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Abstract
Despite improvement in cardiopulmonary resuscitation (CPR) performance, 
cardiac arrest (CA) is still associated with poor prognosis. The high mortality rate 
is due to multi-organ dysfunction caused by cerebral ischemia and reperfusion 
injury (I/R). The guidelines for CPR suggest the use of therapeutic hypothermia 
(TH) as an effective treatment to decrease mortality and the only approach 
confirmed to reduce I/R injury. During TH, sedative agents (propofol) and 
analgesia agents (fentanyl) are commonly used to prevent shiver and pain. 
However, propofol has been associated with a number of serious adverse effects 
such as metabolic acidosis, cardiac asystole, myocardial failure, and death. In 
addition, mild TH alters the pharmacokinetics of agents (propofol and fentanyl) 
and reduces their systemic clearance. For CA patients undergoing TH, propofol 
can be overdosed, leading to delayed awakening, prolonged mechanical venti-
lation, and other subsequent complications. Ciprofol (HSK3486) is a novel anes-
thetic agent that is convenient and easy to administer intravenously outside the 
operating room. Ciprofol is rapidly metabolized and accumulates at low concen-
trations after continuous infusion in a stable circulatory system compared to 
propofol. Therefore, we hypothesized that treatment with HSK3486 and mild TH 
after CA could protect the brain and other organs.

Key Words: HSK3486; Therapeutic; Cerebral ischemia-reperfusion injury; Hypothesis
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Core Tip: Ciprofol (HSK3486) is a novel anesthetic agent that is convenient and easy to administer 
intravenously outside the operating room. Ciprofol is rapidly metabolized and accumulates at low concen-
trations after continuous infusion in a stable circulatory system compared to propofol. We hypothesize that 
HSK3486 can improve survival rates and achieve good neurological outcomes in cardiac arrest patients 
who receive therapeutic hypothermia.

Citation: Wang YC, Wu MJ, Zhou SL, Li ZH. Protective effects of combined treatment with ciprofol and mild 
therapeutic hypothermia during cerebral ischemia-reperfusion injury. World J Clin Cases 2023; 11(3): 487-492
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/487.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.487

INTRODUCTION
Cardiac arrest (CA) is associated with poor prognosis. CA accounts for approximately 15% of all deaths 
and 50% of all cardiac deaths worldwide[1]. Survival rates with good neurological outcomes are low, in 
the range between 2% and 23%, depending on a variety of regional, social, and medical factors[2,3]. 
From a pathophysiology perspective, post-CA myocardial injury and brain injury are induced by 
ischemia/reperfusion injury (I/R injury)[4,5]. The guidelines for cardiopulmonary resuscitation (CPR) 
suggest that therapeutic hypothermia (TH) is an effective treatment to decrease mortality, and CPR is 
the only approach confirmed to reduce I/R injury[6,7].

During TH, sedative agents (propofol) and analgesia agents (fentanyl) are commonly used to prevent 
shiver and pain[6]. However, studies have shown that propofol has been associated with a number of 
serious adverse effects such as metabolic acidosis, cardiac asystole, myocardial failure, rhabdomyolysis, 
and death[7-9]. Low-grade myotoxicity can be associated with prolonged (weeks) exposure to propofol 
in the intensive care unit (ICU), especial in children. Several studies reported that prolonged propofol 
sedation of coronavirus disease 2019 (COVID-19) patients with long-term mechanical ventilation 
contributed to critical illness myopathy[8-10]. In addition, it has been shown that mild TH alters the 
pharmacokinetics of propofol and fentanyl and reduces their systemic clearance in rats after the return 
of spontaneous circulation (ROSC)[11,12]. For CA patients who have undergone TH, propofol can be 
overdosed, leading to delayed wakening, prolonged mechanical ventilation, and other subsequent 
complications, often referred to as propofol syndrome[12].

Ciprofol (HSK3486) (Figure 1), which is a 2,6-disubstituted alkylphenol phenol derivative, is a novel 
propofol analogue formulated in an injectable emulsion of medium- and long-chain triglycerides[13]. Its 
pharmacokinetics and distribution indicate that HSK3486 is rapidly metabolized and has low accumu-
lation after continuous infusion[14]. One study reported that HSK3486, like propofol, exerts its sedative 
effects through binding to gamma-aminobutyric acid type A (GABAA) receptors, but showed higher 
liposolubility and potency than propofol[15]. Furthermore, to achieve the same level of anesthesia, 
fewer lipids from the HSK3486 emulsion enter into the circulatory system compared to propofol 
emulsion[16]. HSK3486 at a maintenance dose of 3-4 mg/kg/h showed good efficacy and safety in the 
treatment of long-term mechanically ventilated patients in the ICU[16,17]. However, whether HSK3486 
can improve survival rates in CA patients who receive TH remains unclear.

HYPOTHESIS
We hypothesize that HSK3486 can improve survival rates and achieve good neurological outcomes in 
CA patients who receive TH.

RATIONALE FOR THE HYPOTHESIS
The high mortality rate of CA is attributed to whole-body I/R induced multi-organ dysfunction that is 
referred to as post-cardiac arrest syndrome (PCAS)[18-20]. Post-CA myocardial dysfunction, macrocir-
culatory dysfunction, and brain injury are the main clinical features of this complex pathophysiological 
process. Myocardial dysfunction after CA commonly results in death and hemodynamic instability[19]. 
Increased heart rate and blood pressure after ROSC are attributed to medications and catecholamine 
release. These effects cause a global stunning of the myocardium that usually resolves and returns to 

https://www.wjgnet.com/2307-8960/full/v11/i3/487.htm
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Figure 1 The chemical structure of Ciprofol. Ciprofol introduces cyclopropyl on the basis of the chemical structure of propofol to form a chiral structure, which 
increases the steric effect and enhances the affinity for gamma-aminobutyric acid type A receptors. Ciprofol is a new type of intravenous anesthetic drug with rapid 
onset of action, rapid recovery, high potency, and less injection pain.

normal after 72 h[20].
Studies have shown that propofol is associated with a number of serious adverse effects such as 

metabolic acidosis, cardiac asystole, myocardial failure, rhabdomyolysis, and death[7-10]. Low-grade 
myotoxicity can be associated with prolonged (weeks) exposure to propofol in the ICU[11]. In both 
clinical and experimental studies where patients and animals have been exposed to long-term (10 d) 
controlled mechanical ventilation, patients and animals developed critical illness myopathy[8-12]. Thus, 
for CA patients, propofol infusion syndrome should be reduced to maintain a stable circulatory system, 
especial when TH treatment has been used.

Ciprofol (HSK3486), which is a 2,6-disubstituted alkylphenol phenol derivative, is a novel propofol 
analogue formulated in an injectable emulsion of medium- and long-chain triglycerides[13-15]. 
HSK3486 acts against the α1β2γ2 subtype of GABAA receptors and inhibits a wide range of CYP450 
isozymes in mammalian species. Its pharmacokinetics and distribution indicate that HSK3486 is rapidly 
metabolized and has low accumulation after continuous infusion. One study reported that HSK3486 
showed better anesthesia potency over propofol, with an 83% lower ED50. Furthermore, fewer lipids 
from the HSK3486 emulsion enter into the stable circulatory system compared to a propofol emulsion. 
Thus, HSK3486 can achieve the same sedative depth during TH after CA and may improve survival 
rates compared to propofol.

EVALUATION OF THE HYPOTHESIS
This hypothesis can be tested in two ways using rat models of CA. First, we could compare the 
protective effects of HSK3486 and propofol directly, and second we could test whether the combination 
of HSK3486 and TH confers greater protection that either HSK3486 or propofol alone.

The CA animal model was established in our previous study[11,21]. Here we would adapt it as 
follows. After anesthesia, we will induce CA by applying six minutes of asphyxia. We will then use CPR 
with mechanical ventilation of 100% oxygen, at a frequency of 80 breaths/min, tidal volume of 10 
ml/kg, and sternal compressions (with two fingers) at a rate of 200 times/min (attempting to generate 
systolic arterial pressure peaks > 50 mmHg). We will continue CPR until return of spontaneous 
circulation (ROSC), defined as achieving a spontaneous mean arterial pressure (MAP) of 60 mmHg, that 
is maintained for more than 10 min[13,21]. We will simultaneously administer epinephrine (0.02 mg/kg 
i.v.) with the sternal compressions every 3 min if necessary, and 5% NaHCO3 (1 mmol/kg i.v.) can also 
be provided if needed. If overall CPR attempts exceed 5 min, the experiment will be stopped. After 
ROSC, rats will be divided randomly into four groups: S group (sham-operate group), CPR group 
(infusion with saline 4 ml/kg for 30 min), HSK3486 group (infusion with HSK3486 at 0.4 mg/kg for 30 
min), and propofol group (infusion with 2 mg/kg emulsion for 30 min). Survival conditions, behavioral 
evaluations, echocardiogram, and histopathologic analysis (including TUNEL staining of neurons and 
cardiomyocytes and Nissl staining of neurons) in each group will be evaluated on days 1 and 7 after 
ROSC. We will then compare the protective effects of HSK3486 and propofol post-conditioning. In the 
second set of experiments we will also evaluate the effects of TH. The CA model will be established as 
described above, but rats will be randomly divided into five groups after ROSC: CPR group, HSK3486 
group (infusion with HSK3486 at 2 mg/kg for 30 min), TH group (maintaining rectal temperature at 33 
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± 0.5℃ for 2 h), HSK3486-TH group (TH will be initiated with HSK3486 infusion at 33 ± 0.5℃ for 2 h), 
and propofol-TH group (TH will be initiated with propofol infusion at 33 ± 0.5℃ for 2 h). We will 
conduct the same evaluations at days 1 and 7 as described for first set of experiments. However, during 
these experiments, the left femoral artery and vein will be separately cannulated with catheters to 
measure blood pressure and for drug administration. The rectal temperature will be controlled 
throughout the experiment with the aid of a lamp or ice bag. Rectal temperature, MAP, electrocar-
diogram, and blood gas levels will be continuously monitored during the experiment.

CONSEQUENCES AND DISCUSSION OF HYPOTHESIS
Despite the advances in treatment of PCAS, a significant proportion of patients still have a poor 
prognosis. The pathophysiological processes that occur after whole-body I/R injury following CA lead 
to multi-organ dysfunction. The subsequent reperfusion injury after ROSC causes cardiac and brain 
dysfunction. HSK3486, as an intravenous anesthetic, has advantages such as rapid metabolism and low 
accumulation in the circulation compared to propofol.

HSK3486 is a GABAA receptor agonist that has been shown to have an improved anesthetic profile 
and less injection pain compared to propofol in pre-clinical studies. HSK3486 is formulated in a 10% oil-
in-water emulsion with a drug concentration of 10 mg/mL. Compared with lipophilic drugs, such as 
midazolam, HSK3486 is metabolized at faster rate and reduces the deepening of sedation. HSK3486 has 
been used for clinical endoscopy, but it has also been recommended for adult patients who may need 
general anesthesia for fiberoptic bronchoscopy. In a previous trial, Teng et al[22] demonstrated the 
safety of HSK3486 during colonoscopy with good tolerance. In addition, HSK3486 has shown good 
tolerance in some unpublished studies (NCT03698617, NCT03808844, NCT04048811, and 
NCT04511728). Furthermore, based on available data, HSK3486 causes less potential damage to 
cardiovascular and cerebrovascular function, as evidenced by stable hemodynamics and its reported 
safety profile[23]. Glucuronidation, oxidation, and sulfation are the major metabolic pathways targeted 
by HSK3486, and its glucuronidation metabolites are generally considered to be nonhypnotic, nontoxic, 
and rapidly cleared in from the plasma[14]. In summary, HSK3486 may become a promising anesthetic 
agent.

The available studies provide some useful guidance regarding the appropriate dose for post-
conditioning and HSK3486 adaptation. Teng et al[22] reported that HSK3486 could be administered at a 
range of 0.1-0.5 mg/kg during colonoscopy. The study by Li et al[23] showed that a sedative effect could 
be achieved at 0.3 mg/kg in the elderly compared to 0.4 mg/kg in the non-elderly. Thus, 0.4 mg/kg of 
HSK3486 would be the chosen dose to test in combination with TH. However, due to the lack of 
research on the appropriate dose of HSK3486 for intravenous administration in CA, more studies are 
needed to test our hypothesis.

We hypothesize that HSK3486 in combination with TH would confer cardio-protective effects and 
less risks compared to propofol. The combination of HSK3486 and TH may synergistically prevent 
neuronal injuries caused by I/R following CA, due to the fact that HSK3486 can be rapidly metabolized. 
Additionally, this combination could potentially ameliorate the side effects of hypothermia. Therefore, 
HSK3486 treatment in combination with TH could be a novel treatment for CA patients.

Testing our hypothesis would provide new insight about the treatment of CA, providing a promising 
prevention strategy for post-arrest myocardial and neuronal reperfusion injury.

LIMITATIONS
Here we propose one hypothesis for using a combined TH treatment after CA, but more experimental 
data is needed to test our hypothesis, and further studies are needed to elucidate the cardio-protective 
mechanism of ciprofol in the future.

CONCLUSION
Based on the experimental laboratory data, we hypothesize that HSK3486 administered with TH after 
CA would improve patient survival rates and lead to good neurological outcomes.
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Abstract
During the early phase of the coronavirus disease 2019 (COVID-19) pandemic 
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
diagnosis was difficult due to the diversity in symptoms and imaging findings 
and the variability of disease presentation. Pulmonary manifestations are 
reportedly the main clinical presentations of COVID-19 patients. Scientists are 
working hard on a myriad of clinical, epidemiological, and biological aspects to 
better understand SARS-CoV-2 infection, aiming to mitigate the ongoing disaster. 
Many reports have documented the involvement of various body systems and 
organs apart from the respiratory tract including the gastrointestinal, liver, 
immune system, renal, and neurological systems. Such involvement will result in 
diverse presentations related to effects on these systems. Other presentations such 
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as coagulation defects and cutaneous manifestation may also occur. Patients with specific 
comorbidities including obesity, diabetes, and hypertension have increased morbidity and 
mortality risks with COVID-19.

Key Words: COVID-19; Non-pulmonary; Extrapulmonary; Clinical manifestations; Systemic disease
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Core Tip: Pulmonary involvement was taking the upper hand during the early coronavirus disease 2019 
pandemic, which was proven to be a rather multisystemic disease. Due to the helpful research efforts that 
could help in shifting the developing subject area and proper understanding of the nature of the disease for 
early diagnosis and controlling the spread of the infection.
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INTRODUCTION
Since January 30, 2020, the World Health Organization has declared the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) outbreak as a public health emergency of international concern
[1]. This pandemic, which emerged in China, has rapidly spread to affect almost the entire globe within 
a few weeks. Currently, researchers are working hard on a myriad of aspects, clinical, epidemiological, 
and biological, to better understand SARS-CoV-2 infection aiming at mitigating the ongoing disaster. As 
the number of confirmed coronavirus disease 2019 (COVID-19) patients is increasing daily by tens of 
thousands, clinicians are struggling to understand the possible damage which can complicate SARS-
CoV-2 infection[2]. During the early phase of the COVID-19 pandemic, the diagnosis was difficult due 
to the diversity in symptoms and imaging findings and variability of disease presentation[3,4]. The 
Centers for Disease Control and Prevention has identified interim clinical presenting features for 
COVID-19 as fever (83%-99%), cough (59%-82%), fatigue (44%-70%), anorexia (40%-84%), shortness of 
breath (31%-40%), sputum production (28%-33%) and myalgias (11%-35%)[5]. According to a large 
Chinese cohort studying disease patterns in more than 44000 patients, disease severity ranged from 
mild constitutional symptoms and/or mild pneumonia in 81% to shortness of breath and hypoxemia, 
which complicates about 14% of patients. Acute respiratory distress syndrome (ARDS), respiratory 
failure, shock, and multi-organ failure occur in only 5% of the affected population[6]. Chest imaging is 
non-specific in many settings. Although COVID-19 patients can be identified through the detection of 
bilateral peripheral ground-glass opacities and air-space consolidation, mild or early diseases might lack 
radiological chest changes[7,8]. Consequently, The American College of Radiology denied computed 
tomography of the chest as the first-line test for SARS-COV-2. Medical practitioners realize that 
although the lungs are the most affected organs, the infection can extend to many other organs and 
systems, including the heart, blood vessels, kidneys, gut, and brain[2].

In this article, we focused on the non-pulmonary involvement in COVID-19 by reviewing the 
available evidence. Figure 1 summarizes the non-pulmonary involvement in COVID-19.

MATERIALS AND METHODS
The main objectives of the study were to stress the involvement of various body systems and organs in 
COVID-19 apart from the respiratory tract including the gastrointestinal (GI), liver, immune system, 
renal, and neurological systems.

Literature search
The literature search was conducted using the PubMed, Scopus, Web of Science (WOS), EBSCO, and 
Wiley databases. The following search items were used: ("non-pulmonary involvement OR "non-
respiratory") AND ("COVID-19 OR "covid 19" OR "covid 19 associated") AND ("a systemic disease 
rather than a pure respiratory infection" OR "covid 19 associated multi-system inflammatory syndrome 
in adults" OR "covid 19 associated multi-system inflammatory" OR "covid 19 breakthrough infections" 
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Figure 1 Summarizes non-pulmonary involvement in coronavirus disease 2019. GI: Gastrointestinal; COVID-19: coronavirus disease 2019.

OR "covid 19 multi-system"), to retrieve relevant articles regardless the publishing year. For non-English 
articles, all relevant data were extracted from the English version of the abstract. The full text of these 
papers was translated into English to retrieve all other needed data. Reviews, meta-analyses, and all 
other articles containing non-original data were excluded from our review. All retrieved articles were 
screened and selected by two independent groups of authors (Mohamed El-Kassas and Mohamed 
Alboraie). Relevant data were extracted into a standardized data collection sheet by two independent 
authors (Mohamed Elbadry and Mohamed Eltabbakh).

Statistical analysis
Descriptive statistics were used for data analysis.

OBSERVATIONS AND DISCUSSION
GI involvement
In one of the first articles describing the clinical presentation of patients infected with SARS-CoV-2 from 
Wuhan, diarrhea was one of the clinical presentations[9]. In another study by Gu and his colleague from 
Shanghai, they described GI manifestations in the form of diarrhea, vomiting, and abdominal pain in 
COVID-19 patients[10]. With further studies, SARS-CoV-2 RNA was identified in the anal/rectal swabs 
and stool specimens of COVID-19 patients, even after virus clearance from the upper respiratory tract
[11-13]. Genome sequences for SARS-CoV-2 showed that it has about 79.6% similarity to SARS-CoV, 
encoding and expressing the spike (S) glycoproteins, which help the virus enter human cells through 
binding to the angiotensin-converting enzyme 2 (ACE2) receptors[14]. ACE2 is highly expressed in type 
II alveolar cells (AT2) in the lungs and the GI tract, especially the small and large intestines[15]. Previous 
experience with the severe acute respiratory syndrome (SARS) epidemic in 2003 indicated that 
coronavirus has tropism in the GI tract. Electron microscopic examination of biopsies and autopsies 
revealed a rapid increase in the virus in the small intestine and the colon[16,17]. Likewise, Middle 
Eastern Respiratory Syndrome (MERS in 2013) caused by MERS-CoV can lead to intestinal infection 
since the human intestinal cells are strongly liable for and support this viral replication[18]. The high 
susceptibility of the GI tract (GIT) to coronavirus can explain the presence of diarrhea in a proportion of 
patients infected with COVID-19, despite being less frequent than in SARS. The viral nucleocapsid 
protein could be stained and identified inside the cytoplasm of epithelial cells of the stomach, 
duodenum, and rectum[19]. The initial autopsy belonged to an 85-year-old male with COVID-19 
revealed areas of dilatation and narrowing of the small bowel[20]. One of the largest and most compre-
hensive studies evaluating GIT manifestations in COVID-19 patients from Wuhan, with 1141 cases 
admitted in a single hospital over 7 wk, showed that about 16% of patients presented with GI symptoms 
only. The most common symptoms were loss of appetite, nausea, and vomiting, which occurred in 
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about 67% of the patients, diarrhea in 37%, and abdominal pain in 25%[21]. Another study from China 
stated that 48.5% of patients had GIT symptoms and the most common symptoms were as follows: 
anorexia (83.8%), diarrhea (29.3%), vomiting (8.1%), and abdominal pain (4.0%), with some patients 
having multiple symptoms. In this study, 7 patients had only GIT symptoms with no pulmonary 
symptoms, and those patients needed a longer hospital stay[22]. The same was reported by An et al[23], 
who described 9 adults with COVID-19 who initially presented with only GI manifestations. Five 
patients became febrile 2-4 d from the onset during their hospital admission, whereas the rest did not 
show any other symptoms. This should raise awareness about the possibility of SARS-CoV-2 infection in 
patients presenting with GIT manifestations during the pandemic, which may lead to the spread of 
infection if not detected early. The last point was specifically mentioned in a separate report describing a 
patient who suffered abdominal symptoms and was admitted to a surgical department, leading to the 
infection of more than 10 healthcare workers and 4 patients admitted in the same area[24]. In one of the 
largest review articles, Yuan and his colleagues analyzed data from 2023 patients, stating whether GI 
manifestations were present. The incidence of GIT manifestation was between 3% and 79% including 
anorexia (39.9%-50.2%), diarrhea (2%-49.5%), vomiting (3.6%-66.7%), nausea (1%-29.4%), abdominal 
pain (2.2%-6.0%), and GI bleeding (4%-13.7%). Both adults and children could present with GI manifest-
ations without pulmonary symptoms. Fecal testing for viral ribonucleic acid (RNA) was as reliable as 
sputum in detecting SARS-CoV-2. In (36%-53%), fecal polymerase chain reaction (PCR) became positive 
2-5 d following positive respiratory specimens. Fecal excretion continued after sputum excretion in 
(23%-82%) of patients for 1-11 d[25]. Another multicenter study that assessed patients with GIT 
manifestations in China reported that COVID-19 patients who suffered digestive symptoms had a 
longer time from symptom onset to admission and evidence of more laboratory derangements, 
including prolonged coagulation and higher liver enzymes, compared to those without GIT symptoms
[22]. In another interesting case report, a 71-year-old woman developed abdominal pain and non-bloody 
diarrhea, followed by bloody diarrhea, nausea, vomiting, anorexia, and diffuse abdominal pain. 
Computed tomography showed severe colonic inflammation that was more in the ascending, 
transverse, and descending colon and had mild right pleural effusion. The patient underwent all invest-
igations as infective diarrhea, which turned negative, and her sigmoidoscopy revealed mild mucosal 
inflammation. On the 4th day of hospital admission, the patient developed cough, and nasopharyngeal 
swabs turned positive for SARS-CoV-2[26]. The GI presentation of this case differed from all previously 
reported cases, thus highlighting the importance of taking all precautions when dealing with patients 
presenting with any GIT complaints during this pandemic.

Liver effects on patients with COVID-19
There are insufficient data for direct viral-related liver injury in COVID-19 cases. Data from one of the 
biggest centers in China showed that 2%-11% of COVID-19 cases had liver problems, and 14%-53% had 
abnormal levels of alanine aminotransferase and aspartate aminotransferase during the disease. Patients 
with severe COVID-19 had higher values of liver enzymes than mild cases with the disease[27]. Some 
patients from China have undergone autopsies or post-mortem tissue biopsies to identify the nature of 
liver injury. The first report was for a 50-year-old man who died from severe COVID-19, and the 
autopsy specimen showed moderate microvascular steatosis with a mild portal and lobular activity in 
the liver[28]. Other autopsies revealed hepatomegaly with dark and red hepatocyte degeneration and 
focal necrosis areas. Also, there was neutrophilic and lymphocytic infiltration in the portal area with 
congested hepatic sinuses and micro thrombosis. No pathological features of liver failure or injury of 
bile ducts could be detected in these cases[29].

The liver is considered a target for direct infection, as ACE2 is expressed abundantly in cholan-
giocytes, which leads to direct cytotoxicity[30]. COVID-19 may cause a severe inflammatory response, 
which leads to the immune-mediated damage of many organs, including the liver, which is evident by 
increased peripheral blood levels of many inflammatory markers such as ferritin and many cytokines 
such as interleukin 2 (IL-2) and IL-6. Also, sepsis is a common complication in severe COVID-19 cases, 
which may lead to hypoxic and ischemic liver injury, cholestasis, and hepatocellular injury due to 
severe inflammation. Drug-induced liver injury may be a common cause of liver involvement in 
COVID-19. Many national recommendations are using multiple antiviral drugs such as oseltamivir, 
umifenovir, chloroquine, tocilizumab, and lopinavir/ritonavir, which can induce liver injury. Most 
antipyretic drugs contain paracetamol, which is considered a known cause of hepatotoxicity in high 
doses[31]. Patients with pre-existing chronic liver disease may be more susceptible to liver damage 
during COVID-19 infection and its sequelae of immune-mediated damage with severe inflammation[32,
33]. It seems that liver enzyme elevations are usually transient, and severe liver injury is rare with 
COVID-19. To the best of our knowledge, there are no documented deaths due to hepatic 
decompensation in cases without pre-existing liver disease. However, regular monitoring of the liver 
profile is warranted, especially in patients with severe COVID-19 infection[34].

Hematological effect of COVID-19
Hematological effects from SARS-CoV-2 are not a recent finding. Cells with ACE2 receptors might be 
infected first by the virus, including immune cells. Immune cells produce antibodies that can generate 
immune hemolysis when they contact red blood cells. Hemoglobin is then infected and attacked. The 
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viral open reading frame 8 (ORF8) and surface glycoprotein can bind to porphyrin. Simultaneously, 
ORF1ab, ORF10, and ORF3a proteins can coordinate the attack of the beta chain of hemoglobin, leading 
to the dissociation of iron and the formation of porphyrin. This attack would cause a loss of hemoglobin, 
which is essential for carrying oxygen and carbon dioxide. The inability to frequently exchange carbon 
dioxide and oxygen has a too-intense poisoning and inflammatory effect on the lung cells, eventually 
resulting in characteristic ground glass-like lung images. The virus can also inhibit normal human heme 
anabolism[9,35].

That is why recent clinical studies believe that viral damage to the human body is systemic, not 
confined to the respiratory system. Additionally, overt disseminated intravascular coagulopathy (DIC) 
was found in 71.4% of non-survivors and 0.6% of survivors upon applying the validated International 
Society on Thrombosis and Hemostasis DIC score from a single center (the median time to DIC 
detection was 4 d). Based on these preliminary results, it was assumed that DIC can complicate COVID-
19 pneumonia and be associated with mortality. Evidence of DIC, especially elevated D-dimer levels, 
may also be used to guide therapeutic interventions[36]. It was noticed that older patients with 
lymphopenia and high lactate dehydrogenase (LDH) levels on admission were associated with severe 
manifestations and required intensive care unit (ICU) admissions. Also, those patients who required 
ICU stay had a deeper nadir absolute lymphocytic count, nadir absolute monocyte count and nadir 
hemoglobin, and higher peak absolute neutrophil count and peak LDH levels compared to patients who 
did not require ICU[37]. Four possible mechanisms can explain why COVID-19 reduces blood 
lymphocyte levels: The virus might infect lymphocytes directly, resulting in death. The ACE2 
coronavirus receptor is expressed on lymphocytes and may be directly targeted by the viruses[38]. The 
novel coronavirus virus might directly destroy lymphatic organs such as the thymus and spleen, and 
this hypothesis needs to be conrmed by pathological dissection in the future. Enhanced lymphocyte 
apoptosis due to inammatory cytokines release (e.g., tumor necrosis factor alpha, IL-6, and other pro-
inammatory cytokines) could induce lymphocyte deciency and lymphocyte inhibitions by metabolic 
molecules such as hyperlactic acidemia produced by metabolic disorders. In severe forms of COVID-19, 
patients had elevated blood levels of lactic acid, which might suppress lymphocyte proliferation[39]. 
The mechanisms mentioned above or beyond might work together or separately to cause lymphopenia, 
so further research is recommended. That is why lymphopenia is considered an effective and reliable 
indicator of disease severity and an indication for hospitalization in patients with COVID-19[40].

Renal manifestations of COVID 19
Renal involvement in COVID-19 (coronavirus-nephropathy) has a complex etiology. However, some 
studies suggest that acute kidney injury (AKI) does not complicate COVID-19, but when it occurs in 
COVID-19 patients, it is associated with higher morbidity and mortality and is a strong indicator of 
survival[41]. Renal affection is mutual in COVID-19 patients and manifests mainly with proteinuria in 
about 44% to 63% of patients, hematuria in 26.9% of patients, elevated serum creatinine (SCr) in 15.5% to 
19%, and urea blood nitrogen (BUN) in 14.1% to 27% of the patients. AKI was also reported in 3.2% of 
infected individuals. Computed tomography (CT) scan of the kidneys illustrated that the renal 
parenchyma's inflammation and edema were evident in all patients. Renal failure in COVID-19 patients 
had a greater risk of in-hospital mortality. AKI, proteinuria, hematuria, raised plasma creatinine, and 
urea nitrogen were evident predictors of in-hospital patients’ mortality as well[42,43]. Many me-
chanisms have been suggested to explain how SARS-CoV-2 impacts renal functions, one of which is 
attributed to dehydration, which may result from fever; and decreased fluid intake, which leads to a 
reduction of glomerular filtration rate and causes AKI. This can be reversible in early stages by fluid 
therapy. However, if dehydration leads to hypoperfusion and ischemia, as in cases of cytokine storm, 
sepsis and shock, acute tubular necrosis might supervene[44,45]. Rhabdomyolysis and hypoxia are other 
possibilities, as well as direct virus invasion to the renal tubular cells, interstitium, or glomeruli with 
direct cytopathic effect. Coronaviruses have a three-dimensional spike protein structure, which is 
closely bound to human cell receptor 2, where it enters into the cells via ACE2 receptors, which are 
vastly expressed in the renal cells. This explains how the renal cells are targeted and infected by SARS-
CoV-2. Although the virus-induced glomerulopathy in the coronaviruses family was low, immune 
complexes deposition of viral particles or virus-induced specific immunological abnormalities is still 
possible[46,47]. However, another opinion was that COVID-19 does not induce AKI or deterioration of 
the renal condition in patients with chronic kidney disease (CKD). In a study including 116 cases 
confirmed with COVID-19, only 10.8% of patients without CKD showed a mild increase in BUN or SCr, 
and these elevations were all less than 26 μmol/L within 48 h, which does not match with the AKI 
standard definition. Only 7.2% of the patients without CKD showed mild albuminuria and gradually 
returned to normal without needing specific treatment[41].

Cardiological manifestations of COVID-19
The cardiovascular system is sometimes involved during the COVID-19 course by different proposed 
mechanisms, such as direct myocardial injury by binding to ACE2 receptors, which leads to alteration of 
signaling pathways that result in acute myocardial injury. Another supposed mechanism is the systemic 
inflammatory response and cytokine storm, which ultimately leads to multiple end-organ damage 
proven by the high circulatory levels of proinflammatory cytokines in patients with critical COVID-19. 
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This may also lead to increased coronary blood flow with increased shear stress that can precipitate 
plaque rupture and increase vascular thrombosis leading to acute myocardial infarction[48,49]. The 
hypoxia resulting from acute lung injury may cause a significant imbalance of the oxygen demand-
supply ratio to the cardiac muscle and increases cardio-metabolic demand. Electrolyte disturbance, 
especially hypokalemia (of particular concern in patients with COVID-19), adversely affects various 
therapies, such as antiviral drugs, which affect QT interval prolongation and corticosteroids, and other 
therapies can also have deleterious effects on the cardiovascular system[50]. Although cardiovascular 
risk factors do not increase the chance of getting SARS-CoV-2 infection, they inversely affect the 
prognosis of COVID-19. These risk factors include diabetes, cardio-cerebrovascular disease, and 
hypertension, and they were associated with a 2-3 fold greater risk of severe disease, respectively, or 
requiring ICU admission[6]. Acute myocardial injury is the most commonly described cardiac 
presentation in COVID-19. Different biomarkers cut-offs and/or electrocardiographic abnormalities 
have been used to define acute cardiac injury. The most commonly used definition is an elevation of 
high-sensitivity cardiac troponin above the 99th percentile upper reference limit. The incidence of acute 
myocardial injury is roughly estimated to be 8%-12% among positive cases of SARS-CoV-2 with a robust 
unfavorable prognosis of COVID-19. The incidence of ST-segment elevation myocardial infarction in 
COVID-19 patients seems to be lower, as well as the incidence of left ventricular systolic dysfunction, 
acute left ventricular failure, and cardiogenic shock. Heart failure has been reported in 52% of COVID-
19 patients who subsequently died and 12% of patients discharged from the hospital. Tachy- and 
bradyarrhythmias were also reported in the severe and morbid form of the disease requiring ICU 
admission, while acute coronary events and left ventricular systolic dysfunction were not reported and 
seemed to have very low incidence[51-53]. Interestingly, although myocardial injury is significantly 
associated with the fatal outcome of COVID-19, the prognosis of patients with underlying 
cardiovascular disease (excluding myocardial) injury is relatively favorable[54].

Endocrinal involvement in COVID-19
Diabetes, hypertension, and metabolic syndrome significantly impact morbidity and mortality in 
COVID-19. Hyperglycemia and diabetes are associated with suppression of the immune state and 
increase the risk of infectious diseases. About 51% of COVID-19 patients reportedly have hyper-
glycemia, similar to what has been observed with other viral infections such as SARS and MERS. The 
transient pancreatic cell function impairment can explain the mechanism of hyperglycemia in this 
situation by the virus itself or by modulation in glucose metabolism. The impact of hyperglycemia in 
SARS-CoV-2 infection cannot be underestimated due to its effect on the immune status and its further 
complications[55]. About 50%-60% of impaired glucose tolerance and diabetic patients have a higher 
incidence of pulmonary infections. Diabetic patients carry a high risk of getting SARS-CoV-2 infection. 
A study from Wuhan concluded that other diseases accompanied 32% of the infected cases; the highest 
was for diabetes in 20% of cases, followed by hypertension in 15% and cardiovascular disease in 15% of 
cases[9]. Another study retrospectively analyzed data from 138 COVID-19 patients and found that 
46.4% had one or more underlying diseases, of which diabetes was represented in 10% of cases and 
22.2% of ICU cases[24]. Unsurprising that patients with diabetes have a high rate of mortality among 
SARS-CoV-2 infected patients, it reached 77.7% of critically ill COVID-19 patients[56]. Also, of the 72,314 
reported cases of COVID-19 in the Chinese Center for Disease Control and Prevention, diabetic patients 
had a high mortality rate (7.3% in diabetes mellitus vs 2.3% overall)[6].

Generally, there are a lack of data about the effect of obesity on COVID-19 patients. However, some 
hospitals in Spain showed that obese patients infected with SARS-CoV-2 were more susceptible to 
severe ARDS, respiratory failure, and even death; this can be explained by sleep apnea syndrome and 
surfactant dysfunction that occur with severe obesity[57]. Undernourished patients are more susceptible 
to infection with SARS-CoV-2. Also, COVID-19 itself can lead to malnutrition, which affects outcome 
and prognosis; therefore, COVID-19 outcome could be improved with improved nutritional status[58].

Unfortunately, there are no currently available data about the outcome of COVID-19 patients with 
adrenal insufficiency; however, it is expected they may have a high risk for acquiring SARS-CoV-2 
infection and high incidence of mortality due to defects in their natural immunity, neutrophils, and 
natural killer cell action[59]. Similarly, few published data are available about the effect of SARS-CoV 
infection on male gonads and the risk of infertility. Germ cell destruction, few or no spermatozoon in 
the seminiferous tubules, a thickened basement membrane, and leukocyte infiltration were found in 
some SARS-COV-infected patients. This may be explained by sharing the same ACE2 receptor to enter 
the host cells for reproduction and transmission[60]. Whether a similar effect can occur in SARS-CoV-2 
infected patients; needs more research to explore.

Immune involvement in COVID-19
Both innate and adaptive immunity are involved in SARA-CoV-2 infection, with lymphopenia being 
dominant; however, the severely uncontrollable inflammatory response with markedly elevated levels 
of proinflammatory cytokines such as IL-6 and IL-1β, as well as IL-2, IL-8, and IL-17, known as cytokine 
storm, has been seen in severely infected COVID-19 patients. This cytokine storm leads to multiple 
unwanted harmful effects that can be manifested with severe tissue damage, extensive pulmonary 
destruction, respiratory failure, multi-organ failure, and even death. In addition to elevated levels of 
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proinflammatory cytokines, complement activation has also been seen to add another immune-based 
pathology associated with COVID-19; this may contribute to further hope for using complement 
inhibitors to decrease inflammatory damage[61].

SARS-CoV-2-specific immunoglobulin G (IgG) and IgM antibodies have been detected in high titer 
upon analysis of 222 and 173 COVID-19-infected patients; this may be explained by an antibody-
mediated immune mechanism that has also been observed with many other viral infections. Hopefully, 
this can be helpful for antibody-based therapies and vaccine development[62].

Cutaneous manifestation in COVID-19 patients
Available data about the skin manifestations of COVID-19 are scarce. COVID-19 patients may initially 
present with a skin rash, which may be misdiagnosed as other common skin diseases[9]. A study 
conducted in Italy collected data from 88 COVID-19 patients; 20.4% developed cutaneous manifest-
ations. Eight patients developed skin manifestations at the onset and ten patients after hospitalization. 
The developed cutaneous manifestations were variable and included: erythematous rash, widespread 
urticaria, and chickenpox-like vesicles. Lesions were more evident on the trunk. Most of the lesions 
were itchy and usually healed in a few days. No correlation was observed between disease severity and 
cutaneous symptoms. This study reported that skin manifestations recorded in COVID-19 patients are 
similar to those in common viral infections[63]. A case report from Thailand presented a patient with a 
petechial skin rash that was first diagnosed as dengue fever because of the endemicity of Dengue in 
Thailand and the presence of thrombocytopenia, later on, the patient developed respiratory symptoms 
and all viral causes that might be associated with fever, rash, and the respiratory problem was excluded 
by laboratory investigation. The final diagnosis of the SARS-COV-2 infection was made using real-time 
PCR[64]. Urticaria also was reported as a common skin manifestation associated with COVID-19 in 
Chinese patients[65,66].

Neurological and musculoskeletal systems are affected in COVID-19
Due to the similarities in structure and modes of transmission with SARS-CoV and MERS-CoV, SARS-
CoV-2 showed growing evidence of affinity affecting the central nervous system and causing other 
neurological manifestations. Many early reported data described symptoms of neurological affection, 
commonly headache, which was severe and intolerable in many cases, dizziness, and unsteadiness of 
gait[67]. In the first retrospective observational study about the neurological involvement among 214 
hospitalized patients in Wuhan, headache was the most common neurologic symptom, affecting 25% of 
the patients, followed by dizziness in 17%, then a disturbance in their level of consciousness in 8% of 
cases and acute cerebrovascular events in 3%. Less commonly, ataxia and convulsions occurred in 0.5% 
of each[68]. In another single-center retrospective observational study, including 221 patients, acute 
ischemic strokes were found in 5% of patients, with cerebral venous sinus thrombosis in 0.5% and 
cerebral hemorrhage in 0.5% of cases without the mention of other neurologic deficits. It is worth 
considering that almost all of these patients were old with accompanying risk factors like hypertension 
and diabetes mellitus[69]. It was suggested that metabolic and electrolyte imbalances, along with the 
accompanying hypoxia and/or multiple organ failure in critically ill patients, might represent a 
plausible explanation for altering mental status[70]. The presence of seizures ranging from subtle 
subclinical forms to clinically overt seizures and status epilepticus in many patients points to the 
possibility of having non-convulsive status epilepticus as an explanation, and hence the importance of 
electroencephalogram monitoring of such patients and the application of Salzburg Consensus Criteria 
for Non-Convulsive Status Epilecticus[71].

Moreover, some reports have linked Guillain-Barré syndrome and post-infectious acute myelitis to 
COVID-19. A similar para-infectious association with the Zika virus encouraged the suggestion of a 
phenomenon with COVID-19 instead of the classic post-infectious form[72,73]. The current piling data 
and reports of COVID-19 render the pandemic's central nervous system and other neurological 
manifestations more than just an epiphenomenon as concrete evidence is accumulated. The first reports 
of substantial evidence include a case of a 24-years-old man who presented with fever and fatigue. 
COVID-19 RNA was not detected in his nasopharyngeal swab until the 9th day when he was found 
unconscious and soaking in his vomit with evident neck stiffness and was diagnosed with meningeo-
encephalitis. Despite the negative nasopharyngeal swab, COVID-19 RNA was found in his CSF fluid, 
while his serum varicella-zoster IgM and anti-herpes simplex virus type 1 were negative. Furthermore, 
magnetic resonance imaging showed hyperintensity signals in the right lateral ventricle, hippocampus, 
and right mesial temporal lobe, linking SARS-CoV-2 with his illness[74].

Psychiatric manifestations
During the COVID-19 pandemic, additional anxiety results from fear of acquiring infection, especially 
in the presence of uncertainty, whether other modes of transmission than droplet infection exist. The 
uncertain incubation period of the virus and its possible asymptomatic transmission can also cause 
additional stress. The obligation to social distancing in many countries worldwide resulted in changes 
in national behavioral patterns and the shutdown of the usual day-to-day functioning[75]. Additionally, 
reports of shortages in medical protective equipment, medical staff, and hospital beds have raised major 



El-Kassas M et al. Non-pulmonary involvement in COVID-19

WJCC https://www.wjgnet.com 500 January 26, 2023 Volume 11 Issue 3

worries worldwide. Lastly, a unique “infodemic” due to a plethora of information from unofficial and 
unreliable sources poses a significant risk to public mental health during this crisis[76].

The spectrum of psychological distresses can be classified into immediate and long-term effects. 
Immediate stress during an infectious disease outbreak can include fear and worriedness about a 
person’s health and the health of his family; changes in sleep or eating patterns; difficulty sleeping or 
concentrating; worsening of chronic health problems; worsening of mental health conditions; and 
increased use of alcohol, tobacco, or illicit drugs[77]. Panic disorders (resulting from fear of the 
unknown and the unpredicted) and infomania (the obsessive demand to frequently check media) can 
also be among the immediate effects. Stigma, xenophobia, and racism related to COVID-19 may also 
occur. Increased fear and suspicion towards people from China and other countries in which SARS-
CoV-2 had widely spread led to social stigmatization and refusal to house, employ, or provide health 
care for certain races. Theories of conspiracy (mistrust, the detection of real and hidden designs, and the 
meaning behind the apparent causes) are also present. They have widely spread during the COVID-19 
pandemic as different accusations of the virus as a biological war or designed to create an economic 
crisis are widespread[78]. Studies assessing mental health during the SARS outbreak in 2003 found that 
the main psychiatric problems were adjustment reactions with increased anxiety levels. Studies have 
also shown that 10%-35% of SARS survivors reported having features of anxiety, depression, or both 
during the early recovery phase[79].

Long-term psychiatric consequences of SARS-CoV-2 are still unknown; guided by the last SARS 
epidemic in 2003, a significant impact on mental health can be expected. In 2003, posttraumatic stress 
disorder was the most typical psychiatric condition as its cumulative incidence rate of 30 mo after SARS 
was (47.8%) and then depressive disorders were the second most common impact[80]. Healthcare 
workers (HCWs) carrying the responsibility to provide care to infected patients and to search for the 
best therapies for unknown dangerous pathogens are put under significant stress in addition to being 
exposed to infection. Exposure to infected patients necessitates the social isolation of HCWs with its 
added psychiatric consequences. When HCWs become infected and turn out to be patients, this change 
in their role leads to behavior adjustment challenges, frustration, and feeling of helplessness[81].

Special senses
Anosmia and ageusia (loss of smell and taste, respectively) were reported as frequent symptoms in 
patients with COVID-19[82]. In Italy, of 59 patients with COVID-19, 34% self-reported either smell or 
taste alteration, and 19% reported both[83]. The same finding was reported by a European multicenter 
cross-sectional study that showed that out of 417 mild-to-moderate COVID-19 patients, 85.6% reported 
smell dysfunction, and 88% reported taste dysfunction[82]. An American study on 237 COVID-19 
patients showed that anosmia was experienced in 73% of subjects before COVID-19 diagnosis, and it 
was the initial symptom in about 27% of them[84]. Quantitative smell testing of confirmed 60 COVID-19 
patients showed that 98% have some smell dysfunction but not always anosmia[85]. Considering these 
symptoms as characteristic early diagnostic features of COVID-19 is controversial as the earlier data 
from china did not stress olfactory or taste disorders in COVID-19 patients. The increasing evidence on 
the importance of olfactory and gustatory symptoms as a precedent event to the full-blown clinical 
disease suggests its use as a clinical screening tool to determine the need for early testing, treatment, or 
quarantine of asymptomatic individuals.

Ophthalmic manifestations
COVID-19 transmission through the ocular route remains uncertain[86]. Animal studies showed that 
coronaviruses, including SARS-CoV-2, can produce a broad spectrum of ocular manifestations from 
diseases that involve the anterior segment, like conjunctivitis and anterior uveitis, to posterior segment 
conditions like retinitis and optic neuritis[87]. The human eye has its intraocular renin-angiotensin 
system, as ACE2 was detected in the aqueous humor[88]. However, the expression of ACE2 in the 
conjunctiva or cornea is not well documented. So, ocular infection through ACE2 should be further 
investigated. A Chinese case series showed that about one-third of patients with COVID-19 had ocular 
abnormalities. Their ocular manifestations varied between epiphora, conjunctival congestion, or 
chemosis and were encountered in patients with advanced systemic manifestations[89]. Few case 
reports have described acute conjunctivitis as a presenting symptom of COVID-19 patients[90,91].

Audio vestibular manifestations
Viral infections are well known for causing sensorineural hearing loss. The evidence of inner ear 
involvement in COVID-19 patients is scarce and needs further studies. In a recent pilot study that 
explored the audiological profile of asymptomatic COVID-19 PCR-positive cases, the authors reported a 
significant worsening of the high-frequency pure-tone thresholds, as well as the transient, evoked 
otoacoustic emissions amplitudes. This indicates suspected deleterious effects of COVID-19 on the hair 
cells in the cochlea, but larger studies and follow-ups of these patients after recovery are pivotal to 
determining the exact mechanism and fate of these effects[92]. Furthermore, Fidan and his colleagues 
reported a 35-year-old female patient with otalgia and tinnitus. None of the classic COVID-19 symptoms 
with no comorbidities upon investigation proved to have acute otitis media, bilateral lung involvement 
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in chest X-ray, and positive RT-PCR result for SARS-CoV-2[93].

CONCLUSION
In this review article, we highlighted multisystemic involvement of COVID-19 infection. Involvement of 
various body systems and organs apart from the respiratory tract, including the GI, liver, immune 
system, renal, and neurological systems have been reported with COVID-19 infection.

ACKNOWLEDGEMENTS
The authors acknowledge the tremendous effort and sacrifice of the medical staff working in COVID-19 
quarantine hospitals worldwide.

FOOTNOTES
Author contributions: El-Kassas M, Alboraie M, Elbadry M, El Sheemy R, Abdellah M, Afify S, Madkour A, Zaghloul 
M, Awad A, Wifi MN, Al Balakosy A, and Eltabbakh M equally contributed to writing the manuscript; Alboraie M 
revised the final manuscript; Awad A submitted the manuscript.

Conflict-of-interest statement: The authors have no conflicts of interest to declare.

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: Egypt

ORCID number: Mohamed El-Kassas 0000-0002-3396-6894; Mohamed Alboraie 0000-0002-8490-9822; Mohamed ElBadry 
0000-0002-9020-8870; Reem El Sheemy 0000-0001-8158-8878; Mohamed Abdellah 0000-0001-9329-6063; Shimaa Afify 
0000-0001-5937-4240; Ahmad Madkour 0000-0001-8416-6013; Mariam Zaghloul 0000-0002-4244-5396; Abeer Awad 0000-
0001-9945-9767; Mohamed-Naguib Wifi 0000-0002-3403-7106; Amira Al Balakosy 0000-0002-9229-6237; Mohamed 
Eltabbakh 0000-0003-2836-807X.

S-Editor: Liu GL 
L-Editor: Filipodia 
P-Editor: Liu GL

REFERENCES
World Health Organization.   (2020) Novel coronavirus (2019-nCoV) situation reports. [Internet] [accessed 16 May 
2020]. Available from: https://www.who.int/emergencies/diseases/

1     

Wadman M, Couzin-Frankel J, Kaiser J, Matacic C. How does coronavirus kill? Science AAAS 2020 [DOI: 
10.1126/science.abc3208]

2     

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DSC, Du B, Li LJ, Zeng G, Yuen KY, 
Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li SY, Wang JL, Liang ZJ, Peng YX, Wei L, Liu Y, Hu YH, Peng P, 
Wang JM, Liu JY, Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Zhong NS; China Medical Treatment Expert 
Group for Covid-19. Clinical Characteristics of Coronavirus Disease 2019 in China. N Engl J Med 2020; 382: 1708-1720 
[PMID: 32109013 DOI: 10.1056/NEJMoa2002032]

3     

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, Liu Y, Wei Y, Xia J, Yu T, Zhang X, Zhang L. 
Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a 
descriptive study. Lancet 2020; 395: 507-513 [PMID: 32007143 DOI: 10.1016/S0140-6736(20)30211-7]

4     

Center for Disease Control and Prevention.   Management of Patients with Confirmed 2019-nCoV. [Internet] [accessed 
May 16 2020]. 4/21/2020. Available from: https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-
management-patients.html

5     

Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus Disease 2019 (COVID-19) 
Outbreak in China: Summary of a Report of 72 314 Cases From the Chinese Center for Disease Control and Prevention. 
JAMA 2020; 323: 1239-1242 [PMID: 32091533 DOI: 10.1001/jama.2020.2648]

6     

Bai HX, Hsieh B, Xiong Z, Halsey K, Choi JW, Tran TML, Pan I, Shi LB, Wang DC, Mei J, Jiang XL, Zeng QH, Egglin 
TK, Hu PF, Agarwal S, Xie FF, Li S, Healey T, Atalay MK, Liao WH. Performance of Radiologists in Differentiating 

7     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-3396-6894
http://orcid.org/0000-0002-3396-6894
http://orcid.org/0000-0002-8490-9822
http://orcid.org/0000-0002-8490-9822
http://orcid.org/0000-0002-9020-8870
http://orcid.org/0000-0002-9020-8870
http://orcid.org/0000-0001-8158-8878
http://orcid.org/0000-0001-8158-8878
http://orcid.org/0000-0001-9329-6063
http://orcid.org/0000-0001-9329-6063
http://orcid.org/0000-0001-5937-4240
http://orcid.org/0000-0001-5937-4240
http://orcid.org/0000-0001-8416-6013
http://orcid.org/0000-0001-8416-6013
http://orcid.org/0000-0002-4244-5396
http://orcid.org/0000-0002-4244-5396
http://orcid.org/0000-0001-9945-9767
http://orcid.org/0000-0001-9945-9767
http://orcid.org/0000-0001-9945-9767
http://orcid.org/0000-0002-3403-7106
http://orcid.org/0000-0002-3403-7106
http://orcid.org/0000-0002-9229-6237
http://orcid.org/0000-0002-9229-6237
http://orcid.org/0000-0003-2836-807X
http://orcid.org/0000-0003-2836-807X
https://www.who.int/emergencies/diseases/
https://dx.doi.org/10.1126/science.abc3208
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://dx.doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32007143
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
http://www.ncbi.nlm.nih.gov/pubmed/32091533
https://dx.doi.org/10.1001/jama.2020.2648


El-Kassas M et al. Non-pulmonary involvement in COVID-19

WJCC https://www.wjgnet.com 502 January 26, 2023 Volume 11 Issue 3

COVID-19 from Non-COVID-19 Viral Pneumonia at Chest CT. Radiology 2020; 296: E46-E54 [PMID: 32155105 DOI: 
10.1148/radiol.2020200823]
Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, Fan Y, Zheng C. Radiological findings from 81 patients with COVID-19 
pneumonia in Wuhan, China: a descriptive study. Lancet Infect Dis 2020; 20: 425-434 [PMID: 32105637 DOI: 
10.1016/S1473-3099(20)30086-4]

8     

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, 
Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical features of 
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020; 395: 497-506 [PMID: 31986264 DOI: 
10.1016/S0140-6736(20)30183-5]

9     

Gu J, Han B, Wang J. COVID-19: Gastrointestinal Manifestations and Potential Fecal-Oral Transmission. 
Gastroenterology 2020; 158: 1518-1519 [PMID: 32142785 DOI: 10.1053/j.gastro.2020.02.054]

10     

Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B, Wang YY, Xiao GF, Yan B, Shi ZL, Zhou P. Molecular and 
serological investigation of 2019-nCoV infected patients: implication of multiple shedding routes. Emerg Microbes Infect 
2020; 9: 386-389 [PMID: 32065057 DOI: 10.1080/22221751.2020.1729071]

11     

Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, Spitters C, Ericson K, Wilkerson S, Tural A, Diaz G, 
Cohn A, Fox L, Patel A, Gerber SI, Kim L, Tong S, Lu X, Lindstrom S, Pallansch MA, Weldon WC, Biggs HM, Uyeki 
TM, Pillai SK; Washington State 2019-nCoV Case Investigation Team. First Case of 2019 Novel Coronavirus in the United 
States. N Engl J Med 2020; 382: 929-936 [PMID: 32004427 DOI: 10.1056/NEJMoa2001191]

12     

Xu Y, Li X, Zhu B, Liang H, Fang C, Gong Y, Guo Q, Sun X, Zhao D, Shen J, Zhang H, Liu H, Xia H, Tang J, Zhang K, 
Gong S. Characteristics of pediatric SARS-CoV-2 infection and potential evidence for persistent fecal viral shedding. Nat 
Med 2020; 26: 502-505 [PMID: 32284613 DOI: 10.1038/s41591-020-0817-4]

13     

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B, Huang CL, Chen HD, Chen J, Luo Y, Guo 
H, Jiang RD, Liu MQ, Chen Y, Shen XR, Wang X, Zheng XS, Zhao K, Chen QJ, Deng F, Liu LL, Yan B, Zhan FX, Wang 
YY, Xiao GF, Shi ZL. A pneumonia outbreak associated with a new coronavirus of probable bat origin. Nature 2020; 579: 
270-273 [PMID: 32015507 DOI: 10.1038/s41586-020-2012-7]

14     

Harmer D, Gilbert M, Borman R, Clark KL. Quantitative mRNA expression profiling of ACE 2, a novel homologue of 
angiotensin converting enzyme. FEBS Lett 2002; 532: 107-110 [PMID: 12459472 DOI: 10.1016/s0014-5793(02)03640-2]

15     

Hung IF, Cheng VC, Wu AK, Tang BS, Chan KH, Chu CM, Wong MM, Hui WT, Poon LL, Tse DM, Chan KS, Woo PC, 
Lau SK, Peiris JS, Yuen KY. Viral loads in clinical specimens and SARS manifestations. Emerg Infect Dis 2004; 10: 1550-
1557 [PMID: 15498155 DOI: 10.3201/eid1009.040058]

16     

Leung WK, To KF, Chan PK, Chan HL, Wu AK, Lee N, Yuen KY, Sung JJ. Enteric involvement of severe acute 
respiratory syndrome-associated coronavirus infection. Gastroenterology 2003; 125: 1011-1017 [PMID: 14517783 DOI: 
10.1016/s0016-5085(03)01215-0]

17     

Zhou J, Li C, Zhao G, Chu H, Wang D, Yan HH, Poon VK, Wen L, Wong BH, Zhao X, Chiu MC, Yang D, Wang Y, Au-
Yeung RKH, Chan IH, Sun S, Chan JF, To KK, Memish ZA, Corman VM, Drosten C, Hung IF, Zhou Y, Leung SY, Yuen 
KY. Human intestinal tract serves as an alternative infection route for Middle East respiratory syndrome coronavirus. Sci 
Adv 2017; 3: eaao4966 [PMID: 29152574 DOI: 10.1126/sciadv.aao4966]

18     

Zhao D, Yao F, Wang L, Zheng L, Gao Y, Ye J, Guo F, Zhao H, Gao R. A Comparative Study on the Clinical Features of 
Coronavirus 2019 (COVID-19) Pneumonia With Other Pneumonias. Clin Infect Dis 2020; 71: 756-761 [PMID: 32161968 
DOI: 10.1093/cid/ciaa247]

19     

Liu Q, Wang RS, Qu GQ, Wang YY, Liu P, Zhu YZ, Fei G, Ren L, Zhou YW, Liu L. Gross examination report of a 
COVID-19 death autopsy. Fa Yi Xue Za Zhi 2020; 36: 21-23 [PMID: 32198987 DOI: 
10.12116/j.issn.1004-5619.2020.01.005]

20     

. Erratum for the Research Article: "Circulating tumor DNA methylation profiles enable early diagnosis, prognosis 
prediction, and screening for colorectal cancer" by H. Luo, Q. Zhao, W. Wei, L. Zheng, S. Yi, G. Li, W. Wang, H. Sheng, 
H. Pu, H. Mo, Z. Zuo, Z. Liu, C. Li, C. Xie, Z. Zeng, W. Li, X. Hao, Y. Liu, S. Cao, W. Liu, S. Gibson, K. Zhang, G. Xu, 
R.-h. Xu. Sci Transl Med 2020; 12 [PMID: 32321865 DOI: 10.1126/scitranslmed.abc1078]

21     

Pan L, Mu M, Yang P, Sun Y, Wang R, Yan J, Li P, Hu B, Wang J, Hu C, Jin Y, Niu X, Ping R, Du Y, Li T, Xu G, Hu Q, 
Tu L. Clinical Characteristics of COVID-19 Patients With Digestive Symptoms in Hubei, China: A Descriptive, Cross-
Sectional, Multicenter Study. Am J Gastroenterol 2020; 115: 766-773 [PMID: 32287140 DOI: 
10.14309/ajg.0000000000000620]

22     

An P, Ji M, Ren H, Su J, Ding NS, Kang J, Yin A, Zhou Q, Shen L, Zhao L, Jiang X, Xiao Y, Tan W, Lv X, Li J, Liu S, 
Zhou J, Chen H, Xu Y, Liu J, Chen M, Cao J, Zhou Z, Tan S, Yu H, Dong W, Ding Y. Prevention of COVID-19 in patients 
with inflammatory bowel disease in Wuhan, China. Lancet Gastroenterol Hepatol  2020; 5: 525-527 [PMID: 32311321 
DOI: 10.1016/S2468-1253(20)30121-7]

23     

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang X, Peng Z. 
Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. 
JAMA 2020; 323: 1061-1069 [PMID: 32031570 DOI: 10.1001/jama.2020.1585]

24     

Tian Y, Rong L, Nian W, He Y. Review article: gastrointestinal features in COVID-19 and the possibility of faecal 
transmission. Aliment Pharmacol Ther 2020; 51: 843-851 [PMID: 32222988 DOI: 10.1111/apt.15731]

25     

Carvalho A, Alqusairi R, Adams A, Paul M, Kothari N, Peters S, DeBenedet AT. SARS-CoV-2 Gastrointestinal Infection 
Causing Hemorrhagic Colitis: Implications for Detection and Transmission of COVID-19 Disease. Am J Gastroenterol 
2020; 115: 942-946 [PMID: 32496741 DOI: 10.14309/ajg.0000000000000667]

26     

Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and challenges. Lancet Gastroenterol Hepatol 2020; 5: 
428-430 [PMID: 32145190 DOI: 10.1016/S2468-1253(20)30057-1]

27     

Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P, Liu H, Zhu L, Tai Y, Bai C, Gao T, Song J, Xia P, Dong 
J, Zhao J, Wang FS. Pathological findings of COVID-19 associated with acute respiratory distress syndrome. Lancet Respir 
Med 2020; 8: 420-422 [PMID: 32085846 DOI: 10.1016/S2213-2600(20)30076-X]

28     

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, Huang B, Shi W, Lu R, Niu P, Zhan F, Ma X, Wang D, Xu W, 29     

http://www.ncbi.nlm.nih.gov/pubmed/32155105
https://dx.doi.org/10.1148/radiol.2020200823
http://www.ncbi.nlm.nih.gov/pubmed/32105637
https://dx.doi.org/10.1016/S1473-3099(20)30086-4
http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/32142785
https://dx.doi.org/10.1053/j.gastro.2020.02.054
http://www.ncbi.nlm.nih.gov/pubmed/32065057
https://dx.doi.org/10.1080/22221751.2020.1729071
http://www.ncbi.nlm.nih.gov/pubmed/32004427
https://dx.doi.org/10.1056/NEJMoa2001191
http://www.ncbi.nlm.nih.gov/pubmed/32284613
https://dx.doi.org/10.1038/s41591-020-0817-4
http://www.ncbi.nlm.nih.gov/pubmed/32015507
https://dx.doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/12459472
https://dx.doi.org/10.1016/s0014-5793(02)03640-2
http://www.ncbi.nlm.nih.gov/pubmed/15498155
https://dx.doi.org/10.3201/eid1009.040058
http://www.ncbi.nlm.nih.gov/pubmed/14517783
https://dx.doi.org/10.1016/s0016-5085(03)01215-0
http://www.ncbi.nlm.nih.gov/pubmed/29152574
https://dx.doi.org/10.1126/sciadv.aao4966
http://www.ncbi.nlm.nih.gov/pubmed/32161968
https://dx.doi.org/10.1093/cid/ciaa247
http://www.ncbi.nlm.nih.gov/pubmed/32198987
https://dx.doi.org/10.12116/j.issn.1004-5619.2020.01.005
http://www.ncbi.nlm.nih.gov/pubmed/32321865
https://dx.doi.org/10.1126/scitranslmed.abc1078
http://www.ncbi.nlm.nih.gov/pubmed/32287140
https://dx.doi.org/10.14309/ajg.0000000000000620
http://www.ncbi.nlm.nih.gov/pubmed/32311321
https://dx.doi.org/10.1016/S2468-1253(20)30121-7
http://www.ncbi.nlm.nih.gov/pubmed/32031570
https://dx.doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32222988
https://dx.doi.org/10.1111/apt.15731
http://www.ncbi.nlm.nih.gov/pubmed/32496741
https://dx.doi.org/10.14309/ajg.0000000000000667
http://www.ncbi.nlm.nih.gov/pubmed/32145190
https://dx.doi.org/10.1016/S2468-1253(20)30057-1
http://www.ncbi.nlm.nih.gov/pubmed/32085846
https://dx.doi.org/10.1016/S2213-2600(20)30076-X


El-Kassas M et al. Non-pulmonary involvement in COVID-19

WJCC https://www.wjgnet.com 503 January 26, 2023 Volume 11 Issue 3

Wu G, Gao GF, Tan W; China Novel Coronavirus Investigating and Research Team. A Novel Coronavirus from Patients 
with Pneumonia in China, 2019. N Engl J Med 2020; 382: 727-733 [PMID: 31978945 DOI: 10.1056/NEJMoa2001017]
Chai X, Hu L, Zhang Y, et al.   Specific ACE2 Expression in Cholangiocytes May Cause Liver Damage After 2019-nCoV 
Infection. bioRxiv; 2020 [DOI: 10.1101/2020.02.03.931766]

30     

Caines A, Moonka D. Drug Hepatotoxicity: Causality Assessment. Clin Liver Dis 2020; 24: 25-35 [PMID: 31753248 DOI: 
10.1016/j.cld.2019.09.001]

31     

Wang FS, Fan JG, Zhang Z, Gao B, Wang HY. The global burden of liver disease: the major impact of China. Hepatology 
2014; 60: 2099-2108 [PMID: 25164003 DOI: 10.1002/hep.27406]

32     

Li J, Fan JG. Characteristics and Mechanism of Liver Injury in 2019 Coronavirus Disease. J Clin Transl Hepatol 2020; 8: 
13-17 [PMID: 32274341 DOI: 10.14218/JCTH.2020.00019]

33     

Sun J, Aghemo A, Forner A, Valenti L. COVID-19 and liver disease. Liver Int 2020; 40: 1278-1281 [PMID: 32251539 
DOI: 10.1111/liv.14470]

34     

Lansiaux E, Pébaÿ PP, Picard JL, Son-Forget J. COVID-19: beta-thalassemia subjects immunised? Med Hypotheses 2020; 
142: 109827 [PMID: 32447232 DOI: 10.1016/j.mehy.2020.109827]

35     

Arachchillage DRJ, Laffan M. Abnormal coagulation parameters are associated with poor prognosis in patients with novel 
coronavirus pneumonia. J Thromb Haemost 2020; 18: 1233-1234 [PMID: 32291954 DOI: 10.1111/jth.14820]

36     

Fan BE, Chong VCL, Chan SSW, Lim GH, Lim KGE, Tan GB, Mucheli SS, Kuperan P, Ong KH. Hematologic 
parameters in patients with COVID-19 infection. Am J Hematol 2020; 95: E131-E134 [PMID: 32129508 DOI: 
10.1002/ajh.25774]

37     

Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, Li T, Chen Q. High expression of ACE2 receptor of 2019-nCoV on the 
epithelial cells of oral mucosa. Int J Oral Sci 2020; 12: 8 [PMID: 32094336 DOI: 10.1038/s41368-020-0074-x]

38     

Fischer K, Hoffmann P, Voelkl S, Meidenbauer N, Ammer J, Edinger M, Gottfried E, Schwarz S, Rothe G, Hoves S, 
Renner K, Timischl B, Mackensen A, Kunz-Schughart L, Andreesen R, Krause SW, Kreutz M. Inhibitory effect of tumor 
cell-derived lactic acid on human T cells. Blood 2007; 109: 3812-3819 [PMID: 17255361 DOI: 
10.1182/blood-2006-07-035972]

39     

Tan L, Wang Q, Zhang D, Ding J, Huang Q, Tang YQ, Miao H. Lymphopenia predicts disease severity of COVID-19: a 
descriptive and predictive study. Signal Transduct Target Ther 2020; 5: 33 [PMID: 32296069 DOI: 
10.1038/s41392-020-0148-4]

40     

Wang L, Li X, Chen H, Yan S, Li D, Li Y, Gong Z. Coronavirus Disease 19 Infection Does Not Result in Acute Kidney 
Injury: An Analysis of 116 Hospitalized Patients from Wuhan, China. Am J Nephrol 2020; 51: 343-348 [PMID: 32229732 
DOI: 10.1159/000507471]

41     

Balawender K, Pliszka A, Krowiak A, Sito M, Grabarek BO, Boroń D. Does SARS-CoV-2 Affect Male Urogenital 
System? Curr Pharm Biotechnol 2022; 23: 1792-1799 [PMID: 35255789 DOI: 10.2174/1389201023666220307102147]

42     

Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, Li J, Yao Y, Ge S, Xu G. Kidney disease is associated with in-
hospital death of patients with COVID-19. Kidney Int 2020; 97: 829-838 [PMID: 32247631 DOI: 
10.1016/j.kint.2020.03.005]

43     

Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, Somasundaran M, Sullivan JL, Luzuriaga K, Greenough TC, 
Choe H, Farzan M. Angiotensin-converting enzyme 2 is a functional receptor for the SARS coronavirus. Nature 2003; 426: 
450-454 [PMID: 14647384 DOI: 10.1038/nature02145]

44     

Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H. Tissue distribution of ACE2 protein, the functional 
receptor for SARS coronavirus. A first step in understanding SARS pathogenesis. J Pathol 2004; 203: 631-637 [PMID: 
15141377 DOI: 10.1002/path.1570]

45     

Menachery VD, Yount BL Jr, Debbink K, Agnihothram S, Gralinski LE, Plante JA, Graham RL, Scobey T, Ge XY, 
Donaldson EF, Randell SH, Lanzavecchia A, Marasco WA, Shi ZL, Baric RS. Corrigendum: A SARS-like cluster of 
circulating bat coronaviruses shows potential for human emergence. Nat Med 2016; 22: 446 [PMID: 27050591 DOI: 
10.1038/nm0416-446d]

46     

Valizadeh R, Baradaran A, Mirzazadeh A, Bhaskar LVKS. Coronavirus-nephropathy; renal involvement in COVID-19. J 
Renal Inj Prev 2020; 9: e18 [DOI: 10.34172/jrip.2020.18]

47     

Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L, Bi Z, Zhao Y. Prevalence and impact of cardiovascular metabolic diseases on 
COVID-19 in China. Clin Res Cardiol 2020; 109: 531-538 [PMID: 32161990 DOI: 10.1007/s00392-020-01626-9]

48     

Xiong TY, Redwood S, Prendergast B, Chen M. Coronaviruses and the cardiovascular system: acute and long-term 
implications. Eur Heart J 2020; 41: 1798-1800 [PMID: 32186331 DOI: 10.1093/eurheartj/ehaa231]

49     

Cao LL, Gaffney LK, Marcus C. Hypokalemia-Induced Rhabdomyolysis in a Child with Autism Affected by the COVID-
19 Pandemic. J Dev Behav Pediatr 2022; 43: e356-e360 [PMID: 34740217 DOI: 10.1097/DBP.0000000000001035]

50     

Bonow RO, Fonarow GC, O'Gara PT, Yancy CW. Association of Coronavirus Disease 2019 (COVID-19) With 
Myocardial Injury and Mortality. JAMA Cardiol 2020; 5: 751-753 [PMID: 32219362 DOI: 10.1001/jamacardio.2020.1105]

51     

Lippi G, Plebani M. Laboratory abnormalities in patients with COVID-2019 infection. Clin Chem Lab Med 2020; 58: 
1131-1134 [PMID: 32119647 DOI: 10.1515/cclm-2020-0198]

52     

Bansal M. Cardiovascular disease and COVID-19. Diabetes Metab Syndr 2020; 14: 247-250 [PMID: 32247212 DOI: 
10.1016/j.dsx.2020.03.013]

53     

Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, Wang H, Wan J, Wang X, Lu Z. Cardiovascular Implications of Fatal 
Outcomes of Patients With Coronavirus Disease 2019 (COVID-19). JAMA Cardiol 2020; 5: 811-818 [PMID: 32219356 
DOI: 10.1001/jamacardio.2020.1017]

54     

Ilias I, Zabuliene L. Hyperglycemia and the novel Covid-19 infection: Possible pathophysiologic mechanisms. Med 
Hypotheses 2020; 139: 109699 [PMID: 32240876 DOI: 10.1016/j.mehy.2020.109699]

55     

Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, Wu Y, Zhang L, Yu Z, Fang M, Yu T, Wang Y, Pan S, Zou X, Yuan S, Shang 
Y. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, 
retrospective, observational study. Lancet Respir Med 2020; 8: 475-481 [PMID: 32105632 DOI: 
10.1016/S2213-2600(20)30079-5]

56     

http://www.ncbi.nlm.nih.gov/pubmed/31978945
https://dx.doi.org/10.1056/NEJMoa2001017
https://dx.doi.org/10.1101/2020.02.03.931766
http://www.ncbi.nlm.nih.gov/pubmed/31753248
https://dx.doi.org/10.1016/j.cld.2019.09.001
http://www.ncbi.nlm.nih.gov/pubmed/25164003
https://dx.doi.org/10.1002/hep.27406
http://www.ncbi.nlm.nih.gov/pubmed/32274341
https://dx.doi.org/10.14218/JCTH.2020.00019
http://www.ncbi.nlm.nih.gov/pubmed/32251539
https://dx.doi.org/10.1111/liv.14470
http://www.ncbi.nlm.nih.gov/pubmed/32447232
https://dx.doi.org/10.1016/j.mehy.2020.109827
http://www.ncbi.nlm.nih.gov/pubmed/32291954
https://dx.doi.org/10.1111/jth.14820
http://www.ncbi.nlm.nih.gov/pubmed/32129508
https://dx.doi.org/10.1002/ajh.25774
http://www.ncbi.nlm.nih.gov/pubmed/32094336
https://dx.doi.org/10.1038/s41368-020-0074-x
http://www.ncbi.nlm.nih.gov/pubmed/17255361
https://dx.doi.org/10.1182/blood-2006-07-035972
http://www.ncbi.nlm.nih.gov/pubmed/32296069
https://dx.doi.org/10.1038/s41392-020-0148-4
http://www.ncbi.nlm.nih.gov/pubmed/32229732
https://dx.doi.org/10.1159/000507471
http://www.ncbi.nlm.nih.gov/pubmed/35255789
https://dx.doi.org/10.2174/1389201023666220307102147
http://www.ncbi.nlm.nih.gov/pubmed/32247631
https://dx.doi.org/10.1016/j.kint.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/14647384
https://dx.doi.org/10.1038/nature02145
http://www.ncbi.nlm.nih.gov/pubmed/15141377
https://dx.doi.org/10.1002/path.1570
http://www.ncbi.nlm.nih.gov/pubmed/27050591
https://dx.doi.org/10.1038/nm0416-446d
https://dx.doi.org/10.34172/jrip.2020.18
http://www.ncbi.nlm.nih.gov/pubmed/32161990
https://dx.doi.org/10.1007/s00392-020-01626-9
http://www.ncbi.nlm.nih.gov/pubmed/32186331
https://dx.doi.org/10.1093/eurheartj/ehaa231
http://www.ncbi.nlm.nih.gov/pubmed/34740217
https://dx.doi.org/10.1097/DBP.0000000000001035
http://www.ncbi.nlm.nih.gov/pubmed/32219362
https://dx.doi.org/10.1001/jamacardio.2020.1105
http://www.ncbi.nlm.nih.gov/pubmed/32119647
https://dx.doi.org/10.1515/cclm-2020-0198
http://www.ncbi.nlm.nih.gov/pubmed/32247212
https://dx.doi.org/10.1016/j.dsx.2020.03.013
http://www.ncbi.nlm.nih.gov/pubmed/32219356
https://dx.doi.org/10.1001/jamacardio.2020.1017
http://www.ncbi.nlm.nih.gov/pubmed/32240876
https://dx.doi.org/10.1016/j.mehy.2020.109699
http://www.ncbi.nlm.nih.gov/pubmed/32105632
https://dx.doi.org/10.1016/S2213-2600(20)30079-5


