infection compared to standard care. The results of the study 
concluded that there was no significant difference between groups and that treatment with zinc, 
ascorbic acid, or both did not interfere with the symptoms of the disease[154]. In addition, a prospective 
clinical trial with 134 patients analyzed the serum zinc levels of patients positive for COVID-19 at 
various severity levels, with and without olfactory alterations, in order to assess the therapeutic 
potential of zinc supplementation. The authors concluded that there were no significant differences 
between the subgroups regarding severity, recovery time, or the presence or absence of olfactory and 
taste dysfunction. However, olfactory and taste functions recovered more quickly in patients who 
underwent zinc therapy (P < 0.001)[155]. Zinc supplementation offers numerous benefits for different 
comorbidities; however, its dosage may vary with the patient's age and the specific pathophysiology of 
the disease[156]. The recommended pharmacological dosage of zinc for adults is greater than 40 mg/d 
and generally ranges from 220 mg/d to 660 mg/d of zinc chelate, which is equivalent to 50 mg to 150 
mg of elemental zinc[157]. Finally, the clinical data obtained to date are not sufficient to support zinc 
supplementation in outpatients and hospitalized patients with COVID-19[154,158].

Magnesium
Magnesium ion is one of the most relevant elements in the homeostasis of several body systems such as 
the respiratory, neurological, cardiovascular, and digestive systems. It has anti-oxidant and anti-inflam-
matory functions and integrates several biochemical and metabolic reactions, such as transport of other 
ions and activation of vitamin D, and it is involved in energy metabolism[159]; considering the role of 
magnesium in body homeostasis, this element is involved in the context of the organic disorders caused 
by COVID-19.

When there is a cytokine storm and an increase in the generalized inflammatory status, there is a 
functional imbalance between the cells of the immune system and higher energy depletion[160,161].
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A good part of the population already has low serum magnesium levels and, with the infection, food 
intake is reduced in more critical cases. As a result, the organism uses other means of obtaining this ion 
which, along with phosphate, is removed from its natural reservoirs, mainly the musculoskeletal 
system, catabolizing it[159,161].

Besides the muscle tissue involved, which may evolve to kidney injury and rhabdomyolysis, low 
magnesium levels may favor the development of respiratory complications by integrating membrane 
proteins involved in energy metabolism. Nevertheless, hypomagnesemia can contribute to endothelial 
dysfunction, favoring, as the calcium mentioned above, prothrombotic situations[159,160].

To date, little is known about magnesium homeostasis during COVID-19, as it is not a commonly 
assessed parameter, even though many patients have low Mg levels during the disease. However, in 
addition to all the inflammatory and metabolic issues involved with hypomagnesemia, SARS-CoV-2 has 
magnesium in its structure. In this sense, the virus would need the ion to remain structurally and 
functionally active[162-165].

The use of magnesium, vitamin D, and vitamin B12 supplementation was positive in the devel-
opment of COVID-19 in patients over 50 years old, reducing the number of patients who required 
supplemental oxygen or ICU admission. The doses used were 1000 IU of cholecalciferol, 150 mg of 
magnesium oxide, and 500 μg of methylcobalamin, for a period less than or equal to 14 d[99].

To summarize the influence of nutrients on the immune system, Table 1 brings the macro- and micro-
nutrients above cited, relating it to the modulation in cells and cytokines and to clinical outcomes.

CONCLUSION
The relationship between COVID-19 and nutrients is controversial. The expression of pro-inflammatory 
compounds and the individual's dysregulated immune response are the main causes of modulation in 
critically ill patients infected with the virus. In view of this, correct modulation is essential to avoid mild 
or exaggerated responses. The macro- and micro-nutrients mentioned are directly involved in the basic 
structure of the immune system, participating in the development of cells, cytokines, and antibodies. 
Some nutrients such as vitamin B12 and copper are contradictory as to the beneficial effects of their 
bioavailability, and their overstocking is predictive of a worse prognosis. The lack of studies with this 
isolated micronutrient requires further analysis to guide medical professionals in prescribing vitamin 
B12 supplementation. Furthermore, supplementation of vitamin D, calcium, iron, and magnesium is 
beneficial, especially in patients with comorbidities, whose risk of developing the most severe forms of 
the disease is greater. The action of these elements, promoting anti-inflammatory and antioxidant 
functions, is essential to control the aggressive COVID-19 response. Vitamin D, calcium, and 
magnesium supplementation is important for patients at risk and with deficiency. In addition, early use 
of calcium associated with albumin has shown benefits in preventing toxicity and organ damages that 
can lead to severe cases of COVID-19. Those findings are alien to what is found in ESPEN expert 
statements and practical guidance for nutritional management of individuals with SARS-CoV-2 
infection, which points that vitamins D and B, zinc, iron, and omega-3 PUFAs should be considered in 
COVID-19 patients for nutritional support. It is also suggested that the daily supply of these micronu-
trients should be ensured in malnourished patients with SARS-CoV-2 infection.

Regarding the high consumption of proteins, carbohydrates, and lipids, there is influence of the 
excess of these in the diets of prehospital patients, considering the connection with the acquisition of 
pneumonia. Moreover, these nutrients influence the function of adipose tissue by stimulating the 
inflammatory response, worsening the patient's condition. Meanwhile, omega 3 PUFA supplementation 
is recommended to improve oxygenation, contributing additionally to the regulation of laboratory tests 
and renal function. However, further randomized controlled trials are needed to complement and 
confirm the information on the influence of vitamins and other nutrients on immunomodulation of the 
COVID-19 response, in order to determine which nutrients are beneficially administered and select the 
correct doses for the treatment of critically ill patients.
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Abstract
Hyperglycemia is commonly associated with adverse outcomes especially in 
patients requiring intensive care unit stay. Data from the corona virus disease 
2019 (COVID-19) pandemic indicates that individuals with diabetes appear to be 
at similar risk for COVID-19 infection to those without diabetes but are more 
likely to experience increased morbidity and mortality. The proposed hypothesis 
for hyperglycemia in COVID-19 include insulin resistance, critical illness hyper-
glycemia (stress- induced hyperglycemia) secondary to high levels of hormones 
like cortisol and catecholamines that counteract insulin action, acute cytokine 
storm and pancreatic cell dysfunction. Diabetic patients are more likely to have 
severe hyperglycemic complications including diabetic ketoacidosis and 
hyperosmolar hyperglycemic state. Management of hyperglycemia in COVID-19 
is often complicated by use of steroids, prolonged total parenteral or enteral 
nutrition, frequent acute hyperglycemic events, and restrictions with fluid 
management due to acute respiratory distress syndrome. While managing 
hyperglycemia special attention should be paid to mode of insulin delivery, 
frequency of glucose monitoring based on patient and caregiver safety thereby 
minimizing exposure and conserving personal protective equipment. In this 
article we describe the pathophysiology of hyperglycemia, challenges 
encountered in managing hyperglycemia, and review some potential solutions to 
address them.
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Core Tip: Data from the corona virus disease 2019 (COVID-19) pandemic indicates that individuals with 
diabetes are more likely to experience hyperglycemia related complications including diabetic 
ketoacidosis and hyperosmolar hyperglycemic syndrome. These patients often require hospitalization to 
intensive care units. In this article we intend to describe the pathophysiology of hyperglycemia in critically 
ill patients with COVID-19 infection, challenges encountered in managing hyperglycemia, and review 
some potential solutions to address them.

Citation: Kethireddy R, Gandhi D, Kichloo A, Patel L. Challenges in hyperglycemia management in critically ill 
patients with COVID-19. World J Crit Care Med 2022; 11(4): 219-227
URL: https://www.wjgnet.com/2220-3141/full/v11/i4/219.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i4.219

INTRODUCTION
Corona virus disease 2019 (COVID-19) hospitalization rates have varied across different hospitals across 
the United States and can be as high as 15% among infected patients[1]. One in four patients admitted to 
the hospital with COVID-19 infection requires intensive care unit (ICU) level of care. Mortality rates 
vary widely among these patients, sometimes approaching as high as 62%[2]. Intensive care hospital-
ization rates of COVID-19 patients differ widely across the countries and in the United States range 
between 5% and 12% of the total positive cases[3]. The median duration of hospital stays among the 
COVID-19 patients ranges from 16 to 23 d, the median length of ICU stay is 7 to 17 d, and the average 
time of mechanical ventilation is about 1-12 d[4].

Both Type 1 and type 2 diabetes are frequently identified medical comorbidities in patients with 
severe COVID-19 infection with poor clinical outcomes[5,6]. Diabetic patients treated with insulin prior 
to hospitalization also had poor outcomes[7]. Hyperglycemia (fasting blood glucose more than 125 
mg/dL) is identified as an independent predictor of increased mortality in hospitalized patients without 
prior diagnosis of diabetes[8]. It can be concluded from review of currently available literature that new 
onset hyperglycemia in non-diabetic patients and new onset diabetes in COVID-19 have poor clinical 
outcomes compared to people with preexisting diabetes and people with euglycemia[9]. A recent 
systemic review and meta-analysis reported high prevalence of diabetic ketoacidosis (DKA 63.4%), 
EDKA (euglycemic diabetic ketoacidosis 8.5%), hyperosmolar hyperglycemic state (HHS 1.4%) and 
combined DKA/HHS (26.8%) among acute diabetes- associated metabolic emergencies in COVID-19 
patients. The mortality rate related to diabetes-associated acute metabolic emergencies in COVID-19 
patients’ range between 7.7% to 32.4%. The major factors associated with worse outcomes in these 
patients were the need of mechanical ventilation, acute renal failure and dual presence of hyperosmolar 
state and ketoacidosis[10]. Strict blood glucose control has been shown to have a protective effect with 
better outcomes in patients with COVID-19 with hyperglycemia. Sardu et al[11] reported that use of 
intravenous insulin infusion to achieve a substantial drop in blood glucose levels was associated with 
better clinical outcomes in patients hospitalized with COVID-19.

MECHANISM OF HYPERGLYCEMIA IN PATIENTS WITH COVID-19 INFECTION
Infection mediated factors leading to hyperglycemia
Role of inflammatory storm: Critical illness associated stress results in stimulation of the hypothalamic-
pituitary-adrenal (HPA) axis. Excess release of various stress hormones (cortisol, growth hormone, 
catecholamines and glucagon) that follows, causes insulin resistance by decreasing the uptake of 
glucose in skeletal muscle and induce gluconeogenesis and glycogenolysis in liver contributing to 
hyperglycemia.

Inflammatory storm associated with hyperglycemia is frequently among COVID-19 patients with 
preexisting diabetes, prediabetes, and/or obesity. The association between chronic inflammation and 
hyperglycemia and its effect on complications has been well described in literature[12-14]. This 
preexisting inflammatory state can further fuel added cytokine release related complications including 
increasing insulin resistance, acute (stress) hyperglycemia, and can lead to additional complications in 
patients with diabetes[15-18]. Severe hyperglycemia was frequently associated with elevations of 
inflammatory biomarkers like high sensitivity C- reactive protein (hsCRP), procalcitonin, interleukin-6 
(IL-6), and D-dimers that act as important predictors for a more severe form of disease[19,20].

In the CORONADO study[21], about 11% of the participants had diabetes-related complications at 
admission in the form of hyperglycemia, and/or ketoacidosis. Ketosis can be explained because of 
discontinuation of glucose-lowering medications because of anorexia before hospital admission, a direct 
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effect of COVID-19 cannot be ruled out. The virus binds to ACE2 receptors which are expressed in 
pancreatic tissue and β-cells[22]. This can lead to dramatic loss of insulin secretion from pancreas which 
in combination with stress induced cytokine storm could lead to a rapid metabolic deterioration causing 
DKA or HHS.

Role of pancreatic damage: COVID-19 virus infects and replicates in cells of the human endocrine and 
exocrine pancreas resulting in morphological, transcriptional, and functional changes, leading to 
reduced numbers of insulin-secretory granules in β-cells and impaired glucose-stimulated insulin 
secretion leading to de novo development of diabetes[23]. Several case reports of new-onset diabetes 
have been reported in COVID-19 patients admitted to hospital[24]. In a population of 453 patients with 
COVID-19, 94 were identified with new-onset diabetes and these individuals had the greater risk of all-
cause mortality compared with patients with known diabetes, hyperglycemia, and normal glucose.

Treatment related factors leading to hyperglycemia
Role of steroids: RECOVERY trial reported that dexamethasone significantly reduced the mortality risk 
by 17% in hospitalized patients with COVID-19, by 18% in the subsets of patients who required 
noninvasive oxygen therapy, and by 36% in the subsets of patients who required invasive mechanical 
ventilation making it standard of treatment in these subsets of patients[25].

The metabolic effects of glucocorticoids on glucose metabolism are seen at numerous stages in the 
insulin-signaling cascade. Glucocorticoids reduce peripheral glucose uptake at the level of the muscle 
and adipose tissue[26]. Skeletal muscle is primarily responsible for the insulin-mediated capture of 
postprandial glucose and corticosteroids can induce insulin resistance by interfering directly with 
various components of the insulin signaling cascade[26,27]. Corticosteroids increase endogenous 
glucose production by glycogenolysis and gluconeogenesis[28]. Glucocorticoids also inhibit the 
production and secretion of insulin from pancreatic β-cells[29-31]. In adipose tissue, steroids are 
responsible for increased lipolysis and subsequent accumulation of non-esterified fatty acids, which 
interfere with insulin-induced glucose uptake. The liver plays a major role in the control of glucose 
metabolism, maintaining fasting euglycemia. The abilities of glucocorticoids to induce hyperglycemia 
depend on their dose and the duration of exposure[32].

Glycemic variability is highly debated for its potential role in the development of diabetic complic-
ations, glucocorticoid therapy represents a powerful trigger for glycemic excursions. Hydrocortisone 
boluses administered in critically ill patients were associated with a higher glycemic and insulin rate 
variability across all Acute Physiology and Chronic Health Evaluation (APACHE) II score grades, 
irrespective of potential confounders, such as type of admission, body mass index, and age as well as a 
previous diagnosis of diabetes[33].

Role of nutrition: Enteric and parenteral nutrition are frequently used in critically ill patients add rapid 
or persistent glucose load leading to hyperglycemia[34-37].

Role of other therapies: Other therapies administered often in ICU patients such as catecholamines, 
vasopressors, glucocorticoids and mineralocorticoids contribute to hyperglycemia mainly by 
augmenting insulin resistance at peripheral tissues. Immunomodulatory medications were shown to 
have mixed effects on glycemic control[38-42].

Challenges in glycemic control 
Optimal glycemic control in ICU is important for improved patient outcomes[43]. Patients with COVID-
19 and hyperglycemia are at higher risk of worse outcomes compared with those with normoglycemia
[44]. Acute hyperglycemia is associated with increased production of inflammatory cytokines and 
oxidative stress[45] frequently called “Inflammatory storm”.

Hypoglycemia can produce the same effects as acute hyperglycemia and independently affects 
mortality[46,47]. Sudden hyperglycemia as result of correcting hypoglycemia also leads to an enhan-
cement of inflammation. Treatment of hypoglycemia should be slow and acute iatrogenic hyper-
glycemia should be avoided by rightful choice of dextrose delivery[48].

There is enough literature available to indicate that glucose variability can contribute to worse of the 
prognosis in ICU[47,49-51] even when glucose is kept in normal range[51]. Frequent fluctuations in 
blood glucose are a known risk factor for oxidative stress and the release of inflammatory cytokines. So, 
it seems advisable that glucose variability should be avoided[52]. Hyperglycemia interferes with the 
efficacy of other COVID-19 treatments. Glucocorticoid treatment has been associated with improved 
clinical outcomes in patients with COVID-19 but can induce and/or worsen hyperglycemia. In this case 
keeping normoglycemia may be challenging[53]. There is enough evidence that Tocilizumab (TCZ) in 
hyperglycemic patients failed to attenuate risk of severe outcomes of COVID-19 infection in both 
diabetic and non-diabetic patients[54].

Patients who are on existing hypoglycemia therapies before hospitalization adds to complexity of 
glucose management as well. Controlled diabetes before hospitalization as evidenced by low 
Hemoglobin A1c is favorable in predicting the insulin dosing, avoiding hyperglycemic excursions. 
Duration of therapeutic effects are shorter with agents like dipeptidyl-peptidase 4 inhibitors (DPP-4i), 
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sodium-glucose-transporter-2 inhibitors (SGLT-2i), pioglitazone, alpha-glucosidase inhibitors, 
metformin, and short-acting Glucagon-LikePeptide-1 Receptor Agonists (GLP-1RA) (exenatide and 
lixisenatide). The duration of effects is longer with agents like long-acting insulins long-acting insulins, 
GLP-1RA (dulaglutide, exenatide LA, liraglutide and semaglutide)[55]. Their action will add to that of 
insulin used during the treatment in ICU and must be considered in choosing the insulin dose.

Sodium-glucose cotransporter 2 (SGLT2) inhibitors have been shown to significantly reduce 
cardiovascular mortality and heart failure (HF) hospitalizations in patients with Type 2 diabetes 
mellitus (T2DM). Given these cardiac benefits and the low incidence of adverse events, SGLT2 inhibitors 
are strongly recommended as a treatment for HF, to slowdown the progression of chronic kidney 
disease (CKD), to decrease atherosclerosis related cardiac events in patients with T2DM[55-57]. 
Therefore, it has become a class of drugs widely used in clinical practice. In 2015, the Food and Drug 
Administration (FDA) warned that treatment with SGLT-2 inhibitors may increase the risk of EDKA
[58]. Since then, several scientific papers were published reporting the association between these drugs 
and EDKA[59-61]. One third of COVID-19 patients reported gastrointestinal symptoms such as 
diarrhea, loss of appetite, nausea, and vomiting resulting in volume depletion. Persistent glycosuria in a 
subset of diabetic patients using SLGT2 inhibitors results in worsening of volume depletion. Insulin 
resistance in COVID-19 patients causes lipolysis leading to ketosis and theoretically can precipitate 
ketoacidosis[62]. The risk of mortality was four-fold higher in patients with T2D compared to 
nondiabetic cohorts. Patients receiving incretin-based therapies (GLP 1 receptor agonist and DDP 4 
inhibitor) had decreased risk of hospitalization, mortality and respiratory complications compared to 
those patients not on these medications. A relative decrease in mortality was noted in patients when 
DDP-4 inhibitors are continued upon admission compared with patients where these were discontinued 
on admission[63].

Adequate hydration of the diabetic patient with COVID-19 is essential. Hyperhydration can induce 
ARDS further worsening lung damage. Attention should also be paid to serum Potassium (K+) levels as 
patients can be at major risk of hypokalemia, likely due to hyperaldosteronism associated with COVID-
19 infection. Insulin treatment may worsen hypokalemia if not corrected in time. Spironolactone 
through its dual action as a mineralocorticoid receptor antagonist and an androgenic inhibitor, can help 
reducing risk of pulmonary edema and ARDS in COVID-19. Its potassium-sparing action by 
antagonizing mineralocorticoid receptors helps in minimizing the risk of hypokalemia during insulin 
treatment[64].

TREATMENT OF HYPERGLYCEMIA
Glycemic targets 
There is a paucity of literature on glycemic control among COVID-19 patients hospitalized with 
hyperglycemia with or without diabetes. The limited literature suggests inadequate glycemia 
management due to lack of established guidelines regarding the most appropriate management of 
hyperglycemia in patients infected by COVID-19. Meanwhile, established guidelines in non-COVID 
patients can be adopted with slight modifications to manage hyperglycemia in critical and noncritical 
care settings to care of COVID-19 patients during this pandemic. Blood sugar goals in ICU have been an 
active area of research and debate. Intensive glycemic control (80-110 mg/dL) compared to moderate 
control (140-180 mg/dL) does not provide significant benefit and can be associated with increased harm
[65,66]. In many studies glucose levels above 180 mg/dL were associated with increased risk of hospital 
complications. However, the lower limit for glycemia target is less well established and values greater 
than 110 mg/dL are generally recommended to minimize the risks of hypoglycemia[67]. Clinical 
guidelines recommend maintaining glucose levels between 140 and 180 mg/dL for most critically ill 
patients[68] and more stringent goals of 110-140 mg/dL may be reasonable for selected patients if they 
can be achieved without significant hypoglycemia[67-69]. However, blood glucose levels less than 200 
mg/dL were also targeted in some patients with very labile and critical forms of disease, particularly 
since most were also on continuous enteral or parenteral nutrition and thus in a constant postprandial 
state[70].

Insulin therapy
Insulin is still the best glucose-lowering medication and recommended treatment for critically ill 
patients with COVID-19. The primary goals of a safe and effective insulin regimen include reducing 
contact frequency of health care workers with patient, reducing glucose variability, minimize risk of 
hypoglycemia, and optimal glycemic control[71]. There is no ideal protocol for the management of 
hyperglycemia in the critically ill patient and there is no clear evidence demonstrating the benefit of one 
protocol/algorithm vs any other. The implementation of any of these algorithms is prone to human 
errors and their success is greatly dependent on nursing education, clarity, and ease of understanding of 
instructions. To avoid errors in dosing, some institutions have adopted validated computerized 
protocols aiming to direct the nursing staff to adjust the insulin infusion rate[72,73]. Most important 
elements that increase success of any protocol using continuous insulin infusion are the rate adjustment 
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that considers the current and previous glucose value and the current rate of insulin infusion; rate 
adjustment that considers the rate of change from the previous reading, and frequency of glucose 
monitoring.

Hemodynamically unstable patients on vasopressors; those receiving parenteral nutrition, enteral 
nutrition with frequent rate adjustments; those on high-dose steroids; those in diabetic ketoacidosis or 
hyperosmolar hyperglycemic state will need intravenous insulin infusion and will need hourly blood 
glucose monitoring. For hemodynamically stable patients who are not meeting the above criteria; 
patients with stable insulin requirements (including those on enteral feeding); subcutaneous basal 
insulin regimens (standard basal-bolus, basal-bolus-correction, or basal-correction) can be used. The 
blood sugar testing can be every 4-6 h in this cohort of patients.

Once the patient is clinically stable, intravenous insulin can be transitioned to subcutaneous adminis-
tration. Initial dose of subcutaneous insulin is usually 60-80% of intravenous insulin needed in previous 
24 h. Overlap between intravenous and subcutaneous insulin is advised usually for 2-3 h to reduce risk 
of rebound hyperglycemia[74,75].

The degree of hyperglycemia and insulin resistance were associated with rapid elevations of inflam-
matory markers (high sensitivity CRP, Interleukin-6, procalcitonin, and D-dimers etc.,). Some 
institutions developed predictive algorithms based on artificial intelligence to predict the glucose values 
corresponding to changes in inflammatory marker levels. This allows timely dosing of insulin to 
prevent extreme blood glucose fluctuations[71,76].

The literature related to treatment of corticosteroid induced hyperglycemia is limited. The hyper-
glycemic effect of dexamethasone lasts up to 48 h and can be treated with addition of long-acting insulin 
preparations like glargine or detemir whose glucose lowering effect can last longer than 24 h[77,78]. 
Similarly, hyperglycemic peak of methylprednisolone develops after 4-6 h of administration. Insulin-
neutral protamine Hagedorn (NPH) can be used as correctional insulin to target peak blood glucose 
elevation with methylprednisolone as the timeline of peak blood glucose elevation from methylpred-
nisolone coincide with timeline of peak action of NPH insulin[79]. Therefore, clinicians who choose 
systemic corticosteroid treatment for their patients with COVID-19 should anticipate the occurrence of 
hyperglycemia and manage it based on the glycemic profile of the systemic corticosteroid. Addition of 
NPH insulin in the morning in addition to the existing insulin regimen can help with better glycemic 
control in setting of steroid use[71].

Protecting healthcare providers
Protecting healthcare providers is also an important part of taking care of COVID-19 patients. 
Caregivers must use appropriate personal protective equipment (PPE) while facing procurement 
challenges due to nationwide shortage of PPE. Every attempt should be made to minimize unnecessary 
contact with patients while not compromising on care. Bundling cares including glucose checks, therapy 
sessions, patient repositioning can reduce frequent healthcare personnel exposure. Intravenous drips 
that require frequent titration like insulin can be managed from outside the patient room through long 
tubing.

Finally, consideration should be given to changing how we measure blood glucose levels in the 
critically ill patient. For patients on intravenous insulin infusion, blood sugar monitoring recommended 
every 1-2 h, while those on subcutaneous insulin regimen, monitoring can be spaced every 4-6 h. 
Patients can also participate in f self-glucose checks through devices approved by FDA[80].

US FDA approved 2 continuous glucose monitors (CGM)--the Optiscanner 5000 and the GlucoScout--
for remote glucose monitoring in hospitalized patients, but they are not commonly used. On April 8, 
2020, FDA has excised “enforcement discretion” and temporarily sanctioned off label use and put out 
guidance on the potential use of CGM (Dexcom/Abbott FreeStyle Libre) in the hospital (but not for use 
in critically ill) during the current pandemic. In addition, studies based on use of CGM technology in 
hospitalized patients prior to COVID-19 pandemic have shown that several potential circumstances 
(both patient and management related) in the intensive care unit (e.g., MRI, use of vasoactive agents, 
acidosis, anasarca, dehydration, peripheral edema, hypotension, and dialysis) require careful use of this 
technology as they can negatively impact the accuracy of blood glucose monitoring. Hybrid models 
utilizing both point of care blood sugar testing and CGM a few times a day may be indicated in these 
situations to ensure readings are valid[81]. Published literature regarding the use of CGM in ICU 
patients with COVID-19 is limited[82].

CONCLUSION
Hyperglycemia is common and is associated with worse outcomes in COVID-19 patients admitted to 
ICU. The mechanism of hyperglycemia is explained by infection and treatment related factors. 
Established guidelines can be used as a roadmap but need to be tailored for individual patient needs. 
Though most current guidelines recommend targeting blood glucose levels < 180 mg/dL in critically ill 
patients, a target glucose range of 110-180 mg/ dL is acceptable when tailored to individual patient 
characteristics and clinical situation. Insulin is still the best glucose-lowering medication and should be 
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a treatment of choice for critically ill patients with COVID-19. Intravenous insulin infusion and 
subcutaneous basal insulin regimens (standard basal-bolus, basal-bolus-correction, or basal-correction) 
are the preferred for glycemic control hospitalized patients in critical and noncritical settings 
respectively. Bundling the glucose checks together with other nursing and therapist activities will 
minimize patient contact of health care workers and help to conserve PPE. Published literature 
regarding the use of CGM in ICU patients with COVID-19 is limited.
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Abstract
The cholinergic anti-inflammatory pathway (CAP) refers to the anti-inflammatory 
effects mediated by the parasympathetic nervous system. Existence of this path-
way was first demonstrated when acetylcholinesterase inhibitors showed benefits 
in animal models of sepsis. CAP functions via the vagus nerve. The systemic anti-
inflammatory effects of CAP converges on the α7 nicotinic acetylcholine receptor 
on splenic macrophages, leading to suppression of pro-inflammatory cytokines 
and simultaneous stimulation of anti-inflammatory cytokines, including 
interleukin 10. CAP offers a novel mechanism to mitigate inflammation. Electrical 
vagal nerve stimulation has shown benefits in patients suffering from rheumatoid 
arthritis. Direct agonists like nicotine and GTS-1 have also demonstrated anti-
inflammatory properties in models of sepsis and acute respiratory distress 
syndrome, as have acetylcholinesterase inhibitors like Galantamine and 
Physostigmine. Experience with coronavirus disease 2019 (COVID-19) induced 
acute respiratory distress syndrome indicates that immunomodulators have a 
protective role in patient outcomes. Dexamethasone is the only medication 
currently in use that has shown to improve clinical outcomes. This is likely due to 
the suppression of what is referred to as a cytokine storm, which is implicated in 
the lethality of viral pneumonia. Nicotine transdermal patch activates CAP and 
harvests its anti-inflammatory potential by means of an easily administered depot 
delivery mechanism. It could prove to be a promising, safe and inexpensive 
additional tool in the currently limited armamentarium at our disposal for 
management of COVID-19 induced acute hypoxic respiratory failure.

Key Words: COVID-19; Acute respiratory distress syndrome; Medicinal nicotine; 
Cholinergic anti-inflammatory pathway; Corticosteroid
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Core Tip: Cholinergic anti-inflammatory pathway is novel pathway of the inflammatory reflex. Activation 
of this pathway can suppress maladaptive inflammatory response seen in coronavirus disease 2019 
(COVID-19) acute respiratory distress syndrome (ARDS). Nicotine is a potent activator of this pathway 
and may offer benefits in the management of COVID-19 ARDS, via immune suppressive effects similar to 
dexamethasone.
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INTRODUCTION
A dramatic inflammatory response is a common manifestation of severe coronavirus disease 2019 
(COVID-19) infection[1]. The purpose of such an inflammatory surge, under normal conditions, is to 
allow the body to attack, constrain, and kill invading organisms. However, that same inflammatory 
cascade has negative downstream consequences which can cause direct damage to the host.

Sepsis is the consequence of this hyperactive immune state, most commonly due to a poorly 
controlled infection or significant tissue injury[2]. The unbalanced immune reaction perpetuates further 
injury. Neutrophils are recruited and infiltrate the lungs where they undergo apoptosis, further causing 
tissue damage leading to the development of shock and acute respiratory distress syndrome (ARDS)[3]. 
These cells and the molecules they release are a potent force designed to neutralise pathogens, but cause 
significant collateral damage in the process. Another casualty of this inflammatory dysregulation is 
vasodilatation and microvascular thrombi that lead to poor tissue perfusion, further perpetuating the 
cycle of destruction. This self-perpetuating cycle of tissue damage and release of pro-inflammatory 
cytokines[4,5] causes further dysregulation of the immune system.

Cytokine is a term given to molecules that carry out inflammatory responses of the immune system, 
each having their respective receptors distributed across the body. They orchestrate most, if not all, of 
the consequences of sepsis. This phenomenon is now dubbed a ‘cytokine storm’[6] and has been partic-
ularly devastating in the current pandemic of COVID-19 infection[7,8].

In recent years many immune modulators have been administered to mitigate sepsis and shock but 
with limited success in changing the disease course, morbidity, and mortality outcomes. Tocilizumab 
was used widely during the initial phase of the COVID-19 pandemic in ICUs across the world. But it 
failed to demonstrate mortality benefits[9]. The reason could partly be explained by the fact that it has a 
narrow scope of action, only blocking the interleukin (IL)-6 receptor. Upregulation of alternate 
pathways of inflammation likely are at play. A mechanism to reduce the global immune response is 
required to suppress collectively the molecules perpetuating inflammation. Corticosteroids are touted as 
one of the strongest tools in our arsenal to achieve such a goal. Dexamethasone is the only drug we have 
at our disposal that has shown mortality benefits during the COVID-19 pandemic[10]. Although 
corticosteroids are considered to globally suppress inflammation, patients are still succumbing to this 
coronavirus infection despite high doses administered over several days. Other medications for global 
suppression of inflammation are needed.

One potential pathway that may hold promise in achieving global suppression of the immune system 
is the cholinergic anti-inflammatory pathway (CAP). CAP is a component of the inflammatory reflex, 
mediated by the cholinergic nervous system and augmenting its tone has been shown to decrease 
inflammation in both human and animal models. The first evidence of the cholinergic system having 
immunomodulatory properties dates back to 1987. Zabrodskiĭ[11] showed that Armin, an irreversible 
acetylcholinesterase inhibitor reduces mortality in animal models of sepsis. It was first recognized in 
humans when patients with Rheumatoid Arthritis and drug-resistant epilepsy underwent Vagal Nerve 
stimulation to ameliorate their recurrent seizures. After initiation of Vagal Nerve stimulation, patients 
incidentally reported improvement in joint pains[12].

INFLAMMATORY REFLEX
The inflammatory reflex[13] is a central nervous system mediated reflex arc that modulates the immune 
system. Like other prototypical reflexes, it has an incoming and outgoing arm. Instead of a sensory 
input that begets a motor response, this circuit senses inflammation and responds with appropriate 
inflammatory inhibition to reestablish homeostasis. The afferent arm is activated by the products of 
sterile or infectious inflammation.

https://www.wjgnet.com/2220-3141/full/v11/i4/228.htm
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The efferent arm is termed the CAP which, through diverse mechanisms, suppresses inflammation
[14]. Both the afferent and efferent limbs of the reflex are transmitted predominantly by the vagus 
nerves. Tracey KJ team[15,16] has conducted extensive research in the potential therapeutic application 
of vagal stimulation in modulating the immune system, thereby providing initial major contributions to 
mapping this pathway (Figure 1)[17,18].

THE AFFERENT LIMB
We are more familiar with the afferent limb of this pathway[19], which plays a role in triggering the 
mammalian febrile response. Disrupting the afferent arm, for example with a subdiaphragmatic 
vagotomy, prevented IL-1β induced fever in mice[20]. The afferent limb is activated by pro-inflam-
matory cytokines like tumor necrosis factor-α (TNF-α) and IL-1β, neuropeptide Y and prostaglandins. 
Vagal fibers innervating visceral organs like the lungs and gastrointestinal tract demonstrate sensitivity 
to IL-1β. Furthermore, the nodose ganglion expresses Toll-like receptors[18] which are directly 
stimulated by pathogen associated molecular patterns such as those found on bacterial cell walls[21]. 
Area postrema directly expresses proinflammatory cytokine receptors[22]. The afferent limb converges 
on the nucleus tractus solitarius (NTS), the primary central vagal afferent nucleus. Interneurons connect 
the NTS to the dorsal motor nucleus of vagus (DMV), which are the primary efferent nuclei of the vagus 
nerve (Figure 2).

THE EFFERENT LIMB/CAP
The systemic anti-inflammatory effects of CAP are thought to exert its effects via the spleen[23,24]. The 
efferent limb originates at the DMV, the motor nuclei of the vagus nerve. Motor signals are transmitted 
via cholinergic fibers down the vagus nerve to mount an anti-inflammatory response, reestablishing 
homeostasis. The vagus nerve does not directly innervate the spleen like it does with other visceral 
organs such as the heart, intestines and liver. So to realize a response from splenic lymphocytes and 
macrophages, the splenic nerve functions as an intermediary. The efferent pathway is as follows: 
Cholinergic fibers from the vagus nerve innervate the celiac ganglion; Noradrenergic neurons from the 
celiac ganglion, via the splenic nerve, innervate the spleen, and by releasing norepinephrine stimulate β
-2 adrenergic receptors on choline-acetyltransferase positive T cells that reside in the spleen; Activation 
of the β-2 adrenergic receptors with norepinephrine induces the release of acetylcholine (ACh) from 
these splenic T cells; ACh then activates α-7 nicotinic acetylcholinergic receptor (α7nAChr) on the 
splenic macrophages; Activation of α7nAChr causes downstream inhibition of the NF-Kappa β pathway 
and subsequent suppression of pro-inflammatory cytokines. It also induces the release of anti-inflam-
matory molecules by activating the JAK2-STAT3 pathway[13,14].

Iatrogenic activation of the efferent limb of the inflammatory reflex, irrespective of the modality, has 
demonstrated anti-inflammatory effects in diverse pathological conditions[15] (Figure 3).

HARVESTING THE POTENTIAL OF CAP
Augmenting the CAP offers an effective tool in controlling maladaptive inflammatory responses[25,26]. 
Modulating the cholinergic tone, irrespective of the modality used, has been shown to suppress inflam-
mation[27]. Direct electrical stimulation of the vagus nerve aims to trigger an action potential that 
consequently activate this pathway downstream. Vagal nerve stimulation has been shown to suppress 
inflammation and decrease serum levels of TNF, IL-1β and IL-6[28-32]. Pharmacological modalities to 
increase the activity of CAP have also yielded similar results. Direct agonists of α7nAChr like the 
pharmacological agent nicotine have demonstrated anti-inflammatory properties[33-39]. Ongoing trials 
using GTS-1, a specific α7nAChr agonist, are being conducted in human models of sepsis[40,41]. 
Another feasible pharmacological strategy is to use inhibitors of acetylcholinesterase to delay degra-
dation of ACh and, thus, enhance the tone of this pathway[42-47]. It must be noted that acetylcholin-
esterase inhibitors require a functional vagal pathway and fail to demonstrate anti-inflammatory effects 
in vagotomized animals[48].

Practical modalities for bedside manipulation of CAP is limited. Vagal nerve stimulation has limited 
feasibility for critically ill septic patients. GTS-1, an α7nAChr agonist, is in an experimental phase 
acetylcholinesterase inhibitors like physostigmine increase cholinergic tone systemically and cause 
undesirable muscarinic side effects. That currently leaves nicotine as the only feasible and medically 
available potentiator of CAP as an agonist of α7nAChr. As such, it has demonstrated anti-inflammatory 
properties in ulcerative colitis and models of human sepsis[33,34].
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Figure 1 The inflammatory reflex. The above graphic demonstrates the inflammatory reflex. The afferent limb is activated by pro-inflammatory cytokines like 
tumor necrosis factor and interleukin 1βor by pathogen-associated molecular patterns via Toll-like receptors. The afferent limb connects to the nucleus tractus 
solitarius (NTS), the primary vagal afferent nuclei. The mammalian febrile response is initiated at the NTS. Interneurons connect NTS to dorsal motor nucleus of 
vagus (DMV) incoming signals. The DMV is the primary efferent nuclei of the vagus nerve. This efferent signal initiates an anti-inflammatory effect, reestablishing 
homeostasis. PAMPS: pathogen-associated molecular patterns.

Figure 2 Afferent limb of the inflammatory reflex. This figure demonstrates the mechanisms by which the vagus nerve senses inflammation. Vagal sensory 
neurons directly express receptors for various pro-inflammatory cytokines such as, tumor necrosis factor, interleukin 1β, neuropeptide Y and prostaglandins. Vagal 
fibers innervating the lymphatic system demonstrate sensitivity to interleukin-1β. In addition, the nodose ganglion has been shown to express Toll-like receptors. Area 
postrema directly expresses proinflammatory cytokine receptors[22]. The signal is transmitted via the vagal afferents to the bilateral nucleus tractus solitarius, the 
primary vagal afferent nucleus[19].

NICOTINE
Humans have been using nicotine since prehistoric times[49], mostly in the form of tobacco. Even 
though it is widely acknowledged that smoking or chewing tobacco is unequivocally injurious to health, 
nicotine by itself has not been shown to be harmful. Medicinal nicotine has demonstrated potent anti-
inflammatory properties while being safe and possessing a low side-effect profile in short term adminis-
tration. Nicotine administration in animal models of ARDS and sepsis have shown improved survival 
with lower serum inflammatory markers and reduced migration of neutrophils[36-38]. Human models 
of lipopolysaccharide (LPS) induced sepsis show faster resolution of sepsis[33]. Nicotine has also shown 
anti-inflammatory effects in patients with ulcerative colitis[34,35].

Nicotine patches are well suited as a modality for increasing nicotinic cholinergic receptor activity, 
and possess the following advantages: Nicotine does not have any underlying muscarinic effects and, 
therefore, lack concerns of increasing airway secretions that occur with acetylcholinesterase inhibitors 
like galantamine or physostigmine; Using a nicotine patch achieves therapeutic levels of nicotine in the 
blood within 4-6 h, offering a rapid drug onset profile[50]; The active drug nicotine has a short half-life 
of 2 h. Its metabolite, cotinine, has minimal biological activity[51]. This allows for rapid withdrawal of 
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Figure 3 Efferent limb of the inflammatory reflex. Signal from the dorsal nuclei of vagus is transmitted via cholinergic fibers of the vagus nerve to the celiac 
ganglion. Noradrenergic neurons from the celiac ganglion via the splenic nerve innervate the spleen. Choline-acetyltransferase positive T cells that reside in the 
spleen express β-2 adrenergic receptors. Activation of this receptor causes the release of Acetylcholine which binds to the α-7 nicotinic acetylcholinergic receptor on 
splenic macrophages causing the inhibition of NF-kappa β pathway and upregulation of STAT3, ultimately suppressing inflammation[16,23].

treatment if necessary. Most acetylcholinesterase inhibitors have a much longer half-life; The depot 
mechanism of drug delivery for the nicotine patch allows for a rapid onset, prolonged drug delivery 
during the duration of application, with a quick withdrawal time; The 24-h depot administration avoids 
repeated administrations and minimized nursing exposure for delivery of the medication; Ease of 
administration; Nicotine transdermal patches are widely used as clinical medication for nicotine 
replacement therapy in both the hospital and outpatient settings; There are minimal drug-drug 
interactions[52].

IN-HOSPITAL SAFETY DATA ON NICOTINE REPLACEMENT THERAPY
The data on the safety of nicotine on non-smoking patients in an inpatient setting is limited.

Safety data on current or former smokers receiving nicotine replacement therapy in ICU settings and 
hospital settings fail to demonstrate an increase in adverse events[53-58]. Potential side effects of 
medicinal nicotine administration are few. They may include hypertension and tachyarrhythmias. Rash 
at the site of the nicotine patch application has been described. Patients with end stage renal disease 
have a decreased rate of nicotine metabolism so the safety profile for patients on dialysis is uncertain[59,
60].

CONCLUSION
The current ongoing pandemic of severe acute respiratory syndrome coronavirus 2 proves a new 
challenge for the medical community. Owing to the tremendous ingenuity and grit demonstrated by 
teams across the globe, we now have several promising vaccines which demonstrate remarkable 
efficacy. However, we are yet to develop a similarly promising tool for management of severe infection 
which is still very prevalent. Consequently, patients continue to succumb in ICUs across the world to 
the COVID-19 acute hypoxic respiratory failure and septic shock. Several touted treatment modalities 
during this pandemic have emerged only to quickly fall out of favour due to lack of documented 
benefit, including Hydroxychloroquine, Tocilizumab, and transfusion of convalescent plasma. 
Management for COVID-19 pneumonia, at present, comprises two parallel approaches. Remdesivir or 
other upcoming potential antivirals, to control viral replication and immunomodulators like 
dexamethasone to control the maladaptive immune response. Dexamethasone has shown utility in 
reducing mortality in patients with COVID-19 induced acute hypoxic respiratory failure. However, 
despite its use early in the course of the disease, many still deteriorate, requiring increased levels of 
oxygen support or even mechanical ventilation. Patients continue to die even with dexamethasone as 



Ahmad F. Nicotine in COVID ARDS

WJCCM https://www.wjgnet.com 233 July 9, 2022 Volume 11 Issue 4

part of their pharmacological regimen. Better modalities are needed to further improve patient 
outcomes. The hope is bringing to the attention of the medical community a fairly well studied, yet 
paradoxically unknown pathway of global immune modulation.

CAP is a part of a neural reflex termed the inflammatory reflex. It plays a central role in the neural 
control of inflammation. Inflammatory reflex has an afferent limb that senses systemic inflammation via 
the vagus nerve. This signal is relayed to the NTS, the sensory vagal nucleus in the central nervous 
system. Interneurons then communicate to the DMV, which is the primary motor nucleus of the vagus 
nerve. The efferent limb of the inflammatory reflex originates from the DMV via motor vagal fibers and 
trigger various anti-inflammatory mechanisms, reestablishing homeostasis. The systemic anti-inflam-
matory effects of CAP is thought to be due to suppression of pro-inflammatory cytokines from splenic 
macrophages. Nicotinic ACh receptors on these splenic macrophages are the point of convergence of 
this pathway’s systemic anti-inflammatory effect. This translates to survival benefits with lower levels of 
serum TNF-α, and IL-6, along with reduced migration of neutrophils in models of sepsis. The potential 
of augmenting this pathway to mitigate inflammation has been demonstrated in several animal and 
human studies.

Nicotine is a commonly used molecule that is a potent activator of α7nAChr, with demonstrated anti-
inflammatory effects. Animal models of sepsis show improved survival with nicotine administration. 
Nicotine patch has been studied in the human model of LPS induced sepsis and demonstrated faster 
resolution of inflammation compared to controls. Nicotine transdermal patch has been used for decades 
as a means of nicotine delivery for nicotine replacement therapy in active tobacco users and has 
demonstrated a favorable safety profile. Thus, nicotine transdermal patch may offer a readily available 
tool with significant benefit-to-risk ratio in the setting of COVID-19 induced acute hypoxic respiratory 
failure.

With patients suffering daily across the globe with COVID ARDS, there is little downside to the 
administration of this relatively inexpensive, widely available medication with a high safety. There is 
presently a lack of literature regarding the use of nicotine in COVID-19 ARDS patients and it must be 
further studied first before being applied routinely.

FOOTNOTES
Author contributions: Ahmad F contributed hypothesis generation, evidence gathering, drafting and editing of 
manuscript.

Conflict-of-interest statement: The author reports no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: United States

ORCID number: Farrukh Ahmad 0000-0003-0004-441X.

S-Editor: Gao CC 
L-Editor: A 
P-Editor: Gao CC

REFERENCES
Hojyo S, Uchida M, Tanaka K, Hasebe R, Tanaka Y, Murakami M, Hirano T. How COVID-19 induces cytokine storm 
with high mortality. Inflamm Regen 2020; 40: 37 [PMID: 33014208 DOI: 10.1186/s41232-020-00146-3]

1     

Delano MJ, Ward PA. The immune system's role in sepsis progression, resolution, and long-term outcome. Immunol Rev 
2016; 274: 330-353 [PMID: 27782333 DOI: 10.1111/imr.12499]

2     

Yang SC, Tsai YF, Pan YL, Hwang TL. Understanding the role of neutrophils in acute respiratory distress syndrome. 
Biomed J 2021; 44: 439-446 [PMID: 33087299 DOI: 10.1016/j.bj.2020.09.001]

3     

Chaudhry H, Zhou J, Zhong Y, Ali MM, McGuire F, Nagarkatti PS, Nagarkatti M. Role of cytokines as a double-edged 
sword in sepsis. In Vivo 2013; 27: 669-684 [PMID: 24292568]

4     

Schulte W, Bernhagen J, Bucala R. Cytokines in sepsis: potent immunoregulators and potential therapeutic targets--an 
updated view. Mediators Inflamm 2013; 2013: 165974 [PMID: 23853427 DOI: 10.1155/2013/165974]

5     

Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin TR, Katze MG. Into the eye of the cytokine storm. Microbiol Mol 
Biol Rev 2012; 76: 16-32 [PMID: 22390970 DOI: 10.1128/MMBR.05015-11]

6     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-0004-441X
http://orcid.org/0000-0003-0004-441X
http://www.ncbi.nlm.nih.gov/pubmed/33014208
https://dx.doi.org/10.1186/s41232-020-00146-3
http://www.ncbi.nlm.nih.gov/pubmed/27782333
https://dx.doi.org/10.1111/imr.12499
http://www.ncbi.nlm.nih.gov/pubmed/33087299
https://dx.doi.org/10.1016/j.bj.2020.09.001
http://www.ncbi.nlm.nih.gov/pubmed/24292568
http://www.ncbi.nlm.nih.gov/pubmed/23853427
https://dx.doi.org/10.1155/2013/165974
http://www.ncbi.nlm.nih.gov/pubmed/22390970
https://dx.doi.org/10.1128/MMBR.05015-11


Ahmad F. Nicotine in COVID ARDS

WJCCM https://www.wjgnet.com 234 July 9, 2022 Volume 11 Issue 4

Caricchio R, Gallucci M, Dass C, Zhang X, Gallucci S, Fleece D, Bromberg M, Criner GJ; Temple University COVID-19 
Research Group. Preliminary predictive criteria for COVID-19 cytokine storm. Ann Rheum Dis 2021; 80: 88-95 [PMID: 
32978237 DOI: 10.1136/annrheumdis-2020-218323]

7     

Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-19: immunity, inflammation and intervention. 
Nat Rev Immunol 2020; 20: 363-374 [PMID: 32346093 DOI: 10.1038/s41577-020-0311-8]

8     

Huang E, Jordan SC. Tocilizumab for Covid-19 - The Ongoing Search for Effective Therapies. N Engl J Med 2020; 383: 
2387-2388 [PMID: 33296566 DOI: 10.1056/NEJMe2032071]

9     

Matthay MA, Thompson BT. Dexamethasone in hospitalised patients with COVID-19: addressing uncertainties. Lancet 
Respir Med 2020; 8: 1170-1172 [PMID: 33129421 DOI: 10.1016/S2213-2600(20)30503-8]

10     

Zabrodskiĭ PF. [Effect of armin on nonspecific resistance factors of the body and on the primary humoral immune 
response]. Farmakol Toksikol 1987; 50: 57-60 [PMID: 3549354]

11     

Bonaz B, Picq C, Sinniger V, Mayol JF, Clarençon D. Vagus nerve stimulation: from epilepsy to the cholinergic anti-
inflammatory pathway. Neurogastroenterol Motil 2013; 25: 208-221 [PMID: 23360102 DOI: 10.1111/nmo.12076]

12     

Tracey KJ. The inflammatory reflex. Nature 2002; 420: 853-859 [PMID: 12490958 DOI: 10.1038/nature01321]13     
Tracey KJ. Reflex control of immunity. Nat Rev Immunol 2009; 9: 418-428 [PMID: 19461672 DOI: 10.1038/nri2566]14     
Pavlov VA, Wang H, Czura CJ, Friedman SG, Tracey KJ. The cholinergic anti-inflammatory pathway: a missing link in 
neuroimmunomodulation. Mol Med 2003; 9: 125-134 [PMID: 14571320]

15     

Pavlov VA, Tracey KJ. Neural circuitry and immunity. Immunol Res 2015; 63: 38-57 [PMID: 26512000 DOI: 
10.1007/s12026-015-8718-1]

16     

Rosas-Ballina M, Ochani M, Parrish WR, Ochani K, Harris YT, Huston JM, Chavan S, Tracey KJ. Splenic nerve is 
required for cholinergic antiinflammatory pathway control of TNF in endotoxemia. Proc Natl Acad Sci U S A 2008; 105: 
11008-11013 [PMID: 18669662 DOI: 10.1073/pnas.0803237105]

17     

Satoh T, Akira S. Toll-Like Receptor Signaling and Its Inducible Proteins. Microbiol Spectr 2016; 4 [PMID: 28084212 
DOI: 10.1128/microbiolspec.MCHD-0040-2016]

18     

Goehler LE, Gaykema RP, Hansen MK, Anderson K, Maier SF, Watkins LR. Vagal immune-to-brain communication: a 
visceral chemosensory pathway. Auton Neurosci 2000; 85: 49-59 [PMID: 11189026 DOI: 
10.1016/S1566-0702(00)00219-8]

19     

Simons CT, Kulchitsky VA, Sugimoto N, Homer LD, Székely M, Romanovsky AA. Signaling the brain in systemic 
inflammation: which vagal branch is involved in fever genesis? Am J Physiol 1998; 275: R63-R68 [PMID: 9688961 DOI: 
10.1152/ajpregu.1998.275.1.R63]

20     

Hosoi T, Okuma Y, Matsuda T, Nomura Y. Novel pathway for LPS-induced afferent vagus nerve activation: possible role 
of nodose ganglion. Auton Neurosci 2005; 120: 104-107 [PMID: 15919243 DOI: 10.1016/j.autneu.2004.11.012]

21     

Goehler LE, Erisir A, Gaykema RP. Neural-immune interface in the rat area postrema. Neuroscience 2006; 140: 1415-
1434 [PMID: 16650942 DOI: 10.1016/j.neuroscience.2006.03.048]

22     

Rosas-Ballina M, Tracey KJ. Cholinergic control of inflammation. J Intern Med 2009; 265: 663-679 [PMID: 19493060 
DOI: 10.1111/j.1365-2796.2009.02098.x]

23     

Huston JM, Ochani M, Rosas-Ballina M, Liao H, Ochani K, Pavlov VA, Gallowitsch-Puerta M, Ashok M, Czura CJ, 
Foxwell B, Tracey KJ, Ulloa L. Splenectomy inactivates the cholinergic antiinflammatory pathway during lethal 
endotoxemia and polymicrobial sepsis. J Exp Med 2006; 203: 1623-1628 [PMID: 16785311 DOI: 10.1084/jem.20052362]

24     

Hoover DB. Cholinergic modulation of the immune system presents new approaches for treating inflammation. Pharmacol 
Ther 2017; 179: 1-16 [PMID: 28529069 DOI: 10.1016/j.pharmthera.2017.05.002]

25     

Ren C, Tong YL, Li JC, Lu ZQ, Yao YM. The Protective Effect of Alpha 7 Nicotinic Acetylcholine Receptor Activation 
on Critical Illness and Its Mechanism. Int J Biol Sci 2017; 13: 46-56 [PMID: 28123345 DOI: 10.7150/ijbs.16404]

26     

Kanashiro A, Sônego F, Ferreira RG, Castanheira FV, Leite CA, Borges VF, Nascimento DC, Cólon DF, Alves-Filho JC, 
Ulloa L, Cunha FQ. Therapeutic potential and limitations of cholinergic anti-inflammatory pathway in sepsis. Pharmacol 
Res 2017; 117: 1-8 [PMID: 27979692 DOI: 10.1016/j.phrs.2016.12.014]

27     

Koopman FA, Chavan SS, Miljko S, Grazio S, Sokolovic S, Schuurman PR, Mehta AD, Levine YA, Faltys M, Zitnik R, 
Tracey KJ, Tak PP. Vagus nerve stimulation inhibits cytokine production and attenuates disease severity in rheumatoid 
arthritis. Proc Natl Acad Sci U S A 2016; 113: 8284-8289 [PMID: 27382171 DOI: 10.1073/pnas.1605635113]

28     

Genovese MC, Gaylis NB, Sikes D, KivitzA, Horowitz DL, Peterfy C, Glass EV, Levine YA, Chernoff D. Safety and 
efficacy of neurostimulation with a miniaturised Vagus Nerve stimulation device in patients with multidrug-refractory 
rheumatoid arthritis: A two-stage multicentre, randomised pilot study. Lancet Rheumatol  2020; 2: E527-E538 [DOI: 
10.1016/S2665-9913(20)30172-7]

29     

Borovikova LV, Ivanova S, Zhang M, Yang H, Botchkina GI, Watkins LR, Wang H, Abumrad N, Eaton JW, Tracey KJ. 
Vagus nerve stimulation attenuates the systemic inflammatory response to endotoxin. Nature 2000; 405: 458-462 [PMID: 
10839541 DOI: 10.1038/35013070]