El-Kassas M et al. Non-pulmonary involvement in COVID-19

WJCC https://www.wjgnet.com 504 January 26, 2023 Volume 11 Issue 3

Puig-Domingo M, Marazuela M, Giustina A. COVID-19 and endocrine diseases. A statement from the European Society 
of Endocrinology. Endocrine 2020; 68: 2-5 [PMID: 32279224 DOI: 10.1007/s12020-020-02294-5]

57     

Burgos R, García-Almeida JM, Matía-Martín P, Palma S, Sanz-Paris A, Zugasti A, Alfaro JJ, Fullana AA, Continente AC, 
Chicetru MJ, Malpartida KG, Faes ÁG, Sánchez VG, López ML, Ortega AJM, Roldán JO, Moreno CS, Llanos PS. 
Malnutrition management of hospitalized patients with diabetes/hyperglycemia and COVID-19 infection. Rev Endocr 
Metab Disord 2022; 23: 205-213 [PMID: 35244834 DOI: 10.1007/s11154-022-09714-z]

58     

Bancos I, Hazeldine J, Chortis V, Hampson P, Taylor AE, Lord JM, Arlt W. Primary adrenal insufficiency is associated 
with impaired natural killer cell function: a potential link to increased mortality. Eur J Endocrinol 2017; 176: 471-480 
[PMID: 28223394 DOI: 10.1530/EJE-16-0969]

59     

Xu J, Qi L, Chi X, Yang J, Wei X, Gong E, Peh S, Gu J. Orchitis: a complication of severe acute respiratory syndrome 
(SARS). Biol Reprod 2006; 74: 410-416 [PMID: 16237152 DOI: 10.1095/biolreprod.105.044776]

60     

Cao X. COVID-19: immunopathology and its implications for therapy. Nat Rev Immunol 2020; 20: 269-270 [PMID: 
32273594 DOI: 10.1038/s41577-020-0308-3]

61     

Zhao J, Yuan Q, Wang H, Liu W, Liao X, Su Y, Wang X, Yuan J, Li T, Li J, Qian S, Hong C, Wang F, Liu Y, Wang Z, He 
Q, Li Z, He B, Zhang T, Fu Y, Ge S, Liu L, Zhang J, Xia N, Zhang Z. Antibody Responses to SARS-CoV-2 in Patients 
With Novel Coronavirus Disease 2019. Clin Infect Dis 2020; 71: 2027-2034 [PMID: 32221519 DOI: 10.1093/cid/ciaa344]

62     

Recalcati S. Cutaneous manifestations in COVID-19: a first perspective. J Eur Acad Dermatol Venereol 2020; 34: e212-
e213 [PMID: 32215952 DOI: 10.1111/jdv.16387]

63     

Joob B, Wiwanitkit V. COVID-19 can present with a rash and be mistaken for dengue. J Am Acad Dermatol  2020; 82: 
e177 [PMID: 32213305 DOI: 10.1016/j.jaad.2020.03.036]

64     

Lu S, Lin J, Zhang Z, Xiao L, Jiang Z, Chen J, Hu C, Luo S. Alert for non-respiratory symptoms of coronavirus disease 
2019 patients in epidemic period: A case report of familial cluster with three asymptomatic COVID-19 patients. J Med 
Virol 2021; 93: 518-521 [PMID: 32190904 DOI: 10.1002/jmv.25776]

65     

Zhang JJ, Dong X, Cao YY, Yuan YD, Yang YB, Yan YQ, Akdis CA, Gao YD. Clinical characteristics of 140 patients 
infected with SARS-CoV-2 in Wuhan, China. Allergy 2020; 75: 1730-1741 [PMID: 32077115 DOI: 10.1111/all.14238]

66     

Wang HY, Li XL, Yan ZR, Sun XP, Han J, Zhang BW. Potential neurological symptoms of COVID-19. Ther Adv Neurol 
Disord 2020; 13: 1756286420917830 [PMID: 32284735 DOI: 10.1177/1756286420917830]

67     

Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, Zhou Y, Wang D, Miao X, Li Y, Hu B. Neurologic 
Manifestations of Hospitalized Patients With Coronavirus Disease 2019 in Wuhan, China. JAMA Neurol 2020; 77: 683-690 
[PMID: 32275288 DOI: 10.1001/jamaneurol.2020.1127]

68     

Li Y, Li M, Wang M, Zhou Y, Chang J, Xian Y, Wang D, Mao L, Jin H, Hu B. Acute cerebrovascular disease following 
COVID-19: a single center, retrospective, observational study. Stroke Vasc Neurol 2020; 5: 279-284 [PMID: 32616524 
DOI: 10.1136/svn-2020-000431]

69     

Asadi-Pooya AA, Simani L. Central nervous system manifestations of COVID-19: A systematic review. J Neurol Sci 
2020; 413: 116832 [PMID: 32299017 DOI: 10.1016/j.jns.2020.116832]

70     

Leitinger M, Beniczky S, Rohracher A, Gardella E, Kalss G, Qerama E, Höfler J, Hess Lindberg-Larsen A, Kuchukhidze 
G, Dobesberger J, Langthaler PB, Trinka E. Salzburg Consensus Criteria for Non-Convulsive Status Epilepticus--approach 
to clinical application. Epilepsy Behav 2015; 49: 158-163 [PMID: 26092326 DOI: 10.1016/j.yebeh.2015.05.007]

71     

Zhao H, Shen D, Zhou H, Liu J, Chen S. Guillain-Barré syndrome associated with SARS-CoV-2 infection: causality or 
coincidence? Lancet Neurol 2020; 19: 383-384 [PMID: 32246917 DOI: 10.1016/S1474-4422(20)30109-5]

72     

Jarius S, Bieber N, Haas J, Wildemann B. MOG encephalomyelitis after vaccination against severe acute respiratory 
syndrome coronavirus type 2 (SARS-CoV-2): case report and comprehensive review of the literature. J Neurol 2022; 269: 
5198-5212 [PMID: 35737110 DOI: 10.1007/s00415-022-11194-9]

73     

Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino J, Ueno M, Sakata H, Kondo K, Myose N, Nakao A, 
Takeda M, Haro H, Inoue O, Suzuki-Inoue K, Kubokawa K, Ogihara S, Sasaki T, Kinouchi H, Kojin H, Ito M, Onishi H, 
Shimizu T, Sasaki Y, Enomoto N, Ishihara H, Furuya S, Yamamoto T, Shimada S. A first case of meningitis/encephalitis 
associated with SARS-Coronavirus-2. Int J Infect Dis 2020; 94: 55-58 [PMID: 32251791 DOI: 10.1016/j.ijid.2020.03.062]

74     

Galea S, Merchant RM, Lurie N. The Mental Health Consequences of COVID-19 and Physical Distancing: The Need for 
Prevention and Early Intervention. JAMA Intern Med 2020; 180: 817-818 [PMID: 32275292 DOI: 
10.1001/jamainternmed.2020.1562]

75     

World Health Organization.   2019 Novel coronavirus (2019-nCoV): strategic preparedness and response plan. [Internet] 
[accessed 3 February 2020]. Available from: https://www.who.int/docs/default-source/coronaviruse/srp-
04022020.pdf?sfvrsn=7ff55ec0_4

76     

Center of Disease Control and Prevention.   Coronavirus Disease 2019 (COVID-19), stress and Coping. [Internet] 
[accessed 10 May 2020]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/managing-stress-
anxiety.html

77     

Jakovljevic M, Bjedov S, Jaksic N, Jakovljevic I. COVID-19 Pandemia and Public and Global Mental Health from the 
Perspective of Global Health Securit. Psychiatr Danub 2020; 32: 6-14 [PMID: 32303023 DOI: 10.24869/psyd.2020.6]

78     

Wu KK, Chan SK, Ma TM. Posttraumatic stress, anxiety, and depression in survivors of severe acute respiratory syndrome 
(SARS). J Trauma Stress 2005; 18: 39-42 [PMID: 16281194 DOI: 10.1002/jts.20004]

79     

Mak IW, Chu CM, Pan PC, Yiu MG, Chan VL. Long-term psychiatric morbidities among SARS survivors. Gen Hosp 
Psychiatry 2009; 31: 318-326 [PMID: 19555791 DOI: 10.1016/j.genhosppsych.2009.03.001]

80     

Wing YK, Ho SMY.   Mental health of patients infected with SARS. In: Chan JCK, Wong VCWT, editors. Challenges of 
Severe Acute Respiratory Syndrome. Hong Kong: Elsevier (Singapore) Pte Ltd; 2006. p590 [DOI: 
10.1016/j.outlook.2003.07.002]

81     

Lechien JR, Chiesa-Estomba CM, De Siati DR, Horoi M, Le Bon SD, Rodriguez A, Dequanter D, Blecic S, El Afia F, 
Distinguin L, Chekkoury-Idrissi Y, Hans S, Delgado IL, Calvo-Henriquez C, Lavigne P, Falanga C, Barillari MR, 
Cammaroto G, Khalife M, Leich P, Souchay C, Rossi C, Journe F, Hsieh J, Edjlali M, Carlier R, Ris L, Lovato A, De 

82     

http://www.ncbi.nlm.nih.gov/pubmed/32279224
https://dx.doi.org/10.1007/s12020-020-02294-5
http://www.ncbi.nlm.nih.gov/pubmed/35244834
https://dx.doi.org/10.1007/s11154-022-09714-z
http://www.ncbi.nlm.nih.gov/pubmed/28223394
https://dx.doi.org/10.1530/EJE-16-0969
http://www.ncbi.nlm.nih.gov/pubmed/16237152
https://dx.doi.org/10.1095/biolreprod.105.044776
http://www.ncbi.nlm.nih.gov/pubmed/32273594
https://dx.doi.org/10.1038/s41577-020-0308-3
http://www.ncbi.nlm.nih.gov/pubmed/32221519
https://dx.doi.org/10.1093/cid/ciaa344
http://www.ncbi.nlm.nih.gov/pubmed/32215952
https://dx.doi.org/10.1111/jdv.16387
http://www.ncbi.nlm.nih.gov/pubmed/32213305
https://dx.doi.org/10.1016/j.jaad.2020.03.036
http://www.ncbi.nlm.nih.gov/pubmed/32190904
https://dx.doi.org/10.1002/jmv.25776
http://www.ncbi.nlm.nih.gov/pubmed/32077115
https://dx.doi.org/10.1111/all.14238
http://www.ncbi.nlm.nih.gov/pubmed/32284735
https://dx.doi.org/10.1177/1756286420917830
http://www.ncbi.nlm.nih.gov/pubmed/32275288
https://dx.doi.org/10.1001/jamaneurol.2020.1127
http://www.ncbi.nlm.nih.gov/pubmed/32616524
https://dx.doi.org/10.1136/svn-2020-000431
http://www.ncbi.nlm.nih.gov/pubmed/32299017
https://dx.doi.org/10.1016/j.jns.2020.116832
http://www.ncbi.nlm.nih.gov/pubmed/26092326
https://dx.doi.org/10.1016/j.yebeh.2015.05.007
http://www.ncbi.nlm.nih.gov/pubmed/32246917
https://dx.doi.org/10.1016/S1474-4422(20)30109-5
http://www.ncbi.nlm.nih.gov/pubmed/35737110
https://dx.doi.org/10.1007/s00415-022-11194-9
http://www.ncbi.nlm.nih.gov/pubmed/32251791
https://dx.doi.org/10.1016/j.ijid.2020.03.062
http://www.ncbi.nlm.nih.gov/pubmed/32275292
https://dx.doi.org/10.1001/jamainternmed.2020.1562
https://www.who.int/docs/default-source/coronaviruse/srp-04022020.pdf?sfvrsn=7ff55ec0_4
https://www.who.int/docs/default-source/coronaviruse/srp-04022020.pdf?sfvrsn=7ff55ec0_4
https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/managing-stress-anxiety.html
https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/managing-stress-anxiety.html
http://www.ncbi.nlm.nih.gov/pubmed/32303023
https://dx.doi.org/10.24869/psyd.2020.6
http://www.ncbi.nlm.nih.gov/pubmed/16281194
https://dx.doi.org/10.1002/jts.20004
http://www.ncbi.nlm.nih.gov/pubmed/19555791
https://dx.doi.org/10.1016/j.genhosppsych.2009.03.001
https://dx.doi.org/10.1016/j.outlook.2003.07.002


El-Kassas M et al. Non-pulmonary involvement in COVID-19

WJCC https://www.wjgnet.com 505 January 26, 2023 Volume 11 Issue 3

Filippis C, Coppee F, Fakhry N, Ayad T, Saussez S. Olfactory and gustatory dysfunctions as a clinical presentation of mild-
to-moderate forms of the coronavirus disease (COVID-19): a multicenter European study. Eur Arch Otorhinolaryngol 
2020; 277: 2251-2261 [PMID: 32253535 DOI: 10.1007/s00405-020-05965-1]
Giacomelli A, Pezzati L, Conti F, Bernacchia D, Siano M, Oreni L, Rusconi S, Gervasoni C, Ridolfo AL, Rizzardini G, 
Antinori S, Galli M. Self-reported Olfactory and Taste Disorders in Patients With Severe Acute Respiratory Coronavirus 2 
Infection: A Cross-sectional Study. Clin Infect Dis 2020; 71: 889-890 [PMID: 32215618 DOI: 10.1093/cid/ciaa330]

83     

Kaye R, Chang CWD, Kazahaya K, Brereton J, Denneny JC 3rd. COVID-19 Anosmia Reporting Tool: Initial Findings. 
Otolaryngol Head Neck Surg 2020; 163: 132-134 [PMID: 32340555 DOI: 10.1177/0194599820922992]

84     

Moein ST, Hashemian SM, Mansourafshar B, Khorram-Tousi A, Tabarsi P, Doty RL. Smell dysfunction: a biomarker for 
COVID-19. Int Forum Allergy Rhinol 2020; 10: 944-950 [PMID: 32301284 DOI: 10.1002/alr.22587]

85     

Yu AY, Tu R, Shao X, Pan A, Zhou K, Huang J. A comprehensive Chinese experience against SARS-CoV-2 in 
ophthalmology. Eye Vis (Lond) 2020; 7: 19 [PMID: 32289038 DOI: 10.1186/s40662-020-00187-2]

86     

Seah I, Agrawal R. Can the Coronavirus Disease 2019 (COVID-19) Affect the Eyes? Ocul Immunol Inflamm 2020; 28: 
391-395 [PMID: 32175797 DOI: 10.1080/09273948.2020.1738501]

87     

Holappa M, Vapaatalo H, Vaajanen A. Many Faces of Renin-angiotensin System - Focus on Eye. Open Ophthalmol J 
2017; 11: 122-142 [PMID: 28761566 DOI: 10.2174/1874364101711010122]

88     

Wu P, Duan F, Luo C, Liu Q, Qu X, Liang L, Wu K. Characteristics of Ocular Findings of Patients With Coronavirus 
Disease 2019 (COVID-19) in Hubei Province, China. JAMA Ophthalmol 2020; 138: 575-578 [PMID: 32232433 DOI: 
10.1001/jamaophthalmol.2020.1291]

89     

Lescure FX, Bouadma L, Nguyen D, Parisey M, Wicky PH, Behillil S, Gaymard A, Bouscambert-Duchamp M, Donati F, 
Le Hingrat Q, Enouf V, Houhou-Fidouh N, Valette M, Mailles A, Lucet JC, Mentre F, Duval X, Descamps D, Malvy D, 
Timsit JF, Lina B, van-der-Werf S, Yazdanpanah Y. Clinical and virological data of the first cases of COVID-19 in Europe: 
a case series. Lancet Infect Dis 2020; 20: 697-706 [PMID: 32224310 DOI: 10.1016/S1473-3099(20)30200-0]

90     

Cheema M, Aghazadeh H, Nazarali S, Ting A, Hodges J, McFarlane A, Kanji JN, Zelyas N, Damji KF, Solarte C. 
Keratoconjunctivitis as the initial medical presentation of the novel coronavirus disease 2019 (COVID-19). Can J 
Ophthalmol 2020; 55: e125-e129 [PMID: 32284146 DOI: 10.1016/j.jcjo.2020.03.003]

91     

Mustafa MWM. Audiological profile of asymptomatic Covid-19 PCR-positive cases. Am J Otolaryngol 2020; 41: 102483 
[PMID: 32307189 DOI: 10.1016/j.amjoto.2020.102483]

92     

Fidan V. New type of corona virus induced acute otitis media in adult. Am J Otolaryngol 2020; 41: 102487 [PMID: 
32336572 DOI: 10.1016/j.amjoto.2020.102487]

93     

http://www.ncbi.nlm.nih.gov/pubmed/32253535
https://dx.doi.org/10.1007/s00405-020-05965-1
http://www.ncbi.nlm.nih.gov/pubmed/32215618
https://dx.doi.org/10.1093/cid/ciaa330
http://www.ncbi.nlm.nih.gov/pubmed/32340555
https://dx.doi.org/10.1177/0194599820922992
http://www.ncbi.nlm.nih.gov/pubmed/32301284
https://dx.doi.org/10.1002/alr.22587
http://www.ncbi.nlm.nih.gov/pubmed/32289038
https://dx.doi.org/10.1186/s40662-020-00187-2
http://www.ncbi.nlm.nih.gov/pubmed/32175797
https://dx.doi.org/10.1080/09273948.2020.1738501
http://www.ncbi.nlm.nih.gov/pubmed/28761566
https://dx.doi.org/10.2174/1874364101711010122
http://www.ncbi.nlm.nih.gov/pubmed/32232433
https://dx.doi.org/10.1001/jamaophthalmol.2020.1291
http://www.ncbi.nlm.nih.gov/pubmed/32224310
https://dx.doi.org/10.1016/S1473-3099(20)30200-0
http://www.ncbi.nlm.nih.gov/pubmed/32284146
https://dx.doi.org/10.1016/j.jcjo.2020.03.003
http://www.ncbi.nlm.nih.gov/pubmed/32307189
https://dx.doi.org/10.1016/j.amjoto.2020.102483
http://www.ncbi.nlm.nih.gov/pubmed/32336572
https://dx.doi.org/10.1016/j.amjoto.2020.102487


WJCC https://www.wjgnet.com 506 January 26, 2023 Volume 11 Issue 3

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 January 26; 11(3): 506-513

DOI: 10.12998/wjcc.v11.i3.506 ISSN 2307-8960 (online)

MINIREVIEWS

Progress and expectation of stem cell therapy for diabetic wound 
healing

Zhen-Han Xu, Meng-Hui Ma, Yan-Qing Li, Li-Lin Li, Gui-Hua Liu

Specialty type: Endocrinology and 
metabolism

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 
Grade C (Good): C 
Grade D (Fair): D 
Grade E (Poor): E

P-Reviewer: Jabbarpour Z, Iran; 
Khan I, Pakistan; Trébol J, Spain; 
Zhang Q, China

Received: August 31, 2022 
Peer-review started: August 31, 
2022 
First decision: September 26, 2022 
Revised: November 8, 2022 
Accepted: January 9, 2023 
Article in press: January 9, 2023 
Published online: January 26, 2023

Zhen-Han Xu, Meng-Hui Ma, Yan-Qing Li, Li-Lin Li, Gui-Hua Liu, Reproductive Medicine Center, 
The Sixth Affiliated Hospital, Sun Yat-Sen University, Guangzhou 510610, Guangdong 
Province, China

Corresponding author: Gui-Hua Liu, MD, PhD, Associate Chief Physician, Associate Research 
Scientist, Reproductive Medicine Center, The Sixth Affiliated Hospital, Sun Yat-Sen 
University, Yuancuner Road, Tianhe District, Guangzhou 510610, Guangdong Province, China. 
liuguihua@mail.sysu.edu.cn

Abstract
Impaired wound healing presents great health risks to diabetics. Encouragingly, 
the current clinical successfully found out meaningful method to repair wound 
tissue, and stem cell therapy could be an effective method for diabetic wound 
healing with its ability to accelerate wound closure and avoid amputation. This 
minireview aims at introducing stem cell therapy for facilitating tissue repair in 
diabetic wounds, discussing the possible therapeutic mechanism and clinical 
application status and problems.
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Core Tip: Diabetic wound is a common complication of diabetes and stem cell therapy is 
an effective treatment for diabetic wounds. It helps improve wounds mainly by 
regulating inflammation and blood circulation. At present, many kinds of stem cells 
have been used and studied, and good results have been achieved. However, there are 
still problems that need to be solved. Here we discuss the current role and progress of 
stem cells in the treatment of diabetic wounds.
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INTRODUCTION
Diabetes with neurological abnormalities as well as peripheral artery disease of the lower extremities[1] 
can lead to diabetic wounds, particularly diabetic foot ulcers, which are considered one of the most 
serious complications. The international diabetes federation (IDF) reported that in 2021, there were 
nearly 536.6 million people living with diabetes[2], and the global diabetic foot ulcer prevalence was 
6.3%[3]. Due to some risk factors, including poor glycemic control, peripheral neuropathy, peripheral 
vascular disease and immunosuppression[4], the progression of diabetic wounds can be accelerated, 
often resulting in complications demanding an amputation. At present, the treatment for diabetic 
wounds includes improving vascularization, debridement with pharmacological therapy, negative 
pressure wound therapy or using growth factors and skin substitutes, aiming at epithelial growth across 
the ulcer bed[4-7].

Stem cell therapies for wounds have vast prospects by using autologous or allogeneic stem cell 
transplantation for wound closure. It has been shown to help at all stages of wound healing and plays 
an important role in inflammation regulation, increasing both epithelialization and angiogenesis[8-11]. 
This minireview concentrates on the progress of stem cell therapy for facilitating tissue repair in diabetic 
wounds.

POSSIBLE MECHANISM OF STEM CELL THERAPY
Diabetes patients often suffer hyperglycemia, chronic inflammation, microvascular and macrovascular 
dysfunction, autonomic and sensory neuropathy, hypoxia and impaired neuropeptide signaling[12]. 
Necroptosis and apoptosis can be inreased by reactive oxygen species (ROS), advanced glycation end 
products and methylglyoxal, leading to diabetes complications[13]. Long term hyperglycemia leads to 
metabolic disorders because of the activation of additional polyol glucose metabolic pathway and the 
accumulation of toxic sorbitol in nerve tissue cells increases, leading to vascular damage[14,15]. With 
diabetic peripheral neuropathy as well as peripheral artery disease playing a central role, diabetes 
patients frequently suffer diabetic foot ulcer[16]. At present, stem cell therapies have been reported to 
contribute to diabetic wound healing in the following ways.

POSSESSING THE FUNCTION OF ANGIOGENESIS
First, stem cells help secrete vascular endothelial growth factor (VEGF), which promotes angiogenesis 
and the differentiation of endothelial progenitor cells into endothelial cells[17] and the extracellular 
matrix through the PI3K/threonine kinase (AKT) signaling pathway[18,19]. And they increase epitheli-
alization, granulation tissue formation and capillary formation[20]. In a high glucose environment, stem 
cell-secreted exosomes contribute to angiopoiesis in endothelial progenitor cells, and overexpression of 
the transcription factor nuclear factor-E2-related factor 2 synergizes as a protective factor[21]. Moreover, 
including angiopoietin-1 (Ang-1), stromal cell-derived factor 1, inducible nitric oxide synthase (iNOS), 
epidermal growth factor (EGF), keratinocyte growth factor 2, erythropoietin, insulin-like growth factor 1 
(IGF-1), basic fibroblast growth factor and placental growth factor, there are still many paracrine 
cytokines helping angiopoiesis, improving microcirculation in diabetic foot ulcer[22-24].

MODULATING INFLAMMATION
Stem cells are able to switch classically activated macrophages, which are called M1 macrophages and 
have proinflammatory effects, into optionally activated macrophages, which are called M2 macrophages 
and have anti-inflammatory effects[8,25-27]. In addition, it has been shown that together with exosomes, 
stem cells can decrease oxidative stress injuries of endothelial cells, providing immunomodulatory 
effects[28], and the level of Tregs is also upregulated at the same time[29,30]. Cytokines also play an 
important role in inflammation, and stem cells have the ability to lower the levels of proinflammatory 
cytokines, including interleukin-1 (IL-1), IL-6, IFN-β and TNF-α, while increasing the levels of anti-
inflammatory cytokines, such as IL-10 and IL-4[31,32]. In a recent study mesenchymal stromal cells 
(MSCs) expressing IL-6, signaled by activating STAT-3 transcription factor, inhibited ROS by protecting 
neutrophils from apoptosis, preserving the excessive or inappropriate activation of the oxidative 
metabolism[33].
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IMPROVING THE REMODELING PHASE
By cell differentiation, stem cells can translate into keratinocytes as well as endotheliocytes[34]. It has 
been reported that microvesicles from stem cells help to reprogram injured cells, thus achieving differ-
entiation[35]. Recent studies have shown that stem cells might offer an important early signal to dermal 
fibroblast responses for their proliferation and migration[9,18]. Additionally, they lower the levels of 
matrix metalloproteinase-9 (MMP-9) to decrease proteolysis[36]. By reducing expression of 
phosphorylated focal adhesion kinase and increase the levels of MMP-2, EGF and IGF-1, MSCs improve 
the function of keratinocytes[37].

REGULATION OF MICRORNAS
MicroRNAs (miRNAs) have been discovered regulators of gene expression in the regulation of inflam-
mation[38]. Generally, miRNAs promote wound healing by activating multiple pathways directly or 
indirectly. For example, after MSC treatment it is found that the increased levels of miR-146a result in 
attenuating expression of proinflammatory and inflammatory genes, including IL-1 receptor-associated 
kinase 1 (IRAK1), TNF receptor-associated factor 6 (TRAF6), and nuclear factor-κB (NF-κB)[39]. MSCs 
also enhance diabetic wound healing by improving collagen I content through increasing miR-29b 
expression[36]. A research has revealed that miR-21-5p promoted angiogenesis through upregulations 
of vascular endothelial growth factor receptor, activations of serine/ AKT and mitogen-activated 
protein kinase[40]. In addition, miR-126-3p from MSCs contributes to wound healing by increasing the 
formation of granulation tissue and angiogenesis[41]. MiRNA mediates the cell microenvironment, 
regulates the biological activity and phenotype of specific target cells, induces changes in the function of 
target cells, and leads to a series of biological reactions to play a variety of biological functions[42,43].

In conclusion, stem cells accelerate diabetic wound healing in many ways. Nevertheless, more 
connections between stem cells and diabetic wounds are under exploration.

STEM CELL THERAPIES FOR DIABETIC WOUNDS IN CLINICAL WORK
Over the past few years, it has been revealed that different types of stem cell therapies have been used 
in clinical work[44], as shown in Table 1. Although clinical data drew the conclusion that using stem 
cells benefits diabetic wounds, various types of stem cells with diversified methods still need to be 
identified. Attention should be given to adverse effects that have appeared in some research. For 
example, increased exudation from diabetic wounds may be associated with stem cells[45]. However, 
some clinical studies and analyses support its safety[46-48]. There are several types of cells used in 
clinical work. For example, adipose-derived mesenchymal stromal cells (ADMSCs) have been proven to 
be able to accelerate the time to wound closure[49] and the level of wound healing[50]. By intravascular 
and intralesional injection, umbilical cord mesenchymal stromal cells (UCMSCs) can not only improve 
the completion of wound closure[51] but also increase the number of vessels[52]. One case in which 
bone marrow mesenchymal stem cells (BMMSCs) were used for diabetic wound healing showed a good 
result in the next 10 years[53]. In addition, it has been revealed that BMMSC therapy might be better 
tolerated and more effective than bone marrow-derived mononuclear cells (BMMNCs) for increasing 
lower limb perfusion and promoting foot ulcer healing in diabetic patients with critical limb ischemia
[54]. By treating with different doses of granulocyte colony stimulating factor (G-CSF), peripheral blood 
stem cells can be gained to promote the establishment of collateral circulation[55].

Although stem cell therapy has been shown to be a relatively safe treatment for diabetic wounds, 
unavoidable transplantation complications have appeared in diabetics, including febrile neutropenia, 
alopecia and gastrointestinal reaction[56]. A clinical trial reported one diabetes patient died of 
pseudomonas sepsis in the course of neutropenia after autologous hematopoietic stem cell 
transplantation[57]. Thus, complications as well as adverse events still can’t be ignored while the safety 
of stem cell transplantation has been reported in some studies[58].

CONCLUSION
Stem Cell therapy could be an effective treatment for diabetic wounds[59,60], which contains endless 
medical value together with a wide scientific perspective accelerating diabetic wound healing. Stem 
cells have also demonstrated their therapeutic potential in the field even if infection is present[61]. 
However, there are still problems that need to be solved.

First, the mechanisms of stem cell therapy are still considered as a vital part of the theoretical basis of 
clinical study. Although animal experiments and clinical trials provide us with great results, studies 
based on the molecular level should be carried out to gain more molecular mechanisms.
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Table 1 Recent clinical trials regarding stem cell therapies for diabetic wounds

Ref.
Type of 
stem 
cells

Number 
of cases

Mean 
age 
(year)

Methods of 
treatment Possible mechanism Outcome Adverse 

events Conciusion

Uzun et al
[49], 2021

ADMSCs 10 57.5 Intralesional 
injection

The release of angiogenic 
cytokines, increasing 
epithelialization, 
granulation tissue 
formation, anti-inflam-
matory, and anti-
apoptotic effects

Time to wound 
closure (d): ADMSCs 
group (n = 10): 31.0 ± 
10.7; Control group (
n = 10): 54.8 ± 15.0; P 
= 0.002

No found Allogeneic ADMSCs 
injection is a safe and 
effective method with a 
positive contribution to 
wound-healing time in 
the treatment of chronic 
diabetic foot ulcers

Suzdaltseva 
et al[51], 
2020

UCMSCs 31 58.5 Intralesional 
injection

The release of angiogenic 
cytokines, cell differen-
tiation, and immunomod-
ulation

Complete wound 
closure or significant 
improvement (% in 
group)a: UCMSCs 
group (n = 59): 22%; 
Placebo group (n = 
49): 8.2%; P < 0.05

No found Locally delivered 
allogeneic UCMSCs can 
contribute to chronic 
wound repair and 
provide an additional 
support toward new 
therapeutic strategies

Moon et al
[50], 2019

ADMSCs 30 59.9 Topical Synthesizing higher 
amounts of collagen, 
fibroblast growth factor, 
and vascular endothelial 
growth factor in vitro

Complete wound 
closure at Week 12 
(% in group): 
ADMSCs group (n = 
30): 82%; Control 
group (n = 29): 53%; 
P < 0.05

No found Allogeneic ADMSCs 
might be effective and 
safe to treat diabetic foot 
ulcers

Chen et al
[53], 2018

BMMSCs 1 64 Intramuscular 
injection

The release of angiogenic 
cytokines, differentiation 
and angiogen

No recurrence in the 
next 10-yr follow-up 
span

No found Autologous BMMSC 
transplantation therapy 
may be an effective 
measure for recurrent 
bullosis diabeticorum

Qin et al
[52], 2016

UCMSCs 28 75 Intravascular 
and intrale-
sional injection

The release of signalling 
or growth factors, and 
differentiation of injected 
precursor cells into 
functional tissue

Increased number of 
vessels: Experimental 
group (n = 28): 9.3 ± 
2.7; Control group (n 
= 25): 5.9 ± 3.3; P < 
0.05

No found UCMSC transplantation 
after angioplasty is a 
safe and effective 
clinical therapy for 
severe diabetic foot

Xu et al[55], 
2016

Peripheral 
blood stem 
cells

63 69 Intralesional 
injection

Angiogenesis and 
vascularization

CTA scoreb: Pre-
transplantation (n = 
63): 1.22 ± 0.15; Post-
transplantation (n = 
63): 2.35 ± 0.784; P < 
0.01

No found Autologous peripheral 
blood stem cell 
transplantation can 
promote the 
establishment of 
collateral circulation in 
patients with diabetic 
foot

Lu et al[54], 
2011

BMMSCs 18 63 Intramuscular 
injection

The release of angiogenic 
cytokines, differentiation 
and angiogenesis

Angiographic score 
of MRA in limbs at 
24 wkb: BMMSCs (n 
= 18): 1.9 ± 0.5; 
BMMNCs (n = 19): 
1.5 ± 0.6; P = 0.018

No found BMMSCs therapy may 
be better tolerated and 
more effective than 
BMMNCs for increasing 
lower limb perfusion 
and promoting foot 
ulcer healing in diabetic 
patients with critical 
limb ischemia

a108 patients, including 31 patients (28.7%) suffering from diabetic foot, were randomized to the umbilical cord mesenchymal stromal cell group and 
placebo group.
b0 points, no new collateral vessels; 1 point, little new collateral circulation; 2 points, moderate new collateral circulation; 3 points, abundant new collateral 
circulation.
ADMSCs: Adipose-derived mesenchymal stromal cells; UCMSCs: Umbilical cord mesenchymal stromal cells; BMMSCs: Bone marrow mesenchymal stem 
cells; CTA: Computed tomography angiography; MRA: Magnetic resonance angiography; BMMNCs: Bone marrow-derived mononuclear cells.

Second, the safety of treatment cannot be ignored, although only a few adverse events have been 
reported, which urges more clinical trials. At the same time, more specific therapeutic doses and 
administration routes should be revealed, which accounts for how to reduce side effects and adverse 
reactions. For example, on account of its differentiative capacity, surgical dressing with stem cells may 
have the ability to decrease bleeding as well as accelerate operative incision closure, since it has been 
reported that advanced dressings for the delivery of progenitor cells are at the point in research[62]. 
Moreover, considering patients with cancer who cannot receive stem cell treatment[63], alternative 
solutions need to be identified.
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Third, it is still important for physicians to simplify the approach of gathering as well as precondi-
tioning stem cells because preconditioning MSCs with pretreatment agents significantly hastened 
healing in delayed-healing wounds[64]. In addition, evidence has shown that the ability of stem cells in 
elderly people to proliferate and differentiate diminishes with age[65]. Therefore, the differences 
between autotransplantation and allotransplantation should be taken into consideration to improve the 
success rate of transplantation.

Last, the questions of ethics also matter. Promising and effective stem cell therapy has raised serious 
ethical problems[66]. Not only do social responsibility and moral constraints regularize approaches of 
treatment, but relevant laws and medical guidelines also need to be improved.

The answers to these questions will lead to better and more appropriate treatments for different 
patients.
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Abstract
Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory 
syndrome coronavirus 2, broke out in December 2019 in Wuhan city of China and 
spread rapidly worldwide. Therefore, by March 2020, the World Health 
Organization declared the disease a global pandemic. Apart from the respiratory 
system, various other organs of the human body are also seriously affected by the 
virus. Liver injury in patients with a severe form of COVID-19 is estimated to be 
14.8%-53.0%. Elevated levels of total bilirubin, aspartate aminotransferase and 
alanine aminotransferase and low levels of serum albumin and prealbumin are 
the main laboratory findings. Patients with pre-existing chronic liver disease and 
cirrhosis are much more prone to develop severe liver injury. This literature 
review presented the recent scientific findings regarding the pathophysiological 
mechanisms responsible for liver injury in critically ill patients with COVID-19, 
the various interactions between drugs used to treat the disease and the function 
of the liver and the specific tests providing the possibility of early diagnosis of 
severe liver injury in these patients. Moreover, it highlighted the burden that 
COVID-19 put on health systems worldwide and its effect on transplant programs 
and the care provided to critically ill patients in general and particularly to those 
with chronic liver disease.
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Core Tip: The liver follows the respiratory system with a lower but considerable frequency of affection by 
severe acute respiratory syndrome coronavirus 2. Coronavirus disease 2019 causes acute and acute-on-
chronic liver injury. The pathophysiological mechanisms are complex. Certain biomarkers such as 
fibrosis-4 score and non-invasive point-of-care methods such as ultrasonography or transient elastography 
can be extremely helpful in the early diagnosis of liver injury and the assessment of its progression. Health 
systems, intensive care units, liver units and transplant programs were seriously affected by the pandemic. 
The clinician should recognize the symptoms and signs of liver injury early and take the appropriate 
measures to reverse it.
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INTRODUCTION
In December 2019, an epidemic of pneumonia of unknown origin broke out in Wuhan city, in the Hubei 
province of China, causing global concern because of its ease of transmission and the significant rates of 
morbidity and mortality that accompanied it. To diagnose and control this highly infectious disease, 
patients were immediately isolated, and their clinical and epidemiological data were studied 
thoroughly. The immediate mobilization of the global scientific community rapidly identified the cause 
(severe acute respiratory syndrome coronavirus 2 [SARS-CoV-2]) of coronavirus disease 2019 (COVID-
19)[1]. In the immediate aftermath, the disease spread very rapidly to all the regions of the world, 
forcing the World Health Organization to declare the COVID-19 outbreak as a “global pandemic” on 
March 11, 2020.

Over the next years, the pandemic greatly affected the health systems of all the countries of the world 
causing until September 16, 2022 more than 611550000 cases and more than 6525000 deaths[2,3]. SARS-
CoV-2 has been associated with three primary modes of transmission, known as “contact,” “droplet” 
and “airborne” transmission[4].

Among the organs affected by COVID-19 is the liver, with several early scientific reports describing 
various degrees of liver dysfunction and injury[5]. The liver is responsible for the regulation of levels of 
many chemical substances and biomarkers in the human blood, carrying out crucial functions including 
but not limited to: the production and excretion of bile; the excretion of bilirubin, cholesterol, hormones 
and drugs; the metabolism of fats, proteins and carbohydrates; enzyme activation; the storage of 
glycogen, vitamins and minerals; synthesis of plasma proteins, such as albumin and clotting factors; the 
conversion of ammonia to urea; blood detoxification and purification; and the metabolism of 
hemoglobin for the use of its iron content. Chronic liver diseases are prevalent all over the world, 
imposing a significant burden on healthcare systems. According to Mohammed et al[6], patients with 
known chronic liver disease present a higher risk of complications from COVID-19 in comparison with 
the general population, with a mortality rate as high as 12%. Mortality from secondary liver injury in the 
intensive care unit (ICU) is significantly higher, ranging between 27%-48% for critically ill patients with 
cholestasis and between 40%-60% for critically ill patients with hypoxic liver injury[7].

This literature review presented the recent scientific findings regarding the pathophysiological 
mechanisms responsible for the induction of liver injury in critically ill patients with COVID-19, the 
various interactions between drugs used to treat the disease and the function of the liver, the tests 
providing the possibility of early diagnosis of severe liver injury in these patients, and the effect of the 
pandemic on health systems, transplant programs and critically ill patients with or without pre-existing 
chronic liver disease.

An advanced search strategy was made to identify studies published until August 2022 using the key 
words “COVID-19,” “Liver” and “Intensive Care Unit” in the PubMed electronic bibliographic 
database. Initially, 560 studies were identified. These studies were reviewed based on their title and 
abstract, thus excluding 301 studies. The full texts of the remaining 259 studies were assessed for 
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eligibility based on their relevance to the subject of our review, particularly focusing on critical illness 
and liver disease. Most of these studies were excluded because they referred to patients with mild or 
moderate COVID-19. A total of 97 studies were finally included and analyzed for this systematic review. 
Overall, limited evidence exists regarding liver disease, critical illness and COVID-19.

EFFECT OF COVID-19 ON THE LIVER
SARS-CoV-2 just like its predecessors SARS-CoV (responsible for the SARS epidemic in 2003) and 
MERS-CoV (responsible for the Middle East respiratory syndrome epidemic in 2012) is a coronavirus 
and shares sequence homology and genome similarities with them[5]. The main symptoms caused by 
SARS-CoV-2, affecting men more severely than women, include fever, upper and lower respiratory 
symptomatology (cough, rhinorrhea, sore throat, flu-like symptoms and dyspnea), general muscle 
aches, anosmia, ageusia and increased likelihood of occurrence of vascular thrombosis.

Several reports regarding SARS-CoV and MERS-CoV reported that both of them caused liver injury 
in a significant number of patients. For example, Chau et al[8] reported 3 cases of hepatitis directly 
associated with SARS disease and revealed that various degrees of impairment of liver function had 
been reported in up to 60% of the patients suffering from SARS. Alsaad et al[9], after 14 years reported 
portal and lobular hepatitis at post-mortem histopathological findings in a 33-year-old male patient who 
died from MERS-CoV infection.

In May 2020, the results of a multicenter observational cohort study from 208 hospitals in the United 
Kingdom (20133 patients) were published. They investigated the outcome of patients with severe 
disease who were admitted to these hospitals[10]. Their median age was 73 years (range: 0–104 years), 
and 60% of them were men. The mortality rate in the cohort was 26%, whereas 41% of the patients were 
discharged alive, and the rest (34%) continued to be hospitalized at the end of the study. Liver disease 
was among the pathological conditions associated with increased in-hospital mortality, along with sex 
(male sex), age, obesity and chronic pulmonary, chronic kidney and chronic cardiac diseases.

Liver injury caused in patients severely affected by COVID-19 is estimated to be at levels of 14.8%- 
53.0%[11]. The imaging findings in these patients include hepatomegaly, gall bladder thickness and 
prominence of the common bile duct in the ultrasonography, along with pericholecystic fat stranding 
and hypodensity of the liver in the computed tomography (CT) images[12].

According to Nardo et al[13], the most likely pathophysiological mechanisms involved in causing 
liver injury after severe infection from SARS-CoV-2 are as follows:

(1) Moderate hepatic steatosis: There is growing evidence that SARS-CoV-2 modifies the function and 
the activity of the mitochondria, downregulating nuclear-encoded mitochondrial genes that are 
associated with cellular respiration[14]. Another cause of steatosis seems to be the induction of 
endoplasmic reticulum stress by SARS-CoV-2, which in turn has been shown to cause lipogenesis in the 
hepatic cells[15]. Finally, another proposed possible mechanism is directly associated with the charac-
teristic “cytokine storm”/cytokine release syndrome (CRS) observed in the severe forms of COVID-19. 
Interleukin (IL)-6 produced by the cytokine storm most probably causes hyperactivation of the 
mammalian target of rapamycin, which can induce lipogenesis inside the hepatic cell[16]. In conclusion, 
the above-mentioned process of excessive lipogenesis seems to be detrimental to the function of the 
hepatic cell and the liver as a whole, and on the other hand it enhances the potential of the virus, 
providing it with the necessary nutrient material to achieve its replication and exocytosis[13,17].

(2) Cholestasis and bile duct alterations: Apart from IL-6, during the cytokine storm a large number of 
other inflammatory cytokines are released, including IL-1 and tumor necrosis factor-alpha. These 
cytokines cause hepatocellular cholestasis, closely resembling cholestasis observed in severe cases of 
sepsis[18]. An additional pathophysiological lesion that has been observed in these patients comes from 
the so-called “triple hit” to the bile ducts, consisting of hypoxia due to respiratory failure, systemic 
inflammatory response syndrome resulting in inflammation and fibrosis of the bile ducts and direct 
infection of the cholangiocytes from the virus[19].

(3) Hypoxic hepatitis (HH): Pathophysiologically, the causes of HH during the course of severe 
COVID-19 are multifactorial, including acute respiratory failure, severe sepsis, heart failure, including 
right-sided heart failure, acute respiratory distress syndrome (ARDS), a hyper-coagulate state, deteri-
orating the congestion of the liver and the hemodynamic effects of positive-pressure ventilation[20].

(4) The gut–liver axis: Symptomatology from the gastrointestinal tract is common in patients with 
severe COVID-19, with relevant rates ranging from 4.9% to 74.0%. The most common symptoms are 
nausea, vomiting, diarrhea, loss of appetite and abdominal pain[21]. It is speculated that the damage 
caused by SARS-CoV-2 to the epithelial barrier of the small intestine may lead to the transmission of the 
virus into the hepatocytes through the portal vein, aggravating the lesions of the liver parenchyma. In 
addition, alterations in gut microbiota caused either by drugs for COVID-19 or by the virus itself may 
play a significant role through the gut-liver axis.

(5) Injury induced by treating medications: As SARS-CoV-2 is novel to the scientific community and 
no specific therapy for COVID-19 has been found, numerous different drugs have been used in several 
cases outside their officially approved indications. Typical examples are the antimalarial drug hydroxy-
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chloroquine, antibiotics (mainly from the family of macrolides), antiviral agents such as lopinavir, 
ritonavir and remdesivir, immunomodulating medications such as tocilizumab and dexamethasone and 
even anti-inflammatory and antipyretics in high doses[22]. Many of them presented already-known 
hepatotoxic side effects. For example, corticosteroids have been implicated as a cause of glycogenosis or 
steatosis[23], whereas tocilizumab is reported to cause drug-induced liver injury (DILI) in critically ill 
patients with COVID-19[24]. Specific reference should be made to paracetamol, the most commonly 
used analgesic and antipyretic medication in the elderly, prescribed in many cases in high doses and for 
a long time. According to Mian et al[25], old age and frailty decrease the clearance of paracetamol at 
percentages of 29.0%-45.7%, varying between 0.20-0.38 L/h/kg in older patients in comparison with 
values between 0.28-0.7 L/h/kg in younger patients. Another important influence of aging is on the 
volume of distribution of paracetamol, which decreases in older patients because of its incomplete 
distribution into body fat, with a consequent increase in the plasma concentration of paracetamol in the 
elderly.

In the United States of America, severe DILI presents the leading cause of acute liver failure (ALF), 
ahead of all the other causes even viral hepatitis. More than 1000 pharmaceutical agents have been 
identified as causes of serious liver disease, a figure that will increase significantly in the near future, as 
the pharmaceutical industry is constantly developing new drugs for use by the general population and 
patients. There are two main types of adverse reactions induced by drugs[26,27]: (1) Type A (intrinsic 
adverse reactions) are dose dependent and produce predictable toxicities; and (2) Type B (idiosyncratic 
adverse reactions) are difficult to be explained by their pharmacologic response or their dose and are 
associated with patient, drug or environmental risk factors, making them difficult to be predicted.

In order to predict the occurrence of a severe DILI early and take the appropriate preventive 
measures, various methods have been proposed. Hy’s Law is one of the most commonly used, named 
after Dr. Hyman Zimmerman. It is based on the observation that patients with elevated serum total 
bilirubin who have received a medication causing hepatocellular (not hepatobiliary) injury, with the 
absence of other possible causes that could explain these disorders, are at high risk for fatal or requiring 
transplantation DILI, with mortality ranging between 10%-50%[28]. Another valuable tool is the 
LiverTox free online database, which allows clinicians to be informed about the latest data of the 
hepatotoxicity of various pharmaceutical agents, while at the same time they are assisted in the 
diagnosis and treatment of DILI[29].

Another important area of scientific research is the way by which liver dysfunction of any etiology 
has the potential to affect the accumulation and the toxicity of various drugs. According to Bosilkovska 
et al[30], the physiologic changes that accompany any hepatic impairment alter the disposition of most 
of the drugs. Portosystemic shunting decreases the initial metabolism, increasing the oral bioavailability 
of highly extracted drugs, whereas a coexisting disorder in the production of drug-binding proteins can 
change the distribution of the drug. In addition, both the amount and the function of enzymes that are 
produced by the liver and are responsible for the metabolism of drugs are affected by hepatic damage. 
The final result is the reduction of drug clearance, along with increased plasma drug concentration, 
which are both difficult to be predicted. Thus, the pharmacologic properties of most of the drugs are 
altered during severe liver disease.

In conclusion, the mechanism of liver injury during COVID-19 is twofold[31]. Either SARS-CoV-2 
directly attacks the hepatic cells and the cholangiocytes, or it causes damage to the liver parenchyma by 
activating (and dysregulating) the patient’s immune system, probably in a similar way to the severe 
lung injury caused by the cytokine storm process. In several cases, the damage is caused by a 
combination of the above two mechanisms. In other cases, the liver is affected by the medication used 
against COVID-19.

The histopathological features that have been described in critically ill patients with COVID-19 and 
concurrent hepatic involvement are various and, in most cases, nonspecific. Characteristic and specific 
for the disease is the detection of SARS-CoV-2 RNA in liver tissue in up to 55% of patients with severe 
liver injury[32]. Lagana et al[32] in a series of 40 critically ill patients who died from complications of 
COVID-19 reported that the most common hepatic histopathological findings were: (1) Macrovesicular 
steatosis (75% of the patients); (2) Lobular and portal necroinflammation (50% of the patients); and (3) 
Vascular pathology (primarily sinusoidal microthrombi) in a significantly smaller number of patients 
(15%). Finally, in another post-mortem report, the commonest findings in 22 critically ill patients who 
died from the disease were liver parenchymal congestion along with sinusoidal congestion and 
congestion of the small hepatic veins, extravasation of red cells into the Disse’s space, necrosis of a large 
number of hepatic cells and macro- and micro- vacuolar steatosis[33]. Nevertheless, all the above-
mentioned findings seemed to be because of the combination of the organism’s systemic response to 
inflammation and its comorbidities, rather than the direct action of SARS-CoV-2 on the liver[34].

DIAGNOSTIC AND PROGNOSTIC TOOLS FOR LIVER INJURY IN PATIENTS WITH COVID-
19
Studies on the evolution of liver injury from SARS-CoV-2 and on factors that can predict the outcome 
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are relatively few. Various outcome measures have been studied[35] including liver function tests 
(LFTs). A broad spectrum of abnormal LFTs has been described in patients with COVID-19. 
Aminotransferases (aspartate aminotransferase [AST] and alanine aminotransferase [ALT]), alkaline 
phosphatase, gamma-glutamyl transpeptidase (GGT) and bilirubin have been the most extensively 
studied markers of liver function in patients with COVID-19. Various studies have demonstrated a 
correlation between liver injury and disease severity, albeit most of these data are not strictly limited to 
critically ill patients[36-39]. In several studies including severe and non-severe patients with COVID-19 
strong association was found between LFT (particularly AST) abnormalities and disease severity and 
mortality[40-44]. Lok et al[45], reporting similar results, suggested that immune system dysregulation 
may be a plausible contributing factor to the former association.

The role of microRNAs, which are considered to alter the immune response, is notable. To the best of 
our knowledge, only one study has found an association between liver-derived miR-122 and patient 
mortality in a cohort including patients with severe COVID-19[46]. Whereas the role of microRNAs in 
the inflammatory process is well documented, their specific role in COVID-19 is yet to be clarified.

Focusing on critically ill patients, a wide range of abnormal LFTs has been reported, whereas the vast 
majority of published data deliberate on aminotransferases. The prevalence of abnormal LFTs seems to 
be higher in ICU patients than in ward patients with COVID-19, according to a large meta-analysis 
including 31 studies from various countries[47]. In a study including 166 patients requiring mechanical 
ventilation, AST and ALT elevation served as predictive factors for the requirement of invasive 
mechanical ventilation[48]. Similar results were reported by Yip et al[49]. An independent association 
was found between aminotransferases elevation and ICU admission, mechanical ventilation and/or 
death. In addition, an association was found between aminotransferase elevation and lopinavir/rito-
navir plus interferon beta and corticosteroid use, and the researchers suggested a cautious use of 
medications to minimize hepatotoxicity.

Nevertheless, Roman et al[50], in a study including exclusively critically ill patients with laboratory-
proven liver damage, failed to demonstrate a correlation between liver injury severity and mortality. 
Azad Allarakia et al[51] examined plausible associations between routine laboratory tests and disease 
severity. No difference was found regarding LFTs between ICU and ward patients; however, 
confounding factors were not adjusted. Similarly, in a study conducted early during the pandemic era, 
no association was found between disease severity and LFTs[52].

Regarding mortality, in a large cohort including 3812 patients with COVID-19, an association 
between elevated ALT, AST, GGT levels and ICU admission was reported, and AST elevation was 
associated with the risk of death after adjusting for confounding factors such as age, obesity and 
previous liver disease[41]. Following the aforementioned study, in the study of Salik et al[53], which 
included exclusively critically ill patients, liver dysfunction and liver injury were associated with higher 
7-d and 28-d mortality in comparison with patients with COVID-19 without liver biochemistry 
abnormalities. Interestingly, in the study of Kasapoglu et al[54], although ICU patients had higher 
values of AST and GGT, only GGT among LFTs was found to be predictive of mortality in ICU patients.

In addition to the aforementioned biomarkers, interest has been drawn to the role of albumin and 
prealbumin as prognostic markers of COVID-19 outcome. Hypoalbuminemia is common among 
critically ill patients with COVID-19. There are various mechanisms not directly related to hepato-
cellular damage that lead to hypoalbuminemia in these patients, including malnutrition, extravasation 
due to capillary leakage and a decreased rate of synthesis. Furthermore, measurements of serum 
albumin in hospitalized patients are often affected by exogenous albumin administration. Prealbumin is 
a precursor of albumin with a shorter half-life and can be used to assess protein status during a shorter 
time-frame. Low prealbumin levels were associated with disease severity and may be of prognostic 
value as they were identified as independent predictors of mortality in critically ill patients with 
COVID-19[55,56].

Various non-invasive fibrosis estimators include the fibrosis-4 (FIB-4) score, the FORNS index for 
liver fibrosis, the AST to platelet ratio index (APRI) score, the nonalcoholic fatty liver disease (NAFLD) 
fibrosis score (NFS) and the AST to ALT ratio.

Of the above-mentioned biomarkers and scores, the FIB-4 score attracted interest and applicability. It 
is a scoring system that uses four simple parameters, readily available in all in-patients: the age, the 
platelet count, and the values of AST and ALT. A score of < 1.45 has a negative predictive value of more 
than 90% for advanced fibrosis of the liver, whereas a score of > 3.25 has a positive predictive value of 
65%, with 97% specificity[57].

Crisan et al[58] published the results of a retrospective cohort study (370 consecutive patients with 
COVID-19, from whom 289 presented with abnormal liver biomarkers at admission) to evaluate the 
predictive value of the various liver tests and estimators. They concluded that an elevated FIB-4 score 
(values > 3.25) and elevated AST were the only two tests that were independently associated with 
higher mortality in these patients. The FIB-4 score is a valuable tool that can help clinicians identify 
existing undiagnosed liver disease or the possibility of rapid deterioration of liver function during 
COVID-19, so that patients with abnormal values receive priority in their inpatient management[58].

Findings in association with the value of the FIB-4 score were also verified in the systematic review 
and meta-analysis of Liu et al[59], who concluded that along with the FIB-4 score, the APRI score, the 
NFS and the FORNS index could also serve as indicators for identifying patients at high risk of 
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developing severe COVID-19 with worse outcomes. More specifically, one unit elevation of the APRI 
score increases the risk of death by 178%, higher NFS (≥ -1.5) increases the risk of developing severe 
COVID-19 by ten-fold, and an increase of the FORNS index by one point increases the risk of death by 
41%.

CRITICALLY ILL PATIENTS WITH ACUTE LIVER DISEASE AND COVID-19
Acute liver injury (ALI) has been reported in approximately 19% of patients with COVID-19; however, 
the percentage increases dramatically, up to 89.2%, in ICU patients[60,61]. The spectrum of ALI in 
critically ill patients with COVID-19 is wide, varying from simple elevations of LFTs to ALF, the need 
for advanced support and even the need for transplantation{62-64]. For patients with severe liver injury 
(approximately 6.4% of all patients with distorted liver biochemistry), a severe disease course is 
expected[65]. The correlation of impaired liver function with sudden death in patients with COVID-19 is 
another outstanding association[66]. Most studies reported a predominance of the hepatocellular 
pattern[67]. However, other distributions of liver injury pattern have been reported as well[62].

HH as a clinical presentation of COVID-19 is observed in approximately 5.9% of ICU patients with 
COVID-19 and has a significant effect on patient survival[68]. The diagnosis is made when the following 
criteria are met: (1) A massive but transiently elevated ALT level (more than 20-fold the upper limit of 
normal); (2) The presence of respiratory, cardiac or circulatory failure; and (3) Exclusion of other causes 
of liver injury[69]. The close monitoring of cardiac and respiratory function and early etiologic 
management of hemodynamic instability/shock is crucial for patient survival when HH is suspected
[68].

Secondary sclerosing cholangitis is another devastating form of liver disease in COVID-19, which is 
associated with considerable morbidity and mortality. Contributing pathophysiological mechanisms 
include bile duct ischemia and toxic bile formation[70]. The underlying histopathological findings 
consist of ischemic damage to the perihilar bile ducts[71]. Ursodeoxycholic acid (UDCA) has been 
reported to give promising results; however, for a proportion of these patients, transplantation is 
required[72]. Rare but devastating clinical presentations include liver abscess with necrosis[73] and 
vascular thrombotic events in abdominal vessels such as portal and mesenteric vein thrombosis[74].

ALF is a life-threatening condition characterized by hepatic encephalopathy and coagulopathy in 
patients without pre-existing liver disease[75]. During the pandemic, an increased incidence of hepatitis 
of unknown etiology in the pediatric population has been reported with subsequent liver failure and the 
need for liver transplantation (LT) for a proportion of these children. This raised great concern about the 
possible vulnerability of children to this extremely severe complication. Although adenovirus is the 
main etiological agent suspected to be responsible, the association with COVID-19 and the role of other 
contributing factors remain to be clarified[76]. In adults, there are reports on other viruses as causative 
factors of ALF, such as the infection from or the reactivation of herpes simplex virus-1 following the 
immunosuppression that patients with COVID-19 receive for treating the CRS[77].

When assessing critically ill patients with COVID-19 and ALI, the diagnostic approach basically 
remains the same as for any patient who has ALI and is severely ill. However, some differences exist 
that must be pointed out.

Current guidelines recommend against unnecessary imaging [e.g., ultrasound (unless performed at 
the bedside), CT-magnetic resonance (MR) imaging/MR cholangiopancreatography][78]. The transport 
of these patients requires special knowledge, equipment and experience and should be kept for patients 
where the examination results may change the patient’s management.

Approaches that do not require patient transportation are preferred. An approach regarding the 
hemodynamic monitoring of these patients uses invasive cardiac monitors based on the thermodilution 
method. These methods are invasive, expensive and present septic and other catheter-related complic-
ations. Moreover, they have limitations in critically ill patients with liver failure such as the presence of 
ascites (extravascular third space fluid) or hepatic hydrothorax (extravascular lung water), which 
confuse the measurements and the lack of validation of these techniques on such patients. Remote 
point-of-care ultrasonography (POCUS) by a hepatologist or an ICU physician, with real-time 
interpretation by a cardiologist through telemedicine, is a trend that has been adopted in the COVID-19 
era[79]. Information on the hemodynamic status and the cause of the hemodynamic compromise of 
these patients is safely and accurately collected. Basic diagnoses such as pulmonary embolism or 
myocardial infarction are made at the bedside. The evaluation of intravascular volume status helps to 
differentiate between prerenal acute kidney injury and hepatorenal syndrome or between transfusion-
related acute lung injury and transfusion-associated circulatory overload. In addition, this powerful and 
non-invasive tool contributes to the prompt identification of liver-related pathologies, including portal 
vein or hepatic vein thrombosis, the presence of ascites, suspected pneumothorax and hemothorax. This 
approach has provided several solutions for liver units and ICUs during the pandemic.

Another non-invasive method that has been evaluated for the assessment of liver injury during 
COVID-19 is the vibration-controlled transient elastography/FibroScan. It may serve as a tool for 
identifying patients with elevated liver stiffness and thus at greater risk of developing ALI and 
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progressing to severe COVID-19 with worse clinical outcomes, even when no history of pre-existing 
liver disease is present[80,81].

No special recommendations or measures exist which could prevent liver injury from COVID-19. The 
prophylaxis of the liver can only be achieved through measures that prevent infection from SARS-CoV-
2. Thus, current guidelines suggest using personal protective equipment for healthcare personnel in the 
liver and other departments, cancelling all elective/nonurgent procedures and vaccinating with the 
approved vaccines the vulnerable population with or without pre-existing liver disease[78,82]. Another 
approach is the use of dietary supplements as prophylaxis for severe disease and liver involvement. 
Among the supplements used for the prevention of COVID-19, several pieces of evidence exist on the 
possible protective role of vitamins C and D in humans, whereas in animal models, xanthohumol has an 
anti-inflammatory action on liver injury[83].

Accordingly, no separate protocols exist for the treatment of liver injury from COVID-19. The 
implementation of the general therapeutic protocols for the disease is applicable[84], with special care 
for liver protection and early detection of liver injury in patients with COVID-19[85]. In cases of patients 
with progressive ALF, when the applied standard supportive care (hemodynamic, nutritional, 
respiratory support, avoidance of all unnecessary hepatotoxic factors) does not lead to the resolution of 
ALF, LT can be the final solution[75]. Removing hepatotoxic metabolites such as conjugated or 
unconjugated bilirubin, bile acids, phenols, fatty acids, cytokines, ammonia or amino acids with the use 
of extracorporeal blood purification techniques presents an interesting alternative approach, particularly 
when LT is not a feasible option or even as a bridging therapy toward transplantation[86,87]. These 
techniques eliminate not only hepatic metabolites but also inflammatory mediators responsible for the 
CRS, leading to the preservation of organ function and prevention of organ failure, while advanced 
support is offered in patients with COVID-19[86].

CRITICALLY ILL PATIENTS WITH CHRONIC LIVER DISEASE AND COVID-19
Acute-on-chronic liver failure has been reported in patients with pre-existing liver disease[40]. Partic-
ularly in patients with cirrhosis, the associated state of immunosuppression in conjunction with COVID-
19 can lead to acute decompensation, most frequently manifested as worsening ascites with 
spontaneous bacterial peritonitis and to hepatic failure in patients with impaired and limited reserves
[40,88]. Liver injury has been observed in 26.7% of patients with severe pneumonia[88]. Despite the lack 
of coagulation factors in decompensated liver disease, a hypercoagulable state may be present in 
COVID-19, and hepatic impairment may be associated with greater activation of the coagulation 
pathways[75,89].

In critically ill patients with COVID-19, pre-existing liver disease and evidence of liver impairment, 
LFTs must be frequently monitored[85]. Typically, no specific treatment is indicated, and emphasis 
should be placed on cause-directed therapy.

UDCA may be added as a treatment in patients with liver injury because of its anti-inflammatory and 
immunomodulatory properties[88]. In the ICU setting, treatment with vasopressors should be 
administered with caution in patients with cirrhosis and COVID-19, to avoid detrimental effects on 
cardiac output. Moreover, caution should be taken while administering immunosuppressive agents, 
such as tocilizumab and baricitinib, as they may cause the reactivation of chronic hepatitis B. In such 
cases, antiviral prophylaxis is indicated[88].

In terms of prognosis, it has been hypothesized that patients with chronic liver disease may be partic-
ularly vulnerable to developing severe COVID-19[90]. Higher mortality rates have been observed in 
patients with COVID-19, pre-existing chronic liver disease and cirrhosis caused by chronic hepatitis B 
and C[40]. Moreover, patients with NAFLD present a higher risk for progression to severe COVID-19
[91]. Patients with cirrhosis having ARDS have a worse prognosis than patients without cirrhosis, and 
pre-existing liver fibrosis is independently associated with a significantly higher risk of death in patients 
with severe COVID-19 admitted to the ICU[92].

An approach to liver disease in critically ill patients with COVID-19 is proposed by the authors 
(Figure 1).

EFFECT OF THE PANDEMIC ON HEALTH SYSTEMS, ICUS, LIVER UNITS AND 
TRANSPLANT PROGRAMS
During the pandemic, health systems and ICUs were overburdened by critically ill patients. Higher 
mortality risk was observed and was associated with ICU patient load[4,93,94]. In line with this, patients 
with chronic liver disease had significantly high mortality during the pandemic, leading to suggestions 
regarding their primary and emergency care and their access to intensive care and high-dependency 
units[95]. In addition, the effect of the pandemic was significant on the treatment of complications of 
chronic liver disease such as hepatocellular carcinoma (HCC); surveillance for HCC and treatment of 
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Figure 1 Proposed approach to liver disease in critically ill patients with coronavirus disease 2019. Apart from general rules regarding all 
patients, special measures can help clinicians identify and confront liver disease in severely ill patients with coronavirus disease 2019. ALI: Acute liver injury; ALT: 
Alanine aminotransferase; APRI: Aspartate aminotransferase to platelet ratio index; AST: Aspartate aminotransferase; COVID-19: Coronavirus disease 2019; FIB-4: 
Fibrosis-4; GGT: Gamma-glutamyl transpeptidase; HBV: Hepatitis B virus; ICU: Intensive care unit; LFTs: Liver function tests; NFS: Nonalcoholic fatty liver disease 
fibrosis score; POCUS: Point-of-care ultrasonography; UDCA: Ursodeoxycholic acid.

early-stage HCC were modified. Another significant change was the extensive use of telemedicine to 
minimize patients’ and healthcare workers’ exposure to COVID-19[96].

Transplant programs and care provided to LT recipients were also greatly affected. Living donor LT 
was suspended in some centers worldwide[96]. As a response to these issues, national protocols were 
specially prepared[97], and transplantation centers implemented special strategies to increase their 
successful transplantation rates[98]. Recommendations point out the need for the restoration of LT 
programs; however, prioritization of patients with poor short-term prognosis (with acute/acute-on-
chronic liver failure, high Model for End-stage Liver Disease score and HCC at the upper limits of the 
Milan criteria) may be necessary in some cases[67].

In general, transplant recipients present higher rates of severe disease and higher mortality rates than 
nontransplant patients; thus, their exposure to COVID-19 should remain minimal[78]. Immunosup-
pression should be reduced only under special circumstances, e.g., symptomatic COVID-19, and with 
caution[78,99]. COVID-19 screening should be performed for both donors and recipients. Charts 
regarding LT organ offers are available to optimize the management of the procedures associated with 
LT in the COVID-19 era[78].
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CONCLUSION
Apart from the upper and lower respiratory system, the liver is also greatly affected by COVID-19. The 
pathophysiological mechanisms include cholestasis, bile duct alterations, hepatic steatosis, involvement 
of the gut-liver axis, HH and hepatitis induced by the drugs that are used to treat the actual disease. The 
hepatocyte seems to be affected both directly, by SARS-CoV-2 itself, and by the disruption and dysregu-
lation of the immune system. Not only patients with or without pre-existing liver disease individually 
but also health systems and transplant programs were greatly affected by the pandemic, and great effort 
has been made, which needs to be continued to minimize the consequences. Scientific research over the 
past 2 years has shown that certain biomarkers can be extremely useful in the early diagnosis of liver 
injury and the evaluation of its progression. Non-invasive assessment with transient elastography or 
POCUS is the trend for evaluating particularly patients in the ICU setting where biopsy is difficult to 
perform because of coagulation abnormalities and transport for CT or MR imaging is difficult and 
potentially dangerous. Although in most cases, liver involvement in COVID-19 is mild, the clinician 
should be able to recognize the symptoms and signs of liver dysfunction early and not focus exclusively 
on symptomatology from the respiratory system.
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Abstract
The incidence and mortality of hepatic carcinoma (HCC) remain high, and early 
diagnosis of HCC is seen as a key approach in improving clinical outcomes. 
However, the sensitivity and specificity of current early screening methods for 
HCC are not satisfactory. In recent years, research around exosomal miRNA has 
gradually increased, and these molecules have emerged as attractive candidates 
for early diagnosis and treatment of HCC. This review summarizes the feasibility 
of using miRNAs in peripheral blood exosomes as early diagnostic tools for HCC.
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Core Tip: The prognosis of hepatic carcinoma (HCC) is poor and surgical resection is the 
only potential radical cure. Early diagnosis of HCC is a key approach in improving 
clinical outcomes. However, the sensitivity and specificity of current early screening 
methods for HCC are not satisfactory. Exosomal miRNAs have become a candidate for 
early diagnosis and treatment of HCC. This review summarizes the feasibility of using 
miRNAs in peripheral blood exosomes as early diagnostic tools for HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors in the world, with the 
seventh highest incidence and second highest mortality among all malignant cancer types[1,2]. About 
905000 patients are newly diagnosed with liver cancers each year around the world, with 75% of these 
being accounted for by HCC alone, and altogether causing about 830000 deaths[3]. Infection with 
hepatitis B virus (HBV) is the most common cause of HCC, and more than half of the world’s new cases 
of HCC were detected in China[4]. The high incidence and mortality of HCC pose a significant threat to 
the health of Chinese people and place a heavy burden on society[5].

It is considered that the best stage for treatment of HCC is Stage I, or subclinical liver cancer[6]. 
However, HCC symptoms in this period are not obvious, and most patients are not diagnosed until the 
middle or late stages. Therefore, development of more effective screening methods that allow earlier 
detection of HCC represents an important research focus. The five-year survival rate for patients with 
early-stage HCC is more than 70%, but this rate drops to less than 12.5% for patients with advanced 
HCC[7].

Tumor markers represent one approach for the early diagnosis of HCC, allowing earlier detection of 
primary tumors, recurrent tumors, and metastatic tumors than other methods. Yet, the accuracy of 
prediction and diagnosis achieved by tumor markers could still be improved, and such improvements 
would confer parallel improvements in prognosis and patient outcomes (Table 1)[8-12]. Alpha-
fetoprotein (AFP), which has been widely used as a marker for HCC diagnosis and monitoring, is not 
highly sensitive to early HCC, and may also be increased in patients without HCC but with chronic 
viral hepatitis and cirrhosis[13]. As such, AFP can lead to misdiagnoses or unclear clinical 
interpretation, particularly if detected alone[14]. Despite the obvious limitations of using AFP as an 
early screening marker for HCC, its ubiquity has precluded its replacement by other clinical markers. At 
present, a variety of molecular markers are used in the diagnosis of HCC, but they all have the problems 
of low sensitivity and insufficient specificity. The sensitivity of AFP-L3, a glycoform of AFP, for the 
diagnosis of early HCC is less than 28%[15]. Another biomarker, protein induced by vitamin K absence 
II (PIVKA II), is also relatively insensitive for diagnosing early HCC[7]. Therefore, it is an urgent 
research direction to identify tumor markers with high sensitivity and specificity for the early diagnosis 
of HCC.

RELATIONSHIP BETWEEN RNA AND HCC
In recent years, non-coding RNA has attracted ever-increasing attention in the field of biological 
medicine. Our understanding of these RNA molecules has progressed rapidly, yielding a new 
understanding of cellular life and providing new opportunities for the diagnosis and treatment of 
various diseases. Among such non-coding RNA, the most extensively studied, to date, is microRNA 
(miRNA) - a class of small non-coding single-stranded RNA molecules containing 19-25 nucleotides. 
They are formed from double-stranded RNA precursors composed of 70-100 nucleotides in a hairpin 
structure. The sequences of miRNA are highly conserved across different species, suggesting that these 
very small molecules may play important roles in various cellular processes such as development, 
proliferation, differentiation, and apoptosis[16]. Significant differences in miRNA expression profiles 
have also been identified in some diseases[17,18], indicating that miRNA may be used as biomarkers for 
the diagnosis and prognosis of such diseases, including malignant tumors. Due to their structure, 
miRNAs can stably exist in the blood circulation, but the form of miRNAs in the circulation is not clear. 
Since RNA exposed to the blood is degraded within a short period of time, some researchers have 
pointed out that the stable existence of miRNAs in plasma must indicate the presence of protective 
macromolecules. Increasing evidence has shown that the main components of such protective 
macromolecular complexes are exosomes[19].

The correlation between miRNA and HCC was first proposed by Murakami, who analyzed the 
expression of microRNAs in tumor and adjacent tissues of HCC patients, as well as the liver tissues of 
hepatitis patients. It was found that miRNA-99a was positively correlated with the degree of 
pathological differentiation of HCC, while miRNA-20, miRNA-18 and pre-miRNA-18 were negatively 
correlated with the differentiation of HCC and positively correlated with the occurrence of HCC[20]. 
Since then, additional studies have confirmed close associations between miRNAs and HCC. These 
miRNAs can be roughly divided into two categories: "non-liver-specific miRNAs," such as miRNA-21, 
miRNA-221/222, and let-7, which are abnormally expressed in various tumors such as liver cancer, 
pancreatic cancer, and lung cancer[21-23], and "liver-specific miRNAs," which are only abnormally 
expressed in HCC. An example of a liver-specific miRNA is miRNA-122, which is up-regulated in HCC 
and suppresses the expression of the proto-oncogene c-myc through transcriptional activators[24]. 
Studies have shown that miRNA-122 is up-regulated in 70% of human liver cancer tissues and 100% of 
liver cancer cell models[25].

HCC is the result of multiple genetic mutations, which can occur in oncogenes or tumor suppressor 
genes, growth factors or their receptors, and myriad signaling pathways controlling cellular prolif-
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Table 1 Biomarkers for the diagnosis of hepatocellular carcinoma

Biomarker Ref. Country Sensitivity (%) Specificity (%)

AFP Trevisani et al[8] Italy 60 90

DCP Feng et al[9] China 83 91

AFP-L3 Toyoda et al[10] Japan 41 85

GP73 Marrero et al[11] United States 62 88

miR-21-5p Ghosh et al[12] India 74 68

AFP: Alpha-fetoprotein; DCP: Des-γ-carboxyprothrombin.

eration or behavior. Gene mutations also play a very important role in the progression of a tumor. When 
the expression of a gene or a class of molecules is silenced or enhanced, the possibility of tumorigenesis 
is present[26], and microRNA is gradually becoming the focus of this kind of research. miRNAs - small 
RNA molecules with very simple structures that regulate hundreds of mRNAs - play an unusual role in 
gene expression networks. Abnormally expressed miRNA may play a role similar to oncogenes such as 
myc or tumor suppressor genes such as p53, inducing or inhibiting liver tumorigenesis according to the 
specific cellular function of the target gene or genes regulated by that specific miRNA[27]. Meanwhile, 
and critically, miRNA can also influence the therapeutic effects of chemotherapy and intervene in the 
process of drug tolerance[28,29].

Regarding the use of miRNAs as molecular markers for tumors, miRNA-21 has gained attention as 
the first miRNA used in the clinic[30]. Many studies have confirmed that miRNA-21 is an oncogene, 
promoting liver tumor growth and metastasis by inhibiting the tumor suppressor genes PTEN and 
MAP2K3[31,32]. In 2012, Tomimaru et al[33] found that expression of miRNA-21 was increased in the 
plasma and tumor tissues of HCC patients, and that there was a correlation between them. Further 
investigation revealed that plasma miRNA-21 had clinical application value and could be used to 
diagnose HCC. Several additional studies have also shown that various miRNAs can be used for the 
diagnosis or prognosis of HCC patients. For example, serum miRNA-122 can also be used as a tumor 
marker for the diagnosis of HCC[34], while miRNA-125 and miRNA-233 can further be used for the 
early diagnosis of HCC patients who are HBV-positive[35]. miR-140 can also be used to determine the 
prognosis of HCC patients[36].

EXOSOMAL MIRNA IN HCC 
The stability of miRNAs in plasma depends on exosomes. Exosomes are bilayer lipid membrane-coated 
vesicles with diameters of about 30-100 nm that can be released out of the cell and into the blood, urine, 
saliva, and other body fluids. It is generally believed that exosomes are composed of such lipid 
molecules as well as myriad amino acids and proteins, among which the common markers of exosomes 
have been identified as CD9, CD63, CD81, CD82, and others[37]. Nucleic acids in exosomes include 
mRNA, DNA, miRNA and other non-coding RNAs. Exosomes can carry these functional substances 
between cells and mediate communication between cells, thus regulating protein synthesis, cellular 
proliferation and differentiation, antiviral activity, and myriad other physiological and pathological 
activities.

Exosomal miRNAs have multiple potential functions in cell-to-cell communication. As such, they can 
be used to detect pathophysiological changes in the body, track changes in tumors, and aid in the 
diagnosis and prognosis of various diseases[38]. Down-regulation of exosomal miRNA expression has 
been shown to play a certain role in the mechanism of tumorigenesis[39]. Because exosomes and their 
contents (mainly miRNAs) can reflect the state of the cell they were released from – including whether 
that cell was of a tumorigenic or healthy state - exosomal miRNAs may hold a high value in the clinical 
diagnosis of tumors[40]. Detection of exosomes derived from tumor cells and their miRNA levels may 
become a novel biological tool with clinical potential and utility in people at high risk of cancer[41].

Protein and miRNA profiles in exosomes produced by HCC cells have been shown to be significantly 
different from those produced by normal cells[42,43]. Such exosomes can be ingested and internalized 
by other cells to deliver genes with certain functions[44]. Similar to the screening of serum tumor 
markers for liver cancer, exosomal miRNA can also be used as a valuable, non-invasive biomarker to 
distinguish the type and grade of liver inflammation, and then assist in the early diagnosis of liver 
cancer. Studies have also shown that circulating miRNAs may become biomarkers for HCC diagnosis 
due to the large number of miRNA variants in HCC cells[45]. Ghosh et al[12] identified a liver-specific 
exosomal miRNA, miR-21-5p, as an early circulating diagnostic marker for HCC with low AFP. The 
sensitivity, specificity, and accuracy of miR-21-5p differential diagnosis of HCC are 74%, 68%, and 71%, 
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respectively.

CONCLUSION
In conclusion, although many miRNAs have been identified as tumor markers for early diagnosis of 
liver cancer in recent years, most of them have some defects and deficiencies, meaning that there is no 
clear consensus on which one or few miRNAs can improve the early diagnostics of HCC. Remaining 
challenges include a lack of further study on the specificity and sensitivity of target miRNAs in the 
diagnosis of liver cancer, a lack of robust clinical comparison between candidate miRNAs and the 
current tumor marker, AFP, and an expensive and cumbersome detection method for target miRNAs in 
HCC patients. As increased attention is placed upon exosomal miRNAs and their application at home 
and abroad, it is necessary and urgent to fully explore and realize the potential for exosomal miRNAs in 
the early diagnosis and treatment of liver cancer in clinical practice.
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Abstract
Patients with cirrhosis have an increased risk of infection and differently from 
other complications, that over the years are improving in their outcomes, 
infections in cirrhotic patients are still a major cause of hospitalization and death 
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(up to 50% in-hospital mortality). Infections by multidrug-resistant organisms (MDRO) have 
become a major challenge in the management of cirrhotic patients with significant prognostic and 
cost-related impact. About one third of cirrhotic patients with bacterial infections is infected with 
MDR bacteria and their prevalence has increased in recent years. MDR infections have a worse 
prognosis compared to infections by non-resistant bacteria because they are associated with lower 
rate of infection resolution. An adequate management of cirrhotic patients with infections caused 
by MDR bacteria depends on the knowledge of some epidemiological aspects, such as the type of 
infection (spontaneous bacterial peritonitis, pneumonia, urinary tract infection and spontaneous 
bacteremia), bacteriological profile of antibiotic resistance at each health care unit and site of 
infection acquisition (community acquired, healthcare associated or nosocomial). Furthermore, 
regional variations in the prevalence of MDR infections determine that the choice of empirical 
antibiotic therapy must be adapted to the local microbiological epidemiology. Antibiotic treatment 
is the most effective measure to treat infections caused by MDRO. Therefore, optimizing antibiotic 
prescribing is critical to effectively treat these infections. Identification of risk factors for multidrug 
resistance is essential to define the best antibiotic treatment strategy in each case and the choice of 
an effective empirical antibiotic therapy and its early administration is cardinal to reduce 
mortality. On the other hand, the supply of new agents to treat these infections is very limited. 
Thus, specific protocols that include preventive measures must be implemented in order to limit 
the negative impact of this severe complication in cirrhotic patients.

Key Words: Cirrhosis; Infection; Multidrug-resistance; Bacterial; Antibiotics; Microbiota
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Core Tip: Infections by multidrug-resistant organisms (MDRO) have become a major challenge in the 
management of cirrhotic patients with significant prognostic and cost-related impact. This review presents 
the main epidemiological data, clinical impact, risk factors, and the best management of cirrhotic patients 
infected with MDR bacteria.
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INTRODUCTION
The rising prevalence of multidrug-resistant organisms (MDRO) (resistant at least to one agent in three 
or more antimicrobial categories), extensively drug-resistant organisms (a resistance profile that 
compromised at least one agent in all but two or fewer antimicrobial categories), and pan drug-resistant 
organisms (PDRO) (resistant to all known antimicrobial agents) represents a global threat to human 
health[1,2]. At same time, active agents against MDRO are limited despite an increase in the availability 
of novel antibiotics in recent years.

Reports from the United States and Europe estimate a death toll of 29-33 patients each year associated 
with antimicrobial resistant microorganisms, with a huge attributable healthcare cost[2-5]. The so called 
“ESKAPE” pathogens [Enterococcus faecium, Staphylococcus aureus (S. aureus), Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacteriaceae species] are especially worrisome: 
The acquisition of antimicrobial resistance genes, in association to the classical mechanisms of antimi-
crobial resistance (inactivation or alteration of the antimicrobial molecule, bacterial target site modific-
ations, reduced antibiotic penetration/accumulation, and the formation of bacterial biofilms), make 
ESKAPE pathogens challenging to surveillance and subsequent infections difficult to treat. The SKAPE 
pathogens have developed resistance against almost all antibiotics used in the clinical setting 
(oxazolidinones, lipopeptides, macrolides, fluoroquinolones, B-lactams, and also to antibiotics that are 
considered "the last line of defense”, like carbapenems, glycopeptides and polymyxins). Face to the 
increased burden of disease and death rates due to treatment failure, the Word Health Organization has 
designated the SKAPE group as “priority organisms” to focus and guide research and development 
related to new antibiotics[1].

Over the last years cirrhosis complications are improving their outcomes with new strategies and 
technologies. However, infections in cirrhotic patients are still a major cause of hospitalization and 
death (up to 50% in-hospital mortality)[6]. Although the reasons for these imbalanced morbidity and 
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mortality are not totally elucidated, MDR infections may play an important role. In a recent multicentric 
study that assessed the epidemiology of bacterial infections in hospitalized cirrhotic patients, the overall 
prevalence of MDRO was 34%[7]. Another report concerning critically ill patients with decompensated 
cirrhosis points to 46% of isolates being MDROs at admissions. Meanwhile, MDRO isolates responsible 
for infection during intensive care unit stay were at 60%[8]. Different studies confirm the ominous 
prognosis of cirrhotic patients with infections by MDRO[9,10] (Table 1) Antimicrobial standard 
prescription for infection in liver cirrhosis doesn’t routinely comprehend the MDRO spectrum. Cirrhosis 
itself increases the risk for sepsis and septic shock and when associated with an inappropriate choice of 
empirical antimicrobial treatment may be determinant of a worst outcome.

In this review, we describe the epidemiology, clinical settings and the current evidence-based 
strategies for early recognition and treatment alternatives for MDR infection in cirrhotic patients.

EPIDEMIOLOGY
Bacterial infections affect 25%-35% of hospitalized patients with cirrhosis and lead to a four-fold 
increase in their mortality when compared to noninfected counterparts[11]. The prognostic impact of 
infections is such that they are considered defining events of state 6 (end-state, late decompensation) in 
the clinical course of cirrhosis[12]. Moreover, infections (together with alcoholic hepatitis) are the most 
important drivers of acute decompensation of cirrhosis and acute-on-chronic liver failure (ACLF)[9,13,
14].

Despite the evolution in medical care, there is evidence suggesting that mortality associated with 
infections in individuals with cirrhosis might be increasing. Our group, for instance, has demonstrated 
that mortality associated with spontaneous bacterial peritonitis increased from 22% to 40% in a decade
[15,16]. An explanation for this finding might be the growing importance of infections caused by 
MDRO. In our setting, after evaluating 5800 isolates from hospitalized patients, we have shown that 
38% and 44% of individuals with and without cirrhosis respectively were infected with MDRO. 
Furthermore, in that study, 20% of Escherichia coli and Klebsiella sp strains infecting patients with 
cirrhosis were extended-spectrum beta-lactamase (ESBL)-producing bacteria, and 44% of S. aureus 
strains were methicillin-resistant[17].

Additionally, a recent European study has clearly demonstrated that infections associated with 
MDRO are increasing in individuals with cirrhosis. The study evaluated two prospective multicenter 
cohorts of patients hospitalized for acute decompensation of cirrhosis or ACLF. The first cohort 
consisted of 1146 individuals evaluated in 2011, of which 39.7% were infected. The second cohort 
consisted of 883 individuals evaluated in 2018, of which 32.2% were infected. In that study, infections 
associated with MDRO were diagnosed in 29.2% of subjects with positive cultures in the 2011 cohort 
and in 37.9% of those pertaining to the 2018 cohort[10].

On a global level, another prospective cohort study has demonstrated the relevance of infections 
associated with MDRO in individuals with cirrhosis worldwide. The authors included 1302 infected 
patients with cirrhosis from 46 different centers in Europe, America and Asia. The most common 
infections were spontaneous bacterial peritonitis [spontaneous bacterial peritonitis (SBP), 27%], urinary 
tract infection (22%) and pneumonia (19%), and 57% of isolates consisted of Gram-negative bacteria. 
Among individuals with positive cultures, 34% were infected with MDRO, most commonly ESBL-
producing Enterobacteriaceae, methicillin-resistant S. aureus, vancomycin-resistant Enterococci, 
Pseudomonas aeruginosa, and Acinetobacter baumannii. The prevalence of infections caused by MDRO was 
higher in Asia (51%), than in Europe (29%) or America (27%). Independent risk factors for infections 
with MDRO were being from Asia (and mostly from India, where MDRO were present in 73% of 
isolates), using antibiotics in the three months previous to hospital admission, being exposed to 
healthcare facilities, and the site of infection (pneumonia, skin and soft tissue infection and urinary tract 
infection had higher odds of being caused by MDRO)[7].

Africa and Oceania are poorly represented in studies evaluating the prevalence of MDRO in patients 
with cirrhosis. However, a recent retrospective cohort study has demonstrated a low prevalence of 
MDRO in blood cultures of patients with cirrhosis hospitalized in Australia (5.6% of admissions). 
Despite the low prevalence, the study has shown a significant increase in infections caused by MDRO 
over a decade[18], similarly to what had been previously verified in Europe[10].

PROGNOSTIC IMPACT OF MULTIDRUG RESISTANT BACTERIAL INFECTIONS
Different abnormalities related to the immune system and the occurrence of bacterial translocation from 
the intestinal lumen increase the susceptibility to infections in cirrhotic patients[19]. Bacterial infections 
are very common in cirrhosis affecting approximately 1/3 of patients with decompensated cirrhosis and 
are responsible for significant mortality. In a review study Arvaniti et al[11] evaluated 178 studies with 
more than 11000 patients with cirrhosis and found that infections increase mortality four-fold. In these 
patients delayed antibiotic treatment and inadequate empirical therapy are independently associated 
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Table 1 Prevalence and prognosis of multidrug-resistant organisms infections in cirrhosis

Ref. Study design n
MDR 
infection 
(%)

Mortality 
(%) Comments

Piano et al[7] Single center 
study

75 35.0 86.0 ACLF grade 2 and 3 were more frequent in MDRO infected patients

Cassini et al
[3]

Meta-analysis 671 
689

NA 4.9 Estimate the incidence of infections caused by selected antibiotic-resistant bactéria in 
countries of the EU and EEA in 2015

Trebicka et 
al[9]

European 
multicenter

376 18.9 40.8 at 28.0 
d; 48.7 at 
90.0 d

In infection-induced ACLF, the prevalence of MDR strains was significantly higher; 
severe sepsis (40.7% vs 21.6%), ACLF (72.3% vs 42.0%) and 90-d mortality (48.7% vs 
30.7%) were more frequent in infections caused by MDR strains compared to non-
MDR strains

Costabeber 
et al[17]

Retrospective 474 37.5 - To evaluate the resistance profile of bacteria isolated from cirrhotic patients admitted 
to a referral hospital in Brazil

Trebicka et 
al[9]

European 
multicenter

520 14.8 35.1 at 28.0 d MDROs were not significantly different between specific infections in the different 
European regions; MDROs were more frequently isolated in the ICU (23.8% vs 12.2%) 
and nosocomial infections (21.3% vs 8.3% and 6.6% in CA and HCA infections, 
respectively); MDROs were more prevalent in infections causing severe sepsis/shock 
(30.3% vs 12.2%) or ACLF (20.5% vs 9.4%)

Johnson et al
[18]

Retrospective 3951 5.6 27.7 Presence of MDR bacteria in the blood was not associated with in-hospital mortality

ACLF: Acute on chronic liver failure; EU: European Union; EEA: European Economic Area; MDR: Multi-drug resistant; MDRO: Multi drug resistant 
organism; ICU: Intensive care unit; CA: Community acquired; HCA: Health-care associated; NA: Not available.

with mortality[20,21].
As stated before, recent studies suggest that about 34% of cirrhotic patients with bacterial infections 

are infected with MDRO[7]. Infections by MDRO have a worse prognosis because they are associated 
with lower rate of infection resolution with traditional empirical antibiotic treatment. In the first series 
(2005-2007) of a Spanish study, failure to antibiotic treatment was higher (30% vs 8%) in MDR infections 
than in susceptible bacterial infections. In addition, this study found a higher frequency of septic shock 
(26% vs 10%) and higher hospital mortality rate (25% vs 12%) in MDR infections compared to infections 
by non-resistant bacteria. An important finding of the second series (2010-2011) of this study was the 
higher prevalence of MDRO in nosocomial infections (39%) compared to HCA (a type of infection that 
occurs in patients with a previous contact with a healthcare environment, e.g., hospitalization or short-
term admission for at least 2 d in the previous 90 d, residence in a nursing home or a long-term care 
facility, or chronic hemodialysis) and community-acquired infections (20% and 0%, respectively)[22]. 
Similarly, an intercontinental study evaluated 1302 infected cirrhotic patients and confirmed that 
infections caused by MDRO were associated with a lower efficacy (40% vs 68%) and a longer duration 
(12 d[7-18] vs 10 d[7-15]) of empirical antibiotic treatment. Furthermore, patients with bacterial 
infections by multi-resistant strains had a higher incidence of septic shock (27% vs 13%) and higher in-
hospital and 28-d mortality rate (31% vs 21% and 34% vs 22%, respectively)[7]. Finally, a meta-analysis 
on the impact of infections by MDRO on mortality in cirrhosis found a four times increased risk of 
mortality associated with bacterial resistance compared to non-resistant bacterial infections[11].

RISK FACTORS FOR MULTIDRUG RESISTANT BACTERIAL INFECTIONS
MDR infection results from an interaction of different risk factors that act synergistically. Although 
some risk factors have been identified, we still far from completely understand all the mechanisms 
involved, and there is still much to research in this field. Identifying risk factors for multidrug resistance 
is essential to define the best antibiotic treatment strategy in each case[21].

Previous use of antibiotics is a well-known driver for multidrug resistant infection in different clinical 
settings. A strong association of MDRO with previous antibiotic therapy was also observed in cirrhotic 
patients. Extended use of broad-spectrum antibiotics[23] and exposure to systemic antibiotics treatment 
for at least five days, especially in the previous three months, were highlighted as risk factors[7,24]. 
Prior use of beta-lactam antibiotics is especially important and has been identified as an independent 
predictor in the multivariate analysis[22,25]. These findings reinforce the importance of the judicious 
use of antibiotics in preventing MDRO emergence, with avoidance of overuse and early de-escalation 
strategies.
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Another important risk factor for MDR infections is the previous occurrence of infections by resistant 
bacteria. In the multivariate analysis, infection caused by MDR bacteria in the last 6 mo increases the 
risk by 2.45 times[22].

Current or recent contact with the healthcare system is another important risk factor for MDR 
infections. A strong association between MDR infections and hospital admission has been shown in 
several studies[10,26,27]. Patients with nosocomial infection, hospitalization for more than 48 h, and 
those discharged in the last 30 d are at increased risk for MDR infections. In addition, an increased risk 
has been reported in patients admitted to the intensive care unit. The risk of MDR infections is also 
related to the duration of hospitalization and the invasiveness of the procedures performed.

Non-hospitalized patients with healthcare-associated (HCA) infections have an intermediate rate 
(14%-41%) of infections caused by MDRO, which is lower than in nosocomial infections (23%-39%) but 
higher than that observed in community-acquired infections (0%-16%). Therefore, the risk of MDR 
infection is directly related to where the infection was acquired (nosocomial or community-acquired)[22,
26,28].

Although the association of quinolone prophylaxis with MDR infection was not identified with the 
use of norfloxacin for six months in a placebo-controlled trial[29] and in an epidemiological study[7], the 
prophylactic use of antibiotics has been pointed out as a risk factor for MDR infections in other studies
[22,25,30].

The bacteriological profile of antibiotic resistance in each geographic region also influences the risk of 
multidrug resistance. Patients from India, other Asian centers, and South America had an increased risk 
of MDR bacteria[7]. The bacteriological profile of antibiotic resistance at each health care unit is also an 
important point, and this local antibiotic resistance profile should be considered in the estimation of the 
MDR risk of each patient[7,31].

MDR risk is also related to the site of the infection. For example, MDR infections were more 
commonly observed in patients with pneumonia, skin and soft tissue infections than in those with SBP 
or spontaneous bacteremia[7,27].

A higher prevalence of proton pump inhibitors (PPI) use among patients with MDR infection has 
been reported[24], suggesting that PPI could be a risk factor for infections caused by MDRO. However, 
this association still needs to be better explored in further studies.

MDR infections are more commonly observed in patients with worse liver function, however it is 
difficult to establish whether liver function is an independent risk factor for MDR because patients with 
more severe liver disease have more frequent hospitalizations and are more exposed to the use of 
antibiotics. In the study of Piano et al[7], liver function was not independently associated with MDR 
infections in the multivariate analysis although patients with MDR infections presented higher Child 
and MELD-Na scores. Therefore, even if it is not an independent risk factor, MDR infection is often 
associated with more severe liver disease.

Table 2 shows the main risk factors for MDR infections.

MANAGEMENT
Empirical antibiotic therapy
In the early phases of bacterial infections in patients with cirrhosis, typical signs of infection (like fever) 
may not be present. Bacterial infections can precipitate and/or constitute part of the process of acute 
decompensation of cirrhosis, and an appropriate work-up for infections (e.g., diagnostic paracentesis; 
chest X-ray; urinalysis; blood, ascites and urine cultures) should be made in all patients hospitalized for 
decompensated liver disease[32].

Optimizing the prescription of antibiotics is cardinal to effectively treat infections, protect patients 
from harms caused by unnecessary antibiotic use, and combat antibiotic resistance. As the prevalence of 
MDRO differs throughout the world, the choice of an empirical antibiotic therapy should be tailored to 
the local microbiological epidemiology, and it should also be influenced by the type of infection (e.g., 
SBP, urinary tract infection, pneumonia, soft tissue infection), the severity of infection, and the potential 
risk factors for infections caused by MDRO[32,33] (Table 1).

Effective antibiotics need to be administered as early as possible. In a retrospective cohort study of 
126 cirrhotic patients with SBP-associated septic shock, each hour of delay in the appropriate antimi-
crobial therapy was associated with 1.86 times increase in hospital mortality[34]. In a worldwide study 
of hospitalized patients with cirrhosis, the administration of adequate empirical antibiotic treatment was 
found to be an independent and the only potentially modifiable predictor of in-hospital and 28-d 
mortality[7].

In the whole Canonic series, MDROs were more prevalent in infections causing severe sepsis/septic 
shock and/or ACLF and associated to lower resolution rate and higher mortality at 28 d, especially if 
treated with inadequate empirical antibiotic strategies[10]. A multicenter retrospective study of 865 
consecutive patients with a rst presentation of SBP in Korea pointed that empirical carbapenem 
treatment was signicantly associated to lower in-hospital mortality than third-generation 
cephalosporins of among 314 critically ill patients (CLIF-SOFA scores ≥ 7; 23.1% vs 38.8%; aOR, 0.84; 
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Table 2 Risk factors for multidrug-resistant infection in cirrhosis

No. Risk factors for MDR infection in cirrhosis

1 Prior (3 mo) use of broad-spectrum antibiotics

2 Prior infection by MDROs (6 mo)

3 Nosocomial infection

4 Recent contact with the healthcare system

5 Site of infection (pneumonia, skin, and soft tissue infections)

6 Geographic region

7 Prophylactic use of antibiotics (?)/proton pump inhibitors use?

MDR: Multi-drug resistant; MDRO: Multi drug resistant organism.

95%CI, 0.75-0.94; P = 0.002)[35].
In the treatment of HCA infections in an Italian population of cirrhotic patients, with a prevalence of 

MDRO of 40%-46%, empirical broad-spectrum therapy (imipenem/cilastatin ± vancomycin) 
signicantly reduced in-hospital mortality when compared to third generation cephalosporins, partic-
ularly in patients with sepsis. It also reduced the rate of treatment failure and length of stay[36]. In a 
prospective randomized controlled trial (RCT) that enrolled 32 patients with nosocomial SBP, the broad-
spectrum antibiotic therapy (meropenem plus daptomycin) was more effective than ceftazidime (86.7% 
vs 25%, P < 0.001). Furthermore, meropenem plus daptomycin was effective in 90% of nonresponders to 
ceftazidime. The response to rst-line treatment was an independent predictor of survival[37].

The isolation of MDRO in rectal and nasal swabs could also guide empirical antibiotic strategies in 
cirrhotic patients. In a study of two European cohorts comprising a total of 907 critically ill patients, 
including 550 patients with cirrhosis, rectal colonization by MDRO was highly prevalent in cirrhotic 
patients, ranging from 28.7% to 31.1% in intensive care unit admissions, and MDRO carriage increased 
the short-term risk of subsequent infection by the colonizing organism[38].

Patients with cirrhosis and severe infections may benefit from therapeutic strategies aimed at 
optimizing the antibiotics’ pharmacokinetic/pharmacodynamic target. The use of high antibiotic doses 
within the first 48-72 h after the diagnosis of infection and the continuous or extended infusions of beta-
lactams are more likely to achieve and to maintain serum drug levels above the minimum inhibitory 
concentration compared to standard bolus administration 6. In a secondary analysis of a European 
prospective multicenter study of patients with cirrhosis and bloodstream infection, the empirical 
continuous/extended infusion of piperacillin-tazobactam or carbapenems was associated with lower 
mortality compared to traditional dosing schedules (adjusted hazard ratio, 0.41; 95%CI, 0.110-0.936; P = 
0.04), and it was particularly useful in those patients who were critically ill[39].

After completing 48-72 h of antibiotic therapy, early de-escalation can be considered based on clinical 
evolution and available antibiotic susceptibility tests. Short-term treatment is another key measure to 
prevent antibiotic resistance[7,40,41]. In the 1990s, a randomized controlled trial of 100 patients with 
SBP showed that a short-course (5-d) treatment is as effective as long-course (10-d) therapy and 
significantly less expensive[42]. In non-SBP infections, the optimal duration of antibiotic therapy has not 
been established, but data from the general population suggests that a 7-d course is adequate for most 
infections[32].

Figure 1 and Table 3 summarizes the management of patients with cirrhosis and bacterial infection.

Non-antibiotic approach
The emergence and spread of MDRO in cirrhosis require the implementation of measures aimed to 
prevent its complications. Pharmacological and non-pharmacological strategies are needed, including 
hand hygiene and barrier precaution, restriction of antibiotic use to high-risk populations, de-escalating 
antibiotic therapy based on rapid microbiological tests, study of non-antibiotic prophylaxis measures, 
broad and strict infection control policies, and programs of epidemiological surveillance[25].

Non-antibiotic drugs with potential benefit on infections in cirrhosis: Although antibiotic treatment is 
the most effective measure for controlling established MDR infection, other drugs have shown potential 
benefits in preventing infections in cirrhosis. A lower occurrence of SBP has been demonstrated in 
patients using non-selective beta-blockers (NSBB)[43]. This benefit of NSBB has been related to its 
potential effect in improving intestinal motility, improving intestinal permeability, and reducing 
bacterial translocation[44,45]. Statins also seem to have a beneficial effect against bacterial infection[46] 
that is attributed to its anti-inflammatory and immunomodulatory properties.
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Table 3 Recommended empirical antibiotic treatment for bacterial infection in cirrhosis

Type of infection Community-acquired infection Nosocomial and HCA infection or sepsis

SBP, spontaneous bacterial 
empyema and spontaneous 
bacteremia

Cefotaxime or Amoxicilin/clavulanic acid Piperacillin/tazobactam or Meropenem ± Vancomycin or Daptomycin or 
Linezolid1

UTI Fosfomycin or cotrimoxazole Uncomplicated: Nitrofurantoin or Fosfomycin; if sepsis: 
Piperacillin/tazobactam or Meropenem ± Glycopeptide

Pneumonia Amoxicilin/clavulanic acid; Ceftriaxone + 
Macrolide; Levofloxacin; Moxifloxacin

Piperacillin/tazobactam or Meropenem or Ceftazidime + Ciprofloxacin; 
Glycopeptides or Linezolid1 should be added in patients with risk factors 
for MRSA2

Skin and soft tissue infections Amoxicilin/clavulanic acidor ± 
Clindamycin

Meropenem or Piperacillin/tazobactam + Glycopeptide or Daptomycin or 
Linezolid1 ± Cindamycin; if necrotizing fascitis: Meropenem + Daptomycin 
+ Clindamycin

1Vancomycin, teicoplanin or daptomycin in areas with a high prevalence Methicillin-resistant Staphylococcus aureus and vancomycin-susceptible 
enterococci. Vancomycin must be replaced by linezolid in areas with a high prevalence of vancomycin-resistant enterococci.
2Ventilator-associated pneumonia, previous antibiotic therapy, nasal Methicillin-resistant Staphylococcus aureus carriage.
HCA: Health care associated; MRSA: Methicillin-resistant Staphylococcus aureus; SBP: Spontaneous bacterial peritonitis; UTI: Urinary tract infection.

Figure 1 Suggested algorithm for the management of patients with cirrhosis and bacterial infections. MDR: Multidrug-resistant.

Non-pharmacological measures: Non-pharmacological measures are based on preventive strategies 
and procedures focusing on intestinal colonization with MDRO. The most important preventive 
measure is the restrictive and judicious antibiotic use since the main driver for the emergence of MDR 
infections is the widespread use of antibiotics.

The main non-pharmacological measures focus on gut microbiota[27]. A healthy microbiome is 
essential to prevent colonization and infection by MDRO[25]. Different approaches focusing on the 
modulation of the intestinal microbiome were studied, such as probiotics, prebiotics/synbiotics dietary 
regimens, and fecal microbiota transplant (FMT)[45].

Although some studies have shown favorable results with probiotics, there are also negative studies. 
This controversy is probably related to different probiotics used and the different number and concen-
tration of the species. Further studies are necessary to define the ideal combination, dose, and duration 
of administration.

FMT involves the safe transfer of exogenous bacterial flora from a healthy donor to another patient, in 
capsule or liquid formulations. The rationale for using this technique is the central role of the 
gastrointestinal colonization in the development of MDR infections. It has been demonstrated that 
colonization by MDRO is associated with increased risk of infection by the colonizing bacteria in the 
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short-term[38]. FMT has the potential effect of promoting MDRO decolonization.
A systematic review with meta-analysis[47] of five studies, with a total number of 52 patients, 

evaluated whether FMT decolonizes antibiotic-resistant bacteria from the gut of colonized adults. 
Evidence from this meta-analysis indicates a potential benefit of FMT as a decolonization intervention, 
with few adverse effects. Despite the low quality of evidence appointed by this meta-analysis, these 
preliminary results suggest that FMT is a promising approach that deserves further analysis in RCTs.

In cirrhotic patients, a preliminary study of FMT in patients with advanced cirrhosis on lactulose and 
rifaximin demonstrated that FMT restored antibiotic-associated disruption in microbial diversity and 
function[48]. The impact of FMT in the reduction of gut microbial antibiotic resistance genes was later 
reported in two trials: a capsule FMT trial and an enema FMT trial with 20 patients each. This study 
demonstrated that, despite differences in routes of administration, antibiotic resistance gene abundance 
was reduced after FMT compared to pre-FMT baseline and non-FMT groups in decompensated 
cirrhosis[49].

Another possible approach, although still requiring further studies, is phage therapy. This technique 
is based on the use of bacteriophages which are viruses that infect bacteria[50]. The bacteriophages 
replicate inside the bacteria leading to their destruction. It is an old technique that was left aside with 
the advent of antibiotics, but nowadays it has been considered again as a therapeutic option to face the 
serious problem of antibiotic multidrug resistance[51,52]. Although specific studies in cirrhotic patients 
are not available, phage therapy represents a possible future alternative therapy for controlling MDRO
[53].

CONCLUSION
In this review, we describe the epidemiology, clinical settings and the current evidence-based strategies 
for early recognition and treatment alternatives for MDR infection in cirrhotic patients.
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Abstract
The term "periodontal disease" refers to a group of chronic inflammatory illnesses 
caused by specific microorganisms from subgingival biofilm, that affect the tooth-
supporting tissues. Recent research has also shown that periodontal infection 
plays a role in aggravating systemic disease states at distal sites, reinforcing the 
significance of the oral cavity for general health. Additionally, it has been 
suggested that gastroenterological malignancies may be promoted by hemato-
genous, enteral or lymphatic translocation of periopathogens. In the past 25 years, 
the global burden of pancreatic cancer (PC) has more than doubled, making it one 
of the major causes of cancer-related mortality. Periodontitis has been linked to at 
least 50% increased risk of PC and it could be considered a risk factor for this 
malignancy. A recent study performed on 59000 African American women with a 
follow up of 21 years showed that participants who had poor dental health had 
higher chances of PC. The findings, according to researchers, might be related to 
the inflammation that some oral bacteria trigger. Regarding the mortality of PC, 
periodontitis considerably raises the chance of dying from PC. Microbiome 
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alterations in the gut, oral cavity and pancreatic tissues of PC patients occur when compared to 
healthy flora, demonstrating a link between PC and microecology. Inflammation may also 
contribute to PC development, although the underlying pathway is not yet known. The function of 
the microbiome in PC risk has drawn more focus over the last decade. Future risk of PC has been 
linked to the oral microbiome, specifically increased levels of Porphyromonas gingivalis and Aggreg-
atibacter actinomycetemcomitans and decreased relative abundance of Leptotrichia and Fusobacteria, 
suggesting that it may have an impact on the inflammatory condition by expanding, altering, and 
regulating the commensal microbiome. Patients who received periodontal treatment had 
significantly decreased incidence rate ratios for PC. By analyzing patterns in the microbiome 
composition throughout PC development and establishing strategies to enhance the cancer-
associated microbial system, we can increase the efficacy of therapy and eventually find an 
application for the microbial system. The development of immunogenomics and gut micro-
genomics in the life sciences will result in a significant advancement in our understanding of how 
microbial systems and immunotherapy interact, and it may also have intriguing therapeutic 
implications for extending the lifetime of PC patients.

Key Words: Periodontal disease; Pancreatic cancer; Microbiome; Periodontitis; Periopathogens; Periodontal 
medicine

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: It has been suggested that gastroenterological malignancies may be promoted by hematogenous, 
enteral or lymphatic translocation of periopathogens. Periodontitis has been linked to at least 50% 
increased risk of pancreatic cancer (PC) and it could be considered a risk factor for this malignancy. 
Future risk of PC has been linked to the oral microbiome, specifically increased levels of Porphyromonas 
gingivalis and Aggregatibacter actinomycetemcomitans and decreased relative abundance of Leptotrichia 
and Fusobacteria. By analyzing patterns in the microbiome composition throughout PC development and 
establishing strategies to enhance the cancer-associated microbial system, we can increase the efficacy of 
therapy.
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INTRODUCTION
The term "periodontal disease" refers to a group of inflammatory illnesses that affect the tooth-
supporting tissues, ultimately leading to tooth loss and even resulting in systemic inflammation. Up to 
90% of people worldwide are affected by the two most common periodontal disorders, gingivitis and 
periodontitis[1]. The cornerstone of avoiding periodontitis is the treatment of gingivitis, a reversible 
inflammation of the gingiva that takes place before periodontitis. By gradually destroying the alveolar 
bone and periodontal ligament, periodontitis-which is typically caused by Gram-negative bacteria-can 
result in recession, increased probing depth, or both[1].

Periodontal disease is initiated and progresses due to a dysbiosis of the commensal oral microbiota, 
which subsequently interacts with the host's immune system[2,3]. Diverse bacteria (or certain gene 
combinations within the community) may be capable of having various functions within the periodontal 
ecosystem that collaborate to generate and establish a microbiota that promotes disease. Numerous 
microbial species were found in the oral cavity, but most of them are commensal bacteria such as 
Streptococcus, Capnocytophaga, Eikenella corrodens and Veillonella parvula; nevertheless, in condition of 
some imbalances, they could also become pathogens for the tooth supporting tissues[4]. One of the 
crucial requirements for the development of a potentially pathogenic community is the ability of certain 
species to modify host responses in ways that compromise immune surveillance and tip the balance 
from homeostasis to dysbiosis[5]. Porphyromonas gingivalis (P. gingivalis), Treponema denticola and 
Tanerella forsythia, Gram-negative and anaerobiotic bacteria, possess a higher virulency and aggress-
iveness and are also involved in periopathogenesis[4].

https://www.wjgnet.com/2307-8960/full/v11/i3/545.htm
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Numerous mechanisms, including the systemic dissemination of periodontal pathogens and the 
systemic leakage of local inflammatory mediators, have been involved in the strong association between 
periodontitis and a number of systemic disorders[6]. Periodontal and systemic diseases have a two-way 
relationship; periodontal disease can have negative effects on the overall systemic health, and some 
systemic conditions increase the risk of periodontal disease onset[6,7]. Recent research has also shown 
that periodontal infection plays a role in aggravating systemic disease states at distal sites, including 
cardiovascular disease, adverse pregnancy outcomes, diabetes mellitus, Alzheimer's disease, inflam-
matory bowel diseases, and various cancer types, reinforcing the significance of the oral cavity for 
general health[6-9]. Additionally, it has been suggested that gastroenterological malignancies may be 
promoted by hematogenous (oral-blood axis via the perturbed periodontal tissues), enteral (oral-gut axis 
via saliva) or lymphatic (via the lymphatic drainage system) translocation of periopathogens[10-12].

In the past 25 years, the global burden of pancreatic cancer (PC) has more than doubled, making it 
one of the major causes of cancer-related mortality[13]. It comprises for almost 2% of all malignancies 
and is linked to 5% of deaths caused by cancer[14]. North America, Europe, and Australia have the 
highest incidence rates of PC[14,15]. While the ageing process of the global population could increase 
the incidence, other major risk factor, specifically smoking, obesity, diabetes and drinking alcohol 
should be considered for their modifiable nature[13,15].

Only around 20% of patients are initially diagnosed with early-stage PC, which is surgically 
resectable, thus explaining the low survival rates[13]. Even after a potentially radical treatment, the 
majority of patients eventually relapse, and their 5-year survival rate is only 2%–9%[14]. During the 
initial stages of the disease and its progression to advanced pancreatic metastasis, when tumor cells are 
very invasive, the majority of patients don't exhibit any apparent symptoms. Considering that it is one 
of the life-threatening malignant tumors, early diagnosis is imperative[13-15]. Pancreatic ductal 
adenocarcinomas account for over 90% of pancreatic malignancies[13].

Viral infections have been shown to express a strong relationship with cancer, but also certain 
bacteria can stimulate or trigger uncontrolled cell development by escaping the immune system or 
preventing apoptosis. Since periodontitis is a chronic oral bacterial infection, a potential link between 
periodontitis and PC has been proposed[9].

AIM
The purpose of this current review is to update and organize the most recent data on periodontal 
disease and its implications in PC in order to highlight the fact that there is sufficient evidence to 
establish a connection between them, through the action of periodontal pathogens, taking into account 
that periopathogens are essential for the onset and progression of periodontal disease, and their 
involvement in various systemic disorders has already been proven. This would encourage more 
exploration into the negative impact of periodontal disease on the development of PC in individuals 
with both disorders. The findings of future studies may have significant implications for periodontal 
and gastroenterological practice. For instance, periodontal screening for patients with this type of cancer 
and periodontal therapy, when necessary, may help lower the risk of PC's adverse evolution while also 
improving the quality of life for these patients.

PERIODONTAL DISEASE AND PC: EPIDEMIOLOGIC DATA
Periodontitis has been linked to various malignancies, with risk ranging between 14% and 20%[16,17]. 
Periodontitis has been linked to at least 50% increased risk of PC and it could be considered a risk factor 
for this malignancy[1,16,17], whereas other studies reported no significant association between 
periodontal disease and PC[1,18]. Periodontal disease risk is linked to a number of variables that are 
known to increase the risk of PC, such as smoking, alcohol drinking, and diabetes. The oral microbiome 
is thus affected by these exposures and circumstances, leading to dysbiosis and a relative increase in the 
amount of oral pathogenic microorganisms[19,20].

A 10 years follow-up study showed that the risk of all or specific gastro-intestinal malignancies, 
including PC, was not significantly associated with the severity of chronic periodontitis. After sex and 
age stratification, this null connection remained consistent[21]. No associations were found between the 
risk of PC and the eight single nucleotide polymorphisms, which provide the strongest explanation for a 
genetic predisposition to developing chronic or aggressive periodontitis[22].

Patients with PC may exhibit increased bleeding on probing when exposed to minimal amounts of 
dental plaque, which could point to periodontitis’ excessive activity, often known as a hyperactive 
phenotype. Although dysfunctions of the CD14 axis receptor, nuclear factor kappa B (NF-kB) factors, 
and NOTCH pathway proteins are hypothesized, the source of high bleeding on probing index values at 
a relatively low plaque index rate is unknown at this time[23].
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A cohort study that followed 5889441 individuals for a median of 7.2 years discovered that, compared 
to those with a healthy dental status, people with root canal infections, mild inflammation, and period-
ontitis in the under-50 age group had a 58% higher risk of developing PC, while those with periodontitis 
had a 56% higher risk. Only the subgroup of those with periodontitis exhibited a 20% elevated risk in 
the 50–70 age range. In all age categories, people with fewer teeth seemed to be at a higher risk[12]. 
Another study found that having periodontal disease was linked to a higher risk of developing PC in 
people 65 years of age or older, but not in people under 65[24].

A recent study performed on 59000 African American women with a follow up of 21 years showed 
that participants who had poor dental health had higher chances of PC[25]. Participants who reported 
both gum disease and tooth loss had a 58% higher chance of receiving a PC diagnosis[25]. Furthermore, 
compared to women who had neither periodontal disease nor tooth loss, those who reported 
periodontal gum disease but no tooth loss had a 77% higher chance of being diagnosed with PC[25]. 
Their research revealed that PC diagnoses were twice as likely to occur in women without periodontal 
disease but with absent teeth. Furthermore, the risk was significantly increased among patients who had 
at least 5 extracted teeth[25]. The findings, according to researchers, might be related to the inflam-
mation that some oral bacteria trigger[25]. In an older research paper, when periodontal disease and 
recent tooth loss were evaluated together, the risk of PC significantly rose, with a risk ratio of 2.71 
compared to people who had neither periodontal disease nor recent tooth loss. These findings imply 
that recent tooth loss may be a sign of severe periodontal disease[26].

Compared to the link between tooth loss and PC, the relationship between periodontal disease and 
PC has showed more consistent evidence[16,24,27,28]. According to a meta-analysis, the summary 
relative risk for periodontitis and PC was 1.74, while the risk for edentulism was 1.54[18]. Nevertheless, 
data is inconsistent as other research reported no associations between tooth loss and PC[27,28].

So far, research indicates that, independently of other recognized risk factors, like smoking, 
periodontal disease may contribute to the development of PC[26,29]. A prospective research of 48375 
male health professionals revealed that those who had a history of periodontal disease at baseline had a 
64% higher risk of PC[26,27,30]. In people who had never smoked, there was a stronger correlation 
between periodontal disease and PC[26,27,30]. Smoking is also linked to a two-fold increase in the risk 
of PC[26].

In a research with a long follow-up (10 years) and a substantial population-based cohort (568273 
participants), there was a strong positive association between periodontitis and cancer mortality, partic-
ularly PC mortality[31]. After adjusting for age, sex, and additional controls for smoking, education, 
race/ethnicity, and body mass index (BMI), orodigestive cancer mortality was higher in patients with 
periodontal disease. Furthermore, the severity of periodontal disease enhanced the risks for orodigestive 
cancer mortality[32]. With age, sex, smoking, education, race/ethnicity and BMI adjustments, the 
mortality for PC in periodontal patients increased by nearly four times[32].

Regarding the mortality of PC, periodontitis considerably raises the chance of dying from PC[1].

HUMAN MICROBIOME AND PC
Multiple diverse organisms, such as bacteria, viruses, fungus, and protozoa, compose the human 
microbiota, as the presence of certain microorganisms was reported even before birth, in the human 
placenta[14,33,34]. They are essential for maintaining human health and preventing illnesses. Bacteria's 
ability to cause cancer is linked to both individual species and dysbiotic ecosystems[11]. Some hepatitis 
viruses, particular oral, gastrointestinal, and pancreatic microorganisms may have an etiological role in 
PC development[14,33,35].

Microbial diversity in the colon and other internal organs is decreased as a result of human microbial 
system dysregulation and, in PC patients, the imbalance of the intestinal microbiota is common[14,33,
35]. Regardless of the severity of PC, the bacterial DNA patterns in the pancreatic and duodenal tissue 
of the same participants were comparable, indicating that bacteria may be traveling from the gut to the 
pancreas[36]. Microbiome alterations in the gut, oral cavity and pancreatic tissues of PC patients occur 
when compared to healthy flora, demonstrating a link between PC and microecology (Table 1). Inflam-
mation may also contribute to PC development, although the underlying pathway is not yet known[37].

According to scientific research, the human microbiota has a key contribution to the onset, 
progression, and prognosis of PC[14,33,35,38]. The NYU Langone study found that, in contrast to other 
research linking poor oral health to PC, oral microbiome dysbiosis actually occurred before the 
malignancy took hold[30].

The function of the microbiome in PC risk has drawn more focus over the last decade. Using 16S 
rRNA fluorescent probes and quantitative real-time polymerase chain reaction, it was discovered that 
PC patients had an intrapancreatic bacterial load that was 1000 times higher than that of normal 
pancreatic tissue. The mean relative proportions of certain taxa varied between the healthy cohort, 
pancreatic benign neoplasm, and PC[35]. A recent case-control study found that there were discrep-
ancies in the overall bacterial communities between those with PC and controls. While the presence of 
Enterobacteriaceae, Lachnospiraceae G7, Bacteroidaceae, or Staphylococcaceae was linked to an increased risk 
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Table 1 Selected studies assessing various methods for detecting bacteria in different types of gastroenterological cancers

Ref. Types of samples and methods used Bacteria detected in patients with PC Types of digestive 
cancers

Del Castillo et 
al[36], 2019

16S rRNA gene sequencing was performed on tissue 
samples (pancreatic duct, duodenum, pancreas), 
swabs (bile duct, jejunum, stomach), and stool 
samples

Lactobacillus, Porphyromonas, Fusobacterium, 
Prevotella

Pancreatic cancer

Torres et al
[37], 2015

16S rRNA gene sequencing was performed on saliva 
samples

Leptotrichia, Porphyromonas Pancreatic cancer

Vogtmann et al
[39], 2020

16S rRNA gene sequencing was performed on saliva 
samples

Pancreatic adenocarcinoma

Fan et al[43], 
2018

16S rRNA gene sequencing was performed on pre-
diagnostic oral wash samples

Porphyromonas gingivalis, Aggregatibacter actinomy-
cetemcomitans

Pancreatic adenocarcinoma

Farrell et al
[47], 2012

16S rRNA gene sequencing was performed on saliva 
samples

Streptococcus mitis, Granulicatella adiacens, Neisseria 
elongata

Pancreatic cancer

Tan et al[48], 
2022

16S rRNA gene sequencing was performed on oral 
wash samples, resected cancer tissue and matched 
normal adjacent tissues

Porphyromonas gingivalis,Firmicutes, Proteobacteria, 
Neisseria, Haemophilus, Aggregatibacter, Pseudomonas, 
Sphingomonas Bacteroidota

Pancreatic cancer

Mitsuhashi et 
al[52], 2015

Genomic DNA was extracted from pancreatic tissues 
specimens

Fusobacterium Pancreatic ductal adenocar-
cinoma

Yamamura et 
al[53], 2017

Genomic DNA was obtained using a cotton swab in 
the oral cavity and from cancerous tissues

Fusobacterium Esophageal, gastric, 
colorectal, liver and 
pancreatic cancer

Gaiser et al
[58], 2019

Microbial DNA was isolated from cyst fluid and 
plasma

Fusobacterium nucleatum, Granulicatella adiacens Pancreatic cystic neoplasms

PC: Pancreatic cancer.

of PC, increased relative levels of Haemophilus were linked to a lower risk[39]. Currently, Neisseria 
elongata, P. gingivalis, Streptococcus mitis and Fusobacterium are the key pathogens implicated in PC and it 
was postulated that Fusobacterium can significantly decrease a patient's survival time when it comes to 
the prognostic evaluation of PC[11,14].

By causing DNA damage, epigenetic alterations of phagocytosis-related genes, immunological 
response, chromatin organization, cellular proliferation, and higher DNA mutation rates, the 
microbiome can influence cancer’s development. The microbiome can also potentially cause signaling 
pathway disruption, enhanced local inflammation, and impaired epithelial barrier function[11]. 
According to one study, the point mutations in the PC patient's p53 tumor suppressor gene may be 
caused by the peptidyl arginine deaminase enzymes that are specific to oral periopathogen P. gingivalis
[40].

According to one study, periodontitis, PC and chronic pancreatitis may all share the excessive inflam-
matory response brought on by the mutations of certain genes, Q705K and F359L, which are amino acids 
in NLRP2 and NLRP3. It has been shown that rs35829419 (Q705K, NLRP3) polymorphism is more 
common in people with PC, while rs17699678 (F359L, NLRP2) polymorphism is more common in people 
with chronic pancreatitis[41].

By triggering systemic inflammation or, alternatively, by increasing the synthesis of bacterial 
metabolites, such as nitrosamines, reactive oxygen species sulfides, butyrate or acetaldehydes, chronic 
periodontitis through periopathogens may facilitate pancreatic carcinogenesis[9-11,18]. According to 
various theories, nitrosamines, acetaldehyde and gastric acidity play a significant role in the 
development of PC[9,18,27,42], as they can cause DNA alkylation, mutations, damage or impaired 
repair, which can result in inflammation or tumorigenesis[11].

Although the underlying mechanism connecting periodontitis to gastrointestinal cancers is not fully 
understood, and it is still uncertain which stage of periodontitis may affect cancer risk, gastroentero-
logical malignancies have a high biological plausibility in relation to oral infections and inflammation[1,
19]. Blood antibodies to certain oral pathogens and poor oral health status were linked to an elevated 
risk of PC[19,43]. A person's chance of developing PC was increased by 70% and 80%, respectively, 
whether they had oral mucosal lesions, or tongue lesions caused by Candida[1]. PC development was 
positively associated with tooth loss, although seropositivity to Helicobacter pylori was not significantly 
correlated with tooth loss[44]. Recent research could not establish a link between Helicobacter pylori and 
a higher risk of PC[45].

Future risk of PC has been linked to the oral microbiome, specifically increased levels of P. gingivalis 
and Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans) and decreased relative abundance 
of Leptotrichia and Fusobacteria, suggesting that it may have an impact on the inflammatory condition by 
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expanding, altering, and regulating the commensal microbiome[11-13,29]. It's noteworthy that 
Leptotrichia species, which are opportunistic pathogenic bacteria, are also frequently discovered in 
immunosuppressed individuals[46]. Using direct bacterial DNA analysis from samples of people's 
saliva taken years before diagnosis, a cohort research found strong associations between two 
periopathogens, P. gingivalis and A. actinomycetemcomitans, and PC[1,10,43]. This connection is also 
confirmed by a research which found that pre-diagnostic blood samples from those diagnosed with PC 
had more antigens to P. gingivalis than samples from controls[13]; in contrast, phylum Fusobacteria 
appeared to be linked with a reduced chance of developing PC[10,33]. There are still unanswered 
doubts regarding the mechanism underlying this connection and whether there is a direct causal 
correlation[13].

Oral microbiome profiles in patients with PC and controls significantly differ, according to scientific 
research[47]. Combining immunological dysregulation, genomic damage, and microbial variations 
between PC cases, early PC cases, and healthy controls, these factors point to a mechanistic role for oral 
microbiome components in PC development[11].

Bacteria can have a significant impact on carcinogenesis’ mechanisms[43,45]. The bacterial "driver-
passenger model" best describes this method of collaboration, in which the "driver" pathogen, such as A. 
actinomycetemcomitans, causes DNA damage in the host cells. A more stable ecosystem results from the 
modifications this driving pathogen makes to the microenvironment around the host cell. These changes 
make it easier for other germs to proliferate and survive. Once the cancer cells have been located, the 
"passenger" bacteria, such as F. nucleatum, will operate as a connecting organism between the early 
colonization microorganisms (A. actinomycetemcomitans) and the late colonizing microbes (P. gingivalis). 
P. gingivalis has the ability to block cancer cell death and encourage tumor growth[43,45]. The three 
microorganisms could have a significant synergistic impact on the onset and progression of cancer. This 
means that a diversified microbial environment is both more stable and harmful than a single species of 
bacterium, which may be a key element in the development of cancer[45].

Porphyromonas gingivalis
A recent study revealed that numerous bacterial taxa which were often detected in the tumoral milieu 
were also discovered in the oral microbiome, raising the possibility of bacterial translocation from the 
mouth to the pancreas. Unexpectedly, P. gingivalis, one major periodontal pathogen, which usually 
colonizes the oral cavity, was found in the saliva samples, normal surrounding tissues and the 
malignant tissues of PC patients in the same report[42,48]. The oral-derived migration of P. gingivalis 
into the pancreas as well as its capacity to cause PC were further shown. The explanation is that P. 
gingivalis induces the aggregation of neutrophils and the release of neutrophil elastase, which eventually 
promotes pancreatic neoplasms[48].

There is growing evidence that PC and periodontal infections are closely related[12] as Leptotrichia 
and Porphyromonas were more prevalent in PC patients' saliva than in healthy controls' saliva[37].

A 1.6-fold higher risk of PC was found in one of the biggest prospective cohort analyses to date when 
P. gingivalis taxa were directly detected in saliva using 16S RNA genes[43]. Unlike past studies assessing 
bacterial DNA in cancer patients' saliva, this cohort study was distinctive in that saliva samples were 
taken up to 10 years before a cancer diagnosis[28,43].

Participants who had P. gingivalis in their oral microbiome were shown to have a 59% higher chance 
of developing PC than those who did not[32]. In a European cohort research, those with high levels of 
antibodies to P. gingivalis (> 200 ng/mL) had a twofold increased probability of developing PC[1,10,30,
33].

Although the dose-response was not linear and tended to flatten at higher immunoglobulin G (IgG) 
levels, a cohort research demonstrated a threefold increase in orodigestive cancer mortality, including 
pancreatic tumors, with rising P. gingivalis IgG levels[28,30,32].

Periodontal disease, oral pathogenic microorganisms, and PC have all been linked in a direct manner 
via biological pathways that have been hypothesized. One theory proposes a novel apoptosis-resistant 
mechanism that promotes immunosuppression and oncogenesis, with P. gingivalis serving as the 
common link[1]. Inhibiting epithelial cells' ability to undergo apoptosis, which has an essential function 
in defending malignant cells, is one of P. gingivalis' major carcinogenic effects. Some signaling pathways 
that P. gingivalis activates are implicated in immune evasion, tumorigenesis, cell invasion of tumor cells, 
and induction of apoptosis[49].

The bacteria P. gingivalis was discovered to be enriched in the abundant intratumor microbiota 
composition in human PC tissue. P. gingivalis may create a tumor microenvironment that is pro-inflam-
matory and elevate neutrophil elastase levels, eventually promoting the development of PC[42,48]. It 
was discovered that P. gingivalis survives inside PC cells, a property that can be improved in vitro and is 
amplified by hypoxia, a key aspect of PC[50]. The capacity of the bacteria to survive intracellularly and 
to increase Akt signaling and cyclin D1 expression, two essential pathways associated with PC 
development, are connected to the enhancement of proliferation. P. gingivalis infection of tumor cells led 
to enhanced growth in vivo. The scientists concluded that P. gingivalis directly influences PC cells in a 
pro-tumorigenic manner[50]. PC cell proliferation was considerably increased by live P. gingivalis, but 
surprisingly, this effect was not mediated by Toll-like receptor 2, an innate immune receptor that is 
activated in response to P. gingivalis on immune and cancer cells and is necessary for the bacterium to 
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cause alveolar bone resorption[50].
Another link between P. gingivalis and tumors is the metabolism of possibly carcinogenic compounds 

produced by this bacteria[49]. Following the administration of lipopolysaccharide from P. gingivalis, 
increased expressions of certain genes (Reg3A and G) were reported, thus the authors suggested that it 
could play an important role in P. gingivalis-lipopolysaccharide-related PC in mice[51].

P. gingivalis was definitely able to influence the host immunological responses, according to RNA 
sequencing. After P. gingivalis infection, neutrophil chemokines (Cxcl1, Cxcl2, Cxcr2, etc.) were 
discovered to be strongly elevated, but genes linked to gram-negative bacterial defense and antitum-
origenic activities, such as lymphocyte chemotaxis and cell cytosis, were significantly suppressed. In PC 
mouse models, P. gingivalis specifically bypasses the host immune system and severely reduces the 
host's ability to fight tumors[48].

High frequencies of mutations in the tumor suppressor gene p53 were found in PC patients, leading 
researchers to draw the conclusion that alteration of the p53 gene is a crucial event in the development 
of human pancreatic tumors[49]. Furthermore, P. gingivalis decreases p53 levels while increasing the cell 
cycle's S-phase advancement[11].

Both F. nucleatum and P. gingivalis possess strong antiapoptotic properties as well as capabilities of 
immune evasion and disruption[11].

Fusobacterium nucleatum
Fusobacterium species were examined by Mitsuhashi et al[52] in 283 PC patients and their results found a 
detection rate of 8.8% in tumor tissue and 28% in normal adjacent tissues. When using multivariate Cox 
regression analysis, it was shown that the presence of these bacteria is associated with a greater 
mortality, in comparison with Fusobacterium-negative group[52]. Conversely, a recent study did not 
detect F. nucleatum DNA in PC tissues. They hypothesized that F. nucleatum would contribute to the 
development of gastroenterological tract cancer but not pancreatic or liver cancer[53], although 
Mitsuhashi et al[52] stated that the bacterium could be considered a prognostic marker of PC[52].

Moreover, greater abundance of Fusobacteria and its genus Leptotrichia was linked to a lower risk of 
PC, according to a cohort study that used direct bacterial DNA sequencing from samples of people's 
saliva obtained years before diagnosis[42,43]. In contrast, F. nucleatum-positive pancreatic ductal 
adenocarcinomas were linked to elevated cancer-specific mortality rates[11,46].

Fusobacterium species were more frequently discovered in pancreatic tail cancer than in head or body 
cancer, despite the lack of a significant association. Uncertainty surrounds the high incidence of Fusobac-
terium species in pancreatic tail tumors. The difference in vascular supply between the pancreas tail and 
head or body could represent one possibility for this observation[52].

Aggregatibacter actinomycetemcomitans
Moreover, although the connection was not as strong as for P. gingivalis, people who exhibited A. actino-
mycetemcomitans in their oral microbiome also had at least a 50% higher relative chance of developing 
PC[32]. When A. actinomycetemcomitans taxa were directly detected in saliva using 16S RNA genes, one 
of the biggest cohort analyses to date found a 2-fold increased risk of PC[43]. In contrast to past studies 
measuring bacterial DNA in cancer patients' saliva, the samples used in this cohort study were taken up 
to 10 years before the cancer diagnosis[28].

Through the insertion of DNA double-strand breaks via CDT activity, A. actinomycetemcomitans Y4 can 
cause genomic instability, a significant phase in the tumorigenesis[11].

Bacterial toxins, such the cytolethal distending toxin released by A. actinomycetemcomitans, can disrupt 
the balance of the host's immune system, harm antigen-presenting cells, and prevent lymphocyte prolif-
eration[11]. Moreover, their lipopolysaccharide may help accelerate carcinogenesis through NF-kB 
signaling and TLR4 binding, both of which are elevated in the tumor microenvironment[11].

THERAPEUTIC APPROACHES
Previous research has demonstrated a connection between microbes and the development and spread of 
PC. The development of biomarkers that may control how responsive cancers are to therapeutic drugs 
may be regulated by the human microbial system, which is particularly advantageous for enhancing 
PC's clinical efficiency. Chemotherapy and immunotherapy can be paired with microbial systems, 
which may provide PC patients a significant amount of hope. But there is still a lot of disagreement in 
this area[14].

Early detection
It has been established that intestinal microbiota contributes to PC by producing tumor-specific 
immunity and systemic immunity, although the mechanism is yet unknown. In an effort to develop new 
therapeutic approaches, future research will concentrate on how microbiota influences the development 
and maintenance of immunological tolerance. In order to create more targeted techniques of response 
modulation, a thorough investigation of the PC-associated microflora can be performed to pinpoint 
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particular communities that contribute either positively or negatively to the onset and progression of PC
[14]. The biggest chance of increasing survival rates would arise from early identification of PC. A 
particular oral microbiota analysis might be developed to enable the early diagnosis of cancer since 
mouth dysbiosis appears to be more pronounced in individuals with gastrointestinal tumors[29].

To determine if the presence of specific microbial species may be used as a biomarker for the early 
diagnosis of PC, the salivary bacterial profiles of 108 people were examined; 8 of them received a PC 
diagnosis, 22 were healthy controls and the other had other diseases. When compared to healthy 
participants or patients with other disorders, the ratio of Leptotrichia and Porphyromonas was consid-
erably greater in the saliva of subjects with a future PC diagnosis[20,37]. P. gingivalis may serve as a 
biomarker for the emergence and progression of PC[49].

Similar shifts may be observed in individuals with preneoplastic lesions, such as intraductal papillary 
mucinous neoplasms, if alterations in the oral microbiota are connected to the probability of developing 
PC[20].

Saliva is a biofluid that is simple to acquire, making it perfect for the early identification of a variety 
of illnesses, including bacterial and viral infections, cardiovascular, renal, autoimmune disorders and, 
especially, malignancies[54-56]. Eight metabolites (leucine with isoleucine, tryptophan, valine, glutamic 
acid, phenylalanine, glutamine, and aspartic acid) were found in a research that thoroughly investigated 
salivary metabolites and identified metabolic patterns unique to several types of malignancies, 
including PCs. According to this, salivary metabolites could be considered cancer-specific markers[55].

Gut microbiome modulation
The identification of biomarkers for predicting future PC risk and prognosis is made possible by 
microbiota research, which offers the chance to fully explain the underlying processes. According to 
prior research, PC is linked to bacteria that may alter a tumor's susceptibility to therapeutic medicines. 
Through appropriate adjustment, the effectiveness of this deadly disease's therapy can be greatly 
improved. The development and application of novel antibiotics, prebiotics, probiotics or microbial 
transplantation in conjunction with chemotherapy and immunotherapy may hold considerable potential 
for PC patients[35,46,57].

Reducing the pancreatic inflammatory microbiome may be a viable treatment option for individuals 
with an early precursor of PC, like pancreatic cysts-intraductal papillary mutinous neoplasms-, because 
of the demonstrated co-occurrence and enrichment of oral bacterial species in their microbiome[58].

Pushalkar et al[59] showed that intestinal bacteria may invade the pancreas, and that in PC tissue, 
both in animal models and in people, there is an increased abundance of bacteria compared with control 
cases with a different microbiome community in PC samples compared to controls. Furthermore, 
compared to healthy animals, PC mouse models have a higher capacity for the gut microbiota to 
translocate to the pancreas[20,59]. In one investigation, the significance of the P. gingivalis-inflammatory 
system-pancreas axis in the progression of PC was clarified, and it was suggested that lowering P. 
gingivalis infections or inflammatory state would help with PC prevention and therapy[48].

Additionally, PC developed more slowly in germ-free mutated animals. Oral antibiotic therapy also 
showed a protective effect against tumor growth, while gut microbiome repopulation with PC mouse 
feces increased cancer progression[20].

It was discovered that microbe-free mice did not respond to immunotherapeutic medications, but 
mice that were administered Bacteroides fragilis responded positively. According to Sivan et al[60], 
Bifidobacterium increased the effectiveness of cancer immunotherapy in mice, which suggested that 
microbes, particularly gut bacteria, may be triggering the immune response by causing enterocytes to 
produce specific message molecules or send signals to immune cells, which enhances their capacity to 
fight tumors[35,60]. Due primarily to its poor response to chemotherapy, PC is often a fatal disease. 
Recent research suggests that the tumor microenvironment may be a significant factor in developing 
gemcitabine chemoresistance[57].

By analyzing patterns in the microbiome composition throughout PC development and establishing 
strategies to enhance the cancer-associated microbial system, we can increase the efficacy of therapy and 
eventually find an application for the microbial system. The development of immunogenomics and gut 
micro-genomics in the life sciences will result in a significant advancement in our understanding of how 
microbial systems and immunotherapy interact, and it may also have intriguing therapeutic implic-
ations for extending the lifetime of PC patients[14].

Periodontal treatment
Enhancing our knowledge of the connection between periodontal disease and other risk factors and 
how they affect cancer risk, as well as identifying potential bacteria that may be involved in carcino-
genesis, may also open up new opportunities for early cancer detection (through the discovery of 
biomarkers), and provide information on whether active treatment for periodontal disease will lessen 
the burden of cancer[28,46]. It is uncertain to say at this point if the burden of cancer would decrease 
with the treatment of periodontitis[28].

Using the Taiwanese NHIRD, a research project investigated the link between periodontal disease 
and cancer, particularly PC, and the impact of periodontal disease therapy, which was defined as at 
least 10 procedures like scaling and periodontal flap surgery. Patients who received treatment had 
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significantly decreased incidence rate ratios for PC and adjusted hazard ratios. The modified model did 
not, however, take smoking into account[19,61].

CONCLUSION
These researches support the hypothesis that certain characteristics of the human microbiome play a 
significant role in shaping the immune response in a manner that facilitates tumor development. Given 
the growing epidemiological data linking periodontal disease to PC and the rapid unraveling of new 
molecular links between periopathogens and cancer development, the impact of bacterial infection on 
pancreatic carcinogenesis has to be given more consideration. More research in this field is expected to 
improve our knowledge of this aggressive malignancy and provide us with new chances for early 
identification and/or the development of treatments.
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Abstract
BACKGROUND 
Stroke is a common and frequently occurring disease of the nervous system and 
one of the three major diseases leading to human death. The incidence and 
mortality of stroke in China increase with age. Overall, 70 % of patients with 
stroke have serious disability, which results in heavy burden to their families and 
the society.

AIM 
To analyze the effects of Qixue Shuangbu decoction and acupuncture combined 
with Western medicine on immune indexes and digestive tract function in 
patients with acute severe stroke.

METHODS 
A total of 68 patients with acute severe stroke admitted to Lanzhou Second 
People’s Hospital between March 2018 and September 2021 were selected and 
divided into the control and observation groups according to a random number 
table method. The control group was administered routine Western medicine 
treatment, such as dehydration, lowering intracranial pressure, anticoagulation, 
improving cerebral blood circulation and cerebral nerve protection according to 
the “Guidelines for the Diagnosis and Treatment of Acute Ischemic Stroke in 
China.” The observation group was administered Qixue Shuangbu decoction via 
nasal feeding tube on the basis of the routine Western medicine treatment with 
simultaneous acupuncture. The two groups were compared.

RESULTS 
The acute physiology and chronic health evaluation II, organ dysfunction 
syndrome score, National Institutes of Health Stroke Scale, and traditional 
Chinese medicine syndrome scores of the two groups were significantly 
decreased compared with those measured before treatment, and the complements 
C3 and C4, and immunoglobulins (Ig) M and G were significantly increased 
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compared with those observed before treatment (P < 0.05). After treatment, the scores of the 
observation group were lower than those of the control group, and the complement and Ig levels 
were higher than those of the control group (P < 0.05). The levels of diamine oxidase (DAO), D-
lactic acid (D-LA), and calcitonin gene-related peptide (CGRP) in the two groups were 
significantly higher than those before treatment, while the levels of lipopolysaccharide, ubiquitin 
carboxyl-terminal hydrolase 1 (UCH-L1), tumor necrosis factor-α (TNF-α), interleukin (IL) -2, and 
IL-8 were significantly lower than those before treatment (P < 0.05). After treatment, DAO, D-LA, 
and CGRP were higher in the observation group than in the control group, while lipopolysac-
charide, UCH-L1, TNF-α, IL-2, and IL-8 were lower than in the control group (P < 0.05). The 
hospitalization time of individuals in the observation group was shorter than that of the control 
group (P < 0.05).

CONCLUSION 
Qixue Shuangbu decoction and acupuncture combined with Western medicine for the treatment of 
acute severe stroke can regulate intestinal flora, reduce inflammation, improve intestinal mucosal 
barrier function and immune function related indicators, and promote recovery.

Key Words: Qixue Shuangbu Decoction; Acupuncture; Western medicine; Acute severe stroke; Intestinal 
flora; Degree of inflammation; Immune function

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Severe stroke is an acute and critical disease of the nervous system, which is a group of diseases 
that cause brain tissue damage due to the sudden rupture of brain vessels or the failure of blood to flow 
into the brain due to vascular obstruction. Traditional Chinese medicine believes that the disease belongs 
to the category of "stroke.” There is evidence that lack of multi-factor endowment, aging, and yang 
hyperactivity wind, or drinking of syrup, overeating fat, climate change and other incentives result in 
viscera dysfunction, qi and blood disturbance, disturbing the brain orifices, and channeling the meridians 
for stroke.

Citation: Gou LK, Li C. Qixue Shuangbu decoction and acupuncture combined with Western medicine in acute 
severe stroke patients. World J Clin Cases 2023; 11(3): 556-565
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/556.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.556

INTRODUCTION
Severe stroke is a common disease of the nervous system with high mortality. Due to the most common 
sensory and motor dysfunction caused by neurological impairment, patients cannot eat independently; 
therefore, they require nutritional support treatment. However, long-term nutritional support treatment 
leads to abnormal intestinal flora, imbalance of gastrointestinal hormone secretion, and eventually 
systemic inflammatory response and even flora disorder[1]. The disease belongs to “apoplexy” category 
of traditional Chinese medicine. Because the brain is the capital of the gods, the disorder of qi and blood 
leads to the occurrence of apoplexy and the imbalance of qi movement in spleen and stomach. 
Additionally, the stagnation of intestinal dross leads to the accumulation of blood stasis and heat, which 
disturbs the gods. Both form a vicious circle. Therefore, traditional Chinese medicine (TCM) advocates 
the principle of promoting qi and activating blood, dredging the fu organs and reducing turbidity. Qi 
and blood Shuangbu decoction is mainly used to supplement qi and blood deficiency in patients with 
stroke, and acupuncture treatment focuses on regulating gastrointestinal function[2]. In this study, the 
effects of Qixue Shuangbu decoction and acupuncture combined with Western medicine on patients 
with acute severe stroke were assessed. The immune function and digestive tract function indexes were 
selected as the observation objects to analyze the therapeutic effect of integrated traditional Chinese and 
Western medicine to provide the corresponding basis for clinical practice.
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https://dx.doi.org/10.12998/wjcc.v11.i3.556


Gou LK et al. Qixue Shuangbu and acupuncture in acute severe stroke

WJCC https://www.wjgnet.com 558 January 26, 2023 Volume 11 Issue 3

MATERIALS AND METHODS
General information
A total of 68 patients with acute severe stroke admitted to Lanzhou Second People's Hospital between 
March 2018 and September 2021 were selected and divided into two groups according to the random 
number table method. A total of 34 cases were included in the control group, of whom 19 and 15 were 
men and women, respectively, and were aged 42–75 years (average, 60.84 ± 5.32 years). The time from 
onset to treatment was 0.5–6 h, with an average of 2.74 ± 0.46 h. The locations of lesions were the basal 
ganglia, lobe, and brainstem in 19, 10, and 5 cases, respectively. The Glasgow coma scale (GCS) was 6.25 
± 1.04. A total of 34 cases were included in the observation group, of whom 17 were men and 17 were 
women, aged 41–75 years (average, 61.01 ± 5.05 years). The time from onset to treatment was 0.5–6 h, 
with an average of 2.69 ± 0.47 h, and the locations of lesions were the basal ganglia, brain lobe, and brain 
stem for 17, 12, 5 cases, respectively. The gCS score was 6.22 ± 1.01 points. General data were balanced 
between the two groups, with no statistical significance being observed (P > 0.05).

The inclusion criteria were as follows: (1) Stroke defined in line with the “Chinese guidelines for the 
diagnosis and treatment of acute ischemic stroke 2014” criteria for ischemic stroke[3]: (a) acute onset; (b) 
focal neurological deficit; (c) unlimited duration of symptoms or signs; (d) excluding non-vascular 
causes; and (e) excluding cerebral hemorrhage; (2) stroke defined in line with the “common diagnostic 
criteria of traditional Chinese medicine” in the Qixue deficiency syndrome standard[4], including 
dizziness, fatigue, insomnia, amnesia, shortness of breath, pale lips, pale tongue, weak pulse, and other 
syndromes; (3) ≥ 40 years of age, ≤ 75 years of age; (4) GCS score of ≤ 8 and National Institutes of Health 
Stroke Scale (NIHSS) score of ≥ 17; and (5) family members sign informed consent.

The exclusion criteria were as follows: (1) A history of mental illness; (2) a history of serious 
underlying digestive diseases or abdominal surgery; (3) complicated with severe visceral lesions; and (4) 
thyroid dysfunction, coagulation dysfunction, malignant tumors, or severe malnutrition.

Methods
In the control group, routine Western medicine treatment, including dehydration and intracranial 
pressure reduction, anticoagulation, improvement of cerebral blood circulation, and cerebral nerve 
protection, was adopted. Patients were administered enteral nutrition support treatment. Enteral 
nutrition suspension (commodity name: Nengquanli, Newdihiya Pharmaceutical Co., Ltd., Batch No. 
20180318) was administered 1500–2500 mL/day with 50–100 mL/h dripping speed using a gastric tube.

In the observation group, the patients were administered with Qixue Shuangbu decoction using a 
nasal feeding tube and simultaneous acupuncture treatment was performed. Prescriptions of Qixue 
Shuangbu decoction included Codonopsis (15 g), Atractylodes (15 g), Poria (12 g), Angelica (12 g), Paeoniae 
Alba (12 g), Rehmannia glutinosa (15 g), Chuanxiong (9 g), and Radix Glycyrrhizae (6 g). The above drugs 
were decocted for 150 mL and administered using a nasal feeding tube daily for 14 d. The acupuncture 
points were Neiguan, Zusanli, Guanyuan, Qihai, Shangjuxu, Zhongwan, and Xiawan. One-time 
acupuncture was performed using the twirling small lifting insertion technique, following the use of a 
gas needle for 20 min. Acupuncture was performed twice a day as a continuous treatment of 14 d.