30     

Kohoutova M, Horak J, Jarkovska D, Martinkova V, Tegl V, Nalos L, Vistejnova L, Benes J, Sviglerova J, Kuncova J, 
Matejovic M, Stengl M. Vagus Nerve Stimulation Attenuates Multiple Organ Dysfunction in Resuscitated Porcine 
Progressive Sepsis. Crit Care Med 2019; 47: e461-e469 [PMID: 30908312 DOI: 10.1097/CCM.0000000000003714]

31     

Hilderman M, Bruchfeld A. The cholinergic anti-inflammatory pathway in chronic kidney disease-review and vagus nerve 
stimulation clinical pilot study. Nephrol Dial Transplant 2020; 35: 1840-1852 [PMID: 33151338 DOI: 
10.1093/ndt/gfaa200]

32     

Wittebole X, Hahm S, Coyle SM, Kumar A, Calvano SE, Lowry SF. Nicotine exposure alters in vivo human responses to 
endotoxin. Clin Exp Immunol 2007; 147: 28-34 [PMID: 17177960 DOI: 10.1111/j.1365-2249.2006.03248.x]

33     

Guslandi M. Nicotine treatment for ulcerative colitis. Br J Clin Pharmacol 1999; 48: 481-484 [PMID: 10583016 DOI: 
10.1046/j.1365-2125.1999.00039.x]

34     

Guslandi M, Tittobello A. Outcome of ulcerative colitis after treatment with transdermal nicotine. Eur J Gastroenterol 
Hepatol 1998; 10: 513-515 [PMID: 9855069 DOI: 10.1097/00042737-199806000-00014]

35     

Özdemir-Kumral ZN, Özbeyli D, Özdemir AF, Karaaslan BM, Kaytaz K, Kara MF, Tok OE, Ercan F, Yegen BÇ. 36     

http://www.ncbi.nlm.nih.gov/pubmed/32978237
https://dx.doi.org/10.1136/annrheumdis-2020-218323
http://www.ncbi.nlm.nih.gov/pubmed/32346093
https://dx.doi.org/10.1038/s41577-020-0311-8
http://www.ncbi.nlm.nih.gov/pubmed/33296566
https://dx.doi.org/10.1056/NEJMe2032071
http://www.ncbi.nlm.nih.gov/pubmed/33129421
https://dx.doi.org/10.1016/S2213-2600(20)30503-8
http://www.ncbi.nlm.nih.gov/pubmed/3549354
http://www.ncbi.nlm.nih.gov/pubmed/23360102
https://dx.doi.org/10.1111/nmo.12076
http://www.ncbi.nlm.nih.gov/pubmed/12490958
https://dx.doi.org/10.1038/nature01321
http://www.ncbi.nlm.nih.gov/pubmed/19461672
https://dx.doi.org/10.1038/nri2566
http://www.ncbi.nlm.nih.gov/pubmed/14571320
http://www.ncbi.nlm.nih.gov/pubmed/26512000
https://dx.doi.org/10.1007/s12026-015-8718-1
http://www.ncbi.nlm.nih.gov/pubmed/18669662
https://dx.doi.org/10.1073/pnas.0803237105
http://www.ncbi.nlm.nih.gov/pubmed/28084212
https://dx.doi.org/10.1128/microbiolspec.MCHD-0040-2016
http://www.ncbi.nlm.nih.gov/pubmed/11189026
https://dx.doi.org/10.1016/S1566-0702(00)00219-8
http://www.ncbi.nlm.nih.gov/pubmed/9688961
https://dx.doi.org/10.1152/ajpregu.1998.275.1.R63
http://www.ncbi.nlm.nih.gov/pubmed/15919243
https://dx.doi.org/10.1016/j.autneu.2004.11.012
http://www.ncbi.nlm.nih.gov/pubmed/16650942
https://dx.doi.org/10.1016/j.neuroscience.2006.03.048
http://www.ncbi.nlm.nih.gov/pubmed/19493060
https://dx.doi.org/10.1111/j.1365-2796.2009.02098.x
http://www.ncbi.nlm.nih.gov/pubmed/16785311
https://dx.doi.org/10.1084/jem.20052362
http://www.ncbi.nlm.nih.gov/pubmed/28529069
https://dx.doi.org/10.1016/j.pharmthera.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28123345
https://dx.doi.org/10.7150/ijbs.16404
http://www.ncbi.nlm.nih.gov/pubmed/27979692
https://dx.doi.org/10.1016/j.phrs.2016.12.014
http://www.ncbi.nlm.nih.gov/pubmed/27382171
https://dx.doi.org/10.1073/pnas.1605635113
https://dx.doi.org/10.1016/S2665-9913(20)30172-7
http://www.ncbi.nlm.nih.gov/pubmed/10839541
https://dx.doi.org/10.1038/35013070
http://www.ncbi.nlm.nih.gov/pubmed/30908312
https://dx.doi.org/10.1097/CCM.0000000000003714
http://www.ncbi.nlm.nih.gov/pubmed/33151338
https://dx.doi.org/10.1093/ndt/gfaa200
http://www.ncbi.nlm.nih.gov/pubmed/17177960
https://dx.doi.org/10.1111/j.1365-2249.2006.03248.x
http://www.ncbi.nlm.nih.gov/pubmed/10583016
https://dx.doi.org/10.1046/j.1365-2125.1999.00039.x
http://www.ncbi.nlm.nih.gov/pubmed/9855069
https://dx.doi.org/10.1097/00042737-199806000-00014


Ahmad F. Nicotine in COVID ARDS

WJCCM https://www.wjgnet.com 235 July 9, 2022 Volume 11 Issue 4

Protective Effect of Nicotine on Sepsis-Induced Oxidative Multiorgan Damage: Role of Neutrophils. Nicotine Tob Res 
2017; 19: 859-864 [PMID: 27613897 DOI: 10.1093/ntr/ntw198]
Mabley J, Gordon S, Pacher P. Nicotine exerts an anti-inflammatory effect in a murine model of acute lung injury. 
Inflammation 2011; 34: 231-237 [PMID: 20625922 DOI: 10.1007/s10753-010-9228-x]

37     

Kloc M, Ghobrial RM, Kubiak JZ. How nicotine can inhibit cytokine storm in the lungs and prevent or lessen the severity 
of COVID-19 infection? Immunol Lett 2020; 224: 28-29 [PMID: 32522666 DOI: 10.1016/j.imlet.2020.06.002]

38     

Gonzalez-Rubio J, Navarro-Lopez C, Lopez-Najera E, Lopez-Najera A, Jimenez-Diaz L, Navarro-Lopez JD, Najera A. 
Cytokine Release Syndrome (CRS) and Nicotine in COVID-19 Patients: Trying to Calm the Storm. Front Immunol 2020; 
11: 1359 [PMID: 32595653 DOI: 10.3389/fimmu.2020.01359]

39     

Kox M, Pompe JC, Gordinou de Gouberville MC, van der Hoeven JG, Hoedemaekers CW, Pickkers P. Effects of the α7 
nicotinic acetylcholine receptor agonist GTS-21 on the innate immune response in humans. Shock 2011; 36: 5-11 [PMID: 
21368716 DOI: 10.1097/SHK.0b013e3182168d56]

40     

Garg BK, Loring RH. GTS-21 has cell-specific anti-inflammatory effects independent of α7 nicotinic acetylcholine 
receptors. PLoS One 2019; 14: e0214942 [PMID: 30947238 DOI: 10.1371/journal.pone.0214942]

41     

Ahmad F. COVID-19 induced ARDS, and the use of galantamine to activate the cholinergic anti-inflammatory pathway. 
Med Hypotheses 2020; 145: 110331 [PMID: 33038588 DOI: 10.1016/j.mehy.2020.110331]

42     

Pinder N, Bruckner T, Lehmann M, Motsch J, Brenner T, Larmann J, Knebel P, Hoppe-Tichy T, Swoboda S, Weigand 
MA, Hofer S, Zimmermann JB. Effect of physostigmine on recovery from septic shock following intra-abdominal infection 
- Results from a randomized, double-blind, placebo-controlled, monocentric pilot trial (Anticholium® per Se). J Crit Care 
2019; 52: 126-135 [PMID: 31035187 DOI: 10.1016/j.jcrc.2019.04.012]

43     

Li G, Zhou CL, Zhou QS, Zou HD. Galantamine protects against lipopolysaccharide-induced acute lung injury in rats. Braz 
J Med Biol Res 2016; 49: e5008 [PMID: 26648090 DOI: 10.1590/1414-431X20155008]

44     

Liu ZH, Ma YF, Wu JS, Gan JX, Xu SW, Jiang GY. Effect of cholinesterase inhibitor galanthamine on circulating tumor 
necrosis factor alpha in rats with lipopolysaccharide-induced peritonitis. Chin Med J (Engl) 2010; 123: 1727-1730 [PMID: 
20819637]

45     

Yoshiyama Y, Kojima A, Ishikawa C, Arai K. Anti-inflammatory action of donepezil ameliorates tau pathology, synaptic 
loss, and neurodegeneration in a tauopathy mouse model. J Alzheimers Dis 2010; 22: 295-306 [PMID: 20847440 DOI: 
10.3233/JAD-2010-100681]

46     

Consolim-Colombo FM, Sangaleti CT, Costa FO, Morais TL, Lopes HF, Motta JM, Irigoyen MC, Bortoloto LA, Rochitte 
CE, Harris YT, Satapathy SK, Olofsson PS, Akerman M, Chavan SS, MacKay M, Barnaby DP, Lesser ML, Roth J, Tracey 
KJ, Pavlov VA. Galantamine alleviates inflammation and insulin resistance in patients with metabolic syndrome in a 
randomized trial. JCI Insight 2017; 2 [PMID: 28724799 DOI: 10.1172/jci.insight.93340]

47     

Pavlov VA, Parrish WR, Rosas-Ballina M, Ochani M, Puerta M, Ochani K, Chavan S, Al-Abed Y, Tracey KJ. Brain 
acetylcholinesterase activity controls systemic cytokine levels through the cholinergic anti-inflammatory pathway. Brain 
Behav Immun 2009; 23: 41-45 [PMID: 18639629 DOI: 10.1016/j.bbi.2008.06.011]

48     

Musk AW, de Klerk NH. History of tobacco and health. Respirology 2003; 8: 286-290 [PMID: 14528877 DOI: 
10.1046/j.1440-1843.2003.00483.x]

49     

DeVeaugh-Geiss AM, Chen LH, Kotler ML, Ramsay LR, Durcan MJ. Pharmacokinetic comparison of two nicotine 
transdermal systems, a 21-mg/24-hour patch and a 25-mg/16-hour patch: a randomized, open-label, single-dose, two-way 
crossover study in adult smokers. Clin Ther 2010; 32: 1140-1148 [PMID: 20637967 DOI: 10.1016/j.clinthera.2010.06.008]

50     

Moran VE. Cotinine: Beyond that Expected, More than a Biomarker of Tobacco Consumption. Front Pharmacol 2012; 3: 
173 [PMID: 23087643 DOI: 10.3389/fphar.2012.00173]

51     

Hukkanen J, Jacob P 3rd, Peng M, Dempsey D, Benowitz NL. Effect of nicotine on cytochrome P450 1A2 activity. Br J 
Clin Pharmacol 2011; 72: 836-838 [PMID: 21599724 DOI: 10.1111/j.1365-2125.2011.04023.x]

52     

Stefan MS, Pack Q, Shieh MS, Pekow PS, Bernstein SL, Raghunathan K, Nason KS, Lindenauer PK. The Association of 
Nicotine Replacement Therapy With Outcomes Among Smokers Hospitalized for a Major Surgical Procedure. Chest 2020; 
157: 1354-1361 [PMID: 31790653 DOI: 10.1016/j.chest.2019.10.054]

53     

de Jong B, Schuppers AS, Kruisdijk-Gerritsen A, Arbouw MEL, van den Oever HLA, van Zanten ARH. The safety and 
efficacy of nicotine replacement therapy in the intensive care unit: a randomised controlled pilot study. Ann Intensive Care 
2018; 8: 70 [PMID: 29881956 DOI: 10.1186/s13613-018-0399-1]

54     

Pathak V, Rendon IS, Lupu R, Tactuk N, Olutade T, Durham C, Stumacher R. Outcome of nicotine replacement therapy in 
patients admitted to ICU: a randomized controlled double-blind prospective pilot study. Respir Care 2013; 58: 1625-1629 
[PMID: 23533293 DOI: 10.4187/respcare.01791]

55     

Cartin-Ceba R, Warner DO, Hays JT, Afessa B. Nicotine replacement therapy in critically ill patients: a prospective 
observational cohort study. Crit Care Med 2011; 39: 1635-1640 [PMID: 21494111 DOI: 
10.1097/CCM.0b013e31821867b8]

56     

Pack QR, Priya A, Lagu TC, Pekow PS, Atreya A, Rigotti NA, Lindenauer PK. Short-Term Safety of Nicotine 
Replacement in Smokers Hospitalized With Coronary Heart Disease. J Am Heart Assoc 2018; 7: e009424 [PMID: 
30371184 DOI: 10.1161/JAHA.118.009424]

57     

Ng KT, Gillies M, Griffith DM. Effect of nicotine replacement therapy on mortality, delirium, and duration of therapy in 
critically ill smokers: a systematic review and meta-analysis. Anaesth Intensive Care 2017; 45: 556-561 [PMID: 28911284 
DOI: 10.1177/0310057X1704500505]

58     

Molander L, Hansson A, Lunell E, Alainentalo L, Hoffmann M, Larsson R. Pharmacokinetics of nicotine in kidney failure. 
Clin Pharmacol Ther 2000; 68: 250-260 [PMID: 11014406 DOI: 10.1067/mcp.2000.109006]

59     

Perry RJ, Griffiths W, Dextraze P, Solomon RJ, Trebbin WM. Elevated nicotine levels in patients undergoing 
hemodialysis. A role in cardiovascular mortality and morbidity? Am J Med 1984; 76: 241-246 [PMID: 6695947 DOI: 
10.1016/0002-9343(84)90780-0]

60     

http://www.ncbi.nlm.nih.gov/pubmed/27613897
https://dx.doi.org/10.1093/ntr/ntw198
http://www.ncbi.nlm.nih.gov/pubmed/20625922
https://dx.doi.org/10.1007/s10753-010-9228-x
http://www.ncbi.nlm.nih.gov/pubmed/32522666
https://dx.doi.org/10.1016/j.imlet.2020.06.002
http://www.ncbi.nlm.nih.gov/pubmed/32595653
https://dx.doi.org/10.3389/fimmu.2020.01359
http://www.ncbi.nlm.nih.gov/pubmed/21368716
https://dx.doi.org/10.1097/SHK.0b013e3182168d56
http://www.ncbi.nlm.nih.gov/pubmed/30947238
https://dx.doi.org/10.1371/journal.pone.0214942
http://www.ncbi.nlm.nih.gov/pubmed/33038588
https://dx.doi.org/10.1016/j.mehy.2020.110331
http://www.ncbi.nlm.nih.gov/pubmed/31035187
https://dx.doi.org/10.1016/j.jcrc.2019.04.012
http://www.ncbi.nlm.nih.gov/pubmed/26648090
https://dx.doi.org/10.1590/1414-431X20155008
http://www.ncbi.nlm.nih.gov/pubmed/20819637
http://www.ncbi.nlm.nih.gov/pubmed/20847440
https://dx.doi.org/10.3233/JAD-2010-100681
http://www.ncbi.nlm.nih.gov/pubmed/28724799
https://dx.doi.org/10.1172/jci.insight.93340
http://www.ncbi.nlm.nih.gov/pubmed/18639629
https://dx.doi.org/10.1016/j.bbi.2008.06.011
http://www.ncbi.nlm.nih.gov/pubmed/14528877
https://dx.doi.org/10.1046/j.1440-1843.2003.00483.x
http://www.ncbi.nlm.nih.gov/pubmed/20637967
https://dx.doi.org/10.1016/j.clinthera.2010.06.008
http://www.ncbi.nlm.nih.gov/pubmed/23087643
https://dx.doi.org/10.3389/fphar.2012.00173
http://www.ncbi.nlm.nih.gov/pubmed/21599724
https://dx.doi.org/10.1111/j.1365-2125.2011.04023.x
http://www.ncbi.nlm.nih.gov/pubmed/31790653
https://dx.doi.org/10.1016/j.chest.2019.10.054
http://www.ncbi.nlm.nih.gov/pubmed/29881956
https://dx.doi.org/10.1186/s13613-018-0399-1
http://www.ncbi.nlm.nih.gov/pubmed/23533293
https://dx.doi.org/10.4187/respcare.01791
http://www.ncbi.nlm.nih.gov/pubmed/21494111
https://dx.doi.org/10.1097/CCM.0b013e31821867b8
http://www.ncbi.nlm.nih.gov/pubmed/30371184
https://dx.doi.org/10.1161/JAHA.118.009424
http://www.ncbi.nlm.nih.gov/pubmed/28911284
https://dx.doi.org/10.1177/0310057X1704500505
http://www.ncbi.nlm.nih.gov/pubmed/11014406
https://dx.doi.org/10.1067/mcp.2000.109006
http://www.ncbi.nlm.nih.gov/pubmed/6695947
https://dx.doi.org/10.1016/0002-9343(84)90780-0


WJCCM https://www.wjgnet.com 236 July 9, 2022 Volume 11 Issue 4

World Journal of 

Critical Care 
MedicineW J C C M

Submit a Manuscript: https://www.f6publishing.com World J Crit Care Med 2022 July 9; 11(4): 236-245

DOI: 10.5492/wjccm.v11.i4.236 ISSN 2220-3141 (online)

MINIREVIEWS

Health-related quality-of-life and health-utility reporting in critical 
care

Vincent Issac Lau, Jeffrey A Johnson, Sean M Bagshaw, Oleksa G Rewa, John Basmaji, Kimberley A Lewis, M 
Elizabeth Wilcox, Kali Barrett, Francois Lamontagne, Francois Lauzier, Niall D Ferguson, Simon J W 
Oczkowski, Kirsten M Fiest, Daniel J Niven, Henry T Stelfox, Waleed Alhazzani, Margaret Herridge, Robert 
Fowler, Deborah J Cook, Bram Rochwerg, Feng Xie

Specialty type: Critical care 
medicine

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: El-Gendy HA, Egypt; 
Gupta L, Indonesia

Received: February 3, 2022 
Peer-review started: February 3, 
2022 
First decision: April 13, 2022 
Revised: April 16, 2022 
Accepted: May 28, 2022 
Article in press: May 28, 2022 
Published online: July 9, 2022

Vincent Issac Lau, Sean M Bagshaw, Oleksa G Rewa, Department of Critical Care Medicine, 
University of Alberta, Edmonton T6G 2B7, AB, Canada

Jeffrey A Johnson, School of Public Health, Inst Hlth Econ, University of Alberta, Edmonton 
T6G 2B7, AB, Canada

John Basmaji, Department of Medicine, Division of Critical Care, Western University, London 
N6A 5W9, Canada

Kimberley A Lewis, Division of Critical Care, McMaster University, Hamilton L8N 4A6, 
Canada

M Elizabeth Wilcox, Kali Barrett, Interdepartmental Division of Critical Care, University of 
Toronto, Toronto M5T 2S8, Canada

Francois Lamontagne, Department of Medicine, University Sherbrooke, Sherbrooke J1H 5N4, 
Canada

Francois Lauzier, Departments of Medicine and Anesthesiology, University Laval, Laval G1V 
4G2, Canada

Niall D Ferguson, Department Critical Care Medicine, University of Toronto, Toronto M5G 
2C4, Canada

Simon J W Oczkowski, Department of Medicine, McMaster Clin, Hamilton Gen Hosp, 
McMaster University, Hamilton L8N 4A6, Canada

Kirsten M Fiest, Department of Community Health Sciences & Institute for Public Health, 
University of Calgary, Calgary T2N 2T9, Canada

Daniel J Niven, Department of Critical Care Medicine, University Calgary, Calgary T2N 2T9, 
Canada

Henry T Stelfox, Department of Community Health Sciences, University of Calgary, Calgary 
T2N 2T9, Canada

Waleed Alhazzani, Deborah J Cook, Bram Rochwerg, Department of Medicine, McMaster 
University, Hamilton L8N 4A6, Canada

https://www.f6publishing.com
https://dx.doi.org/10.5492/wjccm.v11.i4.236


Lau VI et al. Health-related quality-of-life in critical care

WJCCM https://www.wjgnet.com 237 July 9, 2022 Volume 11 Issue 4

Margaret Herridge, Indepartmental Division of Critical Care, University Health Network, Toronto M5G 2C4, 
Canada

Robert Fowler, Departments of Medicine and Critical Care Medicine, Sunnybrook Health Sciences Center, Institute 
of Health Policy Management and Evaluation, University of Toronto, Toronto M4N 3M5, Canada

Feng Xie, Health Research Methods, Evidence and Impact, McMaster University, Hamilton L8N 3Z5, Canada

Corresponding author: Vincent Issac Lau, FRCP (C), MD, MSc, Assistant Professor, Critical Care Medicine, 
University of Alberta, 8440 112 Street NW, Edmonton T6G 2B7, AB, Canada. vinceissaclau@gmail.com

Abstract
Mortality is a well-established patient-important outcome in critical care studies. In contrast, 
morbidity is less uniformly reported (given the myriad of critical care illnesses and complications 
of each) but may have a common end-impact on a patient’s functional capacity and health-related 
quality-of-life (HRQoL). Survival with a poor quality-of-life may not be acceptable depending on 
individual patient values and preferences. Hence, as mortality decreases within critical care, it 
becomes increasingly important to measure intensive care unit (ICU) survivor HRQoL. HRQoL 
measurements with a preference-based scoring algorithm can be converted into health utilities on 
a scale anchored at 0 (representing death) and 1 (representing full health). They can be combined 
with survival to calculate quality-adjusted life-years (QALY), which are one of the most widely 
used methods of combining morbidity and mortality into a composite outcome. Although QALYs 
have been use for health-technology assessment decision-making, an emerging and novel role 
would be to inform clinical decision-making for patients, families and healthcare providers about 
what expected HRQoL may be during and after ICU care. Critical care randomized control trials 
(RCTs) have not routinely measured or reported HRQoL (until more recently), likely due to 
incapacity of some patients to participate in patient-reported outcome measures. Further 
differences in HRQoL measurement tools can lead to non-comparable values. To this end, we 
propose the validation of a gold-standard HRQoL tool in critical care, specifically the EQ-5D-5L. 
Both combined health-utility and mortality (disaggregated) and QALYs (aggregated) can be 
reported, with disaggregation allowing for determination of which components are the main 
drivers of the QALY outcome. Increased use of HRQoL, health-utility, and QALYs in critical care 
RCTs has the potential to: (1) Increase the likelihood of finding important effects if they exist; (2) 
improve research efficiency; and (3) help inform optimal management of critically ill patients 
allowing for decision-making about their HRQoL, in additional to traditional health-technology 
assessments.

Key Words: Critical care; health-related quality of life; Quality-adjusted life-years; Health-utility; Mortality; 
Morbidity; Kaplan-Meier curves
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Core Tip: Health-related quality-of-life and health-utility are patient-important outcome measures that rival 
even mortality. The purpose of the paper is to outline the steps required for wider adoption of health-
related quality-of-life measures in critical care, and what benefits this measurement will yield.
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INTRODUCTION
Mortality is a well-established, patient-important outcome used in critical care trials[1,2], which has 
many attractive features for use in clinical research. Mortality is a commonly occurring, unambiguous, 
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dichotomous event, whose adjudication is less susceptible to bias. Unfortunately, most randomized 
controlled trials (RCTs) in critical care have failed to demonstrate consistent effects or improvements on 
mortality across a host of intensive care unit (ICU) interventions[3] potentially due to: (1) Under-
powering from decreasing mortality over time[4]; (2) heterogeneity of treatment effects[5]; or (3) 
ineffective treatments. Moreover, mortality is associated with limitations relevant to critical care 
research. The larger sample sizes required to adequately power studies make clinical trials less feasible 
and much more expensive to conduct. Mortality is not plausibly affected by certain interventions, and 
thus is not always the most appropriate endpoint. Finally, mortality is not the only patient-important 
outcome. Some patients may survive to have a poor health-related quality of life (HRQoL)[1,2,6], which 
may be unacceptable depending on their individual values and preferences. There is potential to 
challenge conventional research paradigms, and explore patient-centered outcomes beyond mortality 
for critical care trials. This may include secondary outcomes of interest, of which morbidity and 
functional outcomes are important.

Morbidity may be an intuitive alternative to mortality, but has unique challenges for research. 
Despite certain benefits of measuring morbidity (e.g. describes patient’s complications and potential 
suffering from those illnesses), it is less uniformly reported. With large variations in outcomes and 
complications, this results in a myriad of reported morbidity outcomes[1,2]. There is often a lack of 
common outcomes and standardization between studies[7], especially for different disease states and 
illnesses.

With carefully developed, defined, patient-centered outcomes like HRQoL and functional status, 
morbidity can better represent diverse illnesses and outcomes across critical care populations. Initiatives 
are being developed for critical care core outcome sets, which could include HRQoL[8]. It is important 
that we listen to our patients and their health proxies by capturing patient-centered values and self-
reported HRQoL, whenever possible[9]. With a growing populace of ICU survivors, HRQoL and 
morbidity outcomes become increasingly important to measure and optimize in order to characterize 
the health states in which ICU patients survive[1]. However, we must address specific barriers and 
challenges to measuring HRQoL in the critical care population.

To this end, we present an overview of HRQoL, health-utility and QALYs, their specific applications, 
and unique challenges of its use in the critical care population. Furthermore, we present unique 
opportunities for HRQoL and health-utility research in the critical care population, which may include: 
(1) end-of-life decision-making and low-utility states, which may only be realized in critically ill 
patients; and (2) increased use of proxy measurements (e.g. substitute decision-makers) given that some 
patients may lack the capacity to participate in their reported outcomes. We present these issues not 
merely as responses to the technical challenges of measurement and application in critical care, but as a 
research imperative to paradigm shift in how we report and measure HRQoL and other patient-
important outcomes in critically ill patients.

OVERVIEW: MORBIDITY AS HEALTH-RELATED QUALITY-OF-LIFE, HEALTH-UTILITY, 
AND QALYS
Health-related quality-of-life (HRQoL) is “an individual’s or a group’s perceived physical and mental 
health over time”[10]. Another definition states that HRQoL is a “multi-dimensional concept that 
includes domains related to physical, mental, emotional, and social functioning…[which] goes beyond 
direct measures of population health, life expectancy, and causes of death, and focuses on the impact 
health status has on quality-of-life.”

A health state can be used to describe HRQoL. Health states can be assigned preference weights and 
described as a health-utility value. In contrast to HRQoL, which describes one’s overall health qualit-
atively, a health-utility value seeks quantify HRQoL as a number, anchored to zero (representing death) 
to one (representing perfect health) [11]. However, health states less than zero can also be reported (e.g. 
“states worse than death”).

Various tools can be used ascertain HRQoL and health-utility values. These include direct methods (
e.g. standard gamble, time-trade off) or indirect methods using HRQoL population-derived preference 
based utility scales (e.g. Health Utility Index Mark 3, Short Form-6D, EQ-5D). These health-utility scores 
can be leveraged to calculate quality-adjusted life-years.

The quality-adjusted life-year (QALY) is measured as a function of length of life (mortality) and time 
spent in a health-related quality-of-life state (morbidity), and combines the value of these attributes into 
a single index number[12]. Essentially, the QALY represents “time alive, scaled to reflect health state 
desirability…and individual values and preferences[9],” where a year in the hypothetical state of 
“perfect health” is worth one QALY. The QALY can be useful as a standard measure of health states 
across diverse treatments and settings, as it transforms different illnesses and their severity into a 
common physical and mental description of their health state. This allows comparisons to be made with 
a common denominator of QALYs[13]. For these reasons, the QALY is recommended as a measure of 
health outcomes for economic evaluations[2,12-16].



Lau VI et al. Health-related quality-of-life in critical care

WJCCM https://www.wjgnet.com 239 July 9, 2022 Volume 11 Issue 4

Despite criticisms (e.g. bias against elderly, against those with physical/mental disabilities)[13,17], 
QALYs remain widely used and are well-validated composite outcome measures for chronic health 
conditions (e.g. chronic obstructive pulmonary disease, congestive heart failure)[1,2]. QALYs can be 
estimated with an indirect generic preference-based health utility measure, making it patient-centered, 
with values and preferences for health states incorporated into its calculation[1].

For these reasons, we propose that HRQoL, health-utility and QALYs, rather than mortality alone, 
should be measured as an important secondary outcome in critical care research. For this incorporation 
to take place, critical care trialists must first measure HRQoL, which not currently routinely performed.

HISTORY OF EXISTING HEALTH-RELATED QUALITY-OF-LIFE MEASUREMENT TOOLS 
IN CRITICAL CARE
Critical care studies have not routinely measured HRQoL compared to mortality, likely due to: (1) The 
incapacitated status of patients; and (2) the time-consuming nature of certain pre-existing measurement 
tools.

There are two main methods of utility- or preference-based HRQoL measurement. The first are direct 
HRQoL measurement methods such as the standard gamble, time trade-off, visual analog scale (VAS), 
and discrete choice experiments[18]. Unfortunately, some of these methods are time-consuming, 
complex, and thus not always feasible in all studies[18].

The second group of methods are indirect HRQoL measurement tools, which utilize population-
based preferences onto a health-utility scale indirectly via a generic utility-based HRQoL questionnaire
[18]. These tools are derived from the general population, representing that society’s values. Commonly 
used generic instruments include the Short Form [SF]-36 or SF-6D[19], Health Utility Index mark 3 
[HUI3][20], and the EQ-5D (Table 1)[21,22], and have been used prior in critical care studies[2].

The Short Form-36 is a proprietary, 36-item, 5-page questionnaire evaluating 10 comprehensive 
domains: physical functioning, physical role limitations, bodily pain, general health perceptions, 
energy/vitality, social functioning, emotion role limitations and mental health[19]. The SF-36 is time-
consuming to complete, and some patients may have difficulty completing the entire questionnaire[23]. 
Although Chrispin et al[24] observed there was acceptability and reliability of the SF-36 when used in 
the ICU, they did not assess or formally validate the SF-36 against any other ICU-based HRQoL tools or 
illness severity scores. The SF-36 was used to derive the SF-6D (a utility-based instrument), using a 
subset of items/dimensions from the SF-36, which are occasionally used in critical care populations[25-
27].

The HUI3, is an 8-item, 3-page questionnaire, which evaluates 8 domains: vision, hearing, speech, 
ambulation, dexterity, emotion, cognition. The HUI3 has not been widely used given the higher cost and 
proprietary licensing[20]. Although less cumbersome than the SF-36, both instruments require specific 
training to administer and complete.

EQ-5D DESCRIPTION, USES, CONVERSION TO HEALTH-UTILITY AND QALYS 
The most commonly used indirect method in critical care cost-utility analyses is the EQ-5D[2,18,21]. The 
instrument is a 5-item, 3 or 5-level Likert scale with a built-in global health VAS for self-reporting 
health-utility built in its design. The 5 domains evaluated include: Mobility, self-care, usual activities, 
pain/discomfort, anxiety/depression[14,21,28-31]. Many of these domains are similar to Activities of 
Daily Living (ADLs)[1,2,28,29] and instrumental activities of daily living (IADLs)[32], which assess 
function within the patient-important context of how individuals live and work. These ADLs and IADLs 
are commonly assessed in critically ill patients[33,34], demonstrating the relevance and feasibility of 
using the EQ-5D in this setting. EQ-5D is shorter and easier to use than the SF-36 and HUI3, with only 5 
fundamental patient-important HRQoL outcomes. In response, other HRQoL scales, such as the SF-36 
have created shorter versions (e.g. SF-6D, etc.). The EQ-5D also has advantages over other HRQoL tools, 
including: (1) Coverage to low health-utilities, including less than zero (1); (2) no licensing fee for non-
commercial use; (3) a built-in VAS for self-rating a patient’s health status; (4) a large number of versions 
and language translations; and (5) many country-specific population preference scoring systems to 
support cost-utility analyses[1,2,18].

Differences between HRQoL tools (e.g. EQ-5D vs SF) can also lead to scoring of different health-utility 
values for the same health state in the same patient, with each tool giving a slightly different result. The 
EQ-5D has been shown to have greater coverage at low health-utility states[1,2,29], which makes it a 
potentially useful HRQoL tool for use in critical care, as low health-utilities may be expected in this 
patient population as some are close to end-of-life. Despite being used in the ICU[25,26,35], there is no 
gold standard HRQoL measurement tool for use in the critical care setting, and none have been 
rigorously validated in the critically ill population[2]. At present, the EQ-5D is the most promising tool 
for HRQoL measurement, which merits focused evaluation in critical care.
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Table 1 Indirect methods for measuring patient-based preferences mapped on a health-utility scale via a generic health-related quality-
of-life questionnaire

Utility 
measurement Questionnaire description Levels and 

health states
Tariff weighting 
acquisition Information

Range of 
health-
utility 
scores

European quality 
of life five 
dimensions (EQ-
5D)

Five dimensions (mobility; self-care; usual 
activities; pain/discomfort; 
anxiety/depression)

5 levels; 3125 
health states

Sample of European general 
population (n = 3395); time 
trade off valuation; 
hypothetical scenarios

Mostly used in 
continental Europe and 
the United Kingdom

-0.59 to 
1.00

Short Form-36 (SF-
36)

Ten physical (physical function, physical 
role limitations, bodily pain, general 
health perceptions, energy/vitality) and 
mental health (social functioning, 
emotional role limitations and mental 
health) dimensions 

4-6 levels; 
approximately 
18000 health 
states

Sample of United Kingdom 
general population (n = 611); 
standard gamble valuation; 
hypothetical scenarios

Shorter versions 
available and 
applicable to SF-12 and 
SF-6D

0.30 to 
1.00

Health utilities 
index mark 3 
(HUI-3)

Eight dimensions (vision; hearing; speech; 
ambulation; dexterity; emotion; cognition; 
pain)

5-6 levels; 
approximately 
972000 health 
states

Representative sample of 
adults in Ontario, Canada (n 
= 504); visual analogue scale 
transformed into standard 
gamble; hypothetical 
scenarios

Closely related 
adaptation of HUI-2, 
with a more detailed 
descriptive system; 
mostly used in Canada

−0.36 to 
1.00

EQ-5D: EuroQoL-5 domains; HUI: Health utility index mark; ICU: Intensive care unit; QALY: Quality-adjusted life year; QoL: Quality of life; SF-12: Short 
form-12; SF-36: Short form-36; SF-6D: Short form-6 domains.

Once measured, EQ-5D HRQoL measurements can be used in variety of ways. First, clinicians and 
researchers can use the EQ-5D-5L’s Likert-scale scores at face value, to determine what a patient’s health 
state is for the five domains[21,29-31]. This may inform the management plan for individual patients, 
such as referral to consulting services, such as physiotherapy or occupational therapy for physical 
domains, or psychiatry for mental health domains. Second, the EQ-5D HRQoL measurements can be 
converted into health-utility index score using a jurisdictional-specific algorithms, such as the validated 
time-trade off based scoring from the general Canadian population[36]. The Canadian scoring algorithm 
for the EQ-5D index utilizes population-based health-utility preferences which go from -0.59 to 1.0[18,
36], whereby it can describe health states which patients consider to be “states worse than death”[2,18]. 
The index score can then be used to calculate the QALY, which is an aggregate measure of global health 
rating (health-utility) multiplied by the duration of time spent in that health state. The EQ-5D has 
become the most widely used and validated methods of combining morbidity and mortality into 
QALYs in medicine for a composite outcome[1,2].

HEALTH-UTILITY REPORTING ON SAME GRAPHS AS ESTABLISHED MORTALITY 
KAPLAN-MEIER CURVES
Like other composite outcomes, it is important to understand the individual component contributions of 
QALY including both the health-utility (morbidity) and time spent in that state (survival/mortality). For 
example, a study with 10 patients reported cumulative total of 5 QALYs at 1-year, this could be due to a 
myriad of combinations of health-utility and life-years. The effects are different if 10 patients survived to 
1-year each at a health-utility of 0.5 (Figure 1A) vs a scenario where 10 patients survive only until 6-mo, 
but have full health (health-utility of 1) for the 6-mo prior to their deaths (Figure 1B). Both scenarios 
would yield a total 5 QALYs; however, each scenario may have different clinical implications to patients 
involved. Patients and clinical decision-makers may make different treatment choices in each scenario, 
in accordance with their values and preferences for quality-of-life vs duration of life.

Disaggregation of QALYs into component parts of mortality and health-utility using graphical 
representation (can be shown on the same graph as a Kaplan-Meier curve) may be an important way to 
describe the specific drivers of QALYs changes (Figure 2). This novel methodology where health-utility 
and mortality are reported both separately and aggregated as QALYs, may further the acceptance of 
HRQoL, health-utility and QALYs in critical care. If healthcare providers, patients, and families are 
aware of what drives a particular QALY outcome difference, this may also help to inform future 
management plans for critically ill patients, better inform clinicians and families about the trajectory of 
HRQoL, and potentially impact upfront goals-of-care discussions and clinical decision-making.
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Figure 1 Health-utility vs time. A: 10 patients survive to 1-year, health-utility 0.5; B: 10 patients survive to 6-months, health-utility 1.

HRQOL IMPLEMENTATION AND MEASUREMENT
Healthcare providers, patients, families, and healthcare policy-makers have demonstrated interest in 
survival and HRQoL before, during, and following discharge from critical care. With advances in ICU 
technology, our ability to sustain physiologic function of the body may minimize the effects of critical 
illness and treatment upon ICU survivors’ HRQoL[2,37], which could include their suffering alongside 
their illness. This is a very real concern, as many patients and families may choose to withdraw or defer 
life-sustaining ICU therapy based upon their individual values and preferences for HRQoL[2,37]. These 
concerns lend credence to the expression “alive and well” as a desired outcome following critical illness, 
as patient’s wishes and preferences for or against aggressive treatments are usually stable over time, 
including at end-of-life[38]. HRQoL is key to describe as a patient-important outcome. Furthermore, 
HRQoL can give a voice to patients as well as their families and friends as proxies.

HRQoL measurement and implementation in critical could mean: (1) An increase in the likelihood of 
finding important clinical effects for interventions, if they exist; (2) improve research efficiency by 
powering studies to QALYs rather than mortality; and (3) help inform optimal management of critically 
ill patients allowing for decision-making about their HRQoL, in additional to traditional health-
technology assessments.

There are certain limitations to the measurement of HRQoL in the critical care population. First, there 
are incapacitated patients that would not be able to report their own HRQoL, emphasizing the need to 
validate a proxy tool (e.g. EQ-5D proxy versions) alongside the patient-reported tool. Second, proxies 
and patients may differ in rating or HRQoL[39]. Third, subjective vs objective HRQoL may differ (e.g. 
EQ-VAS score compared to EQ-5D-5L algorithm score), and could potentially be biased by a patient’s 
own preferences and values[39]. As compared to functional recovery scales, even though health-utility 
may be more patient-centric, it may also be less generalizable as they are mapped out to general 
population instead of just critically ill patients. Fourth, different components of HRQoL can move in 
different directions, making it difficult to assess the composite outcome, as different patients will value 
mortality and morbidity differently based on their preferences. Finally, most HRQoL measures are 
usually time-specific when the patient completes the questionnaire. Therefore, baseline measurements 
may either not be available (due to patient incapacity), or may be subject to recall bias from patients or 
proxies recalling past HRQoL.

There are also certain challenges associated with QALYs acceptance in general. First, QALYs in the 
critical care population can be skewed by mortality, presenting difficulties with analytic assumptions (
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Figure 2 Combined Kaplan-Meier curves alongside health-utility. A: Improving health-utility trajectory; B: Worsening health-utility.

e.g. parametric testing and reporting, although this can be addressed by non-parametric testing). 
Second, we are uncertain of the correct time-horizon to extend QALY measurements to for various 
critically illnesses, with longer time-horizons being affected by further lost-to-follow up and incomplete 
datasets. More routine HRQoL assessments at any health-related encounter could mitigate this issue (
e.g. outpatient family practice, at any hospital admission). The relevant time-horizons will vary between 
illnesses and various patient populations, but perhaps at least a standardized set of time-horizons (e.g. 
in-hospital, 3 mo and 12 mo post-discharge) could be explored in critically ill patient populations. 
Finally, how should we measure and account for baseline imbalances in health-utility outside of a 
randomized control trial, and how should changes in responsiveness to treatment be anchored and 
reported?

Despite these challenges, there are substantial benefits to measuring HRQoL in critically ill patients. 
Therefore, we encourage researchers and clinicians to consider measuring HRQoL, with input from 
patients and proxies (e.g. surrogate decision-makers or caregivers), as some patients may never regain 
capacity to participate, but knowing what their values and preferences are is key to providing patient-
centered care. We hope to provide the best available information (e.g. HRQoL measures, health-utility, 
QALYs) to decision-makers regarding HRQoL outcomes to aid both clinical decision-making alongside 
traditional health technology assessments.

CONCLUSION
We propose establishing a rapid, easy-to-use, broad metric, and well-validated HRQoL tool (both 
patient and proxy versions, which are available from EQ-5D) for use in critical care research as patient-
important secondary outcome, which can be standardized across all studies allowing for comparability. 
We also propose reporting health-utility alongside mortality on Kaplan-Meier curves, to present a 
disaggregation of morbidity and mortality in addition to the aggregated quality-adjusted life-year.

Future work in this area should include: (1) Pilot validation of HRQoL patient and proxy tools in the 
critical care population during a cross-sectional study (approximately 50-100 patient recruitment) 
measuring: Pre-hospital baseline; admission; during ICU stay; and at discharge. We believe the EQ-5D 
could be validated in critical care (against Short-Form and correlated with other established illness 
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severity scores), as it is the most promising tool at present; and (2) Future HRQoL validation studies for 
post-ICU follow-up (e.g. 3, 6, 12 mo) are required to determine long-term HRQoL outcomes. These steps 
will lay the foundation for feasible, reproducible, and interpretable patient-important outcome 
measures in critical care.
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Abstract
BACKGROUND 
Coronavirus disease 2019 (COVID-19) can be associated with life-threatening 
organ dysfunction due to septic shock, frequently requiring intensive care unit 
(ICU) admission, respi-ratory and vasopressor support. There-fore, clear clinical 
criteria are pivotal for early recognition of patients more likely to need prompt 
organ support. Although most patients with severe COVID-19 meet the Sepsis-3.0 
criteria for septic shock, it has been increasingly recognized that hyperlactatemia 
is frequently absent, possibly leading to an underestimation of illness severity and 
mortality risk.

AIM 
To identify the proportion of severe COVID-19 patients with vasopressor support 
requirements, with and without hyperlactatemia, and describe their clinical 
outcomes and mortality.
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METHODS 
We performed a single-center prospective cohort study. All adult patients admitted to the ICU 
with COVID-19 were included in the analysis and were further divided into three groups: Sepsis 
group, without both criteria; Vasoplegic Shock group, with persistent hypotension and 
vasopressor support without hyperlactatemia; and Septic Shock 3.0 group, with both criteria. 
COVID-19 was diagnosed using clinical and radiologic criteria with a severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) positive RT-PCR test.

RESULTS 
118 patients (mean age 63 years, 87% males) were included in the analysis (n = 51 Sepsis group, n = 
26 Vasoplegic Shock group, and n = 41 Septic Shock 3.0 group). SOFA score at ICU admission and 
ICU length of stay were different between the groups (P < 0.001). Mortality was significantly 
higher in the Vasoplegic Shock and Septic Shock 3.0 groups when compared with the Sepsis group 
(P < 0.001) without a significant difference between the former two groups (P = 0.713). The log 
rank tests of Kaplan-Meier survival curves were also different (P = 0.007). Ventilator-free days and 
vasopressor-free days were different between the Sepsis vs Vasoplegic Shock and Septic Shock 3.0 
groups (both P < 0.001), and similar in the last two groups (P = 0.128 and P = 0.133, respectively). 
Logistic regression identified the maximum dose of vasopressor therapy used (AOR 1.046; 95%CI: 
1.012-1.082, P = 0.008) and serum lactate level (AOR 1.542; 95%CI: 1.055-2.255, P = 0.02) as the 
major explanatory variables of mortality rates (R2 0.79).

CONCLUSION 
In severe COVID-19 patients, the Sepsis 3.0 criteria of septic shock may exclude approximately one 
third of patients with a similarly high risk of a poor outcome and mortality rate, which should be 
equally addressed.

Key Words: COVID-19; Critical care; SARS-CoV-2; Septic shock; Lactate; Sepsis 3.0 criteria

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) can be associated with life-threatening organ dysfunction 
due to septic shock, frequently requiring intensive care unit admission, respiratory and vasopressor 
support. Although most patients with severe COVID-19 meet the Sepsis-3.0 criteria for septic shock, it has 
been increasingly recognized that hyperlactatemia is frequently absent. Our data clearly show that one 
third of patients with Sepsis by the Sepsis 3.0 criteria present a risk of poor outcomes and a mortality rate 
similar to those with Septic Shock, which should be equally addressed.

Citation: Cidade JP, Coelho L, Costa V, Morais R, Moniz P, Morais L, Fidalgo P, Tralhão A, Paulino C, Nora D, 
Valério B, Mendes V, Tapadinhas C, Povoa P. Septic shock 3.0 criteria application in severe COVID-19 patients: 
An unattended sepsis population with high mortality risk. World J Crit Care Med 2022; 11(4): 246-254
URL: https://www.wjgnet.com/2220-3141/full/v11/i4/246.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i4.246

INTRODUCTION
Coronavirus disease 2019 (COVID-19) can be associated with life-threatening organ dysfunction due to 
septic shock, frequently requiring intensive care unit (ICU) admission, respiratory and vasopressor 
support[1]. Surviving Sepsis Campaign guidelines for the management of critically ill adults with 
COVID-19 document a highly variable prevalence of septic shock in these patients ranging from 1 to 
35%[2,3].

Clear clinical criteria of septic shock in this population are, therefore, pivotal for early recognition of 
patients more likely to have poor outcomes and high mortality.

Since its publication in 2016, the Sepsis 3.0 criteria for septic shock have been validated in several 
studies, as a superior predictor of in-hospital mortality, with an association of a greater than 40% 
hospital mortality rate[3-5]. Vasopressor requirement in the absence of hypovolemia and serum lactate 
level greater than 2 mmol/L (> 18 mg/dL) have been recommended for use as a clinical marker 
combination for risk stratification in patients with infection[3-6].

Although patients with severe COVID-19 frequently meet the Sepsis 3.0 criteria for septic shock, it 
has been increasingly recognized that, in this population, hyperlactatemia is frequently absent, even in 

https://www.wjgnet.com/2220-3141/full/v11/i4/246.htm
https://dx.doi.org/10.5492/wjccm.v11.i4.246


Cidade JP et al. Sepsis-3 in COVID-19

WJCCM https://www.wjgnet.com 248 July 9, 2022 Volume 11 Issue 4

markedly hypotensive patients requiring high doses of vasopressors. This potentially underrecognized 
population might still have a high illness severity and mortality risk, indicating the need for similar 
close clinical surveillance and prompt organ support as COVID-19 septic shock patients defined by 
Sepsis 3.0 criteria.

This study aimed to identify the proportion of patients with severe COVID-19 and hypotension 
despite adequate volume resuscitation, requiring vasopressor support to achieve a mean arterial 
pressure (MAP) > 65 mmHg, with and without hyperlactatemia, in the ICU, and describe their clinical 
outcomes and mortality rate.

MATERIALS AND METHODS
Study design and population
A single-center prospective observational cohort study was conducted over a 9-month period between 
March 2020 and January 2021. Data were collected from consecutive adult patients, admitted to the ICU, 
using the patient’s electronic medical records, in Centro Hospitalar Lisboa Ocidental, in Lisbon, 
Portugal. The study was approved by the National Ethics Committee for Clinical Research (reference 
REC: 2020_EO_02).

Eligibility criteria included age equal to or above 18 years old and admission to an ICU with multi-
organ failure secondary to COVID-19 pneumonia, described as the development of potentially 
reversible physiological derangement involving two or more organ systems or a change in baseline 
SOFA score of 2 points or more. COVID-19 respiratory infection was diagnosed using clinical and 
radiological criteria of pulmonary involvement with a severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) positive RT-PCR test. Subjective complaints of dyspnea, fatigue, loss of taste or smell, 
fever, chest pain, nausea and diarrhea were considered as clinical criteria and interstitial opacities, 
alveolar opacities, consolidations and/or pleural effusions were considered as radiological criteria of 
SARS-CoV-2 pneumonia.

Patients included in the analysis were further divided according to the presence of hyperlactatemia 
(lactate > 2 mmol/L) and persistent hypotension with vasopressor support, and 3 groups were 
identified: Sepsis group, without both criteria; Vasoplegic Shock group, with persistent hypotension 
with vasopressor support without hyperlactatemia; and Septic Shock 3.0 group, with both criteria.

Data collection and end-points
Demographic characteristics were recorded at baseline for all patients including comorbidities, days of 
symptoms of SARS-CoV-2 infection and SOFA score at admission. Daily measurements of vital signs 
(including minimum MAP and maximum respiratory rate), ventilation variables (including minimum 
ratio partial pressure arterial oxygen and the fraction of inspired oxygen, time of ventilation in the 
prone position and duration of neuromuscular blockade), hemodynamic support (including the use of 
vasopressor therapy and maximum dosage of vasopressor support), renal function (including rate of 
replacement therapy and maximum creatinine level registered), laboratory variables (including 
hemoglobin, troponin I, lactate, C-reactive protein, and procalcitonin), prescribed therapies (remdesivir 
and dexamethasone) and outcomes (discharged alive or death in the ICU) were also collected for every 
admitted patient for statistical analysis.

The number of secondary infections per patient was also collected in the three groups. The 
association of (1) clinical suspicion of new onset infection, (2) with persistent or increased inflammatory 
serum biomarkers, (3) requiring antibiotic therapy, (4) in a patient with a length of ICU stay of at least 
48 h were the criteria used for the definition of secondary infection. Positive microbiological cultures or 
microbial identification were not used as exclusion criteria for this definition.

Primary outcomes included 28-day mortality rate. As secondary outcomes, in-hospital mortality rate, 
ventilator-free days and vasopressor-free days at day 28 were determined.

Statistical analysis
All Gaussian distributed variables were expressed as mean and SD, and non-normally distributed 
variables as median [interquartile range (IQR)]. Categorical variables were expressed as numbers and 
percentages.

The chi-square test was used for categorical variables, and the t-test and Kruskal-Wallis test were 
used on continuous variables for statistical assessment of outcomes between groups. Kaplan-Meier 
survival curves and log-rank tests were also obtained to ascertain and compare survival between the 
groups.

Multiple logistic regression modeling for in-hospital mortality rate was carried out considering mini-
mum blood pressure registered, maximum dose of vasopressor therapy, maximum serum lactate level, 
maximum troponin level, minimum hemoglobin level, and maximum C-reactive protein and procal-
citonin levels as variables to fit the model. The model was further adjusted for patients’ gender, age, and 
SOFA score at admission.
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To assess the ability of the “serum lactate level” and “maximum vasopressor therapy used” variables 
in predicting the primary endpoints, diagnostic performances were calculated and receiver operating 
characteristic (ROC) curves were constructed in order to ascertain the corresponding area under the 
ROC curve (AUROC).

In all the hypothesis tests, a P value less than 0.05 was considered statistically significant and the 
usual confidence intervals of 95% were chosen.

RESULTS
In total, 118 patients were included during the study period, 51 (43.2%) in the Sepsis group, 26 (22%) in 
the Vasoplegic Shock group, and 41 (34.8%) in the Septic Shock 3.0 group. No patient with hyperlact-
atemia and normal arterial blood pressure was identified. Patients’ baseline characteristics are 
summarized in Table 1.

The mean age was 63 (± 13.1) years and a statistically significant difference was observed between the 
three groups with an older subset of patients in the Septic Shock 3.0 group. There was no difference in 
gender or in patient body mass index distribution.

SOFA score at admission, respiratory support, hemodynamic support, maximum creatinine, C-
reactive protein and maximum procalcitonin levels, shown in Table 1, were different between the 3 
groups, but without statistical significance between the Vasoplegic Shock and Septic Shock 3.0 groups. 
In addition, maximum serum lactate level was not different between the Sepsis and Vasoplegic Shock 
groups (1.64 ± 0.56 mg/dL vs 1.39 ± 0.35 mg/dL, respectively, P = 0.134). Similarly, secondary infection 
rates per patient, were different between the three groups (P < 0.0001) without statistical significance 
between the Vasoplegic Shock and Septic Shock 3.0 groups (P = 0.041).

The analysis of primary outcomes revealed an overall in-hospital mortality of 23.7%. The mortality 
rate was significantly higher in the Vasoplegic Shock (26,9%) and Septic Shock 3.0 groups (46%) when 
compared to the Sepsis group (3.9%) (P = 0.026 and P = 0.0003, respectively) without statistical 
significance between the former two groups (P = 0.713). 28-day mortality rate was also not statistically 
different between the Vasoplegic Shock and Septic Shock 3.0 groups (P = 0.619) (Figure 1).

Secondary outcomes are presented in Table 2. Ventilator free-days and vasopressor free-days at day 
28 were statistically different between the Sepsis group and Vasoplegic Shock (P < 0.001, in both tests) 
and Septic Shock 3.0 groups (P < 0.001, in both tests), without statistical differences between the last two 
groups (P = 0.128 and P = 0.133, respectively).

Multivariable logistic regression analysis adjusted for gender, age, and SOFA score at admission, 
identified the maximum dose of vasopressor therapy used (AOR 1.046; 95%CI: 1.012-1.082, P = 0.008) 
and serum lactate level (AOR 1.542; CI 95%: 1.055-2.255, P = 0.02) as the major explanatory variables of 
mortality rates (R2 0.79).