Observation indicators
Acute physiology and chronic health evaluation II (APACHE II)[5] and organ dysfunction syndrome 
(MODS)[6] scores were used to evaluate the overall severity of the disease and severity of organ failure. 
The two scores were proportional to the overall severity of the disease and severity of organ failure, 
respectively. NIHSS[7] was used to evaluate the degree of neurological deficit, and it was proportional 
to the degree of neurological deficit. TCM syndrome score was estimated based on symptoms, including 
dizziness, laziness, amnesia, fatigue, insomnia, dreaminess, blurred vision, palpitations, shortness of 
breath, loss of appetite, slim body, and luxuriant face. The above symptoms were categorized from light 
to heavy using the Likert 4 grade scoring method, ranging from 0–3 points.

The incidence of gastrointestinal complications (diarrhea, constipation, gastrointestinal bleeding, 
vomiting), pressure sores, ventilator-associated pneumonia (VAP), offline success rate, hospitalization 
time, and 28-d mortality in the two groups were recorded[8].

Detection method
Fasting venous blood (3 mL) was extracted from patients and centrifuged at 2000 r/min for 30 min. 
Hitachi 7600i automatic biochemical analyzer was used for determination of biochemical parameters. 
The kit was provided by Nanjing Jiancheng Biological Products Co., Ltd. The calcitonin gene-related 
peptide (CGRP), ubiquitin carboxyl-terminal hydrolase 1 (UCH-L1), tumor necrosis factor-α (TNF-α), 
interleukin (IL)-2, IL-8, diamine oxidase (DAO), and D-lactic acid (D-LA) were estimated using enzyme-
linked immunosorbent assay. The changes of the lipopolysaccharide concentration were determined 
using a radioimmunoassay. The changes of complement C3, complement C4, immunoglobulin (Ig) M, 
and IgG were detected by flow cytometry.
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The patient’s feces weighing 1 g were diluted with 5 mL of distilled water and inoculated in 
appropriate culture medium to determine the number of Bifidobacterium, Lactobacillus, Enterococcus, and 
Enterobacter.

Statistical analysis
The data were processed using the SPSS19.0 software. The data were assessed for normal distribution 
and uniform variance was described using mean ± SD. The t test was used for comparison, and the 
number of cases (%) for enumeration data were used for description. The χ2 test was used for 
comparison, and statistical significance was set at P < 0.05.

RESULTS
Comparison of scores between and within groups
Before treatment, APACHE II, MODS, NIHSS, and TCM syndrome scores were not significantly 
different between the groups (P > 0.05). Table 1 shows that APACHE II, MODS, NIHSS, and TCM 
syndrome scores were significantly lower than those before treatment for both groups (P < 0.05). After 
treatment, the scores of the observation group were lower than those of the control group (P < 0.05).

Comparison of complement and Ig system indexes between and within groups
Complement (complement C3, complement C4) and Ig system (IgM, IgG) indexes were not significantly 
different before treatment (P > 0.05). Table 2 shows that the complement and Ig system indexes were 
significantly higher than those before treatment in both groups (P < 0.05). After treatment, complement 
C3, complement C4, IgM, and IgG were higher in the observation group than in the control group (P < 
0.05).

Comparison of intestinal mucosal barrier function indexes between groups and within groups
Before treatment, the intestinal mucosal barrier function indexes were not significantly different 
between the groups (P > 0.05). Table 3 shows that DAO and D-LA were significantly increased (P < 
0.05), while lipopolysaccharide was significantly decreased (P < 0.05) in the two groups. After treatment, 
DAO and D-LA were higher in the observation group than in the control group, while lipopolysac-
charide was lower than that in the control group (P < 0.05).

Comparison of CGRP, UCH-L1, TNF-α, IL-2, IL-8 between and within groups
Before treatment, CGRP, UCH-L1, TNF-α, IL-2 and IL-8 were not significantly different (P > 0.05). 
Table 4 shows that CGRP was significantly increased (P < 0.05), and UCH-L1, TNF-α, IL-2 and IL-8 were 
significantly decreased (P < 0.05) in the two groups. After treatment, CGRP was higher, while UCH-L1, 
TNF-α, IL-2 and IL-8 were lower in the observation group than in the control group (P < 0.05).

Comparison of intestinal flora between groups and within groups
The number of intestinal flora before treatment were not significantly different between the groups (P > 
0.05). As shown in Table 5, Bifidobacterium, Lactobacillus, and Enterococcus numbers were significantly 
higher in the two groups than those before treatment (P < 0.05), while the number of Bacteroides was 
significantly lower than that before treatment (P < 0.05). After treatment, Bifidobacterium, Lactobacillus, 
and Enterococcus numbers were higher in the observation group than in the control group, while the 
number of Bacteroides was lower than in the control group (P < 0.05).

Comparison of the incidence of gastrointestinal complications and pressure ulcers between groups
There were seven cases of gastrointestinal complications and one case of pressure sore in the control 
group. The overall complication rate was 23.53%, which was higher than that of the observation group 
(8.82%); however, no statistical significance was reached (P > 0.05) (Table 6).

Comparison of VAP incidence, weaning success rate, hospital stay, and 28-d mortality between 
groups
The incidence of VAP and the success rate of weaning were higher in the observation group than those 
in the control group, while the 28-d mortality rate was lower than that in the control group; however, no 
statistical significance was reached (P > 0.05). The hospitalization time of the observation group was 
significantly shorter than that of the control group (P < 0.05) (Table 7).
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Table 1 Comparison of scores between and within groups (mean ± SD)

Indicators Time Control group (n = 34) Observation group (n = 34) t value P value

Before treatment 17.58 ± 3.21 17.62 ± 3.08 0.052 0.958APACHE II score (points)

After treatment 13.25 ± 2.14a 10.11 ± 1.83a 6.502 0.000

Before treatment 14.55 ± 2.53 14.48 ± 2.61 0.112 0.911MODS score (points)

After treatment 9.89 ± 1.67a 8.21 ± 1.43a 4.456 0.000

Before treatment 19.97 ± 2.07 20.01 ± 2.13 0.079 0.938NIHSS score (points)

After treatment 10.74 ± 1.74a 8.56 ± 1.55a 5.455 0.000

Before treatment 24.12 ± 2.58 23.97 ± 2.61 0.238 0.812TCM syndrome points (points)

After treatment 11.41 ± 1.25a 7.85 ± 1.06a 12.666 0.000

aP < 0.05 vs before treatment.
APACHE II: Acute physiology and chronic health evaluation II; MODS: Organ dysfunction syndrome; NIHSS: National Institutes of Health Stroke Scale; 
TCM: Traditional Chinese medicine.

Table 2 Comparison of complement and immunoglobulins system indexes between and within groups (mean ± SD)

Indicators Time Control group (n = 34) Observation group (n = 34) t value P value

Before treatment 1.04 ± 0.12 1.02 ± 0.13 0.659 0.512Complement C3 (g/L)

After treatment 1.28 ± 0.17a 1.43 ± 0.21a 3.237 0.002

Before treatment 0.22 ± 0.05 0.23 ± 0.04 0.911 0.366Complement C4 (g/L)

After treatment 0.31 ± 0.07a 0.37 ± 0.09a 3.068 0.003

Before treatment 0.74 ± 0.11 0.73 ± 0.14 0.327 0.744IgM (g/L)

After treatment 1.11 ± 0.15a 1.36 ± 0.18a 6.221 0.000

Before treatment 9.74 ± 0.41 9.68 ± 0.38 0.626 0.534IgG (g/L)

After treatment 10.64 ± 0.52a 11.47 ± 0.61a 6.038 0.000

aP < 0.05 vs before treatment.
Ig: Immunoglobulins.

Table 3 Comparison of intestinal mucosal barrier function indexes between groups and within groups (mean ± SD)

Indicators Time Control group (n = 34) Observation group (n = 34) t value P value

Before treatment 3.28 ± 0.34 3.31 ± 0.30 0.386 0.701DAO (U/mL)

After treatment 4.15 ± 0.38a 4.63 ± 0.45a 4.752 0.000

Before treatment 0.18 ± 0.07 0.19 ± 0.06 0.632 0.529D-LA (mmol/L)

After treatment 0.27 ± 0.08a 0.36 ± 0.10a 4.098 0.000

Before treatment 17.41 ± 4.52 17.35 ± 4.67 0.054 0.957Lipopolysaccharide (ng/L)

After treatment 11.14 ± 2.05a 8.21 ± 1.61a 6.554 0.000

aP < 0.05 vs before treatment.
DAO: Diamine oxidase; D-LA: D-lactic acid.

DISCUSSION
Severe stroke refers to the brain tissue necrosis or softening caused by hypoxia and ischemia due to 
cerebral blood circulation disorder, which is a common cerebrovascular disease in clinic. The occurrence 
of patients with stroke is generally developed on the basis of atherosclerosis changes. Inflammatory 
reaction is one of the reasons for cell loss, which has a serious impact on life safety and physical and 



Gou LK et al. Qixue Shuangbu and acupuncture in acute severe stroke

WJCC https://www.wjgnet.com 561 January 26, 2023 Volume 11 Issue 3

Table 4 Comparison of calcitonin gene-related peptide, ubiquitin carboxyl-terminal hydrolase 1, tumor necrosis factor-α, interleukin-2, 
interleukin-8 between and within groups (mean ± SD)

Indicators Time Control group (n = 34) Observation group (n = 34) t value P value

Before treatment 21.52 ± 5.36 20.97 ± 5.71 0.409 0.683CGRP (pg/mL)

After treatment 28.26 ± 6.17a 36.58 ± 6.78a 5.292 0.000

Before treatment 0.40 ± 0.18 0.41 ± 0.13 0.263 0.794UCH-L1 (µg/L)

After treatment 0.25 ± 0.11a 0.17 ± 0.10a 3.138 0.003

Before treatment 44.52 ± 5.89 42.97 ± 6.01 1.074 0.287TNF-α (pg/mL)

After treatment 21.02 ± 4.15a 14.63 ± 3.85a 6.582 0.000

Before treatment 15.89 ± 2.16 15.81 ± 2.24 0.150 0.881IL-2 (pg/mL)

After treatment 10.13 ± 1.92a 6.78 ± 1.52a 7.977 0.000

Before treatment 5.23 ± 0.82 5.18 ± 0.91 0.238 0.813IL-8 (pg/mL)

After treatment 4.64 ± 0.53a 3.47 ± 0.42a 10.088 0.000

aP < 0.05 vs before treatment.
CGRP: Calcitonin gene-related peptide; UCH-L1: Ubiquitin carboxyl-terminal hydrolase 1; TNF-α: Tumor necrosis factor-α; IL: Interleukin.

Table 5 Comparison of intestinal flora between groups and within groups (mean ± SD)

Indicators Time Control group (n = 34) Observation group (n = 34) t value P value

Before treatment 9.74 ± 1.14 9.67 ± 1.21 0.246 0.807Bifidobacterium (× 107 CFU)

After treatment 11.11 ± 1.25a 12.78 ± 1.34a 5.314 0.000

Before treatment 9.42 ± 1.14 9.36 ± 1.08 0.223 0.824Lactobacillus (× 107 CFU)

After treatment 10.78 ± 1.27a 12.63 ± 1.41a 5.685 0.000

Before treatment 8.85 ± 1.14 8.79 ± 1.21 0.210 0.834Enterococcus (× 107 CFU)

After treatment 9.75 ± 1.21a 11.41 ± 1.37a 5.296 0.000

Before treatment 7.96 ± 0.21 8.02 ± 0.26 1.047 0.299Bacteroides (× 107 CFU)

After treatment 6.41 ± 0.17a 6.02 ± 0.14a 10.326 0.000

aP < 0.05 vs before treatment.

Table 6 Comparison of the incidence of gastrointestinal complications and pressure ulcers between groups, n (%)

Gastrointestinal complications
Group

Diarrhea Constipate Gastrointestinal bleeding Vomit
Pressure ulcer Total complications

Control group (n = 34) 2 (5.88) 1 (2.94) 1 (2.94) 3 (8.82) 1 (2.94) 8 (23.53)

Observation group (n = 34) 1 (2.94) 0 (0.00) 0 (0.00) 2 (5.88) 0 (0.00) 3 (8.82)

χ2 value 2.711

P value 0.100

mental health of patients[9]. Most critically ill patients experience disturbance of consciousness, 
swallowing dysfunction, and metabolic exuberance; therefore, they have higher nutritional needs. 
However, limited intake leads to high stress response, resulting in malnutrition and reduced immune 
function[10]. Western medicine mainly relies on intestinal nutrition support in the aspect of supple-
mental nutrition; however, it can cause reproduction of pathogenic bacteria and formation of flora 
disorder, which would eventually lead to excessive activation of systemic inflammatory response. At 
the same time, the loss of neurological function in patients with stroke would lead to the inactivation of 
gastrointestinal hormones and change in neurotransmitter secretion, affecting the function of human 
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Table 7 Comparison of ventilator-associated pneumonia incidence, weaning success rate, hospital stay, and 28-d mortality between 
groups, n (%)

Group Incidence of VAP Offline success rate Hospital stay (d) 28 d case fatality rate (%)

Control group (n = 34) 11 (32.35) 18 (52.94) 20.56 ± 5.82 7 (20.59)

Observation group (n = 34) 5 (14.71) 23 (67.65) 16.78 ± 4.53 2 (5.88)

χ2/t value 2.942 1.536 2.989 3.202

P value 0.086 0.215 0.004 0.074

VAP: Ventilator-associated pneumonia.

intestinal mucosa and causing intestinal flora disorder.
TCM believes that stroke belongs to the category of stroke. In early stages of the disease, wind, fire, 

phlegm, and silt are the main factors, while in late stages, deficiency and silt are the main factors. TCM 
theory believes that qi is the handsome of blood, blood is the mother of qi, qi is the blood, qi is the 
vitality and movement, and qi deficiency is unable to promote the operation of blood, which will lead to 
blood stasis. This study adopts the TCM treatment method of Qixue Shuangbu decoction combined 
with acupuncture treatment. Qixue Shuangbu decoction consists of Sijunzi decoction and Siwu 
decoction. Reinforcing qi by Dangshen, strengthening healthy qi and expelling pathogenic factors, 
reinforcing qi by Shaoyao Ganhuayin, replenishing blood by Danggui Shudihuang and activating blood by 
Chuanxiong. Rhizoma Atractylodis Macrocephalae and Poria can nourish qi and blood by invigorating 
spleen, while stir-fried licorice can reconcile various drugs. Ginger and jujube can support spleen and 
stomach, give consideration to tonifying qi and blood, play the role of nourishing blood, invigorating 
spleen and kidney, tonifying qi and blood, and harmonizing qi and blood[11-14].

Acupuncture treatment is the external treatment of TCM. This study selected acupoints that are 
commonly used in the treatment of gastrointestinal diseases. Zusanli is a strong point, can strengthen 
the body, spleen and stomach, while Shangjuxushichangchangchangxiahe point can reconcile 
gastrointestinal function. Guanyuan and Qihai can strengthen the spleen and kidney, while Buyuanqi 
and Zhongwan can reduce adverse stomach. Xiawan is Tongzhi and Neiguan and can open the orifices 
to wake up the min. Therefore, the acupuncture treatment of the above acupoints helps regulate the 
intestinal function of patients and improve the imbalance of flora. This study found that DAO and D-LA 
were higher, while lipopolysaccharide was lower in the observation group than in the control group 
after treatment, indicating that the regulation of TCM combined therapy on intestinal flora was 
significant. The above indicators are commonly used for the observation of intestinal mucosal loss. 
There is a bidirectional regulation between the human intestinal tract and the brain. Reducing intestinal 
loss through combined treatment can be administered back to the brain, thereby reducing the 
neurological deficit symptoms of patients[15,16].

In this study, the APACHE II, MODS, NIHSS and TCM syndrome scores were significantly decreased 
in the two groups compared with those before treatment, and the scores in the observation group were 
lower than those in the control group after treatment, indicating that the combined treatment of TCM 
had good effects on improving the symptoms of neurological deficit and reducing the severity of 
patients. Chinese medicine prescriptions can improve blood flow, improve vascular reserve capacity of 
patients, and alleviate the corresponding clinical signs caused by stroke. In this study, the complement 
and Ig system indexes of the two groups were significantly improved compared with those before 
treatment. The complement C3, complement C4, IgM and IgG were higher in the observation group 
than those in the control group after treatment, indicating that the immune function of the patients was 
significantly improved after TCM combined treatment. TCM and acupuncture treatment can promote 
the secretion of IL-2, thereby promoting lymphocyte proliferation and differentiation, as well as 
antibody formation, and playing an important role in human immune response. In this study, the 
changes of inflammatory factors in patients were also analyzed. TNF-α, IL-2, and IL-8 are the commonly 
used cellular inflammatory factors in clinic. The increase in their concentration suggested that the 
inflammatory response in patients was aggravated, and it could mediate the cascade activation process 
of inflammatory response. UCH-L1 was mainly expressed in the brain, testis, or ovary tissue, belonging 
to neuron-specific protein, which was of great significance to maintain the normal function of the 
nervous system. CGRP was a vasodilator polypeptide substance in the peripheral and central nervous 
system, which could form a strong antagonistic effect on cardiovascular and cerebrovascular 
contraction. Therefore, the severe response of patients in this study was reduced. The decrease of 
vasoconstrictive substance concentration suggests the possible mechanism of TCM combined therapy
[17,18].

This study also analyzed the complications. The two main complications were gastrointestinal 
complications and pressure sores, which could be alleviated through active treatment. In contrast, the 
observation group showed significantly shortened hospitalization time, indicating that the combined 
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treatment of TCM used multiple ways to regulate the clinical signs and symptoms of patients helping 
reduce the hospitalization time of patients. In terms of the changes of bacterial flora in patients after 
treatment, Bifidobacterium, Lactobacillus, and Enterococcus numbers were higher in the observation group 
than in the control group, and the number of Bacteroides was lower than in the control group. Under 
normal conditions, beneficial and harmful bacteria in the human body were inhibited and reached a 
balance. The balance of bacterial flora is helpful for the digestion and absorption in the human body. 
Through the combined treatment of TCM, the beneficial bacteria in patients with severe stroke were 
increased, and the reproduction of harmful bacteria was inhibited, so as to protect the gastrointestinal 
function and promote the absorption of nutrients, which played an important role in maintaining the 
balance of bacterial flora in the human body[19,20].

In this study, patients with severe stroke were selected as the research objects, and the improvement 
effect of the combined treatment of TCM on patients was emphatically analyzed. At the same time, a 
variety of observation indexes were selected, including inflammatory factors, immune factors, intestinal 
flora, and other factors, which further confirmed the effect of the combined treatment of TCM and 
Western medicine, and could provide certain basis for the clinical comprehensive treatment of severe 
stroke. However, the number of cases included in this study is limited, and the cases derived from the 
same hospital, which may introduce a bias in case selection, and the follow-up time was relatively short. 
Follow-up studies should have been further confirmed by increasing the quality of life and living ability 
of patients outside the hospital.

CONCLUSION
In summary, Qixue Shuangbu decoction and acupuncture combined with Western medicine in the 
treatment of acute severe stroke can regulate intestinal flora, reduce inflammation, improve intestinal 
mucosal barrier function and immune function related indicators, and promote recovery.

ARTICLE HIGHLIGHTS
Research background
Stroke is a common and frequently occurring disease of the nervous system and one of the three major 
diseases leading to human death.

Research motivation
The effects of Qixue Shuangbu decoction and acupuncture combined with Western medicine on 
immune indexes and digestive tract function in patients with acute severe stroke were analyze.

Research objectives
This study aimed to observe the curative effect of Qixue Shuangbu Decoction and acupuncture 
combined with Western medicine on acute severe stroke, with the purpose of improving the clinical 
therapeutic effect.

Research methods
The observation group was administered Qixue Shuangbu decoction via nasal feeding tube on the basis 
of the routine Western medicine treatment with simultaneous acupuncture. The two groups were 
compared.

Research results
After treatment, the scores of the observation group were lower than those of the control group, and the 
complement and Ig levels were higher than those of the control group. The levels of diamine oxidase, D-
lactic acid, and calcitonin gene-related peptide in the two groups were significantly higher than those 
before treatment, while the levels of lipopolysaccharide, ubiquitin carboxyl-terminal hydrolase 1, tumor 
necrosis factor-α, interleukin (IL) -2, and IL-8 were significantly lower than those before treatment.

Research conclusions
Qixue Shuangbu decoction and acupuncture combined with Western medicine for the treatment of 
acute severe stroke can regulate intestinal flora.

Research perspectives
The immune function and digestive tract function indexes were selected as the observation objects to 
analyze the therapeutic effect of integrated traditional Chinese and Western medicine to provide the 
corresponding basis for clinical practice.
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Abstract
BACKGROUND 
The recognition of idiopathic membranous nephropathy (IMN) as an autoimmune 
disease has paved the way for the use of B-cell-depleting agents, such as 
Rituximab (RTX), which is now a first-line drug for treating IMN with proven 
safety and efficacy. Nevertheless, the usage of RTX for the treatment of refractory 
IMN remains controversial and challenging.

AIM 
To evaluate the efficacy and safety of a new low-dose RTX regimen for the 
treatment of patients with refractory IMN.

METHODS 
A retrospective study was performed on refractory IMN patients that accepted a 
low-dose RTX regimen (RTX, 200 mg, once a month for five months) in the Xiyuan 
Hospital of Chinese Academy of Chinese Medical Sciences’ Department of 
Nephrology from October 2019 to December 2021. To assess the clinical and 
immune remission data, we performed a 24 h urinary protein quantification 
(UTP) test and measured the serum albumin (ALB) and serum creatinine (SCr) 
levels, phospholipase A2 receptor (PLA2R) antibody titer, and CD19+ B-cell count 
every three months.

RESULTS 
A total of nine refractory IMN patients were analyzed. During follow-up 
conducted twelve months later, the results from the 24 h UTP decreased from 
baseline [8.14 ± 6.05 g/d to 1.24 ± 1.34 g/d (P < 0.05)] and the ALB levels 
increased from baseline [28.06 ± 8.42 g/L to 40.93 ± 5.85 g/L (P < 0.01)]. Notably, 
after administering RTX for six months, the SCr decreased from 78.13 ± 16.49 
μmol/L to 109.67 ± 40.87 μmol/L (P < 0.05). All of the nine patients were positive 
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for serum anti-PLA2R at the beginning, and four patients had normal anti-PLA2R titer levels at six 
months. The level of CD19+ B-cells decreased to 0 at three months, and CD19+ B-cell count 
remained at 0 up until six months of follow-up.

CONCLUSION 
Our low-dose RTX regimen appears to be a promising treatment strategy for refractory IMN.

Key Words: Refractory nephrotic syndrome; Idiopathic membranous nephropathy; Low-dose rituximab

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: According to the Kidney Disease Improving Global Outcomes 2021 guidelines, Rituximab 
(RTX) is now the first-line therapy for patients with idiopathic membranous nephropathy (IMN). 
However, the use of RTX for the treatment of patients with refractory IMN remains challenging. We 
conducted a retrospective study on nine patients with refractory IMN to explore the efficacy and safety of 
a new low-dose RTX regimen (RTX, 200 mg, once a month for five months), and conclude that our low-
dose RTX regimen is a promising treatment strategy for refractory IMN.

Citation: Wang YW, Wang XH, Wang HX, Yu RH. Successful treatment of patients with refractory idiopathic 
membranous nephropathy with low-dose Rituximab: A single-center experience. World J Clin Cases 2023; 11(3): 
566-575
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/566.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.566

INTRODUCTION
Idiopathic membranous nephropathy (IMN) is a common pathological type of glomerular disease, and 
its incidence rate has been continuously increasing yearly[1]. In the past 10 years, the proportion of 
adult patients with IMN with renal puncture has risen from 12.2%–24.9%, ranking second among those 
with primary glomerular diseases[2]. Currently, IMN is considered to be an autoimmune disease[3]. The 
M-type phospholipase A2 receptor (PLA2R) on the cell surface of podocytes is the major target antigen 
in IMN and can be found in 70%–80% of IMN patients[4]. Additionally, new antigens. Such as 
thrombospondin type-1 domain-containing 7A, neural epidermal growth factor-like 1 protein, and 
semaphorin 3b have also been recently discovered[5,6], further rationalizing the use of B-cell-depleting 
agents.

Rituximab (RTX) is an anti-CD20 monoclonal antibody that is used to treat several autoimmune 
disorders[7]. Since 2004, some reports have explored the use of RTX in patients with refractory 
nephrotic syndrome, and the preliminary results showed that RTX may lead to remission and reduce 
immunosuppressive drug use[8,9]. According to the Kidney Disease Improving Global Outcomes 2021 
guidelines, RTX is now the first-line therapy for patients with IMN, and the remission rate can reach 
60%–80% at 12 mo[10]. However, 35%–40% of IMN patients still show no response to RTX. Refractory 
IMN is characterized by recurrence or resistance to RTX-based and other traditional immunosup-
pressive therapies, including prednisone (Pre), cyclophosphamide (CTX), and calcineurin inhibitors 
(CNIs)[11]. In Asia, 5%–14% of refractory patients progress to end-stage renal disease (ESRD) within 
10–15 years[12]. Therefore, new therapies are urgently needed to treat IMN.

When introduced to IMN treatment, standard doses for RTX (375 mg/m2 every week for four weeks 
or 1 g fixed-dose with a repeat dose in two weeks) were drawn from the preexisting dosages for treating 
other autoimmune diseases, such as anti-neutrophil cytoplasmic antibody-associated vasculitis, 
rheumatoid arthritis (RA), autoimmune cytopenia, and focal segmental glomerulosclerosis[13]. 
Recently, few case series studies have proven the effectiveness of low-dose RTX regimens with repeated 
injections in treating patients with refractory IMN and showed that low-dose RTX could effectively 
improve the remission rate and peripheral blood B-cell elimination[14]. Currently, for the treatment of 
RA, a low-dose RTX regimen (500 mg twice daily) has replaced the original dose (1000 mg twice daily) 
and become the new standard. Kurosu et al[15] reported a case of steroid-resistant Nephrotic syndrome, 
where the kidney pathology showed minimal changes in glomerulopathy. The patient achieved 
complete remission (CR) with a single dose of RTX of 375 mg/m2. Wang et al[16] reported the case of a 
51-year-old man diagnosed with refractory IMN. The patient received a single dose of 100 mg RTX, after 
which the B-cells declined rapidly, and a gradual reduction in proteinuria was also observed. Katsuno et 
al[17] reported three patients with refractory IMN who were treated with single-dose RTX (500–600 mg) 
where two of the patients achieved complete and incomplete remission.
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Based on previous studies, we evaluated the efficacy and safety of low-dose RTX in patients with 
refractory IMN. The regimen included 200 mg RTX once a month for five months. Compared to 
traditional regimens, our regimen appears to be a promising treatment strategy for refractory IMN.

MATERIALS AND METHODS
Patients
This was a retrospective case series study that included patients with refractory IMN who were 
admitted at the Xiyuan Hospital of the Chinese Academy of Chinese Medical Science Department of 
Nephrology from October 2019 to December 2021 (n = 9).

Acceptance and discharge standards
The inclusion criteria were as follows: (1) Patients with histologically proven IMN and a PLA2R 
antibody-positive status (Anti-PLA2R titer > 20 RU/mL); (2) Patients diagnosed with refractory IMN, 
broadly defined, who still presented with the nephrotic syndrome after six months of regular corticos-
teroid and immunosuppressive therapies, including those with Pre, CTX, cyclosporine, tacrolimus, 
mycophenolate mofetil, and RTX[10]; (3) Patients who signed the informed consent form for the low-
dose RTX regimen and fully understood the risks of treatment; and (4) Patients with a follow-up period 
of > 1 year with an interval of < three months or > four visits between visits per year. The patients had 
complete clinical data, including routine blood test results, liver and kidney function test results, 24 h 
urinary protein quantitation (UTP) test results, serum anti-PLA2R antibody titer, and CD19+ B-cell 
counts. The exclusion criteria were as follows: (1) Presence of secondary membranous nephropathy, 
such as lupus nephritis, hepatitis B virus, hepatitis C, and tumors; (2) Glomerular diseases combined 
with other types; (3) Severe infections; and (4) Allergic reactions constitution.

Intervention
The low-dose RTX regimen was administered with a dose of 200 mg once a month for five months. 
Notably, after the patients were treated with RTX, the dosage of the primary therapeutic immunosup-
pressant was gradually decreased in all patients. If the patient’s blood pressure remained > 130/80 
mmHg, an appropriate angiotensin receptor blocker was added to the regime to stabilize blood 
pressure.

Every three months, clinical data such as 24 h UTP, serum ALB and serum creatinine (SCr) levels, 
PLA2R antibody titer, and CD19+ B-cell count were evaluated.

Efficacy evaluation criteria
The primary outcome was complete clinical remission. A composite remission was defined either as a 
complete response (CR) or partial response (PR). Proteinuria of < 0.3 g/d is defined as CR, while PR is 
defined as a 24 h UTP of 0.3 g-3.5 g/d, or 24 h UTP decreased by more than 50% compared to baseline. 
No reaction was defined as a decrease in proteinuria of less than 30% or renal function deterioration.

The secondary outcomes were 24 h UTP, ALB and SCr levels, Anti-PLA2R titer, CD19+ B-cell count, 
adverse events, and a composite endpoint of 40% reduction in estimated glomerular filtration rate, 
doubling of SCr, ESRD, and death.

Statistical methods
Statistical analyses were performed using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp., 
Armonk, N.Y., United States). Data is presented as the mean ± SD unless otherwise indicated. The 
comparison of each indicator before and after treatment was performed using a paired sample t-test, 
and unsatisfactory results were expressed as the median. The paired rank-sum test was used to compare 
before and after the treatment. Qualitative data was expressed as percentages (%). Comparisons 
between the groups were performed using the chi-square test, and the test level was set to 0.05.

RESULTS
Baseline characteristics
Nine patients with refractory IMN were treated with low-dose RTX at our center between October 2019 
and December 2021. The baseline features of the patients are listed in Table 1. There were five men and 
four women, with an average age of 44.0 ± 11.7 years. Of these, six patients were diagnosed with IMN 
by kidney biopsy, and the other three patients were diagnosed with a serum anti-PLA2R titer > 100 
RU/mL. Furthermore, all nine (100%) patients tested positive for serum anti-PLA2R at the beginning of 
the trial. Before the administration of RTX, all nine patients had received regular corticosteroid and 
immunosuppressive therapy for at least six months prior and still presented with the nephrotic 
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Table 1 Baseline characteristics

Patient 
No.

Age 
(yr) Sex PLA2R Duration 

(mo) Previous treatment Effect Side effect Current 
treatment 

1 57 M + 12 (1) RTX 500 mg iv twice in two months; and 
(2) Pre 40 mg/d + CSA 150 mg/d

SR Serum glucose up Pre + TAC

2 28 M + 54 (1) Pre 20 mg/d + TAC 2 mg/d; and (2) Pre 
24 mg/d + TAC 2 mg/d

SR Cushing’s syndrome Pre + TAC

3 40 M + 21 (1) CSA 150 mg/d; (2) Pre 20 mg/d + CTX 
100 mg/d; and (3) Pre 30 mg + TAC 2 mg/d

SR Hypertension Pre + TAC

4 60 F + 51 (1) TAC 2 mg/d; and (2) Pre 20 mg + CSA 150 
mg/d

SR Steroid-induced diabetes Non

5 31 M + 9 (1) CsA 150 mg/d; (2) Pre 48 mg/d + TAC 2 
mg/d; and (3) Pre 48 mg/d + CTX 100 mg/d

SD Steroid-induced diabetes; liver 
damage; Hypertension

Pre + TAC

6 29 F + 31 (1) Pre 15 mg/d + CSA 150 mg/d; (2) Pre 40 
mg/d + LEF 30 mg/d; and (3) Pre 25 mg/d + 
TAC 2 mg/d

SD Cushing’s syndrome; 
Hypertension

Pre

7 49 M + 44 (1) Pre 40 mg/d + CSA 150 mg/d; and (2) Pre 
24 mg/d + TAC 2 mg/d

SD Cushing’s syndrome; Steroid-
induced diabetes

Pre + TAC

8 49 F + 35 (1) Pre 50 mg/d + CTX 1000 mg iv; (2) Pre 30 
mg/d + CSA 150 mg/d; and (3) TAC 3 mg/d

SR Cushing’s syndrome; Liver 
damage; Steroid-induced 
diabetes

Non

9 36 F + 18 (1) Pre 24 mg/d + CSA 100 mg/d; and (2) 
TAC 2 mg/d

SR Non Non

M: Male; F: Femle; PLA2R: Phospholipase A2 receptor; RTX: Rituximab; Pre: Prednisone; CAS: Cyclosporine; TAC: Tacrolimus; LEF: Leflunomide; SR: 
Steroid-resistant; SD: Steroid-dependent.

syndrome; therefore, they were diagnosed with refractory IMN. Of these, six patients were steroid-
resistant and three patients were steroid-dependent.

Furthermore, at baseline, all nine patients experienced adverse reactions triggered by the above 
treatment, including two with elevated serum glucose levels, one with hypertension, one with Cushing 
syndrome; one combined with steroid-induced diabetes, hypertension, and an abnormal liver function; 
one combined with hypertension and Cushing syndrome; one combined with steroid-induced diabetes 
and Cushing syndrome; and one combined with steroid-induced diabetes, an abnormal liver function, 
and an abnormal liver function.

Clinical outcomes during follow-up
The clinical outcomes of the nine patients during the twelve months of follow-up are listed in Table 2 
and Supplementary Table 1. The proportion of patients who achieved CR or PR over time, as well as the 
trends of the remission rate, 24 h UTP, ALB, and SCr levels are shown in Figure 1. The PR and CR rates 
gradually increased with a lengthened treatment time. The remission rates were 56% (5/9; PR 5) at three 
months, 67% at six months (6/9; PR 6), 89% at nine and twelve months (8/9; CR 3 and PR 5). One 
patient did not complete the course of treatment due to adverse infusion reactions.

The comparison of the clinical outcomes at twelve months of follow-up is shown in Table 3. In the 
eight patients treated with a low dose of RTX for six months, the 24 h UTP and ALB levels showed no 
significant changes when compared with those before treatment. Nine months later, the 24 h UTP 
decreased from 8.14 ± 6.05 g/d to 1.74 ± 1.81 g/d (P < 0.05), and the ALB level improved from 28.06 ± 
8.42 g/L to 36.84 ± 6.74 g/L (P < 0.05). At the end of the twelve-month follow-up, 24 h UTP decreased to 
1.24 ± 1.34, and ALB improved to 40.93 ± 5.85 g/L, which are significant differences compared with 
those before treatment (P < 0.05 and P < 0.01, respectively). This means that the longer the follow-up 
period, the higher the remission rate. Notably, after administering RTX, there was a significant 
difference in the SCr levels when compared with those before treatment (P < 0.05).

Immunologic remission during follow-up
We used serum PLA2R antibodies and CD19+ B-cells to assess immune remission. As shown in Table 4, 
all nine patients had elevated serum PLA2R antibody titers at the beginning of the trial. Concerning the 
anti-PLA2R titers before RTX administration, three patients had low titers of anti-PLA2R (≤ 50 IU/L), 
two patients had medium titers of anti-PLA2R (50–150 IU/L), and four patients had a high titer of anti-
PLA2R (> 150 IU/L). Of them, eight patients were followed up for six months, and the titers of anti-
PLA2R decreased after administering RTX. Furthermore, at the three-month follow-up, one patient (No. 
6) tested negative for the PLA2R antibody; at the six-month follow-up, four patients (No. 1, 6, 8, and 9) 

https://f6publishing.blob.core.windows.net/ab79980a-344f-4f24-b178-ec845dba25f5/WJCC-11-566-supplementary-material.pdf
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Table 2 Clinical outcomes

Before administering of RTX (0 
mo) After administering of RTX (6 mo) Follow-up (12 mo)

Patient 
No. 24 h UTP 

(g/d)
ALB 
(g/L)

Scr 
(μmol/L)

24 h UTP 
(g/d)

ALB 
(g/L)

Scr 
(μmol/L) Remission 24 h UTP 

(g/d)
ALB 
(g/L)

Scr 
(μmol/L) Remission

1 15.2 13.9 97 2.3 25.1 64 PR 1.88 44 66 PR

2 7.1 29 78 3.6 36.9 72 NR 2 36.2 83 PR

3 17 16 202 9.9 24.3 93 NR 4 29.9 116 PR

4 6.7 26 142 - - - - - - - -

5 5.7 35 84 1.03 45.1 64 PR 0.09 49.5 90 CR

6 1.8 37.4 78 1.3 42 82 PR 0.6 40.1 75 PR

7 3.5 32.5 90 1.8 35.1 69 PR 0.27 44.1 88 CR

8 15 26.9 91 6.2 29.4 70 PR 0.9 41.4 82 PR

9 1.3 35.8 125 0.64 39.1 111 PR 0.175 42.2 124 CR

UTP: Urinary protein quantitation; RTX: Rituximab; ALB: Albumin; Scr: Serum creatinine; PR: Partial remission; CR: Complete remission; NR: No 
remission.

Table 3 Comparison of clinical outcomes during follow-up

Outcome 0 (mo) 3 (mo) 6 (mo) 9 (mo) 12 (mo)

24 h UTP (g/d) 8.14 ± 6.05 5.65 ± 4.99 3.35 ± 3.20 1.74 ± 1.81a 1.24 ± 1.34a

ALB (g/L) 28.06 ± 8.42 32.39 ± 8.7 34.63 ± 7.69 36.84 ± 6.74a 40.93 ± 5.85b,c

Scr (μmol/L) 109.67 ± 40.87 97.38 ± 27.34 78.13 ± 16.49a 84.5 ± 16.96 90.5 ± 19.81

Remission rate (%) — 56% (5/9) 67% (6/9) 89% (8/9) 89% (8/9)

aP < 0.05 vs 0 mo.
bP < 0.01 vs 0 mo.
cP < 0.05 vs 3 mo.
Data were analysed by one-way ANOVA followed by post hoc LSD test (albumin and serum creatinine) and presented as the mean ± SD. Data were 
analysed by Kruskal Wallis H test (24 h urinary protein quantitation).
UTP: Urinary protein quantitation; ALB: Albumin; Scr: Serum creatinine.

were negative for the PLA2R antibody. The level of CD19+ B-cells decreased to 0 at three months, and 
remained the same until six months of follow-up.

Adverse events
During the median (8.7 ± 3.7 mo) period of follow-up, among the nine patients who experienced 
adverse reactions, one patient presented with shivering. Shivering occurred during the first infusion of 
RTX, but no dyspnea or fever occurred simultaneously. Symptoms were relieved 10 min after 
terminating the RTX treatment, and no RTX was infused afterwards; the patient did not complete the 
treatment. Two patients had a fever, which occurred within 24 h of RTX infusion. The body temperature 
was 37.5–38.5 °C, but returned to normal within 48 h without administering antibiotics. The fever did 
not recur.

DISCUSSION
IMN is the most common cause of primary nephrotic syndrome in adults. The prognosis of patients 
with IMN varies greatly, with around 1/3 of the patients progressing to ESRD within 10–15 years, and 
another 1/3 being relieved of symptoms[3]. To date, alkylating agents are the only drugs with a proven 
efficacy in preventing the development of ESRD[18]. Therefore, corticosteroid therapy combined with 
alkylating agents has been recognized as the treatment of choice for decades. Other immunosuppressive 
agents[19], such as CNIs, have been tested only in trials using proteinuria reduction as an alternative 
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Table 4 Serum anti-phospholipase A2 receptor titer and CD 19+ B-cell count during administering of Rituximab

Before administering of RTX (0 mo) Administering of RTX (3 mo) After administering of RTX (6 mo)
Patient 
No. Anti-PLA2R titer 

(RU/mL)
CD19+ B 
(pcs/μL)

PLA2R antibody 
(RU/mL)

CD19+ B 
(pcs/μL)

PLA2R antibody 
(RU/mL)

CD19+ B 
(pcs/μL)

1 1400 418 104 0 Negative 0

2 180 6 96 0 82 0

3 215 169 67 0 48 0

4 500 422 - - - -

5 32 114 27 0 20 0

6 45 28 Negative 0 Negative 0

7 52 460 22 0 17 0

8 130 192 38 0 Negative 0

9 36 258 21 0 Negative 0

RTX: Rituximab; PLA2R: Phospholipase A2 receptor.

Figure 1 Clinical outcomes. A: Kaplan-Meier curve for complete or partial remission; B: 24 h urinary protein quantification trend after Rituximab (RTX) in 9 
patients with refractory idiopathic membranous nephropathy (IMN); C: Albumin trend after RTX in 9 patients with refractory IMN; D: Serum creatinine trend after RTX 
in 9 patients with refractory IMN. UTP: Urinary protein quantification; ALB: Albumin; SCr: Serum creatinine.

endpoint.
Although an effective immunosuppressive treatment scheme for IMN has been established clinically, 

20%–30% of IMN patients are resistant to standard immunosuppressive therapy or often relapse[20]; 
these patients were diagnosed with refractory IMN. In Asia, 5%–14% of refractory IMN patients will 
progress to ESRD. Therefore, effective and safe therapeutic strategies for refractory IMN must be 
explored. In the past decade, significant advances in understanding of IMN have established that it is an 
autoantibody-driven disease[21,22]. As a result, there is a clear choice for treating B-cell depletion. 
Currently, RTX is the most important immunosuppressive treatment for IMN. The results of the 
MENTOR trial provide the basis for RTX being the first-line treatment in patients with IMN[23].
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Although the results of RTX are promising, it should be noted that approximately 30%–40% of cases 
experience treatment failure, which means that other treatment regimens are needed. Currently, some 
studies have focused on the paradigm shift from RTX to new alternatives or combined drugs in treating 
patients with refractory IMN to overcome drug resistance. However, the second course of RTX may 
achieve remission even in the setting of resistant RTX after the first course[24].

The natural course of IMN varies greatly; thus, it is not suitable for all patients to receive a unified 
treatment and the optimal RTX dose for the treatment of IMN remains controversial. Different RTX 
application regimens were used across various studies, ranging from a single dose of 375 mg/m2 to a 
repeated dose of 375 mg/m2 for four weeks after six months. A prospective clinical study evaluated the 
low-dose RTX regimen (375 mg/m2, once) compared with the standard RTX regimen (375 mg/m2, four 
times)[25]. If the consumption of B-cells is insufficient, the same dose can be used in the low-dose RTX 
group. The results showed that among the twelve patients who were administered with low-dose RTX, 
only one needed a second dose to achieve complete B-cell depletion, and at 1 year, the remission rate of 
the two groups was the same. They also concluded that a single-dose RTX regimen was extremely cost-
effective and may limit the production of antichimeric antibodies, lowering the risk of adverse reactions. 
Similarly, another retrospective study compared forty-two patients administered low-dose RTX (375 
mg/m2)[26]. The control group was treated with steroid hormones combined with alkylating agents or a 
standard RTX regimen (375 mg/m2, four times). At twenty-four months, there was no significant 
difference in clinical outcomes between the two groups. All patients treated with RTX showed complete 
B-cell depletion in the first month, but B-cell recovery occurred earlier in the low-dose group than in the 
standard group. Recently, some case reports and case series studies have proven the effectiveness of low 
dose but RTX regimens with repeated injections in treating patients with refractory IMN. These 
regimens seem to extend the inhibition of B-cells. We explored a new RTX regimen (200 mg once a 
month for five months) for treating patients with refractory IMN in our hospital.

Nine patients with refractory PLAR-associated MN were included in this analysis. In the data 
provided twelve months after baseline, the remission rate was 56% (5/9; PR 5) at three months, 67% at 
six months (6/9; PR 6), and 89% at nine and twelve months (8/9; CR 3 and PR 5). Another patient did 
not complete the treatment because of infusion reactions. In a review of currently available studies, the 
overall remission rates (complete and partial) of RTX at twelve months of treatment for patients with 
IMN consistently ranged from 44%–85%. Few studies have reported that among patients with refractory 
IMN, the efficacy rate of RTX can only reach 40%. The remission rate of the low-dose RTX regimen at 
our center was significantly higher than that reported in previous studies.

In addition, we observed that clinical remission in patients with refractory IMN was slower than in 
patients with immune remission. We used serum PLA2R antibody titer and CD19+ B-cell counts to 
assess immune remission. The level of CD19+ B-cells decreased to 0 at three months, which was 
maintained until six months of follow-up. At the beginning of the trial, all nine patients were positive 
for the PLA2R antibody. The titers of anti-PLA2R decreased after administering low-dose RTX, and one 
patient (No. 6) had a normal anti-PLA2R titer after three months, while four patients (No. 1, 6, 8, and 9) 
had a normal anti-PLA2R titer after six months. However, when compared with the previous situation, 
the 24 h UTP and ALB levels showed no significant changes at six months. Until nine months post-
treatment, 24 h UTP decreased from 8.14 ± 6.05 g/d to 1.74 ± 1.81 g/d (P < 0.05), while ALB has 
increased from 28.06 ± 8.42 g/L to 36.84 ± 6.74 g/L (P < 0.05). At the end of the twelve-month follow-up 
period, the clinical outcomes were significantly enhanced when compared to those before treatment. 
This means that the longer the follow-up time, the higher the remission rate that was observed. Notably, 
none of the eight patients had a recurrence until the to date.

Compared with the standardized dose (375 mg/m2 every week for four weeks, or 1 g fixed-dose with 
a repeat dose in two weeks), our low-dose RTX regimen lasted for a longer time (i.e., B-cell levels 
remained low for a longer period of time), which meant that the disease was less likely to relapse. 
Furthermore, when compared to the high-dose RTX and traditional immunosuppressive regimens, our 
low-dose RTX regimen also has advantages in terms of security. Although effective immunosuppressive 
regimens for IMN have been established clinically, the preceding therapeutic options have significant 
disadvantages, which limit their application, especially in patients with renal insufficiency. At the 
beginning of the trial, eight patients had a side reaction associated with previous immunosuppressive 
treatment. During the twelve-month follow-up that tracked adverse reactions, there was only one case 
of shivering. Notably, after administering RTX for six months, the SCr level decreased from 78.13 ± 16.49 
μmol/L to 109.67 ± 40.87 μmol/L (P < 0.05). In this study, we found that our low-dose RTX regimen for 
the treatment of refractory IMN significantly improved the clinical outcomes and further increased the 
remission rate. Moreover, treatment with our low-dose RTX regimen is more cost-effective than that 
with high-dose RTX.

However, it is worth noting that this research also has few limitations that must be considered. First 
of all, since our study was retrospective in nature and the sample size was small (n = 9), the statistical 
analysis of data may have biases and inadequacies in terms of generalization. Second, the clinical 
outcomes were monitored after 1 year; however, the data on immunological indicators, including serum 
anti-PLA2R titer and CD19+ B-cell count, were monitored only after six months. The long-term 
prognosis of our low-dose RTX regimen in treating refractory IMN patients is still yet to be explored. To 
confirm these results and deepen our understanding about this treatment option, we need to conduct 
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large-scale clinical trials and further clarify the mechanism of action of RTX in refractory IMN.

CONCLUSION
The treatment of patients with refractory IMN using RTX remains controversial and challenging. 
Conventional immunosuppressive treatment strategies have been applied for several years and have 
clinically established therapeutic efficacy. In conclusion, we found that our low-dose RTX regimen 
significantly improved clinical outcomes and further increased the remission rate of patients with IMN. 
Moreover, treatment with our low-dose RTX regimen is more cost-effective than that with high-dose 
RTX.

ARTICLE HIGHLIGHTS
Research background
The recognition of idiopathic membranous nephropathy (IMN) as an autoimmune disease has paved 
the way for the use of B-cell depleting agents such as Rituximab (RTX), which is now a first-line drug for 
IMN patients with proven safety and efficacy.

Research motivation
RTX for the treatment of refractory IMN patients remains controversial and challenging.

Research objectives
To evaluate the efficacy and safety of a new low-dose RTX regimen for the treatment of refractory IMN 
patients.

Research methods
A retrospective study was performed on refractory IMN patients that accepted Low-dose RTX regimen 
(RTX, 200 mg, once a month for five months).

Research results
A total of 9 refractory IMN patients were analyzed. At 12 mo of follow-up data from baseline, the 24 h 
urinary protein quantification was decreased from 8.14 ± 6.05 g/d to 1.24 ± 1.34 g/d (P < 0.05), and the 
albumin was improved from 28.06 ± 8.42 g/L to 40.93 ± 5.85 g/L (P < 0.01). Notably, after administering 
RTX for 6 mo, the serum creatinine decreased from 78.13 ± 16.49 μmol/L to 109.67 ± 40.87 μmol/L (P < 
0.05). All of the 9 patients were serum anti-phospholipase A2 receptor (PLA2R) positive at the 
beginning, and 4 patients had a normal anti-PLA2R titer at six months. The level of CD19+ B-cells 
decreased to 0 at three months, and the count of CD19+ B-cells lasted to 0 until six months of follow-up.

Research conclusions
We found that our low-dose RTX regimen for the treatment of refractory IMN significantly improved 
clinical outcomes and further increased the remission rate.

Research perspectives
Treatment with our low-dose RTX regimen is more cost-effective than high-dose RTX.
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Abstract
BACKGROUND 
Patients with severe aplastic anemia (SAA) frequently present with inflammatory 
episodes, and during flared inflammatory episodes, hematopoietic function is 
further exacerbated. The gastrointestinal tract is the most common site for 
infectious and inflammatory diseases, and its structural and functional features 
confer on it the most potent capacity to affect hematopoietic and immune 
functions. Computed tomography (CT) is a readily accessible approach to provide 
highly useful information in detecting morphological changes and guiding further 
work-ups.

AIM 
To explore CT imaging presentations of gut inflammatory damage in adult SAA 
patients during inflammatory episodes.

METHODS 
We retrospectively evaluated the abdominal CT imaging presentations of 17 
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hospitalized adult patients with SAA in search of the inflammatory niche when they presented 
with systemic inflammatory stress and exacerbated hematopoietic function. In this descriptive 
manuscript, the characteristic images that suggested the presence of gastrointestinal inflammatory 
damage and related imaging presentations of individual patients were enumerated, analyzed and 
described.

RESULTS 
All eligible patients with SAA had CT imaging abnormalities that suggested the presence of an 
impaired intestinal barrier and increased epithelial permeability. The inflammatory damages were 
concurrently present in the small intestine, the ileocecal region and the large intestines. Some 
readily identified imaging signs, such as bowel wall thickening with mural stratification (“water 
holo sign”, “fat holo sign”, intramural gas and subserosal pneumatosis) and mesenteric fat prolif-
eration (fat stranding and “creeping fat sign”), fibrotic bowel wall thickening, “balloon sign”, 
rugged colonic configuration, heterogeneity in the bowel wall texture, and adhered and clustered 
small bowel loop (including various patterns of “abdominal cocoon”), occurred at a high 
incidence, which suggested that the damaged gastrointestinal tract is a common inflammatory 
niche responsible for the systemic inflammatory stresses and the exacerbated hematopoietic failure 
in patients with SAA. Particularly, the “fat holo sign” was present in 7 patients, a rugged colonic 
configuration was present in 10 patients, the adhesive bowel loop was present in 15 patients, and 
extraintestinal manifestations suggestive of tuberculosis infections were present in 5 patients. 
According to the imaging features, a suggestive diagnosis of Crohn’s disease was made in 5 
patients, ulcerative colitis in 1 patient, chronic periappendiceal abscess in 1 patient, and 
tuberculosis infection in 5 patients. Other patients were diagnosed with chronic enteroclolitis with 
acutely aggravated inflammatory damage.

CONCLUSION 
Patients with SAA had CT imaging patterns that suggested the presence of active chronic inflam-
matory conditions and aggravated inflammatory damage during flared inflammatory episodes.

Key Words: Aplastic anemia; Computed tomography; Bowel inflammatory damage; Fat holo sign; Balloon 
sign; Abdominal cocoon

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Patients with severe aplastic anemia frequently present with inflammatory episodes. The 
gastrointestinal tract is the most common site for infectious and inflammatory diseases, and its structural 
and functional features confer on it the most potent capacity to affect hematopoietic and immune 
functions. We retrospectively reviewed the bowel morphological changes on computed tomography in 
seventeen patients with severe aplastic anemia during flared inflammatory episodes. All patients 
demonstrated imaging abnormalities that suggested the presence of active chronic inflammatory 
conditions and aggravated inflammatory damage in the gastrointestinal tract. These inflammatory 
conditions likely contributed to their systemic inflammatory stresses and exacerbated hematopoietic 
failure.

Citation: Zhao XC, Xue CJ, Song H, Gao BH, Han FS, Xiao SX. Bowel inflammatory presentations on computed 
tomography in adult patients with severe aplastic anemia during flared inflammatory episodes. World J Clin Cases 
2023; 11(3): 576-597
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/576.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.576

INTRODUCTION
Aplastic anemia (AA) is the paradigm of hematopioetic failure resulting from the immune-mediated 
destruction of hematopoietic progenitor cells, leading to heavily suppressed blood cell productivity and 
peripheral cytopenia. In patients with severe AA (SAA), fulminant infections, frequently in the absence 
of localized symptoms and signs, and refractory to broad-spectrum antibiotics, are the most common 
complications and the main causes of death. Infections in SAA are usually attributed to severely 
impaired granulopoiesis, and it frequently has a poor response to recombinant human granulocyte 
colony-stimulating factor (rhG-CSF) treatment[1-3]. However, successful treatment of the underlying 

https://www.wjgnet.com/2307-8960/full/v11/i3/576.htm
https://dx.doi.org/10.12998/wjcc.v11.i3.576


Zhao XC et al. Abdominal CT imaging in SAA

WJCC https://www.wjgnet.com 578 January 26, 2023 Volume 11 Issue 3

infections can significantly improve the hematological profile and even achieve a complete hemato-
logical remission in some patients, providing strong evidence that aggravated inflammatory reactions 
are responsible, at least in a fraction of patients, for the exacerbated hematopoietic suppression[4-6]. 
Very recently, initiation and perpetuation of AA pathogenesis has been found to be associated with gut 
inflammatory disorders (GIDs)[7,8]. However, the role of GIDs in AA pathogenesis is overlooked likely 
due to the high prevalence and good tolerance of GIDs and the low incidence of AA.

The gastrointestinal tract hosts the most enriched and complex microbial community in the human 
body. Not only pathogenic microbes but also dysbiotic commensal bacteria and various chemical 
components can compromise the intestinal barrier[9,10]. In the setting of impaired intestinal barrier 
structure and function, antigens from commensal microbes and undigested food as a source of 
continuous antigen supply can translocate to the lamina propria, blood, and remote organs and come 
into intimate contact with host immune cells, thereby initiating and perpetuating autoimmunity[11,12] 
and amplifying aberrant immune responses[13]. The gastrointestinal tract also hosts the most enriched 
lymphoid tissues and hence can provide sufficient activated immune cells to sustain exaggerated 
immune responses. Because the body is constantly confronted with various harmful environmental 
factors, the gastrointestinal tract is the most common site for infectious and inflammatory diseases[9,10].

Active GIDs, whether as a consequence or as an incentive factor in the process of gut dysbiosis and 
epithelial damage, can lead to morphological manifestations that can be detected by various imaging 
modalities. The imaging presentations are usually nonspecific, and arriving at an etiopathological 
diagnosis usually necessitates the comprehensive analysis of data from clinical, endoscopic, pathological 
and laboratory investigations, and is frequently dependent on the results of specific laboratory tests and 
the responses to specific treatments. However, computed tomography (CT) is a readily accessible 
approach able to provide highly useful information not only in detecting the distribution, extent, 
degree, and patterns of the gastrointestinal lesions and the adjacent inflammatory changes that prompt 
a radiological diagnosis but also in guiding further work-ups for pathognomonic diagnosis, identifying 
complications, evaluating treatment responses and monitoring disease activities in the subsequent 
follow-ups[14-16]. In this study, we explored the CT imaging manifestations of the gastrointestinal tract 
in adult patients with SAA during flared inflammatory episodes and showed that all patients had 
imaging abnormalities suggesting the presence of active chronic gut inflammatory conditions and 
acutely aggravated inflammatory damages.

MATERIALS AND METHODS
Participants
In this retrospective study, we reviewed the abdominal CT images in 17 hospitalized adult SAA patients 
who were treated at our center from October 2019 to March 2022, including 8 males and 9 females, with 
a median age of 55 years (ranging from 34 to 78 years). They were hospitalized due to rapidly 
exacerbated cytopenia, aggravated fatigue, varying degrees of febrile episodes and elevated inflam-
matory indices, indicating the presence of systemic inflammatory responses[1-3]. Each patient was 
definitively diagnosed with SAA for more than 2 years, and the SAA progressed from non-SAA (NSAA) 
after the patients experienced various accelerating episodes. In addition to supportive care, they were 
routinely treated with cyclosporine (3-4 mg/kg/d), stanozolol (6-8 mg/d) and eltrombopag (50 mg/d) 
in the SAA stage, in the absence of any therapeutic responses. In the patients with very SAA (VSAA), 
recombinant human granulocyte colony-stimulating factor (rhG-CSF, 100-200 μg/d) was added, 
without an evident increase in granulocytes. Patients who had diseases of portal hypertension, hepatic 
disease, pancreatic disease, cardiopulmonary disease, heart failure, severe hypoalbuminemia and 
ischemic enteropathy were excluded, because these diseases can cause stratified bowel wall thickening 
by blood congestion in the gastrointestinal tract, which may confound the imaging presentations of 
inflammatory lesions[16-18]. Abdominal CT was performed to search for the inflammatory niche before 
antibiotic and other treatments.

The modified Camitta criteria were used to assess severity of AA[3]: The diagnostic criteria for SAA 
were absolute neutrophil count (ANC) < 0.5 × 109/L, platelets (Plts) < 20 × 109/L, and absolute 
reticulocyte count (Ret) < 20 × 109/L. The diagnostic criteria for VSAA were ANC < 0.2 × 109/L in 
addition to the above hematological presentations.

Study procedure
CT imaging modalities: Conventional CT was performed for all patients in the search of the inflam-
matory niche during flared inflammatory episodes. If the conventional CT was sufficient to determine 
the radiological changes, contrast-enhanced CT was waived in order to reduce the radiation exposure. If 
the conventional CT was unable to determine the imaging abnormalities due to the difficulty in the 
discrimination of a massive lesion from contents in the intestinal lumen or due to the suspicion of a 
massive lesion being malignant, contrast-enhanced CT was performed. Meanwhile, endoscopic 
examination of the large intestine and ileocecal region was performed. Contrast-enhanced CT was 
performed in 1 patient in this study. Multiplanar reconstruction was performed for the assessment and 
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expression of the radiological manifestations.

CT image reviewing process: Each patient’s CT images were reviewed, and the imaging abnormalities 
were collected independently by each of the six authors: Xi-Chen Zhao, Cheng-Jiang Xue, Hui Song, 
Bin-Han Gao, Fu-Sen Han, and Shu-Xin Xiao. After several rounds of extensive consultation, the 
imaging abnormalities suggesting the presence of GIDs were decided by the first and corresponding 
author. In patients with evident chest CT presentations that likely had pathogenic relationships with the 
bowel inflammatory damages; those chest CT abnormalities were also enumerated and described.

Radiological manifestations suggesting the gut involvement of inflammatory disorders: After careful 
assessment of the radiographs and after extensive consultations within our research group with 
reference to the patients’ symptoms and signs, the following imaging presentations were considered to 
have abnormalities suggestive of the presence of GIDs.

First, the criteria for the diagnosis of bowel wall thickening met one of the following criteria[17-21]: 
(1) Bowel wall thickness greater than 3 mm in adequately distended intestinal segments; (2) bowel wall 
thickness greater than 4 mm in underdistended intestinal segments; (3) cross-sectional diameter greater 
than 6 mm in collapsed small intestines; and (4) cross-sectional diameter greater than 5 mm in collapsed 
large intestines.

The bowel wall thickening may be focal or segmental, symmetrical or asymmetrical, concentric or 
eccentric, homogeneous or heterogeneous. The following signs were helpful in the identification of the 
location and extent of the diseased bowel segments: (1) Mesenteric inflammatory changes indicative of 
transmural inflammation: “fat stranding”[22,23], “creeping fat sign”[24-26] and “comb sign”[27,28]; (2) 
mural stratification indicative of edematous bowel wall (water holo sign) and submucosal fat deposition 
(fat holo sign)[17-21]; (3) intramural gas and/or subserosal pneumatosis indicative of aerogenous 
bacterial proliferation in the bowel wall[14-16]; (4) gas-liquid levels in the intestinal lumen indicative of 
intestinal dynamical abnormalities; (5) heterogeneity in the bowel wall texture especially with 
segmentally gas-filled and segmentally liquid-filled intestinal lumen; (6) inflamed diverticulitis; (7) 
epiplioic appendagitis; (8)“empty colon sign” or narrowed bowel lumen[15,16]; (9) adhesive bowel loop, 
especially with mesenteric inflammatory changes and/or adjacent peritoneal fibrotic thickening 
(“abdominal cocoon”)[29-32]; and (10) rugged colonic configuration, especially with mesenteric inflam-
matory changes and/or adjacent peritoneal fibrotic thickening.

Second, the “balloon sign” refers to a segment of a paper-thin bowel wall (a highly dilated and 
thinned bowel segment filled with gas) wrapped by a large cluster of circumferentially distributed 
hypervascular mesenteric fat stranding[33-36]. The hypervascular mesenteric fat deposition suggests the 
presence of active chronic transmural inflammatory damage in the diseased intestinal segments[22-26].

Third, peritoneal involvement: Including peritoneal thickening, ascites particularly loculated ascites 
and peritoneal nodularity.

In the evaluation of bowel inflammatory damage, particular attention was given to imaging 
abnormalities in the large intestines and ileocecal region, since in these sites, the lymphoid tissues are 
the most enriched and the microbial community is the most abundant; therefore, inflammatory damage 
and compromised epithelial integrity in these intestinal segments has the most potent capability to 
supply sufficient intestine-derived antigens and to activate sufficient immune cells and hence has the 
most potent capability to affect hematopoietic and immune functions[9,10].

This study was approved by the Institutional Review Board of The Central Hospital of Qingdao West 
Coast New Area and followed the Declaration of Helsinki (No. 2022-10-08). The requirement for written 
informed consent was waived by the Review Board since this was a retrospective study, and no 
information about patient identification was revealed in the manuscript.

Statistical analysis
Categorical data are presented as numbers with percentages, and continuous data are presented as 
medians with interquartile ranges.

RESULTS
General characteristics of patients
General information, severity of AA, disease duration, complete blood cell count (CBC) results when 
abdominal CT was performed, major gastrointestinal presentations and suggested radiological 
diagnosis are listed in Table 1. Seventeen patients (8 men and 9 women) with a median age of 55 years, 
ranging from 34 years to 78 years were enrolled. The total AA duration ranged from 8 years to 23 years, 
with a median duration of 13 years, and the total SAA duration ranged from 2 years to 9 years, with a 
median duration of 5 years. Among all patients, 5 had VSAA. Abdominal tenderness was present in all 
patients, but abdominal pain was present in only 8 patients, in accordance with the good tolerance of 
GIDs. Abnormalities in the frequency and property of the feces were present in 11 patients.
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Table 1 Clinical characteristics and rediological diagnosis of the studied patients

CBC results
No. Sex/age Hematological 

diagnosis
Total duration 
(yr)

SAA duration 
(yr) WBC ANC Hb Plts Rets

Abdominal 
symptoms

Suggested 
radiological diagnosis

Extraintestinal 
abnormalities

01 M/54 VSAA 23 8 0.66 0.14 44 5 3.17 AP, AT CAA

02 M/46 SAA 16 6 1.24 0.55 42 11 6.16 AT CEC

03 F/78 VSAA 11 3 0.65 0.17 41 8 1.81 AP, AT CD

04 F/38 SAA 17 6 1.62 0.71 45 18 4.18 AP, AT CEC

05 M/71 VSAA 14 4 0.57 0.08 42 2 1.92 AT UC, ATB? +

06 M/65 SAA 21 8 1.38 0.42 46 13 5.47 AP, AT CEC

07 F/52 SAA 11 5 1.48 0.44 53 21 4.62 AT CEC

08 M/61 SAA 21 7 1.73 0.77 62 16 2.28 AT CD, ATB? +

09 F/55 SAA 9 3 1.17 0.43 48 6 11.75 AT CEC

10 M/77 VSAA 8 4 0.42 0.16 40 4 1.78 AT CD

11 M/57 SAA 12 2 1.14 0.36 45 14 6.32 AP, AT CEC

12 F/48 SAA 12 6 0.92 0.44 40 3 2.08 AT CD

13 F/34 SAA 18 7 0.92 0.31 62 7 1.59 AP, AT ATB? +

14 F/40 SAA 13 4 0.86 0.27 44 2 6.03 AP, AT CD

15 F/42 SAA 20 9 0.82 0.39 51 18 2.14 AT CEC

16 M/68 VSAA 10 3 0.47 0.14 39 6 3.44 AT CEC, ATB? +

17 F/36 SAA 11 3 1.38 0.31 46 9 8.41 AP, AT ATB? +

M: Male; F: Female; SAA: Severe aplastic anemia; VSAA: Very-severe aplastic anemia; WBC: White blood cells (× 109/L); CBC: Complete blood cell count; WBC: White blood cell count; ANC: Absolute neutrophil count (× 109/L); Hb: 
Hemoglobulin (g/L); Plt: Platelets (× 109/L); Ret: Absolute reticulocyte count (× 109/L); AP: Abdominal pain; AT: Abdominal tenderness; CAA: Chronic appendiceal abscess; CEC: Chronic enterocolitis; ATB: Abdominal tuberculosis; 
CD: Crohn’s disease; UC: Ulcerative colitis.

CT imaging abnormalities reflecting gut involvement of inflammatory conditions
Characteristic images are enumerated, analyzed and described in the Discussion section. All patients 
recruited in this study presented with evident imaging abnormalities that suggested the presence of 
inflammatory damages in the gastrointestinal tract. Noticeably, inflammatory involvement of the large 
intestine and the ileocecal region was present in all patients. Inflammatory lesions were also present in 
the small intestine in all patients, suggesting that the inflammatory pathogenesis was most likely 
initiated at the proximal gastrointestinal tract. According to the imaging features, a suggestive diagnosis 
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of Crohn’s disease was made in 5 patients, ulcerative colitis in 1 patient, chronic periappendiceal abscess 
in 1 patient, and tuberculosis infection in 5 patients. Other patients were diagnosed with chronic entero-
clolitis with acutely aggravated inflammatory damage. The suggested radiological diagnosis is listed in 
Table 1.

DISCUSSION
The severity of cellular immune-mediated hematopoietic suppression in patients with AA commonly 
fluctuates in parallel with the waxing and waning of physical and mental stresses, and these stresses are 
obviously driven by active chronic inflammatory conditions and their recurrently aggravated episodes. 
In flared inflammatory episodes, blood cell production is heavily suppressed, and cytopenia worsens. 
With effective treatment of the inflammatory episodes, blood cell productivity can be significantly 
improved. Along with the increased frequency of and decreased intervals between these inflammatory 
episodes, patients eventually enter into an advanced stage, in which immune-mediated hematological 
damage is exacerbated and the sensitivity to previous effective treatments is lost[1,2,37,38].

This is not surprising because the blood cells themselves are immune cells, and their production is 
regulated largely in response to a variety of microbial attacks. When confronting an acute and limited 
infection, host hematopoiesis skews its proliferation and differentiation toward the production of innate 
immune cells to fight against the invading microbes at the expense of reduced self-renewal capacity[39,
40]. After the infected pathogens are cleared out, the activated host immune system quickly returns to 
the homeostatic state, and the skewed blood cell production ends. However, in the setting of active 
chronic inflammatory conditions or overwhelming infections, host hematopoiesis can be heavily 
suppressed and exhausted due to prolonged and exaggerated immune responses and the subsequently 
overproduced proinflammatory mediators[41-43], resulting in heavily decreased marrow cellularity and 
increased peripheral cytopenia in genetically susceptible subjects, which are the characteristic morpho-
logical and immunological changes seen in AA[1-3]. The sustenance of an active inflammatory condition 
in which the degree and duration of immune responses are sufficient to induce severe aplastic cytopenia 
critically necessitates sufficient activated immune cells and a continuous antigen supply.

The gastrointestinal tract provides the largest interface bridging the host neuro-endocrine-immune 
system with environmental factors and is constantly confronted with a variety of environmental 
challenges. The gastrointestinal tract also hosts the body’s most abundant gut-associated lymphoid 
tissues and microbial community[9,10]. These structural and functional characteristics make the 
gastrointestinal tract the most vulnerable site for pathogen invasion and chemical injuries and the most 
common source of a continuous antigen supply. Therefore, the gastrointestinal tract becomes the most 
important site for pathological interactions between host immune cells and pathogenic antigens.

The gastrointestinal tract is the most common site for chronic and active inflammatory niches not 
only due to various pathogenic microbial attacks and chemical injuries but also due to dysbiotic 
commensal microbes and autoimmunity. Such abundant lymphoid tissues and microbial communities 
confer on the gastrointestinal tract the ability to provide sufficient activated immune cells and a 
continuous antigen supply and thereby have the most potent capacity to continuously release excessive 
proinflammatory cytokines.

Under chronic and active inflammatory conditions, upregulated human leukocyte antigen and 
pattern recognition receptors on hematopoietic progenitors enhance their responsiveness to pathogenic 
stimulation[44-46], and upregulated Fas molecules accelerate their apoptotic cell death[45], eventually 
resulting in the exhaustion of hematopoietic progenitor cells. The severity of GIDs is largely affected by 
changes in a variety of environmental factors, such as food supplements[47-49], antibiotic abuse[50,51], 
mental stresses[52,53] and pathogen invasion, leading to the fluctuant property of GIDs, in accordance 
with the fluctuant property of AA.

AA has been reported to be associated with gut inflammatory diseases, including inflammatory 
bowel disease, celiac disease and neutropenic enterocolitis[8]. In our previously reported case, 
intermittent treatments with a gut-cleansing preparation achieved reproducible hematological 
remissions, providing direct evidence for the role of GIDs in the initiation and perpetuation of AA 
pathophysiology[4]. Merely gluten-free diets[5] or resection of diseased intestinal segments[6] can 
achieve excellent hematological improvement, providing convincing evidence that GIDs play an 
indispensable role in the sustenance of AA pathophysiology.

In this pathogenic process, impaired intestinal integrity and increased epithelial permeability play 
pivotal roles[11,12]. These GID-associated morphological changes could be detected by various imaging 
modalities. Abdominal CT is a readily accessible and highly efficient imaging modality for detecting 
morphological changes in the gastrointestinal tract[14-16,19,20]. In this study, we explored the 
abdominal imaging presentations in patients with SAA in search of the inflammatory niche when the 
patients presented with systemic inflammatory stresses. We selected patients with SAA experiencing 
flared episodes because during this stage, morphological changes due to the gut inflammation are 
probably more serious and hence more easily identified by radiological examination.
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Figure 1 Characteristic images of case 4. A-C: Characteristic images of the ileocecal region. The ileocecal valve (yellow arrows), the proximal ascending 
colon (orange arrows) and the terminal ileum (purple arrows) were significantly thickened and stratified by submucosal fat deposition, forming the so-called “fat holo 
sign”. From the distal ascending colon to the sigmoid colon (red arrows), the wall was thickened and stratified with “water holo sign”. The small intestine was 
heterogeneous in bowel wall texture, and gas-filled in some segments and liquid-filled in other segments, and a segment of adhesive bowel loop was found in the 
middle jejunum (blue arrows); D-F: Characteristic images of the asending colon. The irregular contour and the fibrotic thickening of the mucosal folds made the 
colonic configuration rugged. The mucosa of the cecum and the appendiceal root was fibrously thickened (green arrows), and the appendix was gas-filled. Thickened 
omentum surrounded the ileocecal region and the ascending colon. A segment of adhesive bowel loop was found in the proximal ileum (a white arrow). The mucosa 
of the proximal ileum in the adhered bowel loop was fibrotically thickened, with mesenteric fat deposition and adjacent peritoneal thickening forming the so-called 
“abdominal cocoon”; G and H: Typical fat holo sign in the ascending colon. The “fat holo sign” was more typical in the middle ascending colon; I: Thickened and 
stratified larger intestine. From the distal ascending colon to the sigmoid colon (red arrows), the wall was thickened and stratified by edematous submucosal tissues, 
forming the so-called “water holo sign”. In some segments, the colon was emptied. Paracolonic fat stranding was present from the cecum to the sigmoid colon. The 
disproportionately less severe paracolonic fat stranding suggested that the edematous colon most likely occurred during an acute episode.

In the evaluation of abdominal CT imaging abnormalities, particular attention has been given to 
inflammatory abnormalities in the ileocecal region and the colonic segments because they host the most 
enriched microbial community and lymphoid tissues[9,10,19]; therefore, inflammatory diseases and 
compromised intestinal barriers in these bowel segments have the most potent capacity to provide 
sufficient intestine-derived antigens and activated immune cells to affect hematopoietic and immune 
functions irrespective of whether they are primary damage or secondary to dysbiotic gut microbiota. As 
demonstrated by this study, all patients with SAA during flared inflammatory episodes had evident 
morphological abnormalities that could reflect the presence of a severely damaged intestinal structure 
and function in the ileocecal region and the colonic segments. All patients also presented with inflam-
matory damages in the proximal small intestine, suggesting that inflammatory damages in the upper 
gastrointestinal tract led to the inflammatory damages in the downstream intestinal segments, probably 
by altering the gut microbial composition[54-56]. In the following sections, we described the charac-
teristic CT imaging findings in each patient in the category of readily identified morphological present-
ations.