The AUROC curves for prediction of 28-day mortality rate, by serum lactate level and maximum 
vasopressor therapy dosage used, were constructed and are presented in Figure 2. The highest AUROC 
was for the maximum vasopressor therapy dosage used (0.81; 95%CI: 0.696-0.922) when compared to 
serum lactate level (0.645; 95%CI: 0.491-0.799).

DISCUSSION
Despite the general acceptance of the Sepsis-3 Task Force update of the defining criteria for septic shock, 
several lines of investigation have questioned its clinical sensitivity to reliably perform clinical decision-
making and identification of patients with a high risk of complications and mortality[7-12]. This was 
further questioned when its criteria were preferably indicated for a coding and epidemiological 
application, and not intended as a clinical screening tool.

Our study clearly shows that using the Sepsis 3.0 criteria there was a proportion of hypotensive 
patients with vasopressor support without hyperlactatemia (n = 26; 22%), that, despite being classified 
as “Sepsis”, had outcomes that were clearly different to those found in that group and superimposable 
to those in the Septic Shock 3.0 group. This potential discriminative inaccuracy favors patients to be 
diagnosed with Sepsis, despite illness severity and mortality similar to Septic Shock 3.0 patients, and 
they should be treated equally.

Furthermore, COVID-19 patients’ mortality rates have been strongly and positively associated with 
ventilation and hemodynamic support, especially when critically ill and in need of ICU care[13,14], 
depending on reliable criteria to institute prompt and adequate organ support and improve outcomes.

Our data show that the use of hyperlactatemia as a criterion to clinically classify COVID-19 patients 
as having septic shock may undermine the sensitivity of our assessment of patients’ severity and 
prognosis in this population. This evidence is in accordance with previously published studies 
describing the existence of different ICU patients’ profiles, within the definition of Sepsis with 
concomitant different outcome and mortality rates[15,16].
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Table 1 Demographic and primary clinical characteristics in the Sepsis, vasoplegic shock and septic shock 3.0 groups

IQR Sepsis Vasoplegic shock Septic shock 3.0 Total P

(n = 51) (n = 26) (n = 41) (n = 118)

Age, years (mean ± SD) 59.51 ± 13.7 61.9 ± 12.9 68.7 ± 10.6 63.3 ± 13.1 0.005

Gender, males (n) 38 19 30 87 0.986

Body mass index (mean ± SD) 27.56 ± 4.44 29.67 ± 6.7 27.9 ± 4.1 28.2 ± 4.9 0.591

SOFA at admission [mean (IQR)] 3.04 (2; 4) 5.88 (3; 8) 7.14 (4; 9) 5.13 (2; 7.8) < 0.001

Mechanical ventilation (n) 5 26 37 68 < 0.001

Length of mechanical ventilation, d [mean (IQR)] 1.06 (0; 2) 12.5 (4.75;17) 19.3 (7.5; 28) 9.9 (0; 17.3) < 0.001

Minimum paO2/FiO2 registered (mean ± SD) 181.9 ± 82.1 104.9 ± 69.2 92 ± 64.5 133.7 ± 84.4 < 0.001

Ventilation in prone position, h [mean (IQR)] 4.55 (3; 5.1) 70.2 (0; 134.8) 129.1 (0; 187.5) 62.3 (0; 96) < 0.001

Length of neuromuscular blockade, d [mean (IQR)] 0 (0; 0) 6.5 (2; 9.3) 8.3 (3; 16.5) 4.9 (0; 8.3) < 0.001

Vasopressor support (n) 0 26 41 67 < 0.001

Minimum blood pressure registered, mmHg (mean ± SD) 60.1 ± 11.3 52.8 ± 8.1 48.7 ± 9.5 54.5 ± 11.2 < 0.001

Maximum dose of vasopressor therapy, µg/kg (mean ± SD) - 22.5 ± 18.8 30.5 ± 16.3 15.6 ± 18.9 < 0.001

Maximum serum lactate level, mg/dL (mean ± SD) 1.64 ± 0.56 1.39 ± 0.35 3.88 ± 2.8 2.36 ± 2 < 0.001

Maximum serum troponin level, ng/mL [mean (IQR)] 22.04 (6; 25) 103.4 (17.75; 124.8) 129.7 (40; 166.5) 77.4 (13; 93) < 0.001

Minimum serum hemoglobin level, g/dL (mean ± SD) 11.4 ± 2.1 9.3 ± 2 8.1 ± 1.8 9.8 ± 2.5 < 0.001

Maximum serum C-reactive protein, mg/dL (mean ± SD) 18.2 ± 9.45 30.2 ± 9.9 31.9 ± 8.8 25.6 ± 11.3 < 0.001

Maximum serum Procalcitonin, ng/mL [mean (IQR)] 2.29 (0.1; 0.8) 6.65 (0.4; 5.9) 10.4 (1.1; 12.4) 6.23 (0.3; 5.9) < 0.001

Maximum creatinine level registered, mg/dL [mean (IQR)] 1.68 (0.82; 1.2) 2.66 (0.83; 2.54) 3 (1.3; 3.8) 2.36 (0.9; 2.8) < 0.001

Renal support therapy (n) 4 (8%) 7 (3%) 20 (49%) 31 (26%) < 0.001

Secondary infections, per patient [mean (IQR)] 0.16 (0; 0) 0.63 (0; 1) 1.1 (0; 1.5) 0.55 (0; 1) < 0.001

Remdesivir (n, %) 22 (43%) 13 (50%) 20 (49%) 55 (47%) 0.8

Corticosteroid therapy (n) 14 (27%) 4 (15%) 20 (49%) 38 (32%) 0.01

IQR: Interquartile range; SD: Standard deviation.

Table 2 Primary and secondary outcomes in sepsis, vasoplegic shock and septic shock 3.0 groups

Sepsis Vasoplegic shock Septic shock 3.0 Total P

(n = 51) (n = 26) (n = 41) (n = 118)

Ventilator free-days at day 28 (mean ± SD) 25.8 ± 6.4 11.4 ± 9.1 5.17 ± 8.9 15.4 ± 12.3 < 0.001

Vasopressor free-days at day 28 (mean ± SD) 26.9 ± 5.5 15.7 ± 10.4 7.76 ± 10.2 17.8 ± 12 < 0.001

ICU length of stay, days (mean ± SD) 6.86 ± 5.1 15.9 ± 8.2 24.3 ± 15.1 14.9 ± 12.8 < 0.001

In-hospital death rate (n) 2 7 19 28 < 0.001

SD: Standard deviation.

The overlap in ventilator and vasopressor free-days and in-hospital mortality rate and 28-day 
mortality rates (Table 2), in the Vasoplegic Shock and Septic Shock 3.0 groups, provides evidence that 
further supports the premise of a similar illness severity between these two groups. These data might 
indicate that occult hypoperfusion may still be present in COVID-19 patients[17], even with normal 
serum lactate levels, accounting for its systemic dysfunction and compromising patients’ survivability. 
This was reinforced by the fact that the maximum dose of vasopressor therapy used was one of the 
major explanatory variables of mortality rates across the three groups when adjusted to lactate levels.
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Figure 1 Kaplan-Meier Survival curves of Sepsis, Vasoplegic shock and Septic shock 3.0 groups.

Figure 2 Receiver operating characteristic curves of maximum vasopressor therapy dosage used and serum lactate level on the cohort’s 
mortality. ROC: Receiver operating characteristic.

Moreover, COVID-19 patients belonging to the Septic shock 3.0 group presented with higher values 
of SOFA on ICU admission, a higher need for mechanical ventilation, poorer respiratory severity 
indices, and higher dosages of vasopressor support, when compared to patients in the Vasoplegic Shock 
group. However, no statistically significant differences were found between these two groups regarding 
these indices. These results are similar to those previously obtained by Verboom et al[18] in 2019, which 
demonstrated a high percentage of agreement in mortality between patients with and without 
hyperlactatemia, under septic shock conditions.

Our study provides evidence that the use of Sepsis 3.0 criteria can undervalue severely ill COVID-19 
patients. According to their clinical requirements and prognosis, a group of patients, equally severe to 
Septic Shock 3.0, are being classified as having Sepsis. It is clear that it would be safer for these patients 
(those with persistent hypotension with vasopressor support without hyperlactatemia) to have a 
different classification, to account for their increased mortality risk and poor prognosis, in addition to 
their subsequent need for close clinical monitoring, prompt diagnosis, and adequate resuscitation. This 
is in concordance with significantly better accuracy of hypotension with vasopressor support when 
compared to hyperlactatemia, to predict the mortality rate of COVID-19 patients.

These study results are strengthened by the robust structure and data prospectively collected. 
Furthermore, the homogeneity of supportive care across the compared groups limits some potential 
biases on the analyzed outcomes. However, it is not without some limitations. Although COVID-19 
pneumonia was necessary for statistical analysis eligibility, it lacked information on potential 
confounders of co-infections or other causes of shock, before ICU admission. On the other hand, the 
potential complications during ICU stay that could justify hyperlactatemia, not directly related to 
COVID-19 infection, were also not registered.
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CONCLUSION
In severe COVID-19 patients, the Sepsis 3.0 criteria for septic shock may exclude approximately one-
third of patients with a similarly high risk of poor outcomes and mortality rate, which should be equally 
addressed. Considering the importance of early recognition of septic shock in COVID-19 patients to 
improve their survival, the presence of hypotension with vasopressor support, even without hyperlact-
atemia, demonstrated strong prognostic accuracy for mortality.

ARTICLE HIGHLIGHTS
Research background
The Sepsis 3.0 criteria for sepsis and septic shock have been extensively used in the definition of severe 
patients, admitted to hospital care and intensive care, in order to adequately define a subset of patients 
with poor prognosis and higher mortality rates.

Since its publication in 2016, its use has been presented as a good diagnostic tool to define these 
patients and to promptly initiate organic support. Coronavirus disease 2019 (COVID-19) patients 
present a strong association with life-threatening organ dysfunction due to septic shock and frequently 
require intensive care unit (ICU) admission and organ support.

Research motivation
COVID-19 patients frequently lack hyperlactatemia, a necessary clinical criteria to define septic shock 
using the Septic Shock 3.0 criteria. Therefore, this could potentially lead to an unrecognized subset of 
these patients who have a high illness severity and mortality risk, and are inaccurately classified as 
having sepsis.

Research objectives
This study aimed to identify the proportion of patients with severe COVID-19 with vasopressor 
requirements without hyperlactatemia and describe their clinical outcomes and mortality rate.

Research methods
A single-center prospective observational cohort study was conducted in a tertiary hospital in Portugal, 
analyzing adult patients, admitted to the ICU, with COVID-19 pneumonia. Data collection was 
extensive, providing data on comorbidities, clinical status, severity indices, respiratory, hemodynamic, 
and renal dysfunction and the outcome of these COVID-19 patients.

Research results
Twenty-two percent of the analyzed COVID-19 patients were found to have persistent hypotension 
despite adequate volume resuscitation, requiring vasopressor support, and without hyperlactatemia. 
This "Vasoplegic Shock" group was found to have high 28-day and hospital mortality rates, and few 
vasopressor-free days and ventilator-free days, without significant differences to those in the "Septic 
Shock" group, but significantly different to those in the Sepsis group. Multivariable logistic regression 
identified the maximum dose of vasopressor therapy used and serum lactate level as the major 
explanatory variables of mortality rates. However, the highest AUROC was for the maximum 
vasopressor therapy dosage used when compared to serum lactate level.

Research conclusions
The Sepsis 3.0 criteria for septic shock may exclude approximately one-third of patients with similar 
clinical severity, poor outcomes, and mortality rate, which should be equally addressed.

Research perspectives
Further studies are needed to identify a subset of COVID-19 patients, who were not initially admitted to 
the ICU, despite persistent hypotension with vasopressor requirements, and describe their clinical 
course and outcomes, further demonstrating a potential need to redefine the septic shock criteria in 
COVID-19 patients in order to maximize early recognition and prompt adequate surveillance and 
support.
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Abstract
BACKGROUND 
Patients leaving the intensive care unit (ICU) often experience gaps in care due to 
deficiencies in discharge communication, leaving them vulnerable to increased 
stress, adverse events, readmission to ICU, and death. To facilitate discharge 
communication, written summaries have been implemented to provide patients 
and their families with information on medications, activity and diet restrictions, 
follow-up appointments, symptoms to expect, and who to call if there are 
questions. While written discharge summaries for patients and their families are 
utilized frequently in surgical, rehabilitation, and pediatric settings, few have 
been utilized in ICU settings.

AIM 
To develop an ICU specific patient-oriented discharge summary tool (PODS-ICU), 
and pilot test the tool to determine acceptability and feasibility.

METHODS 
Patient-partners (i.e., individuals with lived experience as an ICU patient or 
family member of an ICU patient), ICU clinicians (i.e., physicians, nurses), and 
researchers met to discuss ICU patients’ specific informational needs and design 
the PODS-ICU through several cycles of discussion and iterative revisions. 
Research team nurses piloted the PODS-ICU with patient and family participants 
in two ICUs in Calgary, Canada. Follow-up surveys on the PODS-ICU and its 
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impact on discharge were administered to patients, family participants, and ICU nurses.

RESULTS 
Most participants felt that their discharge from the ICU was good or better (n = 13; 87.0%), and 
some (n = 9; 60.0%) participants reported a good understanding of why the patient was in ICU. 
Most participants (n = 12; 80.0%) reported that they understood ICU events and impacts on the 
patient’s health. While many patients and family participants indicated the PODS-ICU was 
informative and useful, ICU nurses reported that the PODS-ICU was “not reasonable” in their 
daily clinical workflow due to “time constraint”.

CONCLUSION 
The PODS-ICU tool provides patients and their families with essential information as they 
discharge from the ICU. This tool has the potential to engage and empower patients and their 
families in ensuring continuity of care beyond ICU discharge. However, the PODS-ICU requires 
pairing with earlier discharge practices and integration with electronic clinical information 
systems to fit better into the clinical workflow for ICU nurses. Further refinement and testing of 
the PODS-ICU tool in diverse critical care settings is needed to better assess its feasibility and its 
effects on patient health outcomes.

Key Words: Discharge tool; Patient discharge summary; Patient communication; Family communication; 
Transitions in care; Intensive care unit

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Critically ill patients face a difficult transition when moving home from an intensive care unit. In 
order to ease this transition, we developed and pilot tested a patient-oriented discharge summary tool that 
included information about medications, activity and diet restrictions, follow-up appointments, symptoms 
to expect, and who to call if there are questions. We found that critically ill patients and their families 
found the tool to be very informative. However, nurse practitioners found the discharge tool to be time 
consuming to complete and a poor fit into their clinical workflow. Further revision and testing of the tool 
is needed to better assess it’s feasibility and determine any impact it may have on patient health outcomes.

Citation: Shahid A, Sept B, Kupsch S, Brundin-Mather R, Piskulic D, Soo A, Grant C, Leigh JP, Fiest KM, Stelfox 
HT. Development and pilot implementation of a patient-oriented discharge summary for critically Ill patients. 
World J Crit Care Med 2022; 11(4): 255-268
URL: https://www.wjgnet.com/2220-3141/full/v11/i4/255.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i4.255

INTRODUCTION
The discharge of patients from the intensive care unit (ICU) is a challenging transition period that leaves 
patients particularly vulnerable to heightened stress and increases their chances of experiencing adverse 
events, being readmitted to ICU, and dying[1-4]. Many patients who report experiencing gaps in care 
during their transition from the ICU are dissatisfied with the quality of care they received[5]. They cite 
confusion due to poor communication with their healthcare team as a major contributing factor to their 
dissatisfaction[6,7]. Failures to effectively communicate information such as diagnoses, tests, treatments, 
and goals of care to patients and their family-caregivers result in poorly executed transitions in care, and 
impede continuity of care[8-10]. Deficiencies in communication can be further worsened by any 
combination of patient factors such as lack of understanding of medical terms, limited fluency in 
English, difficulty retaining verbal instructions, or inability to absorb critical information due to stress
[11-16]. While patient-centered summary tools to communicate critical information to patients and 
family-caregivers (i.e., family members or close friends of the patient) at discharge have been 
implemented, many of these tools vary in their applicability to diverse care settings and are not 
standardized across healthcare systems[17].

There have been a number of initiatives to improve patient and family-caregiver communication 
during transitions in care using written communications that facilitate and support the exchange of 
information from clinicians to patients and their families[18-20]. Among these are patient- and 
caregiver-centered discharge summaries that include information on medications, activity and diet 
restrictions, follow-up appointments, symptoms to expect, and who to call if there are questions[21,22]. 
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Most patient-and caregiver-centered discharge summary tools use evidence-based techniques such as 
plain language, large fonts, pictograms, and teach-back components to ensure patients are engaged and 
develop a strong understanding of their health[23-27]. While written patient-centered discharge tools 
have become commonplace in surgical, rehabilitation, and pediatric settings, few have been employed 
in critical care settings[28-31].

To address the need for a standardized, written, patient-centered discharge tool suitable for use in the 
ICU, our team of patient partners (i.e., previous patients and family-caregivers who now represent 
patients’ interest in research), clinicians, and researchers aimed to incorporate ICU-specific elements 
into the patient-oriented discharge summary tool (PODS) co-developed by patients, the Toronto Central 
Local Health Integration Network, and OpenLab (Toronto, Canada). Specifically, our objectives were to: 
(1) Adapt the content of the PODS to the ICU context based on input from key stakeholder groups 
including patient partners, clinicians, and researchers (PODS-ICU); (2) Pilot test the adapted PODS-ICU 
in the ICU to determine its acceptability and feasibility; and (3) Gather patient, family-caregiver, and 
clinician perspectives on the usability of the tool and quality (e.g., comprehensiveness) of information 
provided to patients and family-caregivers during a discharge from the ICU.

MATERIALS AND METHODS
Setting
We conducted this study in two ICUs in Calgary, Alberta, Canada. ICU A, Foothills Medical Centre, is a 
28-bed medical-surgical ICU in a tertiary level academic hospital and ICU B, South Health Campus, is a 
10-bed medical-surgical ICU in a community-based hospital (collective catchment population 1.4 
million). Both hospitals use the same patient information systems which house ICU patients’ 
demographics along with key clinical, healthcare service, and health outcome data[32].

Design
We designed our study as a collaborative quality improvement research project that adhered to the 
internationally recognized Revised Standards for Quality Improvement Reporting Excellence (SQUIRE) 
2.0 guidelines for reporting new knowledge on improving healthcare[33]. We executed the study in two 
distinct phases: Development of the PODS-ICU and Pilot testing of the PODS-ICU in two ICUs (ICU A 
and ICU B).

Development of the PODS-ICU
To create a workable PODS-ICU tool and a standardized implementation process, we formed a working 
group of stakeholders with diverse backgrounds and extensive critical care experience. The working 
group included two patient partners (1 patient, 1 family-caregiver), four bedside registered nurses 
(RNs), two nurse practitioners (NPs), one physician, one clinical nurse specialist, a quality improvement 
lead, and a researcher. The working group was tasked with producing a printable (i.e., not handwritten) 
PODS-ICU template for patients who were being discharged from the ICU to a hospital ward or directly 
into community settings (i.e., their home). The working group met monthly to discuss and reach 
consensus on the content and the format for the PODS-ICU (i.e., electronic vs paper-based templates) 
and to complete iterative revisions of the tool. After each meeting, minutes were circulated by email to 
working group members. The researcher incorporated feedback into the tool, circulating documents that 
mapped out the revised content areas back to the group by email. This process led to agenda building 
for the next working group meeting and was repeated until a consensus was reached on the PODS-ICU. 
In order to maximize efficient completion of the PODS-ICU, the working group decided to make the 
tool easily accessible to clinicians, and to permit editing of its content until it was deemed ready for pilot 
testing. The group agreed that the PODS-ICU should be paired with effective education methods such 
as teach-back, which has been shown to optimize communication between clinicians, patients, and 
family-caregivers[34].

Pilot test of the PODS-ICU tool
Sample and recruitment: Between August 12th and November 5th, 2019, we recruited a sample of 
patients and family-caregivers transitioning from the ICU to the hospital ward from ICU A. Between 
January 5th and March 1st, 2020 we recruited a sample of patients and family-caregivers transitioning 
from ICU to home from ICU B. Trained team members (RNs and NPs) were tasked with piloting the 
PODS-ICU in the participating sites.

We used eCritical MetaVision Alberta to identify patients who were expected to leave the study ICUs 
within the next 24-48 h. A patient partner and a research assistant from our study team approached 
patients if they were: (1) Cleared for discharge; (2) Over 18 years of age; (3) Able to provide written 
informed consent; and (4) able to communicate in English. Family-caregivers, defined as any individuals 
providing physical or emotional support to a patient (e.g., a relative, friend or a formal caregiver) who 
had knowledge of the patient before the ICU admission, were also approached to participate in the 



Shahid A et al. ICU discharge summary for patients

WJCCM https://www.wjgnet.com 258 July 9, 2022 Volume 11 Issue 4

study. Family-caregivers were eligible to participate if they were: (1) Over 18 years of age; (2) Able to 
provide informed consent; and (3) Able to communicate in English. A recruitment script [Supple-
mentary material] was used to ensure patients and family-caregivers (i.e., collectively referred to as 
participants) were provided adequate information about the study, and understood the role of study 
participants. Written informed consent was collected from all participants. Participants were enrolled as 
dyads (i.e., a patient and a family-caregiver) for this study.

PODS-ICU implementation: Patient partners informed select RNs/NPs (ICU nurses who had agreed to 
administer the PODS-ICU to participants) when a patient and family-caregiver had been enrolled. 
RN/NPs then completed the PODS-ICU tool and conducted a teach-back education session with the 
recruited participant (s) (i.e., patient and/or family-caregiver) prior to the patient’s discharge from the 
ICU. The RN/NP then completed a brief online questionnaire (via Qualtrics, Provo, Utah) [Supple-
mentary material] to provide feedback on their experience completing the PODS-ICU (e.g., ease of 
access, ease of use, time required to review the tool with a patient or family-caregiver) and its perceived 
impact on their workflow.

Participant questionnaires: The patient partner followed up with study participants, regardless of 
whether the PODS-ICU was successfully delivered, within one week after patient discharge from ICU to 
administer questionnaires assessing the quality of the discharge process. Patients and family-caregivers 
received separate versions of the feedback questionnaire. The follow-up was done in person for patients 
still present in the hospital, and over the phone for those patients who had left the hospital. Participants 
were administered questionnaires that inquired about how well they understood their (or the patient’s) 
care trajectory as they were discharged from the ICU [Supplementary material]. Participants who did 
not respond were contacted by the patient partner up to two additional times.

PODS-ICU acceptability and feasibility: We measured the acceptability of the PODS-ICU by 
calculating the proportion of eligible patients and family-caregivers who consented to participate in the 
study. The feasibility was assessed by calculating the proportion of consented participants who received 
the PODS-ICU prior to discharge.

Statistical analysis
We conducted data analysis as per the standard recommendations for design and analysis of pilot 
studies[35] in Microsoft Excel v16.0 (Microsoft Corporation, Redmond USA. Given that our study did 
not involve hypothesis testing, no power analysis was conducted, and no inferential statistics were 
calculated. We used descriptive statistics (mean, median) to summarize participant characteristics and 
questionnaire data (from patients, family-caregivers, and clinicians).

RESULTS
Development of PODS-ICU
The working group held 7 meetings between December 2018 and July 2019. After drafting an initial 
PODS-ICU template, the working group determined that patients discharged from the ICU to another 
inpatient care unit differed clinically (i.e., were sicker) from patients discharged from the ICU directly to 
the community. Hence, the two patient groups required different post-discharge information. As such, 
the working group developed two different versions of the PODS-ICU. Following two rounds of major 
revisions and multiple rounds of minor revisions, the working group standardized written content 
where possible to improve efficiencies in completing the PODS-ICU, while still allowing for tailoring of 
patient-specific information. The working group first developed the PODS-ICU tool as a Microsoft 
Word (2019, Redmond, USA) template accessible through the hospitals’ internal Website. The final 
template was subsequently developed alongside an in-house collaborator and embedded into a locally 
developed customized software program that could be run off an encrypted USB or a desktop local 
drive. A side-by-side comparison of the PODS-ICU Word versions for patients being discharged from 
the ICU to another care unit, and PODS-ICU for patients being discharged from ICU directly home in 
the community is shown in Figure 1.

Pilot test of the PODS-ICU tool
Participant enrolment: During the study period, 319 patients were discharged alive from the two study 
ICUs. Of these, 42 patients were potentially eligible for the study. Participant recruitment and reasons 
for exclusion are shown in Figure 2. The most common reasons for patient exclusion were ICU stays less 
than 24 h in duration (n = 181 patients) and discharges on weekends when the study team (i.e., patient 
partners) was unavailable to approach patients (n = 57). A number (n = 39) of patients were excluded 
based on recommendations of the clinical team to not approach for clinical or psychosocial reasons (i.e., 
stress, family not available). Forty-two patients were approached for participation into the study, of 
which 10 were excluded due to inability to communicate in English and/or provide consent, and 1 for 

https://f6publishing.blob.core.windows.net/f811c573-66d1-4b0d-b105-baaee1d744df/WJCCM-11-255-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f811c573-66d1-4b0d-b105-baaee1d744df/WJCCM-11-255-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f811c573-66d1-4b0d-b105-baaee1d744df/WJCCM-11-255-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f811c573-66d1-4b0d-b105-baaee1d744df/WJCCM-11-255-supplementary-material.pdf
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Figure 1 A side-by-side comparison of the patient-oriented discharge summary intended for patients being discharged from the intensive 
care unit to another care unit (left) and the patient-oriented discharge summary intended for patients being discharged from intensive 
care unit to a community care setting, including their home (right). 
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Figure 2 Patient recruitment and reasons for exclusion of certain patients. ICU: Intensive care unit; PODS-ICU: Patient-oriented discharge summary 
tool.

being enrolled in another study. Of the 31 eligible patients, 28 (90.3%) consented to be part of the study. 
Patients who declined to participate in the study indicated that they felt too overwhelmed to participate 
(n = 2; 9.70%) or that their family was not present at the time they were approached (n = 1; 6.70%). Nine 
(32.1%) of the consented patients were administered PODS-ICU by the ICU research team nurses, while 
19 (68.0%) patients did not receive PODS-ICU because there was either no research team nurse available 
to administer the tool (n = 11; 40.0%), or there was insufficient time for the research team nurse to 
complete the PODS-ICU (n = 8; 28.6%) prior to discharge. Twenty-one (75.0%) family-caregivers for the 
28 participating patients consented to participate in the study.

The nine patients who received the PODS-ICU were primarily female (n = 6; 66.7%) with a mean age 
of 63 years with at least some post-secondary education (n = 6; 66.7%). Family-caregivers were primarily 
women (n = 55.6%) with a mean age of 62 years, and most had some post-secondary education (n = 
55.6). Of the 21 family-caregivers that consented to participate in the study, 6 caregivers (66.7%) for the 9 
patients who were administered the PODS-ICU received information about the patient’s transition from 
the ICU. Once enrolled, no patients or family-caregivers withdrew from the study. Demographic charac-
teristics of participating patients and family-caregivers are listed in Table 1.

Participants’ reported experiences: Of the 15 participants (9 patients and 6 family-caregivers) who 
received the PODS-ICU, 13 felt that their discharge from the ICU was good (n = 4; 30.1%), very good (n 
= 5; 38.5%), or excellent (n = 4; 31.0%)) (Figure 3A). Over half of participants (n = 9; 60.0%) felt they were 
moderately, very, or completely engaged in thinking about the ICU transition process (Figure 3B). Most 
participants stated they had a good or better understanding of the medical condition that brought the 
patient to the ICU (n = 11; 73.3%) and that they understood the events that happened in the ICU and the 
impact of the ICU stay on the patient’s health (n = 11; 73.3%) (Figure 3C). When asked about the ICU 
discharge, most participants (n = 12; 80.0%) said they had a conversation with the ICU team to discuss 
the transition and next steps (Figure 3D).

Clinician reported experiences: Participating nurses completed the feedback questionnaire for 10 
(66.7%) of the 15 patients who had a PODS-ICU completed. It took the study nurses an estimated 45 min 
on average to complete the PODS-ICU tool (median 25 min) and an additional 30 min on average to 
review it with the patient and/or family-caregiver (median 15 min). Key data from the survey (which 
included closed and open-ended questions) are displayed in Table 2.

Participating RNs and NPs reported, that: (1) Patients and family-caregivers appreciated the 
information the tool provided; (2) Discharge timing often did not allow for an opportunity to complete 
and teach-back the PODS-ICU, or to do it well; and (3) The process of filling out the PODS-ICU was too 
time-consuming and did not fit well into the clinical workflow. Select comments received from research 
team RNs/NPs are shown here: “As I am the provider and tasked with not only putting together the 
PODS, but contacting community physicians, arranging for outpatient follow up, writing Rx, faxing 
pharmacies, collaborating with multi-disciplinary teams (like PT/OT/Transitions) reviewing with both 
patient and family, then returning back to discuss in addition to caring for up to 10 other ICU patients, I 
have to say a big NO to reasonable in my current work flow. I have come in often on my days off to 
facilitate patient discharges. Ideas to optimize: once patient is flagged for ICU-Home discharge then 
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Table 1 Demographic characteristics of participating patients and family-caregivers who received the patient-oriented discharge 
summary and completed the follow-up survey

Number of participants (n)

Patients total n = 9 Family caregivers total n = 6

Age, mean (range) 63 (54-69) 62 (40-70)

Female 6 (66.7%) 5 (83.3%)

High school or less 3 (33.3%) 1 (16.7%)

Some post-secondary 2 (22.2.%) 3 (50.0%)

Education

Post-secondary 4 (44.4%) 2 (33.3%)

Table 2 Clinician semi-structured survey quantitative results (n = 10)

Total responses, n = 10

Nurse practitioner 3 (30.0%)

Registered nurse 4 (40.0%)

Respondents

Unknown/response missing 3 (30.0%)

Completed and delivered1 9 (90.0%)Role in PODS-ICU implementation

Completed only 1 (10.0%)

Patient only 4 (40.0%)

Friend/family only 2 (20.0%)

Main PODS-ICU delivery recipient

Patient and family/friend 4 (40.0%)

0-15 min 3 (30.0%)

16-30 min 3 (30.0%)

31-45 min 1 (10.0%)

46-60 min 0 (0.00%)

61+ min 2 (20.0%)

Time taken to complete PODS-ICU

Unknown/response missing 1 (10.0%)

0-15 min 6 (60.0%)

16-30 min 0 (0.00%)

31-45 min 1 (10.0%)

46-60 min 1 (10.0%)

61+ min 0 (0.00%)

Time spent discussing PODS-ICU with recipient 

Unknown/response missing 2 (20.0%)

1Delivered (in role in patient-oriented discharge summary (PODS-ICU) refers to whether a teach-back session was conducted or whether the ICU nurse 
only completed the PODS-ICU). PODS: Patient-oriented discharge summary; ICU: Intensive care unit.

start the process at least 24-48 h prior to d/c home”; “Family was very appreciative, the patient's wife 
seemed to find it more difficult to retain information covered, patient's daughter was taking notes to 
refer back to and was able to follow along better. Wife expressed she was overwhelmed with everything 
and was glad to be getting a written summary”; “Time constraint was the most problematic on my part, 
felt like teach back was rushed”.

DISCUSSION
We designed and pilot tested the PODS-ICU, a patient- and family-caregiver- focused written discharge 
summary tool to provide critically ill patients and their family-caregivers with key information on the 
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Figure 3 Data display of key questions from the follow-up surveys administered to patients and family-caregivers to collect their 
feedback on transitioning from the intensive care unit. Data is displayed in percentages. ICU: Intensive care unit; PODS: Patient-oriented discharge 
summary.

patient’s stay in ICU, transition (i.e., discharge) from the ICU, and what to expect post-ICU. Our pilot 
study showed that the PODS-ICU was well accepted and participants viewed their discharge from the 
ICU positively when it was used. However, the pilot study also showed that while the tool had high 
acceptability, it was not feasible to administer in the ICU settings as: (1) The time to discharge varies for 
each patient and current clinical practices did not allow for the tool to be consistently delivered; and (2) 
Clinicians found the PODS-ICU to be time consuming and fit poorly within their clinical workflow.

The practice of providing written information to patients and/or their family-caregivers at the point 
of discharge from the ICU remains uncommon, with very few existing tools to aid in that process[31,
36]. Previous evaluations of written discharge communications for patients and family-caregivers in 
ICU have shown that these tools can improve family-caregiver satisfaction with care in the ICU, 
decrease family-caregiver ‘transfer’ anxiety around transitions from the ICU, help patients and families 
understand and accept ICU events, help ‘fill in the gaps’ for patients with memory lapses, and improve 
longer term patient outcomes[37-44]. In developing the PODS-ICU tool, we relied on the pre-existing 
OpenLab PODS tool and input from patient-partners to ensure the tool addressed specific informational 
needs of patients in the ICU (e.g., summary of ICU events, medications, upcoming tests and appoi-
ntments, what to expect during recovery, resources for help)[21,27,45]. This allowed the PODS-ICU to 
support reliable delivery of essential information from clinicians to patients and family-caregivers at 
discharge from the ICU, whether the patient was being transferred to a ward in the hospital or directly 
home. In our study, clinicians reported the PODS-ICU tool to generate comprehensive and beneficial 
summaries. Interestingly, previous evaluations of summary tools have reported similar challenges to 
those we observed in implementing the PODS-ICU, such as varying clinician motivation to complete the 
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tool due to lack of time, competing priorities, and/or negative perceptions of the tool’s utility[40]. Due 
to these limitations, clinicians in our study struggled with the feasibility of incorporating this tool into 
their workflow.

Outside of ICU settings, patient-centered discharge communications (both written and oral) have 
shown benefit in cardiovascular, maternity and neonatal, and surgical settings. Like the PODS-ICU, 
discharge communications in other settings have aimed to convey information on next steps (e.g., what 
to expect), identification and management of risk factors and complications (e.g., when to seek care, pain 
management), and medications from healthcare providers to patients and their families[46-57]. Similarly 
to the PODS-ICU, many discharge communications from various acute care settings have been reported 
as time consuming and adding to healthcare provider workload[40,45,57,58]. However, they have also 
been reported to reduce hospital readmissions, improve treatment adherence, and enhance patient 
satisfaction and can be considered important to successful transitions in care[40,57,58]. This suggests a 
high value to improving upon ICU discharge tools (like the PODS-ICU), which could be expected to 
have cost-savings comparable to discharge communications between hospital and community-based 
healthcare providers[59].

Pilot implementation of the PODS-ICU highlights important opportunities to improve clinician-
patient communication during a discharge from the ICU. These include: 1) earlier discharge planning (i.
e., preparation for discharge begins as soon as a patient is admitted), 2) integration of discharge 
communication with electronic clinical information systems, and 3) regular incorporation of teach-back 
into clinician-patient communications. At a practical level, earlier discharge planning could prompt 
clinicians to begin completing parts of the discharge summary as soon as a patient is admitted, perhaps 
fitting better into their workflow. Electronic clinical information systems provide the potential to 
partially automate the population of patient data into discharge summaries, a time-consuming aspect of 
the PODS-ICU. Pre-population of discharge summaries with patient data can increase efficiency and 
potentially reduce the risk of human transcription error[60,61]. Finally, incorporating the teach-back 
method into clinician-patient and clinician-family-caregiver communications, an important aspect of the 
PODS-ICU and recommended by the Agency for Healthcare Research and Quality (AHRQ), has been 
shown to improve patients’ understanding of their health information[62,63]. This could foster better 
connections between patients and clinicians[34], further benefitting communication efforts. Apart from 
the above discussed methods to increase time efficiency of completing the PODS-ICU (i.e., earlier 
discharge planning, integration with electronic clinical information systems), further engaging patients 
and families to modify the PODS-ICU to only include information important to patients may be a 
valuable refinement to the tool.

There are a number of limitations to consider when interpreting the results of our pilot study. First, 
only a small number of participants (n = 9 patients and n = 6 family-caregivers) received the PODS-ICU 
tool. Although we were able to ascertain some reasons for the low delivery of PODS-ICU (i.e., 
availability of research team nurses and time required to complete the tool), an assessment by more 
patients, family-caregivers and clinicians could provide more insights into the usability of the tool. 
Second, we pilot tested the PODS-ICU in two study ICUs in a single city (Calgary) in Canada. We 
recognize that ICU populations differ in type and severity of illness and some ICU staff may have more 
capacity to implement the PODS-ICU. As the OpenLab’s PODS has shown the potential to improve 
patient outcomes in various care settings[21,45], the PODS-ICU may be more successful in settings 
where it is better integrated into clinician work flow[45].

CONCLUSION
We developed a written discharge summary tool (PODS-ICU) that provides patients and their family-
caregivers with the essential information they need as they transition out of the ICU. While the PODS-
ICU may require pairing with earlier discharge practices and integration with electronic clinical 
information systems to fit better into the clinical workflow, the tool has the potential to engage and 
empower patients and family-caregivers in ensuring continuity of care. Further refinement and testing 
of the PODS-ICU tool in diverse ICUs is needed to determine its broader feasibility and the effects on 
patient health outcomes as well as patient-centered care.

ARTICLE HIGHLIGHTS
Research background
Gaps in discharge communication can leave critically ill patients vulnerable to stress, poor health 
outcomes, and death. There are no standard written discharge summaries available for critically ill 
patients and their families.
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Research motivation
Written discharge summaries can provide patients and their families with important information (e.g., 
medications, activity and diet restrictions, follow-up appointments, symptoms to expect, who to call if 
there are questions).

Research objectives
To develop and pilot test a patient-oriented discharge summary tool for critically ill patients and their 
families.

Research methods
We worked alongside former critically ill patients and their families, clinicians, and researchers to 
discuss patient needs and develop a written discharge summary tool. Intensive care unit nurses piloted 
the tool in two intensive care units in Calgary, Canada. Research team members administered follow-up 
surveys to patients, family participants, and ICU nurses on the impact of the summary tool on 
discharge.

Research results
Most participants felt the discharge summary tool was useful and informative. Most participants 
reported that they understood intensive care unit events and impacts on the patient’s health. 
Participating intensive care unit nurses reported time constraint in completing the discharge summary 
tool and encouraged refinement of the tool.

Research conclusions
The patient-oriented discharge summary tool could benefit from further refinement and testing in 
diverse critical care settings to better assess its feasibility and its effects on patient health outcomes.

Research perspectives
Written discharge communication provides patients and their families with essential information as 
they discharge from the intensive care unit. Future directions for a written patient-oriented discharge 
summary tool for critically ill patients include pairing the tool with earlier discharge practices and 
integrating the tool with electronic clinical information systems to fit better into the clinical workflow 
for ICU nurses.
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Abstract
BACKGROUND 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the causative 
agent of the ongoing coronavirus disease 2019 (COVID-19) pandemic. Unders-
tanding the physiological and immunological processes underlying the clinical 
manifestations of COVID-19 is vital for the identification and rational design of 
effective therapies.

AIM 
To describe the interaction of SARS-CoV-2 with the immune system and the 
subsequent contribution of hyperinflammation and abnormal immune responses 
to disease progression together with a complete narrative review of the different 
immunoadjuvant treatments used so far in COVID-19 and their indication in 
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severe and life-threatening subsets.

METHODS 
A comprehensive literature search was developed. Authors reviewed the selected manuscripts 
following the PRISMA recommendations for systematic review and meta-analysis documents and 
selected the most appropriate. Finally, a recommendation of the use of each treatment was 
established based on the level of evidence of the articles and documents reviewed. This 
recommendation was made based on the consensus of all the authors.

RESULTS 
A brief rationale on the SARS-CoV-2 pathogenesis, immune response, and inflammation was 
developed. The usefulness of 10 different families of treatments related to inflammation and 
immunopathogenesis of COVID-19 was reviewed and discussed. Finally, based on the level of 
scientific evidence, a recommendation was established for each of them.

CONCLUSION 
Although several promising therapies exist, only the use of corticosteroids and tocilizumab (or 
sarilumab in absence of this) have demonstrated evidence enough to recommend its use in 
critically ill patients with COVID-19. Endotypes including both, clinical and biological character-
istics can constitute specific targets for better select certain therapies based on an individualized 
approach to treatment.

Key Words: COVID-19; Critically ill patients; Treatment; Immunomodulary drugs; Phenotype; 
Immunosupression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Two years after the onset of the pandemic the search for the most appropriate treatment of 
coronavirus disease 2019 (COVID-19) continues. Few treatments have been evaluated in the context of 
critically ill patients with COVID-19 considering it in most clinical trials as a negative “end point” of the 
disease rather than a study subject. This fact makes it extremely difficult to establish degrees of 
recommendation regarding the different therapeutic options currently available. This review aims to 
summarize the immunopathogenesis and the current evidence regarding the different immunomodulatory 
strategies tested in critically ill patients with COVID-19. In addition, the presence of different 
immunophenotypes that in the future will serve as a basis for individualized treatments is demonstrated.

Citation: Andaluz-Ojeda D, Vidal-Cortes P, Aparisi Sanz Á, Suberviola B, Del Río Carbajo L, Nogales Martín L, 
Prol Silva E, Nieto del Olmo J, Barberán J, Cusacovich I. Immunomodulatory therapy for the management of 
critically ill patients with COVID-19: A narrative review. World J Crit Care Med 2022; 11(4): 269-297
URL: https://www.wjgnet.com/2220-3141/full/v11/i4/269.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i4.269

INTRODUCTION
In late 2019, a virus, currently named coronavirus disease 2019 (COVID-19), caused an outbreak of 27 
acute respiratory distress syndrome cases related to a seafood market in Wuhan, China. From that 
moment, the virus has spread rapidly worldwide until, on March 11th, the World Health Organization 
(WHO) classified it as a pandemic[1]. As of July 24th, 2021, more than 190 million people have been 
infected, and it has caused more than 4 million deaths[2].

Although most people with COVID-19 have only mild or uncomplicated symptoms, 10%-15% 
requires hospitalization and oxygen therapy[3,4]. From the beginning, a large number of patients 
presented severe respiratory failure, needing mechanical ventilation (MV) and intensive care unit (ICU) 
admission, exceeding the capacity of many of them and turning COVID-19 into a challenge for health 
systems all over the world[5-9]. Furthermore, we observed a relationship between ICU caseload and 
mortality[10,11].

The lack of an available, effective treatment has led to a spate of treatment recommendations[12-15], 
which are not always backed by sufficient scientific evidence[16,17]. We paid particular attention to a 
presumed specific cytokine storm secondary to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection[18-20], with a special effort to modulate the inflammatory response of these patients. 
One year after the onset of the disease, many questions remain unanswered, and we continue to search 

https://www.wjgnet.com/2220-3141/full/v11/i4/269.htm
https://dx.doi.org/10.5492/wjccm.v11.i4.269


Andaluz-Ojeda D et al. Immunomodulatoy therapy in critically ill COVID-19

WJCCM https://www.wjgnet.com 271 July 9, 2022 Volume 11 Issue 4

for the most appropriate treatment. This review aims to summarize the current evidence regarding the 
different immunomodulatory strategies tested in critically ill patients with COVID-19.

MATERIALS AND METHODS
A comprehensive literature search was developed by using the keywords: “immunotherapy”, 
“immunosuppressives”, “haemophagocytic syndrome”, “inflammation”, “antimalarials”, “hydroxy-
chloroquine”, “chloroquine”, “anakinra”, “canakinumab”, “tocilizumab”, “sarilumab”, “corticost-
eroids”, “dexamethasone”, “methylprednisolone”, “immunoglobulins or convalescent” “JAK 
inhibitors”, “cyclosporine”, “colchicine”, “statins”, “interleukin 7”, “thymosin”, “PD1 and PD1-L 
blockers”. We restricted the search to: “SARS-CoV-2”, “COVID-19”, “severe COVID-19” and 
“treatment” to identify articles published in English from MEDLINE, PubMed, and The Cochrane 
Library (until January 2021). The meta-analysis, clinical trials, case-control or cohort studies, brief 
reports, reviews, and systematic reviews were included. Reference Citation Analysis, an artificial 
intelligence technology-based open citation analysis database was employed. Current international 
guidelines on the management of COVID-19 were also retrieved and included (Centers for Disease 
Control and Prevention, European Centre for Disease Prevention and Control, Infectious Diseases 
Society of America, WHO, National Health Service, Spanish Society of Intensive Care Medicine). 
Articles in preprint format were also evaluated if they were considered relevants and well designed. 
The authors reviewed the selected manuscripts and selected the most appropriate. Finally, we 
established a recommendation of the use of each treatment based on the level of evidence of the articles 
and documents reviewed. This recommendation was made based on the consensus of all the authors. 
We carried out the rest of the work methodology following the PRISMA recommendations for 
systematic review and meta-analysis documents (http://prisma-statement.org/PRISMAStatement
/Checklist).

RESULTS
Viral infection and the inflammatory response
SARS-CoV-2 infects cells that express surface receptors for angiotensin-converting enzyme 2 (ACE-2) 
like airway epithelial cells, type II pneumocytes, vascular endothelial cells, and macrophages in the 
lung, and transmembrane protease, serine 2[21-23]. Active replication and release of the virus cause the 
host cell to undergo pyroptosis and release of damage-associated molecular patterns, including nucleic 
acids, adenosine triphosphate (ATP), and atypical squamous cell oligomers. These molecules are 
recognized by neighboring epithelial cells, endothelial cells, and alveolar macrophages, triggering the 
liberation of proinflammatory cytokines and chemokines [including interleukin (IL)-2γ, IL-6, IL-8, 
granulate-macrophage colony-stimulating factor, macrophage inflammatory protein 1α (MIP1α), MIP1β, 
and monocyte chemoattractant protein 1]. These mediators attract macrophages, monocytes, and T 
lymphocytes to the site of infection, promoting increased inflammation and establishing a pro-inflam-
matory feedback loop[24]. This inflammatory response is much more exaggerated in the subgroup of 
patients who require ICU admission and those with fatal outcomes and affects different organs and 
systems, including the endothelium[25-28].

Dysregulated immune response and COVID-19 immunophenotypes
In severe COVID-19, many patients express a dysregulated immune response characterized by a 
defective adaptive response and an exacerbated innate immune response. This situation leads to poor 
control of the virus, and overproduction of proinflammatory cytokines that initially damage lung 
infrastructure[29-31]. A cytokine storm similar to that in hemophagocytic syndrome has been described 
in a subgroup of COVID-19 patients with elevated levels of proinflammatory cytokines, particularly 
soluble receptor for IL-2γ, IL-6, and tumor necrosis factor-α (TNF-α)[32]. The resulting hypercy-
tokinemia extends to other tissues and can cause considerable organic damage[28]. This finding would 
justify the use of immunosuppressive therapies such as corticosteroids or cytokine-targeted therapy.

Inflammation is not always the dominant phenomenon in COVID-19[33-35]. Different authors have 
revealed that in many severe cases of COVID-19 the presence of immune downregulation with 
profound immunosuppression as primary phenomenon precedes hyperinflammation. These immuno-
logical alterations are varied and can be classified into different subsets or phenotypes[30,36,37]. One of 
these immunophenotypes would be characterized by the presence in most patients with severe COVID-
19 of coexisting alterations in numbers, subset composition, cycling, activation, and gene expression of T 
cells. Numerous studies show a relationship between profound lymphopenia with a worse prognosis 
and higher mortality in COVID-19[38-40]. This lymphopenia affects the different subsets of T cells, and 
the cause is not well established. We postulate several causes: T cell exhaustion, migration and sequest-
ration of T cells to affected tissues (especially the lungs), a deficit of lymphopoiesis induced by the 
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presence of hypercytokinemia, or an increase in apoptosis mediated by a virus-induced overexpression 
of type 1 programmed death receptors (PD-1) and its ligand (PD-L1).

Another immunophenotype is characterized by decreased antigen presentation capacity, 
demonstrated by a deficit in human leukocyte antigen-DR expression in mononuclear-phagocytic 
system cells, particularly in intermediate monocytes. We observed this phenotype in more than 50% of 
severe and critical forms of COVID-19, and it is inversely related to the inflammatory activity mediated 
by cytokines such as IL-6[37,41]. In this regard, hypercitokinemia (both: Pro and anti-inflammatory 
cytokines) is another typical phenotype in severe forms of COVID-19. IL-6, IL-8, IL-1β, and IL-10 levels 
were higher in COVID-19, and the increases were severity-related. Induced protein 10 (IP-10) CXCL10, a 
chemokine rapidly and transiently induced following vaccination and other virus infections, almost 
invariably increased in COVID-19 and was severity-related[42]. Thus, many patients with COVID-19 
were described by a severity-related triad of IP-10, IL-6, and IL-10[20,32,36,43]. Finally, emerging data 
indicate that complement and neutrophils contribute to an inadequate immune response that fuels 
hyperinflammation and thrombotic microangiopathy, increasing COVID-19 mortality. High plasma 
levels of neutrophil extracellular traps, tissue factor activity, and sC5b-9 were detected in critical 
patients[44,45]. All these conditions constitute immune signatures associated with a worse prognosis of 
COVID-19 that, on the other hand, could also suppose therapeutic targets.

Antimalarials: Hydroxychloroquine and chloroquine
Hydroxychloroquine (HCQ) is an antimalarial 4-aminoquinoline that showed in vitro activity against 
various RNA viruses, including SARS-CoV-2[46]. Some authors believe that HCQ acts against SARS-
CoV-2 through multiple mechanisms[47]: Inhibition of viral entry; inhibition of viral release in the host 
cell; reduction of viral infectivity and immune modulation.

The absence of efficacious treatment tools at the beginning of the pandemic led to the wide use of 
chloroquine and HCQ. Thus, in several controlled studies carried out in Chinese hospitals, chloroquine 
treatment was able, compared to controls, to prevent the development of pneumonia, improve the 
radiological lung image, accelerate the elimination of the virus and shorten the duration of the disease
[48-50]. Similarly, a French study with a small sample size found that treatment with HCQ accelerated 
conversion to a state of seronegativity for the virus[51]. However, these studies had significant method-
ological limitations that made their results questionable.

Nowadays, the body of evidence on HCQ e showed no benefit in terms of mortality reduction, 
invasive MV requirements, or time to clinical improvement. Until now, 31 randomized controlled trials 
(RCTs), including 16536 patients, have compared HCQ or chloroquine against standard of care or other 
treatments. The Recovery trial was the biggest, with over 11800 patients randomized to different 
treatment arms. 1561 patients were randomized to receive HCQ and 3155 to receive usual care after an 
interim analysis determined a lack of efficacy. Death within 28 d occurred in 421 patients (27.0%) in the 
HCQ group and in 790 (25.0%) in the usual-care group [rate ratio (RR) = 1.09; 95% confidence interval 
(CI): 0.97-1.23; P = 0.15]. The results suggested that patients in the HCQ group were less likely to be 
discharged from the hospital alive within 28 d than those in the usual-care group (59.6% vs 62.9%; RR = 
0.90; 95%CI: 0.83-0.98). Moreover, among the patients who were not undergoing MV at baseline, those 
in the HCQ group had a higher frequency of invasive MV or death (30.7% vs 26.9%; RR = 1.14; 95%CI: 
1.03-1.27)[52]. More recently, in the Solidarity trial, 947 patients were assigned to receive HCQ. Death 
occurred in 104 of 947 patients receiving HCQ and in 84 of 906 receiving its control (RR = 1.19; 95%CI: 
0.89-1.59; P = 0.23)[53].

The main RCTs that have compared the effect of HCQ or chloroquine on mortality have been 
included in two metanalyses. The one made by the WHO combined the Recovery and Solidarity trials 
with other six smaller studies involving hospitalized patients with suspected or confirmed COVID-19. 
The results of this metanalysis showed that HCQ or chloroquine probably increase mortality, RR = 1.08 
(95%CI: 0.99-1.19); does not reduce invasive MV requirement; RR = 1.05 (95%CI: 0.9-1.22) and may not 
improve time to symptom resolution, RR = 1.05 (95%CI: 0.94-1.18)[54]. These results are consistent with 
other published metanalysis that included 28 published or unpublished RCTs, with 10319 patients, 
obtaining a combined odds ratio (OR) on all-cause mortality for HCQ of 1.11 (95%CI: 1.02-1.20; I² = 0%; 
26 trials; 10012 patients) and a combined OR for chloroquine of 1.77 (95%CI: 0.15-21.13, I² = 0%; 4 trials; 
307 patients)[55]. In contrast, in a recent retrospective observational study conducted by Schlesinger et al
[56] in 3451 unselected patients hospitalized in 33 clinical centers in Italy, HCQ use was associated with 
a 30% lower risk of in-hospital death COVID-19 hospitalized patients. In conclusion, awaiting new 
randomized clinical trials focused on critically ill patients, the treatment with HCQ is associated with 
increased risk of mortality in COVID-19 patients, and there was no benefit of chloroquine. For these 
reasons, its use is discouraged in patients with severe COVID-19 infection.

Colchicine
Colchicine has been in the spotlight as a treatment for SARS-CoV-2 infected patients given its anti-
inflammatory and antiviral properties, which lead to the hypothesis that it might be beneficial with the 
systemic inflammation observed in the most severe cases. Many are the mechanism of action involved 
in colchicine’s properties, but they are underpinned mainly by inhibiting neutrophil chemotaxis by 
interfering with microtubule formation, modulation of proinflammatory cytokines, and attenuation of 
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Table 1 Summary of studies addressing interleukin-1 blockers on coronavirus disease 2019

Ref. Patients Intervention Comparison Outcome

CORIMUNO-19 
Collaborative 
group[74], RCT

Hospitalized patient with mild-
to-moderate pneumonia, non-
ICU admitted

Anakinra (200 mg twice a day on 
days 1-3, 100 mg twice on day 4, 
100 mg once on day 5) (n = 59)

Standard care (n = 
55)

No difference in NIV/MV/death at day 4. 
Stopped early following the 
recommendation of the data and safety 
monitoring board

Cavalli et al[75], 
observational

Pneumonia with moderate-to-
severe ARDS and hyperinflam-
mation (non-MV, non-ICU 
admitted)

Anakinra (high dose: 5 mg/kg 
twice a day intravenously, n = 
29; or low dose: 100 mg twice a 
day subcutaneously, n = 7)

Standard care 
(retrospective 
cohort) (n = 16)

Survival. High-dose anakinra: 72%, SC: 
56%, P = 0.009

Huet et al[76], 
observational

Bilateral pneumonia (non-ICU 
admitted)

Anakinra (100 mg twice daily for 
72 h, followed by 100 mg daily 
for 7 d) (n = 52)

Standard care 
(historical group) (
n = 44)

Death/MV. Anakinra: HR = 0.22 (95%CI: 
0.11-0.41), P < 0.0001. Death. Anakinra: HR 
= 0.30 (95%CI: 0.12-0.71), P = 0.0063. MV: 
Anakinra: HR = 0.22 (95%CI: 0.09-0.56), P 
= 0.0015

Kooistra et al[77], 
observational

ICU admitted pneumonia (MV: 
100%)

Anakinra (300 mg iv, followed 
by 100 mg iv/6 h) (n = 21)

Standard care (n = 
39)

No differences in duration of MV, ICU 
length of stay, or mortality

RCT: Randomized clinical trial; ICU: Intensive care unit, NIV: Non-invasive ventilation; MV: Mechanical ventilation; ARDS: Acute respiratory distress 
syndrome; HR: Hazard ratio; SC: Standard of care; CI: Confidence interval.

NOD-like receptor family pyrin domain containing 3 inflammasome formation, among others[56].
Several studies have explored the potential risk-benefit ratio of colchicine in ambulatory and 

inpatient based on its properties. A meta-analysis reported a survival benefit (OR = 0.62; 95%CI: 0.48-
0.81) of patients with Colchicine treatment with a tendency towards a decreased need of MV [0.75 
(95%CI: 0.45-1.25)][57]. However, most studies focus on the out-hospital or mild cases of COVID-19 
patients. Not much has been reported about colchicine in the most severe cases. In this sense, Scarsi et al
[58] observed that colchicine was independently associated with survival [hazards ratio (HR) = 0.151; 
95%CI: 0.062-0.368] despite it was given to patients with worse PaO2/FiO2. Similarly, Brunetti et al[59] 
also observed a significant decreased mortality in patients with severe COVID-19 among those who 
received colchicine (OR = 0.20; 95%CI: 0.05-0.80; P = 0.023).

To date, only one prospective, open-label, randomized trial has explored the potential benefits of 
colchicine among severe COVID-19 patients. In this trial, patients who received colchicine did show an 
improved time to clinical deterioration compared to those without colchicine[60]. However, recently, 
the RECOVERY trial closed the recruitment of colchicine for hospitalized COVID-19 patients after a 
review did not observe any clinical benefit[61].

In conclusion, given the disparity, we cannot recommend colchicine despite initial data being 
promising until further evidence. Among more than 30 clinical randomized trials ongoing analyzing the 
effect of Colchicine in COVID-19, only 3 focus specifically on severe cases or patients admitted to the 
ICU: In particular ECLA PHRI COLCOVID Trial (NCT04328480), COMBATCOVID trial 
(NCT04363437), and COLHEART-19 (NCT04762771). These trials will explore the requirement for MV, 
severe complications, or death among moderate-to-severe hospitalized COVID-19 patients.

Calcineurin inhibitors: Cyclosporine A and tacrolimus
Cyclosporine A and tacrolimus (also called FK-506) are immunosuppressive drugs known to prevent 
rejection after organ transplantation and for autoimmune diseases. These drugs bind to different cellular 
cyclophilins and FK506-binding proteins, respectively. This binding inhibits calcineurin (calcium-
calmodulin-activated serine/threonine-specific phosphatase) blocking the translocation of the nuclear 
factor of the activated T cells from the cytosol to the nucleus, preventing the transcription of several 
genes that encode key cytokines involved in different immunological mechanisms[62-64].

Cyclosporin A binds cyclophilin A, which is essential for the replication of, among other viruses, 
SARS-CoV-2[65]. Therefore, the binding of cyclosporin A with the corresponding cyclophilin can block 
the replication of SARS-CoV-2[66]. Tacrolimus binds to FK506-binding proteins and inhibits calcineurin, 
in addition to suppressing the early phase of T-cell activation and the expression of numerous cytokines 
(IL-2, IL-4, TNF-α, INF-γ), which are necessary for the activation of the T cell in the immune response, 
perhaps preventing the cytokine storm seen in severe COVID-19 pneumonia[67].

In vitro evidence of inhibition of cyclosporine-mediated replication of various coronaviruses 
(including SARS) has been found. The cyclosporin analog, alisporivir, has been reported to inhibit 
SARS-CoV-2 in vitro but has never been tested in a clinical setting[68]. Given the antiviral and anti-
inflammatory properties of calcineurin inhibitors, they could have the potential to prevent the 
uncontrolled inflammatory response and replication of SARS-CoV-2, in addition to acute lung injury. 
However, there is not enough evidence to recommend its use in severe COVID-19. Currently, several 
clinical trials are studying the possible benefit of the administration of cyclosporine (NCT04492891, 
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NCT04540926, and NCT04341038) or tacrolimus (NCT04341038) in the treatment of hospitalized 
patients with pneumonia due to COVID-19. Unfortunately, to date, there are no studies with these 
drugs focused on critically ill patients.

IL-1 blocker: Anakinra, canakinumab
Anakinra is a recombinant human IL-1 receptor antagonist that blocks the activity of the proinflam-
matory cytokines IL-1α and IL-1β, and it is approved to treat patients with rheumatoid arthritis, Still’s 
disease, and some rare auto-inflammatory syndrome. Reanalysis of data from a phase III randomized 
controlled trial showed anakinra is related to a significant improvement in survival in the subset of 
septic patients with features of macrophage activation syndrome (MAS)[69,70].

MAS is a subgroup of secondary hemophagocytic lymphohistiocytosis mainly appearing in rheumat-
ologic disorders. It is an acute syndrome with a hyperinflammatory immune state characterized by the 
activation and expansion of macrophages and T-lymphocytes. This persistent activation leads to a 
cytokine storm with high IL-1, IL-6, IL-18, soluble IL-2 receptor (CD 25), IFN-γ, and TNF-α, and is 
thought to be responsible for the multiorgan failure and the high mortality of this syndrome[71,72].

A subgroup of severe COVID-19 patients shows hyperinflammatory symptoms similar to MAS, with 
the release of IL-1, IL-6, IL 18, and IFN-γ, and the evidence shows a direct correlation between the 
severity of systemic inflammation, progression to respiratory failure, and fatal outcome[73,74]. For this 
reason, it has been proposed to treat this patient subgroup with anakinra. At the date, only the RCT 
CORIMUNO-ANA-1 investigating the role of anakinra in COVID-19 patients has been published[75]. In 
this trial, patients were randomized to intravenous anakinra or usual care in mild-to-moderate COVID-
19 pneumonia (not requiring ICU admission) with serum C-reactive protein (CRP) levels higher than 25 
mg/L. They could not demonstrate that the use of anakinra effectively reduced the need for non-
invasive ventilation (NIV), MV, or mortality. The study was stopped due to futility. Another trial within 
the CORINOMUNO platform (CORINOMUNO-ANA-2) aimed to assess the effect of anakinra in 
patients with more severe COVID-19 patients (ICU admitted) has now been completed, and it is being 
analyzed.

Few observational studies analyze the treatment with anakinra in COVID-19 patients, and they have 
methodological limitations (Table 1). Cavalli et al[75] have analyzed high-dose (5 mg/kg twice daily) of 
intravenous anakinra compared to standard care: Higher survival rate and progressive improvements in 
PaO2/FiO2 ratio have been observed, without significant differences in days free of MV. Huet et al[76] 
have studied subcutaneous anakinra vs standard treatment, and they observed that anakinra 
significantly reduced the need for MV or mortality. The control group was a historical cohort with high 
mortality (about 50%).

Kooistra et al[77] have analyzed mechanically ventilated COVID-19 patients treated with intravenous 
anakinra vs standard care in critically ill patients. Anakinra has been linked to a significant reduction in 
clinical signs of hyperinflammation, without significant differences in clinical outcomes. Dimopoulos et 
al[78] have studied rescue treatment with intravenous anakinra in seven MV-ICU patients and one non-
ICU patient, all of them with a hemophagocytosis score positive. They concluded that anakinra could 
improve respiratory function and reduce mortality compared with the historical series of patients with 
MAS in sepsis. Canakinumab is a monoclonal antibody against IL-1β approved to treat familial Mediter-
ranean fever and other chronic autoinflammatory syndromes[79].

In the setting of COVID-19 pneumonia, a small retrospective study has analyzed 10 patients with 
respiratory failure (not requiring MV) and hyperinflammation treated with canakinumab. A rapid 
improvement of the inflammatory response and oxygenation was observed[80]. An ongoing clinical 
phase 3, randomized, double-blind trial studies the efficacy and safety of canakinumab on Cytokine 
Release Syndrome in patients with COVID-19 pneumonia (NCT04362813). In conclusion, there is not 
enough data supporting the efficacy or safety of anakinra or canakinumab in treating critically ill 
patients with COVID-19, and therefore, we can’t establish a recommendation on their use or the optimal 
timing to start the treatment.

IL-6 blockers: Tocilizumab and sarilumab
COVID-19 patients who develop severe respiratory failure use to show a hyperinflammatory response, 
either MAS (driven by IL-1β) or, primarily, immune dysregulation (driven by IL-6). IL-6 is an inflam-
matory cytokine that exerts its effects inducing acute phase reactants (as CRP, fibrinogen, and hepcidin) 
in the liver and promotes antibody production and CD4 T helper and CD8 cytotoxic T cell differen-
tiation[81,82]. A direct relationship between IL-6 levels and viral load, duration of SARS-CoV-2 viral 
positivity, the severity of COVID-19, and the need for MV has been observed[83-88].

Tocilizumab (TCZ) and sarilumab are two monoclonal antibodies that work by blocking the IL-6 
soluble and membrane receptor. TCZ is approved to treat inflammatory diseases such as rheumatoid 
arthritis, juvenile idiopathic arthritis, giant cell arteritis, and cytokine release syndrome associated with 
chimeric antigen receptor T-cell therapy and sarilumab is approved for the treatment of rheumatoid 
arthritis[89]. Its use has been proposed to reduce the inflammatory response in COVID-19 patients. The 
first available data obtained from case series showed clinical, analytical, and radiological improvement 
after TCZ administration, even in patients needing MV[90-94].
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Table 2 Summary of studies addressing interleukin-6 blockers on coronavirus disease 2019 (randomized clinical trials and 
observational studies including critically ill patients)

Ref. Patients Intervention Comparison Outcomes Overinfection rate

Salama et al[110], 
RCT

377 TCZ (8 mg/kg, 1-2 
doses)

Placebo MV/ECMO/mortality 28 d; 19.3% TCZ vs 12% placebo, 
P = 0.004

TCZ 10% vs placebo 
12.6%

Rosas et al[113], 
RCT

438 TCZ (8 mg/kg, 1-2 
doses)

Placebo Mortality: NS. Hospital LOS: TCZ: 20, placebo: 28 d (P = 
0.037). ICU admission: TCZ: 23.6%, SC: 40.6% (P = 0.01). 
ICU, LOS: TCZ: 9.8, SC: 15.5 d (P = 0.045)

TCZ 21% vs placebo 
25.9%

Stone et al[90], 
RCT

242 TCZ (8 mg/kg, max 
800 mg, 1 dose)

Placebo MV or death. TCZ: 10.6%, SC: 12.5% (NS). Clinical 
worsening. TCZ: 19.3%, SC: 17.4% (NS)

TCZ 8.15% vs placebo 
17.1%

Salvarani et al
[111], RCT

123 TCZ (8 mg/kg, max 
800 mg, 1-2 doses)

Standard of 
care

NS TCZ 1.7% vs TE 6.3%

Mariette et al
[112], RCT

131 TCZ (8 mg/kg, max 
800 mg, 1-2 doses)

Standard of 
care

NIV/MV/death at day 4. TCZ: 19%, SC: 28% (NS). 
Survival without HFNO/NIV/MV at day 14. TCZ: 24%, 
SC: 36% (probability: 95%). 28 d mortality. TCZ: 10.9%, 
SC: 11.9% (NS)

TCZ 3.2% vs TE 16.4%

RECOVERY 
Collaborative 
Group[115], RCT

4166 TCZ (different 
regimes)

Standard of 
care

28 d mortality: TCZ: RR = 0.86 (95%CI: 0.77-0.96, P = 
0.006)

Not available

REMAP-CAP 
Investigators et al
[116], RCT

826 TCZ (8 mg/kg, max 
800 mg, 1-2 doses) (n = 
366). Sarilumab (400 
mg) (n = 48)

Standard of 
care

Days free of respiratory/hemodynamic support at day 
21. TCZ: 10 d, sarilumab: 11 d, SC: 0 d. Hospital 
mortality. TCZ: 28%, sarilumab: 22.2% SC: 35.8% 
(probability TCZ better: 99.6%, probability sarilumab 
better: 99.5%)

TCZ 0.2% vs TE 0%

Veiga et al[114], 
RCT

129 TCZ (8 mg/kg, max 
800 mg)

Standard of 
care

Stopped early due to higher mortality in TCZ patients PB 15% vs SC 16%

Tleyjeh et al[121], 
MA

9850 TCZ (variable 
regimen)

Standard of 
care

Mortality: TCZ: OR = 0.58 (0.51-0.66) TCZ: RR = 0.63 (0.38-
1.06)

Gupta et al[106], 
OS

3491 TCZ (regimen not 
specified)

Standard of 
care

Hospital mortality. TCZ: HR = 0.71 (95%CI: 0.56-0.92) TCZ 32.3% vs SC 31.1%

Somers et al[108], 
OS

154 TCZ (8 mg/kg, max 
800 mg)

Standard of 
care

Mortality. TCZ: HR = 0.54 (95%CI: 0.35-0.84) TCZ 54% vs SC 26%. 
Pneumonia 45% vs 
20%. Bacteremia 14% 
vs 9%

Fisher et al[109], 
OS

115 TCZ (400 mg) Standard of 
care

30 d mortality. TCZ: OR = 1.04 (95%CI: 0.27-3.75) TCZ 28.9% vs SC 25.7%

Biran et al[102], 
OS

764 TCZ (400 mg, 1-2 
doses)

Standard of 
care

Hospital mortality. TCZ: HR = 0.64 (95%CI: 0.47-0.87, P 
= 0.004)

TCZ 17% vs SC 13%

Guaraldi et al
[101], OS

544 TCZ (8 mg/kg, max 
800 mg, 2 doses) (n = 
179)

Standard of 
care

Death/MV. TCZ: HR = 0.61 (95%CI: 0.4-0.92), P = 0.020 TCZ 13% vs SC 4%

Rossotti et al
[105], OS

222 TCZ (8 mg/kg, max 
800 mg, 1-2 doses) (n = 
74)

Standard of 
care

Survival rate TCZ: HR = 2.004 (95%CI: 1.050-3.817), P = 
0.035. Survival rate in critically ill patient. HR = 30.055 
(95%CI: 1.420-636.284), P = 0.029

TCZ 24.4%; SC: NA

Rojas-Marte et al
[107], OS

193 TCZ (regimen not 
specified)

Standard of 
care

Mortality TCZ: 52%, SC: 62%, P = 0.09. Mortality in non-
ventilated patients: TCZ: 6.1%, SC: 26.5%, P = 0.024

Bacteremia: TCZ 12.5% 
vs SC 23.7%. Fungemia: 
TCZ 4.2% vs SC 3.1%

TCZ: Tocilizumab; RCT: Randomized clinical trial; MA: Metha-analysis; OS: Observational study; MV: Mechanical ventilation; ICU: Intensive care unit; 
NIV: Non-invasive ventilation; LOS: Long of stay; HNFO: High nasal flow oxygen therapy; ECMO: Extracorporeal extracorporeal membrane oxygenation; 
SC: Standard of care; NS: Non-significative; RR: Relative risk; OR: Odds ratio; CI: Confidence interval; HR: Hazard ratio; NA: Not applicable.

The results obtained from comparative observational studies (cohorts or case-controls) were also 
promising[95-98]. Although some studies failed to show relevant differences between TCZ-treated and 
untreated patients[99,100], most of them showed a beneficial effect of the administration of TCZ: 
Oxygenation improvement, more days free of MV, less need for ICU admission or MV, and higher 
survival[101-105].

There are scarce studies that analyze the effect of TCZ in critically ill patients with COVID-19. In one 
of them, Biran et al[102] in 630 propensity score-matched ICU patients (> 90% of them receiving MV) 
found a lower in-hospital mortality risk (HR = 0.64; 95%CI: 0.47-0.87; P = 0.004) in patients treated with 
TCZ (400 mg). Rossotti et al[105] described similar results showing a lower risk of mortality in the 
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general analysis and patients receiving MV, but not in less severe cases; Gupta et al[106] found an in-
hospital reduction in mortality in those critically ill patients who received TCZ in the first 2 d of ICU 
admission. On the other hand, Rojas-Marte et al[107] analyzed 193 patients (62.7% with MV) and found 
that TCZ was related to lower mortality in non-ventilated patients (6.1% vs 26.5%, P = 0.024), but not in 
MV patients.

In addition, we have contradictory data from two studies focused on patients on MV. One of them 
shows a reduction in mortality risk (HR = 0.55; 95%CI: 0.33-0.90)[108], and the other failed to detect 
significant differences between those treated with TCZ and untreated patients[109,110]. More recently, 
we began to know the results of RCT investigating the effects of TCZ in COVID patients[85,111-113]. 
Among these, once again, there is no unanimity regarding the results. Salama et al[110] and Mariette et 
al[112], in hospitalized patients with SARS-CoV-2 pneumonia (not needing respiratory support), 
demonstrated a reduction in the risk of death or need of MV in patients treated with one or two doses of 
TCZ (8 mg/kg, maximum 800 mg). However, Stone et al[90] and Salvarani et al[111] failed to 
demonstrate a beneficial effect in patients treated with TCZ in similar patients (respiratory failure 
needing conventional oxygen therapy).

In a mixed population, including 38% of patients on MV, the COVACTA trial shows no evidence of 
improvement in the clinical situation on day 28 (primary outcome) but it shows a shorter hospital stay, 
less ICU admission, and less clinical failure rate in patients randomized to treatment with TCZ (8 
mg/kg, max 800 mg, one or two doses)[113]. TOCIBRAS trial was prematurely interrupted because an 
excess of deaths at 15 d after randomization was detected in the TCZ group; this study included severe 
and critically ill COVID patients (23% receiving HFNO/NIV and 16% receiving MV)[114].

Recently, results of the RECOVERY platform trial were released[115]. In patients with clinical 
evidence of progressive COVID-19 (CRP ≥ 75 mg/L and need for supplemental oxygen to achieve 
oxygen saturation > 92%), treatment with TCZ improved survival and decreased the need for MV. The 
reduction in mortality with TCZ was higher in patients who also receive corticosteroids. REMAP-CAP 
trial addressed the impact of TCZ focused on critically ill patients. In this RCT, patients were 
randomized to be treated with TCZ (n = 366), sarilumab (n = 48), or usual care (n = 412). The authors 
reported that patients treated with IL-6 blockers (TCZ 8 mg/kg, max 800 mg, one or two doses; or 
sarilumab, 400 mg), within 24 h after the start of organ support, had more days free of hemodynamic or 
respiratory support and lower in-hospital mortality. Furthermore, it appears that the treatment effect is 
more significant when TCZ was combined with corticosteroids[116]. A summary of studies addressing 
IL-6 blockers on COVID-19 is available in Table 2.

One of the main concerns when using TCZ is the risk of superinfections. However, a higher incidence 
of superinfections in patients treated with TCZ has not been confirmed in critically ill COVID-19 
patients (see Table 2). In the same way as TCZ, sarilumab administration has been related to series, 
clinical, analytical, and radiological improvement but the available data are scarce[117-120]. It has not 
shown benefit in comparative observational studies[121], but it has been shown in the aforementioned 
REMAP-CAP trial[116]. In most positive studies, TCZ is associated with corticosteroids (see Table 3), 
thus given the positive results described and the absence of significant side effects of this combination, it 
should be considered early in COVID-19 patients admitted to the ICU.

Janus kinase pathway inhibition: Ruloxitinib, bariticinib
Most viruses, SARS-CoV-2 included, enter cells through receptor-mediated endocytosis after binding its 
spike protein to the human ACE-2 receptor[122]. This endocytosis is mediated by clatrine and other 
mechanisms. AP2-associated protein kinase 1 (AAK1) and cycling G-associated kinase (GAK) regulates 
this process[123]. Disabling AAK1 might stop the virus’s entry into cells and the intracellular assembly 
of virus particles[124]. Janus kinase (JAK) inhibitors are biological agents that mainly inhibit type I/II 
cytokine receptors[125]. There are several JAK inhibitors such as fedratinib, tofacitinib, sunitinib, or 
erlotinib. Still, they have many secondary effects, which turns their use in COVID-19 patients contro-
versial, but ruxolitinib and baricitinib may play a role in this setting. However, Food and Drug 
Administration recently raised a warning regarding treatment with JAK-inhibitors that we have to bear 
in mind before starting treatment: Increased thromboembolism risk or increased frequency of herpes 
zoster virus reactivation; pan-JAK inhibitors may repress some cytokines required for antiviral defense 
(IFN-α/β) or immune restoration (IL-2, IL-7)[126-128].

Baricitinib is an oral anti-JAK inhibitor, acting against JAK1 and JAK2, with less potency for JAK3, 
with an exceptionally high affinity for AAK1. It inhibits the JAK signal transducer and activator of the 
transcription (STAT) pathway[129]. Moreover, it can also inhibit the cyclin GAK, another regulator of 
endocytosis, so it has been suggested as a potential drug against SARS-CoV-2 due to its double effect: 
Decreasing both the immune response (inhibiting the proinflammatory signal of several cytokines, such 
as IL-6, IL-12, IL-23, and IFN-α) and interrupting the virus entry and assembly in the cells[130]. It is 
currently approved for rheumatoid arthritis[131]. Its advantages include once-a-day oral administration 
(either 2 mg or 4 mg), acceptable safety profile (can be used in combination with other treatments 
because of low plasma protein binding and minimum cytochrome P450 interactions), and the double 
mechanism of action[132]. There is certain reluctance about baricitinib due to the simultaneous 
inhibition of AAK1 and JAK, which can reduce IFN-α levels, leading to a worse immune response, as 
mentioned above[133]. A pilot study from Italy showed significantly improved clinical and laboratory 
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Table 3 Coronavirus disease 2019 patients treated with tocilizumab and corticosteroids

Ref. Tocilizumab group Control

Salama et al[110], RCT 80.3% 87.5%

Rosas et al[113], RCT 36.1% 54.9%

Stone et al[90], RCT 11% 6%

Salvarani et al[111], RCT 10% 7.6%

Mariette et al[112], RCT 33% 61%

RECOVERY Collaborative Group[115], RCT 82% 82%

REMAP-CAP Investigators et al[116], RCT > 80%

Veiga et al[114], RCT 69% 73%

Gupta et al[189], observational 18.7% 12.6%

Somers et al[108], observational 29% 20%

Fisher et al[109], observational 73.3% 78.6%

Biran et al[102], observational 46% 42%

Guaraldi et al[101], observational 30% 17%

Rossotti et al[105], observational Not reported

Rojas-Marte et al[107], observational 43% 33%

RCT: Randomized clinical trial.

parameters in 12 patients with mild to moderate COVID-19 pneumonia. None of them required 
admission to the ICU nor MV[134].

An RCT evaluated baricitinib plus remdesivir in hospitalized COVID-19 patients. The treatment 
group needed fewer days to recovery (7 vs 8 d, P = 0.03) and 30% higher odds of improvement in clinical 
status at day 15. Precisely, patients on NIV or HFNO needed significantly less time to recovery (10 vs 18 
d) and had fewer serious adverse events (16% vs 21%, P = 0.03)[135]. In conclusion, baricitinib combines 
anti-inflammatory characteristics and antiviral activity, making it a strong candidate for future 
evaluation in RCT.

Ruxolitinib is another oral JAK-kinase inhibitor currently indicated for intermediate or high-risk 
myelofibrosis, polycythemia vera, hemophagocytic lymphohistiocytosis, or steroid-refractory graft-
versus-host disease. Ruxolitinib reduces the high level of cytokine release associated with these diseases
[136,137]. It blocks JAK kinase activity and impedes STAT activation, decreasing levels of inflammatory 
cytokines (such as IL-1β, IL-2, IL-5, IL-6, IL-7, IL-13, IL-15, and IFN-γ)[138]. Pharmacokinetically, 
ruxolitinib has rapid oral absorption and a half-life of approximately 3 h and reaches peak plasma 
concentrations[139].

A non-randomized clinical study conducted in 93 severe COVID-19 patients not requiring MV at 
baseline showed a significant improvement in survival rate (89.1% vs 57.1%, P = 0.0034), a reduction of 
the inflammatory response (absence of fever and a decrease of at least 30% in CRP levels; 87% vs 23%, P 
= 0.0001) and no significant adverse event in patients treated with half the approved dose of ruxolitinib 
for hematologic diseases plus corticosteroids[140]. Similar results were communicated by La Rosée et al
[140], in his retrospective study performed in 14 patients receiving ruxolitinib (10 receiving NIV, 1 
HFNO, and 1 MV); they used a COVID inflammation score to evaluate the systemic inflammation, 
watching a reduction by 42% and 58% achieved on day 5 and 7 of treatment.

Only one Chinese RCT studied the efficacy of ruxolitinib. No death (14.3% vs 0%, P = 0.232) or deteri-
oration [need for NIV/MV: (29% vs 10%, P = 0.663)/(14.3% vs 0%, P = 0.232)] occurred in ruxolitinib 
group, but no statistically difference was found. Both groups received a similar proportion of corticost-
eroids and antivirals[141]. To summarize, ruxolitinib may play a role in those patients with hypoxemic 
COVID-19 pneumonia but not yet needing MV, attenuating the immune response and therefore may 
prevent the progression of lung damage, bearing in mind that an early administration could favor viral 
replication. There is no data in critically ill patients regarding JAK inhibitors to establish a strong 
recommendation but, maybe, baricitinib could be used in patients on NIV or HFNO who are also 
receiving remdesivir, in order to shorten the time to recovery.

Corticosteroids
Corticosteroids have been widely used for years in autoimmune diseases with great success. A cytokine 
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storm[32], similar to the hemophagocytic syndrome, may develop in some severe COVID-19 patients. In 
this setting, immunosuppressive treatments may decrease this hyper-inflammatory state, and this is the 
rationale for use corticosteroids in SARS-CoV-2 infection. Corticosteroids are hormones that may change 
the transcription pattern of 20% of the human genome[142], and they act in virtually all immune cells
[143]. They inhibit the migration of leukocytes to inflamed tissues, increasing migration from bone 
marrow to blood and decreasing programmed leukocyte death[144,145]. They also inhibit leukocyte 
reactive oxygen species secretion, increase anti-inflammatory cytokines like IL-10[146,147], and alter the 
maturation and differentiation of dendritic cells[148-150]. Corticosteroids modify natural killer (NK) 
cytolytic activity and monocyte activation[150].

The use of up 100 mg of prednisone or an equivalent dose, acts over cytosolic corticosteroids 
receptors (cGCR), and we call this the genomic pathway[151,152]. The complex glucocorticoid-cGCR has 
two actions: Transactivation, which means that the complex promotes anti-inflammatory transcription 
factors as IL-10 or annexin 1. The other action is transrepression that produces an inhibition of inflam-
matory transcription factors (IL-1, IL-2, IL-6, IL-8, prostaglandins, TNF-α, and IFN-γ). That modific-
ations happen in hours and may take up to a few days[151].

If we use corticosteroid pulses (doses higher than 100 mg of prednisone), we reach the highest effect 
of the genomic pathway, but we also obtain additional effects by the “non-genomic pathway”[150]. The 
non-genomic pathway induces membrane dysfunction in all immune cells and delays the calcium and 
sodium channel flow through the membrane. This process decreases ATP production. Non-genomic 
effects induce the bounding to the membrane of glucocorticoid receptors in the T lymphocytes[151]. 
They also release the Src protein from the complex cGCR-multiprotein, generating anti-inflammatory 
effects. These mechanisms take effect in hours and are very useful in autoimmune diseases with high 
disease activity[151].

The effect of corticosteroids depends not only on the dose (as seen before) but also on the timing 
used. We can preferably use corticosteroids in three moments: The onset of acute lung injury, the initial 
phase of acute respiratory distress syndrome (ARDS), and when ARDS is refractory to conventional 
treatment[153-155]. Historically, many studies used corticosteroids for viral pneumonia (including 
influenza and SARS-CoV-1)[156-161], and ARDS[162-167], with different results. We found no benefit in 
viral infection, and only a few of these studies demonstrated good results of corticosteroids on mortality
[162,166]. Based on these, some authors analyzed the effect of corticosteroids in COVID-19 (see Table 4). 
Early in the pandemic, initial recommendations were not to use or limit corticosteroids to concrete 
situations[168-171]. WHO even recommended not to use corticosteroids routinely in COVID-19 
pneumonia[172,173]. They base these recommendations on previous bad results in the SARS and 
Middle East respiratory syndrome (MERS) infections with corticosteroids. Some months later, some 
observational studies based on the Chinese hospitals’ experience recommended using corticosteroids 
under certain conditions[174-176].

The Recovery trial[177] could demonstrate a mortality improvement with dexamethasone treatment 
in COVID-19 patients requiring oxygen supplementation, especially in those admitted to ICUs. This 
improvement does not remain in patients who do not need oxygen supplementation, worsening 
mortality in this subgroup.

From July to December 2020, several clinical trials demonstrated the benefits of corticosteroids on 
mortality in COVID-19 associated pneumonia[178-181]. Hydrocortisone, methylprednisolone, and 
dexamethasone are corticosteroids that demonstrated survival improvement used at a median dose for 
five to ten days. These corticosteroids at this dose demonstrated moderate mortality reductions. All 
studies showed that the mortality improvement was more significant in critical patients than in-hospital 
patients (see Table 4). Corticosteroids can also be used at a higher dose with methylprednisolone pulses 
for three days (250 mg for three days). One small clinical trial and some observational studies showed 
essential improvements in mortality using corticosteroid pulses[182-185]. Again using corticosteroid 
pulses, mortality improvement was more significant in the critical patient subgroup. This regimen (by 
the non-genomic pathway) showed better results than the median doses of corticosteroids for more 
extended periods in the few published results. If this regimen is significantly better than lower doses 
and more prolonged periods must be demonstrated in ongoing head-to-head clinical trials[186].

Progression to MV was lower in the corticosteroid arm in clinical trials and meta-analyses[187,188]. 
There was a non-significant trend to hyperglycemia and infections in the corticosteroid arm treatment 
(see Table 4). Results about viral shedding are controversial and different between studies, so we can’t 
extract conclusions. As a final recommendation, corticosteroids should be used in COVID-19 
pneumonia requiring oxygen supplementation, including critically ill patients, as proven in the 
Recovery trial and data obtained with the corticosteroid pulses studies. The 6 mg daily dexamethasone 
for ten days is the most accepted regimen because it is proven in clinical trials. The 250 mg daily methyl-
prednisolone regimen for three days may be considered as an alternative too.

Intravenous immunoglobulin and hyperimmune immunoglobulin
Intravenous immunoglobulin (IVIG) is a product derived from the plasma of thousands of donors. It 
contains primarily polyclonal immunoglobulin G [with two functional fragments, the F(ab)2 fragment, 
for antigen recognition, and the crystallizable fragment (Fc), for the activation of innate immune 
responses], with small amounts of immunoglobulin (Ig)A and IgM. IVIG provides temporary protection 
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Table 4 Summary of studies using corticosteroids in coronavirus disease 2019

Ref. Patients Treatment regimen Population Mortality2 ICU 
administration In-hospital stay Secondary 

infections

RECOVERY Collab-
orative Group et al
[177], RCT

11303 DXM 6 mg daily × 10 
d

In-hospital Decrease 
2.8% RR 0.83

NS Increase 
discharged 28 d 
(3.7%)

NA

RECOVERY Collab-
orative Group et al
[177], RCT

1007 DXM 6 mg daily × 10 
d

MV Decrease 
12.1% RR 0.64

NA Increased 
discharged 28 d 
(9.7% RR 1.48)

NA

Tomazini et al[176], 
RCT

299 DXM 20 mg × 5d + 
DXM 10 mg × 5d

ICU patients Decrease 2.4% (alive or ventilator-
free)

NA DXM 21.9% vs 29.1% 
standard. (7.9% vs 
9.5% bacteremia)

Jeronimo et al[178], 
RCT

416 MPD (0.5 mg/kg 
twice daily) × 5d

In-hospital NS NS (MV) NS No significant 
differences

Dequin et al[179], 
RCT

149 HCT 200 mg daily × 
7d then decrease dose 
× 7d (14 d)

ICU patients NS NS NA

Angus et al[180], RCT 384 HCT 50 or 100 mg/6 
h × 7 d

ICU patients 93% and 80% of superiority in 
organ support free

NS NA

Edalatifard et al[181], 
RCT

68 MPD 250 mg × 3 d In-hospital Decrease 37% No patients on 
MV

Decrease 4.6 d 2.9% (1 pt) in MPD vs 
0% (0 pt) standard

Corral-Gudino et al
[188], RCT1

85 MPD 40 mg/12 h × 3 
d, then MPD 20 
mg/12 h × 3 d

In-hospital Decrease 24% composite death, 
ICU Adm or NIV

NS NA

Kim et al[186], MA 49569 Variable regimens ICU patients OR 0.54 (0.40-
0.73)

NA NS NA

Van Paassen et al
[187], MA

20197 Variable regimens In- hospital OR 0.72 (0.57-
0.87)

RR 0.71 (0.54-0. 
97)

NS NA

1Preprint, not peer-reviewed.
2Absolute risk of mortality reduction in randomized clinical trial or odds ratio in meta-analysis.
ICU: Intensive care unit; RCT: Randomized clinical trial; MA: Meta-analysis; DXM: Dexamethasone; MPD: Methylprednisolone; HCT: Hydrocortisone; NS: 
Non-significant; NA: Not applicable; Adm: Admission; MV: Mechanical ventilation; NIV: Non-invasive ventilation; RR: Relative risk; OR: Odds ratio.

before being metabolized, requiring several doses over the disease course[189]. IVIG has been used to 
treat several immunodeficiencies, neurologic disorders, inflammatory and infectious conditions, such as 
pneumonia by influenza, SARS, and MERS[190].

The rationale for using IVIG in SARS-CoV-2 infection is a modulation of inflammation. The central 
mechanism of action of IVIG is the inactivation of phagocytes (neutrophils, monocytes, and 
macrophages) through FCyR. Moreover, it has a neutralizing effect by creating an antibodies-virus 
complex that prevents the binding of the virus to alveolar epithelial cells. Furthermore, it can also 
influence the process of lymphocyte differentiation and maturation[191,192].

Xie et al[193] conducted a retrospective study among 58 cases of severe or critically ill COVID-19 
patients with lymphopenic immunophenotype (absolute lymphocyte count fell under 0.5 × 109/L), 
receiving IVIG (20 g/d), differentiating two groups: Those receiving IVIG early (< 48 h after admission) 
and after 48 h. There was a significant reduction in 28-d mortality (23% vs 57%, P = 0.009), need for MV 
(6.67% vs 32.14%, P = 0.0016) and length of stay (11 ± 1 d vs 1696 ± 16 d, P = 0.005) in the < 48 h group. 
However, a more recent RCT including 84 patients with severe COVID-19 (52 of which received IVIG at 
a dose of 400 mg/kg/d for three days plus standard care) showed no difference in terms of mortality 
nor need for MV or admission to the ICU[194]. Finally, an Iranian RCT including 59 patients who did 
not respond to initial treatments, showed a significantly lower in-hospital mortality (20% vs 48.3%, P = 
0.025) in those patients (n = 30) receiving IVIG (20 g daily for three days)[195].

Taken together, the results of the studies show some limitations to attribute clinical improvement 
only to IVIG use (variations in previous/concomitants treatments, a small number of patients, or 
variations in dosage). So, in conclusion, we can’t make a statement recommending its use. Considering 
its overall safety profile, it may be a promising option at the early stage of severe COVID-19 disease. On 
the other hand, hyperimmune immunoglobulin (H-IG) is an IVIG obtained from patients with high 
antibody titers to specific pathogens. Its pharmacokinetic properties are similar to IVIG, suggesting that 
a single dose may be enough in an acute setting[196,197]. It has been used in previous coronavirus 
epidemics such as SARS1 in 2003, MERS in 2012, and influenza A[198]. H-IG was used at a dosage of 5 
mL/kg with an antibodies neutralizing titer of 1:160, with an optimal administration within the first 7 d. 
One of its limitations is the generation of neutralizing antibodies in specific individuals who have 
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passed an infection. Another limitation is that donor availability is limited. A recent Cochrane revision 
was conducted regarding convalescent plasma and H-IG including 98 ongoing studies[199].

Recently an Indian RCT included 464 moderate COVID-19 patients (PaO2/FiO2 between 200-300 
mmHg or a respiratory rate higher than 24 rpm with SaO2 < 93% on room air), 235 of which received 
convalescent plasma (two doses of 200 mL separated 24 h): No difference was observed with the control 
group regarding the progression of disease or mortality[200]. Another RCT conducted in Wuhan 
involved 103 severe COVID-19 patients (44 on NIV or high-flow nasal cannula, 25 on MV or extra-
corporeal membrane oxygenation), where 52 received convalescent plasma plus standard therapy, 
observed an improvement of the negative conversion rate of viral polymerase chain reaction (87.2% vs 
37.5%, P < 0.001) but did not result in a statistically significant improvement in time to clinical 
improvement within 28 d or in 28-d mortality[201].

We have limited data regarding critically ill patients. A small case series involving 5 critically ill 
patients on MV treated with convalescent plasma between day 10 to 22 from admission observed an 
improvement in their clinical status [increased PaO2/FiO2, decreased Sequential Organ Failure 
Assessment (SOFA) score, and body temperature normalized][202]. Another case report involving 4 
critically ill patients (who received 200-2400 mL of convalescent plasma ranging from day 11 to day 18 
post-admission) observed lung lesions resolution and decreased SARS-CoV-2 viral load clinical 
improvement[203]. A summary of RCTs and observational studies, including critically ill patients 
addressing IVIG and H-IG on COVID-19, is available in Table 5. Therefore, there are not enough data to 
support the use of H-IG and controversial results on convalescent plasma, so we can’t establish a 
recommendation.

Other potential therapies: Statins and T-lymphocyte restorative therapies
Statins: Statins are potent 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors 
that prevent the activation of Rho-kinase, and thus, gain cardiovascular protective effects that are low-
density lipoprotein-cholesterol independent[204]. The existing published evidence suggests a potential 
benefit of statins[205,206], despite the higher risk profile of statin-users as opposed to non-users, with 
some discordant results[207,208].

Statins improve endothelial dysfunction through upregulation of ACE-2 and endothelial nitric oxide 
synthase, decrease endothelin-1 and reactive oxygen species, and decrease nuclear factor-kB activation 
as well as proinflammatory cytokine expression[204,209]. Statins might also lessen myocardium injury 
by increasing nitric oxide, improving coronary perfusion, and decreasing IL-6 synthesis[210-212]. 
Finally, we can obtain a potential reduction of acute coronary syndromes and cerebrovascular events 
(both increased in COVID-19 patients)[213,214].

If statins might benefit ARDS due to their pleiotropic properties, it has been evaluated before the 
current global pandemic. Two RCTs with rosuvastatin and simvastatin did not improve clinical 
outcomes in ARDS[215,216]. Similar findings were reported in a meta-analysis where stains did not 
have a clear net benefit among patients with acute lung injury or ARDS[217]. However, a sub-analysis of 
the HARP-2 trial (HMG-CoA reductase inhibition with simvastatin in acute lung injury to reduce 
pulmonary dysfunction) observed in the subgroup of patients with hyperinflammatory phenotype a 
survival benefit of simvastatin that was not observed with rosuvastatin[218]. The presence in most cases 
of severe COVID-19 both, of hyperinflammation and endothelial dysfunction might theoretically justify 
why statin treatment showed a protective effect against the need for MV and ICU admission in COVID-
19 patients[25,28,30,219]. Unfortunately, no studies seem to have explicitly focused on lipid-lowering 
agents in critically ill patients with COVID-19. The lack of prospective data on this subset of patients 
does not allow us to provide a recommendation. However, several ongoing clinical trials will give us 
evidence-based insights about statin efficacy in severe COVID-19 (NCT04486508; NCT04390074). Until 
then, the decision about continuation should be individualized.

T-lymphocyte restorative therapies: As mentioned before, the presence of hypercytokinemia with 
lymphopenia represents a biological signature of a pathogen uncontrolled damage in critically ill 
patients with COVID-19. NK cells and cytotoxic T cells can kill the virally infected cells, whereas the 
helper T lymphocytes adjust the total adaptive immune response. In this regard, the lymphopenic 
immunophenotype is considered a bad prognosis factor and targets novel therapies. Several T-
lymphocyte restorative treatments as IL-7 or thymosin alpha are under evaluation. IL-7 is a pleiotropic 
cytokine essential for lymphocyte survival and expansion. Administration of IL-7 invariably increases 
circulating and tissue lymphocytes and has an excellent safety profile[220,221]. Several trials are 
evaluating its use among patients with severe COVID-19 (NCT04442178, NCT04379076, NCT04407689). 
A recent clinical series by Laterre et al[222] evaluated the compassionate use of IL-7 in 12 critically ill 
patients with COVID-19 and severe lymphopenia (defined as two consecutive absolute lymphocyte 
counts of less than 700/μL). An initial safety dose of 3 μg/kg was followed by a dose of 10 μg/kg by 
intramuscular injection twice a week for 2 wk. 13 patients with COVID-19 received standard-of-care 
treatment matched as a comparator control cohort. On day 30, secondary infections occurred in 7 
patients (58%) in the IL-7 group compared with 11 (85%) in the control group; 30-d mortality was 42% vs 
46%, respectively. IL-7 was associated with a restored lymphocyte count, with the IL-7 group having 
levels more than 2-fold higher than the control group without associated adverse effects noted in the 
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Table 5 Summary of randomized clinical trials and observational studies including critically ill patients addressing intravenous 
immunoglobulin and hyperimmune immunoglobulin on coronavirus disease 2019

Ref. Patients Intervention Comparison Outcome

Xie et al[193], 
observational

Severe/critical pneumonia and. 
Lymphocyte count < 0.5 × 109/L 
(18.9% on MV, 13.8% on NIV/HFNC)

IVIG (20 g/d) > 48 h after admission (n 
= 28) vs < 48 h after 
admission (n = 30)

Reduction in 28-d mortality (23% vs 57%, P = 
0.009), need for MV (6.67% vs 32.14%, P = 
0.001) and LOS (11.5 ± 1.0 vs 16.9 ± 1.6 d, P = 
0.005) in the < 48 h group

Tabarsi et al
[194], RCT

Severe pneumonia (36.9% on MV, 
78.6% ICU-admitted)

IVIG (400 mg/kg/24 
h for 3 d) (n = 52)

Standard care (n = 32) No difference in mortality (46.1% vs 43.7%, P 
= 0.83), need for MV (40.4% vs 31.2%, P = 
0.39) or ICU admission (75% vs 84.4 %, P = 
0.3)

Gharebaghi et al
[195], RCT

Severe pneumonia with persisting 
symptoms or need for supplementary 
oxygen to maintain SaO2 > 90% after 48 
h of treatment

IVIG (20 g daily for 
three days) (n = 30)

Standard care (n = 29) Lower in-hospital mortality (20% vs 48.3%, P 
= 0.022). Mortality. IVIG: OR = 0.003 (95%CI: 
0.001-0.815, P = 0.042)

Agarwal et al
[200], RCT

Moderate pneumonia Convalescent 
plasma (200 mL, 2 
doses) (n = 235)

Standard care (n = 229) Disease progression or mortality: No 
difference

Li et al[201], 
RCT

Severe/critical pneumonia 
(NIV/HFNO: 42.7%, MV/ECMO: 
24.3%)

Convalescent 
plasma (4-13 
mL/kg) (n = 52)

Standard care (n = 51) No improvement in time to clinical 
improvement within 28 d

RCT: Randomized clinical trial; MV: Mechanical ventilation; NIV: Non-invasive ventilation; LOS: Length of stay; HNFO: High nasal flow oxygen therapy; 
ICU: Intensive care unit; OR: Odds ratio; IVIG: Intravenous immunoglobulin; ECMO: Extracorporeal membrane oxygenation; CI: Confidence interval.

intervention arm.
In a recent Chinese study, thymosin alpha-1 (Tα1), another lymphopoiesis-stimulating drug, was 

employed in two cohorts of critically ill patients with COVID-19[223]. Compared with the untreated 
group, Tα1 treatment significantly reduced the mortality of severe COVID-19 patients (11.1% vs 30%, P 
= 0.044). Interestingly, patients with counts of CD8+ T cells or CD4+ T cells in circulation less than 
400/μL or 650/μL, respectively, gained more benefits from Tα1. Other drugs targeting lymphocyte 
apoptosis by suppressing PD1/PD-L1, like nivolumab, are also being studied as potential candidates for 
treatment COVID-19. Currently, several trials are analyzing the role of these novel drugs. Unfortu-
nately, they only focus on mild and moderate forms of COVID-19.

DISCUSSION
Few treatments proposed in COVID-19 have been evaluated in patients critically ill with COVID-19, 
despite a high mortality rate (20%-40%)[224,225]. This fact makes it extremely difficult to establish 
degrees of recommendation regarding the different therapeutic options currently available. Therefore, 
new studies are needed to analyse the role of these and other novel treatments in this subset of patients. 
In this sense, future trials must employ a better design and careful selection criteria. It is critical not to 
consider all patients with severe forms of COVID-19 the same. Some of these patients (but not all) show 
specific hallmarks characterized by profound immunity alterations, hyperinflammatory states, and even 
severe endothelial dysfunction that favors progression to different degrees of organ failure. This triad 
(hyperinflammation, immune dysregulation, and endothelial dysfunction) in presence of organ failure 
is not restricted to COVID-19, and we can find it in sepsis, which would support the theory that severe 
COVID-19 is a form of viral sepsis. These alterations allow the classification of critically ill COVID-19 
patients into different phenotypes[226-228]. Recently Chen et al[229], in a single-center study of critically 
ill patients with COVID-19, identified by a machine learning approach two phenotypes: One hyperin-
flammatory, characterized by elevated pro-inflammatory cytokines, higher SOFA score, and higher rates 
of complications and another hypo-inflammatory. Interestingly, corticosteroid therapy was associated 
with reduced 28-d mortality (HR = 0.45; 95%CI: 0.25-0.80; P = 0.0062) only in patients with the hyperin-
flammatory phenotype. These endotypes include clinical and biological characteristics and can 
constitute specific targets for better select specific therapies based on an individualized approach to 
treatment.
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CONCLUSION
Likely many of the treatments above reviewed in this work might be helpful in specific subgroups of 
patients with certain clinical, analytical and biological characteristics, as occurs in other pathologies such 
as cancer, certain autoimmune diseases, or even sepsis. This approach, based on a personalized and 
precision medicine model, could help to better randomization of new clinical trials targeting the specific 
treatment of severe and critical forms of COVID-19.

ARTICLE HIGHLIGHTS
Research background
Although most people with coronavirus disease 2019 (COVID-19) have only mild or uncomplicated 
symptoms, 10%-15% requires hospitalization and oxygen therapy and, from the beginning, a large 
number of patients presented severe respiratory failure, needing mechanical ventilation (MV) and 
intensive care unit (ICU) admission. The lack of an available, effective treatment in this setting has led to 
a spate of treatment recommendations, which are not always backed by sufficient scientific evidence. 
Particular attention were paid to a presumed specific cytokine storm secondary to severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, with a special effort to modulate the 
inflammatory response of these patients.

Research motivation
Two years after the onset of the pandemic, many questions remain unanswered, and we continue to 
search for the most appropriate treatment. This review aims to summarize the current evidence 
regarding the different immunomodulatory strategies tested in critically ill patients with COVID-19. 
Most of the main trials that have shown benefit of any immunomodulatory therapeutic agent against 
COVID-19 focus on hospitalized patients but not on critically ill patients. Furthermore, many of these 
studies consider ICU admission as a primary negative endpoint. Very few studies consider treatment in 
this setting (ICU) as a starting point, sometimes unavoidable, given that many patients with COVID-19 
required admission to the ICU already in the first hours of their hospital admission. Therefore, there is a 
lack of information on the therapeutic approach in these patients.

Research objectives
To summarize the pathophysiology of SARS-CoV-2, including the normal and pathological inflam-
matory and immune responses that would justify the use of different immunomodulatory therapies in 
critically ill patients. To analyze the mechanism of action of the different immunomodulatory agents 
used against COVID-19. Review the scientific evidence collected so far and issue a recommendation for 
or against the use of each specific agent in this scenario.

Research methods
A comprehensive literature search was developed by using the keywords: “immunotherapy”, 
“immunosuppressives”, “haemophagocytic syndrome”, “inflammation”, “antimalarials”, “hydroxy-
chloroquine”, “chloroquine”, “anakinra”, “canakinumab”, “tocilizumab”, “sarilumab”, “corticost-
eroids”, “dexamethasone”, “methylprednisolone”, “immunoglobulins or convalescent” “JAK 
inhibitors”, “cyclosporine”, “colchicine”, “statins”, “interleukin 7”, “tymosin”, “PD1 and PD-L1 
blockers”. We restricted the search to: “SARS-CoV-2”, “COVID-19”, “severe COVID-19” and 
“treatment” to identify articles published in English from MEDLINE, PubMed, and The Cochrane 
Library (until January 2021). The authors reviewed the selected manuscripts and selected the most 
appropriate. Finally, we established a recommendation of the use of each treatment based on the level of 
evidence of the articles and documents reviewed. This recommendation was made based on the 
consensus of all the authors. We carried out the rest of the work methodology following the PRISMA 
recommendations.

Research results
Different recommendations regarding the use of these immunomodulatory agents (“antimalarials”, 
“hydroxychloroquine” “chloroquine”, “anakinra”, “canakinumab”, “tocilizumab”, “sarilumab”, 
“corticosteroids”, “dexamethasone”, “methylprednisolone”, “immunoglobulins or convalescent”, “JAK 
inhibitors”, “cyclosporine”, “colchicine”, “statins”, “interleukin 7”, “tymosin”, “PD1 and PD-L1 
blockers”) were performed.

Research conclusions
Until then, although several promising therapies exist, only the use of corticosteroids and tocilizumab 
(or sarilumab in absence of this) has demonstrated evidence enough to recommend its use in critically ill 
patients with COVID-19. Probably other treatments of those analyzed could be beneficial in certain 
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critical patients with COVID-19 if they were administered in a selective and personalized way.

Research perspectives
From this work, two simple and clear messages can be extracted that could guide the future therapeutic 
approach of severe forms of COVID-19: (1) The critically ill patient constitutes a special subgroup of 
patients that should be studied differently from other patients, considering the ICU as an initial and not 
a final stage in the course of the disease; and (2) It is a mistake to administer the same treatments to all 
patients. It is key to individualize these treatments based on the immunological and clinical phenotypes 
of each patient.
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Abstract
BACKGROUND 
The association between hospitalization for human respiratory syncytial virus 
(HRSV) bronchiolitis in early childhood and subsequent asthma is well 
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established. The long-term prognosis for non-bronchiolitis lower respiratory tract infections (LRTI) 
caused by viruses different from HRSV and rhinovirus, on the other hand, has received less 
interest.

AIM 
To investigate the relationship between infant LRTI and later asthma and examine the influence of 
confounding factors.

METHODS 
The PubMed and Global Index Medicus bibliographic databases were used to search for articles 
published up to October 2021 for this systematic review. We included cohort studies comparing 
the incidence of asthma between patients with and without LRTI at ≤ 2 years regardless of the 
virus responsible. The meta-analysis was performed using the random effects model. Sources of 
heterogeneity were assessed by stratified analyses.

RESULTS 
This review included 15 articles (18 unique studies) that met the inclusion criteria. LRTIs at ≤ 2 
years were associated with an increased risk of subsequent asthma up to 20 years [odds ratio (OR) 
= 5.0, 95%CI: 3.3-7.5], with doctor-diagnosed asthma (OR = 5.3, 95%CI: 3.3-8.6), current asthma 
(OR = 5.4, 95%CI: 2.7-10.6), and current medication for asthma (OR = 1.2, 95%CI: 0.7-3.9). Our 
overall estimates were not affected by publication bias (P = 0.671), but there was significant hetero-
geneity [I2 = 58.8% (30.6-75.5)]. Compared to studies with hospitalized controls without LRTI, those 
with ambulatory controls had a significantly higher strength of association between LRTIs and 
subsequent asthma. The strength of the association between LRTIs and later asthma varied 
significantly by country and age at the time of the interview. The sensitivity analyses including 
only studies with similar proportions of confounding factors (gender, age at LRTI development, 
age at interview, gestational age, birth weight, weight, height, smoking exposure, crowding, 
family history of atopy, and family history of asthma) between cases and controls did not alter the 
overall estimates.

CONCLUSION 
Regardless of the causative virus and confounding factors, viral LRTIs in children < 2 years are 
associated with an increased risk of developing a subsequent asthma. Parents and pediatricians 
should be informed of this risk.

Key Words: Asthma; Lower respiratory tract infections; Respiratory viruses; Long term sequelae; Children

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The results of this meta-analysis confirmed that viral lower respiratory tract infections (LRTIs) 
in children < 2 years increase the risk of developing asthma later until the age of 20 years. This indicates 
that pediatricians and parents should be vigilant with anticipating asthma preventive measures in children 
with viral LRTIs in childhood.