All patients demonstrated CT imaging abnormalities that suggested the presence of gut inflammatory 
damage in the large intestine. Colonic wall thickening with mural stratification, intramual gas and 
paracolonic fat stranding is the common presentation of colonic involvement of inflammatory damage. 
A stratified bowel wall can be caused by submucosal fat deposition (fat holo sign) or submucosal 
edematous tissues (water holo sign)[17-19]. The water holo sign was present in 8 patients [Figure 1 (case 
4), Figure 2 (case 3), Figure 3 (case 6), Figure 4 (case 9), Figure 5 (case 15), Figure 6 (case 2), Figure 7 (case 
1), and Figure 8 (case 12)], commonly accompanying intramural gas and subserosal peumatosis, which 
indicated the presence of aerogenous bacterial proliferation in the colonic wall irrespective of primary 
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Figure 2 Characteristic images of case 3. A-C: Characteristic images of the thickened transverse colon. The segmentally thickened, stratified (water holo 
sign) and emptied colon with paracolonic fat stranding was present in the hepatic flexure (yellow arrows) in which an inflamed polypoid lesion was found on 
endoscopic examination, followed by the asymmetrically thickened wall and gas-filled lumen of the transverse colon (red arrows) in which the colonic villi were absent; 
D-F: Characteristic images of the thickened descending colon. The wall of the descending and sigmoid colon was thickened and stratified with mesenteric fat 
stranding (orange arrows), with the most striking segment being in the splenic flexure; G and H: Characteristic images of an adhesive bowel loop. While the ileum was 
gas-filled and distended (green arrows), the adhesive jejunal loop (white arrows) was heterogeneous in bowel wall texture and liquid-filled with multiple gas-liquid 
levels and accrescent plica. Increased mesenteric fat and vasculature were adjacent to the adhered jejunal loop; I: Characteristic image of a balloon sign. Clustering 
and hypervascular mesenteric fat proliferation wrapped a segment of paper-thin ileum, forming the so-called “balloon sign”. Balloon sign was also present in the 
hepatic flexure.

Figure 3 Characteristic images of case 6. A and B: Characteristic images of the upper abdomen. Several inflamed diverticula (orange arrows) were present in 
the colonic segments. In the duodenum-jejunum junction (a blue arrow), the bowel wall was fibrotically thickened and the lumen was gas-filled. In the bulb part of the 
duodenum, a polypoid mass (a black arrow) protruded into the lumen. A segment of adhesive jejunal loop was present in the proximal jejunum (white arrows); C and 
D: Characteristic images of the thickened colon. The wall from the cecum to the descending colon was significantly thickened with mural stratification, intramural gas 
and pericolonic fat stranding. A segment of adhesive bowel loop was present in the middle jejunum (a purple arrow) in which the bowel wall was asymmetrically 
thickened and the lumen was gas-filled with particularly prominent mesenteric fat stranding; E: Characteristic images of the ileocecal region. Stratified thickening of 
the ileocecal valve and the terminal ileum was gas-filled (yellow arrows). The third segments of adhesive bowel loop were present in the distal jejunum (a green 
arrow); F: Characteristic image of a balloon sign. The sigmoid colon was dilated and the wall was paper-thin (navy blue arrows), with clustering pericolonic fat 
stranding forming the so-called “balloon sign”.

infection or infection secondary to dysbiotic microbiota, acute episodes or chronic damage[22,23]. The 
fat holo sign which suggested the existence of active chronic gut inflammation was detected in 7 
patients [Figure 1 (case 4), Figure 9 (case 13), Figure 4 (case 9), Figure 10 (case 11), Figure 11 (case 17), 
Figure 7 (case 1), and Figure 12 (case 16)]. In these 7 patients, the fat holo sign was located in the 
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Figure 4 Characteristic images of case 9. A-C: Characteristic images of an empty colon sign. The segmentally wall-thickened, stratified and emptied colon in 
the hepatic flexure (purple arrows) followed by the collapsed transverse (adjacent to the dilated ileum in which gas-liquid levels could be recognized) and descending 
colon (orange arrows), forming the so-called “empty colon sign”. A short segment of asymmetrically thickened wall was present in the proximal ileum (a white arrow), 
around which the hypervascular fat stranding was especially prominent, distal to which the ileal lumen was gas-filled, and proximal to which the ileal lumen was liquid-
filled; D-F: Characteristic images of the ileocecal region. The ileocecal valve and the terminal ileum were thickened and stratified by submucosal fat deposition (red 
arrows). Omental thickening was especially prominent in the ileocecal region. The wall of the ascending colon was thickened and, in some segments, stratified with 
submucosal fat deposition, and in other segments, stratified with submucosal edematous tissue (yellow arrows). Several inflamed diverticula (green arrows) were 
present in the cecum and ascending colon. The distal ileum was strictured (blue arrows), proximal to which the ileal lumen was liquid-filled; G-I: Characteristic images 
of adhesive bowel loops. The fibrotic mucosa and liquid-filled lumen of the adhesive bowel loops were present in the proximal ileum (powder blue arrows) and distal 
ileum (jade-green arrows); J: Characteristic image of a balloon sign. A large cluster of circumferentially distributed hypervascular fat stranding wrapped a segment of 
the dilated lumen and paper-thin bowel wall of the sigmoid colon, forming the so-called “balloon sign”. An inflamed diverticula was present in the cecum, with strikingly 
thickened omentim (a green arrow); K: Characteristic image of an adhesive bowel loop in the proximal ileum. A segment of adhesive bowel loop in the proximal ileum, 
together with the fibrotically thickened peritoneum, formed the so-called “abdominal cocoon”; L: Characteristic image of esophagus. Hypertrophic lesions presented in 
two segments of the esophagus, together with the inflammatory lesions in the jejunum suggesting that the initiating factor in the upper gastrointestinal tract affected 
the functions of the downstream intestinal segments.

ileocecal region and proximal ascending colon.
The “balloon sign” is characterized by circumferentially distributed clustering of hypervascular 

mesenteric fat proliferation wrapping a short segment of highly distended paper-thin bowel wall[33,
34]. The “balloon sign” can also be seen in a large subserosal pneumatosis[35,36]. The circumferentially 
distributed clustering of hypervascular fat proliferation suggests the presence of an active chronic 
inflammatory condition in diseased intestinal segments. The balloon sign was present in 7 patients. The 
paper-thin bowel wall can be the wall of either the small or large intestine. In Figure 2 (case 3), the 
paper-thin bowel wall was present in the proximal ileum. In Figure 13 (case 14), the paper-thin bowel 
wall was present in the ascending colon. In Figure 11 (case 17), the paper-thin bowel wall was present in 
the hepatic flexure. In Figure 3 (case 6), Figure 4 (case 9), Figure 8 (case 7) and Figure 14 (case 8), the 
paper-thin bowel wall was present in the sigmoid colon.
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Figure 5 Characteristic images of case 15. A-C: Characteristic images of the ascending colon. The ascending colon was rugged with omental thickening and 
paracolonic fat stranding, and the colonic wall was thickened with mural stratification and intramural gas (white arrows). From the hepatic flexure to the sigmoid colon 
(red arrows), the bowel wall was thickened and stratified with several inflamed diverticula (green arrows) in these colonic segments. Three segments of adhesive 
bowel loops were visualized: one in the distal ileum (blue arrows), the other two in the middle ileum (orange arrows) and the jejunum (purple arrows); D-F: 
Characteristic images of the ileocecal region. The ileocecal valve and the terminal ileal wall were fibrotically thickened (yellow arrows), proximal to which the ileal 
lumen was liquid-filled; G-I: Characteristic images of the adhesive bowel loops in the middle and distal ileum. The bowel loop in the middle ileum was adhered and 
clustered (orange arrows), with the bowel wall being highly heterogeneous in texture and the mucosa being hyperdense. The bowel loop in the distal ileum was 
adhered, the lumen was liquid-filled, and the bowel wall was fibrotically thickened, together with the fibrotically thickened peritoneum forming the so-called “abdominal 
cocoon” (blue arrows).

Figure 6 Characteristic images of case 2. A-C: Characteristic images of the ileocecal region. The ileocecal valve and the terminal ileal wall were thickened 
and stratified (white arrows), the ileal mucosa was hyperdense and the ileal lumen was liquid-filled. The adhered and clustered distal ileum and cecum with the 
fibrotically thickened peritoneum (a purple arrow) formed the so-called “abdominal cocoon”; D and E: Characteristic images of the ascending colon and the adhesive 
bowel loops. In the ascending colon (green arrows), the wall was thickened and stratified with “water holo sign”, the mucosa was hyperdense and the configuration 
was rugged, with paracolonic fat stranding, omental thickening and subserosal pneumatoses. The wall of the descending and sigmoid colon (red arrows) was also 
thickened and stratified. In two segments of the adhesive bowel loop (blue arrows and yellow arrows), the bowel wall was heterogeneously thickened and the lumen 
was gas-filled, suggesting the presence of heterogeneity in small bowel wall texture; F: A particularly striking edematous segment was present in the rectum.
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Figure 7 Characteristic images of case 1. A-C: Characteristic images of the ileocecal region. A massive cluster of fat stranding that was wrapped by the 
strikingly thickened omentum (purple arrows) was centered on the homogeneously wall-thickened and gas-filled appendix (orange arrows), leading to the diagnosis of 
a chronic periappendiceal abscess. The periappendiceal inflammatory changes extended to the scrotum along the inguinal canal (red arrows). In the adjacent sigmoid 
colon, the wall was thickened and stratified with the water holo sign, and the lumen was gas-filled (blue arrows); D-F: Characteristic images of the ascending colon. 
The ileocecal valve was thickened and strictured (green arrows), proximal to which the ileal lumen was liquid-filled. Bowel wall thickening with irregular mucosal folds, 
emptied lumen, mural stratification (fat holo sign) and paracolonic fat stranding that was disproportionately less severe than the severity of the colonic wall thickening 
was present in the ascending colon (yellow arrows). In the descending colon, the wall was also fibrotically thickened; G-I: Characteristic images of an adhesive bowel 
segment. A segment of adhesive bowel loop with fibrotic bowel wall thickening, peritoneal thickening and hypervascular mesenteric fat stranding was present in the 
jejunum (white arrows), together with the segmentally gas-filled, segmentally liquid-filled jejunal lumen, suggesting the inflammatory involvement of the upper 
gastrointestinal tract; J: Characteristic image of the thickened transverse colon. Bowel wall thickening with emptied lumen, mural stratification (water holo sign) and 
paracolonic fat stranding that was disproportionately less severe than the severity of the colonic wall thickening was present in the transverse colon, suggesting the 
involvement of a transmural inflammatory condition; K and L: The thickened and stratified sigmoid colon. Of the sigmoid colon adjacent to the massive inflammatory 
lesion, the wall was thickened and stratified with the water holo sign, and the lumen was gas-filled.

The “empty colon sign” refers to a colonic segment in which any contents are absent, usually in a 
segmentally wall-thickened colon or following a focally wall-thickened colon. Malignant masses are the 
most common cause. However, inflammatory diseases can also cause empty colon signs, especially in 
segmental thickening of the colonic wall with edematous submucosal tissues and prominent mesenteric 
fat stranding[15-18]. In this study, 6 patients presented with an empty colon sign. In Figure 9 (case 13), 
the empty colon sign was exhibited a thickened, stratified and emptied colonic segment in the hepatic 
flexure, followed by the collapsed proximal transverse colon. In Figure 4 (case 9), the collapsed 
transverse and descending colon followed the segmentally wall-thickened colon in the hepatic flexure, 
and endoscopic examination later demonstrated a polypoid lesion in the diseased colonic segment. In 
Figure 7 (case 1), the empty colon sign was exhibited as a long segment of the thickened, stratified and 
emptied ascending and proximal transverse colon. In Figure 1 (case 4), Figure 2 (case 3) and Figure 5 
(case 15), the empty colon sign was exhibited a segmentally thickened, stratified and emptied colon in 
the hepatic flexure.
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Figure 8 Characteristic images of case 7. A-F: Characteristic images of the ileocecal region and the large colon. The ileocecal valve was thickened and 
stratified (yellow arrow). The distal ileum was thickened and strictured (green arrows) with a large cluster of misty exudative lesions surrounding the cecum and distal 
ileum, and the proximal small intestine was liquid-filled with multiple gas-liquid levels. From the cecum to the distal descending colon, the mucosa and the villi were 
hyperdense, with several focally wall-thickened and stratified colonic segments (red arrows) and several inflamed diverticula (blue arrows). An obstructively thickened 
segment of the sigmoid colon (orange arrows) with prominent paracolonic hypervascular fat stranding was distal to the remarkably distended lumen and paper-thin 
bowel wall of the sigmoid colon (white arrows); G-I: Reconstructed images of the obstructively thickened sigmoid colon. From the reconstructed images, the 
obstructively thickened segment of the sigmoid colon (orange arrows) and the proximal distended sigmoid colon (white arrows) were better visualized. The misty 
exudative lesions and the surrounded cecum and distal ileum were also better visualized (green arrows).

The “creeping fat sign” represents an imaging presentation in which proliferated fat deposition leads 
to the widening of the bowel loop[24]. The appearance of the creeping fat sign signifies the presence of 
chronic transmural inflammation in diseased intestinal segments[16,18,24,25]. In Figure 15 (case 10), the 
silt-like fat deposition led to the widening of the small bowel loop. In the ileal segment, the wall was 
thickened, and the lumen was dilated. In Figure 14 (case 8), similar imaging features were shared with 
those in Figure 15 (case 10). However, Figure 14 (case 8) presented concomitantly with infectious lesions 
in the pleura, indicative of the reactivation of old tuberculosis.

Diffused bowel inflammatory damage in Crohn’s disease predominantly affects the small intestine, 
and the ileocecal valve and large intestine are commonly involved. The “creeping fat sign” is the charac-
teristic imaging presentation in the diagnosis of Crohn’s disease[24,25]. In Figure 15 (case 10), the 
“creeping fat” manifested as silt-like fat deposition. However, most patients manifested perienteric 
hypervascular fat proliferation wrapping the fibrotically thickened wall and dilated lumen of the ileal 
segment. Four patients (cases 8, 9, 12, and 14) were found to have this radiological feature. In Figure 14 
(case 8), this form of creeping fat was present in the distal jejunum, whereas in the other 3 patients [
Figure 15 (case 9), Figure 16 (case 12) and Figure 13 (case 14)], creeping fat was present in the ileum. 
They also presented with other forms of inflammatory changes in the small and large intestines.

While the diffuse bowel inflammatory lesions of Crohn’s disease predominate in the small intestine, 
the bowel inflammatory lesions of ulcerative colitis predominate in the colon. Fibrotic thickening of the 
colonic wall is a common imaging presentation, usually with striking paracolonic hypervascular 
mesenteric fat proliferation, indicating chronic lesions in nature, different from those of acute colonic 
infectious diseases[15-19]. The ileocecal region and small intestine are commonly involved in various 
forms of inflammatory damages. These imaging features were present in Figure 17 (case 5). In addition 
to fibrotic thickening of the colonic wall and the dilated colonic lumen, peritoneal thickening and 
loculated ascites in the iliac fossa and pelvic cavity indicated peritoneal involvement of inflammatory 
lesions. The hypertrophic lesion in the pluera with pleural effusion suggested the presence of 
tuberculosis infection. These imaging features indicated that tuberculosis infection likely initiated the 
gut inflammatory condition in this case.
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Figure 9 Characteristic images of case 13. A-C: Characteristic images of the ileocecal valve and ascending colon. There was edematous fat deposition 
around the ileocecal valve and the terminal ileum, forming the so-called “fat holo sign”. A massive necrotic lesion in the colonic wall was adjacent to the edematous fat 
deposition, and the serosal colonic wall was hypertrophically thickened (orange arrows). The adjacent parietal peritoneum (purple arrows) and the left parietal 
peritoneum (navy blue arrows) were also hypertrophically thickened. The mucosa of the cecum was fibrotically thickened (blue arrow); D-F: Characteristic images of 
the distal ileum. Strictured thickening of the ileocecal valve and terminal ileum (red arrows) led to the distal ileum being liquid-filled. Proximal to the liquid-filled distal 
ileum (yellow arrows) was the asymmetrically wall-thickened and gas-filled ileum (green arrows). Heterogeneity of the small bowel wall was observed; G-I: 
Characteristic images of an “abdominal cocoon”. A segment of adhesive bowel loop was present in the middle jejunum, together with the fibrotically thickened bowel 
and peritoneal involvement forming the so-called “cauliflower sign”. Edematously thickened colonic wall and emptied colonic lumen were present from the proximal 
ascending colon to the hepatic flexure, followed by a segment of the collapsed transverse colon (white arrows), forming the so-called “empty colon sign”.

Marked irregular mucosal contour and fibrotically thickened mucosal folds of the large intestine, 
commonly with colonic wall thickening and subserosal pneumatosis, makes the colonic configuration 
rugged. This rugged colonic configuration especially with peritoneal thickening could suggest an 
existence of active and chronic inflammatory conditions in diseased colonic segment. It commonly 
occurs in the ascending colon and coexists omental involvement and pronounced paracolonic fat 
stranding. This easily recognized imaging presentation is highly useful in the identification of colonic 
inflammatory damages which is distinguishable from edematous thickening of the colonic wall with 
dispropositionately less severe paracolonic fat stranding in acute enterocolotis[14-18]. In patients 
presented with this imaging presentation, inflammatory lesions also involved other colonic segments, 
the ileocecal region and small intestine. The rugged configuration of the ascending colon presented in 10 
patients [Figure 1 (case 4), Figure 2 (case 3), Figure 4 (case 9), Figure 5 (case 15), Figure 10 (case 11), 
Figure 6 (case 2), Figure 11 (case 17), Figure 7 (case 1), Figure 14 (case 8) and Figure 12 (case 16)], 
suggesting that it is common imaging presentations in patients with SAA, in accordance with the high 
prevalence of inflammatory and infectious diseases in the ileocecal region and the proximal ascending 
colon.

The “adhesive bowel loop” refers to a segment of small bowel that was adhered and clustered. 
Various bowel wall abnormalities could be present in the adhered and clustered small bowel segments. 
Heterogeneity in the bowel wall texture was commonly striking in the adhered small bowel segment. 
The lumen could be either gas-filled or liquid-filled and frequently alternated. Gas-liquid levels are 
frequently present in the lumen of the small bowel, indicating the presence of dynamical abnormalities. 
Bowel wall thickening and transmural inflammatory changes, such as mesenteric fat deposition, 
increased vasculature and fibrotic peritoneal thickening, were usually particularly striking in the 
adhered bowel segments. A segment of adhesive bowel loop with peritoneal involvement forms the so-
called “abdominal cocoon”[29-32]. In this study, various abdominal cocoons, such as the “accordion 
sign”, “cauliflower sign” and “bottle gourd sign”, were found. An adhesive bowel loop was present in 
15 patients [Figure 1 (case 4), Figure 9 (case 13), Figure 2 (case 3), Figure 3 (case 6), Figure 4 (case 9), 
Figure 16 (case 12), Figure 13 (case 14), Figure 5 (case 15), Figure 10 (case 11), Figure 6 (case 2), Figure 11 
(case 17), Figure 7 (case 1), Figure 8 (case 7), Figure 14 (case 8), and Figure 17 (case 16)]. The high 
incidence of an adhesive bowel loop suggested the presence of high prevalence of chronic active bowel 
inflammatory damage in the small intestine in patients with SAA. In the 2 patients without an adhesive 
bowel loop, Figure 15 (case 10) and Figure 17 (case 5) presented with striking hypervascular mesenteric 
fat proliferation and a widened bowel loop (creeping fat sign), also indicating the presence of active 
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Figure 10  Characteristic images in case 11. A-C: Characteristic images of the ascending colon. The ascending colon was rugged with fibrotically and 
irregularly thickened colonic mucosa, circumferentially distributed omental thickening and paracolonic fat stranding (yellow arrows), and other colonic segments were 
thickened and stratified with water holo sign (red arrows); D-F: Characteristic images of the ileocecal region. The ileocecal valve and the terminal ileal wall were 
strikingly thickened and stratified (orange arrows). Bowel wall thickening, mural stratification, heterogeneity in bowel wall texture and gas-liquid levels (purple arrows) 
were found in the small intestine; G-I: Stratified thickening of the large intestine. From the hepatic flexure to the sigmoid colon, the colonic wall was thickened and 
stratified with water holo sign (red arrows). Several inflamed diverticula was present in the colonic segments (white arrows). A segment of adhesive bowel loop was 
present in the middle jejunum (blue arrows), together with the peritoneal involvement forming the so-called “cauliflower sign”.

chronic inflammatory involvement of the small intestine[24-26]. Although these inflammatory lesions in 
the small bowel might not serve as the major factors in the regulation of hematopoietic and immune 
functions, they exert an important role that affects the downstream gut microbial community and 
thereby affects downstream intestinal barrier function[54-56].

The ileocecal region is the most common site for various infectious and inflammatory diseases[9,10,
14,16]. In this study, all patients with SAA presented with inflammatory involvement of the ileoceal 
region. Among them, 2 patients presented with inflammatory lesions in the ileocecal region as the 
predominant imaging presentation. In Figure 7 (case 1), the prominent inflammatory lesion was a large 
omentum-encapsulated inflammatory mass centered on the homogeneously wall-thickened appendix 
and extending to the scrotum along the inguinal canal. In Figure 8 (case 7), the particularly prominent 
inflammatory lesion was a cluster of misty fat stranding wrapping the thickened and strictured distal 
ileum.

Concomitant extraabdominal presentations may confer useful information for a suggestive etiopatho-
logical diagnosis. In this study, pleural involvement of hypertrophic lesions was present in 4 patients [
Figure 5 (case 5), Figure 11 (case 17), Figure 14 (case 8), and Figure 12 (case 16)], strongly suggestive of 
tuberculosis infection. However, no tuberculotic lesions were present in their lungs. In addition to the 
pleural involvement, 1 patients [Figure 9 (case 13)] presented with peritoneal involvement of 
hypertrophic lesions, also suggesting the presence of tuberculosis infection.

Taken together, this radiological study demonstrated the gut involvement of various inflammatory 
changes in all patients with SAA. The inflammatory lesions concurrently affected the large intestine, 
ileocaecal region and small intestine. Although compromised intestinal integrity in the ileocecal region 
and large intestine exerts a major role in the development of hematological and immunological diseases
[9-13], inflammatory damage and dysfunction in the upper gastrointestinal tract can affect the 
pathophysiologies of the downstream intestinal integrity[54-56] and thereby exert an indirect impact on 
hematological and immunological function. In susceptible individuals, active chronic gut inflammatory 
conditions may initiate and perpetuate hematological damage, and aggravated gut damages may 
induce flared episodes[4-8].

During flared episodes, the imaging features suggested the presence of chronic gut inflammatory 
conditions and acutely aggravated inflammatory damages. Some readily recognized imaging signs, 
such as bowel wall thickening with mural stratification (“water holo sign”, “fat holo sign”, intramural 
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Figure 11  Characteristic images in case 17. A-C: Characteristic images of the ileocecal region and the ascending colon. Circumferentially distributed fat 
deposition wrapped the ileocecal valve (yellow arrows), forming the so-called “fat holo sign”. The terminal ileum was thickened, and the strictured ileocecal valve and 
terminal ileum led to the small intestines being liquid-filled. Heterogeneity and hypertrophic lesions of the small intestines were easily recognized. The ascending 
colon was rugged with paracolonic fat stranding and peritoneal thickening, and the colonic wall was thickened and stratified with edematous submucosal tissue and 
intramural gas (orange arrows). From the transverse to the sigmoid colon (red arrows), the colonic wall was fibrotically thickened, with multiple inflamed diverticula in 
this colonic segment; D-F: Characteristic images of an adhered jejunal segment. A long segment of the adhered jejunal loop was present in the left iliac fossa and 
pelvic cavity (green arrows). In the adhesive jejunal loop, the lumen was gas-filled in the proximal segment and liquid-filled in the distal segment. Hypervascular 
mesenteric fat stranding and fibrotic peritoneal thickening were present in this bowel segment, forming the so-called “abdominal cocoon”. Fibrotic wall thickening was 
present in the entire jejunal segment and accrescent pili were visualized in the adhesive jejunal loop and the proximal jejunum; G-I: Erosive lesions in extraintestinal 
organs. Erosive lesions on the background of the calcified lesions were found in the esophagus. Hypertrophic lesions and seromembranous effusion were visualized 
in the pericardium (black arrows) and the pleura (light blue arrows). Exudative lesions were also present in the vertebral column (blue arrows); J-L: Erosive lesions in 
the stomach. Erosive lesions on the background of the calcified lesions were also found in the stomach; M-O: Exudative lesions in extraintestinal organ. Hypertrophic 
lesions and seromembranous effusion were visualized in the pericardium (black arrows) and the pleura (light blue arrows). Exudative lesions were also present in the 
renal pelvis and urinary tract (a purple arrow). These radiological features led to the diagnosis of reactive tuberculosis infections in the gastrointestinal tract, urinary 
tract, peritoneum, vertebral column, pleura and pericardium.

gas and subserosal pneumatoses) and mesenteric fat proliferation (fat stranding and “creeping fat 
sign”), “balloon sign”, rugged colonic configuration and adhesive bowel loop (including various 
patterns of abdominal cocoon), occurred at a high incidence, which suggested that the gastrointestinal 
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Figure 12  Characteristic images in case 16. A-C: Characteristic images of the ileocecal region and the small intestine. The ileocecal valve was fibrotic and 
thickened with edematous fat deposition, forming the so-called “fat holo sign” (orange arrows), and the distal ileum was adhesive with mesenteric fat stranding and 
peritoneal thickening (white arrow), forming the so-called “abdominal cocoon”. Intestinal adhesion with bowel wall thickening, peritoneal involvement and mesenteric 
fat stranding was also found in the jejunum (blue arrow). Heterogeneity in the bowel wall texture was particularly prominent in the adhesive bowel segments; D: 
Characteristic image of the large intestine. The ascending colon was rugged and the colonic wall was thickened and stratified, with adjacent omental thickening 
(yellow arrows). The descending colonic wall were significantly thickened and stratified with mucosal hyperdensity and paracolonic fat stranding (red arrows); E and 
F: Characteristic images of the chest computed tomography (CT) scan. Chest CT revealed that the pleural effusion was predominantly in the left cavity and 
hypertrophic lesions involved both the left pleura and the pericardium (green arrows).

Figure 13  Characteristic images of case 14. A-C: Characteristic images of the bowel inflammatory lesions. The ileocecal valve and the ileal wall were 
fibrotically thickened and the ileal lumen was gas-filled (yellow arrows), with a large cluster of hypervascular perienteric fat proliferation wrapping the wall-thickened 
and lumen-dilated ileum. The cecum (blue arrows) and appendix (green arrows) were also fibrotically thickened and stratified, with peripheral fat stranding. Gas-liquid 
levels were present in the lumen of the proximal ileum and distal jejunum (purple arrows). However, the adhesive jejunal loop was liquid-filled with prominent 
hypervascular mesenteric fat proliferation. In a segment of the jejunum (white arrows), the bowel wall was thickened, the lumen was gas-filled and the mesenteric fat 
stranding was especially prominent. Thickened peritoneum was adjacent to the adhesive jejunal loop, forming the so-call “abdominal cocoon” and the enlarged 
mesenteric vascularity formed the so-called “comb sign”. The ascending colon was dilated with a paper-thin bowel wall (black arrows), forming the so-called “balloon 
sign”. From the hepatic flexure to the distal descending colon (red arrows), the bowel was thickened and stratified (water holo sign), with paracolonic fat stranding and 
peritoneal thickening being particular prominent in the hepatic flexure. The sigmoid colon was fibrotically thickened and dilated (orange arrows); D and E: 
Characteristic images in coronally reconstructed images. The coronally reconstructed images better outlined the above-mentioned imaging features; F: Characteristic 
image of the descending colon in coronally reconstructed section. A coronally reconstructed image better outlined the thickened and stratified descending colon.

tract is common inflammatory niche responsible for the systemic inflammatory stresses in patients with 
SAA. Successful treatment of their gut inflammatory conditions significantly improves their hemato-
logical profile[4-6], providing convincing evidence for a role of gut inflammation in hematopoietic 
suppression.
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Figure 14  Characteristic images in case 8. A-C: Characteristic images of the ileocecal region and the small intestine. The ileocecal valve (red arrows) was 
thickened, strictured and stratified. The distal ileum (yellow arrows) were significantly thickened with intramural gas and wrapped by prominent mesenteric fat 
stranding, which suggested the presence of aggravated inflammatory damage in the distal ileum and ileocecal region; D-H: Characteristic images of the small 
intestine. In the ileocecal region, the ileum adhered to the cecum, and the cecum was thickened and stratified. In other colonic segments (orange arrows), the bowel 
wall was also thickened and stratified, and the lumen was dilated in some segments and collapsed in other segments. From the jejunum to the proximal ileum (green 
arrows), the wall was fibrotic and thickened and the lumen was gas-filled. Several segments of adhesive bowel loop were present in the small bowel. Noticeably, 
panabdominal silt-like hypervascular fat deposition wrapped the adhesive and widened small bowel loop (creeping fat sign), which suggested the presence of chronic 
transmural inflammatory damage and a diagnosis of Crohn’s disease; I: Characteristic image of the chest computed tomography (CT) scan. Chest CT showed 
exudative lesions in the left pleura in the context of calcified lesions, indicating the reactivation of an old tuberculosis infection.

Figure 15  Characteristic images of case 10. A and B: Characteristic images of the fat deposition. The most noticeable radiological finding was the 
panabdominal silt-like hypervascular fat deposition, leading to the widening of the bowel loop of the jejunum and the proximal ileum, forming the so-called “creeping 
fat sign”. The ileum was fibritically thickened and dilated, and the duodenum and the proximal jejunum were liquid-filled (green arrows); C and D: Characteristic 
images of the ileocecal region. The ileocecal valve and the terminal ileum were significantly thickened, stratified and strictured (red arrows), and proximal to the 
thickened terminal ileum, the ileal lumen was dilated and gas-filled and the mucosa was hyperdense (yellow arrows). The ascending colonic wall was also thickened 
(purple arrows). In a short segment of the descending colon (blue arrows), accrescent villi were especially prominent; E and F: Characteristic images of the small 
intestine. The proximal ileum and the distal jejunum (orange arrows) were thickened and gas-filled.



Zhao XC et al. Abdominal CT imaging in SAA

WJCC https://www.wjgnet.com 593 January 26, 2023 Volume 11 Issue 3

Figure 16  Characteristic images of case 12. A-D: Characteristic images of the bowel inflammatory lesions. The ileocecal valve and the terminal ileal wall (red 
arrows) were thickened, stratified and strictured. Proximal to the strictured terminal ileum, the ileal lumen was dilated and gas-filled, and the mucosa was hyperdense. 
A large cluster of hypervasular mesenteric fat proliferation wrapped the dilated and gas-filled ileum. The jejunum was liquid-filled and the jejunual loop was adhesive. 
A cluster of hypervascular fat stranding wrapped a short segment of the jejunum (blue arrows), suggesting that the transmural inflammation was more serious in this 
jejunal segment. The colonic wall was also thickened and stratified, with intramural gas and subserosal pneumatosis (yellow arrows); E: Characteristic image of the 
pelvic liquid collection. Mild liquid collection was present in the pelvic cavity (a green arrow), together with the thickened peritoneum (a purple arrow) suggesting the 
presence of peritoneal involvement; F: Characteristic image in coronally reconstructed section. A coronally reconstructed image better outlined the above-mentioned 
imaging features.

Figure 17  Characteristic images of case 5. A-D: Characteristic images of the bowel inflammatory lesions. From the cecum to the descending colon, the 
lumen was dilated, the mucosa was hyperdence and the wall was thickened and stratified in some segments (orange arrows), with striking mesenteric fat stranding. 
There was a hypertrophic lesion (a red arrow) in the terminal descending colon. The mucosa of the proximal sigmoid colon was hyperdense and the lumen was gas-
filled (blue arrows), following which was a short segment of strictured sigmoid colon (yellow arrows). The ileocecal valve and the terminal ileum were thickened and 
strictured but without mural stratification (a purple arrow), proximal to which the small intestine was liquid-filled. In the ileocecal region, the colonic wall was thickened 
with smudgy peritoneal thickening (white arrows); E: Characteristic image of the pelvic liquid collection. Mild ascites was present in both the right and left iliac fossa 
(green arrows), together with a thickened peritoneum suggesting the presence of peritoneal involvement; F: Characteristic image of the chest computed tomography 
(CT) scan. Chest CT showed the presence of pleural effusion in the bilateral cavities and bilateral pleural hypertrophic thickening. Enlarged blood vessels extended to 
the hypertrophic lesions.

Although not able to provide an etiopathological diagnosis, abdominal CT can provide useful 
information for exploring gut inflammatory conditions and guiding further work-ups. In this study, a 
suggestive diagnosis of Crohn’s disease was made in 5 patients, ulcerative colitis in 1 patient, chronic 
periappendiceal abscess in 1 patient, and tuberculosis infection in 5 patients[57-59]. Although the 
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presence of abdominal cocoons has been reported to have a high probability of tuberculosis infection[31,
32] and there was a high incidence of abdominal cocoons present in this study, it was difficult to make a 
presumptive diagnosis of tuberculosis infection in patients with abdominal cocoons other than the 
abovementioned 5 patients.

This study had several limitations. First, although CT has some advantages in the detection of the site, 
extent, degree and peripheral changes of gut inflammatory damage, the exact pathogenic factors cannot 
be identified, and arriving at an etiopathological diagnosis frequently requires other laboratory tests. 
This study lacked the endoscopic, pathological and other definitive diagnostic examinations largely due 
to the contraindication of invasive operative procedures resulting from the very low platelet count and 
the platelet transfusion refractoriness of these patients. Second, the number of studied patients was 
quite small, leading to the incidence of each imaging sign being less representative of the actual 
incidence. Third, the treatment responses by suggested radiological diagnosis were not summarized.

CONCLUSION
All patients with SAA during inflammatory episodes demonstrated gut involvement of both active 
chronic inflammatory conditions and acute inflammatory damage, providing further evidence to 
demonstrate the role of GIDs in the pathogenesis of immune-mediated hematopoietic failure. Although 
arriving at an etiopathological diagnosis frequently requires other laboratory tests, abdominal CT 
imaging can provide highly useful information for the exploration of gut inflammatory damage and is 
very helpful for the suggestion of an effective treatment modality. In patients with aggravated cytopenia 
and clinical presentations suggestive of the presence of inflammatory responses, inflammatory diseases 
in the gastrointestinal tract should be considered, abdominal CT should be performed, and imaging 
signs that suggest the presence of gut inflammatory lesions should be carefully identified.

ARTICLE HIGHLIGHTS
Research background
The gastrointestinal tract hosts the body’s most enriched lymphoid tissues and microbial community 
and therefore can provide sufficient activated immune cells and continuous intestine-derived antigens 
to influence the host hematopoietic and immune functions. The gastrointestinal tract is the most 
common site for infectious and inflammatory diseases. Morphological changes on computed 
tomography (CT) images can provide useful information that reflects the distribution, extent, and 
severity of the bowel inflammation and even suggests a pathogenic diagnosis.

Research motivation
Initiation and perpetuation of aplastic anemia (AA) pathogenesis has been found to be associated with 
gut inflammatory disorders (GIDs). GIDs have a powerful impact on hematopoietic and immune 
functions. Treatment of GIDs can improve hematological profile and immunological derangement.

Research objectives
To explore CT imaging presentations of gut inflammatory damage in adult patients with severe AA 
(SAA) and to provoke awareness of GIDs in the pathogenesis of hematological and autoimmune 
disorders.

Research methods
We retrospectively evaluated the abdominal CT imaging presentations of 17 hospitalized adult patients 
with SAA in search of the inflammatory niche when they presented with systemic inflammatory stress 
and exacerbated hematopoietic function.

Research results
All eligible patients with SAA had CT imaging abnormalities that suggested the presence of an 
impaired intestinal barrier and increased epithelial permeability. The inflammatory damages were 
concurrently present in the small intestine, the ileocecal region and the large intestines.

Research conclusions
All patients with SAA had CT imaging patterns that suggested the presence of active chronic inflam-
matory conditions and aggravated inflammatory damage during flared inflammatory episodes. In 
patients with aggravated cytopenia and clinical presentations suggestive of the presence of inflam-
matory responses, inflammatory diseases in the gastrointestinal tract should be considered, abdominal 
CT should be performed, and imaging signs that suggest the presence of gut inflammatory lesions 
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should be carefully identified.

Research perspectives
Abdominal CT imaging presentations in association with hematopoietic failure and autoimmune 
diseases warrant extensive investigations.
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Abstract
BACKGROUND 
The inferior vena cava filter is utilized worldwide to intercept thrombi and to 
reduce the risk of fatal pulmonary embolism (PE). However, filter-related 
thrombosis is a complication of filter implantation. Endovascular methods such as 
AngioJet rheolytic thrombectomy (ART) and catheter-directed thrombolysis 
(CDT) can treat filter-related caval thrombosis, but the clinical outcomes of both 
treatment modalities have not been determined.

AIM 
To compare the treatment outcomes of AngioJet rheolytic thrombectomy vs 
catheter-directed thrombolysis in patients with filter-related caval thrombosis.

METHODS 
In this single-center retrospective study, 65 patients (34 males and 31 females; 
mean age: 59.0 ± 13.43 years) with intrafilter and inferior vena cava thrombosis 
were enrolled between January 2021 and August 2022. These patients were 
assigned to either the AngioJet group (n = 44) or the CDT group (n = 21). Clinical 
data and imaging information were collected. Evaluation measures included 
thrombus clearance rate, periprocedural complications, urokinase dosage, 
incidence of PE, limb circumference difference, length of stay, and filter removal 
rate.

RESULTS 
Technical success rates were 100% in the AngioJet and CDT groups. In the 
AngioJet group, grade II and grade III thrombus clearance was achieved in 26 
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(59.09%) and 14 (31.82%) patients, respectively. In the CDT group, grade II and grade III thrombus 
clearance was accomplished in 11 (52.38%) patients and 8 (38.10%) patients, respectively (P > 
0.05).The peridiameter difference of the thigh was significantly reduced in patients from both 
groups after treatment (P < 0.05). The median dosage of urokinase was 0.08 (0.02, 0.25) million U in 
the AngioJet group and 1.50 (1.17, 1.83) million U in the CDT group (P < 0.05). Minor bleeding was 
shown in 4 (19.05%) patients in the CDT group, and when it was compared with that in the 
AngioJet group, the difference was statistically significant (P < 0.05). No major bleeding occurred. 
Seven (15.91%) patients in the AngioJet group had hemoglobinuria and 1 (4.76%) patient in the 
CDT group had bacteremia. There were 8 (18.18%) patients with PE in the AngioJet group and 4 
(19.05%) patients in the CDT group before the intervention (P > 0.05). Computed tomography 
angiopulmonography (CTA) showed that PE was resolved after the intervention. New PE 
occurred in 4 (9.09%) patients in the AngioJet group and in 2 (9.52%) patients in the CDT group 
after theintervention (P > 0.05). These cases of PE were asymptomatic. The mean length of stay 
was longer in the CDT group (11.67 ± 5.34 d) than in the AngioJet group (10.64 ± 3.52 d) (P < 0.05). 
The filter was successfully retrieved in the first phase in 10 (47.62%) patients in the CDT group and 
in 15 (34.09%) patients in the AngioJet group (P > 0.05).Cumulative removal was accomplished in 
17 (80.95%) out of 21 patients in the CDT group and in 42 (95.45%) out of 44 patients in the ART 
group (P > 0.05). The median indwelling time for patients with successful retrieval was 16 (13139) 
d in the CDT group and 59 (12231) d in the ART group (P > 0.05).

CONCLUSION 
Compared with catheter-directed thrombolysis, AngioJet rheolytic thrombectomy can achieve 
similar thrombus clearance effects, improve the filter retrieval rate, reduce the urokinase dosage 
and lower the risk of bleeding events in patients with filter-related caval thrombosis.

Key Words: Inferior vena cava filter; Thrombosis; AngioJet rheolytic thrombectomy; Catheter-directed 
thrombolysis; Clinical outcome

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study. A total of 65 patients were enrolled to evaluate the clinical 
outcomes of different treatment methods in patients with filter-related caval thrombosis. We compared the 
data of patients between the AngioJet rheolytic thrombectomy group (n = 44) and the catheter-directed 
thrombolysis group (n = 21). The current results showed no difference in thrombus clearance or filter 
retrieval rate. However, the results showed significant differences in urokinase dosage, peridiameter 
difference of the thigh, minor bleeding, and length of stay.

Citation: Li JY, Liu JL, Tian X, Jia W, Jiang P, Cheng ZY, Zhang YX, Liu X, Zhou M. Clinical outcomes of 
AngioJet pharmacomechanical thrombectomy versus catheter-directed thrombolysis for the treatment of filter-
related caval thrombosis. World J Clin Cases 2023; 11(3): 598-609
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/598.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.598

INTRODUCTION
Patients with deep venous thrombosis (DVT) have a high risk of lethal acute pulmonary embolism (PE) 
if left untreated[1-3]. Anticoagulants are the mainstay of prophylaxis in DVT[4,5]. At present, inferior 
vena cava (IVC) filters are used to reduce the risk of fatal PE in high-risk patients[6,7]. However, 
permanent placement of IVC filters may lead to some complications, such as fracture or migration, 
organ injury, and thrombotic events[8-10]. The incidence of filter-related caval thrombosis ranges from 
1% to 30%, depending on the type of filter[11-13]. Filter-related thrombosis can cause caval occlusion 
associated with some complications, including renal dysfunction and pelvic congestion syndrome[14].

Therefore, early thrombus clearance is essential to restore the patency of the caval outflow. It is 
difficult to treat filter-related thrombosis because of the large vessel lumen and the large thrombus 
burden. The methods of thrombus clearanceinclude open surgical thrombectomy, catheter-directed 
thrombolysis (CDT), and percutaneous mechanical thrombectomy (PMT)[15]. Open surgical 
thrombectomy ensures satisfactory long-term clinical outcomes for patients who are not eligible for 
endovascular measures[16]. Although CDT is an effective treatment for filter-related caval thrombosis 
that can restore blood flow, it increases the risk of bleeding events[13,14,17]. PMT is effective for 
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resolving filter-related caval thrombosis, reducing the dosage of thrombolytic drugs and the risk of 
bleeding events[18].

A meta-analysis recently reported the treatment outcomes of AngioJet vs CDT for lower extremity 
deep venous thrombosis (LEDVT)[19]. Based on our clinical experience, PMT can reduce the risk of 
bleeding and may be a good option. What's more, it is unclear whether CDT and PMT lead to major 
bleeding or fatal PE in patients with filter-related caval thrombosis. However, the clinical outcomes of 
both treatment modalities have not been determined in these patients until now. Therefore, we aimed to 
compare ART with CDT in patients with filter-related thrombosis on treatment outcomes for providing 
a basis for clinical practice and research.

MATERIALS AND METHODS
Patients
This is a single-center retrospective study. Patients with traumatic lower-limb fractures and 
simultaneous DVT who were admitted to Beijing Jishuitan Hospital between January 2021 and August 
2022 were enrolled in the present study. The presence of DVT was confirmed with bilateral color 
Doppler ultrasound or venography. These patients received an IVC filter before surgical fixation. The 
IVC filter was deployed in all patients using the standard technique, and the femoral vein of the healthy 
limb was used as the access site for filter placement. Filter removal was attempted within 2 wk after 
fracture surgery in all patients, and venography revealed intrafilter and IVC thrombosis. Sixty-five 
patients (59.0 years ± 13.43 years) were identified for inclusion in the study. General patient information 
data, including sex, age, affected limbs, risk factors (fracture types), scope of thrombosis, filter types, 
and duration of symptoms (defined as the time from detection oflower extremity DVT to thrombus 
clearance), were collected (Table 1). This study received ethical approval from the Ethics Committee of 
our hospital.

The inclusion criteria were as follows: (1) Unilateral lower extremity fracture and simultaneous DVT 
(femoral and/or popliteal venous thrombosis) in the acute stage; (2) complete medical records; (4) life 
expectancy > 1 year; (5) no serious complications of vital organs; (6) no anticoagulant or thrombolysis 
contraindication after surgical fixation of fractures; and (7) no previous history of thrombosis.

The exclusion criteria were as follows: (1) Bilateral lower extremity DVT; (2) thrombosis throughout 
the iliofemoral vein; (3) history of pregnancy or any hemorrhage; (4) life expectancy < 1 year; and (5) 
contraindications related therapeutic drugs.

These patients were assigned to either the AngioJet group (n = 44) or the CDT group (n = 21). The 
study profile was shown in Figure 1. Evaluation measures included thrombus clearance rate, peripro-
cedural complications, urokinase dosage, incidence of PE, limb circumference difference, length of stay, 
and filter removal rate. The procedure of intervention was as follows (Table 2).

AngioJet rheolytic thrombectomy
A 6-Fr AngioJet thrombectomy catheter (Boston Scientific, Natick, MA, United States) was inserted into 
the IVC thrombus via the femoral vein. The power-pulsed spraying thrombolytic mode was used, and 
saline-containing urokinase (100 mL of normal saline + 200000 U of urokinase) was injected into the IVC 
thrombus at a speed of 1 mm/s. The dosage of normal saline-containing urokinase depended on the 
extent of the thrombus. After waiting for 15-20 min, a mechanical rheolytic thrombectomy was 
performed for aspiration of the thrombus. If the thrombus remained, we repeated the aspiration 2-3 
times. If the inferior vena cava angiography showed that the thrombus remained, a 10F guiding catheter 
(OptEaseTM Retrieval Catheter, Cordis Corporation, FL, United States) was used to suck the thrombus 
out under guidance of an exchange guidewire (Terumo, Japan) via femoral vein access. The catheter 
connected a 20 mL injector, and constant negative pressure of the syringe was maintained for repeated 
thrombus suction. Finally, inferior vena cava angiography was implemented to assess thrombus 
clearance (Figure 2).

CDT
We placed a thrombolytic catheter (UniFuse, AngioDynamics, Latham, NY, United States) in the 
thrombus via the femoral vein. Urokinase was constantly injected through the catheter at a rate of 
500000 U/d. Angiography was implemented every 24 h to evaluate the thrombolytic effect (Figure 3). 
Thrombolysis was terminated when the plasma fibrinogen level was less than 1 g/L, the IVC was 
unobstructed, or there were serious complications. If the inferior vena cava angiography showed that 
the thrombus remained, a 10F guiding catheter was used to suck the thrombus out under the guidance 
of an exchange guidewire (Terumo, Japan) via femoral vein access. The catheter connected to a 20 mL 
injector was maintained for repeated thrombus suction. Eventually, inferior vena cava angiography was 
performed to evaluate the thrombus clearance effect.
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Table 1 General data of patients in the two groups, n (%)

CDT group (n = 21) AngioJet group (n = 44) χ2/t P values

Age (yr old) 55.24 ± 11.92 56.84 ± 14.19 -0.447 0.656

Male 13 (61.90) 21 (47.73) 1.145 0.285

Affected limbs (left) 10 (47.62) 20 (45.54) 0.027 0.87

Duration of symptoms 11.23 ± 2.17 11.59 ± 2.08 -0.63 0.531

Risk factors (fracture types)

Below the knee 6 (28.57) 8 (18.18) 0.913 0.657

Knee 6 (28.57) 14 (31.82)

Above the knee 9 (42.86) 22 (50.0)

Scope of thrombosis

Femoral/popliteal/calf 5 (23.81) 6 (13.64) 0.448 0.503

Popliteal/calf 16 (76.19) 38 (86.36)

Filter types

Denali 22 (100.0) 41 (93.18) – 0.545

CDT: Catheter-directed thrombolysis.

Table 2 Intervention related data between these two groups of patients, n (%)

CDT group (n = 21) AngioJet group (n = 44) χ2/t P values

Scope of thrombosis

intra-filter thrombosis 18 (85.71) 38 (86.36) 0 1

intra-filter and IVC thrombosis 3 (14.29) 6 (13.64)

Pulmonary embolism 4 (19.05) 8 (18.18) 0 1

Left lung 2 (9.52) 3 (6.82) – 0.655

Embolism of lobar artery 1 (4.76) 2 (0.45) – 1

Embolism of segmental artery 3 (14.29) 6 (13.64) 0 1

Median urokinase dosage (million U, range) 1.50 (1.17, 1.83) 0.08 (0.02, 0.25) -6.495 0

Large-lumen catheter aspiration thrombus 11 (52.38) 33 (75.0) 3.326 0.068

D-Dimer (before intervention) 12.10 (2.29, 30.93)a 8.87 (2.01, 18.88)b -4.472 0

D-Dimer (after intervention) 8.37 (2.67, 15.98)a 7.14 (0.43, 22.05)b -3.407 0.001

aP < 0.01, before treatment vs after treatment in the catheter-directed thrombolysis group.
bP < 0.01, before treatment vs after treatment in the AngioJet group.
CDT: Catheter-directed thrombolysis; IVC: Inferior vena cava.

Filter retrieval
Filter retrieval was performed when the patient was considered low risk for PE. The criteria were as 
follows: (1) Decreasing trend or normal serum D-dimer levels; (2) IVC thrombus clearance of more than 
95% after ART or CDT; and (3) disappearance or organization of the previously visualized lower-limb 
thrombus. The same placement technique as before was applied for venous access for the filter retrieval 
procedures. All procedures were performed through the femoral vein. Briefly, after venous access and 
the introduction of the angiography catheter, initial venography was performed to evaluate the patency 
of the IVC. The filter was retrieved using the Günther Tulip Retrieval System (William Cook Europe, 
Denmark). If the above conditions were not met, anticoagulation therapy was continued, ultrasound or 
venography was further assessed for the associated risks, and filter removal was performed at an 
optional stage.
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Figure 1 Study profile. IVC: Inferior vena cava; CDT: Catheter-directed thrombolysis.

Anticoagulant therapy
During hospitalization, low molecular weight heparin was routinely given after fracture surgery, and 
anticoagulation therapy with 20 mg rivaroxaban was initiated daily after thrombus clearance. Oral 
anticoagulant was taken for at least 3 mo after filter removal.

Observation indicators and evaluation criteria
Technical success is defined as uncomplicated implementation of the AngioJet device or CDT for 
thrombectomy through femoral vein access. CTA and D-dimer tests were performed before and after 
the operation within 3 d. D-dimer was analyzed with a Sysmex CS-5100 System. The laboratory 
reference range was 0 to 0.55 mg/mL. The difference in circumference between the affected and 
unaffected thighs at 15 cm above the patella was measured before and after treatment. The thrombus 
clearance effect was assessed according to the outcomes of the first and last venography. The degree of 
thrombus clearance was divided into three types: Grade I (partial clearance (< 50%), grade II (most 
clearance (50%-99%), and grade III (complete clearance (100%)[20]. The occurrence of complications was 
evaluated, including minor bleeding (epistaxis, gum bleeding, and hematoma), major bleeding 
(retroperitoneal or intracranial bleeding), hemoglobinuria, bacteremia, allergic reaction, serious 
cardiovascular or respiratory complications, and death. Filter removal of the first phase was defined as 
immediate retrieval within 3 d after thrombus removal. After anticoagulation and thrombus clearance, 
all filters were removed, and the cumulative removal rate was calculated by the proportion of successful 
filter retrieval. The indwelling time of the filter was the time from placement to retrieval. The follow-up 
time was more than one month, and patients also underwent routine D-dimer tests every month after 
discharge.

Statistical analysis
Continuous variables are presented as medians, minimums, and maximums for nonparametric distri-
butions and were compared by using the Mann-Whitney test. Continuous variables are presented as the 
means and standard deviations for parametric distributions, and comparisons were made using the 
independent t test. Categorical variables are evaluated as frequencies and percentages and compared by 
using the chi-square test or Fisher’s exact test. Statistical significance was defined as P < 0.05. All 
statistical analyses were processed with SPSS 23.0 software (SPSS Inc., Chicago, IL, United States).

RESULTS
Patients
Sixty-five (65) patients diagnosed with traumatic lower-limb fracture and simultaneous DVT between 
January 2021 and August 2022 were enrolled in the study. Forty-four patients (56.84 ± 14.19 years) were 
included in the AngioJet group, and 21 patients (55.24 ± 11.92 years) were included in the CDT group. 
The left lower extremity was affected in 10 patients (47.76%) in the CDT group and in 20 patients 
(45.54%) in the ART group (P > 0.05). Risk factors associated with acute DVT in the two groups were 
fractures below the knee (28.57% vs 18.18%, P > 0.05), fractures of the knee (28.57% vs 31.82%, P > 0.05), 
and fractures above the knee (42.86% vs 50.0%, P > 0.05). The scope of thrombosis in both groups 
included the femoral/popliteal/calf vein (23.81% vs 13.64%, P > 0.05) and popliteal/calf vein (76.19% vs 
86.36%, P > 0.05). Filters of Denali were implanted in 22 patients in the CDT group and 44 in the ART 
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Figure 2 Angiography was performed to evaluate the thrombus clearance of AngioJet. A: A 31-year-old male patient with acute traumatic lower-limb 
fracture and simultaneous deep venous thrombosis received an inferior vena cava (IVC) filter before surgical fixation; B and C: Filter removal was attempted within 2 
weeks after fracture surgery, and angiography showed filter-related IVC-iliac vein thrombosis (white arrow); D and E: A 6-Fr AngioJet thrombectomy catheter was 
placed for thrombus clearance; F: The 10F guiding catheter was placed and withdrawn, and the thrombus was aspirated under negative pressure until it exited the 
body, which could be repeated 2-3 times; G and H: The venography showed the complete clearance thrombus of filter-related IVC-iliac vein thrombosis; I: The 
venography showed that the IVC vein was unobstructed after filter retrieval; J: Computed tomography angiopulmonography did not show pulmonary embolism after 
intervention.

group (100% vs 93.18%, P > 0.05). The general information is shown in Table 1.
The scope of thrombosis in both groups included intrafilter thrombosis (85.71% vs 86.36%, P > 0.05) 

and intrafilter and IVC thrombosis (14.29% vs 13.64%, P > 0.05). There were 8 (18.18%) patients with PE 
in the AngioJet group and 4 (19.05%) patients in the CDT group before the intervention (P > 0.05). CTA 
showed that these cases of PE were resolved after the intervention. The PE was located at the level of 
segmental or lobar arteries in these patients (P > 0.05). The median dosage of urokinase was 0.08 (0.02, 
0.25) million U in the AngioJet group and 1.50 (1.17, 1.83) million U in the CDT group (P < 0.05). 
Compared to 33 (75.0%) patients in the AngioJet group, 11 (52.38%) patients in the CDT group were 
treated with large-lumen catheter suction after thrombus clearance (P > 0.05). In the CDT group, the 
median D-dimer levels were 12.10 (2.29, 30.93) and 8.37 (2.67, 15.98) mg/mL before and after treatment, 
respectively (P < 0.05). In the AngioJet group, the median D-dimer levels were 8.87 (2.01, 18.88) and 7.14 
(0.43, 22.05) mg/mL before and after treatment, respectively (P < 0.05) (Table 2).

Evaluation of clinical outcomes
The technical success rates were 100% in the AngioJet and CDT groups. Thrombus clearance of patients 
in the CDT and AngioJet groups reached grade I (9.52% vs 9.09%), grade II (52.38% vs 59.09%), and 
grade III (38.10% vs 31.82%), respectively (P > 0.05). In the AngioJet group, the differences in thigh 
circumference were 4.76 ± 0.77 cm and 1.58 ± 0.51 cm before and after treatment, respectively (P < 0.05). 
In the CDT group, the peridiameter differences of the thigh were 4.51 ± 0.65 cm and 1.44 ± 0.36 cm, 
respectively (P < 0.05).

In the AngioJet group, 7 patients (15.91) developed hemoglobinuria after the procedure, which was 
relieved after rehydration and hydration, and no hemoglobinuria was found in the CDT group. 
Bacteremia was found in one patient (4.76%) in the CDT group, which was relieved by anti-infection 
after catheter removal. In the CDT group, minor bleeding was observed in 4 (19.05%) patients, including 
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Figure 3  Angiography was implemented to assess the thrombus clearance of catheter-directed thrombolysis. A: A 36-year-old male patient 
with acute traumatic lower-limb fracture and simultaneous deep venous thrombosis received an inferior vena cava (IVC) filter before surgical fixation. Filter removal 
was attempted within 2 wk after fracture surgery, and venography showed IVC-related caval thrombosis; B: A thrombolytic catheter was placed in the thrombosed 
segment via the right femoral vein, and urokinase was continuously injected; C: The venography showed that the most clearance thrombus of filter-related 
thrombosis; D: The patient was given anticoagulation therapy with rivaroxaban 20 mg daily after catheter-directed thrombolysis. The venography showed that the 
complete thrombus clearance of filter-related thrombosis 7 wk later; E: The venography showed that the IVC vein was unobstructed after the filter removal; F: 
Computed tomography angiopulmonography did not show pulmonary embolism after intervention.

epistaxis in 2 patients, gum bleeding in one patient, and hematoma at the puncture site in one patient, 
and the difference was significant compared with the AngioJet group (P < 0.05). New PE occurred in 4 
patients (9.09) in the AngioJet group and in 2 patients (9.52) in the CDT group and was asymptomatic in 
each case. These PEs were located at the level of segmental arteries in these patients (P > 0.05). The mean 
length of stay was longer in the CDT group (11.67 ± 5.34 d) than in the AngioJet group (10.64 ± 3.52 d) (P 
< 0.05).

Immediate filter retrieval was successful in 10 out of 21 patients (47.62% success rate) after the 
procedure in the CDT group and 15 out of 44 patients (34.09% success rate) in the ART group (P > 0.05). 
Cumulative removal was achieved in 17 (80.95% success rate) out of 21 patients in the CDT group and 
42 (95.45% success rate) out of 44 patients in the AngioJet group (P > 0.05). Filter retrieval was 
unsuccessful in one patient due to superior vena cava malformation and was not conducted in 3 CDT 
patients due to organized thrombus, which prevented the capture of the retrieval hook, and in 2 
AngioJet patients because of an organized thrombus on the hook. The median indwelling time for 
patients in whom retrieval was successful was 16 d (range 13-139 d) in the CDT group and 59 d (range 
12-231 d) in the ART group (P > 0.05). The therapeutic effects and complications are shown in Table 3.

The median follow-up time was 4(1,10) months. At the 1-mo follow-up, no major bleeding, 
symptomatic PE, recurrent thrombosis or other serious complications was observed after the procedure 
in either group. Two (4.5%) patients in the AngioJet group developed recurrent swelling of the affected 
limb 1 mo after the intervention. The ultrasound showed venous reflux of the lower extremities. There 
was no skin ulceration or pigmentation in the calf after treatment in either group.
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Table 3 Therapeutic effect and complications of patients in the two groups, n (%)

CDT group (n = 21) AngioJet group (n = 44) χ2/t P values
Thrombus clearance grade

Grade I (< 50%) 2 (9.52) 4 (9.09) 0.281 0.922

Grade II (50%-99%) 11 (52.38) 26 (59.09)

Grade III (100%) 8 (38.10) 14 (31.82)

Complications

Haemoglobinuria 0 7 (15.91) – 0.086

Any bleed 4 (19.05) 0 – 0.009

Bacteraemia 1 (4.76) 0 – 0.323

PE after treatment 2 (9.52) 4 (9.09) – 1

Left lung 2 (9.52) 0 – 0.101

Embolism of segmental artery 2 (9.52) 4 (9.09) – 1

Difference of circumference between affected and unaffected thigh (cm)

Before treatment 4.51 ± 0.65c 4.76 ± 0.77d -1.267 0.21

After treatment 1.44 ± 0.36d 1.58 ± 0.51d -1.089 0.28

Length of stay (d) 11.67 ± 5.34 10.64 ± 3.52 2.215 0.03

Filter removal

the first phase 10 (47.62) 15 (34.09) 1.099 0.294

the cumulative removal 17 (80.95) 42 (95.45) – 0.08

IVCF retention time (d) 16 (13, 139) 59 (12, 231) -0.991 0.322

D-dimer after 1 mo (mg/L) 0.24 (0.09, 2.15) 0.26 (0.09, 2.62) -4.346 0

cP < 0.01, before treatment vs after treatment in the catheter-directed thrombolysis group.
dP < 0.01, before treatment vs after treatment in the AngioJet group.
CDT: Catheter-directed thrombolysis; IVCF: Inferior vena cava filter; PE: Pulmonary embolism.

DISCUSSION
A high incidence of DVT has been reported in trauma patients, especially those with lower-limb 
fractures. With transient trauma contraindicating anticoagulant use, temporary perioperative IVC filter 
placement is the best prophylactic option for these patients[12,21]. IVC filter placement, however, may 
lead to numerous complications[22]. Filter-related thrombosis is one of the complications after 
implantation, with an incidence of approximately 10% in these patients[12]. Moreover, filter-related 
thrombosis also causes serious complications, such as caval occlusion or shock[14,23]. Prompt treatment 
of thrombi and retrieval of IVC filters can reduce the risk of filter-related thrombosis. The more effective 
methods for treating acute IVC filter-related thrombosis are CDT or ART[18,24]. No relevant literature 
evaluating the clinical efficacy of the two methods has been found thus far.

In our study, endovascular intervention resulted in good clinical outcomes, with a high incidence of 
thrombus clearance in patients in both groups. Studies have shown that grade II/III thrombus clearance 
was achieved in 80%-91% of acute LEDVT patients who underwent ART and in 83%-97% of acute 
LEDVT patients who underwent CDT[20,25]. The results of this study show that the extent of thrombus 
clearance in patients with IVC thrombosis is similar to that of patients with LEDVT. However, there 
have also been studies reporting 100% clearance of grade II/III IVC thrombosis[18,26]. This is somewhat 
different from our study and may be related to the selection of patients, the time of thrombosis, and the 
choice of thrombolytic drugs. In our study, manual aspiration thrombectomy (MAT) was performed 
according to the effect of thrombus removal after the operation. MAT through a large vascular sheath 
and guiding catheter is an adjunctive procedure for thrombus removal. It is also a necessary and 
effective means of thrombus clearance because of the large lumen and thrombus burden of the IVC in 
the treatment of filter-related thrombosis. In one study, the researchers repeated that MAT could 
achieve more than 95% thrombus clearance, which was shown in venography in patients with acute 
iliofemoral DVT[27]. However, in another study, the researchers mentioned that MAT had a good 
thrombusclearance rate but was less effective than ART for the treatment of IVC filter-related 
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thrombosis (74.13 ± 19.74% vs 84.58 ± 11.90%, P < 0.05)[18]. ART or CDT combined with MAT can 
achieve good clinical outcomes, but further studies are needed to confirm this hypothesis in the future.

CDT can rapidly achieve complete thrombolysis without pure anticoagulation but increases the 
potential risk of bleeding, which may be life-threatening[28]. It has been reported that the incidence of 
bleeding events in CDT ranges from 9.7% to 21.1% in patients with LEDVT[20,25-26]. Our study showed 
that the bleeding complication rate was 19.05%, which was similar to that of LEDVT, and no major 
bleeding events occurred. In addition to bleeding complications, the management of CDT is also a tricky 
problem, mainly reflected in the restriction of patient movement because of indwelling catheters, 
bleeding or hematoma, and catheter-related bacteremia. In this study, one patient (4.76%) in the CDT 
group developed postoperative catheter-related bacteremia, which was cured by antibiotic treatment. 
When catheter-related infection occurs, it is necessary to remove the catheter, which may affect 
thrombolytic treatment. Therefore, catheter-related bacteremia should be avoided. ART can quickly 
reduce the volume of thrombi, which can achieve better clinical outcomes for inferior vena cava-iliac 
vein thrombosis[29]. Transient hemoglobinuria is one of the common complications of ART, and studies 
have reported an incidence of 9.1%-19%[18,20]. ART lowers urokinase dosage but causes discomfort, 
such as chest tightness, during the procedure in patients with IVC thrombosis. If these conditions occur, 
the procedure should be stopped, and thrombus removal can be resumed when the symptoms are 
relieved.

Winters et al[30] found that the retrieval rate improved from 23% to 45% over the past five years. It 
was reported in another study that the retrieval rate of the filter increased from 6.9% to 22.1% in the past 
5 years[31]. This indicates that the retrievable rate is still low. Because it is difficult to complete DVT 
treatment within a short retrieval window, one might lose the best chance of filter retrieval. Meanwhile, 
a large number of retrievable filters were converted to permanent filters due to capturing thrombi or 
displaced or tilted filters[32]. Therefore, it is very important to perform thrombus clearance for filter-
related thrombosis, which can improve the removal rate of the filter. In our study, the cumulative filter 
removal rate was 80.95% in the CDT group and 95.45% in the ART group. In addition, it is necessary to 
choose a filter such as Denali with a long indwelling time and a high removal rate as much as possible
[33].

Lindsey et al[34] reported that the incidence of trapped IVC filter thrombus was 38% in patients with 
symptomatic lower extremity DVT who underwent endovascular interventions. At present, the 
occurrence of PE due to thrombus clearance in patients with intrafilter and IVC thrombosis has not been 
clinically reported. In our study, the incidence of PE was approximately 9% after ART or CDT in these 
patients. These PEs were asymptomatic, located in the pulmonary segmental or lobar arteries and 
relieved with conservative anticoagulation. After oral rivaroxaban anticoagulation, the patient's D-
dimer level nearly dropped to normal within one month. This suggests that adequate anticoagulation 
after thrombus clearance is essential.

There are still several limitations in this study. First, it is a single-center retrospective analysis, which 
makes it prone to patient selection bias and artificial judgment bias for thrombus removal. LEDVT is 
different from intrafilter and IVC thrombosis. Thrombus clearance assessment for LEDVT may not be 
appropriate for IVC thrombosis. In the future, it is necessary to explore objective methods for evaluating 
thrombus clearance. Second, the sample size of the study was limited. Third, due to the short follow-up 
period, PTS and venous insufficiency were not evaluated. At present, there is a lack of large-scale 
studies and long-term follow-up on the venous patency rate and incidence of PTS after IVC thrombosis 
removal.

CONCLUSION
In summary, we reported the advantages and disadvantages of the two surgical methods in the 
treatment of patients with filter-related thrombosis. Compared with catheter-directed thrombolysis, 
ART can attain similar thrombus clearance effects, improve the filter retrieval rate, reduce the dosage of 
thrombolytic drugs and lower the risk of bleeding. ART and CDT did not cause fatal symptomatic PE in 
these patients. Because CDT has a greater risk of bleeding, ART may be an alternative treatment for 
these patients. However, ART, CDT, MAT and conservative treatment with anticoagulants are effective 
treatments for patients with IVC thrombosis. Which method is more advantageous? Large-sample 
prospective trials are needed to further confirm the clinical outcome of these treatment modalities.

ARTICLE HIGHLIGHTS
Research background
Filter-related thrombosis is a complication of filter implantation. Early thrombus removal is 
implemented to restore the patency of the caval outflow. AngioJet rheolytic thrombectomy (ART) and 
catheter-directed thrombolysis (CDT) are endovascular treatment methods for filter-related caval 
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thrombosis, but the clinical outcomes of both treatment modalities have not been determined.

Research motivation
We have performed both CDT and ART for filter-related thrombosis at our center. To date, there are few 
studies comparing the clinical outcomes of the two surgical methods, and the results are expected to be 
reported.

Research objectives
The aim of this study is to compare the clinical outcomes of AngioJet rheolytic thrombectomy with those 
of catheter-directed thrombolysis in patients with filter-related caval thrombosis.

Research methods
Sixty-five patients (34 males and 31 females; mean age: 59.0 ± 13.43 years) with intrafilter and inferior 
vena cava thrombosis were enrolled between January 2021 and August 2022. Of these, patients were 
divided into the AngioJet group (n = 44) and the CDT group (n = 21). Clinical data and imaging 
information were collected. Evaluation measures included thrombus clearance rate, periprocedural 
complications, urokinase dosage, incidence of PE, limb circumference difference, length of stay, and 
filter removal rate.

Research results
There was no significant difference in thrombus clearance between the two groups (P > 0.05). The 
peridiameter difference of the thigh was significantly reduced in the patients of both groups after 
treatment (P < 0.05). The median dosage of urokinase was significantly lower in the ART group (0.08 
(0.02, 0.25) million U) than in the CDT group (1.50 (1.17, 1.83) million U) (P < 0.05). Minor bleeding was 
shown in 4 (19.05%) patients in the CDT group, and when it was compared with that in the AngioJet 
group, the difference was statistically significant (P < 0.05). There was no case of symptomatic PE after 
the procedure in either group. The mean length of stay was 11.67 ± 5.34 d in the CDT group and 10.64 ± 
3.52 d in the AngioJet group (P < 0.05). Cumulative removal was accomplished in 17 (80.95%) out of 21 
patients in the CDT group and in 42 (95.45%) out of 44 patients in the AngioJet group (P > 0.05).

Research conclusions
Compared with catheter-directed thrombolysis, AngioJet rheolytic thrombectomy can achieve similar 
thrombus clearance effects, improve the filter retrieval rate, reduce the urokinase dosage and lower the 
risk of bleeding events in patients with filter-related caval thrombosis.

Research perspectives
Further large, prospective clinical studies of the clinical outcomes of CDT and ART are needed.
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Abstract
BACKGROUND 
Propofol is a short-acting, rapid-recovering anesthetic widely used in sedated 
colonoscopy for the early detection, diagnosis and treatment of colon diseases. 
However, the use of propofol alone may require high doses to achieve the 
induction of anesthesia in sedated colonoscopy, which has been associated with 
anesthesia-related adverse events (AEs), including hypoxemia, sinus bradycardia, 
and hypotension. Therefore, propofol co-administrated with other anesthetics has 
been proposed to reduce the required dose of propofol, enhance the efficacy, and 
improve the satisfaction of patients receiving colonoscopy under sedation.

AIM 
To evaluate the efficacy and safety of propofol target-controlled infusion (TCI) in 
combination with butorphanol for sedation during colonoscopy.

METHODS 
In this controlled clinical trial, a total of 106 patients, who were scheduled for 
sedated colonoscopy, were prospectively recruited and assigned into three groups 
to receive different doses of butorphanol before propofol TCI: Low-dose 
butorphanol group (5 μg/kg, group B1), high-dose butorphanol group (10 μg/kg, 
group B2), and control group (normal saline, group C). Anesthesia was achieved 
by propofol TCI. The primary outcome was the median effective concentration 
(EC50) of propofol TCI, which was measured using the up-and-down sequential 
method. The secondary outcomes included AEs in perianesthesia and recovery 
characteristics.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i3.610
mailto:sundefengyl@163.com
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RESULTS 
The EC50 of propofol for TCI was 3.03 μg/mL [95% confidence interval (CI): 2.83-3.23 μg/mL] in 
group B2, 3.41 μg/mL (95%CI: 3.20-3.62 μg/mL) in group B1, and 4.05 μg/mL (95%CI: 3.78-4.34 
μg/mL) in group C. The amount of propofol necessary for anesthesia was 132 mg [interquartile 
range (IQR), 125-144.75 mg] in group B2 and 142 mg (IQR, 135-154 mg) in group B1. Furthermore, 
the awakening concentration was 1.1 μg/mL (IQR, 0.9-1.2 μg/mL) in group B2 and 1.2 μg/mL 
(IQR, 1.025-1.5 μg/mL) in group B1. Notably, the propofol TCI plus butorphanol groups (groups 
B1 and B2) had a lower incidence of anesthesia AEs, when compared to group C. Furthermore, no 
significant differences were observed in the rates of AEs in perianesthesia, including hypoxemia, 
sinus bradycardia, hypotension, nausea and vomiting, and vertigo, among group C, group B1 and 
group B2.

CONCLUSION 
The combined use with butorphanol reduces the EC50 of propofol TCI for anesthesia. The decrease 
in propofol might contribute to the reduced anesthesia-related AEs in patients undergoing sedated 
colonoscopy.

Key Words: Colonoscopy; Sedated colonoscopy; Propofol; Butorphanol; Target-controlled infusion; 
Effective concentration; Adverse event

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Propofol target-controlled infusion co-administrated with butorphanol significantly reduces the 
dose of propofol required for achieving anesthesia in patients undergoing sedated colonoscopy, leading to 
the enhancement of efficacy, and reduction in anesthesia-related adverse events when using propofol 
alone. Therefore, these findings may be beneficial for clinicians in inducing anesthesia, eventually 
improving the care and satisfaction of patients receiving diagnostic or therapeutic colonoscopic procedures 
for colorectal diseases.

Citation: Guo F, Sun DF, Feng Y, Yang L, Li JL, Sun ZL. Efficacy and safety of propofol target-controlled 
infusion combined with butorphanol for sedated colonoscopy. World J Clin Cases 2023; 11(3): 610-620
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/610.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.610

INTRODUCTION
Colonoscopy is an essential endoscopic tool for the screening, early diagnosis, and treatment of 
colorectal diseases, especially colorectal cancer, which is the second most common cause of cancer-
related mortality worldwide[1,2]. It has been noted that conventional colonoscopy has a number of 
limitations, including high degree of patient discomfort during the colonoscopic procedure, prolonged 
insertion, and difficult or even failed cecal intubation[3,4]. In order to reduce patient discomfort and 
facilitate cecal intubation, colonoscopy with anesthesia or performed under sedation has gained 
increasing acceptance and popularity in recent years[4,5]. Indeed, patients under sedation during 
diagnostic or therapeutic endoscopic procedures generally experience minimal or even no discomfort[4,
5]. Numerous studies have evaluated the efficacy and safety of anesthetics for sedation colonoscopy, 
such as propofol, which is a short-acting rapid-recovering anesthetic[6-12]. The results of previous 
studies suggest that propofol, particularly delivered by target-controlled infusion (TCI), which is a drug 
delivery technique applied to achieve the desired anesthetic drug concentration by using a pharma-
cokinetic model and considering the patient characteristics [i.e., age, gender and body mass index 
(BMI)], is an effective anesthetic with rapid onset and short recovery[11,13-18]. Compared to conven-
tional methods of administrating drugs during anesthesia, such as bolus injection with a syringe and 
continuous infusion with an infusion pump, TCI provides a relatively constant concentration at the 
target site, and a more rapid recovery time.

Despite the mentioned advantages, various adverse events (AEs) can occur, including hypoxemia, 
sinus bradycardia, and hypotension[11,12]. These AEs have been associated with the required high dose 
of propofol for the induction of anesthesia, when used as the sole anesthetic during colonoscopic 
procedures[11,12]. Hence, propofol co-administrated with other anesthetics has been sought to reduce 
the dose of propofol required for anesthesia, enhance the efficacy, and improve the satisfaction of 
patients undergoing endoscopic procedures[19-24]. For instance, butorphanol, a synthetic opioid, has 

https://www.wjgnet.com/2307-8960/full/v11/i3/610.htm
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higher affinity for opioid receptors, when compared to opioids. Compared to morphine, butorphanol 
has higher analgesic potency, a similar duration of action, and lower respiratory depression. 
Furthermore, butorphanol is a mixed opioid agonist/antagonist, which includes an agonistic action on 
the kappa-opioid receptor and agonistic/antagonistic effects on the mu-opioid receptor. This exerts an 
analgesic effect mainly by agonizing the kappa-opioid receptor. In addition, butorphanol can be used to 
mitigate the respiratory depression of mu-opioid agonists. The advantages of butorphanol include low 
toxicity and low potential for abuse. Previous studies have revealed that compared to other synthetic 
opioid analgesic drugs (e.g., sufentanil), butorphanol has less anesthesia-related AEs, such as respiratory 
depression, decreased gastrointestinal activity and smooth muscle spasm, itchy skin, urinary retention, 
physical and physiological dependence, nausea, and vomiting[25,26]. Furthermore, butorphanol has 
been widely used in anesthesia for patients undergoing gastrointestinal endoscopy.

The present controlled clinical trial aimed to determine the effects of different doses of butorphanol 
on the efficacy of propofol TCI based on the median effective concentration (EC50) and safety, in terms 
of anesthesia-related AEs, in patients undergoing colonoscopic procedures under sedation. These results 
may be beneficial for clinicians in inducing anesthesia, eventually improving the care for patients 
receiving diagnostic or therapeutic colonoscopic procedures for colorectal diseases.

MATERIALS AND METHODS
Patients and study design
For the present controlled clinical trial, patients who underwent sedated colonoscopy were 
prospectively recruited from the First Affiliated Hospital of Dalian Medical University (Dalian, Liaoning 
Province, China) between December 2020 and March 2021. During the patient enrollment, the following 
inclusion criteria were used: (1) 18-65 years old; (2) Scheduled to undergo sedated colonoscopy; and (3) 
American Society of Anesthesiologists (ASA) I-II, graded according to the ASA Physical Status (PS) 
Classification System. Patients who presented with the following clinical conditions were excluded from 
the clinical trial: (1) Obstructive sleep apnea hypopnea syndrome; (2) Liver failure, kidney failure, or 
both; (3) Severe cardio/cerebrovascular diseases categorized as class III or higher, according to the New 
York Heart Association classification system; (4) Medical history of chronic pain or mental illness; (5) 
Regular intake of sedatives and painkillers; (6) Medical history of vertigo or motion sickness; (7) BMI of 
≥ 30 kg/m2; (8) Pregnant patients; and (9) Patients who were unwilling to provide a written informed 
consent. The enrolled patients were assigned to three groups, based on the time sequence: (1) Group B1, 
received low-dose butorphanol (propofol TCI plus butorphanol, 5 μg/kg); (2) Group B2, received high-
dose butorphanol (propofol TCI plus butorphanol, 10 μg/kg); and (3) Group C, the control group 
[normal saline (NS)]. The Propofol Medium and Long Chain Fat Emulsion Injection (Batch No. 
J20160089) was obtained from Beijing Fresenius Kabi Pharmaceutical Co. Ltd. (Beijing, China). The 
Butorphanol Tartrate Injection (Batch no. h20143106) was manufactured by Jiangsu Hengrui Pharma-
ceutical Co., Ltd. (Nanjing, Jiangsu, China).

The present study was reviewed and approved by the Ethics Committee of the First Affiliated 
Hospital of Dalian Medical University, with approval no: PJ-KS-KY-2020-144 (X). A written informed 
consent was obtained from each participant prior to the initiation of the clinical trial. The clinical trial 
was registered with the Chinese Clinical Trial Registry (ChiCTR 2000034849, 21/07/2020). The present 
study was conducted in accordance with the guidelines of the Declaration of Helsinki.

Anesthesia procedure
The Propofol Medium and Long Chain Fat Emulsion Injection (Batch no. J20160089) was obtained from 
Beijing Fresenius Kabi Pharmaceutical Co. Ltd. (Beijing, China). The Butorphanol Tartrate Injection 
(Trade name: Nuoyang; 2 mL:4 mg; Batch no. h20143106) was manufactured by Jiangsu Hengrui 
Pharmaceutical Co., Ltd. (Nanjing, Jiangsu, China).

For the anesthesia, at 10 min before the colonoscopy, the patients intravenously received butorphanol 
at a dose of 5 μg/kg in group B1 and 10 μg/kg in group B2, and patients in group C received NS. Upon 
arrival in the examination room, an oxygen mask was placed on the patient at a flow rate of 5 L/min. 
Then, the patient’s routine electrocardiogram, heart rate (HR), non-invasive blood pressure and pulse 
oximetry (SpO2) were monitored during the procedure. A computer-controlled TCI pump (Guangxi 
Weili Fangzhou Technology, Guangxi, China) was initiated. Then, propofol TCI was administered with 
an initial plasma target concentration of 3.0 μg/mL for the first case in each group. This was used as the 
first dose of propofol. When the target concentration of propofol was achieved, the colonoscopy was 
performed. The administration of propofol TCI was stopped when the colonoscope reached the ileocecal 
region, and colonoscopic withdrawal began.

Assessment of primary outcome
The primary aim of the present study was to determine the EC50 of propofol for TCI, which is necessary 
for half maximal effectiveness. The EC50 of propofol for TCI in each group was measured using the up-
and-down sequential method, which has a widely used sequential design for studies on the EC50 of 
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anesthesia. The initial plasma target concentration designated for each group was 3.0 μg/mL. 
Purposeful movements (e.g., the head or limbs) were defined as “responsive”, while no purposeful 
movements were defined as “non-responsive”. If “responsive” was found in a particular patient, the 
target plasma concentration of propofol was increased for the next patient by 0.5 μg/mL. In contrast, 
once “non-responsive” was identified in a particular patient, the target plasma concentration of 
propofol for the next patient was decreased by 0.5 μg/mL. The process was repeated until eight 
crossover points were attained. The number of patients needed for the present study could not be 
calculated beforehand. The target propofol concentration in plasma for consecutive patients in each 
group and the response to the procedures were determined and used to calculate the EC50 and 95% 
confidence interval (CI).

Assessment of secondary outcomes
The secondary outcomes included the following measurements: (1) Amount of propofol used during the 
colonoscopic procedure; (2) Awakening concentration of propofol, which was referred to as the effect-
site concentration of propofol in association with eye opening in response to verbal command; (3) 
Anesthesia-related AEs in perianesthesia, including hypoxemia, sinus bradycardia, hypotension, nausea 
and vomiting, and vertigo; and (4) Mean arterial pressure (MAP) and HR at different time points, 
including prior to anesthesia (T0), immediately after consciousness disappeared in response to the 
induction of anesthesia (T1), when the colonoscope reached the ileocecal region (T2), and when 
consciousness was regained (T3).

Statistical analysis
Statistical analysis was performed using the GraphPad Prism software (San Diego, CA, United States). 
Quantitative data were expressed as mean ± SD, or median and interquartile range (IQR), as 
appropriate. Analysis of variance or Kruskal-Wallis test, and post-hoc test with Bonferroni adjustment 
were performed to compare quantitative data. The numerical data were analyzed by χ2 test, while K-test 
was used to compare the EC50 values of propofol for TCI among the three groups (group C, group B1 
and group B2). The logarithm for each target concentration (logx), total number of cases (n), effective 
rate (P), and difference between the logarithm of two adjacent target concentrations (d) were calculated, 
as follows: (1) Logarithm of EC50: log EC50 = ΣnlogX/Σn; (2) Standard error of logEC50: SlogEC50 = d

; and (3) Logarithm of 95%CI of EC50: (logEC50 - 1.96 × Slog EC50, logEC50 + 1.96 × 
SlogEC50). EC50 and 95%CI were the negative logarithms. A P value of < 0.05 was considered statist-
ically significant between groups.

RESULTS
Demographic and clinical characteristics of patients
A total of 106 patients who underwent sedated colonoscopy were enrolled for the present clinical study. 
The baseline demographic and clinical characteristics of patients in group C (n = 38), group B1 (n = 36), 
and group B2 (n = 32) are summarized in Table 1. The mean age of patients was 55.9 years old (SD = 4.3 
years old) in group C, 56.9 years old (SD = 4.2 years old) in group B1, and 56.6 years old (SD = 4.8 years 
old) in group B2. There were no significant differences in baseline demographic characteristics among 
the groups (all, P > 0.05). The mean BMI was 21.8 kg/m2 (SD = 1.4 kg/m2) for patients in group C, 21.3 
kg/m2 (SD = 1.4 kg/m2) for patients in group B1, and 21.2 kg/m2 (SD = 1.3 kg/m2) for patients in group 
B2. No significant difference was observed among the groups (all, P > 0.05). In addition, there was no 
significant difference in the proportion of patients with ASA I or II, based on the ASA PS Classification 
System and the operation time among groups (all, P > 0.05).

Comparison of primary outcomes
For the EC50 for propofol in TCI, the concentrations needed to achieve half maximal effectiveness were 
compared among the groups. The target propofol concentrations in the plasma of patients for the 
calculation of the EC50 are presented in Figure 1. As shown in Table 2, the EC50 for propofol in TCI was 
4.05 μg/mL (95%CI: 3.78-4.34 μg/mL) in group C, 3.41 μg/mL (95%CI: 3.20-3.62 μg/mL) in group B1, 
and 3.03 μg/mL (95%CI: 2.83-3.23 μg/mL) in group B2. The statistical analysis revealed that the EC50 in 
group B2 was significantly lower, when compared to the EC50 in group B1 and group C (P < 0.05, 
Table 2). Furthermore, the amount of propofol necessary for anesthesia was determined as 132 mg (IQR, 
125-144.75 mg) in group B2, which was significantly lower, when compared to the amount in group B1 
(142 mg; IQR, 135-154 mg) (P < 0.05, Table 2, Figure 2). These results suggest that the intravenous 
infusion of 10 μg/kg of butorphanol reduced the need for high-dose propofol for anesthesia, when 
compared to 5 μg/kg of butorphanol. In addition, the awakening concentration of propofol was 1.1 μg 
/mL (IQR, 0.9-1.2 μg/mL) in group B2. This concentration was lower than that in group B1 (1.2 μg/mL; 



Guo F et al. Propofol and butorphanol for colonoscopy

WJCC https://www.wjgnet.com 614 January 26, 2023 Volume 11 Issue 3

Table 1 Demographic and clinical characteristics of patients in the different groups

Groups n Age (yr) Gender (M/F) BMI (kg/m2) ASA (I/II) Operation time (min)

Group C 38 55.9 ± 4.3 18/20 21.8 ± 1.4 26/12 12 (10-14)

Group B1 36 56.9 ± 4.2 17/19 21.3 ± 1.4 24/12 11 (10-12)

Group B2 32 56.6 ± 4.8 15/17 21.2 ± 1.3 21/11 11 (10-12)

P value 0.591 0.999 0.200 0.969 0.218

M: Male; F: Female; BMI: Body mass index; ASA: American Society of Anesthesiologists Physical Status Classification.

Figure 1 Target propofol concentrations in plasma for consecutive patients of each group and the response to the procedures. A: Target 
propofol concentrations in plasma for consecutive patients in the control group (group C); B: Target propofol concentrations in plasma for consecutive patients in 
group B1; C: Target propofol concentrations in plasma for consecutive patients in group B2. The target propofol concentrations in plasma for consecutive patients in 
each group and the response to the procedures were used to calculate the median effective concentration (EC50), which is the concentration required to achieve the 
half maximal effectiveness of propofol. The resulting EC50 for each group and 95% confidence intervals are presented in Table 2.

IQR, 1.025-1.500 μg/mL) (P < 0.05, Figure 2).

Comparison of secondary outcomes
MAP and HR were compared at different time points (T0, T1, T2 and T3) during the procedure among 
the groups. As shown in Figure 3 and Table 3, the MAP values at time points T1 and T2 were 
significantly lower in group C, when compared to groups B1 and B2 (P < 0.05). In addition, the HR 
value at time point T1 was significantly lower in group C, when compared to groups B1 and B2 (P < 
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Table 2 Comparison of median effective concentration, dose for anesthesia, and awakening concentration of propofol among the 
different groups

Groups n EC50 (μg/mL) 95%CI (μg/mL) Amount of propofol necessary for 
anesthesia (mg)

Awakening concentration of propofol 
(μg/mL)

Group C 38 4.05 3.78-4.34 151.0 (142.0-160.5) 1.200 (0.975-1.300)

Group B1 36 3.411 3.20-3.62 142 (135-154)1,3 1.200 (1.025-1.500)3

Group B2 32 3.031,2 2.83-3.23 132.00 (125.00-144.75)1,2 1.1 (0.9-1.2)2

1P < 0.05 vs the control group (group C).
2P < 0.05 vs group B1.
3P < 0.05 vs group B2.
Awakening concentration of propofol was defined as the effect-site concentration of propofol in association with eye opening in response to verbal 
command. CI: Confidence interval; EC50: Effective concentration

Figure 2 Bar graphs for the amount of propofol used during the sedated colonoscopy and the awakening concentration of propofol in 
each group. A: The amount of propofol used during the sedated colonoscopy in each group; B: The awakening concentration of propofol in each group. The 
amount of propofol used for the sedated colonoscopic procedure and the awakening concentration of propofol in group C, group B1 and group B2 are illustrated in the 
bar graphs. The lowest mean amount of propofol used for sedated colonoscopic procedures was observed in group B2, and there was a significant difference among 
the groups. The wakening concentration of propofol was defined as the effect-site concentration of propofol in association with eye opening in response to verbal 
command. The mean awakening concentration of propofol was lower in group B2, when compared to group B1.

0.05).
Next, a comparison of AEs (e.g., hypoxemia, sinus bradycardia, hypotension, nausea and vomiting, 

and vertigo) in perianesthesia was performed among the groups, and the resulting data are summarized 
in Table 4. Overall, the incidence of each AE did not significantly differ among the groups (all, P > 0.05). 
Notably, the incidence of hypoxemia was higher in group C (13.2%), when compared to group B1 (5.6%) 
and group B2 (9.4%). In addition, one patient (2.6%) had hypotension in group C, while none of the 
patients had hypotension in groups B1 and B2. The reduction in anesthesia AEs, especially hypoxemia 
and hypotension, in groups B1 and B2 could have been attributed to the decrease in propofol required 
for anesthesia, when used in combination with butorphanol, during the colonoscopic procedure.
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Table 3 Comparison of mean arterial pressure and heart rate among the different groups

Groups T0 T1 T2 T3

Group C 90.4 ± 6.1 73.4 ± 6.11 77.0 ± 5.81 88.6 ± 5.4

Group B1 89.4 ± 5.4 81.7 ± 4.1 85.3 ± 4.0 88.3 ± 3.8

MAP (mmHg)

Group B2 89.5 ± 5.1 78.3 ± 5.02 82.4 ± 4.22 88.5 ± 4.1

Group C 81.8 ± 8.8 68.8 ± 7.21 72.1 ± 6.9 79.9 ± 6.0

Group B1 80.3 ± 9.0 73.2 ± 8.5 74.9 ± 8.0 78.3 ± 6.2

HR (bpm)

Group B2 81.9 ± 9.3 74.7 ± 9.8 76.2 ± 8.2 80.1 ± 6.1

1P < 0.05 vs groups B1 and B2.
2P < 0.05 vs group B1.
T0, prior to anesthesia; T1, immediately after losing consciousness in response to induction of anesthesia; T2, the colonoscope reached the ileocecal; T3, 
consciousness regained. MAP: Mean arterial pressure; HR: Heart rate; bpm: Beats per minute.

Table 4 Comparison of frequency of adverse events in perianesthesia among the different groups

Groups n Hypoxemia Sinus bradycardia Hypotension Nausea, vomiting Vertigo

Group C 38 5 (13.2%) 1 (2.6%) 1 (2.6%) 2 (5.3%) 4 (10.5%)

Group B1 36 2 (5.6%) 0 (0%) 0 (0%) 1 (2.8%) 3 (8.3%)

Group B2 32 3 (9.4%) 2 (6.3%) 0 (0%) 2 (6.3%) 3 (9.4%)

Figure 3 The mean arterial pressure and heart rate at different time points during the procedures in each group are shown. A: The mean 
arterial pressure at different time points during the procedures in each group; B: The heart rate at different time points during the procedures in each group. The mean 
arterial pressure (MAP) and heart rate (HR) were examined at the following four time points: prior to anesthesia (T0), immediately after consciousness disappeared in 
response to induction of anesthesia (T1), when the colonoscope reached the ileocecal region (T2), and when consciousness was regained (T3). The MAP represents 
the average arterial pressure throughout one cardiac cycle, with a normal range of 70-110 mmHg. The MAP values at time points T1 and T2 were significantly lower in 
group C, when compared to groups B1 and B2 (P < 0.05). The HR value at time point of T1 was significantly lower in group C, when compared to groups B1 and B2 (P 
< 0.05).

DISCUSSION
The efficacy and safety of propofol TCI co-administrated with different doses of butorphanol have not 
yet been evaluated for sedated colonoscopy in the Chinese population. To the best of our knowledge, 
the present study is the first controlled clinical trial that investigated the effects of different doses of 
butorphanol on the efficacy and safety of propofol TCI for sedated colonoscopy in Chinese patients. The 
main novel findings are summarized, as follows. Butorphanol co-administrated with propofol for TCI 
can significantly improve the efficacy of propofol TCI, as supported by the following evidence: (1) 
Patients with anesthesia induced by propofol TCI plus high-dose butorphanol had a significantly lower 
EC50 of propofol for TCI vs patients induced by propofol TCI plus low-dose butorphanol and controls 
(all, P < 0.05); and (2) The amount of propofol needed for anesthesia was significantly lower in group B2 
vs group B1. In addition, the rates for anesthesia-related AEs, including hypoxemia, sinus bradycardia, 
hypotension, nausea and vomiting, and vertigo, were similar in group C, group B1 and group B2. It is 
noteworthy that patients in group C had a higher incidence of hypoxemia and hypotension, when 
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compared to the other two groups. Furthermore, there is a possibility that the lower incidence of 
anesthesia AEs (hypoxemia and hypotension) is associated with the reduced amount of propofol due to 
the co-administration of butorphanol with propofol.

The primary aim of the present clinical trial was to determine the effects of the co-administration of 
butorphanol on the required dose of TCI propofol to achieve sedation during colonoscopic procedures. 
The TCI system can be programmed using either of the two main pharmacokinetic models: The Marsh 
model and Schnider model[13,14]. The Marsh model has weight as a model parameter, while the 
Schnider model has multiple parameters (e.g., age, weight, height, and lean body mass). Chen et al[27] 
examined the performance of the Marsh model and Schnider model for TCI propofol, and suggested 
that the Marsh model was overall superior to the Schnider model, and more suitable for TCI propofol
[27]. Therefore, in the present study, the Marsh model was selected as the pharmacokinetic model to 
program the TCI system for propofol. It was found that the duration of action and recovery time of 
propofol were significantly shorter for the TCI of propofol, when compared to the conventional infusion 
of propofol[11,14,17,18,28]. In addition, the co-administration of propofol with other anesthetics has 
been shown to reduce the required dose of propofol for targeted anesthesia, and improve patient 
satisfaction during diagnostic and therapeutic endoscopy[11,19-24,29]. Considering the various 
advantages of butorphanol, which are mainly associated with less anesthesia-related AEs (e.g., 
respiratory depression, smooth muscle spasm, skin itches, urinary retention, physical and physiological 
dependence, nausea and vomiting)[25,26], the co-administration of butorphanol with propofol was 
examined in the present study. The up-and-down sequential method was used to determine the EC50, 
which is a commonly used measurement to evaluate the potency of a drug. The results revealed a 
significant reduction in the required propofol dose, when used in combination with both low-dose (5 
μg/kg) and high-dose (10 μg/kg) butorphanol. Given that different anesthetics have various 
interactions, further studies are needed to determine the optimal combination of different anesthetics, 
such as propofol and butorphanol, and ensure the effectiveness and safety.

Despite these promising findings, the present study has several limitations. First, the baseline psycho-
logical state was not evaluated in the enrolled patients. Considering that preoperative anxiety has been 
shown to affect the dose of propofol required to achieve anesthesia induction, patients presenting with 
anxiety may need a higher dose of propofol. Second, the depth of sedation during the colonoscopic 
procedure was not monitored. Third, although the present study revealed that the butorphanol co-
administration with propofol for TCI improved the efficacy without increasing the incidence of 
anesthesia-related complications, the level of patient satisfaction was not examined. Although propofol 
and butorphanol exhibited “synergic effects”, the interaction between these two anesthetics should be 
further assessed, in order to ensure the potency and safety of this anesthesia for patients. Future studies 
with a larger sample size are presently being performed in our center to gain more insight into the 
combination of propofol TCI and butorphanol for sedation during colposcopy.

CONCLUSION
Overall, the present clinical study revealed that butorphanol co-administrated with propofol TCI can 
reduce the EC50 of propofol for anesthesia without causing additional anesthesia-related complications 
in patients undergoing sedated colonoscopy. These findings may assist clinicians in performing 
anesthesia induction for colonoscopy, eventually helping to improve the care for patients who must 
receive colonoscopic procedures for colorectal diseases.

ARTICLE HIGHLIGHTS
Research background
Propofol, known as an effective anesthetic with rapid onset and short recovery, has been used in 
sedated colonoscopy. However, when used alone, high-dose propofol is usually needed for anesthesia, 
and this may cause anesthesia-related adverse events (AEs).

Research motivation
This clinical study was intended to reduce the required dose of propofol by co-administration with 
butorphanol in patients receiving colonoscopy under sedation.

Research objectives
The objective of this clinical trial was to assess the efficacy and safety of propofol target-controlled 
infusion (TCI) in combination with butorphanol for sedation during colonoscopy.
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Research methods
One hundred six patients were assigned into three groups to receive different doses of butorphanol 
before propofol TCI: Low-dose butorphanol group (B1), high-dose butorphanol group (B2), and control 
group (C). The primary outcome included the median effective concentration (EC50) of propofol TCI, 
and the secondary outcomes were AEs in perianesthesia and recovery characteristics.

Research results
The EC50 of propofol for TCI was 3.03 μg/mL in group B2, 3.41 μg/ in group B1, and 4.05 μg/mL in 
group C. The amount of propofol necessary for anesthesia was 132 mg in group B2, lower than 142 mg 
in group B1. Notably, the propofol TCI plus butorphanol groups (groups B1 and B2) had a lower 
incidence of anesthesia AEs, when compared to group C. Moreover, there were no significant 
differences among the three groups in the rates of AEs in perianesthesia, including hypoxemia, sinus 
bradycardia, hypotension, nausea and vomiting, and vertigo.

Research conclusions
This study has shown that propofol in combination with butorphanol reduces the EC50 of propofol TCI 
for anesthesia in patients undergoing sedated colonoscopy, and in turn may decrease anesthesia-related 
AEs in patients undergoing sedated colonoscopy.

Research perspectives
Propofol in combination with butorphanol may improve care for patients undergoing colonoscopic 
procedures for colorectal diseases.
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Abstract
BACKGROUND 
Rehabilitation nursing is considered an indispensable part of the cerebral 
infarction treatment system. The hospital–community–family trinity rehabilitation 
nursing model can provide continuous nursing services across hospitals, 
communities, and families for patients.

AIM 
To explore the application of a hospital–community–family rehabilitation nursing 
model combined with motor imagery therapy in patients with cerebral infarction.

METHODS 
From January 2021 to December 2021, 88 patients with cerebral infarction were 
divided into a study (n = 44) and a control (n = 44) group using a simple random 
number table. The control group received routine nursing and motor imagery 
therapy. The study group was given hospital–community–family trinity rehabil-
itation nursing based on the control group. Motor function (FMA), balance ability 
(BBS), activities of daily living (BI), quality of life (SS-QOL), activation status of 
the contralateral primary sensorimotor cortical area to the affected side, and 
nursing satisfaction were evaluated before and after intervention in both groups.

RESULTS 
Before intervention, FMA and BBS were similar (P > 0.05). After 6 months’ 
intervention, FMA and BBS were significantly higher in the study than in the 
control group (both P < 0.05). Before intervention, BI and SS-QOL scores were not 
different between the study and control group (P > 0.05). However, after 6 
months’ intervention, BI and SS-QOL were higher in the study than in the control 
group (P < 0.05). Before intervention, activation frequency and volume were 
similar between the study and the control group (P > 0.05). After 6 months’ 
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intervention, the activation frequency and volume were higher in the study than in the control 
group (P < 0.05). The reliability, empathy, reactivity, assurance, and tangibles scores for quality of 
nursing service were higher in the study than in the control group (P < 0.05).

CONCLUSION 
Combining a hospital–community–family trinity rehabilitation nursing model and motor imagery 
therapy enhances the motor function and balance ability of patients with cerebral infarction, 
improving their quality of life.

Key Words: Activities of daily living; Cerebral infarction; Hospital–community–family trinity rehabilitation 
nursing model; Motor skills; Motor imagery therapy; Postural balance

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Various clinical treatments are used for cerebral infarction patients, including motor imagery 
therapy and rehabilitation nursing. We evaluated a combination of the hospital–community–family trinity 
rehabilitation nursing model and motor imagery therapy in terms of balance ability, motor ability, and 
quality of life of cerebral infarction patients. Combined treatment enhanced patients’ motor function and 
balance ability, with concomitant changes in the relevant sensorimotor cortical area brain area. This 
improved their abilities to conduct activities of daily life as well as in their quality of life, and also resulted 
in a higher degree of nursing satisfaction.

Citation: Li WW, Li M, Guo XJ, Liu FD. Application of a hospital–community–family trinity rehabilitation 
nursing model combined with motor imagery therapy in patients with cerebral infarction. World J Clin Cases 
2023; 11(3): 621-628
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/621.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.621

INTRODUCTION
Cerebral infarction is a common clinical cerebrovascular disease, accounting for approximately 70% of 
stroke cases. Cerebral infarction can lead to pyramidal tract damage, causing central paralysis and 
sensorimotor dysfunction in the human body, which is manifested as decreased muscle strength and 
motor limitations in a particular limb[1-3].

At present, various clinical treatment methods are used to treat patients with cerebral infarction, 
including conventional drug therapy, acupuncture, rehabilitation therapy, and motor imagery therapy, 
and each has therapeutic effects with particular advantages[4-6]. Motor imagery therapy is an 
intervention administered under the guidance of professionals, in which the patient’s own imagination 
is combined with tactile, auditory, visual, and other associative stimuli to promote motor function 
improvement in patients with cerebral infarction[7].

In recent years, rehabilitation treatment of patients with cerebral infarction has gradually attracted 
widespread clinical attention. The importance of rehabilitation nursing has also been reflected. Rehabil-
itation nursing is considered an indispensable part of cerebral infarction treatment. It is particularly 
important to select a scientific and reasonable rehabilitation nursing model[8,9]. The hospital-
community-family trinity rehabilitation nursing model provides continuous nursing services across 
hospitals, communities, and families for patients by the cooperation of hospitals and community 
medical staff, which helps improve the quality of care and promote the rehabilitation of patients[10].

In this study, we explored the application value of a combination of the hospital–community–family 
trinity rehabilitation nursing model and motor imagery therapy in patients with cerebral infarction, in 
terms of its effects on balance ability, motor ability, and quality of life of these patients.

MATERIALS AND METHODS
General data
Eighty-eight patients with cerebral infarction who attended our hospital from January 2021 to December 
2021 were selected and allocated to a study group and a control group, according to a simple random 
number table, with 44 cases in each group.

https://www.wjgnet.com/2307-8960/full/v11/i3/621.htm
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The control group consisted of 21 men and 23 women, aged 39–71 years, with an average age of 55.82 
± 6.15 years. Their body weight ranged from 48 to 79 kg, with an average of 63.79 ± 7.02 kg. In terms of 
paralysis, 20 cases were affected on the left side and 24 cases on the right side. Ten cases had an 
education of college degree or above, 23 cases had been educated to junior high school, and 11 cases had 
an education level of elementary school or below.

The study group consisted of 19 men and 25 women, aged 38–73 years, with an average age of 56.37 ± 
5.84. years. Their body weight ranged from 47 to 80 kg, with an average of 64.12 ± 6.80 kg. Twenty-two 
cases were paralyzed on the left side and 22 cases on the right side. Nine cases had an education of 
college degree or above, 25 cases had an education up to junior high school, and 10 cases had an 
education of elementary school or below. Thus, sex, age, site of paralysis, and education level were 
balanced and comparable between the two groups (P > 0.05).

Selection criteria
Patients were included if cerebral infarction was diagnosed by clinical symptoms, brain computed 
tomography, magnetic resonance imaging, or other imaging examinations; if they had clear 
consciousness; if they provided informed consent for participation in this study and signed the consent 
form; and if they had hemiplegic dysfunction. The exclusion criteria were the presence of mental 
disorders; abnormal coagulation mechanisms; malignant hypertension; malignant tumors; respiratory 
failure; cognitive dysfunction; severe infection; and limb dysfunction before the occurrence of cerebral 
infarction.

Treatments
Both groups continued their interventions for 6 mo.

Control group intervention: The control group was given routine nursing and motor imagery therapy. 
During the treatment, these patients were assisted to perform turning back and patting. They were 
given cerebral infarction health education, oral care, dietary intervention, daily exercise, and other 
routine nursing. Combined with the daily exercise content, the patients were verbally guided to imagine 
a gait using a fixed step, independent step, and lateral step. Dance videos could be played for square 
dance enthusiasts to guide them in imagining the dance movements and postural changes and feel the 
comfort of free exercise. Patients were guided to use their imagination through watching videos of 
walking on the beach, imagining themselves on the beach by touching and listening, walking on the 
beach, and feeling the comfort of free walking.

Study group intervention: The study group was given hospital–community–family trinity rehabil-
itation nursing based on the control group. The trinity rehabilitation nursing model included rehabil-
itation physicians, specialist nurses, community nurses, head nurses, and others. Unified trinity rehabil-
itation nursing theory training included education on the purpose, significance, and steps of its 
implementation. We developed a cerebral infarction health education manual, which was composed of 
the basic knowledge on cerebral infarction, preventive measures, rehabilitation training, home care, 
basic information on hospital–community–family-related responsible persons (telephone, WeChat), and 
other contents.

During hospitalization, a self-made cerebral infarction health education manual was distributed to 
explain the relevant information on cerebral infarction in plain language, emphasize the importance of 
rehabilitation training, and enhance patients’ attention. We conducted one-on-one rehabilitation 
training, ensuring that rehabilitation training movements were standard and specific. We also played 
the rehabilitation training-related videos recorded by team members after completion of their training, 
conducted consolidation exercises, introduced the rehabilitation training effect, and enhance the 
confidence of patients’ rehabilitation exercises. Before discharge, specialist nurses and rehabilitation 
physicians developed a continuous rehabilitation plan for patients, effectively communicated with the 
community nurses at discharge, and elaborated the rehabilitation status of patients during hospital-
ization and the rehabilitation plan after discharge. Community nurses could modify the rehabilitation 
training plan in real time according to individual circumstances during the rehabilitation training of 
patients.

Community outpatient sites were constructed. Community nurses were responsible for providing 
rehabilitation training guidance to patients and, at the same time, visit the patients once a week for 
follow-up. The follow-up time was controlled at approximately 30 min each time. The psychological 
status and rehabilitation status of patients were evaluated, and those with negative emotions were 
guided. Those with non-standard rehabilitation training movements were also corrected, and patients’ 
families were urged to complete the rehabilitation training plan on time. Patients’ families were invited 
to participate in the rehabilitation nursing process. If the implementation of patients’ daily rehabilitation 
exercise plan was recorded, patients were urged to perform rehabilitation exercises actively every day. 
Rehabilitation exercise videos were distributed. Patients and their families were encouraged to watch 
these videos repeatedly. Those with non-standard rehabilitation exercise movements were helped to 
improve performance of their exercises under the guidance of family members and community nurses. 
Community activities such as patient exchange meetings and expert lectures on cerebral infarction 
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rehabilitation exercises were conducted once a month, and patients and their families were invited to 
participate.

Outcome measures
Motor function was evaluated using the Fugl-Meyer Assessment (FMA), while balance ability was 
assessed using the Berg Balance Scale (BBS). The FMA scale includes 33 upper limb movements and 17 
Lower limb movements, with a total score of 0–100 points. Lower scores indicated more severe 
dyskinesia. The BBS includes 14 items, with a score of 0–4 points for each item and a total score of 0–56 
points, where higher scores indicate a stronger balance ability. These scores were compared between the 
two groups before and after 6 mo of intervention.

Additionally, we compared the activities of daily living using the Barthel Index (BI) as well as the 
quality of life using the Stroke-Specific Quality of Life scale (SS-QOL) before and after 6 mo of 
intervention between the two groups. The BI includes 10 items, including dressing, walking on a flat 
surface, toileting, bathing, and eating. Each item had a score range of 0–10 points and a total score of 
0–100 points, with higher scores indicating better ability to conduct activities of daily living. The SS-
QOL had a score range of 0–100 points, with higher scores indicating better quality of life.

We compared the activation status of the primary sensorimotor cortical area (SMC) contralateral to 
the affected side before and after 6 mo of intervention between the two groups. This included 
assessment of activation frequency and activation volume, in which the activation volume unit is k.

We also compared the satisfaction with nursing between the two groups. The Quality of Service 
(SERVQUAL) scale was used to assess patients’ satisfaction with nursing, including five items: 
reliability, empathy, responsiveness, assurance, and tangibles. Each item was scored in a range of 1–5 
points, with lower scores indicating worse satisfaction with nursing.

Statistical analysis
SPSS v22.0 software (IBM Corp., Armonk, NY, USA) was used to analyze the data. Measurement data 
were expressed as mean ± SD, t test and enumeration data as n (%). Data were compared using the χ2 

test. P < 0.05 indicated statistically significant differences.

RESULTS
Changes in motor function and balance ability
Before intervention, the FMA and BBS scores in the study group were not significantly different from 
those in the control group (both P > 0.05, Table 1). After 6 mo of intervention, the FMA and BBS scores 
in the study group were higher than those in the control group (both P < 0.05), as shown in Table 1.

Changes in activities of daily life and quality of life
The BI and SS-QOL were not significantly different between the study and control groups before 
intervention (both P > 0.05, Table 2). After 6 mo of intervention, the BI and SS-QOL in the study group 
were higher than those in the control group (both P < 0.05, Table 2).

SMC activation state
Prior to the intervention, no significant difference was observed in activation frequency or activation 
volume between the study and control groups (P > 0.05, Table 3). After 6 mo of intervention, the 
activation frequency and activation volume in the study group were higher than those in the control 
group (P < 0.05, Table 3).

Nursing satisfaction
In the study group, the SERVQUAL scores for the reliability of nursing, empathy, reactivity, assurance, 
and tangibles were significantly higher than those of the control group (all P < 0.05), as shown in 
Table 4.

DISCUSSION
In this study, we showed that combining a hospital–community–family trinity rehabilitation nursing 
model and motor imagery therapy enhanced the motor function and balance ability of patients with 
cerebral infarction, with concomitant changes in the relevant SMC area. This led to improvement in 
their abilities to conduct activities of daily life as well as in their quality of life and resulted in a higher 
degree of nursing satisfaction.

Cerebral infarction has a high mortality and disability rate. It can cause neurological deficits after 
onset, which result in motor, language, and other dysfunctions, to different degrees, which markedly 
impacts the daily activities and quality of life of patients[11,12]. Promoting the rehabilitation of patients 
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Table 1 Motor function and balance ability (mean ± SD, points)

FMA BBS
Group

Pre-intervention After 6 mo of intervention Pre-intervention After 6 mo of intervention

Study group (n = 44) 61.58 ± 5.79 78.96 ± 8.44a 26.45 ± 4.16 41.89 ± 5.44a 

Control group (n = 44) 60.87 ± 6.12 70.52 ± 7.68a 25.74 ± 5.30 34.62 ± 5.19a 

t value 0.559 4.906 0.699 6.432

P value 0.578 0.000 0.486 0.000

aP < 0.05 vs before intervention in the same group. FMA: Fugl–Meyer Assessment, measuring motor function; BBS: Berg Balance Scale, measuring balance 
ability.

Table 2 Activities of daily living and quality of life (± s, points)

BI SS-QOL
Group

Pre-intervention After 6 mo of intervention Pre-intervention After 6 mo of intervention

Study group (n = 44) 59.86 ± 7.15 78.59 ± 8.33a 55.47 ± 6.32 80.17 ± 7.19a

Control group (n = 44) 60.82 ± 6.74 70.81 ± 7.52a 56.22 ± 5.67 72.18 ± 8.50a

t value 0.648 4.599 0.586 4.761

P value 0.519 0.000 0.560 0.000

aP < 0.05 vs before intervention in the same group. BI: Barthel’s index, measuring activities of daily living; SS-QOL: Stroke-Specific Quality of Life, 
measuring quality of life.

Table 3 Sensorimotor cortical area activation status

Activation frequency, n (%) Activation Volume (k), (mean ± SD)
Group

Pre-intervention After 6 mo of intervention Pre-intervention After 6 mo of intervention

Study group (n = 44) 11 (25.00) 40 (90.91)a 105.39 ± 34.51 185.48 ± 44.63a 

Control group (n = 44) 12 (27.27) 29 (65.91)a 108.91 ± 36.44 149.60 ± 42.75a 

χ2/t value 0.059 8.122 0.465 3.851

P value 0.808 0.004 0.643 0.000

aP < 0.05 vs before intervention in the same group.

Table 4 Satisfaction with nursing care

Group Reliability Empathy Reactivity Assurance Tangibility

Study group (n = 44) 4.15 ± 0.39 4.26 ± 0.31 4.55 ± 0.20 4.37 ± 0.25 4.18 ± 0.37

Control group (n = 44) 3.80 ± 0.41 3.75 ± 0.43 4.12 ± 0.29 3.81 ± 0.37 3.65 ± 0.49

t value 4.103 6.382 8.097 8.319 5.726

P value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

with cerebral infarction has become a crucial topic among clinicians and researchers worldwide. 
Patients and their families anticipate a scientific and practical rehabilitation nursing model that can 
reduce the disability rate of stroke and improve the self-care ability of these patients[13-15].

Previous studies have shown that motor imagery therapy can enhance compensatory function at the 
site of brain injury, activate the central nervous system in specific regions, increase blood flow in 
functional areas of the brain, promote neurotransmitter release, and reduce limb motor dysfunction[16,
17]. With the development of rehabilitation medicine, rehabilitation nursing has emerged as a discipline 
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that combines modern rehabilitation concepts with early nursing to promote the maximum functional 
recovery of patients[18]. The hospital–community–family trinity rehabilitation nursing model provides 
continuous and comprehensive nursing services for patients, which can significantly eliminate adverse 
factors of rehabilitation and improve the quality of nursing care[19,20]. In this study, we endeavored to 
apply the hospital–community–family trinity rehabilitation nursing model in combination with motor 
imagery therapy in patients with cerebral infarction. After 6 mo of intervention, the FMA and BBS 
scores in the study group were significantly higher than those in the control group (P < 0.05), indicating 
that the above nursing model could improve the motor function and balance ability of patients with 
cerebral infarction. This may be because the hospital–community–family trinity rehabilitation nursing 
model not only imparts cerebral infarction knowledge and functional exercise training to patients 
during hospitalization but also handles patients via community nurses after their discharge from the 
hospital. Patients’ families are invited to participate in the rehabilitation nursing process. Patients 
receive continuous rehabilitation nursing guidance and supervision, which can improve their motor 
function and balance ability and promote their rehabilitation.

Moreover, after 6 mo of intervention, the activation frequency and activation volume in the study 
group were higher than those in the control group (P < 0.05), suggesting that the use of a combination of 
the hospital–community–family trinity rehabilitation nursing model and motor imagery therapy in 
patients with cerebral infarction enhances the patients’ rehabilitation. In this study, repeated drills of 
motor scenarios in the brain by means of motor imagery therapy could induce the brain to control the 
trunk muscle groups on the affected side, activate dormant synapses, and enhance compensation for the 
brain injury site.

Consequently, combined application of hospital–community–family trinity rehabilitation nursing 
model and motor imagery therapy helped patients obtain continuous and complete professional 
guidance and care after discharge, correct inaccurate rehabilitation exercise behavior, improve the effect 
of rehabilitation exercise, and promote the rehabilitation of patients.

After 6 mo of intervention, the BI and SS-QOL scores in the study group were higher than those in the 
control group (P < 0.05), which showed that the application of this combined rehabilitation and therapy 
in patients with cerebral infarction could significantly improve the ability to conduct activities of daily 
as well as the quality of life of patients. In addition, we compared the nursing satisfaction of the two 
groups and found that the reliability, empathy, reactivity, assurance, and tangible scores of the study 
group were higher than those of the control group (P < 0.05). This suggests that the hospital-
community-family trinity rehabilitation nursing model combined with motor imagery therapy is 
suitable for clinical application in patients with cerebral infarction.

The study was limited by the short observation time. Thus, the effect of the above intervention 
program on the long-term prognosis of patients with cerebral infarction needs to be explored further 
and confirmed by prolonging the follow-up time.

CONCLUSION
In summary, the application of a combination of the hospital–community–family trinity rehabilitation 
nursing model with motor imagery therapy in patients with cerebral infarction can improve the motor 
function and balance ability of patients, cause corresponding changes in the SMC area on the affected 
side, improving their abilities to conduct the activities of daily life and quality of life of patients, and 
resulting in a high degree of patient satisfaction with nursing care. In addition, based on the 
hospital–community–family trinity rehabilitation nursing model, nursing staff are required to ensure 
close linkage between hospitals, communities, and patients’ families and provide continuous and 
complete professional care to patients.

ARTICLE HIGHLIGHTS
Research background
Cerebral infarction is a common clinical cerebrovascular disease.

Research motivation
Rehabilitation treatment of patients with cerebral infarction has gradually attracted widespread clinical 
attention.

Research objectives
This study aimed to explored the application value of a combination of the hospital–community–family 
trinity rehabilitation nursing model and motor imagery therapy in patients with cerebral infarction.
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Research methods
Eighty-eight patients with cerebral infarction who attended our hospital.

Research results
After 6 mo’ intervention, the activation frequency and volume were higher in the study than in the 
control group.

Research conclusions
Combining a hospital–community–family trinity rehabilitation nursing model and motor imagery 
therapy enhances the motor function and balance ability of patients with cerebral infarction, improving 
their quality of life.

Research perspectives
The effect of the above intervention program on the long-term prognosis of patients with cerebral 
infarction needs to be explored further and confirmed by prolonging the follow-up time.
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Abstract
BACKGROUND 
Congenital biliary atresia (CBA) is a serious hepatobiliary disease in children with 
unknown etiology. Its outcome is often liver transplantation or death. Clarifying 
the etiology of CBA is of great significance for prognosis, treatment, and genetic 
counseling.

CASE SUMMARY 
A male Chinese infant at an age of 6 mo and 24 d was hospitalized because of 
"yellow skin for more than 6 mo". Soon after birth, the patient developed jaundice, 
which then progressively intensified. A "laparoscopic exploration" indicated 
"biliary atresia". After coming to our hospital, genetic testing suggested a GPC1 
mutation [loss 1 (exons 6-7)]. The patient recovered and was discharged after 
living donor liver transplantation. After discharge, the patient was followed up. 
The condition was controlled by oral drugs, and the patient’s condition was 
stable.

CONCLUSION 
CBA is a complex disease with a complex etiology. Clarifying the etiology is of 
great clinical importance for treatment and prognosis. This case reports CBA 
caused by a GPC1 mutation, which enriches the genetic etiology of biliary atresia. 
However, its specific mechanism needs to be confirmed by further research.

Key Words: Congenital biliary atresia; Jaundice; Etiology; GPC1; Liver transplantation; 
Case report
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Core tip: Congenital biliary atresia (CBA) often results in a poor prognosis. Most patients need liver 
transplantation as the final treatment. If the opportunity for liver transplantation is missed, death often 
occurs. However, the etiology of CBA is still unclear. Clarifying the etiology is of great significance for 
prognosis, treatment, and genetic counseling. Through the report of a patient with a GPC1 mutation, this 
paper enriches the genetic etiology of CBA and provides a new basis for clinical and scientific research.

Citation: Kong YM, Yuan K, Wang CL. Congenital biliary atresia caused by GPC1 gene mutation in Chinese 
siblings: A case report. World J Clin Cases 2023; 11(3): 629-634
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/629.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.629

INTRODUCTION
Congenital biliary atresia (CBA) is a congenital disease that occurs in infants and young children. Due to 
the atresia of intrahepatic and extrahepatic bile ducts, the discharge of conjugated bilirubin into the 
intestine is blocked. This causes inflammation of intrahepatic and extrahepatic bile ducts, resulting in 
cholestatic cirrhosis. This condition is usually called CBA. The incidence rate of this disease is different 
in different countries and regions. The incidence rate in Europe is 1/15000-1/19000, and the incidence 
rate in Japan is 1/9000-1/10000[1]. However, the cause of CBA is not clear. At present, there are many 
hypotheses, including viral infection (cytomegalovirus, reovirus, rotavirus, human papillomavirus, 
retrovirus, etc.), immune and/or autoimmune injury[2,3], gene-related factors (inversion and MDR3[2], 
EFEMP1[4]), abnormal bile duct development, microchimerism, cytokines, miRNA gene expression 
abnormalities, and biliary malformation[5,6]. In addition, its incidence rate also differs by race, 
geography, season, and other factors[7]. The main clinical manifestations include the following: (1) 
Jaundice, which is usually gradually exposed 2-3 wk after birth; and (2) the color of stool becomes 
lighter, and white pottery-like stool and, is very common in the clinical findings (also it can be just: 
acholia). The surgical management is the actual approach and it is a by hilar jejunal Roux-Y anastomosis 
(Kasai operation) within 3 mo after birth. However, the 5-year survival rate of this treatment is low, at 
approximately 30%-50%[8,9]. Liver transplantation is proposed when the Kassai operation fails to retain 
the hope of continued survival (as a suggestion you can give the survival rate with transplantation. 
Clarifying the etiology of CBA have great significance for its treatment and prognosis.

CASE PRESENTATION
Chief complaints
The patient came to our outpatient clinic because of "yellow skin and sclera staining for more than 6 
mo".

History of present illness
Soon after birth, there was no obvious incentive for the child to have yellow skin and sclera staining, 
which gradually intensified. This yellowing was accompanied by a white stool color, but no other 
discomfort was reported. After many phototherapies at the local hospital, the conditions did not 
improve, and the yellow skin and sclera staining showed progressive aggravation. Then, the patient 
went to the local hospital and underwent "laparoscopic exploration suggestive of biliary atresia" (family 
members complained privately, and no report was found). Later, the family members did not allow 
further diagnoses and treatments. After discharge, oral symptomatic Chinese patent medicine was 
administered, but the above symptoms were not relieved. The patient was then admitted to the hospital 
with "bile duct atresia" for living donor liver transplantation.

History of past illness
Previous "history of laparoscopic surgery".

History of family past illness
The patient's father and mother were in good health. The patient had a sister who had a history of 
"biliary atresia" and underwent "liver transplantation" at an age of more than 6 mo. This sister died at an 
age of more than 2 years.

https://www.wjgnet.com/2307-8960/full/v11/i3/629.htm
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Physical examination
Physical examination results were as follows: T 37°C, P 134 bpm, BP 95/52 mmHg, a clear mind, fair 
spirit, soft neck, yellow skin and sclera, thick respiratory sounds of both lungs, no dry and wet rales, 
uniform heart rhythm, no obvious pathological murmur in heart sound, abdominal distention, 
abdominal circumference of 44 cm, no exposure of abdominal wall vein, touch approximately 7 cm 
under liver rib, hard texture, blunt edge, 6 cm under spleen rib, negative neurological examination, and 
limb temperature.

Laboratory examinations
The blood examination on December 18, 2019 results were as follows: Leukocyte count 20.0 × 109/L, 
neutrophils (%) 41.1%, lymphocytes (%) 49.6%, red blood cell 3.08 × 1012/L, hemoglobin 99 g/L, and 
platelet count 234 × 109/L. On December 18, 2019, the plasma D-dimer determination was 4597 μg/L 
FEU. Examination of coagulation function on December 18, 2019 was as follows: International 
standardized ratio 2.36, fibrinogen 0.50 g/L, activated partial thromboplastin time 90.5 seconds, 
thrombin time 26.6 s, and prothrombin time 27.4 s. On December 18, 2019, the liver examination and 
kidney lipid glucose electrolyte determination were as follows: total protein 78.4 g/L, albumin 59.3 g/L, 
globulin 19.1 g/L, white globulin ratio 3.1, alanine aminotransferase 16U/L, aspartate aminotransferase 
53U/L, total bile acid 522.7 μmol/L, total bilirubin 347.6 μmol/L, direct bilirubin 222.5 μmol/L, indirect 
bilirubin 125.1 μmol/L, glomerular filtration rate (EPI-cr) 285.95 ml/min, creatinine 14 μmol/L, uric 
acid 88 μmol/L, total cholesterol 0.93 mmol/L, high-density lipoprotein-c 0.25 mmol/L, low-density 
lipoprotein-c 0.09 mmol/L, fasting blood glucose 3.54 mmol/L, and potassium 4.86 mmol/L.

Imaging examinations
Full abdominal computed tomography showed that the intrahepatic bile duct and common bile duct 
were dilated. It also showed signs of exudation around the portal vein and an unclear display of the 
gallbladder. Thus, effusion of gallbladder fossa and peritoneal effusion were considered. Imaging also 
showed a patch shadow of the left lower lobe, bilateral pleural effusion, and bilateral hip soft tissue 
swelling. The biopsy results showed biliary stasis and hepatic cirrhosis (Figure 1).

FINAL DIAGNOSIS
The diagnosis was CBA and cholestatic hepatitis.

TREATMENT
On January 7, 2020, "reduced volume liver transplantation" was performed under general anesthesia. 
After the operation, meropenem was administered to fight infection, ganciclovir was administered for 
virus infection prevention, liver protection, and phlegm removal, tacrolimus was administered to fight 
rejection, and albumin and human immunoglobulin were supplemented. The patient's condition 
improved. On January 31, 2020, the color Doppler ultrasound of the portal vein system of the 
transplanted liver (color Doppler ultrasound) revealed that the blood circulation of the transplanted 
liver was satisfactory, and there was a small amount of effusion near the cutting edge of the liver. On 
January 31, 2020, the serum drug concentration of FK506 was 8.1 ng/mL. Blood coagulation function 
was checked, and the international standardized ratio was 2.24. On January 21, 2020, the blood 
biochemical test results were as follows: Alanine aminotransferase 17 U/L, aspartate aminotransferase 
19 U/L, total bilirubin 8.0 μmol/L, and glutamyl transphthalase 77 U/L. The patient recovered, the liver 
function was stable, and the antirejection drugs and coagulation function reached the standards. On 
January 10, 2020, whole liver + cholecystectomy specimens were submitted for examination. The liver 
surface was fine granular, the section was gray-red and gray-yellow, and diffuse fine granular. 
Microscopically, the structure of normal liver lobules was damaged, hepatocytes and small bile ducts 
were silted, small bile ducts in the portal area were proliferated, inflammatory cells were infiltrated, 
pseudolobules of liver tissue were formed, and cholestatic cirrhosis was changed. The first hilar lymph 
node was reactive hyperplasia. The bile duct indicated chronic cholecystitis. In conclusion, the findings 
in the total liver and cholecystectomy specimens are consistent with a diagnosis of cholestatic cirrhosis 
with CBA and chronic cholecystitis.

OUTCOME AND FOLLOW-UP
The patient was discharged after being in a stable condition. Follow-ups occurred regularly in the 
outpatient department of the liver transplantation department, and the patient took long-term oral 
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Figure 1 The biopsy results showed biliary stasis and hepatic cirrhosis. A: Hematoxylin staining of hepatic tissue; B: Eosin staining of hepatic tissue. 
Hematoxylin and eosin staining showed biliary stasis and hepatic cirrhosis.

drugs to control the condition after transplantation. At present, there is no obvious yellowing of the 
skin, the color of stool is normal, the abdominal circumference is significantly reduced, and the 
functional evaluation of the transplanted liver is basically within the normal range.

DISCUSSION
At present, there is no clear understanding of the etiology of CBA. Clinical scholars have put forward 
many independent and interrelated hypotheses that mainly focus on the following aspects.

The first aspect is congenital dysplasia. The developmental abnormality hypothesis is mainly aimed 
at CBA with other organ malformations. It is generally believed that biliary tract lesions begin at 5-6 wk 
of pregnancy, rather than during the development of the intrahepatic bile duct (7-10 wk of pregnancy). 
The differentiation and morphogenesis of embryonic cells are key factors of organ development[10]. The 
most important factor is gene mutations. For example, the inversion mutations in MDR3[2], EFEMP1[4], 
and GPC1 reported in this paper may lead to the production of CBA through corresponding signaling 
pathways. In addition, in animal experiments of miRNAs, zebrafish lacking miR-30a have abnormal bile 
duct development. This indicates that genetic factors contribute to the etiology of CBA.

The second aspect is the study of autoimmune-related microchimeras. Kasai hilar jejunostomy after 
birth in children with CBA can effectively alleviate the development of this disease. However, even if 
the bile drainage is unobstructed, the process of liver fibrosis does not stop, and histologically, the CBA 
intrahepatic bile duct is very similar to sclerosing cholangitis, graft-versus-host disease, and other 
immune diseases. Therefore, some scholars regard CBA as an autoimmune disease. There is also some 
theoretical and research support for the influence of maternal microchimeras and the second strike 
theory. In addition, studies have confirmed that there is a large amount of C4d deposition in portal vein 
blood endothelium[11], indicating that liver fibrosis and portal hypertension in the later stage of CBA 
are autoimmune reactions that participate in cellular and humoral immunity. Third, the immune 
imbalance caused by infection may also be an important cause of CBA. Since Benjamin first attributed 
CBA to viral infection in the liver and biliary system, the mechanism of viral infection immune 
imbalance has gradually become a hot spot in the etiology of CBA. From the initial discovery of a large 
amount of monocyte infiltration in the vascular and bile duct endothelium of the hilar region to the 
establishment of animal models and immune response research, an increasing number of results 
support this view. The most studied factor is virus infection. At present, research on external infection 
sources mainly focuses on respiratory enterovirus, cytomegalovirus, and rotavirus[12]. In addition, 
increasing attention has been given to specific immunity and natural immunity[13]. The presence of bile 
duct-specific autoantibodies was found in a mouse model infected with rotavirus[14], which also 
provides a new idea for the exploration of the etiology of CBA.

According to the current paper data, CBA is a serious disease with multiple etiologies and 
phenotypes, and the etiologies of different types are different. Multiple hypotheses are independent and 
interdependent and need to be carefully identified in further clinical practice.

CONCLUSION
CBA is a serious childhood disease with a difficult etiology and poor prognosis. GPC1 mutations are one 
of the important causes of CBA. Clarifying the etiology of CBA is of great importance for its early 



Kong YM et al. CBA caused by GPC1 gene mutation in Chinese siblings

WJCC https://www.wjgnet.com 633 January 26, 2023 Volume 11 Issue 3

diagnosis and prognosis. It is also of great importance to popularize prenatal gene diagnoses in high-
risk groups.
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Abstract
BACKGROUND 
Tooth avulsion is one of the most severe types of dental trauma. Most avulsed 
teeth undergo long-term ankylosis and replacement resorption after delayed rei-
mplantation and exhibit a poor prognosis. The aim of this work was to improve 
the success rate of avulsed teeth after delayed reimplantation using autologous 
platelet-rich fibrin (PRF).

CASE SUMMARY 
Case 1 was a 14-year-old boy who fell and knocked out his left upper central inc-
isor 18 h prior to his arrival at the department. The diagnoses were avulsion of 
tooth 21, lateral luxation of tooth 11 and alveolar fracture of teeth 11 and 21. In 
case 2, a 17-year-old boy fell 2 h prior to his presentation to the hospital, and his 
left upper lateral incisor was completely knocked out of the alveolar socket. The 
diagnoses included avulsion of tooth 22, complicated crown fracture of tooth 11 
and complicated crown-root fracture of tooth 21. The avulsed teeth were reim-
planted along with autologous PRF granules and splinted using a semiflexible 
titanium preshaped labial arch. The root canals of the avulsed teeth were filled 
with calcium hydroxide paste, and root canal lling was performed 4 wk after 
reimplantation. The reimplanted teeth showed no symptoms of inammatory root 
resorption or ankylosis at the 3-, 6-, and 12-mo follow-up examinations after 
reimplantation with autologous PRF. In addition to the avulsed teeth, the other 
injured teeth were treated using corresponding conventional treatment methods.

CONCLUSION 
These cases provide examples of the successful use of PRF to reduce pathological 
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root resorption of the avulsed teeth, and the application of PRF may provide new healing 
opportunities for traditionally “hopeless” avulsed teeth.

Key Words: Avulsion; Periodontal healing; Platelet-rich fibrin; Ankylosis; Delayed reimplantation; Case 
report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Tooth avulsion is one of the most severe types of dental trauma. Most avulsed teeth will undergo 
ankylosis and replacement resorption after delayed reimplantation and generally experience a poor 
prognosis. We previously demonstrated that autologous platelet-rich fibrin (PRF) could effectively help to 
control the occurrence and development of initial root resorption. In this report, we presented two clinical 
cases of avulsed teeth with delayed reimplantation that were treated with autologous PRF. Ideal 
periodontal healing over 12 mo of follow-up suggested that PRF, as an adjuvant therapy, may provide new 
insights and perspectives on the management of traditionally hopeless avulsed teeth.

Citation: Yang Y, Liu YL, Jia LN, Wang JJ, Zhang M. Rescuing “hopeless” avulsed teeth using autologous 
platelet-rich fibrin following delayed reimplantation: Two case reports. World J Clin Cases 2023; 11(3): 635-644
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/635.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.635

INTRODUCTION
Tooth avulsion is dened as a complete displacement of the tooth from its original alveolar socket and is 
one of the most severe types of dental trauma. Permanent tooth avulsion accounts for 0.5%-3.0% of 
dental trauma, whereas some studies report an incidence as high as 16.0%[1,2]. A recent study from 
China showed that 8.0% of all dental injuries were tooth avulsion; these injuries are more likely to occur 
in individuals 7-20-years-old and generally occur more often in males than females[3]. The prognosis 
depends on the measures taken at the site of the accident, such as immediate replantation of avulsed 
teeth, the use of an effective preservation medium for the avulsed tooth, and timely and professional 
dental treatment performed after avulsion[4]. It was noted that a delay of more than 5 min could be 
defined as delayed replantation, affecting tooth survival[5]. Unfortunately, in most cases, an avulsed 
tooth is kept out of the alveolar socket for a significantly long time or is stored under improper 
conditions, which eventually contribute to periodontal ligament cell necrosis and result in ankylosis and 
replacement resorption of the tooth root after reimplantation[6]. The commercial enamel matrix protein 
Emdogain has been used clinically. However, its effectiveness in preventing root resorption has not 
been demonstrated[7].

Platelet-rich fibrin (PRF) is a second-generation platelet concentrate that is prepared from the 
patient’s own blood without the use of an anticoagulant through a single-step centrifugation process[8,
9]. This concentrate is classified as L-PRF or PRF based on its leukocyte content as well as standard PRF 
or advanced PRF depending on the centrifugation process. In addition, PRF is available in a membrane 
or injectable form depending on the centrifugation process and consistency of the final product[10]. The 
main scaffold component of PRF is fibrin, which develops a three-dimensional mesh crossover structure 
that is visible under a scanning electron microscope with a large interfiber space that contains numerous 
red blood cells, white blood cells and clusters of platelets[11,12]. The fibrin network of PRF protects 
platelets from immediate activation but progressively activates them during the process of fibrin 
degradation, slowly releasing growth factors, eventually prolonging the duration of growth factors in 
PRF and promoting wound healing effects[13,14]. Thus, PRF has the potential to enhance tissue 
regeneration, accelerate wound healing and induce stem cell differentiation through the consistent 
release of multiple growth factors[15,16]. Our previous study demonstrated that autologous PRF could 
effectively promote the periodontal healing of avulsed teeth after delayed replantation in dogs and thus 
control the occurrence and development of initial root resorption[15].

In this report, we presented two clinical cases of delayed reimplantation of avulsed teeth using 
autologous PRF granules with a 12-mo follow-up. In both cases, the avulsed teeth were separated from 
the alveolar socket for far longer than the optimal reimplantation time of 5 min, and the residual 
periodontal ligament tissue on the root surface was either damaged or seriously polluted, which would 
traditionally deem them as “hopeless” teeth. Upon simultaneous reimplantation of avulsed teeth with 
autologous PRF, the injured teeth showed no symptoms of inammatory root resorption or ankylosis in 
both cases, suggesting that the application of PRF may offer new therapeutic opportunities for 
traditionally “hopeless” avulsed teeth.
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CASE PRESENTATION
Chief complaints
Case 1: A 14-year-old boy was referred to the Department of General Dentistry and Emergency of the 
Fourth Military Medical University with complaints of pain and that his left upper central incisor fell 
out 18 h prior.

Case 2: A 17-year-old boy visited the Department of General Dentistry and Emergency of the Fourth 
Military Medical University with complaints that his left upper lateral incisor had completely fallen out 
2 h prior.

History of present illness
Case 1: The patient accidentally fell 18 h prior to presentation, and his left upper central incisor was 
knocked out. The patient was conscious with stable vital signs.

Case 2: The patient suffered avulsion of the left upper lateral incisor from an accidental fall and came to 
the hospital 2 h later. The patient was conscious with stable vital signs.

History of past illness
The patients did not have a relevant medical history. They did not report any history of drug allergies or 
systemic diseases and exhibited no apparent dental treatment contraindications.

Personal and family history
There were no specific family health histories.

Physical examination
Case 1: After excluding damage to other important organs, an oral examination was performed. His 
general medical history did not obviously contribute to the injury, and an examination revealed no 
evidence of nerve injury. We performed clinical examinations, and the extraoral ndings did not reveal 
serious wounds. Intraoral examination found that tooth 21 was missing, and the alveolar nest was 
empty. Blood clots had formed in the alveolar socket, and there was no obvious lacerated wound in the 
gums. The crown of tooth 11 was shifted to the palatal side and exhibited occlusal interference. Tooth H 
was retained on the lingual side of tooth 13 and was loose (Figure 1A and B). The avulsed tooth was 
wrapped in dirty dry paper towels (Figure 1C).

Case 2: Intraoral examination found that tooth 22 was missing, and the corresponding alveolar socket 
was empty with blood clots filling it. The patient had a complicated crown fracture of tooth 11 and a 
complicated crown-root fracture of tooth 21 with the fracture surfaces being approximately 4 mm below 
the enamel-dentinal junction (Figure 2A and B). The avulsed tooth was wrapped in dry paper towels, 
and numerous pollutants were present on the periodontal ligament tissues of the root surface 
(Figure 2C).

Laboratory examinations
These cases did not undergo any laboratory examinations.

Imaging examinations
Case 1: Digital-X radiograph (FOCUS, Instrumentarium Dental, Finland) revealed that the alveolar 
socket of tooth 21 was empty, and no high-density foreign body images were noted. The periodontal 
membrane space was widened in tooth 11 without significant root fracture (Figure 3A). Cone-beam 
computed tomography (Hires3D, Beijing, China) revealed that the lip side of the alveolar bone wall of 
tooth 21 was fractured (Figure 3B).

Case 2: Periapical radiography revealed that the alveolar socket of tooth 22 was empty, and no high-
density foreign body images were observed (Figure 4A). Cone-beam computed tomography revealed no 
alveolar fracture around the empty tooth socket (Figure 4B), and the fracture position of tooth 21 was 
approximately 3 mm above the top of the alveolar crest (Figure 4C).

FINAL DIAGNOSIS
Case 1: Based on the patient’s medical history and findings of the imaging examinations, the diagnoses 
for this patient included lateral luxation of tooth 11, avulsion of tooth 21 and alveolar fracture of teeth 11 
and 21.

Case 2: The diagnoses of this patient included avulsion of tooth 22, complicated crown fracture of tooth 
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Figure 1 Initial intraoral examination of Case 1. A: Tooth 21 was missing, and the alveolar nest was empty; B: There was no obvious lacerated wound in the 
gums; C: The root of the avulsed tooth was wiped clean, and no residual periodontal ligament tissue was observed.

Figure 2 Initial intraoral examination of Case 2. A: Tooth 22 was missing, and the alveolar nest was empty; B: The patient had a complicated crown fracture 
of tooth 11 and a complicated crown-root fracture of tooth 21; C: The avulsed tooth was wrapped in dry paper towels, and obvious contaminants were present on the 
root surface.

Figure 3 Periapical radiograph and cone beam computed tomography images of Case 1 at the first visit. A: The periodontal membrane space 
was widened in tooth 11, the alveolar socket of tooth 21 was empty, and no high-density foreign bodies were observed; B: Cone-beam computed tomography images 
showed that tooth 21 had been completely replanted, and the lip side of the alveolar bone wall of teeth 11 and 21 was fractured.

11, and complicated crown-root fracture of tooth 21.

TREATMENT
Case 1: We obtained a 10-mL blood sample from the median cubital vein and transferred the blood into 
a 10-mL glass tube without anticoagulation as soon as possible. The tube was immediately centrifuged 
at 400 × g for 10 min (TD3, CENCE, China) (Figure 5A). The brin clot that contains PRF formed in the 
middle of the tube; thus, the clot was easily separated from the red corpuscles at the bottom (Figure 5B 
and C). The clot was compressed with sterile dry gauze to remove the uids trapped in the brin 
matrix. The PRF formed a very resistant autologous brin membrane, which was subsequently cut into 
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Figure 4 Periapical radiograph and cone beam computed tomography images of Case 2 at the first visit. A: The alveolar socket of tooth 22 was 
empty, and no high-density foreign bodies were present; B: Cone-beam computed tomography image showed that tooth 22 had been replanted completely, and no 
alveolar fractures were noted around the empty tooth socket; C: Cone-beam computed tomography image showed that the fracture edge of tooth 21 was 
approximately 3 mm above the top of the alveolar crest.

Figure 5 Preparation process of the platelet-rich fibrin. A: The tube was immediately centrifuged at 400 × g for 10 min; B: The fibrin clot contained platelet-
rich fibrin and was located in the middle of the tube; C: The clot was easily separated from the red corpuscles at the bottom; D: The platelet-rich fibrin membrane was 
cut into approximately 1 mm3 granules, and the red and white ends were mixed evenly.

approximately 1 mm3 granules (Figure 5D). Tooth 21 was reimplanted along with the PRF granules, and 
tooth 11 received manipulative reduction. Then, the teeth were splinted using a preshaped semiflexible 
titanium labial arch (Titanium Trauma Splint, Zhongbang Titanium Biological Materials Co., Ltd., Xi’an, 
China) for 4 wk (Figure 6A). The digital X-ray radiograph obtained immediately after the surgery 
showed complete reduction of teeth 21 and 11 (Figure 7A). According to the International Association of 
Dental Traumatology guidelines[17], root canal therapy of avulsed teeth 21 should be started within 7-
14 d. For tooth 11, negative dental pulp activity was found. In addition, the tooth was sensitive to 
percussion, and a small transmission shadow was observed in the apical region at the return visit after 2 
wk. Root canal therapy of the laterally dislocated tooth 11 and avulsed tooth 21 was performed 2 wk 
after the first visit. Calcium hydroxide paste was used as an intracanal medication sealant for 4 wk. 
Then, a biotype root canal filling sealer and hot-melt gutta-percha (SuperEndo B&L, Korea) were 
adopted for root canal filling. After root canal treatment, teeth 11 and 21 were restored with nanoment 
resin (3M Dental Products, MN, United States). The fixtures were removed 4 wk after the first treatment 
(Figures 6B and 7B).

Case 2: After obtaining informed consent, blood was collected from the patient, and PRF was prepared. 
Then, tooth 22 was reimplanted with PRF and splinted for 2 wk using a preshaped semiflexible titanium 
labial arch (Figure 6C). The digital X-ray radiograph obtained immediately after surgery showed 
complete reduction of tooth 22 (Figure 7C). After pulp vitality assessment, the dental pulp of teeth 11, 21 
and 22 was removed after 2 wk, and calcium hydroxide paste was used as an intracanal medication 
sealant for 4 wk. Then, a biotype root canal filling sealer and hot-melt gutta-percha (SuperEndo B&L, 
Korea) were adopted for root canal filling. The fixtures were removed after 2 wk, and the root canal was 
completed after 6 wk (Figure 7D). After root canal treatment, teeth 11 and 21 were filled with fiber piles 



Yang Y et al. Saving avulsed teeth by autologous PRF

WJCC https://www.wjgnet.com 640 January 26, 2023 Volume 11 Issue 3

Figure 6 Intraoral photographs of replanted tooth fixation. A and C: In Cases 1 and 2, the teeth were splinted using a preshaped semiflexible titanium 
labial arch; B and D: In Cases 1 and 2, the fixtures were removed.

Figure 7 Periapical radiograph. A and C: In Case 1 and 2, the teeth were splinted using a preshaped semiflexible titanium labial arch at the first visit; B and D: 6 
wk after the initial visit of Case 1 and 2, the fixtures were removed, and the root canal treatment for the injured teeth was accomplished.

(3M Deutschland GmbH, Germany) and resin (3M Dental Products, MN, United States) and finally 
repaired with full crown restoration. Tooth 22 was restored with nanoment resin (3M Dental Products, 
MN, United States) (Figure 6D).

OUTCOME AND FOLLOW-UP
Case 1: A follow-up examination was performed 3 mo, 6 mo and 12 mo after the treatment. Clinical 
examination found no obvious periodontal pockets, tooth discoloration or swelling of the gums around 
tooth 21 (Figure 8A and B). The radiographic images obtained during the follow-up examination 
showed that the periodontal membrane space was continuous, and no sign of pathological root 
absorption was observed (Figure 9A-D).

Case 2: A follow-up examination was performed 3 mo, 6 mo and 12 mo after the treatment. Clinical 
examination revealed no obvious periodontal pockets, tooth discoloration or swelling of the gums 
around tooth 22 (Figure 8C and D). Radiographic images obtained during the follow-up examination 
showed that the periodontal membrane space was continuous, and no sign of pathological absorption 
was observed (Figure 9E-H).

DISCUSSION
Tooth reimplantation is the most important and fundamental treatment for tooth avulsion. The time 
interval between avulsion and reimplantation is the most important factor for successful reimplantation 
and is directly related to the number of live periodontal ligament cells on the root surface of the avulsed 
teeth[11]. If the tooth is not reimplanted as soon as possible, the residual periodontal ligament tissues on 
the root surface could be damaged or even exhibit necrosis. These conditions can lead to serious 
pathologic resorption and loss of the reimplanted tooth. Inflammation and replacement root resorption 
are the most common causes of reimplantation failure. The development of the lesion greatly depends 
on pulp vitality. When the root canal becomes infected, microbial toxins can move to the root surface 
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Figure 8 Intraoral photographs of the follow-up examination. A and B: There were no obvious periodontal bags, tooth discoloration or swelling of the 
gums around tooth 21 in Case 1; C and D: There were no obvious periodontal bags, tooth discoloration or swelling of the gums around tooth 22 in Case 2.

Figure 9 Periapical radiograph and cone beam computed tomography images of two cases during follow-up observation. The periodontal 
membrane space was continuous, and no sign of pathological root absorption was observed in the avulsed teeth. A and E: 3-mo follow-up radiograph images of 
Cases 1 and 2; B and F: 6-mo follow-up radiograph images of Cases 1 and 2; C and G: 12-mo follow-up radiograph of Cases 1 and 2; D and H: 12-mo follow-up 
cone-beam computed tomography images of Cases 1 and 2.

through dentinal tubules, leading to the occurrence of root resorption[6,18]. Inflammatory root 
absorption on the outer surface can be prevented or controlled by the timely removal of the etiological 
origin, i.e. root canal intervention. The most effective method to prevent the replacement absorption of 
roots is to immediately replant or place the tooth in an appropriate storage medium[19,20].