Citation: Kenmoe S, Atenguena Okobalemba E, Takuissu GR, Ebogo-Belobo JT, Oyono MG, Magoudjou-Pekam 
JN, Kame-Ngasse GI, Taya-Fokou JB, Mbongue Mikangue CA, Kenfack-Momo R, Mbaga DS, Bowo-Ngandji A, 
Kengne-Ndé C, Esemu SN, Njouom R, Ndip L. Association between early viral lower respiratory tract infections 
and subsequent asthma development. World J Crit Care Med 2022; 11(4): 298-310
URL: https://www.wjgnet.com/2220-3141/full/v11/i4/298.htm
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INTRODUCTION
Asthma is a major contributor to the burden of non-communicable diseases and the most common 
chronic respiratory disease in the world[1]. The prevalence of asthma has increased by 12.6% in 25 years 
(1990-2015), and asthma causes the deaths of nearly half a million people each year[1]. Asthma also 
represents a considerable financial burden and costs about 19 billion Euros per year in Europe[2].

Multiple factors have been involved in the development of asthma. There is evidence that respiratory 
viruses, particularly human respiratory syncytial virus (HRSV)[3-7], human metapneumovirus[7-12], or 
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rhinovirus (RV)[12-22] (including mostly the recently described RV-C), were triggers for asthma and 
asthma exacerbation. The data also show that air pollutants were involved in the risk of developing 
asthma[23].

In addition, many studies have historically suggested that neonatal bronchiolitis due to HRSV, and 
RV recently, is a predisposing factor for asthma development later[3,5,10,24-39]. However, the 
involvement of other common respiratory viruses (influenza, human coronavirus, human parainfluenza 
virus) and non-bronchiolitis lower respiratory tract infections (LRTI) in the subsequent risk of 
developing asthma has not been synthesized to date.

Conflicting findings have been reported regarding the synergistic effect of early-life bronchiolitis and 
personal or family history of atopic sensitization or asthma, gender, maternal smoking in the onset of 
asthma later[6,34,40-53]. Some authors have suggested that bronchiolitis identifies children prone to 
developing asthma during adolescence[26,54-59]. Therefore, the causal role of early-onset bronchiolitis 
and the mechanisms underlying the development of subsequent asthma remain to be clarified[3,60].

Preventing or stopping the development of predictive factors would be a possible strategy for 
preventing asthma[61-63]. This systematic review was conducted to describe the risk of developing 
asthma following viral LRTI in childhood and associated factors. Our secondary objective was to 
evaluate the role of confounding factors of the association of neonatal LRTI and asthma during 
childhood using sensitivity analyses.

MATERIALS AND METHODS
Study design
We registered the protocol of this systematic review in the PROSPERO with access number 
CRD42018116955. This review has been done in accordance with the Centre for Reviews and Dissem-
ination guidelines[64] and presented in accordance with the PRISMA declaration[Supplemen-
tary Table 1).

Inclusion and exclusion criteria
We included cohort studies comparing the long-term asthmatic sequelae of children with and without a 
history of viral LRTI in childhood. The PICOs in this study were: P, children and adults of all genders 
with a history of viral LRTI in childhood regardless of the virus responsible; I, LRTI at ≤ 2 years; C, 
children and adults of all genders with no history of viral LRTI in childhood; O, the main outcome was 
asthma as the long-term sequelae of LRTI in infancy. This study had no temporal, geographic, or 
linguistic limitations. We excluded irrelevant studies, case reports, cross-sectional studies, comments, 
reviews, and editorials, studies that did not report outcome of interest, articles that we did not have 
access to full text, studies without control groups, and studies including only high-risk subjects.

Case definition
The definitions of LRTI have been adapted as described by the authors of the primary studies. Asthma 
has been defined by three or more episodes of bronchial obstruction. We did not take into account the 
differentiation of atopic asthma. In this systematic review, several categories of asthma definitions were 
considered, including: (1) Current doctor-diagnosed asthma; (2) Current self-reported asthma; (3) 
Current asthma; (4) Asthma in the last 12 mo; and (5) Asthma ever. The warning signs of asthma were 
considered: (1) Cough; (2) Night cough; and (3) Prolonged cough. The use of anti-asthma treatment was 
also taken into account: (1) Current medication for asthma; (2) Use of bronchodilators; and (3) Use of 
inhaled steroid. When a study had multiple defined asthma phenotypes for the same participants, we 
selected the phenotype according to the order of priority of asthma diagnosed by a doctor, most recent 
asthma, treatment for asthma, and asthma symptoms.

Search strategy 
We searched for relevant articles in PubMed and Global Index Medicus until October 24, 2021. The 
search keywords are described in Supplementary Table 2. We conducted an additional manual search 
using Reference Citation Analysis (https://www.referencecitationanalysis.com/) by reviewing the list 
of references for included articles and relevant reviews on the subject.

Study selection
We (JTEB and SK) have individually reviewed the titles and abstracts of the articles identified through 
the electronic search in the Rayyan website[66]. We evaluated the complete texts of the eligible articles 
after screening titles and abstracts. These two authors discussed disagreement about the inclusion or 
exclusion of an article to reach consent.

Data extraction
Two authors (JETB and SK) independently extracted all relevant data and entered into a standardized 

https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
https://www.referencecitationanalysis.com/
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questionnaire. The disagreements were resolved by discussion between the two investigators and 
consultation of a third author if an agreement could not be reached (AF). The standardized 
questionnaire included: (1) Title; (2) First author; (3) Year of publication; (4) Time of data collection; (5) 
Country; (6) Participants interview period; (7) LRTI type; (8) LRTI rank; (9) LRTI period; (10) Age at 
LRTI; (11) Type of infection associated with the LRTI; (12) Control age; (13) Control gender; (14) Total 
number of cases and controls; and (15) Numbers with asthma at follow-up and numbers of confounders 
in case and control groups.

Risk of bias assessment
We (JETB and SK) independently assessed the quality of publications using the Newcastle-Ottawa scale
[67]. We assessed several potential sources of bias including patient selection in the study, comparability 
of groups, and outcome evaluation (Supplementary Table 3). We rated the studies as “low risk of bias” 
and “high risk of bias” for scores of 6-9 and 0-5, respectively.

Statistical analysis
Odds ratio (OR) was used as a measure of the association between bronchiolitis potential risk factors 
and bronchiolitis long-term respiratory sequelae. The heterogeneity was evaluated by visual inspection 
of the funnel diagram, the Q test, and the I² statistic[68,69]. Heterogeneity between studies was 
considered significant for values of P < 0.1 and I² > 50%. The impact of the quality of the selected studies 
was evaluated by a sensitivity analysis omitting high risk of bias studies. Subgroup analysis was 
performed on the basis of the sampling approach, the countries, the age at LRTI development, the age at 
interview, the hospitalization status of the controls, the viruses responsible for LRTI, the type of LRTI, 
and the phenotype of asthma. Sensitivity analysis including only studies with the confounding factor 
proportions similar between cases and controls were carried out as described previously[70].

RESULTS
Overview of included studies
As shown in Figure 1, 875 articles were found in PubMed and Global Index Medicus. A total of 733 
publications were excluded after selection according to titles and abstracts. Of the remaining 162 
articles, 147 articles were eliminated for multiple reasons (no LRTI negative group, no data on asthma, 
wrong study design, not viral laboratory confirmed LRTI, and not LRTI, Supplementary Table 4). Based 
on the inclusion criteria, 15 comparative publications (18 unique studies) were finally selected for this 
systematic review[71-85].

Study characteristics
The characteristics and risk of bias of the 18 unique studies are summarized in Supplementa-
ry Tables 5-7. All studies were published from 1982 to 2018 and were conducted on children and adults 
between < 9 mo and 20 years of age. LRTIs were dominated by bronchiolitis (83.3%) and were recorded 
between 1967 and 2005. The authors of 61.1% of the studies reported that children had their first episode 
of LRTI and all children with LRTI were hospitalized. The majority of children recruited in the studies 
were < 2 years or < 1 year at the time of the LRTI in childhood (88.9%). Most studies presented a low 
risk of bias (77.8%) and were conducted in Europe (88.9%) with prospective follow-up (94.4%) of 
children included. All included articles were written in English and from high-income countries. The 
virus mainly reported in the studies was HRSV (83.3%).

Overall prevalence and sensitivity analysis of asthma in the LRTI group and controls
Compared to controls, most children in the LRTI group had subsequent asthma [OR = 5.0, 95%CI: 3.3-
7.5], including doctor-diagnosed asthma (OR = 5.3, 95%CI: 3.3-8.6), current asthma (OR = 5.4, 95%CI: 
2.7-10.6), and current medication for asthma (OR = 1.2, 95%CI: 0.7-3.9) (Figure 2). Sensitivity analyses 
including studies based on the first episode of LRTI (OR = 4.6, 95%CI: 2.6-8.1), doctor-diagnosed asthma 
(OR = 5.3, 95%CI: 3.3-8.6), and studies with low risk of bias (OR = 4.5, 95%CI: 2.9-7.2) showed 
conclusions consistent with overall analyses (Table 1). For the studies that reported confounding factors, 
we illustrated the definitions in Supplementary Tables 8 and 9. Qualitative confounders included 
gender, preterm birth, smoking exposure, crowding, family history of atopy, and family history of 
asthma. Quantitative confounders included age at LRTI development, age at interview, birth weight, 
gestational age, number of siblings, weight, and height. The association between LRTI and subsequent 
asthma was also maintained in all sensitivity analyses including more than two studies with 
confounding factor proportions similar between cases and controls, notably for male gender, weight, 
height, age, presence of pets in the home, family history of atopy, family history of asthma, and 
exposure to smoke.

https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
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Table 1 Asthma in children with and without viral lower respiratory tract infections in infancy and control without respiratory diseases

Asthma OR 
(95%CI)

95% prediction 
interval

Studies, 
n

LRTI 
cases, n

Controls, 
n

H 
(95%CI) I² (95%CI) P value, 

heterogeneity
P value, 
Egger’s test

Overall 5 (3.3-7.5) (1.2-20.3) 18 906 9632 1.6 (1.2-
2.0)

58.8 (30.6-
75.5)

0.001 0.671

Sensitivity analyses

First episode of LRTI 4.6 (2.6-
8.1)

(0.8-27.1) 11 725 9199 1.7 (1.3-
2.4)

67 (37.7-
82.5)

0.001 0.974

Doctor-diagnosed 
asthma

5.3 (3.3-
8.6)

(1.4-19.7) 10 571 9057 1.6 (1.1-
2.2)

59.3 (18.4-
79.7)

0.008 0.822

Low risk of bias 4.5 (2.9-
7.2)

(1.1-18.2) 14 732 1441 1.5 (1.1-
2.0)

54.5 (16.9-
75.1)

0.007 0.873

Asthma in father 12.5 (4.9-
31.9)

NA 2 55 60 1 0 0.741 NA

Asthma in mother 12.5 (4.9-
31.9)

NA 2 55 60 1 0 0.741 NA

Asthma in parents 10.6 (5.4-
20.9)

(2.4-47.1) 4 186 370 1 (1.0-2.6) 0 (0-84.7) 0.653 0.034

Asthma in siblings 12.5 (4.9-
31.9)

NA 2 55 60 1 0 0.741 NA

Atopy in father 12.5 (4.9-
31.9)

NA 2 55 60 1 0 0.741 NA

Atopy in mother 6.1 (4.1-
8.9)

(0.5-72.6) 3 213 577 1.2 (1.0-
3.7)

30.6 (0-
92.8)

0.237 0.358

Atopy in parents 9.1 (4.7-
17.5)

(3.1-26.4) 5 200 375 1.1 (1.0-
2.3)

11.2 (0-
81.5)

0.342 0.233

Atopy in siblings 14.9 (3.7-
58.9)

NA 1 23 30 NA NA 1 NA

Current allergy 2.3 (0.9-
5.8)

NA 1 35 64 NA NA 1 NA

Current eczema 2.3 (0.9-
5.8)

NA 1 35 64 NA NA 1 NA

Family history of 
asthma

14.9 (4.9-
45.4)

NA 2 93 183 1 0 0.496 NA

Family history of 
atopy

14.9 (4.9-
45.4)

NA 2 93 183 1 0 0.496 NA

Family smoking 14.6 (5.9-
36.2)

(0-5178.5) 3 140 278 1 (1.0-3.1) 0 (0-89.6) 0.781 0.349

Father smoking 12.5 (4.9-
31.9)

NA 2 55 60 1 0 0.741 NA

Father smoking, time 
of study

1.2 (0.4-
3.9)

NA 1 130 111 NA NA 1 NA

Heredity for asthma 13.9 (2.9-
65.8)

NA 1 47 93 NA NA 1 NA

Heredity for atopy 13.9 (2.9-
65.8)

NA 1 47 93 NA NA 1 NA

History of atopic 
dermatitis

1.2 (0.4-
4.0)

NA 1 37 37 NA NA 1 NA

Male gender 5.3 (3.9-
7.2)

(3.6-7.8) 8 451 945 1.3 (1.0-
2.0)

44.3 (0-
75.3)

0.084 0.913

Mother smoking 12.5 (4.9-
31.9)

NA 2 55 60 1 0 0.741 NA

Mother smoking, 10 
yr before

1.2 (0.4-
3.9)

NA 1 130 111 NA NA 1 NA

2.3 (0.9-Parental smoking NA 1 35 64 NA NA 1 NA
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5.8)

Pets at home 6.5 (3.9-
11.0)

(1.8-24.3) 7 482 965 1.4 (1.0-
2.2)

50.8 (0-
79.1)

0.058 0.934

Positive airway 
responsiveness

1.2 (0.4-
4.0)

NA 1 37 37 NA NA 1 NA

Positive skin prick 
test

1.2 (0.4-
4.0)

NA 1 37 37 NA NA 1 NA

Prematurity 10.8 (3.0-
38.7)

NA 1 32 30 NA NA 1 NA

Running water 3.9 (1.8-
8.6)

NA 1 95 113 NA NA 1 NA

Siblings in the house 2.3 (0.9-
5.8)

NA 1 35 64 NA NA 1 NA

Single heredity for 
asthma

28.1 (3.5-
225.7)

NA 1 47 93 NA NA 1 NA

Single heredity for 
atopy

28.1 (3.5-
225.7)

NA 1 47 93 NA NA 1 NA

Smoke exposure 5.1 (3.6-
7.2)

(0.5-49.0) 3 299 722 1 (1.0-3.1) 0 (0-89.6) 0.665 0.801

Wheeze the first 5 yr 
of life

1.2 (0.4-
4.0)

NA 1 37 37 NA NA 1 NA

Age at interview (yr) 1.1 (0.1-
13.8)

NA 1 14 5 NA NA 1 NA

Age at recruitment 
(mo)

12.5 (4.9-
31.9)

NA 2 55 60 1 0 0.741 NA

Gestational age (wk) 5.2 (3.4-
8.0)

NA 1 158 517 NA NA 1 NA

Height at age 6 (cm) 5.2 (3.4-
8.0)

NA 1 158 517 NA NA 1 NA

Height at interview 
(cm)

9.4 (4.6-
19.3)

(0.1-1002.0) 3 139 277 1 (1.0-3.1) 0 (0-89.6) 0.711 0.194

Number of siblings 17.9 (5.1-
62.2)

NA 2 94 186 1 0 0.596 NA

Weight at age 6 (kg) 5.2 (3.4-
8.0)

NA 1 158 517 NA NA 1 NA

Weight at interview 
(kg)

14.6 (5.9-
36.2)

(0-5178.5) 3 140 278 1 (1.0-3.1) 0 (0-89.6) 0.781 0.349

LRTI: Lower respiratory tract infection; OR: Odds ratio; NA: Not applicable.

Subgroup analysis
The subgroup analyses are displayed in Supplementary Table 10. The strength of the association 
between LRTI and asthma was significantly stronger for studies with probabilistic than non-probab-
ilistic recruitment [OR = 4.5 (3.0-6.8) vs OR = 12.5 (4.9-31.9), P = 0.048]. The strength of association 
between LRTI and subsequent asthma also varied significantly among countries (P < 0.001). Age at 
follow-up was related to the strength of the association between LRTI in childhood and the 
development of asthma later (P = 0.005). The association of asthma with LRTI in childhood was higher 
in studies with hospitalized controls (OR = 14.2, 95%CI: 6.7-30.1) compared to studies with ambulatory 
controls (OR = 3.9, 95%CI: 2.3-6.6) and was statistically significant (P = 0.006). Other parameters 
including the age of LRTI development, the virus detected in children with LRTI, the type of LRTI, and 
the phenotype of asthma did not significantly influence the strength of the association between LRTI 
and subsequent asthma.

Heterogeneity and publication bias
Using visual inspection, the asymmetry distribution of the funnel graph was used to check for 
publication bias. We observed no publication bias by the funnel graph (Supplementary Figure 1). The P 
= 0.671 of the Egger regression test also indicated an absence of publication bias. We recorded a 
substantial heterogeneity [I2 = 58.8 (30.6-75.5)] in the overall estimates (Table 1).

https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
https://f6publishing.blob.core.windows.net/a7d8649d-5857-4de6-8f9f-044b610f8cc2/WJCCM-11-298-supplementary-materials.pdf
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Figure 1 Study selection. LRTI: Lower respiratory tract infection.

DISCUSSION
We have two main results in this meta-analysis: (1) By taking into account multiple confounding factors 
including gender, age at LRTI development, age at interview, gestational age, birth weight, weight, 
height, smoking exposure, overcrowding, and family history of atopy/asthma, this meta-analysis 
suggests that LRTI due to several viruses in children < 2 years is significantly associated with an 
increased risk of asthma up to 20 years later; and (2) This increased risk of developing asthma was 
present regardless of the virus detected in LRTI and the type of LRTI.

Our findings are correlated with similar systematic reviews previously conducted[44,86-89]. Kneyber 
et al[44] reported in a quantitative analysis in 2001 the increased risk of asthma in hospitalized children 
for bronchiolitis episodes due to HRSV at less than 1 year compared to controls. The systematic review 
by Pérez-Yarza et al[88] analyzed 8 published studies from 1985 to 2006 and found a positive association 
between HRSV respiratory infections at less than 3 years of age and the risk of subsequent physician-
diagnosed asthma development. Régnier et al[89] in 2013 showed in a review of 15 studies published 
from 1977 to 2012 that hospitalizations with HRSV at less than 3 years were correlated significantly with 
a risk of developing a parent or physician-diagnosed asthma in the 12 mo preceding follow-up. Fauroux 
et al[86], in a systematic review without meta-analysis conducted in 2017 on studies published between 
1995 and 2015 and conducted in Western countries, also reported increased risk of developing asthma 
following hospitalizations due to severe HRSV LRTI registered at less than 3 years. Liu et al[87] also 
reported in 2017 in a review of 15 studies published between 1988 and 2017 that wheezing due to RV 
predisposed children at high risk of asthma later[87]. In this study, the definitions of asthma were 
prioritized in order of decreasing priority: doctor-diagnosed asthma vs parent-diagnosed asthma and 
current asthma vs asthma during the previous year vs asthma at any time.

In a review published by Edmond et al[90] in 2012, no association was observed between childhood 
pneumonia and the development of subsequent asthma. Most studies on the association between viral 
LRTIs and the subsequent development of asthma have focused primarily on bronchiolitis such as LRTI. 
Early studies show that HRSV infections were associated with increased risk of asthma[44,86,88,89]. In 
this systematic review, regardless of the virus responsible for bronchiolitis in childhood, the association 
remained with asthma later. The risk was higher in non-HRSV viruses and more specifically in human 
metapneumovirus and RV, suggesting that the development of asthma after bronchiolitis in childhood 
is not different depending on the type of virus detected in the LRTI. This result is consistent with the 
meta-analysis of Liu et al[87], who had shown that childhood RV infections predisposed to the risk of 
developing asthma later. The systematic review by Fauroux et al[86] found that infections with non-
HRSV respiratory viruses (influenza A, human bocavirus, human parainfluenza virus-3, human 
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Figure 2 Forest plot of asthma in children with and without viral lower respiratory tract infections in infancy. LRTI: Lower respiratory tract 
infection; OR: Odds ratio.

adenovirus, human metapneumovirus, and unknown etiology) were associated with a higher risk of 
subsequent asthma than HRSV.

The attribution of the causal role of preschool or adult asthma to bronchiolitis remains a subject of 
debate[91]. Several other factors such as female sex, passive smoking, overweight, low weight at birth, 
premature birth, or family history of atopy have been proposed as factors associated with asthma at 
school age[24,92-97]. Breastfeeding was also reported as a protective factor against asthma as a result of 
bronchiolitis in childhood[58,98]. These multiple other risk factors could interact additively with 
bronchiolitis to promote the development of asthma[45]. This meta-analysis appropriately assessed for 
the first time the confounders of the relationship between bronchiolitis in childhood and asthma later. 
This meta-analysis revealed that bronchiolitis is independently associated with subsequent asthma.

In this systematic review, we followed a rigorous methodology according to the PRISMA guidelines 
and applied a very sensitive research strategy accompanied by a very intensive manual search. We 
carefully collected and shared the individual data from the included studies and gave the individual 
reasons for exclusion of all articles examined entirely. We have explored and explained almost all 
sources of heterogeneity. The multiple sensitivity analyses gave consistent results with the overall 
results.

However, some methodological weaknesses must be considered in interpreting the results of this 
study and in future research on the subject. First, some subgroup analyses were probably limited by the 
small number of studies, particularly the non-bronchiolitis and non-HRSV studies. Apart from these 
areas eligible for improvement, future work should focus on assessing the sequelae of non-bronchiolitis 
LRTI with non-HRSV etiology, particularly in low income countries (Africa and Southeast Asia) where 
the data suggested that asthma could be associated with a significant burden[99]. Another potential 
limitation of this review would be the absence of data in the included studies concerning the type of 
asthma observed, which could be allergic asthma or not.

CONCLUSION
In conclusion, the current meta-analysis has shown that viral LRTI at ≤ 2 years, independently of the 
detected virus, is a predictive factor of asthma sequelae up to the age of 20. Health care workers and 
parents should be aware of these findings when managing viral LRTI in childhood.
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ARTICLE HIGHLIGHTS
Research background
We performed a literature search in PubMed and Global Index Medicus in December 2019 using 
keywords covering low respiratory tract infections AND common respiratory viruses AND asthma. The 
results of our research depicted in original articles, narrative reviews, and systematic reviews 
suggesting that human respiratory syncytial virus (HRSV) and rhinovirus (RV) bronchiolitis in 
childhood are associated with an increased risk of asthma later. This research also identified conflicting 
data on the influence of confounding factors on the high risk of developing asthma after bronchiolitis in 
childhood. It has also emerged from this research that the involvement of lower respiratory tract 
infections (LRTI) other than bronchiolitis and respiratory viruses other than HRSV and RV in the 
subsequent risk of asthma remains hypothetical to date.

Research motivation
Taking into account confounding factors, the influence of respiratory infections other than bronchiolitis 
in childhood and respiratory viruses other than HRSV and RV should be weighed against the risk of 
developing subsequent asthma.

Research objectives
This study was conducted to assess the influence of viral LRTI at < 2 years on the risk of subsequent 
asthma development.

Research methods
This meta-analysis included cohort studies with viral LRTI at < 2 years as exposure and asthma as 
outcome. R software version 4.1.0 was used to calculate the odds ratios and their 95%CI using a 
random-effects model.

Research results
This study included 15 articles and demonstrated the implications of childhood viral LRTI in the risk of 
subsequent asthma development up to the age of 20 (odds ratio = 5.0, 95%CI: 3.3-7.5). This risk of 
developing asthma was not influenced in sensitivity analyses including only confounding factors with 
similar proportions between exposed and unexposed. The estimates were not affected by publication 
bias, but there was significant heterogeneity.

Research conclusions
Childhood viral LRTIs, primarily HRSV bronchiolitis, are significantly associated with a risk of 
developing asthma later in life.

Research perspectives
To curb the heavy burden of asthma in patients of all ages, we hope that the results of this review will 
encourage the implementation of a sensitization program for this association of viral LRTI in childhood 
and the subsequent asthma risk. Interventional studies are needed to involve the causality relationship 
between neonatal viral LRTI and the subsequent risk of asthma.
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Abstract
In this editorial, we comment on the current development and deployment of data 
science in intensive care units (ICUs). Data in ICUs can be classified into quali-
tative and quantitative data with different technologies needed to translate and 
interpret them. Data science, in the form of artificial intelligence (AI), should find 
the right interaction between physicians, data and algorithm. For individual 
patients and physicians, sepsis and mechanical ventilation have been two impo-
rtant aspects where AI has been extensively studied. However, major risks of bias, 
lack of generalizability and poor clinical values remain. AI deployment in the 
ICUs should be emphasized more to facilitate AI development. For ICU manag-
ement, AI has a huge potential in transforming resource allocation. The coron-
avirus disease 2019 pandemic has given opportunities to establish such systems 
which should be investigated further. Ethical concerns must be addressed when 
designing such AI.

Key Words: Artificial intelligence; COVID-19; Data science; Intensive care units; 
Interaction
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Core Tip: Data in intensive care units (ICUs) can be classified into qualitative and 
quantitative data with different technologies needed to translate and interpret them. Data 
science, in the form of artificial intelligence (AI), should find the right interaction 
between physicians, data and algorithm to maximize the utility. AI deployment in the 
ICUs should be emphasized more to facilitate AI development. Individual-level applic-
ations such as disease prediction, and ICU-level potentials such as resource allocation 
are both of paramount importance.
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INTRODUCTION
The intensive care unit (ICU) is a data-rich setting where the right decision can mean the difference 
between life and death. This gives the ICU the perfect opportunity to explore the impact of data science 
combined with artificial intelligence (AI) to maximize the utility and benefits. However, challenges 
remain because the interpretation of an incredibly huge amount of data is still a black hole with many 
questions unanswered. Although many models have been created, their clinical applications are limited. 
Attention is mostly paid to individual-level decision making such as diagnosing and predicting the 
prognosis of a specific disease, while potentials at a more macroscopic level such as ICU resource 
allocation, are largely omitted.

Generally speaking, data in the ICU can be classified into qualitative and quantitative data. 
Qualitative data include graphical data such as waves on the ventilation machine, and radiological data 
such as x-rays or computed tomography scans. Such data need to be translated first before being further 
calculated. Recently, we have seen a substantial number of researches focusing on such a translation 
process[1-4]. Quantitative data in the form of numbers such as physiological parameters, laboratory 
results, dosage of medication and ICU bed capacity, are common to intensivists. This kind of data has 
the advantage of being readily available for statistical analyses without the necessity for further proc-
essing into means that are more accessible.

The key to making full use of data in ICUs is to find the right interaction between three roles: physi-
cians, data and algorithm (Figure 1). Physicians need to ask the right clinical question which points out 
the direction of the research and the data we should pay attention to. The data should be collected and 
interpreted in a way that can be processed by current software. The collection of data should follow 
certain statistical rules and avoid bias as much as possible. The algorithm can be built to find patterns 
based on a large quantity of data and these patterns should target clinical questions raised by physi-
cians.

DECISION MAKING AND PREDICTIVE MODELS
Two examples where predictive models are supported by AI in decision making in ICUs are sepsis and 
mechanical ventilation. Sepsis is a leading cause of morbidity and mortality in critically ill patients. AI 
models have been studied in different stages such as the detection, prediction, risk stratification and 
management of sepsis. Goh et al[5] developed an algorithm with independent clinical notes and 
achieved high predictive accuracy 12 h before the onset of sepsis (Area under curve 0.94). It also has 
great potential for improving the early identification of patients who may benefit from the adminis-
tration of antibiotics. Moreover, it can discover new phenotypes for sepsis potentially transforming 
sepsis treatment and offering a more tailored strategy for patients with sepsis[6], such as the use of 
glucocorticoids[7]. Clinicians hold a positive view in letting AI take a more active role when managing 
patients with sepsis[8].

Mechanical ventilation is another common situation in ICUs. Machine learning can predict the need 
for intubation in critically ill patients using commonly collected bedside clinical parameters and 
laboratory results[9]. AI has the potential to identify treatable phenotypes, optimize ventilation strat-
egies and provide clinical decision support for patients who require mechanical ventilation[10]. Zhao et 
al[11] also created a model for predicting extubation failure in ICUs with an AUROC of 0.835 and 0.803, 
respectively, for internal and external validation.

Such an exciting trend should be viewed with caution. Current AI prediction models to diagnose 
sepsis are at a major risk of bias when the diagnostic criteria vary. The generalizability of these models 
is poor due to overfitting and the lack of standardized protocols. Similar conditions occur for mecha-
nical ventilation. AI applied to mechanical ventilation has limited external validation and model 
calibration with a substantial risk of bias, significant gaps in reporting and poor code and data avail-
ability[10].

Mamdani and Slutsky summarized three themes in applied AI in medicine: (1) Enabling data; (2) AI 
development; and (3) AI deployment. We believe that AI development and AI deployment should be 
combined to revise current models and offer tangible benefits derived from current researches. A vast 
majority of developed ICU-AI models remain within the testing and prototyping environment and only 
a handful have been actually evaluated in clinical practice[12] which implies the lack of enough evid-
ence to support the clinical values of published models. Focusing more on AI deployment in the form of 
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Figure 1 Interaction between artificial intelligence development and artificial intelligence deployment. Artificial intelligence (AI) development and 
AI deployment should be combined to revise current models and offer tangible benefits derived from current researches. AI development should find the right 
interaction between three roles: physicians, data and algorithm. AI deployment in the form of prospective randomized controlled trials can facilitate published models 
to generate bedside merits and evaluate whether major biases exist. The results from deployment testing can, in turn, offer insights into the development and modify 
the substandard algorithm. CRRT: Continuous renal replacement therapy; ECMO: Extracorporeal membrane oxygenation.

prospective randomized controlled trials would not only facilitate published models to generate bedside 
merits but also test and evaluate whether major biases exist and clinical needs can be met in a satis-
factory way. The results from deployment testing can, in turn, offer insights into the development and 
modify the substandard algorithm (Figure 1).

RESOURCE ALLOCATION
Machine learning and algorithm have been widely used to manage resource allocation. Machine 
learning has been studied for predictive scheduling and resource allocation in large-scale manufacturing 
systems and resource allocation strategies in vehicular networks using machine learning have been 
extensively explored[13,14]. These settings are similar to ICUs in that both need to capture the value 
from big data processing and extract useful insights to optimize production and protect resources.

However, in the realm of critical care, where resource can be scarce due to factors such as bed 
capacity, the applications of machine learning has just shown a glimpse of light (Figure 2). Over the past 
2 years, these applications in the context of the coronavirus disease 2019 (COVID-19) ICUs offered more 
chances to lay emphasis on resource allocation. Cheng et al[15] used machine learning to predict ICU 
transfer in hospitalized patients with COVID-19 and concluded that it could improve the management 
of hospital resources and patient-throughput planning. Similar principles were used to predict the use 
of ICU resources, such as mechanical ventilation, during the COVID-19 pandemic in Denmark[15]. At a 
healthcare system level, the National Health Service (NHS) in the United Kingdom started trials of a 
machine-learning system designed to help hospitals in England anticipate the demand on resources 
caused by COVID-19. COVID-19 Capacity Planning and Analysis System, a machine learning-based 
system for hospital resource planning, was subsequently developed that could be deployed at 
individual hospitals and across regions in the United Kingdom in coordination with NHS Digital[16].

Such models can take the application of AI in ICUs to another level. Although its insight into disease 
prediction, diagnosis and management is extremely important, it gives the chance to make the most use 
of resources, especially in ICUs where demand and supply frequently mismatch. Prediction in 
interventions such as mechanical ventilation would mean that the management groups can foresee 
changes and mobilize resource, such as equipment and staff, to cope with such demands in advance and 
this is a positive factor for patient outcomes.
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Figure 2 Resource allocation in the intensive care units. The applications of machine learning can target patients in need of intensive care units (ICUs) 
and predict the use of ICU resources. Machine learning can predict ICU transfer in hospitalized patients and predict the use of ICU resources, such as mechanical 
ventilation. It gives the chance to make the most use of resources, especially in ICUs where demand and supply frequently mismatch. Prediction in interventions, 
such as mechanical ventilation, would mean that the management groups can foresee changes and mobilize resource, such as equipment and staff, to cope with 
such demands in advance which is a positive factor for patient outcomes. AI: Artificial intelligence.

Besides efficiency, another aspect that we must pay attention to is how to answer the ethical questions 
embodied in resource allocation to achieve a healthcare system that values equity and sustainability. 
This implies that ethical considerations must be included and certain ethical principles must be followed 
when designing the algorithm. Recently, a set of new studies focused on the ethics of healthcare 
resource allocation, drawing attentions to patient need, prognosis, equal treatment and cost-effect-
iveness[17]. Also, numerous comments were made during the COVID-19 pandemic that AI should stick 
to the ethical standards[18-20]. In a broader setting, the so-called algorithmic fairness highlights specific 
opportunities where machine learning and public and population health may synergize to achieve 
health equity[21]. Challenges remain as what ethical principles matter and what priority should be 
given to each ethical principle and coding them into an algorithm has not been intensively experi-
mented.

CONCLUSION
AI has become more prevalent in the ICUs. Different kinds of data are collected constantly and should 
be interpreted in an accurate fashion. The key to maximizing AI in the ICU is to find the right balance 
between data, algorithms and physicians to ensure that the technical, computational and clinical needs 
are targeted.

For individuals, sepsis and mechanical ventilation have been two important aspects where AI has 
been extensively studied. However, major risks of bias, lack of generalizability and poor clinical values 
imply that AI is far from perfect. AI deployment in ICUs should be more emphasized to facilitate AI 
development.

More importantly, AI has huge potential in transforming resource allocation in ICUs. The COVID-19 
pandemic has given some opportunities to establish such systems and more should be investigated. 
Ethical concerns must be addressed when designing such AI.
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Abstract
BACKGROUND 
Intensive care unit (ICU) patients demand continuous monitoring of several clin-
ical and laboratory parameters that directly influence their medical progress and 
the staff’s decision-making. Those data are vital in the assistance of these patients, 
being already used by several scoring systems. In this context, machine learning 
approaches have been used for medical predictions based on clinical data, which 
includes patient outcomes.

AIM 
To develop a binary classifier for the outcome of death in ICU patients based on 
clinical and laboratory parameters, a set formed by 1087 instances and 50 vari-
ables from ICU patients admitted to the emergency department was obtained in 
the “WiDS (Women in Data Science) Datathon 2020: ICU Mortality Prediction” 
dataset.

METHODS 
For categorical variables, frequencies and risk ratios were calculated. Numerical 
variables were computed as means and standard deviations and Mann-Whitney 
U tests were performed. We then divided the data into a training (80%) and test 
(20%) set. The training set was used to train a predictive model based on the 
Random Forest algorithm and the test set was used to evaluate the predictive 
effectiveness of the model.

RESULTS 
A statistically significant association was identified between need for intubation, 
as well predominant systemic cardiovascular involvement, and hospital death. A 
number of the numerical variables analyzed (for instance Glasgow Coma Score 
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punctuations, mean arterial pressure, temperature, pH, and lactate, creatinine, albumin and 
bilirubin values) were also significantly associated with death outcome. The proposed binary 
Random Forest classifier obtained on the test set (n = 218) had an accuracy of 80.28%, sensitivity of 
81.82%, specificity of 79.43%, positive predictive value of 73.26%, negative predictive value of 
84.85%, F1 score of 0.74, and area under the curve score of 0.85. The predictive variables of the 
greatest importance were the maximum and minimum lactate values, adding up to a predictive 
importance of 15.54%.

CONCLUSION 
We demonstrated the efficacy of a Random Forest machine learning algorithm for handling 
clinical and laboratory data from patients under intensive monitoring. Therefore, we endorse the 
emerging notion that machine learning has great potential to provide us support to critically 
question existing methodologies, allowing improvements that reduce mortality.

Key Words: Hospital mortality; Machine learning; Patient outcome assessment; Routinely collected health 
data; Intensive care units; Critical care outcomes

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Considering the critical nature of patients admitted to intensive care units (ICUs), this study 
seeks to analyze clinical and laboratory data using a machine learning model based on a Random Forest 
algorithm. Consequently, we developed a binary classifier that forecasts death outcome, achieving a 
relevant area under the curve value of 0.85 and identifying the variables that contributed the most to the 
prediction. With this, we aim to contribute to the improvement and methodological advancement in the 
development of clinically relevant machine learning tools, seeking to make medical practice decisions 
more accurate and reduce mortality in ICU patients.

Citation: Caires Silveira E, Mattos Pretti S, Santos BA, Santos Corrêa CF, Madureira Silva L, Freire de Melo F. 
Prediction of hospital mortality in intensive care unit patients from clinical and laboratory data: A machine 
learning approach. World J Crit Care Med 2022; 11(5): 317-329
URL: https://www.wjgnet.com/2220-3141/full/v11/i5/317.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i5.317

INTRODUCTION
The intensive care unit (ICU) is the section of the hospital responsible for monitoring acute patients, and 
it relies on specialized multidisciplinary staff and high-technology equipment to ensure the best support 
for these patients, who are usually unstable and at high risk of death. These patients demand 
continuous monitoring of the most diverse clinical and laboratory parameters that directly influence 
their medical progress and the staff’s decision-making. Lactate levels obtained from arterial blood 
samples, for example, may indicate the levels and severity of tissue hypoxia[1]. The elevation in serum 
lactate levels (hyperlactatemia) is associated with increased mortality[2,3]. Another important parameter 
in critically ill patients is the prothrombin time expressed in international normalized ratio (INR), which 
reveals abnormalities in the coagulation status[4]. This parameter is also associated with an increased 
mortality when at altered levels. Besides these, many other laboratory and clinical data like temp-
erature, oxygen and carbon dioxide pressure, systolic and diastolic pressure, motor, ocular, and verbal 
responses, among others, require team supervision since they are all related in some way to the severity 
of these ill patients[5].

These data are so vital in the assistance of these patients that they are already used by several scoring 
systems, including the Acute Physiology and Chronic Health Evaluation (APACHE) and the Simplified 
Acute Physiology Score (SAPS), which are designed to assess and predict the patient’s prognosis and 
allow for appropriate interventions[6]. The APACHE score, for example, which has been widely used 
since its creation in the 1980s and has been undergoing updates ever since, relies on the use of para-
meters evaluated in three major groups: Demographic characteristics, comorbidities, and physiological 
measures. From these data, numerical weights are assigned to each one and then summed to assign a 
severity classification and predict outcomes[7].

Machine learning may be understood as a scientific discipline by which a computer system is enabled 
to cross-reference numerous data in order to build statistical prediction models through pattern re-
cognition[8]. To reach this pattern perception capability, it is essential during the use of the supervised 
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machine learning approach to separate the data subsets for training and for testing. The training data 
are presented to the algorithm in order to create the model, and then the test data is also presented after 
the creation of the model in order to simulate this model’s prediction and evaluate its performance. The 
machine learning approach is already used for medical predictions based on clinical data, which 
includes patient outcome. Heo et al[9] used it to predict the long-term outcome of patients who suffered 
an ischemic stroke. In another study, Lynch et al[10] sought a survival prediction of lung cancer patients 
using machine learning by providing a series of patient data such as age, tumor size, type of inter-
vention, and more.

The use of machine learning has been consolidated as an alternative for the development of predi-
ctive models of mortality in the critical care setting. An example is the retrospective study by Liu et al
[11], who developed a logistic model of the death risk grade in patients with pulmonary tuberculosis 
using data from patients admitted to ICUs in three hospitals. In this multivariate analysis study, where 
the sensitivity was 83.3% and specificity was 73.1%, the Apache II score, C-reactive protein levels, 
albumin levels, and pressure of oxygen in arterial blood (PaO2) were considered the main factors 
influencing the outcome. However, a registered limitation was the small dataset utilized.

The limiting matter caused by the database used in machine learning predictive models was also 
observed in the study by Hou et al[12], who developed a model regarding 30-d mortality in patients 
who fit the Third International Consensus Definitions for Sepsis (Sepsis-3). This paper used a public 
database Medical Information Mart for Intensive Care III (MIMIC III) from a single-center critical care 
database. Another study that also relates the development of a predictive machine learning model in the 
context of patients with sepsis is the one proposed by Nemati et al[13] that, in addition to using the 
aforementioned MIMIC III, also relied on ICU admission data from two hospital centers. In this study, 
as well as in the two previously mentioned, the potentialuses of this tool in the early identification of 
severity of cases and the possibility of making fundamental decisions to the positive outcome for pat-
ients was observed.

In addition, more recently, in light of the advent of the severe acute respiratory syndrome 
coronavirus 2 pandemic, the application of these predictive models using machine learning technology 
have been employed on various grounds, such as for risk of critical coronavirus disease 2019 (COVID-
19)[14], need for ICU transfer, and the prognosis of intensive care COVID-19 patients[15,16]. The latter 
one was associated with eight main component factors, namely: Lymphocyte percentage, prothrombin 
time, lactate dehydrogenase, total bilirubin, eosinophil percentage, creatinine, and neutrophil per-
centage. And although it also emphasized the difficulties of small databases, they pointed out the 
significance of this approach in critical patients with a panel of such complicated parameters.

Understanding a clinical setting as complex and full of variables as the ICU, identifying existing 
patterns, and enabling outcome prediction is a valuable tool for the improvement of health assistance to 
these patients. Therefore, the aim of the current paper is to develop a predictive model for the outcome 
of death in ICU patients based on clinical and laboratory parameters using a binary classifier, with 
predicted outcome consisting of in-hospital death and discharge.

MATERIALS AND METHODS
Data acquisition
We used anonymized retrospective data from ICU patients admitted to the emergency department to 
build a predictive model geared towards predicting death outcomes in these patients. For this purpose, 
a dataset used in the study was created from the larger “WiDS (Women in Data Science) Datathon 2020: 
ICU Mortality Prediction” dataset[17], which presents clinical and laboratory data pertaining to the first 
24 h of ICU patient admission. The criteria for inclusion of instances (i.e., patients) in the study dataset 
were: (1) ICU admission and emergency department admission; and (2) Completeness (i.e., absence of 
missing data) with respect to the variables of interest. Since all the data were obtained from a public and 
anonymized dataset[16], it was not necessary to submit this study to the ethics committee, being in 
accordance with all the established precepts by the Committee on Publication Ethics.

Data preprocessing and exploratory data analysis
Aligned with the goal of building an interpretable predictive model from clinical and laboratory data, 
variables related to the clinical status of patients (such as vital signs, clinical score scores, blood counts, 
and biochemical test results) were prioritized in the definition of variables of interest - with exclusion of 
variables of this type only when redundant or when they represented the application of formulas 
instead of measured or scored values - to the detriment of anthropometric and demographic variables, 
with age being the only representative of this group of variables included. Additionally, factors 
referring to logistical aspects of hospitalization (such as source and type of admission and readmission 
status) were also not included among the variables of interest.

This way, a set formed by 1087 instances and 50 variables was obtained, of which 49 were assumed as 
predictive variables and 1 as predicted variable (outcome variable). The predictive numerical variables 
were: (1) Age; (2) Disease score; (3) Eye opening score on the Glasgow coma scale (GCS); (4) Heart rate; 
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(5) Hematocrit; (6) Mean arterial pressure; (7) Maximum albumin; (8) Maximum bilirubin; (9) Maximum 
blood urea nitrogen; (10) Maximum calcium; (11) Maximum creatinine; (12) Maximum diastolic blood 
pressure; (13) Maximum glucose; (14) Maximum HCO3; (15) Maximum hemoglobin; (16) Maximum 
INR; (17) Maximum lactate; (18) Maximum platelets; (19) Maximum potassium; (20) Maximum sodium; 
(21) Minimum systolic blood pressure; (22) Maximum saturation of peripheral oxygen (SpO2); (23) 
Maximum white blood cells (WBC); (24) Minimum albumin; (25) Minimum bilirubin; (26) Maximum 
blood urea nitrogen; (27) Minimum calcium; (28) Minimum creatinine; (29) Minimum diastolic blood 
pressure; (30) Minimum glucose; (31) Minimum HCO3; (32) Minimum hemoglobin; (33) Minimum INR; 
(34) Minimum lactate; (35) Minimum platelets; (36) Minimum potassium; (37) Minimum sodium; (38) 
Minimum systolic blood pressure; (39) Minimum SpO2; (40) Minimum WBC; (41) Motor response on the 
GCS; (42) Partial PaO2; (43) Partial pressure of carbonic gas in arterial blood (PaCO2); (44) pH; (45) 
Respiratory rate; (46) Temperature; and (47) Verbal response on the GCS. The predictive categorical 
variables were: (1) Need for intubation or not; and (2) Predominant systemic involvement. The outcome 
variable was the evolution or not with hospital death.

The disease score corresponded to the number of diseases present among the following conditions: 
(1) Acquired immunodeficiency syndrome; (2) Cirrhosis; (3) Diabetes; (4) Hepatic failure; (5) 
Immunosuppression; (6) Leukemia; (7) Lymphoma; and (8) Solid tumor. The categories of predominant 
systemic involvement considered were: (1) Cardiovascular involvement; (2) Gastrointestinal 
involvement; (3) Genitourinary involvement; (4) Hematological involvement; (5) Metabolic 
involvement; (6) Musculoskeletal/skin involvement; (7) Neurological involvement; (8) Respiratory 
involvement; (9) Sepsis; and (10) Trauma.

Initially, a descriptive and comparative analysis of the data was performed. The data were 
categorized according to the outcome variable. After that, the occurrence frequencies of each category 
for of categorical predictive variables and the means and standard deviations for all numerical 
predictive variables in both groups were computed. Finally, the differences for each variable between 
the groups were analyzed using the χ2 test for risk ratios (for categorical variables) and the Mann-
Whitney U test (for numerical variables). Since a decision tree ensemble algorithm was chosen to 
constitute our predictive model, it was not necessary to normalize or standardize the data, since tree 
partitioning algorithms are insensitive to scaling.

Machine learning algorithm selection
To perform our predictive analysis, we chose to build a Random Forest algorithm, a model consisting of 
an ensemble of randomized decision trees. As an extension of bootstrap aggregation (bagging) of 
decision trees, in Random Forest algorithms each individual model in the ensemble is employed to 
generate a prediction for a new sample, and these individual model predictions are averaged to give the 
forest’s prediction, resulting in better performance than any single tree. By combining individual 
models, the ensemble model tends to be more flexible and efficient. Accordingly, random forests have 
been incredibly successful in a variety of classification and regression problems with clinical applic-
ations. Furthermore, the algorithm does not require any feature scaling since decision trees predictions 
are partitioning-based instead of distance-based.

Model training and evaluation
We then proceeded to the development of the predictive model for the outcome variable. The data were 
divided into a training set (80%) and a test set (20%). The training set was used to train a predictive 
model based on the Random Forest algorithm[18], implemented here through the Scikit-learn open 
source library[19]. The test set was used to evaluate the predictive effectiveness of the model. The 
metrics used for such evaluation were accuracy, sensitivity, specificity, area under the curve (AUC) 
score, positive predictive value, and negative predictive value. The adopted methodology is schemat-
ically summarized in Figure 1. Besides the predictive performance, the feature importance attributed by 
the model to each variable was also considered, which not only adds explainability to the model, but 
also potentially provides insights regarding the evaluation of critically ill patients and the factors 
associated with higher mortality in this clinical setting. All steps of statistical analysis and development 
of the predictive model were performed in Python (version 3.6.9) using SciPy and Scikit-learn libraries.

RESULTS
Data from 1087 ICU patients were analyzed and used in the construction of the predictive model, of 
which 388 evolved with hospital death, while the remaining 699 did not. With regard to the predictive 
variables categories - need or not of intubation and predominantly affected body system -, among the 
388 patients who evolved with hospital death: 275 were intubated and 63 were not; 106 had sepsis as 
predominant systemic involvement, 18 respiratory involvement, 4 metabolic involvement, 154 
cardiovascular involvement, 11 trauma, 16 neurological involvement, 25 gastrointestinal involvement, 2 
genitourinary involvement, 1 musculoskeletal/skin involvement, and 1 hematological involvement. 
Among the 699 patients who did not progress to hospital death: 534 were intubated and 215 were not; 
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Figure 1 Methodological design of the study. The proposed workflow encompasses selective collection of clinical, laboratorial and outcome data, splitting 
and pre-processing of the data, iterative training of the classificatory model, and finally evaluation of its performance. ICU: Intensive care unit.

206 had sepsis as predominant systemic involvement, 107 respiratory involvement, 79 metabolic 
involvement, 167 cardiovascular involvement, 38 trauma, 49 neurological involvement, 74 gastro-intest-
inalintestinal involvement, 17 genitourinary involvement, 9 musculoskeletal/skin involvement, and 3 
hematological involvement. A statistically significant association was identified between need for 
intubation and hospital death (risk ratio = 1.5, χ² = 11.87, P < 0.001), as well as between the predominant 
systemic cardiovascular involvement and hospital death compared to the musculoskeletal system/skin, 
which related to lower rate of hospital death (risk ratio = 4.80, χ² = 4.20, P = 0.04). With regards to 
numerical predictive variables, their mean ± SD, and the respective comparison between both outcome 
groups (performed using the Mann-Whitney U test) are shown in Table 1.

The search for the best hyperparameters in our Random Forest model training was done using 
randomized search. In this way, 100 random combinations of hyperparameters were tested. Each 
combination was iterated 6 times, as a 6-fold validation scheme was adopted. In this scheme, the 
training set (n = 869) was split into 6 parts, and in each iteration a different part was used for validation. 
Ultimately, during training we performed 600 fits, obtaining the following hyperparameters: (1) 
Number of estimators = 213; (2) Maximum depth = 23; (3) Maximum leaf nodes = 24; (4) Minimum 
samples split = 5; (5) Class weights = 3.9; and (6) Bootstrap = true.

The model obtained accuracy of 80.28%, sensitivity of 81.82%, specificity of 79.43%, positive 
predictive value of 73.26%, negative predictive value of 84.85%, F1 score of 0.74, and AUC score of 0.85 
on the test set (n = 218). The confusion matrix for the model is shown in Figure 2, and its receiver 
operating characteristic (ROC) curve is shown in Figure 3. The predictive variables with the greatest 
importance were the maximum and minimum lactate values, adding up to a predictive importance of 
15.54%, followed by temperature (6.47%), motor punctuation in GCS (5.25%), maximum blood urea 
nitrogen (4.35%), and minimum WBC (3.31%). The percentage importance of the other variables in the 
prediction are listed in Table 2.

DISCUSSION
The presented predictive model, a Random Forest binary classifier, was able to predict in the test set the 
occurrence or not of hospital death with an accuracy of 80.28%, sensitivity of 81.82%, and specificity of 
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Table 1 Descriptive and univariate comparative analyses for numerical predictive variables according to outcome

mean ± SD
Variable

Death outcome, n = 338 Survival outcome, n = 749
U value P value

Age 63.4 ± 15.7 60.1 ± 16.1 111072 < 0.001

Disease score 1.3 ± 0.8 1.2 ± 0.7 121505.5 0.110

Eye opening (GCS) 2.0 ± 1.2 2.5 ± 1.2 97325.0 < 0.001

Heart rate 114.3 ± 34.9 111.1 ± 31.1 117672.0 0.031

Hematocrit 31.7 ± 8.3 32.8 ± 7.3 116749.0 0.02

MAP 84.7 ± 53.9 87.4 ± 48.7 108432.0 < 0.001

Max albumin 2.7 ± 0.7 2.8 ± 0.6 109136.0 < 0.001

Max bilirubin 2.2 ± 3.8 1.2 ± 1.8 98589.5 < 0.001

Max BUN 40.0 ± 25.2 33.8 ± 24.5 102300.0 < 0.001

Max calcium 8.0 ± 0.9 8.1 ± 0.8 117155.0 0.024

Max creatinine 2.6 ± 2.0 2.0 ± 1.9 96278.5 < 0.001

Max DBP 92.0 ± 23.1 94.8 ± 21.5 116162.0 0.015

Max glucose 231.4 ± 113.0 210.1 ± 105.2 11090.0 < 0.001

Max HCO3 21.0 ± 5.1 23.3 ± 4.8 94750.0 < 0.001

Max hemoglobin 11.7 ± 2.5 11.7 ± 2.3 124619.0 0.341

Max INR 2.1 ± 1.3 1.6 ± 0.8 83944.0 < 0.001

Max lactate 7.3 ± 5.5 3.2 ± 2.8 62255.5 < 0.001

Max platelets 189446.7 ± 98687.9 198186.9 ± 96842.7 120773.5 0.113

Max potassium 4.7 ± 0.9 4.5 ± 0.8 106603.0 < 0.001

Max sodium 142.1 ± 6.7 140.9 ± 5.4 113894.0 0.004

Max SBP 147.5 ± 29.3 151.1 ± 26.2 113747.5 0.004

Max SpO2 99.6 ± 1.5 99.8 ± 0.6 119714.5 0.005

Max WBC 17442.9 ± 10269.3 15302 ± 8516 111218.5 0.001

Min albumin 2.5 ± 0.7 2.7 ± 0.6 101997.5 < 0.001

Min bilirubin 1.9 ± 3.3 1.1 ± 1.7 101177.5 < 0.001

Min BUN 34.2 ± 22.9 29.0 ± 21.0 106584.5 < 0.001

Min calcium 7.4 ± 0.9 7.7 ± 0.9 98668.5 < 0.001

Min creatinine 2.08 ± 1.7 1.6 ± 1.3 99935.0 < 0.001

Min glucose 104.6 ± 47.0 110.7 ± 38.1 111941.5 0.001

Min HCO3 17.0 ± 5.5 20.6 ± 5.5 79747.5 < 0.001

Min hemoglobin 10.3 ± 2.7 10.8 ± 2.4 111370.0 0.001

Min INR 1.8 ± 0.9 1.5 ± 0.6 89909.5 < 0.001

Min lactate 4.7 ± 4.0 2.1 ± 1.58 69894.5 < 0.001

Min platelets 157252 ± 94655.6 177120.8 ± 90595.7 110075.0 < 0.001

Min potassium 3.8 ± 0.8 3.8 ± 0.7 125962.0 < 0.001

Min SBP 75.4 ± 20.3 84.9 ± 19.6 92919.0 < 0.001

Min sodium 137.9 ± 6.1 138.2 ± 5.5 121722.5 0.155

Min WBC 13247.1 ± 8505.4 12.7 ± 6.9 122208.5 0.181

Min DBP 38.7 ± 14.9 44.9 ± 12.7 93559.5 < 0.001

Min SpO2 81.3 ± 19.0 88.0 ± 12.0 94624.5 < 0.001
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Motor response (GCS) 2.9 ± 2.2 4.3 ± 2.0 83488.5 < 0.001

PaCO2 40.0 ± 13.9 39.5 ± 11.6 124352.0 0.321

PaO2 137.4 ± 102.3 130.9 ± 82.4 121043.0 0.124

pH 7.3 ± 0.1 7.3 ± 0.1 109784.0 < 0.001

Respiratory rate 31.2 ± 15.1 27.5 ± 14.9 107284.5 < 0.001

Temperature 35.2 ± 1.9 36.2 ± 1.4 80674.5 < 0.001

Verbal response (GCS) 1.9 ± 1.5 2.3 ± 1.7 109666.5 < 0.001

BUN: Blood urea nitrogen; DBP: Diastolic blood pressure; GCS: Glasgow coma scale; INR: International normalized ratio; MAP: Medium Arterial Pressure; 
PaCO2: Partial pressure of carbonic gas in arterial blood; PaO2: Partial pressure of oxygen in arterial blood; SBP: Systolic blood pressure; SpO2: Saturation 
of peripheral oxygen; WBC: White blood cells.