It has been reported in the literature that ideal periodontal healing can be achieved when the avulsed 
tooth is reimplanted within 5 min. If reimplantation is delayed for more than 1 h after avulsion, 
complete necrosis of the injured periodontal ligament tissue is expected[17,21]. The storage of the 
avulsed tooth is also crucial to the periodontal healing process by affecting the viability of the 
periodontal ligament cells[22]. Unfortunately, due to the lack of common knowledge of early treatment 
and preservation of the avulsed teeth, few patients save the avulsed teeth in an ideal media in a timely 
manner. Studies have shown that 28.6% of patients place dislocated teeth in dry tissues for preservation, 
and only 11% of dislocated teeth were held in the mouth or placed in milk during transport to the clinic
[23]. In the present cases, the patients washed the avulsed tooth with running water, which removed the 
periodontal tissues from the root surface. The teeth were then wrapped in paper towels, and the patients 
visited the doctor more than 1 h later (even up to 18 h later). Therefore, periodontal cells, which are 
essential for periodontal membrane healing, were almost completely destroyed.
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In our previous study, we demonstrated that autologous PRF effectively promotes the periodontal 
healing of avulsed teeth during delayed tooth reimplantation[15]. Similarly, Hiremath et al[24] 
demonstrated that PRF increased the cellular activity of periodontal ligament cells in vitro[24,25]. A 
previous study reported that when a PRF membrane was used to wrap the root surface and condense 
into the canal, it promoted pulp vitality and periodontal healing of the avulsed teeth, whereas a thick 
radiolucent area surrounding the root was always obvious even after 24 mo of follow-up[26]. Here, PRF 
granules instead of PRF membranes were adopted; thus, the problem that the PRF graft might prevent 
the root from fitting into the alveolar bone was avoided. In case 1, the avulsed tooth was reimplanted 
after 18 h when its periodontal membrane was necrotic, and the probability of root absorption was 
greatly increased. Therefore, we used PRF together with tooth replantation to reduce the probability of 
root resorption. These results were also consistent with our expectations, and no signs of root resorption 
were noted during the 3-mo, 6-mo and 12-mo postoperative follow-up. To our knowledge, this is the 
longest successful delayed replantation of an avulsed tooth reported in the literature to date. These 
results suggest that PRF may provide a new treatment opportunity for traditionally hopeless avulsed 
teeth.

We assume that PRF promotes the healing of avulsed teeth via two mechanisms based on our 
previous in vitro and in vivo studies. First, the periodontal ligament tissues remaining within the original 
alveolar socket contain periodontal ligament cells and stem cells. During the tissue repair process, 
multiple growth factors are released by PRF. Additionally, cell homing will occur, and host stem cells 
from the circulation will be recruited to the injury region by factors released by the PRF to promote their 
proliferation and induce their differentiation toward the periodontal membrane, facilitating the 
formation of periodontal membrane-like structures[15,27]. Second, we demonstrated that PRF consists 
of concentrated blood platelets, and the α-granules are activated and degranulated. Thus, many growth 
factors, such as platelet-derived growth factor, transforming growth factor-β, insulin-like growth factor, 
epidermal growth factor and vascular endothelial growth factor, can be released for at least a week and 
up to 4 wk. Thus, PRF supports the regenerative and remodeling environment for a certain period of 
time[28-31]. These growth factors increase the mitotic activity of periodontal fibroblasts by 20%-37%
[19], thereby improving the proliferation and periodontal differentiation of target cells and further 
promoting periodontal healing of avulsed teeth[15]. We also note that when a variety of growth factors 
act together, synergistic or even antagonistic effects among them cannot be ruled out. Therefore, the 
natural proportion of various growth factors is particularly important. This is just one of the important 
reasons why we chose PRF, which contains numerous active growth factors. The growth factors in PRF 
are not only rich in content and variety but also maintain natural proportions under normal 
physiological conditions. Only by their synergistic effects can they jointly maintain the balance of the 
tissue environment and play an important role in regulating wound healing and tissue regeneration.

Although we did not observe obvious ankylosis in these cases, it is a common finding in patients with 
avulsed teeth[6,15,32,33]. Previous studies have shown that PRF can inhibit the osteogenic differen-
tiation of periodontal ligament stem cells in vitro, which might reduce the possibility of ankylosis based 
on three reasons. First, PRF promotes cell proliferation to promote the generation of fibroblasts and 
repair tissue with more seed cells instead of mobilizing bone stromal cells and bone-derived cells. 
Second, the main component of PRF is collagen fiber, which can act as a physical barrier when placed in 
the periodontal space. PRF prevents direct contact between the tooth root and the inner wall of the 
alveolar socket, thus reducing the bone repair between them[15]. Third, PRF inhibits the generation of 
osteoclasts by promoting osteoprotectin secretion. By inhibiting osteoclast activity, the opportunity for 
external resorption can be suppressed to some extent[26]. Of course, the present study also has some 
limitations, such as a short follow-up time and a small sample size. Thus, the long-term effect of PRF in 
promoting the periodontal healing of avulsed teeth is unclear. Future evaluations including long-term 
follow-up with a large sample size are planned.

CONCLUSION
Enriched with growth factors and leukocytes, PRF potentially reduces pathological resorption and 
promotes periodontal wound healing and periodontal ligament regeneration following delayed 
reimplantation of avulsed teeth. Although the viability of PRF must be demonstrated in more cases, the 
application of PRF may offer new therapeutic opportunities for traditionally hopeless avulsed teeth.
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Abstract
BACKGROUND 
Seminal vesicle abscess (SVA) is the manifestation of a relatively rare urinary 
system infection. In response to urinary system inflammation, an abscess forms in 
special locations. However, acute diffuse peritonitis (ADP) induced by SVA is 
unusual.

CASE SUMMARY 
We report a case of a left SVA in a male patient complicated with pelvic abscess, 
ADP, multiple organ dysfunction syndrome, infectious shock, bacteremia, and 
acute appendiceal extraserous suppurative inflammation as a result of a long-term 
indwelling urinary catheter. The patient received a course of morinidazole + 
cefminol antibiotics but showed no obvious relief, so the perineal SVA underwent 
puncture drainage and abdominal abscess drainage + appendectomy was 
performed. The operations were successful. After the operation, anti-infection, 
anti-shock, and nutritional support treatments were continued and various 
laboratory indicators were regularly reviewed. The patient was discharged from 
the hospital after recovery. This disease is a challenge for the clinician because of 
the unusual spreading path of the abscess. Moreover, appropriate intervention 
and adequate drainage of abdominal and pelvic lesions are necessary, especially 
when the primary focus cannot be determined.

CONCLUSION 
The etiology of ADP varies, but acute peritonitis secondary to SVA is very rare. In 
this patient, the left SVA not only affected the adjacent prostate and bladder but 
also spread retrogradely through the vas deferens, forming a pelvic abscess in the 
loose tissues of the extraperitoneal fascia layer. Inflammation involving the 
peritoneal layer led to ascites and pus accumulation in the abdominal cavity, and 
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appendix involvement led to extraserous suppurative inflammation. In clinical practice, surgeons 
need to consider the results of various laboratory tests and imaging examinations to make compre-
hensive judgments involving the diagnosis and treatment plan.

Key Words: Seminal vesicle abscess; Acute diffuse peritonitis; Acute appendicitis; Multiple organ 
dysfunction syndrome; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Seminal vesicle abscess (SVA) is a relatively rare urinary system infection, and acute diffuse 
peritonitis (ADP) induced by SVA is unusual. We report a male patient who had a left SVA induced by a 
long-term indwelling urinary catheter, and this condition was complicated with pelvic abscess, ADP, 
multiple organ dysfunction syndrome, infectious shock, bacteremia, and acute appendiceal extraserous 
suppurative inflammation. With no obvious relief by conservative treatment, puncture drainage of the 
perineal SVA and abdominal abscess drainage + appendectomy was performed. In this case, the left SVA 
not only affected the adjacent prostate and bladder but also spread retrogradely through the vas deferens, 
forming a pelvic abscess in the loose tissues of the extraperitoneal fascia layer. Inflammation involving the 
peritoneal layer led to ascites and pus accumulation in the abdominal cavity, and appendix involvement 
led to extraserous suppurative inflammation.

Citation: Li K, Liu NB, Liu JX, Chen QN, Shi BM. Acute diffuse peritonitis secondary to a seminal vesicle 
abscess: A case report. World J Clin Cases 2023; 11(3): 645-654
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/645.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.645

INTRODUCTION
Acute diffuse peritonitis (ADP) is a common acute abdominal complication of general surgery. It has a 
high risk of mortality due to its rapid onset, rapid progression, and poor prognosis. The causes of ADP 
vary, but most cases are due to secondary infections. However, emergency surgery is needed regardless 
of the cause[1]. The main function of the seminal vesicles is to secrete nutrients and dilute the fluid in 
which the sperm resides. An infection of the seminal vesicle most commonly causes inflammation. 
Seminal vesicle abscess (SVA) is relatively rare, and diseases that develop from the “SVA–pelvic 
abscess–ADP” pathogenesis circuit, where the associated bacteria originate from the seminal vesicles 
and SVA, are even rarer. In 1978, Rajfer et al[2] reported the first case of SVA. According to Rajfer et al
[2], less than 100 cases of SVA have been reported worldwide. Here, we report a male patient who 
developed a SVA due to a long-term indwelling catheter, analyze the basic condition and outcome, and 
provide the clinical diagnosis and treatment ideas.

CASE PRESENTATION
Chief complaints
An 86-year-old man was admitted to our hospital for lower abdominal distension and pain that lasted 
for 5 d. The patient had a sudden high fever of 39 °C.

History of present illness
Five days prior to hospital admission, the patient suffered from intermittent abdominal distension and 
pain. He did not visit his doctor, the symptoms of lower abdominal pain gradually worsened the night 
prior, and the symptoms were accompanied by frequent nausea, vomiting, and loose watery stools. 
After symptomatic treatment in a local hospital, there was no obvious remission, so he came to our 
hospital for emergency treatment. He had no jaundice or anorexia symptoms.

History of past illness
The patient underwent surgical treatment for benign prostatic hyperplasia 2 years prior and took 
finasteride + tamsulosin hydrochloride intermittently after the operation. Last year, he had difficulty 
urinating. Ultrasound examination showed that there was an increase in the residual urine volume and 
urinary retention. He had an indwelling catheter. The catheter was regularly removed and replaced in 
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the outpatient clinic, which led to dysuria recurrence. The patient also experienced hypertension for 
many years, which was partly controlled with medications.

Personal and family history
No relevant family history, travel history, or animal contact was reported.

Physical examination
The patient’s initial vital signs at admission were as follows: Blood pressure 146/79 mmHg, pulse 62 
bpm, respiratory rate 18 breaths/min, and body temperature 39 °C. He had an altered mental state, 
slight abdominal distension, slightly weak bowel sounds (3/min), obvious tenderness and rebound pain 
in the lower abdomen, slightly tense abdominal muscles, and percussive tympany abdominal sounds. 
He had an indwelling urinary catheter, drainage was unobstructed, urine was dark yellow, and 
flocculent was visible. Scrotal symmetry, bilateral testis, and epididymis tenderness were observed.

Laboratory examinations
The in-hospital laboratory examination showed the following: White blood cell (WBC) count: 12.61 × 109

/L (79.1% neutrophils and 11.7% lymphocytes); C-reactive protein: 82.6 mg/L. The routine urine 
examination showed red blood cells 85/UL and WBCs 291/UL, indicating hematuria and pyuria. 
However, the patient's liver and kidney function, electrolytes, myocardial enzymes, and coagulation at 
the first day of admission were normal.

Imaging examinations
Pelvic magnetic resonance imaging (MRI) was performed 2 d after admission, which showed a lumpy 
and patchy left lower abdomen, with a high possibility of inflammation, a thickened sigmoid wall, 
blurred fatty space surrounding the pelvic cavity, and a possible left SVA (Figure 1). Combined pelvic 
and abdominal computed tomography (CT) showed encapsulated effusion and gas accumulation in the 
left lower abdomen with peripheral exudative changes, suggesting the possibility of an abscess. The left 
seminal vesicle was unclear with corresponding cystic foci, suggesting the possibility of an abscess 
(Figure 2A and B). Chest CT revealed scattered chronic inflammation in both lungs.

FINAL DIAGNOSIS
The discharge diagnoses were: (1) Septic shock; (2) ADP and acute extraserous suppurative 
appendicitis; (3) Left SVA; (4) Pelvic abscess; and (5) Hypertension grade 3 (high risk).

TREATMENT
After admission, the patient's condition gradually worsened. Morlinidazole + cefminol was 
administered as anti-infection agents, and fluid resuscitation, abrosia, nutritional support, and other 
treatments were administered. Four days after admission, puncture drainage of the perineal SVA was 
performed, and a small amount of purulent fluid (bacterial culture: Klebsiella pneumoniae) was drained. 
Infection with Gram-positive cocci and Candida parapsilosis was detected in urine smears. However, 
multiple cultures were negative, so the possibility of sample contamination was considered. Abdominal 
pain was not obviously relieved postoperatively, and on the 5th day, blood pressure decreased and 
septic shock symptoms, such as weak consciousness, liver and kidney insufficiency, and abnormal 
coagulation function, were observed (Table 1). His vital signs at that time were as follows: Blood 
pressure 76/40 mmHg, pulse 118 bpm, respiratory rate 22 breaths/min, and body temperature 39 °C. 
The Acute Physiology and Chronic Health Evaluation II score was 15, and the Sequential Organ Failure 
Assessment score was 7. Considering that the patient's vital signs were not stable and after 
communicating with his family, it was decided to perform emergency exploratory laparotomy for active 
fluid replacement, volume expansion, and vital sign monitoring to identify the focus of infection and to 
fully drain the abscess.

After preoperative preparation and general anesthesia, the patient underwent surgery in the supine 
position, and the surgery was performed by the attending physician, who had approximately 25 years 
of specialized training. During the operation, the intraperitoneal suppurative fluid volume was approx-
imately 100 mL and was mainly found in the intestines and around the appendix. The head and body of 
the appendix were suppurated, and a large amount of pus was around the surface of the surrounding 
intestinal canal and sigmoid colon, without obvious intestinal perforation or tumor formation. Thus, 
abdominal abscess drainage + appendectomy was performed (Figure 3A-C).

After the operation, the patient was transferred to the intensive care unit due to his critical condition. 
He fasted and underwent electrocardiogram monitoring and continued anti-infection, anti-shock, and 
nutritional support treatments. The internal environment and water electrolyte balance was maintained. 
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Table 1 Change trend of the patient's laboratory indexes

Date Leukocytes (× 109/L) Creatinine (μmol/L) Albumin (g/L) Prothrombin time (s) C-reactive protein 
(mg/L)

DBO5 13 92 34.3 13.1 151.77

DBO4 11.62 81 31.5 15.7 157.74

DBO2 22.41 157 30.1 17.9 227.71

DBO1 34.67 153 18.2 18.6 239.87

OD 23.85 173 25.0 17.7 177.34

POD1 20.35 158 28.4 16.6 204.14

POD2 14.96 128 34.2 16.0 177.26

POD3 11.29 109 34.4 15.5 141.1

POD4 11.41 104 35.6 14.1 99.55

POD6 16.98 88 35.3 14.2 57.6

POD8 15.39 85 33.5 15.0 37.0

POD10 13.07 91 33.5 14.4 99.3

POD12 7.3 87 30.2 14.3 118.73

POD15 6.78 78 30.6 14.1 66.02

Leukocytes (× 109/L); Creatinine (μmol/L); Albumin (g/L); Prothrombin time (s); C-reactive protein (mg/L). DBO: Days before operation, DBO5 refers to 
the day of admission; OD: Operation day, referring to the date of performing exploratory laparotomy; POD: Postoperative days, POD15 refers to discharge 
date.

Figure 1 Magnetic resonance imaging results of the patient after admission. A and B: Pelvic magnetic resonance imaging (MRI) showed a rounded 
abnormal signal shadow in the left seminal vesicle, with low signal on T1-weighted imaging (T1WI) and high signal on T2-weighted imaging (T2WI) + lipid inhibition, 
and a size of approximately 2.3 cm × 1.6 cm; C and D: Pelvic MRI showed a nodular mass in the left inguinal region, with low signal on T1WI and high signal on T2WI 
+ lipid inhibition, and a size of approximately 5.0 cm × 4.0 cm. The white arrowheads show the left seminal vesicle. The white arrows show the pelvic abscess 
(secondary focus).

The function of various organs was monitored. Plasma was infused to achieve coagulation, and wound 
dressings were changed regularly. Various laboratory indicators were routinely checked. On the 1st day 
after the operation, the patient had dyspnea and atrial fibrillation with a fast ventricular rate after taking 
off the line. He received high flow oxygen inhalation and his heart rate was regulated with amiodarone. 
Treatment to resolve abdominal distension and promote gastrointestinal motility was performed. The 
pus culture showed Klebsiella pneumoniae infection. A combination of meropenem and linezolid was 
administered, and the patient's symptoms and signs were gradually resolved. On the 3rd day after the 
operation, the patient's heart rate returned to normal, oxygen saturation was maintained with low-flow 
oxygen inhalation, the infection was eradicated, and abdominal distension was relieved. Later, the 
patient returned to general surgery ward for further treatment. On the 4th day after the operation, a 
liquid diet was initiated. The amount of intravenous fluid replacement was reduced and he was 
encouraged to get out of bed to prevent embolization. On the 7th day after the operation, abdominal 
distension recurred. He continued to fast, and the wound suture was removed. On the 10th day after the 
operation, the patient complained of hunger but abdominal distension was relieved. Abdominal CT 
showed less abdominal inflammation than before (Figure 2C and D). Three days later, the patient’s diet 
was changed to a semiliquid diet. Two days later, the patient did not complain of any special 
discomfort, his body temperature returned to normal, and he was allowed to resume a normal diet. The 
other catheter was replaced, and the patient was discharged.
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Figure 2 Computed tomography results of the patient throughout the diagnosis and treatment processes. A-D: The results of pelvic computed 
tomography examinations on the 2nd day after admission, on the 10th day after surgery, at 1 mo after discharge, and at 3 mo after discharge; E-H: The primary focus 
of the left seminal vesicle abscess and the secondary focus of the extraperitoneal fascial abscess were gradually controlled and narrowed after treatment and 
outpatient and emergency follow-up. The white arrowheads show the left seminal vesicle. The white arrows show the pelvic abscess (secondary focus).

Figure 3 The appendix. A and B: During the operation, the appendix was congested and edematous, with accumulation of the surrounding suppurative fluid, and 
the sigmoid colon was coated with a large amount of pus; C: A section of the appendix with a length of 3.5 cm and a diameter of 0.8-1.2 cm was cut; D: The 
suppurative inflammation of the appendix was confined outside the serosa (microscopy, × 100).

OUTCOME AND FOLLOW-UP
Postoperative pathology of the appendix showed extraserous suppurative inflammation, AB (+), and 
PAS (+) (Figure 3D). After discharge, the patient underwent a 1-year follow-up. The two inflammatory 
foci were managed and their size was gradually reduced after treatment and follow-up (Figure 2E-H).

DISCUSSION
The seminal vesicles are located at the bottom of the bladder and the outer side of the ampulla of the 
ureter. Together with the ampulla of the vas deferens and the ejaculatory duct, they form the distal 
structure of the seminal tract[3]. Seminal vesicle secretions account for approximately 60% of the total 
semen volume and include high concentrations of fructose, prostaglandin, and other substances[4]. SVA 
is very rare. In 2004, Sağlam et al[5] pointed out that a total of 26 related cases were reported in the 
literature. By searching PubMed, ScienceDirect, and other literature databases, as of August 2022, a total 
of 51 cases of SVA were idenfied worldwide. Table 2 shows the SVA cases reported since 2004. SVA can 
occur in all age groups and is more common unilaterally, and Escherichia coli is the main pathogenic 
bacteria. The etiology of SVA is unknown, but long-term indwelling catheters, diabetes, prostate 
puncture biopsy, and endoscopic operation are factors contributing to the susceptibility to this disease
[6,7]. SVAs are mostly secondary to urinary tract infections such as prostatitis. Infections causing a SVA 
can also involve the blood, lymph, and other pathways[8]. In our case, the patient underwent surgical 
treatment of benign prostatic hyperplasia. He suffered difficulty urinating and had a long-term 
indwelling urinary catheter. We speculate that his previous medical history is an important risk factor 
for SVA.

SVA lacks specific clinical symptoms. Because the vesicles are anatomically adjacent to the bladder 
and other tissues, dysuria, testicular and groin pain, tenesmus, etc. are common clinical manifestations. 
Pandey et al[9] reviewed reports on these clinical manifestations; 74% of patients had fever, 58% had 
dysuria, and 32% had mild prostatitis[9]. Swollen glands can be found on digital anal examination. 
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Table 2 Summary of literature on primary seminal vesicle abscess treated by surgery since 2004

Ref. Year No. Age Complaints Imaging Surgery Pathogens Location Underlying 
causes

Dewani et al
[15]

2006 1 35 Infertility, 
hemospermia

CUS, US Abscess incision, catheter-
ization

Acid-fast bacilli Unilateral N/A

Chong et al
[16]

2014 1 38 Fever, lethargy, 
rigor, anorexia

N/A Percutaneous drainage Burkholderia 
pseudomallei

N/A Melioidosis, 
diabetes

Bayne et al
[11]

2013 1 67 Myalgias, chills MRI, IVP Percutaneous drainage Escherichia coli Left Transrectal 
biopsy

Hammad[17] 2006 1 24 Urinary frequency, 
urgency, urge 
incontinence

CUS, CT, 
IVP

Perirectal incision and 
drainage

N/A Left N/A

Fujinaga et al
[18]

2008 1 2 
ms

Fever with 
leukocyturia

CUS, CT Percutaneous transrectal 
aspiration

Escherichia coli Left Dysplastic left 
kidney

Wadei et al
[19]

2008 1 29 Fever, dysuria, 
right-sided 
testicular pain

CT, MRI Transrectal aspiration Staphylococcus, 
Proteus mirabilis, 
Clostridium species

Right Donor kidney 
transplant

Talwar et al
[20]

2021 1 20 Fever, oliguria and 
uremic symptoms

MRI Transrectal aspiration Escherichia coli Left Zinner 
syndrome

Monzó et al
[21]

2005 1 38 Dysuria, frequent 
urination and fever

US Transrectal puncture 
drainage

Escherichia coli Left Bilateral 
orchiopexy

Machida et al
[22]

2008 1 81 Swelling and left 
inguinal pain

CT Inguinal canal ligation 
and percutaneous 
suprapubic vesical cathet-
erization

Escherichia coli Left Diabetes

Bradley and 
Scoular[23]

2021 1 42 Subjective fevers 
and worsening 
fatigue

CT Transurethral resection of 
the prostate

Candida parapsilosis, 
Candida glabrata, 
Bacteroides fragilis

Left Diabetes

Sağlam et al
[5]

2004 6 18-
47

Rectal discomfort, 
left inguinal 
tender-swelling

N/A Transrectal 
(2)/Transperineal (4) 
puncture and aspiration

Escherichia coli Bilateral 
(4)/Unilateral 
(2)

2 with rectal 
cancer

Sihra et al[12] 2018 1 29 Right hemiscrotal 
pain, swelling, and 
pyrexia

US, CUS Incision, drainage, 
transvesical deroofing of 
abscess

Staphylococcus 
aureus

Right Elective 
vasectomy

Saha et al[7] 2009 1 49 Gradually 
enlarging, 
exquisitely tender 
groin mass

CT, MRI, 
CUS, IVP

Laparoscopic drainage of 
the abscess

Escherichia coli Left Drainage of 
perianal abscess

Imperatore et 
al[24]

2017 1 58 Dysuria and fever CT Open abdominal pus 
drainage

N/A Bilateral N/A

Zheng et al
[25]

2015 1 42 Severe dysuria 
abdominal pain

US, MRI Percutaneously drainage Staphylococcus 
aureus and Candida 
albicans

Left Diabetes

Cui et al[26] 2014 3 31-
58

N/A US, CT F4 single "J" catheter-
ization

N/A N/A N/A

Kuribayashi 
et al[27]

2017 1 26 Fever and right 
seminal vesicle 
swelling

US, CT Transperineal needle 
aspiration

Staphylococcus 
aureus

Right Zinner 
syndrome

Somiya et al
[28]

2018 1 89 Left lower 
quadrant bulge

CT, CUS Transperineal needle 
aspiration

Streptococcus 
viridans

Right Transurethral 
prostate 
resection

US: Ultrasound; CT: Computed tomography; MRI: Magnetic resonance imaging; IVP: Intravenous pyelography; CUS: Cystourethroscopy; N/A: Not 
applicable.

Ultrasound, CT, and other imaging examinations are the methods used for diagnosing SVA[6]. The 
typical CT manifestations include unilateral or bilateral seminal vesicle dilation, central irregular low-
density areas, and thickening of adjacent organs[5]. On MRI, the abscesses are usually round, with low 
T1-weighted imaging and high T2-weighted imaging signals[10].
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Figure 4 Three-dimensional computed tomography reconstruction showing the primary and secondary abscesses. A: Transverse view; B: 
Sagittal view; C: Coronal view. The primary focus is located at the baseline center, the white arrows indicate the vas deferens, and the arrowheads show the 
secondary focus.

Infectious diseases can occur in the seminal vesicles, for which antibiotic anti-infective treatment is 
the first choice. However, once an abscess is formed, conservative treatment is often ineffective[5]. 
Because of the trauma and long recovery time of open surgery, abscess puncture and drainage is 
currently the first choice for treatment. The common puncture methods include transureth- 
ral/transvesical drainage under cystoscopy and ultrasound-guided transrectal drainage[11,12]. 
Regarding the diagnosis and treatment of this case, the patient was admitted to the hospital and due to 
the ineffectiveness of conservative treatment, the left SVA of the perineum was punctured and drained 
under local anesthesia, and a small amount of purulent fluid was aspirated out. However, the 
symptoms were not significantly relieved after puncture, and the infection was exacerbated. In addition, 
abdominal CT showed the possibility of an abdominal abscess, so an exploratory laparotomy was 
performed.

Abdominal cavity infection is a common and frequently occurring disease in general surgery and is 
caused by bacteria, chemical stimulation, and other factors. Intraperitoneal organ rupture, perforation, 
trauma, and other diseases are common causes of peritonitis. The common pathogenic bacteria of 
peritonitis include hemolytic Streptococcus, Pneumococcus, and Escherichia coli[13,14]. Direct diffusion is 
one of the main routes by which bacteria enter the abdominal cavity. In this case, neither preoperative 
imaging examination nor intraoperative exploration revealed perforation or rupture of any abdominal 
organs that may have led to secondary peritonitis. Culture of the pus showed Klebsiella pneumoniae, 
which is not surprising, considering that this species originates from the urinary system. By repeating 
the preoperative abdominal imaging examination, we found that the primary foci of the SVA spread 
through the ejaculatory duct-vas deferens and accumulated in the loose connective tissue of the 
extraperitoneal fascia to form secondary foci. The transverse abdominis muscle was anterior to the 
secondary abscess, and the peritoneal reflex was superior, where purulent material contacted the 
peritoneum, resulting in acute peritonitis and intra-abdominal inflammation (Figures 4 and 5).

CONCLUSION
By reviewing the diagnosis and treatment of this case, we summarize our experience and conclusions as 
follows: (1) An indwelling urinary catheter increases the risk of urinary tract infection, and the catheter 
indwelling time should be shortened as much as possible. For patients who must have a long-term 
indwelling catheter, the catheter should be replaced regularly, and high-quality nursing care should be 
actively performed. Elderly and frail patients with urinary tract infection should be treated in a timely 
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Figure 5 Sagittal computed tomography image showing the relationship between the secondary focus and the pelvis and abdominal 
cavity. The white arrows indicate the peritoneum, and the arrowhead shows the secondary focus.

manner to prevent the occurrence of complications; (2) For bacterial resistance, multiple infections, and 
other problems, broad-spectrum antibiotics are used for anaerobic bacteria and Gram-negative bacteria; 
and (3) Early primary disease and complications should be considered at the same time, including the 
full drainage of SVA in the early stage, as well as active surgical intervention for abdominal infection. 
Clinicians can use various imaging examinations to fully understand the occurrence, development, and 
prognosis of the disease. In this case, the general condition of the patient before surgery was poor, and 
the patient’s condition was complicated with sepsis. Early exploratory laparotomy, removal of the 
abscess, and adequate drainage were the best options.
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Abstract
BACKGROUND 
Diffuse idiopathic skeletal hyperostosis (DISH) is a disorder characterised by the 
calcification and ossification of ligaments and entheses. It is a frequent occurrence 
in elderly males, but rarely encountered in younger individuals.

CASE SUMMARY 
A 24-year-old male was admitted to the hospital due to low back pain 
accompanied with numbness in both lower limbs for 10 d. Upon clinical 
examination and imaging tests, the patient was diagnosed with DISH with 
Scheuermann disease and thoracic spinal stenosis. Before the operation and 
medical treatment, the patient had hypoesthesia of the skin below the xiphoid 
process. Afterward, a standard laminectomy was conducted using ultrasonic bone 
curette and internal fixation was applied. Subsequently, the patient was given 
corticosteroids, neurotrophic drugs, hyperbaric oxygen and electric stimulation. 
As a result of the treatment, the patient’s sensory level decreased to the navel level 
and there was no major change in the muscle strength of the lower limbs. During 
follow-up, the patient’s skin sensation has returned to normal.

CONCLUSION 
This case is a rare instance of DISH co-existing with Scheuermann’s disease in a 
young adult. This provides a valuable reference point for spine surgeons, as DISH 
is more commonly observed in middle-aged and elder adults.

Key Words: Diffuse idiopathic skeletal hyperostosis; Scheuermann disease; Thoracic spinal 
stenosis; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core Tip: This case report presents a rare instance of diffuse idiopathic skeletal hyperostosis in a 24-year-
old male patient, which is a condition that is usually seen in elderly males. The patient was also diagnosed 
with Scheuermann disease. By providing clinical data and treatment experience of this patient, it is hoped 
that it will help to improve the understanding of related diseases, and reduce the chances of misdiagnosis.

Citation: Liu WZ, Chang ZQ, Bao ZM. Young thoracic vertebra diffuse idiopathic skeletal hyperostosis with 
Scheuermann disease: A case report. World J Clin Cases 2023; 11(3): 655-661
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/655.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.655

INTRODUCTION
Diffuse idiopathic skeletal hyperostosis (DISH) is an ailment caused by the calcification and ossification 
of the entheses that primarily affects the spine and other peripheral areas[1]. Primarily, DISH affects the 
thoracic spine of the axial skeleton; however, other spinal regions are often affected too. Studies 
demonstrate that DISH is more predominant among middle-aged and elderly individuals and the rate 
of occurrence increases with age. Moreover, there is a higher rate of male patients than female patients
[2]. Scheuermann’s disease was initially described by Scheuermann[3], a Danish physician, in 1921. The 
main symptom of this condition is the formation of three adjacent vertebrae that are angled by at least 5 
degrees, resulting in the spine’s kyphoscoliosis. Radiographic features of Scheuermann’s disease include 
wedged vertebrae, irregular vertebral endplates, and Schmorl’s nodes[4]. In this paper, we present a 
case of a young patient who was eventually diagnosed with DISH in combination with Scheuermann 
disease and thoracic spinal stenosis (TSS) in our hospital. While DISH is usually observed in middle-
aged and elderly individuals, there is a lack of reports on young DISH patients. Moreover, it is even 
rarer for young DISH to be associated with Scheuermann disease, thus making this case worth 
reporting. We have reviewed the characteristics of the case, as well as the diagnosis and treatment 
process, in order to expand the current knowledge on the diagnosis and treatment of related diseases.

CASE PRESENTATION
Chief complaints
The 24-year-old male patient was hospitalized for 10 d due to lower back pain and numbness in both 
lower limbs.

History of present illness
The 24-year-old male patient was hospitalized for 10 d due to lower back pain and numbness in both 
lower limbs. On physical examination, thoracodorsal kyphosis was observed and the skin below 
xiphoid had hypoesthesia. Furthermore, the muscle strength of the right iliopsoas, quadriceps femoris 
and biceps femoris was graded as III, while the right tibialis anterior and extensor dorsi were graded as 
IV. At admission, the patient experienced radiating pain in his waist, which had a VAS score of 8.

History of past illness
The patient reported no other medical history such as hypertension and diabetes.

Personal and family history
The patient denied any personal and family history of illness.

Physical examination
On physical examination, thoracodorsal kyphosis was observed and the skin below xiphoid had 
hypoesthesia. Furthermore, the muscle strength of the right iliopsoas, quadriceps femoris and biceps 
femoris was graded as III, while the right tibialis anterior and extensor dorsi were graded as IV. At 
admission, the patient experienced radiating pain in his waist, which had a VAS score of 8.

Laboratory examinations
To differentiate DISH from ankylosing spondylitis, it is necessary to test for human leukocyte antigen-
B27 (HLA-B27). The patient’s HLA-B27 index is within the normal range. Additionally, the patient’s 
erythrocyte sedimentation rate, blood routine test and other biochemical indicators are all within the 
normal range.

https://www.wjgnet.com/2307-8960/full/v11/i3/655.htm
https://dx.doi.org/10.12998/wjcc.v11.i3.655
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Imaging examinations
Anterior-lateral X-ray: Kyphosis of the thoracic spine is present, with calcification of the anterior longit-
udinal ligament and lamellar ossification/floating bone bridge on the medial-inferior and medial-
superior sides of the anterior and lateral edges of vertebral plates. Additionally, there is a local wedge-
shaped deformation of the lower thoracic vertebra (Figure 1).

Thoracic computed tomography (CT) scan revealed a kyphosis in the thoracic spine and calcification 
of the anterior longitudinal ligament of multiple vertebral bodies. The T8-12 vertebral body was wedge-
shaped with a narrow front and wide back. The T5/6, T7/8, and T8/9 intervertebral discs were 
observed to protrude backward, resulting in compression of the corresponding horizontal segment 
dural sac. Furthermore, the adequate space of the spinal canal was constricted, and the spinal cord was 
compressed due to hyperplasia and sclerosis of the bilateral facet joints of the T7-9 vertebral body 
(Figure 2).

Results of a three-dimensional reconstruction revealed calcification of the anterior longitudinal 
ligament of numerous vertebral bodies, which has formed a bony bridge. The T8-12 vertebral body was 
found to be wedge-shaped, with a narrow front and wide back, as well as hyperplasia and sclerosis of 
both facet joints of the T7-9 vertebral body (Figure 3).

Thoracic magnetic resonance imaging showed kyphosis in the local thoracic spine. The T8-12 
vertebrae have a wedge-like shape, with a thin anterior side and a wide posterior side. The interver-
tebral discs between T5/6, T7/8, and T8/9 protrude posteriorly and the adjacent dural sac is 
compressed. Additionally, no alterations in the spinal cord signal intensity were observed (Figure 4).

FINAL DIAGNOSIS
The patient was diagnosed with DISH with Scheuermann disease and TSS.

TREATMENT
The patient’s TSS symptoms were serious, resulting in paraplegia of the lower limbs. To address this, 
we opted for a laminectomy with an ultrasonic bone curette and internal fixation. After the procedure, 
we administered corticosteroids, neurotrophic medications, hyperbaric oxygen, and electrical 
stimulation to the patient for further treatment.

OUTCOME AND FOLLOW-UP
After the surgery and medication, the patient’s sensory level decreased to the navel level with no 
noteworthy alteration in the muscle strength of the lower limbs. The VAS score was also decreased to 2 
points. During the follow-up, the lumbar pain was completely gone and the patient’s skin sensation was 
back to normal. The patient was also capable of walking 1.5 kilometers. The postoperative reexam-
ination revealed that the internal fixation position was successful (Figure 5).

DISCUSSION
The diagnosis of DISH is based on radiographic criteria proposed by Resnick and Niwayama[5] in 1976, 
which include the presence of flowing calcification and ossification along the anterolateral aspects of at 
least four contiguous vertebral bodies, relative preservation of disc height in the problematic areas, and 
absence of apophyseal joint bony ankylosis and sacroiliac joint erosion, sclerosis or bony fusion. This 
patient fulfilled these criteria and was thus diagnosed with DISH. DISH is most commonly found in the 
thoracic spine, where it presents as wavy ossification in front of the thoracic centrum, forming bone 
bridges across the intervertebral spaces, and is most commonly located on the right side[6]. It may also 
occur in the lower cervical spine and the upper lumbar segments[7]. It is important to differentiate DISH 
from ankylosing spondylitis, which can be done by examining the patient’s joint space, inflammatory 
manifestations of the articular surface, morning stiffness, and limited joint mobility, as well as HLA-B27 
values. In this case, the patient did not present with any of these features and had normal HLA-B27 
values, thus excluding the possibility of ankylosing spondylitis.

Patients with DISH usually do not present with any noticeable symptoms and rarely require 
treatment. However, when DISH is accompanied by ossification of the ligamentum flavum and 
posterior longitudinal ligament, which compresses the spinal cord or nerve, surgery is necessary[8]. 
This condition is usually discovered incidentally during imaging tests, and the prevalence rate increases 
with age[6]. Studies have found that the incidence of DISH in males over 50 is more than 25%[2], and is 
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Figure 1 X-ray before treatment. A: An anterior X-ray of the thoracic vertebra before operation; B: A lateral X-ray of the thoracic vertebra before operation; C: An 
anterior X-ray of the full-length of the spine before operation; D: A lateral X-ray of the full-length of the spine before operation.

Figure 2 Thoracic computed tomography before treatment. A and B: A computed tomography scan of the anterior thorax has revealed calcification of the 
anterior longitudinal ligament in multiple vertebral bodies; C-E: They were the T5/6, T7/8, and T8/9 intervertebral spaces. The T5/6, T7/8, and T8/9 intervertebral discs 
protrude backward, and the corresponding horizontal segment of the dural sac is compressed.

associated with age, obesity, and diabetes[9]. In contrast, the incidence of DISH in individuals under 40 
is extremely low, with only a few cases reported in the literature[10]. A Japanese study of 345 patients 
with spinal column diseases revealed that the youngest patient with DISH was 37 years old[11]. 
Additionally, a study of 1479 patients undergoing chest CT scans showed that the average age of DISH 
was 54.7 years old, with only one patient under the age of 40[6]. A cross-sectional study of 2000 subjects 
in China found that the mean age of DISH was 58.7 years old, and there were no cases of DISH in 
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Figure 3 Three-dimensional reconstruction before treatment. A-F: Three-dimensional reconstruction.

Figure 4 Thoracic magnetic resonance imaging before treatment. A-C: An magnetic resonance imaging of the thoracic spine revealed a kyphosis in the 
local thoracic region. The T8-12 vertebral bodies were observed to have a wedge-like shape, with a narrow front and a wide back; D-F: They were the T5/6, T7/8, and 
T8/9 intervertebral spaces. The T5/6, T7/8, and T8/9 intervertebral discs protrude backward, and the corresponding horizontal segment of the dural sac is 
compressed.

subjects under 40[10].
In 1964, Sorensen first proposed X-ray imaging diagnostic criteria for Scheuermann’s disease[12], 

which includes at least three adjacent vertebrae with a minimum of 5° wedging. Subsequent research 
has expanded the understanding of the condition and refined the diagnostic criteria, which include 
vertebral body wedging, vertebral endplate irregularity, Schmorl’s nodes, and narrowing of interver-
tebral disk spaces. Common symptoms in the early stages of the disease include chest and back pain. 
Our patient was a young individual with no prior history of spinal deformity, and they presented with 
the aforementioned symptoms. Scheuermann’s disease is a relatively common condition in adolescents, 
with an estimated prevalence of 1%-8%[13]. It usually presents as mild kyphosis and does not usually 
cause functional impairment. However, if the kyphosis worsens and is accompanied by disc herniation 
or spinal stenosis, prompt surgical intervention may be necessary[12]. Furthermore, a recent study 
reported a prevalence of syringomyelia of 5.8% in patients with Scheuermann’s disease[14], therefore, 
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Figure 5 X-ray after treatment. A and B: Anterior X-ray of thoracic vertebra before operation. They showed that the internal fixation position was suitable.

any changes in spinal cord signals should be taken seriously and prompt surgical intervention should 
be considered.

TSS is associated with secondary pathological factors such as ossification of ligamentum flavum and 
ossification of posterior longitudinal ligament secondary to ankylosing spondylitis and DISH. It is 
reported that the highest incidence of TSS is seen in individuals aged 50-60 years old[15]. When TSS has 
resulted in obvious spinal cord compression and deformation (grade IV) and the patient has developed 
neurologic deficits, decompression surgery should be considered[16]. Depending on the location of the 
lesion, TSS surgery mainly includes dorsal spinal canal decompression and ventral or annular spinal 
canal decompression[17]. In the present case, spinal canal decompression and pedicle screw fixation 
were performed taking into account the patient’s medical history and rate of disease progression. Post-
operatively, the patient’s sensory level decreased without any worsening such as spinal cord ischemia-
reperfusion injury. Additionally, the physiological curvature and stability of the spine were restored.

CONCLUSION
The rarity of DISH with Scheuermann disease and TSS in a 24-year-old patient poses a challenge in 
terms of early detection and diagnosis. Thus, medical practitioners should strive to broaden their 
knowledge and differential diagnosis skills regarding related diseases in order to improve the accuracy 
of diagnosis. By studying the clinical data and treatment experience of similar patients, doctors can gain 
a better understanding of DISH in young patients and reduce the chances of misdiagnosis or delayed 
diagnosis.
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Abstract
BACKGROUND 
Extraskeletal osteosarcoma (ESOS) is a highly malignant osteosarcoma that occurs 
in extraskeletal tissues. It often affects the soft tissues of the limbs. ESOS is 
classified as primary or secondary. Here, we report a case of primary hepatic 
osteosarcoma in a 76-year-old male patient, which is very rare.

CASE SUMMARY 
Here, we report a case of primary hepatic osteosarcoma in a 76-year-old male 
patient. The patient had a giant cystic-solid mass in the right hepatic lobe that was 
evident on ultrasound and computed tomography. Postoperative pathology and 
immunohistochemistry of the mass, which was surgically removed, suggested 
fibroblastic osteosarcoma. Hepatic osteosarcoma reoccurred 48 d after surgery, 
resulting in significant compression and narrowing of the hepatic segment of the 
inferior vena cava. Consequently, the patient underwent stent implantation in the 
inferior vena cava and transcatheter arterial chemoembolization. Unfortunately, 
the patient died of multiple organ failure postoperatively.

CONCLUSION 
ESOS is a rare mesenchymal tumor with a short course and a high likelihood of 
metastasis and recurrence. The combination of surgical resection and chemo-
therapy may be the best treatment.

Key Words: Extraskeletal osteosarcoma; Hepatic; Primary; Relapsed; Case report
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Core Tip: Hepatic osteosarcoma is a rare mesenchymal tumor with a short duration and a high likelihood of 
metastasis and recurrence. Although the imaging examination can help detect lesions, it is difficult to 
distinguish from other lesions with multiple osteosarcoma-like lesions and make accurate preoperative 
diagnosis. If hepatic osteosarcoma is suspected, a biopsy and surgery should be performed as soon as 
possible.

Citation: Di QY, Long XD, Ning J, Chen ZH, Mao ZQ. Relapsed primary extraskeletal osteosarcoma of liver: A 
case report and review of literature. World J Clin Cases 2023; 11(3): 662-668
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/662.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.662

INTRODUCTION
Extraskeletal osteosarcoma (ESOS) is a highly malignant osteosarcoma that occurs in extraosseous 
tissues. It is characterized by a low incidence, invasive growth, a high likelihood of metastasis and 
recurrence, and a poor prognosis[1]. ESOS often involves the soft tissues of the limbs. Few reports of 
ESOS occurring in organs are available, and relevant publications are mostly case reports[2,3]. The 
pathogenesis of ESOS is still unclear. The imaging manifestations of hepatic osteosarcoma are not 
specific, and its diagnosis depends on pathology and immunochemistry. The treatment of ESOS mainly 
relies on the combination of surgery, radiotherapy, and chemotherapy.

CASE PRESENTATION
Chief complaints
A 76-year-old male was readmitted to the hospital on September 14, 2020, due to abdominal distension 
and pain.

History of present illness
The patient had a history of resection of malignancy and had undergone surgery for right hemihep-
atectomy more than a month prior; however, the patient’s symptoms improved until significant 
abdominal distension developed a week ago.

History of past illness
On July 20, 2020, the patient was admitted to the hospital due to aggravation of existing abdominal pain 
and discomfort. Abdominal color Doppler ultrasound suggested a giant mixed echogenic mass in the 
right hepatic lobe, and color Doppler flow imaging revealed a small number of blood flow signals in 
and around the mixed echogenic mass (Figure 1A). Computed tomography (CT) indicated liver 
enlargement and a giant cystic-solid mass in the right hepatic lobe, and an enhanced scan showed mild 
to moderate enhancement of the solid component of the mass (Figure 1B). On July 21, 2020, a hospital-
wide general consultation was held. After analyzing the patient’s imaging data, laboratory findings, and 
physical signs, doctors concluded that the large intrahepatic mass was malignant and that a 
mesenchymal origin was probable; furthermore, the patient was in a hypercoagulable state, and blood 
clots may occur during or after surgery. Ultimately, doctors who participated in the consultation 
believed that surgical resection and chemotherapy constituted the best treatment for this patient, as did 
the patient and his family. On July 28, 2020, the patient underwent right hemihepatectomy. During the 
operation, a cystic-solid mass was observed in the section of the liver next to the liver capsule. The cystic 
fluid was already lost, and the grayish-red and grayish-yellow solid areas of the tumor were soft with a 
cut-fish-like surface (Figure 2A). A rapid intraoperative pathology examination suggested mesenchymal 
sarcoma. Immunohistochemistry yielded the following results: CK (pan) (-), EMA (-), CD34 (-), S-100 (-), 
SMA (scattered -), STAT6 (-), Ki67 (+, 30%), SATB2 (partially weak +), p16 (-), CD163 (scattered +), CD68 
(scattered +), CD56 (-), desmin (-), and H-Cald (-). Postoperative pathology and immunohistochemistry 
suggested fibroblastic osteosarcoma (Figures 2B and 2C). The patient received capecitabine 
monotherapy and was discharged on August 30, 2020.

Personal and family history
The patient denied any family history of malignant tumors.

https://www.wjgnet.com/2307-8960/full/v11/i3/662.htm
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Figure 1 Imaging examination. A: Liver ultrasound: A giant mixed echogenic mass (as indicated by the red arrow, approximately 18 cm × 11 cm × 12 cm) was 
observed in the right lobe of the liver with poorly defined boundary, irregular morphology, and uneven internal echoes. The mass was mainly cystic, with multiple solid 
parts inside. CDFI: A small number of blood flow signals were visible in and around the mixed echogenic mass, and the intrahepatic and right hepatic veins were 
compressed and offset; B: Enhanced computed tomography (CT) scans: The liver was enlarged and there was a large cystic-solid mass (as indicated by the red 
arrow, approximately 17 cm × 13 cm × 12 cm) in the right hepatic lobe with irregular morphology, unclear boundary, uneven attenuation, and CT values ranging from 
11 to 62 HU. The solid component of the mass was mildly to moderately enhanced. The arterial branches were observed in the mass. The intrahepatic and right 
hepatic veins and the right anterior branch of the portal vein were occluded.

Figure 2 Pathology of hepatic osteosarcoma. A: Macroscopic view: A cystic-solid mass was observed in the section of the liver next to the liver capsule. The 
cystic fluid was already lost, and the grayish-red and grayish-yellow solid area of the tumor was soft with a cut-fish-like surface; B: Pathological microscopy: The short 
spindle-shaped tumor cells had medium density, an increased nucleus-to-plasma ratio, atypical nuclei, and pathological mitosis. Some tumor cells were converted to 
osteoblasts. There was osteoid matrix between tumor cells and osteoclast-like giant cells; C: Immunohistochemistry: SATB2 was partially weakly positive.

Physical examination
The abdominal muscles of the upper abdomen were slightly tense, tenderness was noted in the right 
upper quadrant, and percussion pain was evident in the liver area; the abdominal mass was not 
touched, and an old scar measuring approximately 14 cm long was visible in the right upper quadrant.

Laboratory examinations
Laboratory tests indicated that inflammatory indicators were elevated, and cancer antigen 125 was 
slightly increased, suggesting poor liver and coagulation functions. In addition, alpha-fetoprotein was 
7.86 ng/mL, a hepatitis B virus (HBV) surface antigen test and hepatitis C antibodies were negative, and 
HBV-DNA was < 1.00E + 02 IU/mL.

Imaging examinations
Whole-abdomen nonenhanced and contrast-enhanced CT examinations indicated that the residual liver 
parenchyma had a patchy lesion with mixed attenuation and apparently uneven enhancement near the 
inferior vena cava and that the hepatic segment of the inferior vena cava was significantly compressed 
and narrowed (Figure 3), suggesting tumor recurrence.

FINAL DIAGNOSIS
Given the patient’s medical history, the final diagnosis was ESOS recurrence.

TREATMENT
Considering that the patient had inferior vena cava compression, stenosis, and a large amount of ascites, 
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Figure 3 Abdominal contrast-enhanced computed tomography. The residual liver parenchyma showed a patchy lesion (as indicated by the red arrow, 
approximately 11 cm × 8 cm × 10 cm) with mixed attenuation and clear boundary near the inferior vena cava. The lesion grew out of the liver contour and had multiply 
small, patchy hypoattenuating areas. The lesion showed obviously uneven enhancement, while the hypoattenuating areas of the lesion had no obvious enhancement. 
The hepatic segment of the inferior vena cava was significantly compressed and narrowed.

inferior vena cava stent implantation and transcatheter arterial chemoembolization were carried out on 
September 22, 2020.

OUTCOME AND FOLLOW-UP
The patient died on September 29, 2020, due to multiorgan failure after surgery.

DISCUSSION
ESOS is a highly malignant osteosarcoma that occurs in extraosseous tissues. This tumor was first 
reported in 1941 by Wilson[4]. Its incidence is low, and it occurs primarily in elderly adults. The average 
age of patients with ESOS is 47.5 to 61 years. ESOS accounts for 1% of all soft tissue sarcomas and 4% of 
osteogenic osteosarcomas[5]. ESOS is characterized by invasive growth, a high likelihood of metastasis 
and recurrence, and a poor prognosis[1]. The initial clinical symptom is usually a painless mass[6]. 
ESOS often involves the soft tissues of the limbs. Few reports of ESOS occurring in organs are available, 
and most publications are case reports[2,3]. This study reports a primary osteosarcoma occurring on the 
liver, which is very rare, and only 13 articles were found in the literature search[2,7-18]. Of these 
patients, ten cases occurred in men, and three occurred in women. Five of the patients had underlying 
liver cirrhosis. Sumiyoshi and Niho[8] proposed possible tumorigenesis in mesenchymal tissue that 
proliferates in cirrhosis. However, in our case, the patient had no history of liver cirrhosis or chronic 
HBV and hepatitis C infection.

The pathogenesis of ESOS is still unclear. Two theories on the pathogenesis of ESOS have been 
proposed[19]: (1) The tissue residual theory: Residual mesenchymal components from the embryonic 
development stage form bone and osteosarcomas; and (2) The metaplasia theory: Interstitial fibroblasts 
in muscle tissues are converted into osteoblasts and chondroblasts in response to internal or external 
stimuli and then evolve into osteosarcoma. Currently, most scholars support the metaplasia theory. 
According to their origin, ESOS are classified as primary or secondary ESOS[20]. Primary ESOS occurs 
in extraskeletal organs and soft tissues and does not attach to the bone or periosteum. No primary ESOS 
is of bone origin. In contrast, secondary ESOS is mostly metastases from an osteosarcoma of bone origin 
to the extraskeletal organs and soft tissues or is secondary to certain primary diseases, such as myositis 
ossificans. In this report, except for the cystic-solid mass in the liver, no evidence of primary tumors or 
primary bone lesions was found. Therefore, osteosarcomatous foci in other parts of the body were 
excluded.

Although imaging examinations can help identify lesions, the imaging findings of hepatic 
osteosarcoma are nonspecific and not different from those of a variety of tumor-like lesions; 
consequently, hepatic osteosarcoma is difficult to accurately diagnose preoperatively. In this study, the 
hepatic osteosarcoma manifested as a cystic-solid mass. The histology of hepatic osteosarcoma is similar 
to that of skeletal osteosarcoma. Although the direct production of osteoid components by osteosarcoma 
cells has significant diagnostic value, it has no specificity[21]. Pathologists diagnose ESOS based on the 
appearance of osteoid matrix and osteoblastic-like tumor cells, the differentiation of tumors without fat 
cells, myogenic or neurogenic properties, and the absence of dedifferentiated or highly differentiated 
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liposarcoma components at specimen crossover and microscopy[22,23]. In this study, immunohisto-
chemistry suggested SATB2 (partially weak+). Special AT-rich sequence-binding (SATB2) is a nuclear 
matrix-associated protein. SATB2 expression has tissue and stage specificity, and SATB2 is specifically 
expressed in glandular cells of the lower digestive tract and osteoblasts of bone tumors, which can be 
used as a marker for differential diagnosis[18]. This case is morphologically consistent with 
mesenchymal-derived sarcoma, with tumor cells producing a bone-like stroma, combined with positive 
immunohistochemical SATB2, which is consistent with the diagnosis of osteosarcoma. Therefore, the 
diagnosis of hepatic osteosarcoma still relies on pathology and immunochemistry.

At present, the treatment of ESOS mainly relies on the combination of surgery, radiotherapy, and 
chemotherapy. Radical surgery is considered to reduce local recurrence of ESOS but has no obvious 
inhibitory effect on the distant metastasis of tumors[24]. As adjuvant therapies for ESOS, radiotherapy 
and chemotherapy are helpful for improving the tumor resection rate and reducing local recurrence and 
distant metastasis. Since osteosarcoma is a malignant tumor, ESOS has a short course, rapid 
progression, a high local recurrence rate, and a high risk of distant metastasis[2]. Lee et al[19]  reported 
that the 5-year survival rate of a group of patients diagnosed with ESOS was only 37% and that most of 
them died within 2 to 3 years after the initial diagnosis. Studies have demonstrated that distant 
metastasis, large tumors (≥ 10 cm), tumors of the axial skeleton, and advanced age are poor prognostic 
factors for ESOS, while radiotherapy and chemotherapy have no significant correlation with mortality
[25-28]. The patient described in this study was 76 years old. He had a large intrahepatic tumor 
measuring 17-18 cm. After surgical resection, he underwent chemotherapy. However, local recurrence 
occurred within a short time after surgery, and the disease progressed rapidly. The patient died within 3 
mo after symptom onset. Among the 13 primary hepatic osteosarcoma cases in the literature, most 
patients died within 2 to 4 mo after initial diagnosis[2,7-15,17,18], but one article reported no tumors 
within 3 years of surgical resection and adjuvant chemotherapy[16]. At present, the treatment methods 
for hepatic osteosarcoma are similar to those used for other soft tissue sarcomas. Because this disease is 
rare, no evidence-based treatment plan has been established to date. Surgical resection combined with 
adjuvant chemoradiotherapy seems to be the best treatment option[24,25,28-30].

CONCLUSION
Hepatic osteosarcoma is a rare mesenchymal tumor with a short course and a high likelihood of 
metastasis and recurrence and is difficult to distinguish from other tumors by imaging. Its diagnosis still 
relies on pathological and immunochemical examinations. Compared with simple surgery or 
chemotherapy, the combination of surgical resection and chemotherapy may be the best treatment for 
the disease, which can slow disease progression, reduce the recurrence frequency, and prolong patient 
survival.
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Abstract
BACKGROUND 
Heterotopic pregnancy (HP) is a rare condition in which both ectopic and 
intrauterine pregnancies occur. HP is uncommon after natural conception but has 
recently received more attention due to the widespread use of assisted 
reproductive techniques (ART) such as ovulation promotion therapy.

CASE SUMMARY 
Here, we describe a case of HP that occurred after ART with concurrent tubal and 
intrauterine singleton pregnancies. This was treated successfully with surgery to 
preserve the intrauterine pregnancy, resulting in the birth of a low-weight 
premature infant. This case report aims to increase awareness of the possibility of 
HP during routine first-trimester ultrasound examinations, especially in 
pregnancies resulting from ART and even if multiple intrauterine pregnancies are 
present.

CONCLUSION 
This case alerts us to the importance of comprehensive data collection during 
regular consultations. It is important for us to remind ourselves of the possibility 
of HP in all patients presenting after ART, especially in women with an 
established and stable intrauterine pregnancy that complain of constant 
abdominal discomfort and also in women with an unusually raised human 
chorionic gonadotropin level compared with simplex intrauterine pregnancy. This 
will allow symptomatic and timeous treatment of patients with better results.

Key Words: Heterotopic pregnancy; Assisted reproductive techniques; Preterm labor; 
Premature rupture of membranes; Case report
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Core Tip: Extrauterine pregnancies are collectively known as ectopic pregnancies. Heterotopic pregnancy 
(HP) is a rare type of ectopic pregnancy where both ectopic and intrauterine pregnancies occur. The more 
frequent use of assisted reproductive technologies (ART) leads to a rise in ectopic pregnancy, 
consequently leading to an increase in the incidence of HP. We report a case of HP that occurred after 
ART. Combined with the analysis of the cases indexed in PubMed, we concluded several possible factors 
related to the correlation. Symptomatic and timeous treatment of patients could lead to improved 
outcomes.

Citation: Wang YN, Zheng LW, Fu LL, Xu Y, Zhang XY. Heterotopic pregnancy after assisted reproductive 
techniques with favorable outcome of the intrauterine pregnancy: A case report. World J Clin Cases 2023; 11(3): 
669-676
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/669.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.669

INTRODUCTION
Ectopic pregnancies occur in 1%–2% of all pregnancies. Heterotopic pregnancy (HP) is a rare type of 
ectopic pregnancy that involves the coexistence of both intrauterine and ectopic pregnancies. A recently 
estimated incidence of HP is about 1/30000[1] in spontaneous pregnancies, increasing to 1/360 to 1/100
[2] in pregnancies resulting from assisted reproductive techniques (ART). ART can result in pelvic 
inflammatory disease which also contributes to HP. Here, we describe a case of HP after ART in a 26-
year-old woman, and through a literature review of previous cases, we summarize the possible causes 
and related mechanisms accounting for the higher rate of HP after ART.

CASE PRESENTATION
Chief complaints
A 26-year-old Chinese woman presented to the gynecology clinic with a complaint that led to the 
suspicion of HP.

History of present illness
Suspicion of heterotopic pregnancy after in vitro fertilization and embryo transfer cycles (IVF-ET).

History of past illness
Three months before, the patient presented to our reproductive department with a complaint of 
infertility. After a detailed examination, she was diagnosed with primary infertility, polycystic ovary 
syndrome, and compound chronic inflammation of the left fallopian tube. Her husband’s semen 
analysis revealed mild asthenospermia. After obtaining their consent, ART was performed.

The patient was pretreated with oral medroxyprogesterone pills (2 mg per pill) given at a dose of 20 
mg per day for seven days until the following menses. Controlled ovarian hyperstimulation (COH) was 
performed on the third day of the period with the use of clomiphene citrate pills (100 mg qd) for five 
days. After completion of this oral management, the COH was continued with urofollitropin for 
injection (uFSH) (75 units qd) for four days, with the addition of the same dose of menotrophin for the 
following four days. Follicle maturation was monitored by ultrasonography. After three days, instead of 
repeated COH by injection, the patient received further treatment with chorionic gonadotrophin given 
at a dose of 10000 units and it was suggested that she had sex on that day with the expectation of 
natural conception.

Two days later, ovulation of the right ovary was detected on the ultrasound scan, and we suggested 
that the patient take vitamin complex tablets from then onward as well as dydrogesterone starting two 
days hence to form a habitable place for a fetus and create a suitable internal environment to nurture a 
growing child.

The urinary pregnancy test was positive 15 days after ovulation and the serum human chorionic 
gonadotropin (hCG) level was 520 mIU/mL. A transvaginal ultrasound examination showed an 
intrauterine pregnancy with a 10-mm-thick endometrium at the C stage, with six follicles in the right 
ovary, four echoless regions in the left ovary, and mild pelvic effusion. Early intrauterine pregnancy 
with additional ectopic pregnancy in the right tube was strongly suspected due to the enhanced clinical 
clues. As the patient was strongly in favor of continuing the pregnancy, they decided to anticipate 
spontaneous abortion of the ectopic pregnancy and treated the intrauterine pregnancy as before.

https://www.wjgnet.com/2307-8960/full/v11/i3/669.htm
https://dx.doi.org/10.12998/wjcc.v11.i3.669
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Six days later, the follow-up serum hCG level was 3754.54 mIU/mL and transvaginal sonography 
reexamination showed an intrauterine singleton without a clearly visible yolk sac and multiple echoless 
areas in the bilateral adnexa. Finally, after another six days had passed, the detection of an intrauterine 
gestational sac (GS) of 14 mm × 6.0 mm, an embryonic bud of 3 mm, an embryonic heartbeat, and a GS 
of 9 mm × 7 mm with a yolk sac beside the right ovary confirmed the presence of HP. These findings 
combined with the clinical factors provided the main indications for surgery. (Figure 1) Having taken 
our advice, the patient (1 gravida, 0 para) presented to the gynecology clinic.

Personal and family history
The patient denied any family history of malignant tumors.

Physical examination
On physical examination, the vital signs were as follows: Body temperature, 36.5℃; blood pressure, 
115/85 mmHg; heart rate, 97 beats per min; respiratory rate, 19 breaths per min.

Laboratory examinations
The human chorionic gonadotropin level was 20295.14 mIU/mL.

Imaging examinations
An intrauterine gestational sac appropriate for seven weeks of pregnancy was seen on transvaginal 
sonography (Figure 2A). Both ovaries were larger than normal, with dimensions of 11 cm × 5 cm for the 
right and 8 cm × 4 cm for the left. A mass in the right ovary suggested the presence of an ectopic 
pregnancy (Figure 2B).

FINAL DIAGNOSIS
Combined with the patient’s medical history and intraoperative findings, the final diagnosis was HP.

TREATMENT
Laparoscopic surgery was performed. On removal of the blood in the peritoneal cavity (approximately 
300 mL), the bilateral ovaries were immediately visible, clearly larger than normal as had been seen on 
the transvaginal sonography. The right fallopian tube was thickened with a bluish-purple lump of 
approximately 5.0 cm × 3.0 cm. The left fallopian tube was normal. The uterus was regular in shape and 
normal in size. After sufficient and short intraoperative communication with her medical authorizer, the 
surgeon excised the swollen right fallopian tube. During the operation, the estimated blood 
extravasation was approximately 50 mL. After the operation, the patient was given Ceftizoxime Sodium 
injection (0.2 g bid) to prevent inflammation which was discontinued after normal WBC counts were 
obtained on routine blood test reexamination. The patient recovered well during the remaining hospital-
ization and her reexamination by transvaginal sonography was satisfactory (Figure 3). She was 
discharged six days after surgery and was monitored for the duration of her pregnancy.

OUTCOME AND FOLLOW-UP
The patient’s obstetric follow-ups and fetal assessments were normal showing good fetal growth of her 
intrauterine singleton. The course of pregnancy was unremarkable until the patient experienced 
contractions at 30+5 wk of gestation. She was admitted to the hospital and, after confirming premature 
rupture of membranes, cervical effacement, and complete cervical dilatation, we continued with the 
delivery process, resulting in a baby boy with a birth weight of 1430 g. He was admitted to the neonatal 
unit. The postpartum course was uneventful for both the mother and baby.

DISCUSSION
Many recent articles on ART have paid particular attention to the link between ART and an increased 
incidence of HP, with some reports indicating HP rates as high as 8.6% after ART[3].

HP is diagnosed when ultrasound findings demonstrate an intrauterine pregnancy and a concurrent 
ectopic pregnancy[4]. As discussed in the Introduction, there is inescapable evidence that the incidence 
of HP is higher in pregnancies resulting from ART than in spontaneous pregnancies. However, many 
cases are still clinically misdiagnosed during first-trimester examinations due to poor awareness of this 
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Figure 1 The complete process of diagnosis and treatment of the patient. ART: Assisted reproductive techniques; hCG: Human chorionic 
gonadotropin; HP: Heterotopic pregnancy; PCOS: Polycystic ovary syndrome; TVS: Transvaginal scanning; uFSH: Urofollitropin for injection.

Figure 2 Transvaginal sonography. A: The intrauterine gestational sac was about 7 wk of pregnancy; B: The bilateral ovaries were larger than normal. The left 
ovary measured 8 cm × 4 cm, while the right ovarian mass measured about 11 cm × 5 cm, suggestive of an ectopic pregnancy.

fact[5]. The differences in HP incidence between natural HP and HP after IVF-ET are apparent and 
present an additional problem, namely, how to explain this phenomenon and how to prevent it.

To answer this question, we first need to understand the ART procedure itself, which includes all 
clinical fertility treatments. In this respect, after analysis of earlier studies, we focus on the IVF-ET, 
typically performed by culturing embryos for a few days before transferring them through the cervix to 
the uterus. IVF-ET consists of four successive steps, commonly stated as stimulation of the growth of 
multiple ovarian follicles, egg retrieval from the woman’s ovaries, fertilization in vitro, and, finally, the 
transfer of viable embryos into the uterine cavity (Figure 4). However, in many cases, these four steps 
are not fully performed due to reasons such as allowing the possibility of natural conception, as in the 
present case[6]. Furthermore, during the steps described above, there are several factors that predispose 
to higher rates of HP in pregnant women after ART[7].

Firstly, as in the case of the present patient, ovarian induction is widely used for the retrieval of 
multiple follicles, indicating the presence of often more than one follicle in the body ready to be 
fertilized after the intervention. Therefore, in the period following attempts at either natural or in vitro 
fertilization, multiple zygotes are often present, implying the availability of more than one embryo 
ready for implantation, which could occur spontaneously in different places. An experimental study has 
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Figure 3  Re-examination by transvaginal sonography showing the intact intrauterine gestational sac.

Figure 4  Commonly used fertility treatments.

demonstrated that the adhesion of mouse embryos to the human endometrium reduces gradually with 
increasing concentrations of estradiol (E2)[8]. It has been shown that very high levels of serum E2 
influence implantation[9,10]. Recent studies have also shown that normal gene expression in 
endometrial tissue is disturbed during IVF-ET cycles as a result of high levels of serum E2 or increases 
in follicular progesterone[11,12].

Secondly, the majority of patients undergoing IVF-ET suffer from one or more types of reproductive 
dysfunction, with tubal dysfunction accounting for approximately 95% of these[13,14]. Various 
processes, including ovum and sperm transport, fertilization, and early stages of embryogenesis, occur 
in the fallopian tubes[15]. Gametes and fertilized embryos are propelled along the tubes by the action of 
smooth muscles and ciliary beating[5,15], and dysfunction of these systems may affect the correct 
homing of the oocyte and embryo. A perusal of the recent literature supports the hypothesis that tubal 
implantation is a result of tubal malfunction, specifically caused by alterations both in tubal transport 
mechanisms and expression of factors normally responsible for preventing implantation within the 
fallopian tube[16-19]. Such malfunctions can result from disease, such as chronic salpingitis or the 
effects of surgery, as well as endocrine disruptions during ovulation induced by hyperstimulation by 
exogenous gonadotropins or the chronic administration of low-dose progestogen[15]. It is presumed 
that the amount of administered estrogen is sufficient to prevent increases in progesterone or its tubal 
effects, delaying the passage of the ovum through the ampulla-isthmus junction for sufficient time to 
allow hatching of the blastocyst in the ampulla. These mechanisms appear to be associated with an 
increased risk of HP[14,15].

However, some scientists hold a different perspective, namely, that the increased incidence of 
embryonic implantation outside the uterus is determined by the embryo itself rather than by tubal 
factors. E-cadherin is known to be responsible for the anchorage of placental villi and its expression is 
reduced when differentiation occurs outside of the villi. Previous studies on E-cadherin-knockout mice 
have shown that the protein is required for normal implantation, as knockout embryos did not form 
functional trophectoderm and died during implantation[20]. In normal embryos, insulin-like growth 
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factor 1 receptor (IGF-1R) is present throughout the membrane but on activation, is found exclusively at 
cell contact sites, colocalizing with E-cadherin. It has been found that abrogation of IGF-1R signaling 
with specific inhibitors blocks trophectoderm formation and compromises embryo survival during 
murine blastocyst formation and that E-cadherin is required to maintain the proper activation of IGF-
1R. Perturbation of E-cadherin extracellular integrity, independent of its cell-adhesion function, was 
shown to block IGF-1R signaling, inducing cell death in the trophectoderm, and thus indicating a crucial 
and non-substitutable role of E-cadherin for these processes[21]. Strong E-cadherin expression is only 
seen at tubal implantation sites in patients after IVF-ET[13]. E-cadherin staining in the fallopian tubes of 
IVF-ET patients has been found to be restricted to the trophoblast, supporting the hypothesis of the 
dominant influence of the embryo in ectopic pregnancy after IVF-ET treatment[13]. Thus, it is possible 
that ectopic pregnancies in IVF-ET patients with normal fallopian tubes may be associated with reduced 
abilities of the embryos for implantation.

Furthermore, ARTs, such as ovarian induction and oocyte retrieval, are known to enhance uterine 
contraction, which could also impede embryonic implantation[22].

The recognized risks of ectopic pregnancy have led clinicians to turn their attention to ways in which 
these risks can be reduced in clinical practice.

Firstly, to reduce the risk of multiple births, milder and more physiological approaches to ovarian 
stimulation during IVF-ET are being considered; these have been shown to have several advantages 
despite the likelihood of producing fewer embryos. The term mild-stimulation IVF (MS-IVF) is defined 
as the administration of follicle-stimulating hormone or human menopausal gonadotropin at lower 
doses or shorter durations during a cycle with co-treatment of gonadotropin-releasing hormone 
antagonists or the administration of oral anti-estrogens or aromatase inhibitors either individually or 
combined with gonadotropins to collect fewer oocytes[23]. The advantages of MS-IVF, namely, 
improved safety, tolerance, and affordability, in IVF-ET cycles have been demonstrated, and many 
studies have shown an association between this gentle stimulation and improved perinatal outcomes
[24].

Secondly, to reduce the effects of reproductive disorders such as tubal dysfunction that hinder oocyte 
and zygote transport within the fallopian tube, it is advisable to instigate treatment to restore the system 
to its normal state as far as possible before ART[25]. In addition, considering prognosis and perinatal 
outcomes, salpingectomy is considered a better treatment for women diagnosed with ectopic pregnancy 
compared with conservative treatment due to the reduced likelihood of future ectopic pregnancies after 
treatment[26].

Furthermore, it is suggested that the optimum time for embryo transferal is five to six days after 
oocyte retrieval when the embryo is exactly in the blastocyst stage. This is supported not only by basic 
experimental studies but also by the consistent results of clinical trials[25-27].

In addition, options for embryo transfer are not only limited to the cleavage or blastocyst phases but 
also include techniques such as fresh or frozen embryo transfer. It has been found that the transfer of 
fresh blastocysts does not affect perinatal outcomes in singleton live births compared with the transfer 
after the cleavage stage[28]. No significant differences were observed in the incidence of ectopic 
pregnancy between fresh and frozen/thawed cycles in a large patient sample[22]. The risk of recurrent 
ectopic pregnancy was found to be lower with fresh embryo transfer[26]. However, no definite 
conclusions on the effects of fresh or frozen embryos on the risk of ectopic pregnancy can be made at 
this time, and further robust evidence is required.

CONCLUSION
The increased incidence of HP is considered a clinical disadvantage of ART and also alerts us to the 
importance of collecting comprehensive data during regular consultations. It is important for us to 
remind ourselves of the possibility of HP in all patients presenting after ART, especially in women with 
an established and stable intrauterine pregnancy that complain of constant abdominal discomfort and 
also in women with unusually raised hCG levels compared with simplex intrauterine pregnancy. This 
will allow symptomatic and timeous treatment of patients leading to improved outcomes.
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Abstract
BACKGROUND 
Brucellosis is the most common zoonosis worldwide and is endemic in the Middle 
East, Africa, Asia, and Latin America. However, it is uncommon in Central 
Europe, and periprosthetic infections caused by Brucella are therefore rare. Due to 
the low prevalence and nonspecific clinical presentation of the disease, accurate 
diagnosis can be challenging; no gold standard currently exists for treating 
brucellosis.

CASE SUMMARY 
Here, we present a 68-year-old Afghan woman living in Austria with a peripros-
thetic knee infection caused by Brucella melitensis. The interval from total knee 
arthroplasty to septic loosening was five years. A profound medical history and 
examinations suggested that the patient had been suffering from unrecognized 
chronic osteoarticular brucellosis prior to total knee arthroplasty. She was 
successfully treated by two-stage revision surgery and combined antibiotic 
therapy over three months.

CONCLUSION 
Clinicians should consider brucellosis as a possible cause of chronic arthralgia and 
periprosthetic infection in patients originating from countries with a high 
brucellosis burden.

Key Words: Brucellosis; Arthroplasty; Infection; Osteoarticular; Knee; Case report
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Core Tip: Periprosthetic infections caused by Brucella species are rare, difficult to diagnose, and 
challenging to treat. We present here our experience in treating a 68-year-old Afghan woman with a 
periprosthetic knee joint infection caused by Brucella melitensis. In conclusion we recommend clinicians 
to consider Brucellosis as a possible cause for chronic arthralgia and periprosthetic infection in patients 
originating from countries with a high brucellosis burden.

Citation: Stumpner T, Kuhn R, Hochreiter J, Ortmaier R. Periprosthetic knee joint infection caused by Brucella 
melitensis which was first -osteoarticular brucellosis or osteoarthrosis: A case report. World J Clin Cases 2023; 
11(3): 677-683
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/677.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.677

INTRODUCTION
Brucellosis is a zoonotic bacterial infection caused by different species of gram-negative coccobacilli 
Brucellae[1]. While it is the most common zoonosis worldwide and endemic in large parts of the Middle 
East, Mediterranean, Central Asia, Africa, and Latin America, it is rare in Central Europe and Northern 
America[2].

Transmission usually occurs through the consumption of unpasteurized milk, and less commonly 
through direct contact with animals or the inhalation of infected particles[3]. Diagnosis is made by 
serological tests for antibodies against Brucella and culture of blood, joint aspirates, or other tissue 
samples. Cultivation of germs may be hampered by the slow-growing nature of Brucella species and 
therefore culture can require prolonged incubation. Highly sensitive molecular methods (nucleic acid 
amplification tests) can enable a quick diagnosis; however, they are still under development and no 
sufficiently validated commercial tests are currently available[4].