Figure 2 Model confusion matrix. As illustrated, the model was able to accurately predict occurrence of death outcome for 63 of 77 patients and non-
occurrence for 112 of 131 patients, with true positive and true negative rates of 76.8% and 88.9%, respectively.

79.43%. It is well established in the literature that this type of classifier is generally well suited for high-
dimensional problems with highly correlated features (a frequent situation when it comes to medical 
data)[20]. Our results are consistent with that, as they demonstrate the potential for using random 
forests to handle clinical and laboratory data from patients under intensive monitoring.

The ICU mortality is high, and the patients require interventions that are cost-effective in order to 
avoid mortality without inputting unnecessary costs or demand to the medical team. Mortality 
prediction models work with the objective to assess the severity of the patients so that, based on its 
findings, the treatment needed can be directed. The analysis presented in this study works in the same 
way; if we identify those patients that have major mortality rates, faster and better care can be provided 
in order to prevent the worse outcome[21]. For this purpose, a variety of assessment scores already exist, 
like APACHE, SAPS or Mortality Probability Model (MPM). The ROC value of our model (0.85) was 
comparable with some of these highly used models, like 0.836 for APACHE II, or 0.826 for SAPS II[22], 
which showcase the good results obtained.
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Table 2 Percentual importance of variables in the outcome prediction

Variable Predictive importance, %

Maximum lactate 9.05

Minimum lactate 6.49

Temperature 6.47

Motor GCS 5.25

Maximum BUN 4.35

Minimum WBC 3.31

Minimum creatinine 3.22

Maximum INR 3.15

Minimum HCO3 2.84

Maximum glucose 2.69

Minimum SpO2 2.45

pH 2.18

Age 2.09

Minimum INR 1.95

Platelets 1.9

Maximum HCO3 1.83

Minimum SBP 1.82

Minimum DBP 1.82

Maximum creatinine 1.79

Minimum albumin 1.67

Minimum sodium 1.66

Predominant systemic involvement 1.64

Maximum bilirubin 1.63

Maximum WBC 1.63

PaO2 1.62

Minimum hemoglobin 1.6

Maximum SBP 1.6

Maximum albumin 1.5

MAP 1.5

Eyes opening GCS 1.46

Respiratory rate 1.41

Minimum calcium 1.4

Maximum hemoglobin 1.39

Minimum platelets 1.35

Minimum BUN 1.28

Hematocrit 1.22

Minimum bilirubin 1.2

PaCO2 1.19

Maximum sodium 1.13

Maximum DBP 1.12

Maximum calcium 0.93
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Minimum glucose 0.92

Minimum potassium 0.92

Maximum potassium 0.82

Heart rate 0.72

Verbal GCS 0.42

Intubated 0.15

Disease score 0.14

Maximum SpO2 0.13

BUN: Blood urea nitrogen; DBP: Diastolic blood pressure; GCS: Glasgow coma scale; INR: International normalized ratio; MAP: Medium Arterial Pressure; 
PaCO2: Partial pressure of carbonic gas in arterial blood; PaO2: Partial pressure of oxygen in arterial blood; SBP: Systolic blood pressure; SpO2: Saturation 
of peripheral oxygen; WBC: White blood cells.

Figure 3 Model receiver operating characteristic curve. The graph demonstrates the relationship between true and false positive rates, 
which led to an area under the curve of 85%. AUC: Area under the curve.

Furthermore, the machine learning approach to predict mortality in ICU patients has been 
documented. For example, Veith and Steele[23] developed a LazyKStar model to predict mortality in 
ICU patients at the time of hospital admission, obtaining a 10-fold validation AUC value of 0.75.A 
recurrent neural network inputted with 44 clinical and laboratory features from the first 24 h of ICU 
patient admission proposed by Thorsen-Meyer et al[24] achieved an AUC of 0.82. The extreme gradient 
boosted trees classifier developed by Chia et al[25] reached an AUC of 0.83 using 42 predictive variables. 
The formats and results of these last two studies are comparable to ours, since we reached an AUC of 
0.85 using a random forest fed by 50 features.

Due to the COVID-19 pandemic, there was a great growth of publications focused on machine 
learning models for predicting ICU mortality in a disease-specific manner, such as those by Pan et al
[16], Lichtner et al[26], and Subudhi et al[27]. Meanwhile, many of the previous studies in this field also 
focus on predicting ICU outcomes for specific diseases or morbid conditions, like sepsis or death from 
pulmonary tuberculosis[11,13,28], which lead to an assessment of parameters specific for the disease 
studied, somewhat restricting the research. Many of the renowned models and scales for ICU mortality 
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prediction demand a series of measurements to make their use possible, but not always all the data 
required are available. In this sense, it is important to understand what the main variables involved 
related to the outcome of interest (and its prediction) are, so that they can be closely monitored. In our 
study, lactate level proved to be the most influential one, which is in accordance with its physiological 
role that indicates poor oxygenation, anaerobic metabolism, acidosis and muscle fatigue, involved in a 
systemic response of the organ is mand corroborates the findings by Bou Chebl et al[29], Villar et al[30] 
and Vincent et al[2]. Despite its predictive importance found in our study (15.54%), lactate is not a 
variable of most scores used, and is not included in APACHE, SAPS or MPM.

Temperature, which is part of APACHE and SAPS, was the second variable that influenced the most 
the outcome prediction; its variation (hyper or hypothermia) is related with a loss of control of body 
homeostasis, and the mean valor for death outcome was 35.2 ± 1.9. While we have an increase of nearly 
1 point in the mean value for the survival outcome, these data could represent that an increase of the 
temperature or even fever could be a positive body response, indicating an immune system attempt to 
fight the pathology[31,32].

The third variable of major impact is the motor GCS punctuation, which is part of GCS, a widely 
known scale for neurologic damage used in hospital admissions as well as assessment models[33].This 
motor element has a specific field only in APACHE IV. Lower punctuations in GCS are related with 
greater neurologic damage, with 3 and 1 as its bottom punctuation for the global and motor scale 
respectively, the mean of 2.9 ± 2.2 for the death outcome in contrast with the value of 4.3 ± 2.0 for the 
survival mean demonstrate a considerable difference between those patients since the greatest value 
possible for the motor component is 6. The stratification of the data based on its predictive value is a 
great contribution since the variables above discussed account for approximately 27% of the result, 
while the other 45 for the remaining 73%, indicating that continuous monitoring of them may be of great 
value. Considering their importance, a detailed survey with either a dataset with per hour measurement 
of parameters or the data separated by ICU type could lead to more specific approaches for the medical 
staff.

Despite the good results found, this study faces as its main limitation the incompleteness of the 
original dataset for many instances regarding important clinical and laboratory variables, which lead to 
the use of a relatively small quantity of instances to train the predictive model. Since machine learning 
algorithms are essentially data-driven, a larger amount of data could lead to greater accuracy and a 
wider generalizability of the model, thus being useful for additional testing and refinement. Another 
potential limitation is related to the clinically broad nature of the variables analyzed, since the purpose 
was to study the possible parameters available in the ICU, which contrasts with research focused on the 
outcomes for a specific disease and, therefore, fed with more specific variables with regards to the 
considered pathophysiological process.

Although the use of a wide range of clinical and laboratory parameters was critical for our purpose of 
assessing the predictive significance of the variables in the context of building a model that is not only 
explainable but also clinically interpretable, this factor may restrict the possibilities of potential datasets 
to be used to ascertain the reproducibility of the findings, since some parameters may be unavailable. 
However, since these are variables commonly evaluated in critically ill patients in the ICU, for whom 
the prognostic evaluation of mortality is more important (in view of their higher mortality rates), we 
believe that this should not be a limiting factor to the clinical applicability of the proposed model.

CONCLUSION
In the study, it was possible to develop a reliable model for predicting mortality in the ICU, in which the 
influence of lactate level stands out as the main variable involved in the outcome prediction, followed 
by temperature and motor GCS. What can be perceived through the research is that machine learning 
comes to contribute and to make medical practice more efficient, as it allows faster analysis that 
otherwise would be complex and time-consuming. More than that, it also allows us to critically question 
existing parameters and methodologies through the results it provides in order to allow improvements 
that reduce the mortality of patients and are time and cost-effective. This study also highlights the 
importance of complete and organized registers of ICU patient data in order to enable the development 
of predictive models towards prevention and prediction of in-hospital bad outcomes.

ARTICLE HIGHLIGHTS
Research background
The monitoring of clinical and laboratory parameters of patients in the intensive care unit (ICU) is an 
extremely important part of the routine of intensive care staff. Additionally, several scores already 
utilize these parameters to guide the assistance of these patients. In the meantime, the advance of 
technological resources, such as the machine learning approach, allows the development of predictive 
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models capable of being applied to medical practice.

Research motivation
Mortality in the ICU is something that worries and drives the search for alternatives that can help the 
team in directing treatment to avoid this negative outcome. Therefore, a predictive model that uses the 
patient’s parameters can precisely influence this treatment guidance, improving the cost-effectiveness 
quickly and safely.

Research objectives
The objective of our study is the development of a binary classifier predictive model between the 
outcomes of death and non-death in ICU patients. This paper demonstrates the potency of emerging 
technological realities within the medical field and how it is possible to harness them to improve 
healthcare practices.

Research methods
Initially, we obtained a set of 1087 instances and 50 variables related to patients admitted to an ICU by 
using a public database. We calculated frequency and risk rate for categorical variables and means, 
standard deviations, and the Mann-Whitney U test for numerical variables. Afterwards, we divided the 
data for the application in training of the predictive model based on the Random Forest algorithm and 
then to test the effectiveness of the model.

Research results
Among the 50 variables associated with death outcome, the maximum and minimum lactate values 
were the most important predictors (15.54%) followed by temperature (6.47%), and motor Glasgow 
coma scale punctuation (5.25%). The Random Forest binary classifier predictive model (death and no 
death) showed accuracy of 80.28%, sensitivity of 81.82%, specificity of 79.43%, positive predictive value 
of 73.26%, negative predictive value of 84.85%, F1 score of 0.74, and area under the curve score of 0.85.

Research conclusions
This study demonstrated the development of a predictive model with high accuracy, sensitivity, and 
specificity for ICU patients by applying a machine learning approach, the Random Forest algorithm, to 
clinical and laboratory data.

Research perspectives
The proper registration of patient parameters, as well as the availability of more and larger databases 
and even further development of digital tools, can enhance machine learning approaches, enabling the 
refinement of predictive models and patient care.
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Abstract
BACKGROUND 
This study aims to highlight the potential serious complications of acute kidney 
injury (AKI) resulting from the consumption of excessive amounts of starfruit, a 
common traditional remedy.

CASE SUMMARY 
A 78-year-old male with a past medical history of hypertension, diabetes mellitus 
and hyperlipidemia without prior nephropathy presented to the emergency 
department (ED) with hiccups, nausea, vomiting and generalized weakness. In 
the preceding 1 wk, he had consumed 3 bottles of concentrated juice self-prepared 
from 1 kg of small sour starfruits. His serum creatinine was noted to be 1101 
μmol/L from baseline normal prior to his ED visit. He was diagnosed with AKI 
secondary to excessive starfruit consumption.

CONCLUSION 
Consumption of starfruit can cause acute renal failure, with a good outcome when 
promptly identified and treated.

Key Words: Acute kidney injury; Acute renal failure; Starfruit; Hemodialysis; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Physicians should have a high index of suspicion on possible interactions and 
toxicities that may occur with the use of traditional medications in combination with 
prescription drugs in susceptible patients. This report highlights the toxicity of starfruit 
when consumed as a traditional remedy for diabetes mellitus resulting in acute kidney 
injury.
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INTRODUCTION
The starfruit (Averrhoa carambola) is a popular fruit in tropical countries due to its nutritional and 
medicinal benefits[1], and is used to treat various ailments such as diabetes mellitus, rheumatism, and 
cough. The starfruit is used as a traditional remedy in Asian countries such as Malaysia and Indonesia 
to treat diabetes mellitus due to its hypoglycemic properties[2]. Despite its frequent consumption, many 
people are unaware of the dangers of overindulging in starfruit. When consumed in large quantities, the 
fruit contains high levels of oxalic acid, which can be nephrotoxic. Starfruit-induced neurotoxicity and 
nephrotoxicity, which manifests as acute kidney injury (AKI) in individuals with underlying renal 
dysfunction, is well documented[3,4]. AKI in individuals with normal renal function is rare. We present 
a case report of AKI following the consumption of starfruit.

CASE PRESENTATION
Chief complaints
A 78-year-old male presented to the emergency department (ED) with hiccups, nausea, vomiting and 
generalized weakness.

History of present illness
In the preceding week, he had consumed 3 bottles of concentrated juice which were self-prepared from 
1 kg of starfruits. Following ingestion of the third bottle of the fruit juice, he developed bouts of severe 
nausea and vomiting without abdominal pain or diarrhea.

History of past illness
He had a past medical history of hypertension, diabetes mellitus and hyperlipidemia.

Personal and family history
No significant family history.

Physical examination
On arrival at the ED, his vital signs were stable (temperature was 36.8°C, pulse rate 60 bpm, respiratory 
rate 18 breaths/min, and blood pressure 161/78 mmHg) and there was no pitting edema. Examinations 
of his cardiovascular, respiratory, abdominal and neurological systems were normal.

Laboratory examinations
Laboratory examination results are shown in Figure 1 and Table 1.

Imaging examinations
No imaging was undertaken.

MULTIDISCIPLINARY EXPERT CONSULTATION
The patient was initially seen in the ED and admitted under renal medicine for specialized care.

FINAL DIAGNOSIS
Acute kidney injury.

https://www.wjgnet.com/2220-3141/full/v11/i5/330.htm
https://dx.doi.org/10.5492/wjccm.v11.i5.330
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Table 1 Trend in patient’s blood investigations

Day 1 Day 2 Day 3 Day 4 Day 5 Day 7 Day 13 Day 17 Day 24 Day 60 Day 135
Renal function

Serum creatinine (μmol/L) 1101 680 659 495 340 328 208 177 127 99

Serum urea (mmol/L) 38.1 23.1 27.1 22.0 14.5 25.2 17.4 10.6 12.4 6.2

Electrolytes

Sodium (mmol/L) 134 142 146 147 137 135 136 138 140 144

Potassium (mmol/L) 4.4 3.5 3.5 3.1 4.0 4.3 4.0 4.1 3.8 3.9

Chloride (mmol/L) 101 105 102 100 98 101 102 105 108 110

Bicarbonate (mmol/L) 15.9 22.8 26.8 31.1 24.6 28.3 23.7 24.6 23.5 24.9

Magnesium (mmol/L) 0.91

Liver function

Total protein (g/L) 60 76

Serum albumin (g/L) 32 41

Total bilirubin (mmol/L) 07 09

Alkaline phosphatase (U/L) 58 65

Alkaline transaminase (U/L) 57 17

Routine tests

White blood cells (×  109/L) 9.33 10.25 9.89

Neutrophil (%) 78.8 74.6 74.1

Lymphocytes (%) 11.1 11.6 15.9

Hemoglobin (g/dL) 12.3 13.8 14.1

Platelet count (× 109/L) 208 307 281

Coagulation 

APTT (secs) 27.0 28.5

Prothrombin time (secs) 11.2 11.4

Other indicators

Creatine kinase (U/L) 7224 4755 2863 754 84 84

PTH (pg/mL) 11.0 

Urine creatinine (μmol/L) 5233 3862 7747 8035

APTT: Activated partial thromboplastin time; PTH: Parathyroid hormone.

TREATMENT
The patient was treated with 4 sessions of hemodialysis and supportive care such as intravenous fluid. 
After each session of hemodialysis, blood tests to determine renal function were repeated. Progressive 
improvement in renal function was noted with each session of hemodialysis.

OUTCOME AND FOLLOW-UP
The patient's renal function returned to normal.

DISCUSSION
Starfruit has several toxins including caromboxin, an excitatory central nervous system stimulant and 
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Figure 1 Laboratory examination results. A: Trend in creatinine kinase following hemodialysis; B: Trend in serum creatinine.

oxalate a nephrotoxic agent[5-7]. The sour type of starfruit has higher levels of oxalate than the sweet 
type. Homemade and medicinal supplements often have high levels of oxalate. When consumed in 
large amounts, especially when fasting or dehydrated, deposits of calcium oxalate crystals in the renal 
tubules lead to kidney damage[6]. Chronic kidney disease has been identified as a major risk factor for 
starfruit-induced kidney toxicity. Starfruit juice volume of approximately 25 mL is known to cause 
nephrotoxicity in patients with chronic kidney disease. Other known risk factors include dehydration, 
the amount of starfruit ingested, and consumption on an empty stomach. Patients with starfruit toxicity 
show gastrointestinal symptoms such as nausea, vomiting, and abdominal discomfort immediately after 
ingestion. These symptoms are believed to be due to the direct corrosive effects of dietary oxalates 
rather than systemic effects[8]. This may be followed by a decrease in urinary output, which can lead to 
renal dysfunction and acute renal failure. Typical histological findings are the intraluminal and intrae-
pithelial deposition of colorless oxalate crystals. There is no specific treatment for acute kidney damage 
from starfruit. In patients requiring renal replacement therapy, hemodialysis and hemoperfusion are 
preferred[9].

Our patient had no evidence of pre-existing renal failure or other contributory factors predisposing to 
AKI such as sepsis, dehydration, nephrotoxic drugs or obstructive urological causes based on clinical 
evaluation and tests done. In addition, over the course of four sessions of hemodialysis, he had gradual 
restoration of his renal function. The temporal relationship between the ingestion of large amount of 
fruit juice and the onset of symptoms in this case strongly suggests starfruit intoxication as the transient 
and reversible etiology likely due to resolving oxalate nephropathy.

CONCLUSION
In Asian countries where starfruit is commonly consumed as a traditional remedy, it is imperative for 
emergency physicians to be aware of starfruit toxicity in patients with unexplained AKI. This will help 
identify and treat these patients promptly to prevent starfruit-induced nephrotoxicity. Patient history is 
the key to reaching an early diagnosis. It is essential to prevent starfruit nephrotoxicity by educating the 
public and especially diabetics on the risks of consuming excess starfruit. Consumption of starfruit as a 
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traditional remedy to control blood sugar levels in diabetics should be discouraged by educating the 
public.
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Abstract
BACKGROUND 
Tracheo and broncho esophageal fistulas and their potential complications in 
adults are seldom encountered in clinical practice but carries a significant morbi-
dity and mortality.

CASE SUMMARY 
We present a case of a 39-year-old otherwise healthy man who presented to our 
hospital after ingestion of drain cleaner substance during a suicidal attempt. He 
unexpectedly suffered from cardiac arrest during his stay in the intensive care 
unit. The patient had developed extensive segmental trachea-broncho-esophageal 
fistulous tracks that led to a sudden and significant aspiration event of gastric and 
duodenal contents with subsequent cardiopulmonary arrest. Endoscopic evalu-
ation of extension of fistulous track proved a slow and delayed progression of 
disease despite initial management with esophageal stenting for his caustic injury.

CONCLUSION 
The aim of this case presentation is to share with the reader the dire natural hist-
ory of trachea-broncho-esophageal fistulas and its delayed progression. We aim to 
illustrate pitfalls in the endoscopic examination and provide further aware-ness 
on critical care monitoring and management strategies to reduce its morbidity and 
mortality.
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Core Tip: Trachea-esophageal and broncho-esophageal in the setting of caustic ingestion is an unusual 
complication associated with high morbidity and mortality. Close monitoring of the gastrointestinal tract 
patency and motility is critical to avoid gastric distention and large aspiration events with detrimental 
consequences. Although there is no general consensus on the initial approach to patients with fistula 
formation, our case proposes serial esophagogastroduodenoscopy and flexible bronchoscopy for at least 6 
mo as well as a low threshold for surgical referral when progression of disease or new findings are 
encountered.

Citation: Lagrotta G, Ayad M, Butt I, Danckers M. Cardiac arrest due to massive aspiration from a broncho-
esophageal fistula: A case report. World J Crit Care Med 2022; 11(5): 335-341
URL: https://www.wjgnet.com/2220-3141/full/v11/i5/335.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i5.335

INTRODUCTION
Injuries from caustic substance ingestion are associated with varying grades of damage to the gastr-
ointestinal and respiratory tract including esophagitis, mucosal burns, necrosis and perforation, 
stenosis, and rarely, trachea-esophageal (TEF), and broncho-esophageal (BEF) fistulas. Suicidal caustic 
ingestion strongly correlates with severity of injury and carries high morbidity and mortality[1]. We 
present the case of a young man after suicidal caustic ingestion of drain cleaner fluid who developed a 
sudden massive gastric and duodenal content aspiration into his airway through acquired large TEF 
and BEF fistulas leading to cardiopulmonary arrest.

CASE PRESENTATION
Chief complaints
A 39-year-old man arrived at our emergency department from another institution where he had been 
endotracheally intubated for airway protection.

History of present illness
The patient had sought medical attention five hours after a suicidal attempt where he ingested an 
unknown amount of drain cleaner liquid that contained sodium hydroxide, potassium hydroxide, and 
carbonyl diamide.

History of past illness
The patient had a free previous medical history.

Physical examination
Upon arrival to our facility, his vital signs were stable. His physical exam revealed edematous oral 
mucosa and chemical injuries to the face.

Laboratory examinations
His initial laboratory data was remarkable for a white blood cell count of 12.9 × 103/μL and a D-dimer > 
5250 ng/mL DDU.

Imaging examinations
Chest computer tomography (CT) with contrast revealed thickening and submucosal edema of the 
esophageal and gastric wall, along with trace para-esophageal and peri-gastric stranding and fluid. No 
free air was reported.

https://www.wjgnet.com/2220-3141/full/v11/i5/335.htm
https://dx.doi.org/10.5492/wjccm.v11.i5.335
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FINAL DIAGNOSIS
Tracheo and broncho esophageal fistulas leading to massive aspiration and cardiac arrest.

TREATMENT
He was started on a proton pump inhibitor, intravenous fluids, and prophylactic antibiotics. A trach-
eostomy and jejunostomy tube were placed on hospital day 13. He was noted to have bouts of coughing 
during routine sedation-awakening trials and with reduction in sedatives. On hospital day 18, he 
became acutely hypoxic, and his oxygen saturation decreased to 50% followed by pulseless electrical 
arrest. Advanced cardiopulmonary resuscitation was initiated with recovery of spontaneous circulation 
after two 5-min rounds of cardiopulmonary resuscitation. Copious amounts of frothy, yellow-tinted 
secretions were noted from the tracheostomy in-line suction setup. No oral secretions were noted during 
oral cavity suction. A nasogastric tube was placed for gastric cavity decompression and approximately 
400-500 mL of fluid were suctioned. Figure 1 demonstrates chest imaging obtained prior and post 
cardiopulmonary arrest highlighting the patient’s acute clinical change. On day 22, the patient 
underwent successful placement of a 1.8 cm in outer diameter and 12.3 cm in length fully covered 
esophageal stent.

The patient’s hospital course was complicated by acute respiratory distress syndrome and recurrent 
septic shock secondary to aspiration pneumonia. He was eventually liberated from mechanical venti-
lation and transitioned to a tracheostomy collar. He continued on enteral nutrition through a jeju-
nostomy feeding tube. He left the intensive care unit on day 40 and was discharged home with home-
health on day 114.

OUTCOME AND FOLLOW-UP
His endoscopy surveillance revealed progression and further extend of disease. Bronchoscopies 
performed on day 1 and day 8 as noted in Figure 2 demonstrate the progression of the insult. Bron-
choscopy performed after 17 wk revealed new tracheoesophageal fistula with esophageal lumen 
opening at midway through posterior wall of the trachea (Figure 3A and B). His prior bronchoscopy at 7 
wk had shown protrusion of esophageal stent through the left main broncho-esophageal fistula without 
any additional fistulous tracts (Figure 3C). Esophagoduodenoscopy (EGD) performed 7 mo after initial 
presentation visualized tracheostomy tube through a combined lumen formed by the esophagus and 
trachea (Figure 3D). Distal to the tracheostomy tube, a double lumen is identified with the esophagus 
opening at the proximal end of the stent (Figure 3E) as well as a complete obliteration of the stent in his 
distal end due to in-growth tissues (Figure 3F). The patient has been referred for cardiothoracic surgical 
evaluation where he will complete nutritional optimization prior to potential surgical intervention. 
Chron-ology of events is listed in Table 1.

DISCUSSION
Caustic ingestion remains a rare but potentially catastrophic mechanism for injury leading to significant 
morbidity and mortality. Specific management guidelines have yet to be defined[2]. Injury severity is 
determined by multiple factors including type of agent, its concentration, amount consumed, and time 
of contact with gastrointestinal mucosa. Agents can be either acidic or alkali. Our patient ingested drain 
cleaner liquid, predominantly an alkali substance.

TEF is a delayed and unusual complication that occurs approximately in 3% of patients with caustic 
ingestion[2]. BEF are not extensively described in the literature and their true incidence unknown. The 
rarity of BEFs is likely due to the anatomical relationship between the left mainstem bronchus and the 
esophagus. The thoracic esophagus extends caudally towards the diaphragmatic hiatus, passing poste-
riorly to the trachea, the tracheal bifurcation, and the left main stem bronchus[3]. The area of contact of 
the posterior wall of the left main bronchus with the anterior wall of the esophagus, in contrast to that of 
the trachea, is significantly smaller, making left main BEFs less likely to develop than TEF.

Hemorrhage, thrombosis, and inflammation with edema occur within the first 24 h. If caustic 
ingestion is severe enough, transmural necrosis leads to perforation and regional fistulous tract 
formation. TEFs and BEFs can lead to sepsis, aspiration pneumonia, acute respiratory distress synd-
rome, strictures, malignancy among other systemic complications[2]. In our patient, the fistulous tract 
was significant enough to allow for large amounts of gastric and duodenal content to reach the airway 
causing hypoxemia and cardiopulmonary arrest.

Medical literature on the incidence of cardiopulmonary arrest due to aspiration through a BEF is 
lacking, and its incidence is not defined. We infer that our patient’s aspiration leading to his arrest was 
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Table 1 Timeline of major events in chronological order

Event Time

Admission to hospital/ICU Day 0

EGD #1 Day 0

Bronchoscopy #1 Day 1

Bronchoscopy #2 Day 8

Cardiac arrest Day 18

Esophageal stent placement with EGD #2 Day 22

Bronchoscopy #3 7 wk

Hospital discharge 16 wk

Bronchoscopy #4 17 wk

EGD #3 28 wk

ICU: Intensive care unit; EGD: Esophagoduodenoscopy.

Figure 1 Chest X-ray. A: Chest X-ray on the left was obtained one day prior to cardiac arrest which shows bibasilar atelectasis; B: Chest X-ray on the right 
obtained following episode of cardiopulmonary arrest showing significant patchy airspace opacities occupying most of left hemithorax.

Figure 2 Flexible bronchoscopy. A: Day 1: Two-centimeter bronchoesophageal fistula (asterisk) with adjacent yellow tinged devitalized mucosa on the 
posterior wall of left main bronchi; B: Day 8: Further delineation of fistulous track (asterisk) with necrotic mucosa and well-defined borders. LMB: Left main bronchi; 
RMB: Right main bronchi.

due to increased output through a persistently large fistulous track in the setting of transient duodenal 
outlet stenosis from mucosal damage and impaired gastrointestinal motility. Our patient exhibited large 
amounts of bile-colored tracheal secretions in the peri-arrest period confirming a high output fistulous 
passage of duodenal content. Although in our case the volume we aspirated through naso-gastric 
suctioning was 400-500 mL, the exact volume of gastric content aspirated is unknown. However, it was 
large enough to infiltrate the lingula and left lower lobe.
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Figure 3 Flexible bronchoscopy at 17 wk. A: Visualization of tracheostomy tube (asterisk) shortly after bronchoscope is advanced through vocal cords; B: 
Esophageal lumen visualized at the level of mid-trachea confirming TEF. Flexible Bronchoscopy at 7 wk; C: Protruding esophageal stent through left main bronchi 
BEF. Esophagoduodenoscopy at 28 wk; D: Visualization of tracheostomy tube (asterisk) through a combined lumen of the esophagus and trachea at 14 cm; E: 
Proximal end of the esophageal stent located below the end of the tracheotomy at 23cm with a double lumen track, esophagus at 8 o’clock and trachea at 2 o’clock; 
F: Complete obliteration of esophageal stent due to in-growth of tissue at 35 cm (asterisk); G: Schematic diagram. LMB: Left main bronchi; TEF: Tracheoesophageal 
fistula; BEF: Bronchoesophageal fistula.

The incidence of aspiration pneumonia related to corrosive ingestion has been estimated in up to 
4.2% of cases with a mortality up to 60%[4]. Due to high risk of aspiration, enteral nutrition is often 
restricted[4]. In addition, caloric restriction and malnutrition further lead to recurrent pulmonary 
infections, bronchopneumonia, and sepsis[5]. Alternative means of enteral nutrition through the 
insertion of a jejunostomy tube were sought in our patient to enhance nutritional state as well as to 
promote fistula healing. A high index of suspicion should be maintained for functional or anatomic 
gastrointestinal tract obstruction as a consequence of caustic injury and should be considered when 
addressing nutritional support to select the most suitable nutritional route.

Risk stratification is needed during the initial approach. Symptoms such as dysphagia, hematemesis, 
stridor, cough, respiratory distress, drooling, and abdominal pain have been described. A sudden bout 
of uncontrolled paroxysmal cough, a reported symptom associated with BEF[6], was witnessed in our 
patient while mechanically ventilated during daily sedation awakening trials suggesting aspiration 
events and persistent fistula.

There is no consensus within the medical community of the initial and emergent management of 
TEF/BEF after caustic ingestion. In 2015, the World Society of Emergency Surgery recommended a 
management algorithm which includes both endoscopy and CT imaging as part of the initial assessment
[7]. Our patient underwent both, esophagogastroduodenoscopy and non-contrast CT scan within the 
first twenty-four hours of ingestion. Figure 4 demonstrates initial esophagoduodenoscopy findings. In 
order to quantify the severity of the injury, we utilized the Zargar classification system which placed 
him in the IIIB category[8]. This grading is useful for predicting systemic complications, respiratory 
failure, nutritional autonomy, and survival. In general, the degree of esophageal injury at endoscopy is a 
predictor of systemic complication and death with a 9-fold increase in morbidity and mortality for every 
increased injury grade[9] which aligns with our case study. An important tool for the clinician about 
risk rather than timing.
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Figure 4 Esophagoduodenoscopy. Extensive esophageal esophagitis with devitalized mucosa (asterisk) and deep brownish black ulcers (arrowhead).

However, risk stratification cannot accurately predict the depth of necrosis which could lead to 
inappropriate non-operative management and/or unnecessary surgical resection[2]. In order to 
properly evaluate the extent of necrosis, we propose that there is a benefit for surveillance endoscopic 
examination through EGD and flexible bronchoscopies for early fistula detection and therapeutic 
interventions. This would also serve for the monitoring of long term sequelae such as airway stenosis, or 
such in our case, further development of fistulous tracks. The interval of bronchoscopies would be 
dictated by endoscopic findings. In our case, evidence of a large newly detected TEF occurred 4 mo after 
the initial event. Prior biweekly and monthly bronchoscopies only reported the known BEF. It is 
reasonable to suggest monthly endoscopic surveillance in patients with high Zargar Score for at least 4-6 
mo following the initial ingestion. In patients who are able to be discharged from the hospital, surgical 
referral should be sought if endoscopic examination does not show a favorable course, new fistulous 
tracks are detected, or if the patient’s symptoms severely impair quality of life.

The treatment of TEFs and BEFs is based on previous case reports, reviews, and case series, along 
with experts' opinions. In our case, a multidisciplinary team agreed on the placement of an 18 mm × 123 
mm fully covered esophageal wall stent. According to the World Journal of Emergency Surgery, 
endoscopic treatment is the gold standard for closing large esophageal defects such suspected in our 
patient for the exam of injury during initial endoscopic examination. Self-expandable stents have 
showed to have a higher success rate and lower mortality rate when compared to surgical approach
[10]. Our patient underwent self-expandable sent placement due to the clinical complexity and added 
surgical risk in the setting of a recent cardiac arrest. This case illustrates both the prolonged hospital 
course of a cardiac arrest survival due to delayed complications of a BEF associated with functional 
impairment and also the protracted progression of the disease more than 6 mo later.

CONCLUSION
In conclusion, TEF and BEF in the setting of caustic ingestion is an unusual complication associated with 
high morbidity and mortality. Early and frequent endoscopic evaluation of the upper gastrointestinal 
tract and bronchial tree, as well as maintaining a high index of clinical suspicion, are necessary for its 
prompt recognition. This will lead to early detection of delayed complications including new fistulous 
tracks, and timely institution of therapeutic interventions. We remind the reader of the importance of 
close monitoring of the gastrointestinal tract patency and motility to avoid gastric distention and large 
aspiration events with detrimental consequences. Although there is no general consensus on the initial 
approach to patients with fistula formation, our case proposes serial EGDs and flexible bronchoscopy 
for at least 6 mo as well as a low threshold for surgical referral when progression of disease or new 
findings are encountered.
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Abstract
Despite the remarkable technological advancement in the arena of critical care 
expertise, the mortality of critically ill patients remains high. When the organ 
functions de-teriorate, goals of care are not fulfilled and life-sustaining treatment 
becomes a burden on the patient and caregivers, then it is the responsibility of the 
physician to provide a dignified end to life, control the symptoms of the patient 
and provide psychological support to the family members. Palliative care is the 
best way forward for these patients. It is a multidimensional specialty which em-
phasizes patient and family-based care and aims to improve the quality of life of 
patients and their caregivers. Although intensive care and palliative care may 
seem to be at two opposite ends of the spectrum, it is necessary to amalgamate the 
postulates of palliative care in intensive care units to provide holistic care and best 
benefit patients admitted to intensive care units. This review aims to highlight the 
need for an alliance of palliative care with intensive care in the present era, the 
barriers to it, and models proposed for their integration and various ethical issues.
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Core Tip: Critical care and palliative care may seem to be mutually exclusive, but the amalgamation of the 
two provides the best combination of care to the patients needing intensive care. Palliative care has several 
beneficial roles in intensive care, such as symptom control, end-of-life discussions, and providing psycho-
logical support to patients’ caregivers. However, there are several barriers to its implementation. These 
can be overcome by education and awareness improvement, capacity building, and developing a national-
level framework policy for incorporating palliative care with intensive care.

Citation: Gupta N, Gupta R, Gupta A. Rationale for integration of palliative care in the medical intensive care: A 
narrative literature review. World J Crit Care Med 2022; 11(6): 342-348
URL: https://www.wjgnet.com/2220-3141/full/v11/i6/342.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i6.342

INTRODUCTION
The aim of admitting patients to the intensive care unit (ICU) is to maintain the homeostasis of the body 
and to reduce overall morbidity and mortality. Despite the technological advancement and critical care 
expertise available, the death rate in ICU is still as high as 18.1%[1]. When the organ functions de-
teriorate, goals of care are not fulfilled and life-sustaining treatment becomes a burden on both the 
patient and caregivers, then it is the responsibility of the physician to provide a dignified end to life, 
control the symptoms of the patient and provide psychological support to the family members. Also, it 
has been observed that patients who survive the ICU stay suffer from ‘post-intensive care syndrome’ in 
which they face anxiety, stress and depression for a long period even after discharge. The same syn-
drome has also been identified in caregivers[2]. The possible solution to this conundrum is palliative 
care. It is a multidimensional specialty which emphasizes patient and family-based care. It has been 
defined by International Association for Hospice & Palliative Care (IAHPC) in 2018 as “The active 
holistic care of individuals across all ages with serious health-related suffering due to severe illness, and 
especially of those near the end of life. It aims to improve the quality of life of patients and their 
caregivers”[3]. It states that dying is a natural process and the aim is neither to quicken the death nor 
delay the inevitable.

Although intensive care and palliative care may seem to be at two opposite ends of the spectrum, it is 
necessary to amalgamate the postulates of palliative care in ICU to provide holistic care and best benefit 
ICU patients. This review aims to highlight the need for a coalition of palliative care with intensive care.

MATERIALS AND METHODS 
Literature search strategy
Search strategy and selection criteria were developed to identify relevant articles, and key questions 
were formulated to construct an analytic framework. Using PubMed, Embase, and Google Scholar and a 
systematic review method, a comprehensive literature search was conducted with the inclusion criteria 
related to the role of palliative care in intensive care management, specifically studies and reports on the 
present status, applications, benefits, roadblocks, various models to provide palliative care in critical 
care setup and ethical issues related to this topic. Studies published prior to 2012 were excluded. 
Keywords searched included “palliative care,” “intensive care,” “critical care,” “intensive therapy unit,” 
“intensive care unit”, “integration”, “application”, “barriers”, “models”, “benefits”, “ethical issues”, 
“pain assessment” and “capacity building initiative”. The various keywords were joined using Boolean 
operators “And” “Or” and “Not” in various combinations to obtain the relevant articles, which were 
then carefully screened for eligibility for inclusion in the review. The references of relevant articles were 
further hand searched. This information was extracted and organized in text and tabular form. The 
search mainly focused on identifying studies on palliative care in relation to critical care and was then 
narrowed to relevant literature.

Inclusion criteria
Studies that were included had to meet the following criteria: (1) Having a publication date of on or 
after 2012 and in the English language; (2) studies related to palliative care and intensive care; (3) all 
ages, genders and ethnicities; and (4) study designs being case-control studies, case studies, case 
reviews, guidelines, systematic reviews, and meta-analysis.

Exclusion criteria
Studies that were published prior to 2012; articles in languages other than English; literature that did not 

https://www.wjgnet.com/2220-3141/full/v11/i6/342.htm
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have a full text available; and articles reporting on interventions without evidence of integration or 
insufficient information to support their approach, were excluded from the review.

Data analysis
This literature review is presented as a qualitative non-meta-analysis narrative review. The data 
extracted is established on the grounds of previously reviewed articles. The first step in extracting the 
data was to decide which type of study designs were to be included in this review. Then any publication 
prior to 2012 was excluded. The next step was to focus on extracting those articles that were related to 
and supported the core concept of this review while minimizing bias and maintaining the reliability and 
validity of the data.

DISCUSSION
Key components of palliative care in ICU
Identifying patients who are terminally ill. Inviting patients and caregivers in the decision-making 
process through effective communication. Inviting a primary physician in the combined decision-
making process. Ensuring appropriate ICU admission which benefits the patient. Implementing 
effective symptom control and management. Providing psychological support to caregivers. Using a 
step-down approach from ICU to ward after family meeting[4]. Providing bereavement care.

Indications for palliative care in ICU
In case of an acute catastrophic event, patients need to be admitted to ICU for intensive monitoring and 
better symptom control; and for conducting end-of-life care discussions with the family[5].

Indications for palliative care referral in ICU 
Indications for palliative care referral in ICU included: Age > 80 years, chronic critical illness with ICU 
stay > 14 d; patients with multiple comorbid conditions (e.g., advanced malignancy, chronic 
liver/kidney disease, etc.); advanced medical directive from the patient requesting for minimal 
interventions; and conditions where life-sustaining treatments are deemed medically futile by primary 
physicians[6-9]. These indications for the requirement of palliative care in ICU are present in 14%-20% 
of admitted patients[10]. Identification of triggering factors will lead to better and effective mobilization 
of ICU resources and help in identifying patients’ unmet palliative care needs[11]. Also, according to the 
recently conducted ‘Cross Country Comparison of Expert Assessments of the Quality of Death and 
Dying’ which attempted to assess the standard of end-of-life care given by various countries - India 
ranked 59th out of 80 countries[12]. This highlights the fact that awareness in India regarding end-of-life 
care is poor especially due to the reluctance to discuss openly death. Dying in ICU is considered to be 
impersonal and invasive. A good death is a peaceful end occurring in the presence of loved ones[13]. 
Thus it is imperative to provide dignified death to a terminally sick patient based on the principle of 
right attitude, appropriate behavior, compassion and honest communication[14].

Barriers to providing palliative care in ICU
Barriers are at two levels: (1) The level of patient and caregivers. There is an inability to accept the poor 
outcome, and an inability to accept that there is an endpoint to life-sustaining treatment. There are 
differences in opinion among caregivers. In many cases, patients are not in a physical condition to make 
a decision for themselves; (2) the level of the physician[15,16]. There is a misconception that palliative 
care is only for patients who are actively dying, a concept that if palliative care is provided, it would 
accelerate the death of the patient, misunderstanding that palliative care is totally different from critical 
care, rather than being two aspects of the holistic treatment process, challenge to assess and screen the 
patients for whom palliative care referral should be administered, lack of knowledge and awareness at 
the level of patients and the physicians are the biggest hurdle. Also, there is a lack of training at the 
undergraduate level which leads to this lack of knowledge related to palliative care among physicians. 
There are a few factors at various levels which preclude the integration of palliative care in ICU[17].

Other barriers involve the followings. There is a lack of management resources, training and 
knowledge among the healthcare workers to provide palliative care in ICU. Also, there is a lack of 
uniform guidelines and policies.

There is an absence of appropriate infrastructure to facilitate the involvement of family members in 
providing palliative care. Also, healthcare workers have to face a lot of moral and emotional distress 
while providing palliative care in ICU.

In many cases, there is disagreement among the family members regarding providing palliative care. 
Also, patients are unable to participate in the decision-making process during terminal illness.

Lack of communication and interaction among the members of the multidisciplinary team impedes 
the integration of palliative care in the ICU.
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Benefits of integrating palliative care in ICU
The benefits include increased patient and caregiver satisfaction; better patient assessment and 
symptomatic management; decreased length of ICU and hospital stay; decreased duration of 
ventilation; decreased anxiety and depression among family members.

Models to provide palliative care in critical care setup
There can be various models: (1) Integration model - Palliative care principles are understood and 
implemented by ICU physicians without involving any palliative care specialist. The emphasis is to 
improve the internal system and enhance the skills and knowledge of ICU physicians in providing 
appropriate palliative care where required. To enhance their knowledge and skills, critical care spe-
cialists can attend various programs, e.g., End of Life Nursing Education Consortium (ELNEC)–Critical 
Care training program and Critical Care Communication skills program (“C-3”); (2) Consultation model 
- The ICU clinicians request Palliative consultations from Palliative care specialists. This model is 
superior as it improves overall outcomes. It caters to patients with a higher risk of poor outcomes rather 
than all the cases in the ICU. Initially, the consultations may be for a specific group of patients, but after 
the benefits are shown the number of referrals will increase for other patients in ICU as well. Sometimes 
psychologists, social workers and spiritual workers can also be involved to provide holistic care. This 
model has a disadvantage in that patients and relatives may feel that there are too many physicians 
involved and there is no single point of contact for them. Also, ICU clinicians may not develop the 
interest to enhance their skills pertaining to palliative care if they feel that they already have specialists 
available; and (3) Mixed model - The primary physician manages basic palliative care problems 
themselves and consultation with a palliative care specialist is required if they feel that they are unable 
to resolve the problem. The need for consultation from a palliative care specialist is identified by the 
factors, e.g., pre-existing functional dependence, age > 80 years, advanced malignancy, multi-organ 
dysfunction, severe traumatic brain injury and extreme prematurity in pediatric patients. This model 
incorporates advantages from both the integrative and consultation model (Table 1)[18,19].

Ethical issues in providing palliative care in ICU 
End-of-life care discussions: These discussions are always a challenge for both caregivers and physicians 
in ICU. The acceptance takes time and the cycle of discussion often begins with denial, where a 
‘cafeteria approach’ should be followed. Caregivers must be explained the advantages and dis-
advantages of aggressive ICU treatment. Caregivers must always be given an assurance that comfort 
and symptom management of their patients will always be ensured in all circumstances. If the patient 
has given advanced directive regarding what they would want for themselves if they are critically ill, 
then it becomes easy for both the physician and caregivers as it reduces the burden on family members 
to take that difficult decision[20,21]. However, in many countries, the concept of an advanced directive 
is still in a nascent phase. In Europe, end-of-life care discussions are being carried out by intensive care 
physicians rather than palliative care specialists[22].

Assessment of the decision capacity of the patient and caregivers: It is important to assess the 
decision capacity of patients which may be difficult sometimes in the critically ill because of their poor 
general condition, age, and cognitive and hearing impairment. In such cases, the decision capacity of 
caregivers should be assessed. But in many cases, there are many family members involved. Thus, it 
becomes imperative to identify who are the family members available and who among them will take a 
concrete decision for their patient.

The decision to withhold or withdraw the treatment: This is a very sensitive decision and discussions 
should be done along with family members and the primary physician before coming to any conclusion. 
The futility of any further treatment should be established, the consensus among all the decision makers 
should be reached and the process should be documented before withholding or withdrawing further 
active treatment measures.

Pain assessment in ICU patients
Pain is the fifth vital sign and is often overlooked in the hospital setting. Pain assessment and 
management in critically ill patients in ICU is an integral component of providing holistic palliative care
[23,24]. Assessment of pain becomes even more difficult in patients who are intubated and unable to 
communicate. Thus, we must know about various assessment scales.

Scales to assess pain in patients who can communicate: Visual analog scale: The patient marks their 
pain level on a 10 cm line; Numeric rating scale: patients rate their pain level, zero means no pain and 10 
means the worst possible pain they are bearing; Verbal rating scale: Patients can choose a word like 
mild, moderate and severe which describes their pain level intensity[25].

Scales to assess pain in patients who cannot communicate: Behavioral Pain Scale (BPS): it computes 
the pain based upon facial expressions, compliance with the mechanical ventilator and upper limb 
movements.  Critical Care Pain Observation Tool (CPOT): Apart from three parameters involved in 
behavioural pain score, muscle tension should also be considered[26].
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Table 1 Steps to choose an appropriate model to provide palliative care in critical care setup

Assess the capacity of staff, availability of resources and level of skills and knowledge among the clinicians

Assess the understanding of ICU clinicians regarding the need for palliative care in ICU and their receptivity to the same

Assess the interest level of ICU clinicians to strengthen their knowledge and skills related to palliative care

Form a multidisciplinary committee including a critical care specialist, palliative care physician, hospital administrator, nursing staff, psychologist and a 
social worker to decide upon the best model for providing palliative care in the ICU of their institute. 

Try to use the ‘mixed model’ for providing palliative care in ICU as it incorporates advantages of both the integration and consultation model

ICU: Intensive care unit.

Palliative sedation in ICU 
Another key component of palliative care is to provide palliative sedation to relieve the patient from 
unbearable symptoms at the end of life. This is done most commonly with the help of sedatives like 
opioids and benzodiazepines. The drugs chosen should be easily available and must have good efficacy 
with minimal side effects. Before initiating palliative sedation, one must ensure that alternative methods 
to provide relief were not effective or led to major side effects. Palliative sedation should not be 
considered the same as euthanasia, as it only intends to relieve a patient’s suffering and not hasten the 
process of death[27]. It is based upon the principle of informed consent and autonomy[28].

Capacity building initiative of developing palliative care in ICU 
Adding MD and Ph.D. programs in palliative medicine: Palliative care should be included in the 
academic curricula of all medical colleges. Increasing public awareness and organizing camps with help 
of non-governmental organizations: Developing national level framework policy for developing 
palliative care in ICU. Initiating the workshops in which trainers are trained themselves first, which will 
help in developing local expertise. Teleconsultation should be utilized to gain knowledge from experts. 
Keyholders from different areas - like ICU care physicians, hospital administrators and palliative care 
physicians should come together and form a team to implement palliative care in the ICU. Leaders from 
ICU, palliative care consultation service and hospital administration: conducting a needs assessment 
and evaluating the resources. There should be a sufficient number of trained personnel. Educational 
resources such as libraries should be available for physicians to strengthen their knowledge related to 
palliative care. Legal documents should be there for surrogate decision-making. An alternate place to 
provide care to the patient should be decided on who no longer needs ICU care. Developing an action 
plan: According to the availability of resources, goals of care to address the unmet need should be 
established. Targets should be set that are easy and plausible. Changes that are required in the system 
should be identified to achieve the set target. The documentation process should be valid. Regular 
audits should be conducted to evaluate the changes and progress made[29,30].

CONCLUSION
The role of palliative care in critically ill patients admitted to ICU is important and the principles of 
palliative care should be integrated at the earliest. Integration of palliative care in the ICU improves the 
overall quality of life and decreases the hospital and ICU stay without affecting the overall mortality. 
Ensuring a dignified end to life is an art that every physician should learn. ICU doctors should be given 
palliative care training and they must consult palliative care specialists when required. Training and 
education starting from the undergraduate level is the way to ensure that all patients who are admitted 
to ICU along with their caregivers get access to palliative care services.
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Abstract
Sepsis and septic shock are common diagnoses for patients requiring intensive 
care unit admission and associated with high morbidity and mortality. In addition 
to aggressive fluid resuscitation and antibiotic therapy, several other drugs have 
been tried as adjuvant therapies to reduce the inflammatory response and im-
prove outcomes. Vitamin C has been shown to have several biological actions, 
including anti-inflammatory and immunomodulatory effects, which may prove 
beneficial in sepsis management. Initial trials showed improved patient outcomes 
when high dose vitamin C was used in combination with thiamine and hydr-
ocortisone. These results, along with relative safety of high-dose (supra-phy-
siological) vitamin C, encouraged physicians across the globe to add vitamin C as 
an adjuvant therapy in the management of sepsis. However, subsequent large-
scale randomised control trials could not replicate these results, leaving the world 
divided regarding the role of vitamin C in sepsis management. Here, we discuss 
the rationale, safety profile, and the current clinical evidence for the use of high-
dose vitamin C in the management of sepsis and septic shock.
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Core Tip: High-dose vitamin C is increasingly used in varied clinical conditions including sepsis and septic 
shock. Even though a few initial studies showed remarkable improvements in outcomes, later studies 
failed to replicate these effects. Through this article, we wish to review the rationale and current clinical 
evidence for use of vitamin C in the management of patients with sepsis and septic shock.
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INTRODUCTION
Vitamin C, or ascorbic acid, is a water-soluble vitamin that acts as an anti-oxidant and as a co-factor for 
multiple enzymes. For a long time, vitamin C deficiency has been associated with the occurrence of 
Scurvy disease. However, in recent years, vitamin C has been established to have different biochemical 
effects and has been increasingly used in varied clinical conditions that include severe acute pancre-
atitis, sepsis, and cancer[1-3]. Being a water-soluble vitamin, vitamin C is generally considered to be safe 
even at high dosages. Although no clear guidelines or recommendations exist for the administration of 
vitamin C, it is still being used to manage these diseases, even in critically-ill patients. Mortality 
associated with sepsis and septic shock remains high though the disease, its prognosis, and mana-
gement procedures are well established earlier. Intravenous fluid resuscitation and hemodynamic 
support, early administration of appropriate antibiotics, source control, and organ support form the 
mainstay of therapy[4]. Over the years, various therapeutic methods that include activated protein C, 
ulinastatin, and vitamin C have been tested as adjuvant therapies to improve the outcomes[2,5,6]. 
However, these therapies failed to achieve any significant and meaningful outcome and their role in 
sepsis management remains ambiguous[4]. In this background, the aim of the current review is to 
discuss the scientific rationale behind the usage of high-dose vitamin C (HDVC) in patients with sepsis 
and septic shock and evaluate its clinical evidence.

RATIONALE
In general, normal serum contains more than 50 μmol/L vitamin C[7]. However, acutely-ill patients 
exhibit a rapid reduction in their vitamin C levels, while critically-ill patients, especially those with 
sepsis, show extremely low vitamin C levels (below 11 μmol/L), in spite of the recommended enteral 
and parenteral nutritional intakes[8]. Moreover, commonly-employed organ-support intensive care unit 
(ICU) interventions like continuous renal replacement therapy (CRRT) also reduce the levels of water-
soluble vitamins like vitamin C[9].

Vitamin C exhibits several biochemical effects that may potentially benefit the management of 
patients with sepsis and septic shock (Table 1)[10,11]. Sepsis results in the release of several reactive 
oxygen species (ROS) which are capable of causing severe injury to lipids, proteins, and nucleic acid that 
in turn results in endothelial and mitochondrial dysfunction, cell death, and ultimately multiple organ 
dysfunction syndrome (MODS). Vitamin C exerts its anti-oxidant effects by scavenging these ROS. 
Further, it also helps in recycling other anti-oxidants like vitamin E and tetrahydrobioptrin (BH4). Thus, 
it plays a major role in preventing oxidative damage and cell death[12,13].

Sepsis tends to reduce the functions of adenosine triphosphate (ATP) and causes bioenergetic failure 
of mitochondria, secondary to oxidative damage caused by mitochondrial ROS and alterations in fatty 
acid metabolism[14]. Vitamin C exhibits anti-oxidant effect and prevents the oxidative damage, and it 
also helps in carnitine production that improves fatty acid metabolism in mitochondria[15]. These 
actions may be helpful in the prevention of cell death, leading to septic cardiomyopathy and MODS.

Sepsis causes microvascular dysfunction which reduces the arteriolar reactivity to vasoconstrictors. 
This phenomenon results in vasodilation and shock. Vitamin C acts as a co-factor for the enzymes that 
are required for the synthesis of catecholamines and vasopressors. Thus, it enhances the synthesis of 
these enzymes and improves arteriolar sensitivity to vasopressors by inhibiting endothelial expression 
of inducible nitric oxide synthase (iNOS). In addition, vitamin C also has several immuno-modulatory 
and anti-inflammatory effects that help in abating cytokine storm associated with sepsis-induced MODS
[10,11,16].

https://www.wjgnet.com/2220-3141/full/v11/i6/349.htm
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Table 1 Biological effects of vitamin C

Biological effects of vitamin C Mechanisms of action

Antioxidant properties Reduced production of reactive oxygen species; Reduced production of endothelial nitric oxide

Prevention of mitochondrial 
dysfunction

Reduction of oxidation injury; Reduces apoptosis

Prevention of septic cardiomy-
opathy

Reduction of oxidation injury; Increased carnitine synthesis; Reduces apoptosis

Prevention of micro and macro 
vascular dysfunction

Acts as a co-factor for synthesis of catecholamines (epinephrine, norepinephrine) and vasopressin; Inhibition of iNOS 
expression

Anti-inflammatory effects Supresses activation of nuclear factor kappa-B (NF-κB); Inhibits tumor necrosis factor-α; Reduces pro-inflammatory 
cytokines like high mobility group box-1; Lowers histamine levels

Immune enhancing effects T-cell maturation and modulation; Improves neutrophil chemotaxis and phagocytosis; Enhances oxidative killing; 
Promotes proliferation of lymphocytes; Stimulates interferon production; Increased antibody production

CLINICAL STUDIES
Several randomised controlled trials (RCTs) have been conducted in recent years to explore the 
plausibility of clinical benefits, achieved from the antioxidative effect of vitamin C, in reducing sepsis-
induced tissue injury (Table 2). The authors conducted a systematic search using keywords such as 
‘Vitamin C’ OR ‘Ascorbic acid’ AND Sepsis OR “Septic Shock” in PubMed and Google Scholar and 
found a total of 17 RCTs suitable for the current analysis. Out of the 17, five were about the application 
of vitamin C alone in patients with sepsis[17-21]. The current study followed a heterogeneous design 
with different doses of vitamin C monotherapy vs combination therapy with thiamine and 
hydrocortisone and the timing of administration.

Isolated vitamin C therapy 
Out of the RCTs considered, five compared vitamin C with placebo in patients with sepsis. Different 
doses were used in the studies under consideration[17-21]. All the studies, except one, failed to infer any 
clinically meaningful difference with the usage of vitamin C[18]. The CITRIS-ALI trial compared 
vitamin C (at a dose of 50 mg/kg q6h) with a placebo in patients with sepsis and acute respiratory 
distress syndrome. No significant difference was found in the mean change of sequential organ failure 
assessment (SOFA) scores between the groups considered, from baseline to 96 h. The changes in C-
reactive protein (CRP) and thrombomodulin levels, at 168 h, were also statistically non-significant. In 
terms of subgroup analysis, the 28-d mortality rate (without adjustment for multiple comparisons) was 
found to be significantly lower in the vitamin C group (29.8% vs 46.3%; P = 0.03)[17].

The largest and the most recently published LOVIT study was a phase III, multicentre RCT that 
involved 35 medical-surgical ICUs which spanned across Canada, France, and New Zealand. The study 
included patients with suspected or proven infection and those who were on vasopressor support. 
Vitamin C was intravenously administered once for 6 h, at a dosage of 50 mg/kg, up to 96 h to 429 
patients in the intervention group. On the other hand, a placebo was administered to 434 patients who 
belonged to the control group. The administration of thiamine and glucocorticoids was left to the 
clinical discretion of the treating physician. The primary outcome, i.e., a composite of death or persistent 
organ dysfunction at 28 d, was significantly higher in the intervention (vitamin C) group vs the control 
group [44.5% vs 38.5%; risk ratio: 1.21; 95% confidence interval (CI): 1.04-1.40; P = 0.01]. However, no 
significant difference was found in the individual components of composite primary outcome: Mortality 
or persistent organ dysfunction, organ dysfunction-free days at 28 d, SOFA scores at pre-defined time 
intervals from days 1-8, 6-mo survival, and health-related quality of life. The study outcomes not only 
inferred the lack of benefit but also provided insights on possible harm caused by high dosage adminis-
tration of vitamin C in patients with sepsis and septic shock[20].

Vitamin C as a part of combination therapy 
Marik et al[22] conducted a single-centre retrospective study involving 47 patients. This study compared 
cocktail therapy that included hydrocortisone, ascorbic acid, and thiamine (HAT) with a control group 
(standard care) among patients with severe sepsis and septic shock. The authors recorded a low hospital 
mortality rate in the treatment group (8.5% vs 40.4%, P < 0.001). The dosage regimen was as follows: 
Vitamin C at 1.5 g/h q6h, hydrocortisone at 50 mg q6h, and thiamine at 200 mg/12 h. Moreover, the 
mean duration of the vasopressors, used for shock, was also significantly shorter in the intervention arm 
(18.3 h vs 54.9 h, P = 0.001)[22]. This observational study started a debate on the suggested possible 
benefits of cocktail therapy among patients with septic shock. Subsequently, multiple RCTs were 
conducted to validate the findings of this study.
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Table 2 Randomized Trials of vitamin C in sepsis

No. Title Ref. Acronym Country 
of origin Study design

Sample 
size in 
control 
arm

Sample size 
in 
intervention 
arm

Intervention summary Results in brief

Studies using isolated vitamin C

1 Intravenous Vitamin C in Adults with 
Sepsis in the Intensive Care Unit

Lamontagne 
et al[20], 2022

LOVIT Trial Canada RCT 437 435 Intravenous vitamin C (at a dose of 50 
mg/kg body weight) 6 hourly for 96 h

This trial reported significantly higher composite 
primary outcome (risk of mortality OR persistent 
organ dysfunction at 28 d) in vitamin C group. 
One patient had a severe hypoglycemic episode 
and another had a serious anaphylaxis event.

2 Intravenous vitamin C administration 
to patients with septic shock: a pilot 
randomised controlled trial

Rosengrave et 
al[19], 2022

New 
Zealand

RCT 20 20 Intravenous vitamin C (at a dose of 25 
mg/kg of body weight every 6 h) for up 
to 96 h, or until death or discharge

Treatment with intravenous vitamin C did not 
result in reduction of mean dose and duration of 
vasopressor infusion. Both the groups were 
comparable for rise in inflammatory markers, 
length of ICU stay, length of hospital stay, and 
mortality.

3 Early use of high-dose vitamin C is 
beneficial in treatment of sepsis

Lv et al[18], 
2020

China RCT 56 61 Intravenous vitamin C 3.0 g in 5% 
dextrose (100 ml/time, 2 times/d)

Treatment with vitamin C resulted in a significant 
reduction in the 28-d mortality. There was a 
significant reduction in SOFA score at 72 h and 
duration of vasopressor use, also there was 
increased clearance of procalcitonin.

4 Effect of Vitamin C Infusion on Organ 
Failure and Biomarkers of Inflam-
mation and Vascular Injury in Patients 
With Sepsis and Severe Acute 
Respiratory Failure: The CITRIS-ALI 
Randomized Clinical Trial

Fowler et al
[17], 2019

CITRIS-ALI 
RCT

United 
States

RCT 83 84 Intravenous infusion of vitamin C (50 
mg/kg in dextrose 5% in water, n = 84) 
every 6 h for 96 h

There was no significant difference in SOFA score 
at 96 h, and levels of marker of inflammation 
(CRP) and vascular injury (thrombomodulin) at 
168 h.

5 Effect of vitamin C administration on 
neutrophil apoptosis in septic patients 
after abdominal surgery

Ferrón-Celma 
et al[21], 2008

Spain PD 
interventions 
RCT study

10 10 The vitamin C group received 450 mg/d 
of the vitamin in 3 doses

Vitamin C treatment in postoperative septic 
abdominal surgery patients have an antiapoptotic 
effect on peripheral blood neutrophils, reducing 
caspase-3 and PARP levels, and increasing BCL-2 
levels. However this effect is not maintained all the 
time.

Studies using vitamin C in combination therapy

6 Effect of Supplementation of Vitamin 
C and Thiamine on the Outcome in 
Sepsis: South East Asian Region

Ap et al[27], 
2022

India RCT 20 20 + 20 + 20 Intervention group received vitamin C, 
thiamine, both, and neither, respectively. 
Vitamin C (2 g 8 hourly) and thiamine 
(200 mg 12 hourly) were given 
intravenously for 5 d

Intervention with vitamin C and thiamine did not 
reduce mortality. The vitamin C level and 
thiamine level were significantly lower than those 
in healthy controls.

Biomarker Analysis for Combination 
Therapy of Vitamin C and Thiamine 

Intravenous vitamin C (50 mg/kg, 
maximum single dose 3 g) and thiamine 

Baseline biomarker levels (IL-6, IL-10, AP2, and 
S100β) at 72 h were not significantly different 

7 Park et al[34], 
2022

Post hoc 
ATESS

South 
Korea

RCT (post hoc 
analysis)

52 45
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in Septic Shock: A Post-Hoc Study of 
the ATESS Trial

(200 mg) administration every 12 h for a 
total of 48 h

between the treatment and the placebo groups, 
also the rate of reduction was not significantly 
different between the two groups.

8 Effect of Vitamin C, Thiamine, and 
Hydrocortisone on Ventilator- and 
Vasopressor-Free Days in Patients 
With Sepsis: The VICTAS 
Randomized Clinical Trial

Sevransky JE 
et al[25], 2021

VICTAS 
Trial

United 
States

RCT 252 249 Vitamin C (1.5 G), thiamine (100 mg), and 
hydrocortisone (50 mg) every 6 h

In patients with sepsis and septic shock, treatment 
with combination therapy did not reduce 
ventilator days and vasopressor use. Mortality at 
30 d was also comparable between the groups.

9 Vitamin C Therapy for Routine Care 
in Septic Shock (ViCTOR) Trial: Effect 
of Intravenous Vitamin C, Thiamine, 
and Hydrocortisone Administration 
on Inpatient Mortality among Patients 
with Septic Shock

Mohamed et 
al[33], 2020

ViCTOR 
Trial

India RCT 43 45 Intravenous combination of vitamin C (1.5 
g every 6 h), thiamine (200 mg every 12 
h), and hydrocortisone (50 mg every 6 h) 
within 6 h of onset of septic shock 
admission

This trial found no difference in all-cause mortality 
in the two groups. The data reported earlier 
reversal of septic shock but no difference in 
improvement of SOFA score at 72 h, use of 
vasoactive substances, or use of mechanical 
ventilation.

10 Combined Treatment with 
Hydrocortisone, Vitamin C, and 
Thiamine for Sepsis and Septic Shock: 
A Randomized Controlled Trial

Chang et al
[32], 2020

HYVCTTSSS China RCT 40 40 Combination therapy with hydrocortisone 
(50 mg every 6 h for 7 d), vitamin C (1.5 g 
every 6 h for 4 d), and thiamine (200 mg 
every 12 h for 4 d)

Combination therapy did not reduce 28 d all-cause 
mortality in sepsis and septic shock patients. 
However, it was associated with 72-h change in 
Sequential Organ Failure Assessment score 
improvement. The treatment group exhibited more 
incidents of hypernatremia.

11 Usefulness of Antioxidants as 
Adjuvant Therapy for Septic Shock: A 
Randomized Clinical Trial

Aisa-Alvarez 
et al[28], 2020

Mexico RCT 18 18 + 18 + 18 + 
18

Enterally administered tablets of NAC 600 
mg every 12 hourly. Further, 50 mg of MT 
in capsules of 5 mg were given to patients 
once a day, and 1 mg vitamin C tablets 
were administered every 6 h. Vitamin E 
capsules of 400 units were given every 8 h 
for 5 d

Antioxidant therapy helps to regulate inflam-
mation in septic patients with shock. Vitamin C 
therapy in pulmonary sepsis increases vitamin C 
serum levels and decreases levels of inflammatory 
marker like CRP, PCT, and NO3−/NO2−.

12 Effect of Ascorbic Acid, Corticost-
eroids, and Thiamine on Organ Injury 
in Septic Shock: The ACTS 
Randomized Clinical Trial

Moskowitz et 
al[24], 2020

ACTS RCT United 
States

RCT 102 103 Parenteral vitamin C (1500 mg), 
hydrocortisone (50 mg), and thiamine (100 
mg) every 6 h for 4 d

Combination therapy with ascorbic acid, corticost-
eroids, and thiamine did not lead to a significant 
reduction of SOFA score in septic shock patients 
during the first 72 h after enrolment. Data from 
this trial do not support routine use of 
combination therapy in septic shock.

13 Combination therapy of vitamin C 
and thiamine for septic shock: a multi-
centre, double-blinded randomized, 
controlled study

Hwang et al
[26], 2020

ATESS Trial South 
Korea

RCT 58 53 Vitamin C (50 mg/kg, maximum single 
dose 3 g) and thiamine (200 mg) adminis-
tration every 12 h for a total of 48 h 
intravenously

Vitamin C therapy and thiamine administration 
did not improve organ function and need for 
organ support despite improvement in levels of 
these vitamins in early phase of septic shock.

14 Outcomes of Metabolic Resuscitation 
Using Ascorbic Acid, Thiamine, and 
Glucocorticoids in the Early 
Treatment of Sepsis: The ORANGES 
Trial

Iglesias et al
[29], 2020

ORANGES 
trial

United 
States

RCT 69 68 Ascorbic acid 1500 mg q6h, thiamine 200 
mg every 12 h, and hydrocortisone 50 mg 
q6h for a maximum of 4 d

Combination therapy resulted in quicker reversal 
of shock; however, no difference was found in 
reversal of organ dysfunction or other secondary 
outcomes.

Effect of Vitamin C, Hydrocortisone, 
and Thiamine vs Hydrocortisone 
Alone on Time Alive and Free of 
Vasopressor Support Among Patients 

Intravenous vitamin C (1.5 g every 6 h), 
hydrocortisone (50 mg every 6 h), and 
thiamine (200 mg every 12 h), given in 
intervention group and intravenous 

Findings from this trial suggest that combination 
therapy does not lead to rapid resolution of septic 
shock in comparison to hydrocortisone alone with 
no significant improvement in overall mortality 

15 Fujii et al[23], 
2020

VITMAINS 
RCT

Japan RCT 107 109
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With Septic Shock: The VITAMINS 
Randomized Clinical Trial

hydrocortisone (50 mg every 6 h) alone in 
comparison group until shock resolution 
or up to 10 d

with intervention. No serious adverse events were 
reported.

16 Combination of vitamin C, thiamine 
and hydrocortisone added to standard 
treatment in the management of 
sepsis: results from an open label 
randomised controlled clinical trial 
and a review of the literature

Wani et al
[30], 2020

India RCT 50 50 Combination of vitamin C (1.5 g q6h for 4 
d), thiamine (200 mg q12h for 4 d), and 
hydrocortisone (50 mg q6h for 7 d/ICU 
discharge, taper over 3 d)

Combination therapy does not improve in hospital 
mortality and mortality at 30 d. However, lactate 
clearance was faster and vasopressor use was 
lower in intervention group.

17 The effects of intravenous antiox-
idants in patients with septic shock

Galley HF al
[31], 1997

United 
Kindom

RCT 14 16 Antioxidants (n-acetylcysteine 150 mg/kg 
for 30 min then 20 mg/kg/h plus bolus 
doses of 1 g ascorbic acid and 400 mg α-
tocopherol)

Basal vitamin C was low and redox-reactive iron 
was elevated in all patients. Levels of vitamin C 
were increased but overall antioxidant capacity 
was unaffected after supplementation. Heart rate 
cardiac index increased and systemic vascular 
resistance index decreased in patients treated with 
antioxidants.

AP2: Angiopoietin-2; CRP: C-reactive Protein; DOI: Digital object identifier; ICU: Intensive care unit; IL-10: Interleukin-10; IL-6: Interleukin-6; MT: Melatonin; NAC: N-acetyl cysteine; NO2: Nitrite; NO3: Nitrate; PARP: Poly (ADP-
ribose) polymerase; PCT: Procalcitonin; PMID: PubMed unique identifier; S100β: S100 calcium-binding protein B; SOFA: Sequential organ failure assessment score.

The VITAMINS trial, a multicentric RCT involving 211 patients, evaluated the effectiveness of a 
combination of vitamin C (1.5 g q6h), thiamine (200 mg q12h), and hydrocortisone (50 mg q6h) in 
patients suffering from septic shock. To conduct primary analysis, 107 patients were recruited for the 
intervention arm and 104 patients under the control arm. The eligibility criteria for this study were as 
follows: A primary diagnosis of septic shock with an acute increase in SOFA score by two points or 
more, a lactate level > 2 mmol/L, and the requirement for vasopressor support for at least 2 h, prior to 
enrolment. The study found no significant difference between the groups in terms of primary outcome, 
duration of time alive, and vasopressor-free days until day 7 [122.1 (76.3–145.4 h) vs 124.6 (82.1–147.0 h), 
P = 0.83)]. Among the secondary outcomes too, no significant difference was found in 28 d, 90 d, ICU-, 
or hospital-mortality between the groups. Further, the two groups also exhibited similar secondary 
outcomes like vasopressor-free days, mechanical ventilation-free days, and renal replacement-free days. 
While SOFA scores got reduced by day 3 in both the groups, the decline was marginally higher in the 
intervention group. In this study, two patients had adverse events (fluid overload and hyperglycemia, 
one each) in the intervention group[23].

A multicentre RCT (ACTS trial) was conducted among 205 septic shock patients randomised into 
either a placebo (n = 102) or an intervention arm (n = 103) with intravenous vitamin C (1500 mg q6h), 
hydrocortisone (50 mg q6h), and thiamine (100 mg q6h) for 4 d. No significant change was observed in 
SOFA score (difference between baseline and SOFA score at 72 h) between intervention vs placebo (-0.8; 
95%CI: -1.7 to 0.2; P = 0.12). Further, no significant difference was found in the secondary outcomes too, 
such as incidence of acute kidney injury (AKI) and ventilator-free days. Shock-free days were found to 
be higher in the intervention group (median difference of 1 d; 95%CI: 0.2-1.8 d; P < 0.01)[24].

In another multicentric RCT (VICTAS trial) conducted among patients with sepsis and septic shock (n 
= 252), a cocktail of vitamin C (1.5 g q6h), thiamine (100 mg q6h), and hydrocortisone (50 mg q6h) was 
used, commencing within 4 h of randomization for 4 d. On the other hand, a matching placebo was 



Juneja D et al. Vitamin C in sepsis: A concise review

WJCCM https://www.wjgnet.com 355 November 9, 2022 Volume 11 Issue 6

administered in the control group (n = 249). The trial was prematurely terminated due to the lack of 
funding though the actual plan was to recruit 2000 patients. No significant difference was found in 
terms of primary outcomes such as ventilator- and vasopressor-free days for the first 30 d [25 d (0-29 d) 
vs 26 d (0-28 d), P = 0.85]. Further, no significant difference was found between 30-d  mortality between 
the groups (22% vs 24%). In addition to these, no serious adverse events were reported during the study. 
This study, although terminated early, did not reveal any difference with vitamin C cocktail in patients 
with sepsis, including respiratory or cardiovascular dysfunction[25].

Similar findings were reported in another multi-center RCT (ATESS trial) conducted in South Korea. 
Patients with septic shock in emergency department were randomized to receive either vitamin C (50 
mg/kg) and thiamine (200 mg q6h for 48 h) in the intervention arm (n = 53) or placebo (n = 58) in the 
control group. Hydrocortisone (200 mg/d) and intravenous vasopressin infusion were administered in 
both the arms of patients who required high dosage norepinephrine. No statistically significant 
difference was found in the primary outcome whereas the SOFA score (difference between the baseline 
and 72-h score) significantly changed between the intervention and placebo groups [3, (- 1 to 5) vs 3, 
(0–4), P = 0.96]. Further, there was no significant difference between the intervention arm and placebo in 
baseline vitamin C or thiamine levels. After the treatment, vitamin C and thiamine levels were found to 
have increased in the intervention group. However, there was no significant difference observed in any 
of the secondary outcomes, including mortality at day 7, 28, or 90, shock reversal, ventilator-free days, 
incidence of AKI, and reduction of CRP or procalcitonin[26].

Several non-randomized trials have also been conducted earlier to evaluate the role of vitamin C, 
either as a single entity or as a part of combination therapy, in the management of sepsis (Table 3).

Meta-analysis of vitamin C in sepsis 
Various systematic reviews and meta-analyses have been published on vitamin C in sepsis, with 
conflicting results on the short-term mortality (Table 4). However, no effect was found in the trials with 
long-term mortality. A recent metanalysis by Agarwal et al[44], with 41 RCTs and 4915 patients 
(including recently published LOVIT trial), explored the effect of intravenous vitamin C as 
monotherapy or combination therapy among hospitalized patients with severe infection. With low-
certainty evidence, there was a trend towards reduced in-hospital mortality [21 RCTs, 2762 patients, risk 
ratio (RR) = 0.88 (95%CI, 0.73-1.06)], 30-d mortality [24 RCTs, 3436 patients, RR = 0.83 (0.71-0.98)], and 
early mortality [34 RCTs, 4366 patients, RR = 0.80 (0.68-0.93)] with vitamin C. However, on sensitivity 
analysis involving published trials which were blinded and with a low risk of bias, the impact of 
vitamin C was attenuated with no statistical significance. The RR of hospital mortality (6 RCTs, 1371 
patients) was 1.07 (0.92-1.24), with moderate certainty evidence; that of 30-day mortality (9 RCTs, 2057 
patients) was 0.88 (0.71-1.10), with low certainty evidence; and that of early mortality (11 RCTs, 2214 
patients) was 0.88 (0.73-1.06), with low certainty evidence. With moderate certainty evidence, increased 
90-d mortality was suggested in five RCTs, including 1722 patients (RR = 1.07, 0.94-1.21). The reason for 
heterogeneity was that few trials with large treatment effects were either single centre, or had small 
sample size. The RR of early mortality in trials reporting 90-d mortality was 1.05 (0.91-1.21). Among the 
adverse events, there were no major adverse events, except an increased risk of hypoglycemia (1 RCT, 
862 patients, RR = 1.20 [0.69-2.08]), with moderate certainty of evidence. The result of other secondary 
outcomes was mixed with reduction of duration and use of mechanical ventilation and increased risk of 
AKI or need of RRT, based on low-certainty evidence. No credible subgroup effects were observed 
related to cointerventions (monotherapy vs combined therapy), dose of vitamin C, or the type of 
infection (SARS-CoV-2 vs others) [44].

DOSING
Different authors have tried several different dosing regimens. Higher doses of intravenous vitamin C 
are also being prescribed regularly, with doses up to 100 g/d used to manage patients with sepsis[50]. 
Even “high-dose” is not clearly defined and is arbitrarily considered a dose of more than 2-10 g/d in 
adults, by different authors[57,58].

The current literature suggests using six-hourly dosage for vitamin C in order to alleviate the 
deficiency, achieve steady plasma levels rapidly, and maintain normal serum levels. This dosing 
schedule may also be able to rapidly normalize the neutrophil ascorbic acid levels[36,39]. Even though 
intravenous formulations are generally preferred in critically ill patients, especially those in shock, and 
may rapidly increase the serum vitamin C levels, no difference in clinical efficacy has been reported 
between intravenous and oral formulations of vitamin C[59,60].

ADVERSE EFFECTS
As a water-soluble vitamin, vitamin C is generally considered safe, even when used at high doses. Most 
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Table 3 Non randomized studies of vitamin C in sepsis

No. Title Ref. Country 
of origin Study design

Sample 
size in 
control 
arm

Sample size in 
intervention 
arm

Intervention summary Results in brief

Studies using isolated vitamin C

1 High dose intravenous vitamin C 
treatment in Sepsis: associations with 
acute kidney injury and mortality

McCune et 
al[35], 2021

United 
States

Cohort study 
(retrospective 
cohort)

1178 212 Cohort of patients who have received at least one 
dose of 1.5 g IV vitamin C

Vitamin C therapy was associated with significant 
chances of AKI and death.

2 Effect of high-dose intravenous vitamin 
C on point-of-care blood glucose level in 
septic patients: a retrospective, single-
center, observational case series

He et al
[38], 2020

China Observational 
case series

82 Patients with septic shock on admission received 
100 mg/kg/d, while other patients received < 100 
mg/kg/d

High-dose vitamin C therapy may interfere with 
point-of-care glucose testing results.

3 Pharmacokinetic data support 6-hourly 
dosing of intravenous vitamin C to 
critically ill patients with septic shock

Hudson 
EP et al
[36], 2019

Australia Observational PK 
study

11 Patients received 1.5 g intravenous vitamin C every 
6 h

Injectable vitamin C 1.5 g every 6 h helps in 
correction of vitamin C deficiency and hypovit-
aminosis C, and it also provides appropriate dosing 
schedule for vitamin C supplementation in septic 
shock.

4 Accuracy of Point-of-Care Blood Glucose 
Level Measurements in Critically Ill 
Patients with Sepsis Receiving High-
Dose Intravenous Vitamin C

Smith et al
[37], 2018

United 
States

Observational PK 
study

5 Patients who have received vitamin C 1500 mg 
intravenously two or more doses and had point of 
care blood glucose checked and laboratory venous 
BG levels measured within 1 h of each other during 
vitamin C therapy

The accuracy and agreement of POC BG did not 
have significant interreference during vitamin C 
treatment in sepsis.

5 Phase I safety trial of intravenous 
ascorbic acid in patients with severe 
sepsis

Fowler et 
al[39], 2014

United 
States

Phase I safety 
trial

24 total in 1:1:1 
ratio

Patients with severe sepsis in the medical intensive 
care unit were randomized 1:1:1 to receive 
intravenous infusions every 6 h for 4 d of ascorbic 
acid: Lo-AscA (50 mg/kg/24 h, n = 8), or Hi-AscA 
(200 mg/kg/24 h, n = 8), or placebo (5% 
dextrose/water, n = 8)

Intravenous vitamin C infusion is safe and tolerated 
well and may have a positive impact on endothelial 
injury, the extent of multiple organ failure, and 
levels of inflammatory biomarkers.

Studies using combination therapies including vitamin C

6 Adding vitamin C to hydrocortisone 
lacks benefit in septic shock: a historical 
cohort study

Chang et al
[40], 2020

Canada Cohort study 
(retrospective 
cohort)

88 52 Retrospective cohorts of vitamin C with 
hydrocortisone and hydrocortisone therapies for 72 
h were compared in patients with sepsis or septic 
shock

Outcomes for hospital mortality, ICU mortality, 
ventilator free days, vasopressor free days, dialysis 
use, and duration of ICU admission were 
comparable between the groups.

7 Hydrocortisone, Vitamin C, and 
Thiamine for the Treatment of Severe 
Sepsis and Septic Shock: A Retrospective 
Before-After Study

Marik et al
[22], 2017

United 
States

Cohort study 
(before and after 
study)

47 47 Intravenous vitamin C (1.5 g q6h for 4 d or until 
ICU discharge), hydrocortisone (50 mg q6h for 7 d 
or until ICU discharge followed by a taper over 3 
d) as well as intravenous thiamine (200 mg q12h 
for 4 d or until ICU discharge)

Results of this study suggest that the early use of 
intravenous vitamin C, together with corticosteroids 
and thiamine, prevents progressive organ 
dysfunction, including acute kidney injury, and 
reduces the mortality of patients with severe sepsis 
and septic shock.

Other studies
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9 Plasma Cortisol, Aldosterone, and 
Ascorbic Acid Concentrations in Patients 
with Septic Shock Do Not Predict 
Treatment Effect of Hydrocortisone on 
Mortality. A Nested Cohort Study

Cohen et al
[42], 2020

Australia 
and NZ

Cohort Study 
(nested cohort 
study)

Levels of total and free plasma cortisol and 
aldosterone were measured along with quantit-
atively measured vitamin C levels

In patients with septic shock, plasma aldosterone 
and ascorbic acid concentrations are not associated 
with outcome.

10 Vitamin C levels amongst initial 
survivors of out of hospital cardiac arrest

Gardner et 
al[43], 2020

United 
States

Observational 
study

34 25 post arrest, 25 
post sepsis

Observational Vitamin C levels are lower in cardiac arrest patients 
in comparison to healthy patients.

11 Hypovitaminosis C and vitamin C 
deficiency in critically ill patients despite 
recommended enteral and parenteral 
intakes

Carr et al
[8], 2017

New 
Zealand

Observational 
study

20 24 Patients with septic shock and non-septic aetiology Critically sick patients have low levels of vitamin C, 
and septic shock patients have significantly 
depleted levels.

12 Colistin-associated Acute Kidney Injury 
in Severely Ill Patients: A Step Toward a 
Better Renal Care? A Prospective Cohort 
Study

Dalfino et 
al[41], 2015

Italy Cohort 
(prospective 
cohort)

39 non AKI 31 AKI Intervention cohort patients have received colistin 
at a median daily dose of 9 million IU

Independent renal-protective role emerged for 
ascorbic acid among other factors responsible for 
higher chances of AKI.

AKI: Acute kidney injury; Hi-AscA: High dose ascorbic acid; ICU: Intensive care unit; Lo-AscA: Low dose ascorbic acid; POC BG: Point of care blood glucose.

of the large trials evaluating the efficacy of vitamin C have not assessed adverse effects as a primary 
objective. Hence, the data regarding adverse events has largely come from case reports, case series, and 
meta-summary of case reports[61]. Most commonly reported side effects are mild and include 
interference with laboratory tests, lethargy, fatigue, phlebitis, glycemic disturbances (hypo- or hyper-
glycemia), hypernatremia, muscle cramps, nausea, vomiting, headache, altered mental status, syncope, 
methemoglobinemia, oxalosis, and renal stones. However, rarely patients may develop life-threatening 
complications like haemolysis, AKI, and disseminated intravascular coagulation[62,63]. The probability 
of developing complications is reported to be higher in patients with glucose-6-phosphate dehydro-
genase (G6PD) deficiency and in those with underlying renal dysfunction[61]. Even though vitamin C 
has anti-oxidant properties, when used at higher doses, it may deplete the intra-erythrocyte glutathione 
stores and cause oxidative stress. Patients with G6PD deficiency are unable to replenish these 
glutathione stores and develop haemolysis secondary to oxidative damage[64,65].

DISCUSSION
Despite a pathophysiological rationale, the current clinical evidence does not support the use of vitamin 
C in sepsis. Indeed, there was a trend towards harm observed in the LOVIT trial. However, the primary 
outcome was composite, and its components did not reach statistical significance. The harm was not 
seen in other RCTs. In the LOVIT trial, the intervention arm had more patients in shock and on invasive 
mechanical ventilation at the baseline compared to the control arm. This imbalance in baseline charac-
teristics between the groups may explain the higher incidence of organ dysfunction. Furthermore, 
despite excluding patients staying > 24 h in ICU, the time gap between the actual onset of sepsis and 
administration of vitamin C is unclear[20].
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Table 4 Meta-analyses of trials on vitamin C in sepsis

No. Title Ref. Country of 
origin Study design Included studies Included 

sample size Intervention summary Results in brief

Studies with isolated vitamin C therapy

1 IV Vitamin C in Critically Ill 
Patients: A Systematic Review and 
Meta-Analysis

Patel et al
[45], 2022

United 
States

Meta-analysis 15 RCTs 2490 
participants

Compared intravenous vitamin C at 
high and low doses with placebo 
among pooled study participants

Intravenous vitamin C therapy is associated with a trend 
toward reduced overall mortality. Data further reveals 
that High-dose IV vitamin C was associated with a 
significant reduction in overall mortality. None of the 
included trials reported an increase in adverse events 
related to IV vitamin C therapy.

2 Efficacy of intravenous vitamin C 
intervention for septic patients: A 
systematic review and meta-
analysis based on randomized 
controlled trials

Li et al[47], 
2021

China Meta-analysis of 
RCTs

10 RCTs 1400 patients Studies that have intravenous 
vitamin C supplementation were 
included

Data from this meta-analysis reports improved SOFA 
score within 72 h but no significant improvement in short 
term (28-30 d) mortality, long term mortality (90 d), 
hospital stay, ventilator-free days, ICU-stay in sepsis or 
septic shock patients.

3 Effect of vitamin C in critically ill 
patients with sepsis and septic 
shock: A meta-analysis

Feng et al
[48], 2021

China Meta-analysis of 
RCTs

9 RCTs 584 patients Studies with vitamin C treatment in 
critically sick sepsis and septic 
shock patients were included

Data from this study finds significant differences in 28-d 
mortality and dose of vasopressors. However, the ICU 
length of stay was the same between the two groups.

4 Efficacy of vitamin C in patients 
with sepsis: An updated meta-
analysis

Wei et al
[46], 2020

China Meta-analysis 6 RCTs and 6 observational 
studies

1176 in 
control group

This analysis included data from 
RCTs and observational studies that 
evaluated the effect of vitamin C in 
patients with sepsis

This study reports no significant improvement in 28-d or 
in-hospital mortality. There was also no difference in 
vasopressor duration and ICU or hospital stay.

Vitamin C as a combination therapy

5 Thiamine, Ascorbic Acid, and 
Hydrocortisone As a Metabolic 
Resuscitation Cocktail in Sepsis: A 
Meta-Analysis of Randomized 
Controlled Trials With Trial 
Sequential Analysis

Assouline B 
et al[49], 
2021

Switzerland Meta-analysis 8 RCTs 1335 patients Combination of thiamine, ascorbic 
acid, and hydrocortisone compared 
to in patients with sepsis or septic 
shock

Data in this study was homogenous and intervention led 
to improved change in SOFA score at 72 h; however, 
there was no difference in ICU mortality and renal 
composite outcome (incidence of AKI 3 or need for Renal 
replacement therapy).

6 The Efficacy of vitamin C, thiamine, 
and corticosteroid therapy in adult 
sepsis patients: a systematic review 
and meta-analysis

Somagutta 
et al[50], 
2021

United 
States

Meta-analysis 15 studies (8 RCTs and 7 
cohort studies)

67349 
patients

Combination of HAT treatment in 
patients with sepsis

Meta-analysis from RCTs concluded that hospital 
mortality, ICU stay, hospital stay, and renal replacement 
therapy was not significant. Results from cohort studies 
have also concluded that hospital mortality, ICU 
mortality, ICU length of stay, length of hospital stay, 
change in SOFA score, the use of renal replacement 
therapy, or vasopressor duration was not significant.

7 Vitamin C, Thiamine, and 
Hydrocortisone in the Treatment of 
Sepsis: A Meta-Analysis and Trial 
Sequential Analysis of Randomized 
Controlled Trials

Zayed et al
[51], 2021

United 
States

Meta-analysis 6 RCTs 839 patients Vitamin C, thiamine, and steroid in 
combination for sepsis and septic 
shock

Data from this study concluded that there is no 
significant difference in long term mortality, ICU 
mortality, incidence of acute kidney injury, hospital 
length of stay, ICU length of stay, and ICU free days on 
day 28 between the intervention and control groups. 
However, there was a significant reduction in SOFA 
score on 3rd day.
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8 Mortality in septic patients treated 
with vitamin C: a systematic meta-
analysis

Scholz et al
[52], 2021

Germany Meta-analysis 17 studies (randomized and 
non-randomized, blinded 
and unblinded, prospective 
and retrospective, and 
single- and multi-centre 
studies)

3133 patients Vitamin C 1.5 g every 6 h, 100 mg 
thiamine every 6 h, and 50 mg 
hydrocortisone every 6 h. However, 
initiation and duration of the 
intervention differed considerably 
within the studies

Pooled analysis in this study indicated no mortality 
benefit; however, a subgroup analyses revealed an 
improved survival, if vitamin C treatment was applied 
for 3-4 d.

9 Effect of adjunctive vitamin C, 
glucocorticoids, and vitamin B1 on 
longer-term mortality in adults 
with sepsis or septic shock: a 
systematic review and a component 
network meta-analysis

Fujii et al
[53], 2021

Japan Meta-analysis 
(network meta-
analysis)

43 RCTs 10257 
patients

Compared networked interventions 
of very high dose vitamin C, high 
dose vitamin C, vitamin C, vitamin 
B1, and glucocorticoids

This study found that metabolic resuscitation with 
vitamin C, glucocorticoids, vitamin B1, or combinations 
of these drugs have no difference in long term mortality. 
Also they did not find effect of vitamin C or B1 on organ 
dysfunction or ICU length of stay. However, adding 
glucocorticoid to the combination therapies reduces the 
duration of vasopressor therapy and ICU stay.

10 Steroid, ascorbic acid, and thiamine 
in adults with sepsis and septic 
shock: a systematic review and 
component network meta-analysis

Fong et al
[54], 2021

Hong Kong Meta-analysis 
(component 
network meta-
analysis)

33 RCTs 9898 patients Additive network meta -analysis 
was performed, adding vitamin C, 
glucose corticoid, and thiamine 
sequentially

Data from this study reveals that combination of 
glucocorticoid and fludrocortisone improved short-term 
and longer-term mortality in sepsis and septic shock 
patients. Steroids shortened the time to resolution of 
shock and duration of mechanical ventilation. However, 
there was no evidence to support use of thiamine and 
vitamin C in sepsis and septic shock.

11 Effect of Combined 
Hydrocortisone, Ascorbic Acid and 
Thiamine for Patients with Sepsis 
and Septic Shock: A Systematic 
Review and Meta-Analysis

Wu et al
[55], 2021

China Meta-analysis of 
RCT and 
observational 
studies

6 RCTs and 7 observational 
studies

1559 
participants.

This study compared 
hydrocortisone, thiamine, and 
ascorbic acid use to usual care or 
hydrocortisone

Combination therapy associated with significant 
reductions in duration of vasopressor in RCTs, but not in 
observational studies. It was associated with lower SOFA 
score at 72 h both in RCTs and observational studies. 
Combination therapy associated with lower hospital 
mortality and higher PCT clearance in observational 
studies.

12 Thiamine combined with vitamin C 
in sepsis or septic shock: a 
systematic review and meta-
analysis

Ge et al[56], 
2021

China Systematic 
review and meta-
analysis

7 RCTs 868 patients Thiamine combined with vitamin C 
in patients with sepsis or septic 
shock

Data from this study found no significant differences for 
in hospital mortality, but have shorter duration of 
vasopressor use and reduced SOFA score during 72 h.

HAT: Hydrocortisone; ascorbic acid and thiamine combination; ICU: Intensive care unit; IV: Intravenous; RCT: Randomized control trial; SOFA: Sequential organ failure assessment score.

We know that sepsis is a syndrome and has proven to be a graveyard of various therapies 
modulating inflammation. The role of vitamin C, if there is, may be in the initial phase of hyperinflam-
mation or cytokine storm associated with release of ROS. Besides, these RCTs used the heterogeneous 
cohort and failed to consider the sepsis phenotypes based on the level of inflammation. Finally, baseline 
vitamin C levels were not measured in all the trials, and a fixed dose therapy without measuring 
therapeutic levels may have caused inconsistent results.

In the absence of current evidence showing any clinical benefits, the recent surviving sepsis 
guidelines suggest against using vitamin C for managing patients with sepsis and septic shock[4]. The 
clinical practice at our institute is also in accordance to these latest recommendations and we refrain 
from making vitamin C a part of our routine sepsis management regimen. The future may be the 
individualization of these therapies using different disease models based on the aetiology of sepsis, 
illness severity, and degree of inflammation.
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FURTHER TRIALS
Presently, there are more than 30 ongoing clinical trials to evaluate the effect of vitamin C in the 
management of sepsis and septic shock, in different parts of the world. These trials are evaluating the 
role of different doses (up to 12 g/d), different patient populations (alcoholic hepatitis, acute lung 
injury, and patients on invasive mechanical ventilation), and different combinations (along with 
steroids, thiamine, pyridoxine, or cyanocobalamine). Many of these are randomized multi-center trials 
(CEMVIS, REVISTA-DOSE, and C-EASIE) which may shed light on many of the unanswered questions 
regarding the utility of vitamin C in sepsis management. Ongoing studies in different cohorts, like 
patients with COVID-19 (LOVIT-COVID and REMAP-CAP), burn (VICTORY), post-cardiac arrest 
(VITaCCA), and/or cardiac surgery patients (advanceCSX) may answer the question of whether 
vitamin C can produce clinically meaningful outcomes in more specific patient populations.

CONCLUSION
Theoretically, vitamin C has been established to protect cells from oxidative damage, reduce inflam-
matory response, maintain immune functions, and increase the hemodynamic reserve. All these 
biological actions may be beneficial in the management of sepsis and septic shock. However, in the 
aftermath of recent interests and several multi-center trials, it can be concluded that there is still a lack of 
strong evidence to prove its clinical benefits. Contrary to popular belief, use of intravenous HDVC may 
rarely be associated with adverse effects like haemolysis, especially in vulnerable patients like those 
with G6PD deficiency or underlying renal dysfunction. Hence, routine use of HDVC is presently not 
recommended in the management of sepsis or septic shock.
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Abstract
BACKGROUND 
Scoring systems have not been evaluated in oncology patients. We aimed to assess 
the performance of Acute Physiology and Chronic Health Evaluation (APACHE) 
II, APACHE III, APACHE IV, Simplified Acute Physiology Score (SAPS) II, SAPS 
III, Mortality Probability Model (MPM) II0 and Sequential Organ Failure Ass-
essment (SOFA) score in critically ill oncology patients.

AIM 
To compare the efficacy of seven commonly employed scoring systems to predict 
outcomes of critically ill cancer patients.

METHODS 
We conducted a retrospective analysis of 400 consecutive cancer patients admitted 
in the medical intensive care unit over a two-year period. Primary outcome was 
hospital mortality and the secondary outcome measure was comparison of var-
ious scoring systems in predicting hospital mortality.

RESULTS 
In our study, the overall intensive care unit and hospital mortality was 43.5% and 
57.8%, respectively. All of the seven tested scores underestimated mortality. The 
mortality as predicted by MPM II0 predicted death rate (PDR) was nearest to the 
actual mortality followed by that predicted by APACHE II, with a standardized 
mortality rate (SMR) of 1.305 and 1.547, respectively. The best calibration was 
shown by the APACHE III score (χ2 = 4.704, P = 0.788). On the other hand, SOFA 
score (χ2 = 15.966, P = 0.025) had the worst calibration, although the difference was 
not statistically significant. All of the seven scores had acceptable discrimination 
with good efficacy however, SAPS III PDR and MPM II0 PDR (AUROC = 0.762), 
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had a better performance as compared to others. The correlation between the different scoring sys-
tems was significant (P < 0.001).

CONCLUSION 
All the severity scores were tested under-predicted mortality in the present study. As the diff-
erence in efficacy and performance was not statistically significant, the choice of scoring system 
used may depend on the ease of use and local preferences.

Key Words: APACHE score; Intensive care unit; Medical oncology; SOFA score; Scoring systems; Severity 
of illness index

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Scoring systems are important for patient triaging, benchmarking intensive care unit (ICU) 
performance, comparing different ICUs and may also help in patient prognostication, selecting treatment 
options and resource utilization. However, validity and utility of these scores may be questionable in the 
patient population apart from where they were developed. Hence, these scores need to be tested and 
validated in different patient populations, in different geographical areas and over different time periods. 
There is a lack of an ideal score for prognostication of critically ill cancer patients. In our retrospective 
study, analyzing data from 400 patients and comparing seven commonly employed critical illness scores, 
we observed that all the scores had similar efficacy and under-predicted mortality. Therefore, the selection 
of severity of illness score should depend on the ease of use and local preferences.

Citation: Beniwal A, Juneja D, Singh O, Goel A, Singh A, Beniwal HK. Scoring systems in critically ill: Which 
one to use in cancer patients? World J Crit Care Med 2022; 11(6): 364-374
URL: https://www.wjgnet.com/2220-3141/full/v11/i6/364.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i6.364

INTRODUCTION
The application of prognosticating scoring systems is considered as an important phase in intensive care 
units (ICUs) since these severity scoring systems estimate the probability of mortality for patients. These 
scores help the physicians to facilitate resource utilization or continuous quality improvement and to 
stratify the patients for clinical research[1,2]. ICU scoring systems can help both patients as well as their 
attendants to select from further treatment options. Further, the scores calculated by these scoring 
systems help in evaluating the impact of newer treatment modalities and organizational changes which 
in turn contributes towards the development of treatment standards. In addition to the above, the 
scoring systems’ outcomes also help in benchmarking ICU performance and comparing the scores 
secured by different ICU patient populations so as to find out the differences in mortality. However, 
these systems are unreliable in predicting the clinical outcomes of an individual though it has proven 
efficacy in predicting mortality for a particular patient cohort[3].

Acute Physiology and Chronic Health Evaluation (APACHE) II and Simplified Acute Physiology 
Score (SAPS) II are arguably the two most-commonly used and validated tools used in the prediction of 
ICU patient outcomes[4,5]. These scoring systems were developed in the 1980s and have become 
outdated due to technological and clinical advancements in critical care management of patients in 
recent years. Hence, there is a need to develop new scoring systems that include APACHE IV, SAPS III 
and Mortality Probability Model (MPM) II0[6-9]. Such newly-created systems encompass a large 
number of variables and are highly complicated to compute.

In addition, both validity and utility of the existing scoring systems may be questionable in terms of 
current patient population compared to the patient population during which they were developed. 
These scores are widely used and the scoring systems have been validated for a notable time to predict 
the outcome in general medical or surgical procedures conducted upon critically ill patients. However, 
whether these systems can predict the mortality accurately among cancer patients remains unknown
[10]. There is a dearth of studies that compare different generations of scoring systems and especially 
the ones used upon cancer patients admitted in medical oncology ICUs. Only a few studies have ass-
essed their usefulness in cancer patients with conflicting results. Moreover, geographic variations in 
patient populations and the types of cancer necessitate that these scores should be evaluated for 
different populations[11]. Therefore, the current study is aimed at analyzing the efficacy of seven 
commonly-used scoring systems to predict the mortality amongst patients admitted in oncology ICUs.
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MATERIALS AND METHODS
A retrospective observational cohort study was carried out at a multi-disciplinary onco-medical ICU of 
a tertiary care center in India. We have an advanced ICU setup and 24-h intensivist coverage with state-
of-the-art facilities. Approval for the study and a consent waiver from the institutional ethics committee 
was obtained.

The data from the records of adult patients who were admitted between January 2018 and February 
2020, i.e., 2 years, was collected and analyzed. If the patient was readmitted to the ICU more than once 
during his/her hospital stay, only the first admission was included in the study. Patients who had ICU 
stays of less than 12 h, post-operative patients and those admitted from or discharged to another ICU 
were excluded from the study. Patients fulfilling inclusion criteria were serially recruited. The re-
searchers collected the following data; baseline patient characteristics, indication for ICU admission, 
type of malignancy, presence of metastasis, need for vasopressor, renal and mechanical ventilation 
(MV), length of ICU and hospital stay, and ICU and hospital mortality. The data, required to compute 
various scores, was collected and calculated specified by the procedures.

Statistical analysis
The collected data was then transformed into variables, coded and entered in Microsoft Excel. Then, it 
was statistically analyzed using SPSS software (version. PC-25). Quantitative data was expressed in 
mean ± SD or median with an interquartile range. Normality distribution difference between two 
comparable groups was measured using student’s t-test or Mann Whitney ‘U’ test. Qualitative data was 
expressed in percentage whereas the statistical differences between the proportions were tested using 
chi square or Fisher’s exact test, as appropriate.

Standardized Mortality Ratio (SMR) was computed by dividing the observed 28 d’ mortality by 
predicted hospital mortality based on different scores. Further, 95% confidence interval (CI) was 
calculated for SMR by considering the observed mortality as a Poisson variable and then dividing its 
95%CI by predicted mortality.

The calibration of the scores was executed using Hosmer-Lemeshow goodness-of-fit statistics which 
divides the subjects into deciles based on the predicted probabilities of death. Afterwards, it computes a 
Chi-square value from the observed and expected frequencies. Low Chi-square values and high P 
values (P > 0.5) correspond to a better fit. The ability of the scores to predict ICU mortality was explored 
and discrimination was tested using Area Under Receiver Operating Characteristic (AUROC) curves. If 
the AUROC curves are more than 0.8, it denotes excellent outcome while 0.6-0.8 are considered to be 
acceptable. The cut-off values were calculated for different scores using Youden’s index based on which 
sensitivity and specificity of the scores were calculated.

Clinically-relevant variables that produced P < 0.05 during univariate analyses and are easily 
accessible on admission were also entered into multiple logistic regression models as the outcome 
variable of interest. Odds ratio (OR) was calculated along with 95%CI. A P value < 0.05 was considered 
to be statistically significant.

Sample size calculation
The sample size calculation was done for the estimation of the AUROC curve for APACHE 2 score, 
using the following formula:

n ≥ Z2α/2 V (AUC) ÷ d2

Where, V(AUC) = 0.0099 × e-a2/2 × (6a2 + 16), a = ϕ-1 (AUC) × 1.414 and ϕ-1 is the inverse of standard 
cumulative normal distribution for AUC.

For a 95% level of confidence Zα/2 = 1.96; d = 0.05 which is the margin of error in estimation and AUC 
was obtained from a similar study conducted by Schellongowski et al[12] who reported an AUC of 0.776 
for the APACHE II score.

Substituting these values in the above formula gives n ≥ 196. As our study was retrospective in 
nature, we included 400 patients.

RESULTS
During the study period, the data from 400 patients who fulfilled the inclusion criteria were included in 
the final analysis. Thirty-eight patients were excluded because 31 were admitted from or discharged to 
another ICU, five were post-operative patients and two had ICU stays less than 12 h. Their baseline 
characteristics are given in Table 1 and the comparison between various scores is given in Table 2.

Predicted mortality
All of the scoring systems tested in the current study underestimated the mortality (Table 3). The 
mortality, predicted by MPM II0 PDR, was nearest to the actual mortality with an SMR of 1.305, followed 
by APACHE II (1.547) and SAPS II (1.74).
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Table 1 Comparison of baseline variables among survivors and non-survivors

Parameters Survivors, n = 169 Non-survivors, n = 231 Total, n = 400 P value

Age in yr 62.85 ± 12.49 61.45 ± 14.82 62.04 ± 13.88 0.527

Male 98 (58.0%) 142 (61.5%) 240 (60.0%)

Female 71 (42.0%) 89 (38.5%) 160 (40.0%)

0.48

DM 56 (33.1%) 62 (26.8%) 118 (29.5%) 0.17

Hypertension 61 (36.1%) 63 (27.3%) 124 (31.0%) 0.06

Reason for ICU admission

Sepsis 42 (24.9%) 68 (29.4%) 110 (27.5%) 0.31

Respiratory distress/failure 76 (45.0%) 93 (40.3%) 169 (42.2%) 0.34

Cardiac arrest 1 (0.6%) 8 (3.5%) 9 (2.2%) 0.08

Gastrointestinal bleed 15 (8.9%) 14 (6.1%) 29 (7.2%) 0.33

Altered sensorium 33 (19.5%) 45 (19.5%) 78 (19.5%) 1

Acute kidney injury 2 (1.2%) 3 (1.3%) 5 (1.2%) 1

Type of malignancy

Solid organ 135 (79.9%) 187 (81.0%) 322 (80.5%) 0.78

Hematological 34 (20.1%) 44 (19.0%) 78 (19.5%)

Metastasis 80 (59.3%) 145 (77.5%) 225 (69.9%) 0.001

Previous history of surgery for CA

Yes 72 (42.6%) 74 (32.0%) 146 (36.5%) 0.03

No 97 (57.4%) 157 (68.0%) 254 (63.5%)

ICU stay 5 (3-8) 4 (2-10) 5 (3-9) 0.58

Hospital stay 14 (8-21) 11 (5-22) 12 (7-21) 0.006

Use of MV 24 (14.2%) 130 (56.3%) 154 (38.5%) < 0.001

Days of MV 5 (3-7.75) 3 (2-6) 3 (2-7) 0.002

Use of renal support 7 (4.1%) 29 (12.6%) 36 (9.0%) 0.004

Days of renal support 2.14 ± 0.90 2.48 ± 2.06 2.42 ± 1.88 0.786

Use of vasopressor support 26 (15.4%) 174 (75.3%) 200 (50.0%) < 0.001

Days of vasopressor support 3 (2-4) 2 (1.75-4.0) 2 (2-4) 0.276

ICU: Intensive care unit; MV: Mechanical ventilation.

Calibration 
Using the Lemeshow-Hosmer goodness-of fit test, APACHE III (4.704) achieved the best calibration 
with P = 0.788 whereas SOFA score (15.966) was the worst with P = 0.025 (Table 4). The least statistically 
significant discrepancy between the predicted and observed mortality was shown by the APACHE III 
score.

Discrimination 
The efficacy of various scores is given in Figure 1. All the scores tested in the current study exhibited 
good efficacy, even though there was no statistically significant difference between AUROCs and SAPS 
III PDR. On the other hand, MPM II0 PDR (AUROC = 0.762) yielded the best performance (Table 5).

Correlation between various scoring systems
As shown in Table 6, there was a significant correlation found among various scoring systems (P < 
0.001) as assessed by linear regression analysis.

Factors associated with hospital mortality
Five factors that showed significance in univariate analysis such as hypertension, surgery for cancer, use 
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Table 2 Comparison between survivors and non-survivors for various scores

Scoring system Survivors, n = 169 Non-survivors, n = 231 Total, n = 400 P value

APACHE II 17.66 ± 4.96 22.82 ± 8.34 20.64 ± 7.55 < 0.001

APACHE II PDR 28.10 ± 17.74 44.04 ± 25.88 37.30 ± 24.10 < 0.001

APACHE III 59.01 ± 16.95 81.36 ± 31.37 71.92 ± 28.46 < 0.001

APACHE III PDR 17.59 ± 15.80 37.59 ± 28.51 29.14 ± 25.91 < 0.001

APACHE IV 58.80 ± 16.98 80.45 ± 31.70 71.30 ± 28.55 < 0.001

APACHE IV PDR 20.45 ± 14.99 40.45 ± 27.91 32.00 ± 25.33 < 0.001

SAPS II 34.67 ± 11.83 49.20 ± 19.87 43.06 ± 18.39 < 0.001

SAPS II PDR 19.81 ± 16.97 42.83 ± 30.51 33.10 ± 28.06 < 0.001

SAPS III PDR 18.12 ± 16.95 34.66 ± 24.12 27.67 ± 22.88 < 0.001

SOFA Score 5.76 ± 2.80 9.02 ± 4.58 7.64 ± 4.24 < 0.001

MPM II0 PDR 33.39 ± 15.08 52.16 ± 26.63 44.23 ± 24.31 < 0.001

APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; 
MPM: Mortality Probability Model; PDR: Predicted death rate.

Table 3 Comparison of the actual and predicted mortality rates for the various scoring systems

Scoring system Actual mortality Predicted mortality SMR 95%CI

APACHE II 0.577 0.373 1.547 1.423-1.678

APACHE III 0.577 0.291 1.982 1.824-2.151

APACHE IV 0.577 0.320 1.803 1.659-1.956

SAPS II 0.577 0.331 1.743 1.604-1.891

SAPS III 0.577 0.277 2.083 1.917-2.26

MPM II0 PDR 0.577 0.442 1.305 1.201-1.416

SMR: Standardized mortality rate; CI: Confidence interval; APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute 
Physiology Score; MPM: Mortality Probability Model; PDR: Predicted death rate.

of MV, vasopressors and renal support were used in multivariate analysis as well. Out of the five 
factors, two factors, i.e. need for MV (OR 2.437, 95%CI = 1.315-4.515, P = 0.005) and vasopressor support 
(OR 10.465, 95%CI = 5.901-18.557, P = 0.000) were statistically associated with hospital mortality.

DISCUSSION
The current study compared various mortality prediction scoring systems and found that all the scores 
under-predicted the mortality in critically-ill cancer patients. Amongst the scoring systems considered, 
mortality predicted by MPM PDR was the closest to that of the actual mortality with an SMR of 1.305. 
AUROC values showed that all of the seven scoring systems had good efficacy and acceptable discrim-
ination. MPM PDR and SAPS III PDR achieved the best discrimination. We found the best sensitivity in 
SAPS II score (76.2%) and best specificity in SAPS III PDR score (92%). The Lemeshow-Hosmer 
goodness-of fit tests showed that the APACHE III score had the best calibration although there was no 
statistically significant difference.

In the current study, all of the scores were significantly higher among non-survivors (P value < 0.001) 
as reported in the literature[13-18]. However, all the scores tested in this study underestimated the 
mortality (SMR > 1), like previous studies[14,15,19,20].

Discrimination is the ability to determine the patients who may die and who will survive. Measures 
of discrimination include sensitivity, specificity and AUROC curve. But no single scoring system 
excelled in all of the three areas. SAPS III PDR and MPM II0 PDR (AUROC = 0.762) had the best AUROC 
values whereas sensitivity was at its best for SAPS II and specificity was at its best for SAPS III PDR. 
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Table 4 Lemeshow-Hosmer goodness-of-fit tests for evaluating the calibration of the scoring systems

Scoring system Chi square value P value

APACHE II 9.366 0.312

APACHE II PDR 12.159 0.144

APACHE III 4.707 0.788

APACHE III PDR 6.471 0.595

APACHE IV 9.331 0.315

APACHE IV PDR 10.763 0.216

SAPS II 9.479 0.304

SAPS II PDR 10.410 0.237

SAPS III PDR 10.787 0.214

SOFA Score 15.966 0.025

MPM II0 PDR 11.265 0.187

APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; 
MPM: Mortality Probability Model; PDR: Predicted death rate.

Table 5 Area under curve for predicting hospital mortality for various scoring system

Scoring system AUC P value 95%CI Cut off Sensitivity Specificity

APACHE II 0.688 < 0.001 0.637-0.739 > 18.5 67.5% 62.7%

APACHE III 0.720 < 0.001 0.672-0.769 > 78.5 46.8% 87.6%

APACHE IV 0.708 < 0.001 0.659-0.758 > 72.5 53.7% 79.3%

SAPS II 0.734 < 0.001 0.685-0.782 > 34.5 76.2% 60.4%

SAPS III PDR 0.762 < 0.001 0.715-0.808 39.0 44.3% 92.0%

SOFA Score 0.715 < 0.001 0.665-0.764 > 7.5 58.0% 79.3%

MPM II0 PDR 0.762 < 0.001 0.714-0.810 36.45 71.3% 69.9%

AUC: Area under the curve; CI: Confidence interval; APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute Physiology 
Score; SOFA: Sequential Organ Failure Assessment; MPM: Mortality Probability Model; PDR: Predicted death rate.

However, these differences were not statistically significant. In the current study, AUROC outcomes 
showed that discrimination is acceptable in all the scoring systems tested as reported in the literature
[14-16,20-22]. All the severity illness scores showed good efficacy with no statistically significant 
difference in AUROCs.

Calibration evaluates the accuracy of the degree of correspondence between the estimated probability 
of mortality and the observed actual mortality. Calibration is good if the predicted mortality is close to 
the observed mortality. APACHE III (4.704) had the best calibration with P = 0.788. This infers that it 
had the least statistically significant discrepancy between the predicted and observed mortality. Good 
calibration of these scores have also been reported by other authors[14-16,20].

A significant correlation was found among various scoring systems (P < 0.001) as per linear 
regression analysis. This correlation may be attributed to the overlap of multiple variables, considered 
for calculating the scores. Sculier et al[21] also reported an excellent correlation between APACHE II and 
SAPS II in their study on oncology patients. ICU mortality rate among cancer patients was reportedly 
high and in the range of 30% to 77%[23-26]. The overall ICU mortality rate in the current study was 
43.5%. Even though it is higher, the ICU mortality of the current cohort does not differ from the 
mortality reported in similar studies conducted earlier[23,24]. The hospital mortality rate in the current 
study was 57.8% which is again similar as reported earlier[27,28].

Use of MV and vasopressor support have a direct association with hospital mortality. Similar studies 
conducted earlier have also reported the need for organ support in the form of MV. At times, vaso-
pressor use is directly associated with increased mortality among cancer patients[29]. An ideal scoring 
system is the need of the hour. This system should be well calibrated, easy to compute, able to have high 
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Table 6 Correlation of different scoring system with each other

Scoring system APACHE II 
Score

A2 
PDR

APACHE III 
Score

A3 
PDR

APACHE IV 
Score

A4 
PDR

SAPS II 
Score

SAPS2 
PDR

SAPS 3 
PDR

SOFA 
score

r value 0.898 0.892 0.836 0.883 0.826 0.820 0.812 0.748 0.679APACHE II 
Score

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.898 0.824 0.832 0.814 0.805 0.751 0.752 0.716 0.635A2 PDR

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.892 0.824 0.929 0.966 0.895 0.910 0.902 0.820 0.753APACHE III 
Score

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.836 0.832 0.929 0.897 0.895 0.851 0.852 0.763 0.711A3 PDR

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.883 0.814 0.966 0.897 0.915 0.890 0.877 0.821 0.762APACHE IV 
Score

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.826 0.805 0.895 0.895 0.915 0.836 0.839 0.782 0.727A4 PDR

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.820 0.751 0.910 0.851 0.890 0.836 0.972 0.814 0.756SAPS II Score

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.812 0.752 0.902 0.852 0.877 0.839 0.972 0.813 0.773SAPS 2 PDR

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.748 0.716 0.820 0.763 0.821 0.782 0.814 0.813 0.684SAPS 3 PDR

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.679 0.635 0.753 0.711 0.762 0.727 0.756 0.773 0.684SOFA score

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

r value 0.704 0.653 0.777 0.729 0.759 0.734 0.790 0.805 0.714 0.700MPM II0 PDR

P 
value

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; 
MPM: Mortality Probability Model; PDR: Predicted death rate.

levels of discrimination and predict mortality rates with high accuracy based on the easily-available 
patient parameters. Additionally, an ideal score also needs to be dynamic, reflecting the change in 
management and case mix over time. In this search for an ideal scoring system, newer scoring systems 
have been developed. However, these systems are highly complex in nature, demand huge sets of 
patient data and need computer assistance to calculate the scores. Hence, the development of an ideal 
scoring system has a long way to go.

The accuracy of scoring systems may differ over a period of time and may produce varied results in 
different countries due to differences in ethnicity, patient population, healthcare systems, ICU structure 
and organization. So, its accuracy cannot be generalized and all such models need external validation in 
independent patient populations to prove its reproducibility. Therefore, it becomes imperative to 
compare and test the validity of scoring systems under different geographical areas and upon different 
patient populations. The current study is one of the few studies conducted on the Indian subcontinent 
and the researchers have compared a huge number of scoring systems developed for cancer patients in a 
significantly large cohort of patients.
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Figure 1 Comparison between the area under the receiver operating characteristic curves of APACHE II, APACHE III, APACHE IV SAPS-II, 
SAPS-III, SOFA score and MPM II0 -PDR in discriminating survivors from non-survivors. APACHE: Acute Physiology and Chronic Health Evaluation; 
SAPS: Simplified Acute Physiology Score; SOFA: Sequential Organ Failure Assessment; MPM: Mortality Probability Model.

The current study has a limitation to address, i.e. being a single center retrospective study where 
concerns may arise in terms of generalizing the conclusions arrived in this study. The missing data may 
have also led to information bias. Nonetheless, the study has several salient features such as the com-
parison of seven scoring systems, fairly large sample size, well-defined study protocol and the inclusion 
of only medical oncology patients.

CONCLUSION
The current study concludes that all of the scoring systems considered for this study cohort under-
predicted the mortality. However, the APACHE III score had the least discrepancy between the 
predicted and observed mortality. There was no statistically significant difference in efficacy and all the 
scores tested had good calibration and acceptable discrimination. Hence, the choice of scoring system in 
critically-ill oncology patients should not only be based on the performance of the score, but also on 
other factors such as ease of use and local preferences.

ARTICLE HIGHLIGHTS
Research background
The application of prognosticating scoring systems is considered as an important phase in intensive care 
units (ICUs) since these severity scoring systems estimate the probability of mortality for patients. These 
scores help the physicians to facilitate resource utilization or continuous quality improvement and to 
stratify the patients for clinical research. ICU scoring systems can help both patients as well as their 
attendants to select from further treatment options. Further, the scores calculated by these scoring 
systems help in evaluating the impact of newer treatment modalities and organizational changes which 
in turn contributes towards the development of treatment standards. In addition to the above, the 
scoring systems’ outcomes also help in benchmarking ICU performance and comparing the scores 
secured by different ICU patient populations so as to find out the differences in mortality.

Research motivation
There is a dearth of studies that compare different generations of scoring systems especially the ones 
used upon cancer patients admitted in medical oncology ICUs. Only a few studies have assessed their 
usefulness in cancer patients with conflicting results.

Research objectives
To compare the efficacy of seven commonly employed scoring systems to predict outcomes of critically 
ill cancer patients.
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Research methods
We conducted a retrospective analysis of 400 consecutive cancer patients admitted in the medical 
intensive care unit over a 2-year period. The primary outcome was hospital mortality and the secondary 
outcome measure was comparison of various scoring systems in predicting hospital mortality.

Research results
Overall ICU mortality in our study was 43.5% whereas hospital mortality was 57.8%. All scoring 
systems tested underestimated the mortality. Mortality predicted by MPM II0 predicted death rate 
(PDR), was closest to that of the actual mortality followed by that of APACHE II, with a standardized 
mortality rate (SMR) of 1.305 and 1.547, respectively. APACHE III (χ2 = 4.704, P = 0.788) had the best 
calibration and SOFA score (χ2 = 15.966, P = 0.025) had the worst calibration, but the difference was not 
statistically significant. All the scores tested had good efficacy and acceptable discrimination, however 
SAPS III PDR and MPM II0 PDR (AUROC = 0.762), performed better than others. There was a significant 
correlation between the various scoring systems (P < 0.001).

Research conclusions
Overall, all the scores in our study cohort under-predicted the mortality. The difference in efficacy was 
not statistically significant in all scores. The choice of scoring system should depend on the ease of use 
and local preferences as all the scores tested had similar performance.

Research perspectives
There is a lack of an ideal score for prognostication of critically ill cancer patients. In our retrospective 
study, analyzing data from 400 patients and comparing seven commonly employed critical illness 
scores, we observed that all the scores had similar efficacy but under-predicted mortality. Therefore, the 
choice of scoring system should depend on the ease of use and local preferences.
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Abstract
BACKGROUND 
Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy 
(HIPEC) is a comprehensive treatment option performed for peritoneal surface 
malignancies. Postoperatively almost all patients are transferred to the intensive 
care unit electively.

AIM 
To describe the common and rare postoperative complications, postoperative 
mortality and their critical care management after CRS-HIPEC.

METHODS 
The authors assessed 54 articles for eligibility. Full text assessment identified 14 
original articles regarding postoperative complications and critical care mana-
gement for inclusion into the final review article.

RESULTS 
There is an exaggerated metabolic and inflammatory response after surgery which 
may be termed as physiological in view of the nature of surgery combined with 
the use of heated intraperitoneal chemotherapy with/out early postoperative 
intravenous chemotherapy. The expected postoperative course is further dis-
cussed. CRS-HIPEC is a complex procedure with some life-threatening complic-
ations in the immediate postoperative period, reported morbidity rates between 
12%-60% and a mortality rate of 0.9%-5.8%. Over the years, since its inception in 
the 1980s, postoperative morbidity and survival have significantly improved. The 
commonest postoperative surgical complications and systemic toxicity due to 
chemotherapy as reported in the last decade are discussed.
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https://dx.doi.org/10.5492/wjccm.v11.i6.375
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CONCLUSION 
CRS-HIPEC is associated with a varying rate of postoperative complications including post-
operative deaths and needs early suspicion and intensive care monitoring.

Key Words: Intensive care units; Hyperthermic intraperitoneal chemotherapy; Morbidity; Peritoneal 
neoplasms; Postoperative period

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy is a complex procedure 
with some life-threatening complications in the immediate postoperative period, reported morbidity rates 
between 12%-60% and a mortality rate of 0.9%-5.8%. There is an exaggerated metabolic and inflam-
matory response after surgery which may be termed as physiological in view of the nature of surgery 
combined with use of heated intraperitoneal chemotherapy.

Citation: Wajekar AS, Solanki SL, Patil VP. Postoperative complications and critical care management after 
cytoreduction surgery and hyperthermic intraperitoneal chemotherapy: A systematic review of the literature. World 
J Crit Care Med 2022; 11(6): 375-386
URL: https://www.wjgnet.com/2220-3141/full/v11/i6/375.htm
DOI: https://dx.doi.org/10.5492/wjccm.v11.i6.375

INTRODUCTION
Cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) is a compre-
hensive treatment option performed for peritoneal surface malignancies (PSM), both primary peritoneal 
cancers and peritoneal metastasis secondary to colorectal, appendiceal, ovarian, gastric and other 
malignancies. CRS comprises the surgical removal of visible tumour from peritoneal surfaces as well as 
abdomino-pelvic organs. CRS includes a wide spectrum which ranges from excision of a single per-
itoneal nodule to complete peritonectomy along with multi-visceral resections and up to 3-5 
anastomoses. It is followed by HIPEC which involves pumping highly concentrated chemotherapy 
drugs heated to 41°C–43°C into the peritoneal cavity. HIPEC can be performed either with closed or 
open abdominal techniques. The advantages of a closed abdominal HIPEC are increased intraabdominal 
pressure leading to increased tissue penetration and prevention of heat loss whereas the advantage of 
open abdominal HIPEC is better distribution of the chemotherapeutic drugs. The primary disease and 
institutional protocol dictate the type of HIPEC treatment used in various institutes. The duration of 
surgery can vary from eight to fifteen hours, with longer duration being the norm rather than an 
exception.

CRSHIPEC is a complex procedure with some life-threatening complications in the immediate post-
operative period, reported morbidity rates between 12%-60% and a mortality rate of 0.9%-5.8%[1-4]. The 
postsurgical complications have been reported as late as 90 d after surgery[1,5]. Over the years since its 
introduction in 1980’s, better patient selection, improvements in surgical techniques, surgical skills and 
perioperative management strategies, have further reduced the morbidity and improved the survival 
after CRS-HIPEC. Additionally, disease progression even after comprehensive treatment, necessitating a 
repeat CRS-HIPEC procedure has been reported to be useful in selected patients with recurrent 
peritoneal malignancies[6].

The present article reviews the early postoperative management and common complications after 
CRS-HIPEC, reported in the last decade.

MATERIALS AND METHODS
Literature search strategy
An electronic literature search was conducted using the databases of ‘PubMed’ and ‘Google Scholar’. 
The ‘Reference Citation Analysis’, an artificial intelligence technology-based open citation analysis 
database was employed. The period of the search was from 2010 to 2021. The search terms included, 
“Peritoneal Cancer”, “Hyperthermic”, “Intraperitoneal”, “HIPEC”, Critical Care, Intensive Care, 
Postoperative Care, Perioperative Care, Postoperative Complications and their synonyms in various 
combinations. The extracted articles were further reviewed in a step-wise manner for identification of 
relevant studies. The titles and abstracts were inspected independently by two authors.

https://www.wjgnet.com/2220-3141/full/v11/i6/375.htm
https://dx.doi.org/10.5492/wjccm.v11.i6.375
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Figure 1 PRISMA flow diagram.

Study selection criteria
Only full text articles published in English were included for review. Only articles which reported 
postoperative critical care management and complications were included. Articles regarding only 
preoperative and intraoperative management were excluded. Only original research articles were 
included for analysis. Meta-analyses and review articles were excluded.

RESULTS
Literature search results
A total of 277 articles were identified after the initial literature search. Initial review included screening 
of article titles for relevance and identifying duplicates. A further screening of abstracts identified 
articles for full text review. Full text assessment identified 14 original articles regarding postoperative 
complications and critical care management for inclusion into the final review article (Table 1, Figure 1).

DISCUSSION
Critical care management
Postoperatively almost all the patients were transferred to the intensive care unit (ICU) electively. Only 
a few selected patients with limited CRS and short duration HIPEC may be amenable for high 
dependency unit (HDU) management. There is an exaggerated metabolic and inflammatory response 
after surgery which may be termed as physiological in view of the nature of surgery combined with use 
of heated intraperitoneal chemotherapy with/out early postoperative intravenous chemotherapy.

At the end of surgery, the decision to extubate or electively ventilate depends upon patient 
comorbidities, duration of surgery, degree of cytoreduction, haemodynamic instability, vasopressor use, 
blood loss and the need for massive blood transfusion, and metabolic derangement. Even in the ICU, it 
is quite common to extubate the patients to a high flow nasal cannula or non-invasive ventilation 
depending upon the extent of diaphragmatic peritonectomy, breathing efforts of the patients and site of 
gastrointestinal anastomosis. Preoperative malnutrition and anaemia, long duration of surgery, fluid 
overload, poorly controlled pain leading to diaphragmatic splinting, lithotomy with steep Tr-
endelenburg positioning, preoperative pleural effusion, ascites or presence of preoperative com-
promised pulmonary functions predispose a patient to postoperative pulmonary complications. 
Adherence to enhanced recovery after surgery (ERAS) protocols including preoperative incentive 
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Table 1 Demographic details and disease load

Ref. Data 
duration

Type of 
Cohort/Study

No of Institutes 
(Country) PSM No of 

procedures Age PCI

Cavaliere et al
[35], 2011

1995-2007 Prospective Five (Italy) Colorectal 146 56 (19-76) median 
(range)

< 11-48, 11-
20-72, > 20-
26

Range

Glehen et al[36], 
2010

1989-2007 Retrospective Twenty-five 
(Europe and 
Canada)

Non-
ovarian

1154, 
190(EPIC)

52 (12) mean (SD) 13.1 (8.9) mean (SD)

Cooksley et al[7], 
2011

2009-2010 Retrospective Single (England) Mixed 69 53.3 (30-
73)

mean 
(range)

10.5 Mean

Mizumoto et al
[37], 2012

2007-2011 Retrospective Single (Japan) Mixed 284 57 (13) 
(23–88)

mean (SD) 
(range)

20 (13) 
(0–39)

mean (SD) 
(range)

Bakrin et al[1], 
2012

1991-2008 Retrospective Two (France) Ovarian 246 57.5 (28.6-
77.6)

Mean 
(range)

10.8 (1-31) Mean 
(range)

Baratti et al[17], 
2012

1995-2011 Prospective Single (Italy) Mixed 426 53.4 (12.7) mean (SD) 18.7 (10.8) mean (SD)

Bakrin et al[16], 
2013

1991-2010 Retrospective Thirteen (France) Ovarian 566 57.89 (22-
77)

Median 
(range)

8.5 (0-31) Median 
(range)

Canda et al[27], 
2013

2007-2012 Retrospective Single (Turkey) Mixed 118 53.4 (20-
82)

Mean 
(range)

14.7 (3-28) Mean 
(range)

Jafari et al[15], 
2014

2005-2011 Retrospective > 500 (USA) Mixed 694 55 (10) mean (SD) NA

Levine et al[30], 
2014

1991-2013 Prospective Single (USA) Mixed 1000 52.9 (12.4) mean (SD) 12 Mean

Cascales-
Campos et al
[24], 2016

2008-2014 Prospective Single (Spain) Mixed 156 57 (33-79) Median 
(range)

8 (0-13) Median 
(range)

Martin et al[25], 
2016

1991-2014 Retrospective Single (USA) Mixed 302 54% (40-
60)

Percent 
(range)

13 (6-18) Median 
(IQR)

Elekonawo et al
[38], 2019

2010-2015 Case matched 
RCT

Two centres in 
Netherlands

Colorectal 223 61.4(10.7) mean (SD) 9.0 (0–24) Median 
(range)

Kelly et al[39], 
2018

2007-2014 Retrospective Single (USA) Mixed 226 53 (20-66) Median 
(range)

14 (0-27) Median 
(range)

RCT: Randomised controlled trial; PCI: Peritoneal carcinomatosis index; EPIC: Early postoperative intravenous chemotherapy; SD: Standard Deviation; 
PSM: Peritoneal surface malignancies; NA: Not available.

spirometry and respiratory muscle training and its continuation in the postoperative period have been 
proven to reduce pulmonary complications. Cooksley et al[7] extubated all their HIPEC patients at the 
end of surgery with the use of good epidural analgesia and goal-directed fluid therapy.

Massive fluid shifts, third spacing and blood loss are quite common in the CRS phase of the surgery 
whereas the HIPEC phase can lead to extensive vasodilatation necessitating use of vasopressors. The 
fluid losses, both external and internal (third space), continue in the immediate postoperative period. 
The abdominal drain losses can be as high as 40% of the total output, in the first 72 h after surgery[3,8]. 
Continuous monitoring and assessment of fluid status guided by various static and dynamic parameters 
such as cardiac output monitoring, central venous pressure, serum lactate, urine output, abdominal 
drain and nasogastric losses need to be conducted. Adequate and timely resuscitation with crystalloids, 
colloids, blood and blood products helps reduce postoperative morbidity and mortality. In view of the 
increased risk of postoperative sepsis, acute kidney injury and coagulopathy, it is advisable to avoid use 
of hydroxylethyl starches in the perioperative period. There is a significant protein loss secondary to the 
exudating ascitic fluid and extensive surgical dissection. Postoperative decline in albumin levels is 
common, which starts intraoperatively and continues postoperatively, with the need for exogenous 
replacement. The routine use of furosemide, mannitol or low doses of dopamine to prevent renal injury 
is no longer recommended.

Malfroy et al[8] found that abdominal drain output more than 1500 mL, postoperative fluid re-
suscitation > 70 mL/kg or the need for vasopressors in the first 24 h after surgery are predictors of 
increased 30-d morbidity and mortality. Earlier concerns regarding chemotherapy-induced 
nephropathy, replacement of large volume ascites and dehydration due to preoperative bowel prepar-
ations, led to liberal fluid replacement during the intraoperative period with resultant postoperative 
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fluid overload leading to tissue and bowel edema and increased abdominal, respiratory and cardiac 
complications. In CRSHIPEC procedures, Colantonio et al[9] found that patients in the protocolised 
goal-directed therapy (GDT) group received significantly less fluids in the intraoperative period, had 
lower abdominal and other systemic morbidity and postoperative length of stay but with no significant 
difference in mortality. They reported that GDT with individualised therapeutic end points can be 
achieved using a combination of colloids, crystalloids and vasopressors.

Coagulopathy during the perioperative period is multifactorial which includes the length of surgery, 
extent of resection, both hypothermia and hyperthermia, blood loss and massive blood transfusion. 
There may be prolongation of prothrombin time, activated partial thromboplastin time and/or 
reduction in platelet count. Monitoring viscoelastic properties of clots with the use of thromboelast-
ography both intra- and postoperatively can help with management. The coagulation profile generally 
normalises by the third to sixth postoperative day. Platelet transfusion is rarely required and should 
only be considered when platelet levels fall below 50000 with associated bleeding or additional surgical 
procedures become imminent.

Electrolyte abnormalities may be common due to perioperative massive fluid shifts. Sodium, chlo-
ride, potassium, calcium, magnesium and phosphate should be measured periodically and replacement 
should be done in the ICU.

Extensive CRS and HIPEC can cause wide fluctuations in temperature. The hyperdynamic alterations 
secondary to hyperthermia generally reverse once the temperature normalises. Hyperthermia can also 
cause coagulopathies, renal tubulopathy, liver dysfunction, neuropathies and seizures. Delta 
temperature (difference between lowest and highest temperatures) during CRSHIPEC was found to be a 
significant predictor of ICU stay > 5 d[3]. This is highest in patients with a high peritoneal carcino-
matosis index (PCI) necessitating longer, aggressive resection. Hypothermia during the CRS phase is 
associated with cardiac morbidity, decreased humoral and cellmediated immunity and worsen 
metabolic acidosis and may be responsible for increased ICU stay. The lactate levels after HIPEC should 
be interpreted with caution and along with other markers of perfusion as the inflammatory state itself 
can be responsible for hyperlactatemia.

Perioperative fluid shifts and hypoperfusion combined with nephrotoxic chemotherapy especially 
cisplatin predisposes to acute kidney injury. The critical time for renal perfusion is generally the first 2 
postoperative days. Transient severe hypophosphatemia may be observed on the first two-three 
postoperative days due to hyperthermia-related renal tubulopathy. It can lead to decreased diaphragm 
mobility leading to atelectasis and increased insulin requirements. Transaminitis (2to 3fold rise) is 
common during the first four postoperative days. Diarrhoea can occur in the first week due to digestive 
hypersecretion secondary to the hyper inflammatory status.

Initiation of enteral feed should depend on the extent of bowel resection, presence or absence of 
inflammation and haemodynamic stability. Parenteral nutrition should be initiated early and switched 
to enteral nutrition as soon as possible. The decisions regarding nutrition should consider patients 
baseline nutritional status, and surgical and medical concerns. Dieticians should be actively involved 
from the preoperative phase. Preoperative nutritional status may predict length of stay, risk of in-
fectious complications and possibly long-term survival.

The anticipated postoperative course includes lowgrade fever up to 38oC, even in the absence of 
infection, during the first 7-10 postoperative days. Leukocyte counts and platelet counts progressively 
decrease in the first two weeks followed by a progressive increase. Inflammatory markers such as 
Creactive protein, interleukins and elastase increase during surgery and return to normal within 12-24 
h. Hyperglycaemia can be a common finding due to surgical stress and hypercatabolic state, nece-
ssitating insulin infusions. The glycaemic targets are set at blood sugar levels between 140 to 180 
mg/dL. Routine postsurgical antibiotic prophylaxis is recommended. An escalation after appropriate 
cultures may be required in the event of infections.

Moderate to severe pain is quite common. Use of thoracic epidural anaesthesia (TEA) is desirable in 
these patients for management of postoperative analgesia, prevention of respiratory complications and 
reduction in rates of paralytic ileus. Thoracic epidural analgesia with local anaesthetics and short acting 
opioids up to 72-96 h after surgery have been found to be useful. Owusu-Agyemang et al[10] in their 
study of 215 patients reported that intraoperative initiation of continuous epidural infusions pre-HIPEC 
was associated with significantly less blood loss and decreased intraoperative fluid requirements. 
Despite common postoperative coagulation abnormalities and an increased incidence of sepsis, no 
epidural hematomas or abscesses were reported in their study. A single centre retrospective analysis 
reported improved survival and reduced grade III/IV postoperative morbidity after HIPEC when TEA 
was used compared to patient-controlled opioid analgesia[11]. Along with thoracic epidural analgesia, 
adjuncts such as paracetamol as a component of multimodal analgesia are recommended. Opioid usage 
needs to be minimised. The use of truncal blocks such as transversus abdominis block or quadratus 
lumborum blocks in the absence of epidurals are encouraged.

Adherence to ERAS protocols in the perioperative period have helped to considerably decrease the 
grade III/IV complications and associated morbidity, length of ICU and hospital stays and improve the 
survival rates[3,12-14]. Mechanical and pharmacological deep vein thrombosis prophylaxis should be 
considered as appropriate during the entire perioperative period if not contraindicated. The first dose of 
low molecular weight heparin is generally given the previous night as part of ERAS and continued 
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postoperatively. Implementation of ERAS protocols in the postoperative period such as early ex-
tubation, early removal of drains and urinary catheter, and early mobilisation are recommended. Stress 
ulcer prophylaxis can be followed as per institutional protocols.

Compliance to ERAS protocols have been found to reduce the major postoperative complication rate 
from 33% to 21% due to early detection and reversal of the pathophysiological cascade after this major 
surgery, consequently reducing the length of stay from 13.1 ± 9.5 d to 8.6 ± 4.9 d[12]. A more recent 
National Surgical Quality Improvement Program review reported an average length of stay of 13 d[15].

Complications in the postoperative period
The extent of peritoneal disease as scored by the PCI, the completeness of the cytoreduction (CC) score 
and dose of intraperitoneal platinum chemotherapy are important prognostic factors of both morbidity 
and survival[1,8,16]. PCI > 8-10 and CC-1/CC-2 have been found to have an increased incidence of 
postoperative grade III/IV complications. The risk of complications increased by 3.5% for every single 
point increase in PCI[17]. Additionally, initial indication of surgery, ECOG score, number of organ 
resections etc may help further prognostication[1,17]. Tao et al[18] in their meta-analysis, reported a 
similar incidence of anastomotic leaks and duration of hospital stay between younger (< 65 years) and 
elderly (> 65 years) patients but the morbidity outcomes and mortality were higher in elderly patients. 
Cooksley et al[7] found that the higher the vasopressor requirement intra- and postoperatively, the 
higher the risk of postoperative complications.

In recent years, a gamut of studies investigated the utility of inflammatory markers to predict the 
postoperative course as well as survival. Inflammation plays an important role not only in carcino-
genesis but also during CRS-HIPEC surgery. Some inflammatory biomarkers have been found to have 
an increased association with postoperative infective complications. Kim et al[19] reported that higher 
values of preoperative neutrophil to lymphocyte ratio (NLR) and mean platelet volume (MPV), platelet 
to lymphocyte ratio (PLR), and MPV on postoperative days 2, 3, and 5 were associated with decreased 
1-year survival after CRS-HIPEC. C-reactive protein (CRP), an acute phase inflammation protein, is a 
highly sensitive but nonspecific biomarker of systemic inflammatory response. van Kooten et al[20] 
reported an increasing value of CRP after postoperative day (POD) 2 or CRP > 166 mg/L at POD3 or > 
116 mg/L at POD4, had a predictive value for early detection of severe adverse events. Saeed et al[21] 
studied the dynamics of precalcitonin (PCT) pre and postoperative in CRS-HIPEC patients and 
compared them to CRP and white cell counts (WCC) in patients who developed infective complications 
postoperatively. They found a trend for faster rise in serum PCT on POD1 as compared to CRP and 
WCC, along with a faster PCT decline following appropriate therapy on POD3 and 6 when infected 
cases were clinically resolving while WCC and CRP continued to rise, particularly in non-splenec-
tomised patients. Splenectomised patients had an increase in PCT postoperatively even in the absence of 
infection. Although all three, namely PCT, WCC and CRP showed an increase postoperatively 
consequent to systemic inflammatory response syndrome (SIRS) post CRS-HIPEC surgery, PCT had the 
highest negative predictive value to rule out bacterial infectious complications. Finally, they cautioned 
the interpretation of postoperative PCT in predicting infectious complications only in association with 
other clinical, biochemical, microbiological and radiological findings. Viyuela García et al[22] reported 
that CRP on POD7 and 8 had best accuracy, with an optimal cut-off value of 88 mg/L and 130 mg/L, 
respectively, to predict postoperative infective complications in ovarian cancer patients who underwent 
CRS-HIPEC.

The complications are commonly graded on two main classification systems – Clavien Dindo classi-
fication and National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0 
(NCICTCAE). Major surgical complications generally include those requiring interventional endoscopy 
or CT-scan/ultrasound-guided procedures (grade 3), return to the operating room or ICU (grade 4), and 
death (grade 5). It has been found that conventional 30-d mortality underestimates post-operative 
mortality by 50% in CRS-HIPEC patients[5]. In their study, Alyami et al[5] found that most major 
complications occurred within 30 d, but more than 50% of deaths related to postoperative complications 
occurred after 30 d. Various studies have suggested evaluating morbidity and mortality related to 
complex surgical procedures such as CRS-HIPEC, using a 90-d time period for its definition[5,17,23].

CRS-HIPEC, being a major abdominal surgery, is associated with a gamut of postoperative complic-
ations. Grade III/IV complications are most common in the first 2 wk after surgery (Table 2). Malfroy et 
al[8] reported a median time to complications post-surgery of 2.5 d.

Gastrointestinal complications 
CRS with HIPEC involves extensive abdominal surgery with major handling of small bowel, several 
visceral resections, anastomosis and peritonectomy. The major complications include anastomotic leaks, 
gastrointestinal perforations distant from the suture line, abdominal abscess, sepsis, haemorrhage, 
biliary, pancreatic or ureteral leakage, pancreatitis, paralytic ileus, diarrhoea etc. An important consid-
eration is the timing of the anastomosis vis-à-vis HIPEC. There is no evidence in the literature to suggest 
an increased risk of anastomotic leaks or isolated disease recurrence on suture lines if anastomosis is 
performed at the completion of the cytoreduction and prior to HIPEC[6]. Some authors prefer bowel 
anastomoses to be performed before HIPEC in closed procedures to avoid reopening the patient but 
after HIPEC in cases of open procedure[16]. Malfroy et al[8] found that septic shock was the commonest 
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Table 2 Surgical complications

Commonest complications
Ref. N Mortality 

(%) Days
Morbidity 
(Grade 
III/IV), %

Complication 
classification First (%) Second (%) Third (%)

Re-
operations 
(%)

Cavaliere 
et al[35], 
2011

146 2.7 30 27.4 WHO GI 
perforation/anastomotic 
leak (7.4)

Sepsis (4.1) Pancreatitis/pancreatic 
fistula (1.4)

NA

Glehen et 
al[36], 2010

1154, 
190 
(EPIC)

4.1 30 33.6 NCICTCAE GI 
perforation/anastomotic 
leak (9.7)

Pneumonia (9.1) Intraabdominal 
bleeding (7.7)

14

Cooksley 
et al[7], 
2011

69 0 30 5.79 NA Pneumonia (2.9) Central line infection 
(1.5)

Uncontrolled 
hypertension (1.5)

NA

Mizumoto 
et al[37], 
2012

284 3.5 30 17 NCICTCAE GI 
perforation/anastomotic 
leak (6.7)

Sepsis (4.6) Intraabdominal 
bleeding (2.1)

11

Bakrin et al
[1], 2012

246 0.37 30 11.6 NCICTCAE GI 
perforation/anastomotic 
leak (4.9)

Intraabdominal 
bleeding (2.4)

4.9

Baratti et al
[17], 2012

426 2.6 90 25.3 NCICTCAE GI 
perforation/anastomotic 
leak (11.03)

Sepsis (3.76) Intraabdominal 
bleeding (3.3)

10.7

Bakrin et al
[16], 2013

566 0.8 30 31.3 NCICTCAE Intraabdominal 
bleeding (8)

GI 
perforation/anastomotic 
leak (3)

8

Canda et al
[27], 2013

118 7.6 30 31.35 NCICTCAE Sepsis (7.6) Pneumonia (2.5) Ileus (2.5) 5.08

Jafari et al
[15], 2014

694 2.3 30 32.9 NA Intraabdominal 
bleeding (17)

Sepsis (15.9) Pneumonia (4.8) 9.8

Levine et 
al[30], 2014

1000 3.8 30 42 NA Sepsis GI 
perforation/anastomotic 
leak

Pneumonia NA

Cascales-
Campos et 
al[24], 2016

156 0.6 30 11.5 NCICTCAE Pleural effusion (4.49) Sepsis (3.8) GI 
perforation/anastomotic 
leak (1.9)

NA

Martin et 
al[25], 2016

302 3 30 NA Pleural effusion (10.8) Thrombosis (6.8) Sepsis (5.4) NA

Elekonawo 
et al[38], 
2019

223 1.5 30 17.6 Clavien Dindo Sepsis (14.7) GI 
perforation/anastomotic 
leak

NA

Kelly et al
[39], 2018

226 30 NA NA Ileus (31) Sepsis (21) Thrombosis (15) 16

EPIC: Early postoperative intravenous chemotherapy; GI: Gastrointestinal; NA: Not available; NCICTCAE: National Cancer Institute Common Terminology 
Criteria for Adverse Events version 3.0 (NCICTCAE).

factor for postoperative ICU re-admission (28.1%) with gastrointestinal origin of sepsis to be the highest 
(64.3%). Paralytic ileus is the commonest morbidity observed postoperatively, classified as Grade I-III 
morbidity[24]. One meta-analysis showed an incidence of prolonged postoperative ileus of 10.2% 
following elective colonic surgery, with potential higher rates with added effects of the hyperthermic 
bath, chemotherapy and peritoneal carcinomatosis[14]. The use of thoracic epidural analgesia, 
postoperative use of prokinetics, laxatives and adjuncts such as coffee or chewing gum, and early 
mobilisation have all been recommended to hasten gut recovery after such major surgery. ICU 
readmissions occur in 11%-25% of patients and in one study, ileus/dehydration was responsible for one 
third of readmissions[14]. The rate of re-operations increases in patients with postoperative complic-
ations due to sepsis, anastomotic leaks, etc.

Sepsis both abdominal and unrelated to the surgical site is the commonest complication post-surgery. 
It is also the commonest cause of mortality. Infections with resistant organisms are also common[8].

Martin et al[25] reported 30- and 90-d readmission rates after CRS-HIPEC to be 14.9% (n = 32), and 
21.4% (n = 46), respectively. The main factor implicated in re-admissions was the presence of enterocu-
taneous fistula. They did not find any association between factors such as age, sex, race, intraoperative 
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blood loss, pancreatic or hepatic resection at the index operation, and postoperative complications of 
surgical site infection, line infection, and thromboembolic events with higher re-admission rates.

Respiratory complications 
Common postoperative grade III/IV respiratory complications include pneumonia, pleural effusions, 
respiratory failure, and pulmonary embolism[8,23,26]. These can prolong the ICU stay or cause ICU re-
admissions. Respiratory sepsis is the second most common cause of septic shock at 28.6%[8]. The 
massive fluid shifts during CRS-HIPEC are most commonly responsible for the increased incidence of 
unplanned intubations, prolonged ventilations and pulmonary interventions. Preti et al[26] reported an 
incidence of pulmonary adverse events of 10% which included 4.6% pleural effusions, 4.2% respiratory 
distress necessitating oxygen supplementation and intubations and 3.2% pneumonia. Martin et al[25] 
reported pleural effusions in 10.8% of patients postoperatively and mortality in two patients secondary 
to pulmonary embolism.

Cardiovascular complications 
Hypovolemic shock especially in the first 48 h post-surgery secondary to exuding peritoneal surfaces 
and systemic inflammatory response can lead to higher rates of grade III/IV complications. The 
incidence of acute myocardial infarction and arrythmias is similar to any major gastrointestinal surgery. 
Jafari et al[15] reported a 0.3% incidence of postoperative myocardial infarction. Martin et al[25] reported 
a 4.4% incidence of cardiac arrythmias (atrial fibrillation, supraventricular tachycardia and pulseless 
electrical activity) and attributed one patient’s mortality to cardiac dysrhythmia.

Miscellaneous 
Sepsis (unrelated to abdominal complications), central line infections as well as urinary tract infection 
are common[6,17,25,27]. Some case reports have mentioned rare complications such as non-cirrhotic, 
non-total parenteral nutrition hyperammonia etc[28]. Prolonged postoperative acidosis has also been 
observed[8]. Multi-organ failure is common. The risk of pulmonary embolism, deep venous thrombosis 
and superior mesenteric vein thrombosis is in the range of 5%-10%[29]. The significant risk factors 
associated with the development of venous thromboembolism include advanced cancer stage at the 
time of diagnosis, prolonged immobilization, extensive surgical procedures, mucinous tumours of the 
gastrointestinal tract and the use of central venous catheters.

Systemic toxicity due to hyperthermic chemotherapy
Depending on the cancer histology, high concentrations of different chemotherapeutic agents (20-1000 
times greater than plasma levels) are delivered into the abdominal cavity. Drugs which have a 
synergistic effect with heat, namely, mitomycinC and the platinumbased drugs, cisplatin, carboplatin, 
and oxaliplatin are used for intraperitoneal (IP) administration. The less commonly used drugs are 
doxorubicin, 5fluorouracil, docetaxel, paclitaxel and irinotecan.

Intraperitoneal chemotherapy is sometimes combined with concomitant or early postoperative 
administration of intravenous chemotherapy, aiming to create a bidirectional diffusion gradient through 
the cancer cells.

Most of the PSM are platinum-sensitive, with cisplatin being the commonest chemotherapeutic agent 
used for HIPEC. Common toxicities include nephropathy and haematological toxicity (Table 3). A 
cisplatin dose more than 240 mg was demonstrated to increase both surgical morbidity and systemic 
toxicity[17]. Some centres have used sodium thiosulphate for the prevention of cisplatininduced 
nephrotoxicity with promising results[3,14,30]. One of the considerations for patients with a second 
recurrence is platinum sensitivity. The progression-free interval since the most recent course of 
platinum chemotherapy may differentiate between platinum sensitive and platinum resistant disease
[16]. Few studies have reported an increased rate of systemic complications with the combined use of 
cisplatin and mitomycin for IP chemotherapy[1,31]. Canda et al[27] found that patients with pre-
operative renal dysfunction and previous chemotherapy may present with grade III/IV postoperative 
nephrotoxicity. Despite a 30% dose reduction in the chemotherapeutic agent doses during HIPEC in 
older patients (age > 70 years), patients with preoperative renal dysfunction or previous 
systemic/intraperitoneal chemotherapy, they found a high incidence of post-operative renal dys-
function with five patients requiring haemodialysis and two patients continuing with chronic 
haemodialysis[27]. Bakrin et al[16] suggested a 30% dose reduction in patients older than 70 years, with 
previous chemotherapy and/or extensive surgical cytoreduction as they found a higher incidence of 
postoperative renal dysfunction with 8% of patients (n = 51) suffering from postoperative renal insuffi-
ciency, 2% of patients (n = 15) chronic renal insufficiency and 1% of patients (n = 6) requiring long-term 
dialysis.

Haematological complications secondary to chemotherapeutic agents are also commonly reported in 
various studies[1,7,32]. Leukopenia and neutropenia have been frequently reported. Mitomycin-C 
(MMC), when dosed by body surface area or weight, has been attributed to leukopenia to the tune of 
20%-40%[32]. In a study by Feferman et al[32], the use of MMC-HIPEC produced an incidence of 7% 
severe leukopenia and 4.5% neutropenia, with some patients requiring therapeutic granulocyte colony 
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Table 3 Systemic toxicities due to chemotherapy

Ref. HIPEC drugs EPIC Nephrotoxicity, % Haematological toxicity, %

Glehen et al[36], 2010 MMC + CDDP/Ox + 5FU/leucovorin MMC+5FU 1 13.3

Bakrin et al[1], 2012 CDDP + MMC/DX 3

Baratti et al[17], 2012 CDDP + MMC/DX 5.4 5.9

Bakrin et al[16], 2013 CDDP/MMC/DX 11 11

Canda et al[27], 2013 CDDP + /MMC 25.8 19.8

Jafari et al[15], 2014 NA 3.7 0

EPIC: Early postoperative chemotherapy; HIPEC: Hyperthermic intraperitoneal chemotherapy; MMC: Mitomycin-C; CDDP-Cisplatin, 5FU” % flurouracil; 
Ox: Oxaloplatin; Dx: Adriamycin.

stimulating factor (GCSF). They reported that the risk of myelosuppression was reduced with a fixed 40 
mg dose of MMC in HIPEC and routine use of GCSF for prophylaxis is not indicated. Bakrin et al[16] 
reported an 11% incidence of grade III/IV leukopenia in their cohort of 566 epithelial ovarian cancer 
patients undergoing CRS-HIPEC.

Limitations 
The data provided in the included studies in this systematic review lacks standardisation in reporting of 
methodology, postoperative complications etc[33-37]. There is variance in the classification of complic-
ations, drugs used in HIPEC, etc. Although the first ERAS protocols for major abdominal surgery were 
developed in 2010, ERAS guidelines for CRS-HIPEC were recently published[14,38,39]. Hence the 
degree of adherence to ERAS in the studies included in our review and its effect on the rate of complic-
ations may vary in the future.

CONCLUSION
CRS-HIPEC for PSM has advantageous survival outcomes, and has become a common surgery in 
oncological centres all over the world. Being a complex surgery, with proven postoperative systemic 
inflammatory response, the focus in recent years has shifted to understanding the immediate post-
operative pathophysiology and its management, early detection of complications and the institution of 
appropriate treatment to reduce morbidity and improve survival. The implementation of ERAS 
guidelines specific to CRS-HIPEC should help to further reduce postoperative complications.

ARTICLE HIGHLIGHTS
Research background
CRS-HIPEC is an aggressive option for the comprehensive management of all peritoneal surface 
malignancies. It can result in some life-threatening complications in the immediate postoperative period 
and reported higher morbidity and mortality rates. Postoperative morbidity and survival have sig-
nificantly improved. The commonest postoperative surgical complications and systemic toxicity due to 
chemotherapy as reported in the last decade are discussed.

Research motivation
The number of patients undergoing CRS-HIPEC has increased in the last decade as have improvements 
in surgical techniques, surgical skills and perioperative management strategies. All these have led to 
improvements in post-surgical outcomes and survival rates. The present article reviews the early 
postoperative management and common complications after CRS-HIPEC, reported in the last decade.

Research objectives
To review early postoperative management after CRS-HIPEC. To review common im-mediate post-
surgical complications, namely gastrointestinal, respiratory, cardiovascular, miscellaneous and systemic 
toxicity secondary to chemotherapy, in these patients.



Wajekar AS et al. Postoperative complications and critical care after CRS-HIPEC

WJCCM https://www.wjgnet.com 384 November 9, 2022 Volume 11 Issue 6

Research methods
An electronic literature search was conducted using the databases of ‘PubMed’ and ‘Google Scholar’, 
during the period from 2010 to 2021. Postoperative complications and their synonyms in various 
combinations were searched. The extracted articles were further reviewed in a step-wise manner for the 
identification of relevant studies. The full-text assessment identified 14 original articles regarding 
postoperative complications and critical care management for inclusion in the final review article.

Research results
This article reviewed the early postoperative critical care management of such patients and the 
immediate post-surgical complications as reported in the gamut of studies included in the final review.

Research conclusions
CRS-HIPEC is a complex surgery, with a proven postoperative systemic inflammatory response. The 
focus in recent years has shifted to understanding the immediate postoperative pathophysiology and its 
management, early detection of complications and the institution of appropriate treatment to reduce 
morbidity and improve survival. The implementation of ERAS guidelines specific to CRS-HIPEC should 
help to further reduce postoperative complications.

Research perspectives
There are two major avenues for research in this area. One is the early prediction of postoperative 
complications and early intervention to reduce morbidity and mortality. Although numerous inflam-
matory markers such as mean platelet volume, CRP, procalcitonin etc have been studied, no single test 
is foolproof and they should be utilized in association with the clinical scenario, microbiological and 
biochemical investigations. The second avenue is the implementation of ERAS guidelines for CRS-
HIPEC and its impact on postoperative outcomes and survival.
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Table 1 Coronavirus disease 2019 patients admitted to intensive care unit characteristics of survivors and non-survivors

Non-survivor (n = 167) Survivors (n = 94) P value OR 95%CI

Age 72 (63-82) 65.5 (51-74) < 0.001

Race (Caucasian) 125 (74.9) 57 (60.6) 0.016 1.9 1.12-3.3

BMI 29 (23.9, 34.7) 28.6 (24, 33) 0.49

Sex (male) 102 (61) 56 (60) 0.81 1.065 0.63-1.78

Diabetes 60 (35) 24 (26) 0.08 1.63 0.93-2.8

CHF 24 (15) 10 (11) 0.38 1.42 0.64-3.1

CAD 45 (27) 20 (21) 0.30 1.36 0.74-2.48

COPD 38 (23) 23 (25) 0.75 0.9 0.5-1.64

CKD 25 (15) 13 (14) 0.8 1.09 0.53-2.26

HTN 100 (60) 45 (48) 0.061 1.62 0.97-2.70

AKI 87 (52) 30 (32) 0.002 2.3 1.21-2.5

Mechanical ventilation 134 (80) 44 (47) < 0.001 4.6 2.64-8

Hemodialysis 29(18) 10 (11) 0.13 1.8 0.83-3.8

Neutrophils × 109/L 7.4 (5-11.79) 7.8 4.4-12.9 0.92

Lymphocytes 0.7 (0.5, 1.2) 0.9 (0.6, 1.6) 0.011

Neutrophil/lymphocyte 10 (6, 18.5) 7.54 4.3-14.2 0.017

SCr (mg/dL) 1.2 (0.8-1.8) 1.1 (0.8, 0.8) 0.49

Plts (× 109/L) 202 (166-268) 232 (155-301) 0.27

Tbili (mg/dl) 0.5 (0.4, 0.8) 0.5 (0.4, 0.8) 0.65

SOFA admit 4 (3-7) 4 (2, 6) 0.095

PaO2/FIO2 190 (76, 285) 232 (123, 307) 0.039

PaO2 69 (55-86) 73 (59-96) 0.083

FIO2 0.44 (0.24-1) 0.36 (0.21-0.97) 0.12

OR: Odds ratio; CI: Confidence interval; CAD: Coronary artery disease; COPD: Chronic obstructive pulmonary disease; CKD: Chronic kidney disease; 
CHF: Congestive heart failure; AKI: Acute kidney injury; HD: Hemodialysis; tBili: Total bilirubin; Plts: Platelets INR: International normalized ratio; 
PaO2/FiO2: Partial pressure of oxygen/inspired concentration of oxygen ratio; SOFA: Sequential Organ Failure Assessment; BMI: Body mass index; SCr: 
Serum creatinine.

L, Benson P, Pittiglio M, Gobran E, Clark A, Khan W, Damalas K, Mohan R, Singh SP. Retrospective 
analysis of anti-inflammatory therapies during the first wave of COVID-19 at a community hospital. 
World J Crit Care Med 2021 Sep 9; 10(5): 244-259. DOI: 10.5492/wjccm.v10.i5.244. PMID: 34616660; 
PMCID: PMC8462025[1].

In the original manuscript, there are some errors in the table data presented, which need to be 
modified. The corrected tables are shown as Table 1 (original Table 1) and Table 2 (original Table 4). 
These errors do not change the ultimate results and conclusion of the paper but have been provided for 
clarification and overall accuracy.

Patient characteristics are described in Table 1. Univariate predictors of decreased survival included 
the need for mechanical ventilation, acute kidney injury, Caucasian race, older age, lower total 
lymphocyte count, higher neutrophil/Lymphocyte ratio, and a greater degree of respiratory failure 
manifested by a lower PaO2/FIO2 ratio. As anticipated non-survivors demonstrated a higher degree of 
elevated inflammatory and pro-thrombotic markers, D-Dimer at 24 h (Table 2, Original Table 4).
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Table 2 Inflammatory markers in coronavirus disease 2019 survivors and non-survivors

Non-survivors (n = 167) Survivors (n = 94) P value

IL-6 day 1 (pg/mL) 116 (33, 410) 72 (45, 210) 0.75

IL-6 day 2 470 (36, 1299) 153 (10, 280) 0.38

D-Dimer day 1 (ng/mL) 855 (522, 2434) 595 (337, 1349) 0.013

D-Dimer day 2 691 (436, 1743) 1040 (550, 3431) 0.11

CRP day 1 (mg/L) 125 (61, 179) 130 (89, 185) 0.55

CRP day 2 116 (82, 185) 119 (47, 175) 0.29

Ferritin day 1 (ng/mL) 869 (406, 1467) 995 (488, 1571) 0.35

Ferritin day 2 822 (447, 1432) 1053 (712, 2057) 0.05

IL-6: Interleukin 6, CRP: C-reactive protein.
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