The disease itself usually presents with nonspecific symptoms such as fever, fatigue, loss of appetite, 
and weight loss[3]. Hematogenous spread may affect any organ; however, osteoarticular involvement 
(arthritis, osteomyelitis) is the most common complication[3,5,6]. Periprosthetic infections due to 
Brucella are extremely rare, and only 30 cases have been reported in the literature to date[6,7].

CASE PRESENTATION
Chief complaints
In December 2020, a 68-year-old female presented with pain, redness, and swelling in her left knee.

History of present illness
At the time of presentation, the complaints had been present for three months, and antibiotic therapy 
(oral amoxicillin 1 g twice daily) had already been started by her general practitioner.

History of past illness
Total knee arthroplasty (TKA) in the affected joint had been performed five years prior due to 
osteoarthritis (Figure 1). The initial postoperative course was uneventful. In the following years 
however the patient repeatedly presented to our outpatient clinic with pain in the operated knee and 
lumbar spine. Complaints always improved with physiotherapy, oral pain medication, and local 
cryotherapy to the knee.

Personal and family history
Neither the patient nor her family members had previous episodes of similar symptoms.

Physical examination
There was marked effusion, warming, and swelling in the left knee. The range of motion was quite 
limited due to pain. The patient was afebrile without any feeling of illness.

Laboratory examinations
The C-reactive protein (CRP) level was 2 mg/dL (norm < 1 mg/dL), and the leukocyte count was within 
the normal range. No aspirate could be withdrawn by intraarticular puncture.

https://www.wjgnet.com/2307-8960/full/v11/i3/677.htm
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Figure 1 Radiograph showing total knee arthroplasty five days after surgery. A: Anterior-posterior view; B: Lateral view.

Imaging examinations
X-ray imaging showed a tilt of the tibial plateau and radiolucent lines around the femoral component 
(Figure 2).

INITIAL DIAGNOSIS AND TREATMENT
Despite suspicion of septic loosening, an outpatient procedure was initially agreed upon because the 
patient refused surgical intervention. Therefore, she was fitted with a rigid knee brace and antibiotic 
therapy with amoxicillin was continued. We scheduled her for a check-up in our orthopedic outpatient 
clinic.

One week later, the pain and redness were reduced and the CRP level and leukocyte count remained 
unchanged. However, considerable effusion remained. Ten milliliters of intraarticular serohemorrhagic 
fluid were aspirated, and qualitative determination of alpha-defensin (Synovasure®, Zimmer Biomet) 
was positive. The cell count in the aspirate was 9800: 76% of these cells were granulocytes, thus 
confirming a periprosthetic joint infection. Revision surgery was agreed upon with the patient.

After removal of the prosthesis, a mobile vancomycin- and gentamicin-loaded spacer (VancoGenx™ 
SPACE Knee,Medix Medical) was implanted (Figure 3). Seven tissue samples were taken intraoper-
atively for culture and histopathology, and the prosthesis was sent for sonication. The antibiotic 
regimen was changed to intravenous (i.v.) cefuroxime.

Eight days after surgery Brucella melitensis was successfully cultivated in synovial fluid. Serological 
tests were positive for antibodies against Brucella melitensis and Brucella abortus.

FINAL DIAGNOSIS
The final diagnosis was a periprosthetic knee joint infection caused by Brucella melitensis. 

TREATMENT
Antibiotic therapy was adapted to oral doxycycline 200 mg daily plus oral rifampicin 450 mg twice daily 
for 12 wk, and i.v. gentamicin was administered for two weeks under the close monitoring of serum 
levels due to severe renal insufficiency. Six weeks after implant removal a revision TKA was performed. 
To protect the new prosthesis from superinfection with rifampicin-resistant staphylococci, our patient 
received a single 1.5 g shot of i.v. cefuroxime preoperatively and i.v. daptomycin 500 mg for 14 d after 
reimplantation. After a total of 12 wk targeted antibiotic therapy was terminated (Figure 4).
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Figure 2 Radiograph showing a tilt of the tibial plateau and radiolucent lines around the femoral component. A: Anterior-posterior view; B: 
Lateral view.

Figure 3 Immediate postoperative radiograph showing an antibiotic-loaded spacer. A: Anterior-posterior view; B: Lateral view.

Figure 4 Postoperative antibiotic regimen after implant removal.

OUTCOME AND FOLLOW-UP
Nineteen months after reimplantation, the patient was free of pain and walked without crutches. The 
affected joint showed no swelling, and the active range of motion was 115 degrees without a fixed 
flexion deformity or extensor lag. Inflammatory markers were within the normal range, and the levels of 
anti-Brucella antibodies had decreased. X-ray imaging showed no signs of loosening (Figure 5).
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Figure 5 Ten-month postoperative radiograph showing a revision knee arthroplasty (Attune® Revision Knee System, J&J Medical 
Devices). A: Anterior-posterior view; B: Lateral view.

DISCUSSION
Periprosthetic infections with Brucella species are rare; therefore, diagnosis can be a challenge especially 
in nonendemic countries such as Austria. Our patient is originally from Afghanistan and had been 
living in Austria since 2013. The pain in her left knee started years before she emigrated to Austria, but 
no cause could be found in Afghanistan. TKA was performed in our department in 2015 after several 
attempts of conservative treatment for osteoarthritis.

When asked about the possible transmission of Brucella species, the patient denied consumption of 
unpasteurized milk or raw meat, but she reported that she had kept livestock in Afghanistan. The fact 
that the periprosthetic infection occurred five years after implantation but seven years after the last 
contact with livestock suggests that the patient had a latent infection with Brucella melitensis prior to 
TKA. Brucellosis has a tendency towards chronicity similar to tuberculosis. By evading the host immune 
defense, it can persist for long periods in practically any organ system, thus causing chronic granulo-
matous infections[5,8]. It is debatable whether the real cause of knee pain eventually leading to TKA in 
2015 was chronic osteoarticular brucellosis rather than osteoarthrosis. In fact, our patient complained of 
recurrent load-dependent knee pain after her initial surgery. Minimal effusion was observed in various 
visits to our department. There was no warming or redness, and the pain always improved with 
cryotherapy and oral analgesics. Minor radiolucent lines at the anterior and posterior flanges of the 
femoral component were already evident one year postoperatively (Figure 6). However, such ra-
diological changes are common, and the incidence is reported to be up to 20% for the type of prosthesis 
used here[9,10]. Therefore, infection was suspected in December 2020 only because the patient had 
severe pain, and the X-ray showed definite signs of loosening.

After the diagnosis of brucellosis was confirmed we performed magnetic resonance imaging (MRI) of 
the spine due to the patient’s history of chronic lower back pain. The MRI showed depleted interver-
tebral space in L4/L5 and post-inflammatory alterations indicating a residual state after spondyl-
odiscitis. In conclusion, the history and clinical findings retrospectively and strongly suggest that the 
patient had suffered from chronic brucellosis with involvement of the knee and lumbar spine for years.

Our case also demonstrates the difficulty in detecting brucellosis especially because the patient was 
already receiving broad-spectrum penicillin when the diagnostic testing began. Culture was positive in 
one out of two synovial fluid samples and only one in seven intraoperative tissue samples. It took two 
weeks of culture until bacterial growth was noted. Sonication was negative. Antibody detection was 
performed after receiving the microbiological findings and was positive for Brucella melitensis and 
Brucella abortus; the latter, however, was considered a serological cross-reaction. Our diagnostic 
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Figure 6 Radiograph one year after the initial surgery showing radiolucent lines around the femoral component. A: Anterior-posterior view; B: 
Lateral view.

experience is consistent with reports in the literature stating that the detection of brucellosis can be 
challenging and complicated by the long cultivation required due to slow bacterial growth[4,6,7]. We 
therefore concur with recommendations suggesting screening for anti-Brucella antibodies early in 
patients from endemic countries or in close contact with livestock[6,7]. When serology is positive, 
invasive procedures such as joint aspiration or surgery should be performed using special protection 
including an apron, eye protection, and filtering face piece-3 mask to prevent transmission via aerosols. 
Laboratory staff must be informed about special hazards when handling samples[6,7,11].

Treatment of systemic brucellosis requires antibiotic combination therapy for at least six weeks. 
Monotherapy or a shorter duration of therapy carries a high risk of treatment failure and relapse[3,7,8]. 
The most common antibiotic combinations are doxycycline plus rifampicin or doxycycline plus 
streptomycin. Fluoroquinolones, trimethoprim/sulfamethoxazole, or gentamicin are also used. To date, 
no gold standard in antibiotic combination and duration of therapy has been established[3,7].

Antibiotic therapy for at least 12 wk is recommended in osteoarticular brucellosis[7,12]. Antimicrobial 
therapy without surgical intervention may be feasible in cases of periprosthetic infection and the 
absence of radiological loosening[6,13,14]. Thus, successful outcomes have been reported in eight out of 
nine joints with periprosthetic infections due to Brucella and with well-fixed implants when treated 
solely with antibiotics over six to 52 wk[6]. However, the sample number of patients described is too 
small to derive firm recommendations. Revision surgery is mandatory in cases of loose implants. Good 
results have been described for both one-stage and two-stage revision surgery with short or long 
intervals[6,7]. The prognosis of brucellosis, whether local or systemic, is generally good: Mortality is low 
but with high morbidity due to the multilocular and often protracted course of disease[3].

We opted for a two-stage revision with a six-week interval given the long history of pain over three 
months and the profound radiological changes in our case. The antibiotic regimen consisted of 
doxycycline and rifampicin for 12 wk, gentamicin for two weeks after implant removal, and daptomycin 
for two weeks after reimplantation. No side effects (changes in blood count or transaminases) were 
encountered. The treatment of our patient with multiple comorbidities was an interdisciplinary 
challenge involving orthopedics, internal medicine, and microbiology, and we would like to thank all 
the disciplines for their contribution to the good outcome.

CONCLUSION
Brucellosis can be easily missed given the low prevalence in nonendemic countries. We recommend that 
clinicians consider brucellosis as a possible cause for chronic arthralgia, backache, and periprosthetic 
infection in patients from countries with a high brucellosis burden. If brucellosis is considered, then 
serological tests should be performed prior to joint aspiration or surgery because those procedures pose 
a risk of transmission via aerosols and therefore require special safety precautions. There is currently no 
uniform treatment concept in surgical intervention or choice and duration of antibiotic therapy for 
periprosthetic joint infections caused by Brucella; however, our antibiotic regimen was successful and 
can be used to guide future cases.
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Abstract
BACKGROUND 
This report describes and discusses recurrent intramuscular lipoma (IML) of the 
extensor pollicis brevis (EPB). An IML usually occurs in a large muscle of the limb 
or torso. Recurrence of IML is rare. Recurrent IMLs, especially those with unclear 
boundaries, necessitate complete excision. Several cases of IML in the hand have 
been reported. However, recurrent IML appearing along the muscle and tendon 
of EPB on wrist and forearm has not been reported yet.

CASE SUMMARY 
In this report, the authors describe clinical and histopathological features of 
recurrent IML at EPB. A 42-year-old Asian woman presented with a slow-
growing lump in her right forearm and wrist area six months ago. The patient had 
a history of surgery for a lipoma of the right forearm one year ago with a scar of 6 
cm on the right forearm. magnetic resonance imaging confirmed that the 
lipomatous mass, which had attenuation similar to subcutaneous fat, had invaded 
the muscle layer of EPB. Excision and biopsy were performed under general 
anesthesia. On histological examination, it was identified as an IML showing 
mature adipocytes and skeletal muscle fibers. Therefore, surgery was terminated 
without further resection. No recurrence occurred during a follow-up of five years 
after surgery.

CONCLUSION 
Recurrent IML in the wrist must be examined to differentiate it from sarcoma. 
Damage to surrounding tissues should be minimized during excision.

Key Words: Intramuscular; Lipoma; Recurrence; Wrist; Case report
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Core Tip: Lipoma is one of the most common benign tumors. Intramuscular lipoma (IML) is a lipoma that 
has invaded the muscular layer, sometimes with unclear boundaries. It may recur if complete resection is 
not performed. IMLs that recur with unclear boundaries might need to be differentiated from soft tissue 
sarcoma. Therefore, imaging tests such as computed tomography or magnetic resonance imaging should 
be performed before surgery and a thorough preoperative plan should be established to reduce recurrence 
and preserve hand function.

Citation: Byeon JY, Hwang YS, Lee JH, Choi HJ. Recurrent intramuscular lipoma at extensor pollicis brevis: A 
case report. World J Clin Cases 2023; 11(3): 684-691
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/684.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.684

INTRODUCTION
A lipoma is a common benign mesenchymal tumor that can occur anywhere in our body. It is one of the 
most common soft tissue tumors[1]. Lipomas are usually capsulized and well distinguished from 
surrounding subcutaneous adipose tissues. However, when they infiltrate structures such as muscles, 
nerves, or synovium, they are less circumscribed and not-well-distinguished from surrounding tissues 
than usual lipoma. Among them, cases of invasion of the muscle layer are called intramuscular lipoma 
(IML) or infiltrating lipoma[2]. As reported in several cases, IML usually occurs in a large muscle of the 
limb or torso[3-8]. To treat an IML, complete removal including capsules is performed, similar to 
conventional lipoma treatment methods. However, of all IMLs, 83% are infiltrative and 17% are well-
defined. In case of infiltrative IML, it is difficult to distinguish from surrounding tissues[4]. There are 
also important structures around the periphery of the IML that can make it difficult to achieve complete 
excision. There is a possibility of recurrence if there is no complete excision[5,8]. Additionally, it might 
be difficult to differentiate a recurrent IML from well-differentiated liposarcoma, because an IML is 
clinically or histologically indistinguishable from a well-differentiated liposarcoma[4,9]. Therefore, it is 
important to perform a preoperative radiology examination. Magnetic resonance imaging (MRI) is a 
device that can effectively diagnose lipoma. It can also help diagnose IML[10]. In this report, the authors 
report a recurrent IML in the extensor pollicis brevis (EPB) muscle treated surgically without showing 
any signs of recurrence after five years of follow-up.

CASE PRESENTATION
Chief complaints
A 42-year-old Asian woman presented with a slow-growing lump in her right forearm and wrist area 
six months ago.

History of present illness
Symptoms started six months ago with a recurrent lump on the previous operative wounds of wrist and 
forearm.

History of past illness
The patient had a history of surgery with a lipoma of the right forearm one year ago and had a scar of 6 
cm on the right forearm. There was no other medical history or surgical history.

Personal and family history
The patient denied any family history of tumors.

Physical examination
Soft, painless lumps along the EPB of the right thumb were found on physical examination. One had a 
size of 1 cm × 2 cm in the medial area of the right wrist. One had a size of 2 cm × 5 cm on the medial 
side of the forearm. Her sensation of fingers and wrists, range of motion, and motor power were all 
normal (Figure 1).

https://www.wjgnet.com/2307-8960/full/v11/i3/684.htm
https://dx.doi.org/10.12998/wjcc.v11.i3.684
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Figure 1 Preoperative photographs. A: One 2 cm × 5 cm in size in the medial part of the forearm; B and C: A soft, painless lump was palpated along the 
extensor pollicis brevis of the right thumb, one 1 cm × 2 cm in size on the medial side of the right wrist. The black dotted line signifies the border of the lump to the 
touch. The patient’s sensation, range of motion of fingers and wrists, and motor power were normal. The previously operated scar is identified about 6 cm on the 
radial side of the right forearm.

Laboratory examinations
There were no specific findings in laboratory examinations.

Imaging examinations
MRIs showed lumps in muscles and ligaments of EPB that appeared to be due to fat attenuation. 
Invaded muscles and ligaments showed unclear boundaries (Figure 2).

FINAL DIAGNOSIS
Biopsy results also confirmed the IML of EPB (Figure 3).

TREATMENT
General anesthesia was performed with inhalation anesthesia using sevoflurane after induction using 
intravascular propofol. After drawing a longitudinal 12 cm incision along the path of the EPB and 
previous scars, incision was performed with No 15-scalpel blade. Intact presence of the superficial radial 
nerve and artery running next to the EPB was confirmed. After meticulous dissection of adjacent normal 
tissues (including muscles, ligaments, nerves, blood vessels, etc.), the IML was exposed using sharp 
mosquito. A lipomatous mass with a lobulated aspect measuring 12 cm × 4 cm × 5 cm was invading 
muscles and ligaments (Figures 4 and 5). Blunt Metzenbaum scissor and electrocautery were then used 
to remove the mass. 200cc HemoVAC was inserted after normal saline irrigation. The superficial fascia 
and subcutaneous layer were sutured layer by layer with 4-0 Maxon and the skin was sutured with 5-0 
Nylon.

OUTCOME AND FOLLOW-UP
Immediately after the surgery, her sensory function was intact and circulation was well maintained 
(Figure 6). Her extension power was slightly weakened by partial excision of the EPB. However, her 
extension function was preserved. After 5 years of follow-up, there were no recurrences, side effects, or 
functional limitations.
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Figure 2 Preoperative magnetic resonance imaging showing lipomatous masses with fat-like attenuation in extensor pollicis brevis 
muscles and ligaments. A: In the coronal view, lipomatous mass infiltrated in the muscle was identified. Boundaries with surrounding muscles and ligaments 
were unclear; B: In the axial view, lipomatous mass of similar attenuate to fat was identified. An orange arrow indicates a lipomatous mass that infiltrates muscle and 
ligaments.

Figure 3 Histological findings. A: Microscopic findings of intramuscular lipomas showing mature adipocytes and skeletal muscle fibers (pink color) (× 10.25 
magnification, hematoxylin and eosin staining); B: Skeletal muscle fibers (pink color) are observed between mature adipocytes (× 100 magnification, hematoxylin and 
eosin staining). Yellow arrows indicate muscle components in fat. Blue arrows indicate muscle belly of extensor pollicis brevis.

DISCUSSION
An IML can be distinguished from a conventional lipoma by its rarity and its clinical and pathological 
characteristics[2]. Histologically, IML can be divided into an infiltrative type, a well-circumscribed type, 
and a mixed type. Among them, the infiltrative type of IML has distinctive features[11-13]. Clinically, 
IMLs are characterized by a slow-growing mass that is asymptomatic or accompanied by local edema. 
Pain is a rare symptom that appears at the end of the course of the disease. It can occur when a deep, 
huge lipoma causes nerve compression with a mass effect or compresses surrounding soft tissues[12]. In 
some cases, it has been reported that IML itself is associated with functional limitation of muscles[13,
14]. Paresthesia and nerve distribution caused by nerve impingement are also among symptoms that 
might appear[15,16]. Trauma, chronic irritation, obesity, developmental disorders, endocrine, 
dysmetabolic factors, and genetic factors have been suggested to play roles in the pathogenesis of IML
[17-19].

Papakostas et al[6] have reported cases of IML of the thenar. Lui[7] have reported cases of IML 
occurring in the abductor digiti minimi. Kim et al[1] have presented a lipoma occurring in the flexor 
tenosynovium. Kostas-Agnantis et al[20] have reported a lipoma case in the palmaris longus tendon. Lee 
et al[15] have reported cases of IML occurring in thenar and hypothenar area. However, cases of 
recurrent IML involving both extensor muscle and tendinous portion at the wrist and forearm level 
have not been reported yet.

Murphey et al[10] have stated that there is no possibility of malignant transformation of lipomas. It 
was often claimed that the reports were probably sampling errors or misdiagnoses.

Currently, the recurrence rate of IML is believed to be very low[21]. The patient in this case had 
previously undergone a surgery. However, it was not completely removed during the previous 
operation, which might have led to the recurrent. Therefore, attention should be paid to complete 
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Figure 4 Intraoperative photographs. A: The previous surgical scar was used, and an incision was applied along the run of the extensor pollicis brevis (EPB) 
to expose the lipomatous mass. A radial artery marked with yellow vessel loop and lipoma in the EPB tendon sheath marked with blue vessel loop were identified; B: 
Lipoma infiltrating into the muscle portion of EPB was removed while preserving the superficial radial nerve marked with yellow and red arrows.

Figure 5 Photograph of the specimen. A lipomatous mass of 12 cm × 4 cm × 5 cm was excised. It infiltrated the extensor pollicis brevis (EPB) muscle and 
tendon sheath. Most of the mass burden was located in the muscle portion of the EPB, presenting as yellow tissue with lobulated aspect and muscular fibers 
throughout.

excision to reduce the possibility of recurrence and to exclude the possibility of malignancy. By 
minimizing trauma and meticulous dissection during the surgical procedure, both nerves and blood 
vessels were preserved with only the area with lipoma invasion removed. The patient has been 
observed for five years without showing any signs of recurrence.

Computed tomography scan and MRI are both useful for detecting IML and evaluating its invasion in 
surrounding tissues[10,22]. On computed tomography (CT) scan, IML in the muscle shows a hypodense 
mass, similar to dense subcutaneous fat[23]. Its morphology can vary widely, ranging from ovoid to 
fusiform. Its margin might be well-circumscribed or infiltrative[24]. In MRI, IML appears to show a high 
signal in both T1 and T2, similar to fatty tissue with low signal similar to normal fat in fat-suppressed 
sequences[10]. MRI can identify IML more specifically than CT. However, results seen on the image 
might not be exactly the same as actual histological examination results[10].

Histopathologic exam is one of the essential tests for diagnosis. In most cases, there is a uniform 
appearance of mature uni-vacuolated adipocytes with uniform size and shape. In rare cases, IML can 
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Figure 6 Postoperative photographs. A and B: Primary closure was performed after removal of the intramuscular lipoma and 200cc Hemovac was inserted. 
There was no contour deformity on postoperative physical examination. Sensory function was intact, and circulation was well maintained; C: However, some extensor 
pollicis brevis motor weakness occurred. Nevertheless, no deformation of the thumb was seen in the neutral state. Other ranges of motion remained intact.

invade muscles, fascia, and tendon[11]. Histological and cytological analyses of IML are extremely 
important for differentiating it from well-differentiated liposarcoma. Well-differentiated liposarcomas 
differ from normal IMLs in the presence of atypical cells, vacuolated lipoblasts admixed with 
fibroblasts-like spindle cells, and several other features[25].

CONCLUSION
In conclusion, considering that IML can occur and recur in hand muscles as observed in this case, 
careful physical examination and imaging examination should be performed before surgery to diagnose 
it and completely remove it to reduce the recurrence rate. Additionally, since hands have many 
important structures, careful attention should be paid to effectively removing the IML s while 
preserving surrounding nerves, blood vessels, and ligaments.
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Abstract
BACKGROUND 
Hemangioblastoma typically occurs in the cerebellum, spinal cord, and central 
nervous system. However, in rare cases, it could occur in the retina or optic nerve. 
The prevalence of retinal hemangioblastoma is 1 in 73080, and it occurs either 
alone or as the manifestation of von Hippel Lindau (VHL) disease. Here, we 
reported a rare case with the imaging features of retinal hemangioblastoma 
without VHL syndrome, along with the relevant literature review.

CASE SUMMARY 
A 53-year-old man had progressive swelling, pain and blurred vision in the left 
eye without obvious inducement for 15 d. Ultrasonography revealed a possible 
optic nerve head melanoma. Computed tomography (CT) showed punctate 
calcification on the posterior wall of the left eye ring and small patchy soft tissue 
density in the posterior part of the eyeball. Magnetic resonance imaging showed 
slightly hyperintense signal on T1-weighted images and slightly hypointense-to-
isointense signal on T2-weighted images at the medial and posterior edges of the 
left eyeball, a significant enhancement was observed in the contrast-enhanced 
scans. Positron emission tomography/CT fusion images showed that the glucose 
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metabolism of the lesion was normal. Pathology was consistent with hemangioblastoma.

CONCLUSION 
Early identification of retinal hemangioblastoma based on imaging features is of great value for its 
personalized treatment.

Key Words: Ultrasound; Computed tomography; Magnetic resonance imaging; Positron emission 
tomography; Computed tomography; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We reported a rare case of the imaging features of retinal hemangioblastoma without von Hippel 
Lindau syndrome, along with the relevant literature review. A 53-year-old man, who had progressive 
swelling, pain and blurred vision in the left eye without obvious inducement for 15 d. Ultrasonography 
revealed a possible optic nerve melanoma of the head. Computed tomography (CT) showed punctate 
calcification on the posterior wall of the left eye ring and small patchy soft tissue density in the posterior 
part of the eyeball. Magnetic resonance imaging showed slightly hyperintense on T1-weighted images and 
slightly hypointense-to-isointense on T2-weighted images at the medial and posterior edges of the left 
eyeball, a significant enhancement was observed after contrast-enhanced scans. positron emission 
tomography/CT fusion images showed that the glucose metabolism of the lesion was normal. Pathology 
was consistent with hemangioblastoma. Early identification of retinal hemangioblastoma by imaging 
features is of great value for its personalized treatment.

Citation: Tang X, Ji HM, Li WW, Ding ZX, Ye SL. Imaging features of retinal hemangioblastoma: A case report. 
World J Clin Cases 2023; 11(3): 692-699
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/692.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.692

INTRODUCTION
Retinal hemangioblastoma (RCH) is a rare benign tumor that was first reported by Von Hippel, a 
German ophthalmologist, in 1911. Since then, more than 900 families worldwide have been diagnosed 
with the disease[1]. RCH has also been shown to be the most common and earliest manifestation in 49%-
85% of patients with von Hippel Lindau (VHL) disease, and only a very small number of cases are 
sporadic. Its diagnosis is mainly based on clinical suspicion and confirmation by molecular testing and 
imaging techniques[2-4]. Moreover, retinal hemangiomas can be usually observed directly and 
diagnosed by eye fundus examination, which may be the main reason why radiologists infrequently 
perform RCH diagnosis. We retrospectively analyzed the relevant literature and found that the imaging 
features of RCH are rarely reported[1-11]. Herein, we reported the computed tomography (CT), 
magnetic resonance (MR) imaging, and positron emission tomography (PET)/CT features of a sporadic 
RCH case.

CASE PRESENTATION
Chief complaints
On February 23, 2022, a 53-year-old male was admitted to our hospital because of 15 d history of 
progressive swelling, pain and blurred vision in the left eye, in the absence of obvious inducement.

History of present illness
Fifteen days ago, the patient developed swelling, pain and blurred vision in the left eye, and was 
admitted to the 9th Hospital of Hangzhou. He was diagnosed with "neovascular glaucoma” and was 
given tobramycin dexamethasone eye drops and pranoprofen eye drops for anti-inflammatory therapy, 
timolol eye drops and brinzolamide eye drops for ocular hypotensive therapy. However, the disease 
symptoms did not improve, and he visited the First People's Hospital of Hangzhou on February 23, 
2022, for further diagnosis and treatment.

https://www.wjgnet.com/2307-8960/full/v11/i3/692.htm
https://dx.doi.org/10.12998/wjcc.v11.i3.692
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History of past illness
The patient had no past illness.

Personal and family history
The patient had no special personal or family history of illness.

Physical examination
Ophthalmological examination showed that visio oculus dexter was 0.8 and Visus Oculi Sinistri was 
sensitive to light (mainly contains distorted light that is located above and below the nose). Noncontact 
tonometer showed that R/L = 16.3/Tn + 3 mmHg. There was no hyperemia of right bulbar conjunctiva. 
The cornea was clear and the depth of anterior chamber was satisfactory. Pupils were round in shape 
and reactive to light while light was mixed in the lens of right eye, optic disc boundary was clear and 
flat, while omentum was located in the fundus, mixed congestion in the conjunctiva of left eye and 
corneal edema were also noted. There was mild swelling in one-third of the anterior chamber, pupil was 
round in shape and not reactive to light and it was not extending to posterior chamber of eye, while the 
other details were unclear.

Laboratory examinations
Relevant antibody tests and other laboratory tests were further performed, and the results were all 
negative.

Imaging examinations
Ophthalmic ultrasound showed a solid lesion in the left eye, indicating possible optic nerve head 
melanoma (Figure 1). CT showed patchy slightly hyperdense shadows anterior to the posterior wall of 
the left eyeball, suggesting a mass (Figure 2A and B). MR imaging showed left eyeball mass with 
slightly short T1, equal short T2 abnormal signals, about 8 mm × 5 mm in size, which were significantly 
enhanced after contrast enhancement (Figure 2C-H). PET/CT fusion images showed that the posterior 
left eyeball was locally thickened. The glucose metabolism of the lesion was normal (Figure 3). No 
significant abnormality was observed in the pancreas, spinal cord, cerebellum, adrenal gland, or kidney. 
The patient signed a written informed consent form before the examination. This retrospective study 
involving human participants was reviewed and approved by the Medical Ethics Committee of 
Hangzhou First People’s Hospital, Zhejiang University School of Medicine (Approval No. 2022-007-01).

FINAL DIAGNOSIS
Postoperative histopathological findings showed that the "left eyeball" lesion was consistent with 
hemangioblastoma, with a maximum tumor diameter of 0.4 cm and no involvement of the optic nerve 
resection margin. Immunohistochemical results showed D2-40 focal [+], inhibin focal [+], S-100 few [+], 
CD34 vessels [+], CD56 [-], NSE [-], CD68 [-], CD163 [-], GFAP [-], CD10 [-], MelanA [-], EMA [-], CK [-], 
SOX10 [-], and Ki-67 [+] 1%-2% (Figure 4).

TREATMENT
After excluding surgical contraindications, the patient underwent "left eye enucleation" under general 
anesthesia on March 4, 2022, and received postoperative anti-inflammatory treatment with levofloxacin 
eye drops and tobramycin dexamethasone eye ointment (TobraDex ointment).

OUTCOME AND FOLLOW-UP
Early identification of retinal hemangioblastoma based on imaging features is of great value for its 
personalized treatment.

DISCUSSION
The retinal hemangioblastoma in the present case was a solid mass, and ultrasound showed an 
isoechoic mass. CT showed a mildly hyperdense patchy lesion surrounded by spotty calcifications. MR 
imaging showed a slightly hyperintense signal on T1-weighted images and slightly hypointense-to-
isointense signal on T2-weighted images, and the lesions were significantly enhanced after Gadolinium-
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Figure 1 Ultrasound images of left retinal hemangioblastoma. A: Ultrasound showed an irregular isoechoic mass of about 6.3 mm × 7.4 mm in front of the 
left optic nerve head; B: Color doppler flow imaging showed abundant blood flow signals in the lesion.

Figure 2 Computed tomography and magnetic resonance imaging of left retinal hemangioblastoma. A: Computed tomography (CT) transverse 
soft tissue window of orbit showed punctate calcification on the posterior wall of the left eye ring and small patchy soft tissue density in the posterior part of the 
eyeball. The lesion measured about 5 mm × 8 mm, with an ill-defined border; B: CT transverse bone window of orbital showed no obvious abnormal change of orbital 
bone; C: The lesion was hypointense on transaxial T2-weighted sequence; D and E: The lesion was slightly hyperintense on transaxial T1-weighted images (D) and 
transaxial T1-weighted + fat-suppression images (E); F-H: Left posterior para-bulbar lesions were significantly enhanced on gadolinium-enhanced T1-weighted + fat-
suppression images [mainly included transverse (F), coronal (G), and sagittal sequences (H)] (White arrows represent lesion).

DTPA injection. PET/CT showed no abnormally increased metabolism of the lesion. These imaging 
features mainly depended on its histological structure. Retinal hemangioblastoma is mainly composed 
of vacuolar interstitial cells and abundant capillary networks. Interstitial cells are the main component 
of the tumor, which are rarely associated with necrotic or specific infectious components, while PET 
metabolism is characterized by minor metabolic changes due to the competition between tumor cells 
and macrophages[12,13]. Moreover, retinal hemangioblastomas show low levels of 18F-FDG dose that 
may be associated with over-expression of somatostatin receptors on the surface of tumor cells, and the 
PET/CT findings are consistent with Papadakis et al[9]. Furthermore, retinal hemangioblastoma is 
essentially a vascular lesion, and these tumors release various angiogenic factors, including vascular 
endothelial growth factor (VEGR), erythropoietin, and platelet-derived growth factor[14,15]. Vascular 
endothelial growth factor was significantly increased, which can induce massive capillary proliferation 
and increase vascular permeability, which leads to significant vascular-like enhancement of the lesion. 
In addition, hemangioblastoma has different imaging features based on different sites of occurrence. 
Solid tumors are also the main form of optic nerve hemangioblastoma, but most of the lesions are 
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Figure 3 Transaxial computed tomography image, transaxial and coronal positron emission tomography metabolograms, color fusion 
map of positron emission tomography / computed tomography images at the orbital level. The transaxial computed tomography (CT) image at the 
orbital level showed a patchy slightly hyperdense lesion. The transaxial positron emission tomography (PET) metabologram, coronal PET metabologram and PET/CT 
color fusion map at the orbital level showed no metabolic changes, and its SUVmax was 50.9.

surrounded by edema[16]. Large cysts with small nodules are characteristic of cerebellar and spinal 
hemangioblastomas, and are mainly associated with intratumoral and peritumoral flow void effects
[17]. According to the location and imaging characteristics of the lesion, hemangioblastomas also need 
to be differentiated from the following diseases. Choroidal melanoma: It is the most common ocular 
malignancy in adults, wherein CT shows a localized well-defined mass isodense to the extraocular 
muscles, generally without calcification. MR imaging shows hyperintense signal on T1-weighted images 
and hypointense signal on T2-weighted images, which is the characteristic feature, because the tumor 
contains paramagnetic melanin material. It also shows mild to moderate enhancement after contrast 
enhancement. PET metabolism indicated that glucose uptake was often increased in choroidal 
melanoma, and its SUVmax was > 10[18,19]. Therefore, it is not difficult to differentiate from this case of 
retinal hemangioblastoma. Choroidal hemangioma: CT shows local thickening of eyeball wall. It shows 
progressive significant enhancement after contrast enhancement. MR imaging shows higher signal than 
vitreous on T1-weighted images and lower than vitreous on T2-weighted images, but isointense signal 
compared with optic nerve and extraocular muscles on T2-weighted images, 90% of patients have 
concomitant mild retinal detachment. It shows progressive significant enhancement after contrast 
enhancement. PET metabolism suggests that choroidal hemangioma usually has no change in glucose 
uptake[20,21]. Therefore, enhanced dynamic delayed scanning is of great significance in the diagnosis 
and differentiation of choroidal hemangioma. Retinoblastoma: It occurs in children within 5 years of age 
and presents with localized thickening or heterogeneous mass shadows of the eye ring on CT, more 
than 90% of which are mixed with dot-like calcifications. Typical MR imaging features of retinoblastoma 
include a slightly higher signal on T1-weighted images and low signal on T2-weighted images, with 
contrast enhancement and diffusion restriction. PET metabolism mostly shows a slight increase in 
glucose uptake in retinoblastoma[22,23]. Thus, it is not difficult to differentiate from this case. Retinal 
HB is usually the initial manifestation of VHL. A comprehensive clinical examination of the patient and 
systematic genetic review of his family revealed that the patient had no other features of VHL syndrome 
or a family history of genetic diseases. Thus, it was a case of sporadic retinal hemangioblastoma, which 
may be due to the loss of a tumor suppressor gene similar to retinoblastoma rather than somatic 
mutations in the VHL tumor suppressor gene[24]. Although RHB is inherently benign and slow-
growing, it can lead to retinal exudation, detachment, or macular edema resulting in severe visual loss. 
Advanced cases can present with extensive retinal scarring leading to blind eye pain. Therefore, early 
detection of retinal hemangioblastoma is important for ocular preservation and long-term visual acuity
[25]. Minimally invasive laser photocoagulation is the best early treatment with less side effects, and 
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Figure 4 Postoperative histopathological and immunohistological images of left retinal hemangioblastoma. The left eyeball lesions were mainly 
composed of two components, capillaries and interstitial cells surrounded by vacuolated or eosinophilic cytoplasm, which showed epithelioid stromal cells and 
staghorn dilated thin-walled vessels in capillaries (hematoxylin-eosin staining, magnification × 4).

vitreoretinal surgery is the main treatment in the late stage[1].

CONCLUSION
Retinal hemangioblastoma, as a rare disease type, with or without VHL syndrome, should be used as a 
routine differential diagnosis when a solid retinal mass is found on ultrasound, CT, or MR imaging in 
patients with no change in PET/CT metabolic characteristics.
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Abstract
BACKGROUND 
Osteopetrosis is a rare genetic disorder characterized by increased bone density 
due to defective bone resorption of osteoclasts. Approximately, 80% of autosomal 
dominant osteopetrosis type II (ADO-II) patients were usually affected by hetero-
zygous dominant mutations in the chloride voltage-gated channel 7 (ClCN7) gene 
and present early-onset osteoarthritis or recurrent fractures. In this study, we 
report a case of persistent joint pain without bone injury or underlying history.

CASE SUMMARY 
We report a 53-year-old female with joint pain who was accidentally diagnosed 
with ADO-II. The clinical diagnosis was based on increased bone density and 
typical radiographic features. Two heterozygous mutations in the ClCN7 and T-
cell immune regulator 1 (TCIRG1) genes by whole exome sequencing were 
identified in the patient and her daughter. The missense mutation (c.857G>A) 
occurred in the CLCN7 gene p. R286Q, which is highly conserved across species. 
The TCIRG1 gene point mutation (c.714-20G>A) in intron 7 (near the splicing site 
of exon 7) had no effect on subsequent transcription.

CONCLUSION 
This ADO-II case had a pathogenic CLCN7 mutation and late onset without the 
usual clinical symptoms. For the diagnosis and assessment of the prognosis for 

https://www.f6publishing.com
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osteopetrosis, genetic analysis is advised.

Key Words: Osteopetrosis; Autosomal dominant osteopetrosis type II; Diagnosis; Genetic analysis; Case 
report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Autosomal dominant osteopetrosis (ADO-II) is an autosomal dominant form of osteopetrosis. In 
ADO-II patients, the clinical spectrum ranges from nonsymptomatic to recurrent fractures, anemia, and a 
favorable prognosis. We reported a 53-year-old female patient with persistent joint pain, who was 
accidentally diagnosed with ADO-II at a later age. Her asymptomatic daughter was also diagnosed with 
ADO-II, as confirmed by whole exome sequencing.

Citation: Gong HP, Ren Y, Zha PP, Zhang WY, Zhang J, Zhang ZW, Wang C. Clinical and genetic diagnosis of 
autosomal dominant osteopetrosis type II in a Chinese family: A case report. World J Clin Cases 2023; 11(3): 700-
708
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/700.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.700

INTRODUCTION
Osteopetrosis, also known as "marble bone disease," is a rare genetic disease characterized by increased 
bone mass and density due to bone resorption failure[1]. Dr. Albers-Schonberg, a radiologist in 
Germany, described it for the first time in 1904[2]. It has a broad clinical spectrum, ranging from 
asymptomatic to life-threatening bone marrow failure and cranial nerve dysfunction. Based on clinical 
severity and inheritance patterns, osteopetrosis is classified into three types: a "malignant" autosomal 
recessive infantile form (ARO), a "benign" autosomal dominant form (ADO type II), and an intermediate 
recessive form[1,3,4]. To date, mutations in at least ten genes have been identified to cause failure of 
osteoclast differentiation or function in humans, including the T-cell immune regulator gene (TCIRG1), 
chloride voltage-gated channel 7 (ClCN7), tumor necrosis factor (TNF) superfamily member 11, TNF 
receptor superfamily member 11a, osteopetrosis-associated transmembrane protein, sorting nexin 10 (
SNX10), pleckstrin homology and RUN domain containing M1, and NF-κB essential modulator genes[3,
5].

The most prominent characteristic of ADO-II is its dense yet fragile bones. We present a rare case of 
limb joint pain that was accidentally diagnosed as ADO-II based on clinical findings and genetic 
analysis.

CASE PRESENTATION
Chief complaints
A 53-year-old woman was admitted to the hospital with a complaint of limb joint pain for 11 mo.

History of present illness
The patient presented with pain in her shoulder, elbow, wrist, and metacarpophalangeal joints with 
swelling, tenderness and numbness for 1 mo before pain began in her bilateral knee, ankle, toe and 
finger joints for approximately 10 mo.

History of past illness
The patient had no history of fractures and bone injury.

Personal and family history
Her parents were not consanguineous. Her father and mother died of bone cancer and esophageal 
cancer, respectively. She has a daughter, a brother and two sisters who are asymptomatic. The pedigree 
of her family is shown in Figure 1.

Physical examination
On admission, her blood pressure was 120/70 mmHg, pulse rate 98/min, and respiratory rate 20/min. 
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Figure 1 Pedigree of a family with osteopetrosis. Circles indicate females, and squares indicate males. The affected individuals are denoted by solid 
symbols. The arrow indicates the proband (II:4). Diagonal lines represent deceased subjects. The status of II:3 is unknown because this individual did not agree to 
participate in this study.

Her height and body weight were 155 cm and 63 kg, respectively. Physical examinations showed slight 
swelling of her wrists, hands, knees and ankles, accompanied by tenderness, limited retral swing of the 
upper limbs and slightly restricted movement of the lower limbs.

Laboratory examinations
The patient had mild anemia; decreased levels of serum bone alkaline phosphatase (BALP), 25-
dihydroxy vitamin D3, urinary calcium and phosphorus; and an elevated level of serum phosphorus. 
The levels of serum calcium, urinary fluoride, lactate dehydrogenase, creatine kinase, C-telopeptide of 
type I collagen, N-terminal mid-fragment of osteocalcin, and parathyroid hormone (PTH) were within 
the normal reference ranges. Her spectrum of antinuclear antibodies, anti-cyclic citrullinated peptide, 
anti-streptolysin O and rheumatoid factor were negative.

The biochemical measurements of her daughter, brother and sister were normal except that her 
daughter had mild anemia (partial data not shown). All laboratory findings are summarized in Table 1.

Imaging examinations
The bone mineral density (BMD) was measured by dual-energy X-ray absorptiometry (iDXA, GE Lunar, 
United States). The results showed that the hips and lumbar spines of the patient and her daughter 
significantly increased. The T scores of the patient were higher than those of Chinese female youth, and 
the Z scores of her daughter were also higher than those of the age-matched Chinese women (Table 2). 
The results of the BMD tests for her brother and sister revealed low bone mass (osteopenia) compared 
with the Chinese sex-matched adolescents (data not shown).

X-ray images of the limbs, including the wrist and ankle joints of the patient, showed increased bone 
density in the pelvis, femurs, humerus, knees and shoulder joints; mild degeneration in the hips, knees, 
ankles, shoulders, elbows and wrist joints; and slight soft tissue swelling around the wrist joints 
(Figure 2A-C). The chest computerized tomography (CT) scan of the patient showed that bone mineral 
density increased in the bilateral humeral head, sternum, scapula, ribs and multiple thoracic vertebrae 
(Figure 2D). Whole-body bone single-photon emission computed tomography of the patient revealed 
extremely high uptake in the long bone, ribs, and spine with no renal or bladder radioactivity visual-
ization. The features from imaging showed a “bone super scan” (Figure 2E). The results of the 
ultrasound examination of the patient showed synovitis in both the first metatarsophalangeal joints and 
the wrist joint, tenosynovitis of the fourth compartment of the left wrist, and joint effusion on the right 
ankle (data not shown).

X-ray images of the limbs of the patient’s daughter showed that the density of the bone tip and flat 
bone increased, and the marrow cavity became narrow (Figure 2F-H). The CT scan of the lumbar spine 
of the patient’s daughter showed that bone mineral density increased at the upper and lower edges 
from the twelfth thoracic vertebra to the first sacral vertebra and slightly decreased in their center 
(Figure 2I).

Pathological study
A bone biopsy of the patient on the right posterior iliac crest showed cortical bone sclerosis, some 
thickened bone trabeculae, and active proliferation of bone marrow hematopoietic cells (Supple-
mentary Figure 1). Immunohistochemical staining of the bone marrow biopsy showed a few CD20 (+) or 
CD3 (+) lymphocytes and scattered CD138 (+), IGN (+) or IG λ (+) plasma cells (data not shown).

Genetic analysis
Whole exome sequencing (whole-exome library construction by xGen Exome Research Panel v2.0 (IDT, 
Iowa, United States), high-throughput sequencing by a DNBSEQ-T7 sequencer (MGI, Beijing, CHN), 
and not less than 99% of target sequence were sequenced) identified two heterozygous mutations, 

https://f6publishing.blob.core.windows.net/3f9ad1fa-4f40-4f42-b1b7-f32048bad6f2/WJCC-11-700-supplementary-material.pdf
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Table 1 Laboratory test results for the proband and her daughter

The proband The proband’s daughter Reference

Sex Female Female

RBC ( 1012/L) 3.64 3.55 3.8-5.1

Hb (g/L) 99 105 115-150

PLT ( 109/L) 235 110 100-300

ALT (IU/mL) 19 30 < 40

AST (IU/mL) 29 30 < 35

ALP (IU/mL) 89 55 50-135

CK (IU/L) 80 NA 20-140

CK-MB (ng/mL) 0.35 NA < 2.88

LDH (IU/mL) 232 NA 120-250

Serum uric acid (μmol/L) 313 311 160-380

Cr (μmol/L) 49 58 41-73

eGFR (ml/min/1.73 m2) 107.16 121 56-122

Ca (mmol/L) 2.22 2.26 2.11-2.52

P (mmol/L) 1.65 1.11 0.85-1.51

25-OH-VD (nmol/L) 34.9 NA 47.7-144

PTH (pmol/L) 2.96 NA 1.6-6.9

B-ALP (μg/L) 10.57 NA 11.4-24.6

CTX (ng/mL) 0.813 NA 0.556-1.008

N-MID OC (ng/mL) 22.7 NA 15-46

Growth hormone (ng/mL) 0.53 NA 0.126-9.88

IGF-1 (ng/mL) 81.78 NA 102-212

ACTH (ng/L) 19.11 NA 5-78

Cortisol (8:00 A.M.) (nmol/L) 260.8 NA 147.3-609.3

Cortisol (12:00 P.M.) (nmol/L) 68.07 NA /

24 h urinary Ca (mmol/L) 2.45 NA 2.5-7.5

24 h urinary P (mmol/L) 11.84 NA 22-48

24 h urinary Mg (mmol/L) 1.62 NA 3-5

RBC: Red blood cell count; PLT: Blood platelet count; ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Serum alkaline phosphatase; CK: 
Creatine kinase; LDH: Lactate dehydrogenase; eGFR: Estimated glomerular filtration rate; 25-OH-VD: 25-hydroxyvitamin D3; PTH: Parathyroid hormone; 
B-ALP: Bone alkaline phosphatase; CTX: C-terminal telopeptides of type I collagen; N-MID OC: Serum N-terminal mid-fragment of osteocalcin; IGF-1: 
Insulin-like growth factor-1; ACTH: Adrenocorticotropic hormone; NA: Not available.

including c.857G>A (p. Arg286Gln, rs760956030) in exon 10 of the CLCN7 gene (NCBI reference 
sequence: NM_001287) and c.714-20G>A (-, rs200087340) in intron 7 of the TCIRG1 gene (NCBI 
reference sequence: NM_006019.4). Her daughter carried the same heterozygous mutation in the CLCN7 
and TCIRG1 genes by genetic analysis (Figure 3).

Prediction of functional effects of the CLCN7 and TCIRG1 gene mutations
The R286 position was highly conserved among various species in the CLCN7 gene (Supplementary 
Figure 2). Moreover, Polymorphism Phenotyping v2 (http://genetics.bwh.harvard.edu/pph) prediction 
results of p. R286Q in the CLCN7 gene was probably damaging, with a score of 1.000 (Supple-
mentary Figure 3), and Mutation Taster (https://www.mutationtaster.org/) predicted it to be a disease-
causing variant. Mutation Taster predicted c.714-20 (IVS7) G>A in the TCIRG1 gene as no change in 
potential splicing sites.

https://f6publishing.blob.core.windows.net/3f9ad1fa-4f40-4f42-b1b7-f32048bad6f2/WJCC-11-700-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3f9ad1fa-4f40-4f42-b1b7-f32048bad6f2/WJCC-11-700-supplementary-material.pdf
http://genetics.bwh.harvard.edu/pph
https://f6publishing.blob.core.windows.net/3f9ad1fa-4f40-4f42-b1b7-f32048bad6f2/WJCC-11-700-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3f9ad1fa-4f40-4f42-b1b7-f32048bad6f2/WJCC-11-700-supplementary-material.pdf
https://www.mutationtaster.org/
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Table 2 Bone mineral density results for the proband and her daughter

The BMD values of the 
proband (g/cm2)

T/Z score of the 
proband

The BMD values of the proband’s 
daughter (g/cm2)

T/Z score of the 
proband’sdaughter

L1 2.013 8.2/8.8 1.777 5.2/5.4

L2 2.146 8.7/9.4 1.811 5.0/5.1

L3 2.256 9.2/9.9 1.785 4.5/4.7

L4 2.335 9.9/10.4 1.900 5.3/5.5

L1-L4 2.203 9.1/9.7 1.820 5.1/5.2

Femoral neck 1.838 7.6/8.2 1.391 2.5/2.9

Total hip 1.851 6.7/7.2 1.344 2.7/2.9

T scores were calculated by comparison with the age-specific bone mineral density reference value of Chinese adolescents; Z scores were calculated by 
comparison with age-matched and sex-matched Chinese adults. BMD: Bone mineral density.

Figure 2 The imaging examination of the proband and the proband’s daughter. A-C: X-ray image of the proband (II:4) demonstrated increased bone 
density in the right upper extremity (A), the left upper extremity (B) and the lower extremities (C); D: The chest X-ray of the proband (II:4) showed increased bone 
density of pelvic, with a “bone-within-bone” appearance in lateral of the spine, indicating classic vertebral endplate thickening (white arrow indicates the “sandwich 
vertebrae” sign); E: Whole-body bone technetium-99m single-photon emission computed tomography scan revealed extremely high bone uptake of long bone, ribs, 
and spine with absent renal radioactivity visualization (white arrows indicate “helmet” and “tie” sign); F and G: X-ray image of the proband’s daughter (III:1) showed 
that the bone density of the bone tip, the humerus and the ribs and the medullary cavity became narrow in the right upper extremity (F) and the left upper 
extremity(G); H and I: X-ray image of the proband’s daughter (III:1) in the lower extremities (H) and the lumbar vertebra (I) indicated classic vertebral endplate 
thickening (white arrow indicates the “sandwich vertebrae” sign).

FINAL DIAGNOSIS
Combined with the patient’s medical history and radiological examination results, the final diagnosis 
was osteopetrosis. In light of genetic typing, the case belonged to ADO II.
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Figure 3 Genetic analysis identified mutations in chloride voltage-gated channel 7 and T-cell immune regulator 1 in the osteopetrosis 
family. A: The proband (II:4) and her daughter (III:1) carried T-cell immune regulator 1-c.714-20 (IVS7) G>A; B: The proband (II:4) and her daughter (III:1) carried 
CLCN7-c.857 (exon10) G>A/R286Q mutations. II:1 and II:2 did not carry any of the two mutations. CLCN7: Chloride voltage-gated channel 7; TCIRG1: T-cell immune 
regulator 1; WT: Wild type.

TREATMENT
During hospitalization, celecoxib capsules, wet packing of Liuhedan (a traditional Chinese medicine 
recipe), ketoprofen gel, and flurbiprofen paste were all given. Her hemoglobin level increased from 99 
g/L to 109 g/L with normal serum phosphorus after 16 days of treatment. Her regular activities were 
unaffected, and the discomfort and swelling in her joints subsided after she was discharged.

OUTCOME AND FOLLOW-UP
After 2 years of follow-up, her joints were no longer painful, and no complications developed. However, 
her daughter experienced mild lumbar spine discomfort and received analgesic treatment.

DISCUSSION
Osteopetrosis is a rare inherited metabolic bone disorder characterized by a generalized increase in bone 
density due to osteoclastic insufficiency, impaired bone absorption and poor bone remodeling[4]. Once 
osteoclasts have defective proton pumps, chloride channels, or carbonic anhydrase II proteins, the 
mineral matrix is unable to be resorbed effectively[6]. Published studies have shown that most defects in 
genes result in impaired acidification of bone[7].

With a prevalence of approximately 1:20,000 Live births, ADO is far more common and less severe 
than ARO[8,9]. The clinical phenotype of osteopetrosis is highly variable, making diagnosis difficult for 
clinicians. Patients with osteopetrosis may present with no symptoms, fractures following minor 
trauma, osteomyelitis, early arthritis, anemia, hearing and vision problems due to cranial nerve 
compression, or all of the above[4]. Some differential diagnoses should be ruled out, such as congenital 
diseases (e.g., hypoparathyroidism, pseudohypoparathyroidism), chemical poisoning (e.g., with 
fluoride, lead, or beryllium), and malignancies (leukemias and myeloproliferative diseases). This patient 
had normal urinary fluoride and PTH serum levels without arthritis, and she was eventually diagnosed 
with ADO-II. Her daughter was asymptomatic, and ADO-II was confirmed by increased BMD, 
radiological examination, and the p. R286Q mutation. Their anemia was mild due to relatively sufficient 
marrow cavity retention for normal hematopoiesis[10]. It is worth noting that, in contrast to ARO, this 
patient had a mildly decreased BALP concentration. The majority of ADO-II patients have an imbalance 
in osteoblast serum markers, with low BALP and high osteocalcin levels[11]. As a result, bone 
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biomarkers may be useful in disease classification.
Increased BMD and radiographic findings are most commonly used to diagnose osteopetrosis. The 

classic radiographic features of osteopetrosis are the bare minimum for diagnosis[7]. Radiographic 
features of osteopetrosis include diffuse bone sclerosis with "bone-within-bone" in the pelvis, long 
bones, phalanges, and vertebrae. A bone marrow biopsy may be required to confirm the diagnosis and 
differentiate between osteoclast-poor and osteoclast-rich subtypes of osteopetrosis. Bone marrow biopsy 
can also distinguish hematological disorders such as myelofibrosis, sickle cell disease, leukemia, and 
osteoblastic bony metastases. It is, however, more invasive to the patient and carries some risks. Whole 
exome sequencing, on the other hand, is becoming less expensive and faster to obtain a diagnosis and is 
not invasive. Therefore, therapeutic approaches must be tailored to each patient.

Approximately 80% of ADO-II patients are affected by heterozygous dominant negative mutations of 
the CLCN7 gene, while 17% of ARO patients have recessive mutations in the CLCN7 gene[5,12]. CLCN7 
encodes the chloride channel involved in osteoclast HCl secretion, which is critical in osteoclast 
dissolution of bone mineral and organic bone matrix[13,14]. A single nucleotide change (c.857G>A, p. 
R286Q) in exon 10 of CLCN7 results in a protein with the amino acid glutamine instead of arginine. This 
variant appears to be located at one of the “hot spots” as the most common CLCN7 mutations causing 
ADO and three known disease-related CLCN7 mutations at the R286 position (p. R286P, p. R286W and 
p. R286Q) have previously been reported among Caucasians and Asians[15-17]. The mutations (p. 
R286Q) in the CLCN7 gene are located in the intramembrane α-helices, creating a positive electrical 
potential to prevent the fast flux of chloride at the binding site[18]. Approximately 80% of CLCN7-
dependent ADO-II patients discovered the disease after fractures, implying that osteoblast malfunction 
likely results in low-quality bone tissue[5,11]. However, no fractures have occurred in this patient thus 
far. As a result, even if the mutations are identical, the clinical phenotypes may differ.

Osteopetrosis may also be caused by an intronic nucleotide change in the TCIRG1 gene[19]. TCIRG1 
encodes the a3 subunit of H+ ATPase, and V-ATPase with d2/a3 is a major proton pump of osteoclasts
[20]. Mutations in TCIRG1 account for approximately 50% of ARO cases[5]. The TCIRG1 variant (c.714-
20 G>A) is a point mutation, but there is insufficient evidence to conclude that it is pathogenic. 
Furthermore, published reports of digenic inheritance suggested that TCIRG1 and CLCN7 interact in the 
two mutations[15,21].

The majority of benign ADO treatments are symptomatic and supportive. Good nutrition is critical 
for patients with osteopetrosis, especially for those who have hypocalcemia and require calcium and 
vitamin D supplements[7]. Hematopoietic stem cell transplantation is reserved for osteopetrosis that is 
malignant[4]. The majority of ADO patients have a better prognosis. Nonetheless, for mild 
osteopetrosis, it is critical to monitor the disease status and progression by the affected organs.

CONCLUSION
A case of rare ADO-II was accidentally diagnosed in a late-onset patient and her daughter based on 
increased BMD, classic radiographic features, and a CLCN7 gene mutation. It was suggested that genetic 
testing be used to identify precision classifications of osteopetrosis and to provide useful information for 
therapeutic decisions and prognosis.
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Abstract
BACKGROUND 
Soft tissue tuberculosis is rare and insidious, with most patients presenting with a 
localized enlarged mass or swelling, which may be factors associated with 
delayed diagnosis and treatment. In recent years, next-generation sequencing has 
rapidly evolved and has been successfully applied to numerous areas of basic and 
clinical research. A literature search revealed that the use of next-generation 
sequencing in the diagnosis of soft tissue tuberculosis has been rarely reported.

CASE SUMMARY 
A 44-year-old man presented with recurrent swelling and ulcers on the left thigh. 
Magnetic resonance imaging suggested a soft tissue abscess. The lesion was 
surgically removed and tissue biopsy and culture were performed; however, no 
organism growth was detected. Finally, Mycobacterium tuberculosis was 
confirmed as the pathogen responsible for infection through next-generation 
sequencing analysis of the surgical specimen. The patient received a standardized 
anti-tuberculosis treatment and showed clinical improvement. We also performed 
a literature review on soft tissue tuberculosis using studies published in the past 
10 years.

CONCLUSION 
This case highlights the importance of next-generation sequencing for the early 
diagnosis of soft tissue tuberculosis, which can provide guidance for clinical 
treatment and improve prognosis.

Key Words: Mycobacterium tuberculosis; Soft tissue infection; Next-generation 
sequencing; Extrapulmonary tuberculosis; Diagnosis; Case report
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Core Tip: The diagnosis of extrapulmonary tuberculosis can be challenging, especially for tuberculosis in 
rare sites such as soft tissues. Soft tissue tuberculosis is rare and easily misdiagnosed. A delay in soft 
tissue tuberculosis diagnosis may worsen the disease, increase tuberculosis transmission, and accelerate 
the evolution of drug resistance. This case report emphasizes the importance of next-generation 
sequencing for early diagnosis of soft tissue tuberculosis, which can provide guidance for clinical 
treatment and improve prognosis.

Citation: He YG, Huang YH, Yi XL, Qian KL, Wang Y, Cheng H, Hu J, Liu Y. Soft tissue tuberculosis detected by 
next-generation sequencing: A case report and review of literature. World J Clin Cases 2023; 11(3): 709-718
URL: https://www.wjgnet.com/2307-8960/full/v11/i3/709.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i3.709

INTRODUCTION
Tuberculosis (TB) is a chronic infectious disease caused by mycobacterium TB (MTB). Extrapulmonary 
TB (EPTB) in China constitutes 15%-20% of all TB cases, it can involve any organ, with the most usual 
sites of infection being the pleura (49.8%), bronchi (14.8%), lymph nodes (8.56%), meninges (7.6%), 
thoracic vertebra (2.55%), and skeletal joints (0.56%)[1,2]. Isolated soft tissue TB is rare and accounts for 
only 1-2% of all pulmonary TB (PTB) and EPTB cases. Current knowledge of soft tissue TB is largely 
based on the analysis of a single patient and case series[3,4]. Therefore, the low incidence and lack of 
typical symptoms of soft tissue TB may lead to difficulties and delays in diagnosis.

The traditional gold standard for TB diagnosis is the MTB culture assay, which has a lower positivity 
rate of 23.03%. In EPTB, the positivity rate is approximately 18.45%[5]. The MTB culture assay demands 
laboratory biosafety requirements, and rapid diagnosis is challenging. Molecular biology techniques, 
such as real-time fluorescent polymerase chain reaction (PCR) and cross-primer amplification, have 
facilitated the rapid diagnosis. However, the diagnostic sensitivity of these methods for EPTB is limited 
and varies among specimen types[6]. For example, the sensitivity of Xpert MTB/ rifampin (RIF) assay 
for PTB and EPTB was found to be 95.5% and 76.5%, respectively[7].

Next-generation sequencing (NGS) is an emerging and promising technology that is used for disease 
diagnosis, drug resistance determination, and epidemiological investigations. It has the potential to 
significantly reduce response time for the identification of pathogens, such as bacteria, viruses, 
tuberculosis, fungi, and parasites[8-12]. For TB, next-generation sequencing can be used for early 
diagnosis, identification of drug resistance gene mutations associated with conventional anti-TB drugs, 
and detection of mixed infections[13]. However, there are only a few reports on the rapid diagnosis of 
MTB infection in soft tissue using NGS. In this report, we present a case of soft tissue TB in an immuno-
competent patient with no history of TB. We used NGS technology to detect the surgically resected 
lesion tissue, and the patient was finally diagnosed with soft tissue TB. In addition, we reviewed the 
main features of soft tissue TB cases reported in the past decade.

CASE PRESENTATION
Chief complaints
A 44-year-old man admitted to Department of Orthopaedics of the First Affiliated Hospital of Nanjing 
Medical University presented with a history of left thigh ulceration and swelling for 10 d.

History of present illness
The patient showed similar symptoms in 2018, some tests including bacterial and tuberculosis culture, 
acid-fast staining, and tuberculosis infection T-lymphocyte spot test (T-SPOT). TB tests, were negative at 
that time. And the patient recovered gradually after debridement. Through careful history investigation, 
we found that the patient had an open wound on the left thigh caused by trauma 18 years ago, which 
improved after debridement and suturing.

History of past illness
There is no relevant history of past illness.

https://www.wjgnet.com/2307-8960/full/v11/i3/709.htm
https://dx.doi.org/10.12998/wjcc.v11.i3.709
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Personal and family history
The patient’s personal and family histories were unremarkable.

Physical examination
Two old scars were observed on the patient's left thigh, and there was a red and swollen ruptured 
wound above them. The skin temperature of the limb was normal, and no movement limitation was 
observed. A physical examination revealed no other positive signs. Breath sounds of both lungs were 
clear, no obvious dry or wet rales were heard, and there was no pleural friction rub.

Laboratory examinations
On day 2 after admission, laboratory tests, such as routine blood examination, coagulation function 
tests, erythrocyte sedimentation rate, and serum biochemical indicators, did not show any significant 
abnormalities.

Imaging examinations
A radiograph of the left femur indicated no bone erosion (Figure 1A). Bone single-photon emission 
computed tomography did not reveal any abnormalities in bone metabolism (Figure 1B). On day five 
after admission, magnetic resonance imaging (MRI) of the left hip was performed, which revealed 
abnormal signals in the soft tissue of the left upper femur and oedema of the subcutaneous soft tissue. 
In addition, MRI revealed a chronic abscess with sinus tract formation (Figure 1C-E). Computed 
tomography of the chest showed scattered nodules in both lungs (Figure 1F). But the symptoms of 
tuberculosis are not obvious.

Further diagnostic work-up
Considering that the abscess was large, we performed abscess resection of the left thigh and vacuum 
sealing drainage therapy. We observed inflammation and degeneration in subcutaneous tissue and 
cystic infected tissue wrapped in the deep layer, which had tough capsule walls and a size of approx-
imately 8 cm × 6 cm (Figure 2A and B). After incision of the purulent cyst, gelatinous necrotic tissue 
which was grey and white, was observed. Furthermore, we performed histological examination, 
bacterial culture, and NGS testing of the specimen.

Histological examination revealed fibrous connective tissue hyperplasia with necrosis, acute and 
chronic inflammatory cell infiltration, and focal granulomatous inflammation with multinucleated giant 
cell formation (Figure 2C). Bacterial culture of the surgically excised specimen was negative on day 
seven after admission. However, MTB was detected by NGS simultaneously. The distribution of 
bacteria and fungi identified by NGS revealed that MTB was the main pathogen (Figure 3A), and 24 
sequence reads were identified (Figure 3B).

The pathology department was then contacted for an additional acid-fast bacillus staining test of the 
intraoperative specimen, and scattered suspicious antacid staining positive rods were observed 
microscopically (Figure 2D). Further, the T-SPOT. TB test results were positive.

FINAL DIAGNOSIS
Combined with the patient’s medical history and outcome of NGS, the patient was finally diagnosed 
with soft tissue tuberculosis.

TREATMENT
We planned a standardized anti-tuberculosis treatment with four drugs, isoniazid, rifampicin, 
ethambutol, and pyrazinamide, for 2 mo. Further isoniazid and rifampicin were given for four months. 
But the patient stopped the drug because of gastrointestinal discomfort during the 3rd month of 
treatment and suspended for 2 wk, then he continued to take the medicine again for 3 mo.

OUTCOME AND FOLLOW-UP
Currently, the wound has healed adequately and the patient is undergoing follow-up. A summary of 
the timeline is shown in Figure 4.
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Figure 1 Imaging pictures of the patient. A: Anteroposterior and lateral radiographs of the left femur are normal; B: Bone single-photon emission computed 
tomography did not reveal any abnormalities in bone metabolism; C-E: Magnetic resonance imaging of the left hip showing abnormal signals in the soft tissue of the 
left upper femur and suggesting a chronic abscess with sinus tract formation; F: Computed tomography of the chest showing scattered nodules in both lungs, the 
largest nodule in the right lung with a length of 8 mm.

Figure 2 Intraoperative photographs of the left thigh and histopathological examination of resected specimens. A: Intraoperative photograph; 
B: Excised specimen (8 cm × 6 cm); C: Granulomas are embedded among the muscle fibers with lymphocyte infiltration and multinucleated giant cell aggregation (× 
40); D: The acid-fast bacilli staining test showed scattered, suspicious antacid staining-positive rods (× 1000).

DISCUSSION
According to a global TB report published by WHO, TB deaths have increased because of reduced 
access to TB diagnosis and treatment in the face of the COVID-19 pandemic for the first time in over a 
decade[14]. China has the second-highest number of TB cases worldwide, accounting for approximately 
9% of the global TB incidence. One study indicated that the prevalence of smear-positive TB in China 
decreased from 170/100 000 population in 1990 to 59 /100 000 population in 2010, a reduction of more 
than 50 percent[15]. Despite past success in controlling TB, the limited epidemiologic information 
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Figure 3 Next-generation sequencing results of surgically resected specimen. A: Distribution of the sequences detected by next-generation 
sequencing of surgically excised specimens; B: Twenty-four sequence reads of mycobacterium tuberculosis are observed, with a coverage rate of 0.005%.

available suggests that the incidence of EPTB may be increasing steadily worldwide, including in China
[16,17].

The diagnosis of EPTB can be challenging, especially for TB in rare sites such as soft tissues. A delay 
in soft tissue TB diagnosis may worsen the disease, increase TB transmission, and accelerate the 
evolution of drug resistance. The conventional gold standards for TB diagnosis are MTB culture and 
drug sensitivity tests. However, it is tedious and can take 6-8 wk because of slow growth of MTB[18]. 
Molecular diagnostic techniques, such as Xpert MTB/RIF, loop-mediated isothermal amplification 
(LAMP), and line probe assay (LPA), can effectively reduce turnaround time and improve diagnostic 
performance. However, these techniques have limited diagnostic sensitivity for specimens with low 
bacterial content, such as EPTB[19,20]. For example, a meta-analysis found that the pooled sensitivity of 
Xpert MTB/RIF for diagnosing abdominal TB was only 23%[21]. Another meta-analysis reported that 
the pooled sensitivity of LAMP for detecting EPTB was 77%[22]. Only a few studies have evaluated the 
role of LPA in EPTB specimens. A study from India reported a sensitivity of 46.1% with a specificity of 
91% in EPTB specimens, with liquid culture as the reference standard[23].

Soft tissue TB is rare and easily misdiagnosed. Therefore, rapid, efficient, and accurate diagnosis of 
soft tissue TB is an urgent clinical problem. NGS is a revolutionary development of first-generation 
sequencing methods that can sequence millions of DNA fragments simultaneously with high 
throughput and short detection cycles. A study found that the positivity rate of NGS is approximately 
15% higher than that of traditional pathogen culture in a pairwise manner for infectious diseases[24]. 
Xpert MTB/RIF and NGS tests were performed on various samples of sputum, cerebrospinal fluid, and 
pus from patients with suspected active TB infection. Compared with Xpert MTB/RIF, NGS showed 
better sensitivity in all clinical (76.9% vs 61.5%), pulmonary (87.5% vs 75.0%), and extrapulmonary 
samples (60.0% vs 40.0%)[13]. In this case, NGS rapidly detected the sequence of MTB in the sample, 
which was important for us to confirm the diagnosis of soft tissue TB early and to treat it with anti-
tuberculosis drugs in time. Below, we review the relevant literature on soft tissue TB.

Recent case reports on soft tissue TB published in the past 10 years were identified by searching 
PubMed (Table 1). We found 17 case reports including 10 males and 7 females. The ages of the patients 
ranged from 7 to 79 years. There were 12 cases distributed in Asian countries, four cases in African 
countries and one case in America. No underlying diseases were reported in 10 patients. In 13 patients, 
the lesions were located on the extremities, including the thigh, calf, forearm, and wrist. The other four 
patients had lesions in the gluteus, back, thorax, and iliopsoas.
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Table 1 Main features of reported cases of soft tissue tuberculosis

Ref. Gender/age 
(yr) Country Underlying disease Main clinical 

manifestations Involved sites Diagnostic methods

Arora et al[38], 
2012 

Male/15 India None Swelling, anorexia, 
weight loss

Left thigh Mycobacterium tuberculosis 
culture

Lee et al[39], 
2013

Male/62 Korea Right total hip arthro-
plasty

Mass Right thigh Histological examination, and 
culture

Elshafie et al
[40], 2013 

Male/25 Oman Exposed to suspected 
tuberculosis, diarrhea 

Enlarging swelling Right gluteus Histological examination, and 
culture

Neogi et al[41], 
2013

Female/11 India None Swelling Right thigh, right 
calf, and left arm

Histological examination, and 
culture

Meena et al[42], 
2015

Male/25 India None Swelling, fatigue, 
weight loss

Right triceps Mycobacterium tuberculosis 
PCR

Dhakal et al[43], 
2015 

Female/9 Nepal None Swelling Forearm, right calf Histological examination

Sbai et al[44], 
2016

Male/45 Tunisia None Pain, swelling Right wrist Tissue biopsy and culture

Al-khazraji et al
[45], 2017

Female/33 America Lupus nephritis, 
hormonal therapy 

Pain, weakness, 
swelling, redness

Right calf Fluid culture 

Alaya et al[46], 
2017

Female/23 Tunisia None Swelling, pain Left thigh Mycobacterium tuberculosis 
PCR

Manicketh et al
[25], 2018 

Female/55 India Pulmonary tuberculosis Swelling, fever Left wrist and right 
calf

A Ziehl-Nielsen stain 

Hashimoto et al
[27], 2018 

Male/79 Japan None Swelling, erythema Left wrist Histological examination

Zeng et al[4], 
2019

Male/49 China Pulmonary tuberculosis; 
steroid treatment

Pain, mass, swelling Both thighs and 
calves

Mycobacterium tuberculosis 
PCR, Tissue biopsy and culture 

Zitouna et al
[47], 2019

Female/42 Tunisia None Mass, swelling Right mid-back Tissue biopsy and culture 

Moyano et al
[48], 2019 

Male/29 Senegal None Pain, increase in size of 
hemithorax

Right hemithorax Mycobacterium tuberculosis 
PCR and culture

Fahad et al[28], 
2020 

Female/45 Pakistan None Swelling, pain Right forearm Histological examination

Murugesh et al
[49], 2020 

Male/31 India Renal transplant with 
immuno-suppressants 

Fever, pain, swollen 
erythematous

Right foot and calf Nucleic acid amplification test

Tone et al[26], 
2021 

Male/29 Japan Right tuberculous 
pleurisy

Fever, pain Right iliopsoas Mycobacterium tuberculosis 
PCR

PCR: Polymerase chain reaction.

Soft tissue TB occurs mostly in the extremities, and patients present with local masses, swelling, and 
weakness. Only a small percentage of patients present with constitutional symptoms such as fever and 
weight loss[25,26]. Most cases of soft tissue TB reported in the literature were diagnosed by histological 
examination and MTB culture, whereas some were confirmed by rapid PCR. Although the culture and 
gene Xpert were negative, two patients recovered after empirical anti-TB therapy[27,28]. Empirical 
treatment for TB was initiated without a confirmed bacterial diagnosis. Moreover, factors contributing 
to the probability of a patient developing TB and experiencing adverse outcomes were weighed against 
the threshold for initiating anti-TB therapy. This threshold is subjective and may vary among the 
clinicians. Factors considered in empirical anti-TB treatment include the background TB epidemiology 
in the geographic area, exposure to TB patients, clinical manifestations suggestive of TB disease, 
comorbidities such as HIV co-infection, and the results of other diagnostic methods such as imaging 
outcomes if available[29].

There are many traditional tests for TB, including smear, culture, pathological biopsy, imaging, 
purified protein derivative testing, interferon-gamma release assay, and TB antibody testing[30,31]. 
Confirmation of TB over the past few decades often requires a combination of these tests. Over the last 
decade, advances have been made in the field of TB diagnostics in the form of new molecular tests. 
Often referred to as nucleic acid amplification tests, these assays rely on amplification of a targeted 
genetic region of the MTB complex, typically by PCR[32]. GeneXpert MTB/RIF is a fully automated 
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Figure 4 A timeline showing the progress of the disease and the patient’s treatment and follow-up. ESR: Erythrocyte sedimentation rate; CRP: C-
reactive protein; PCT: Procalcitonin; MRI: Magnetic resonance imaging; NGS: Next-generation sequencing.

closed system that performs sample preparation and real-time PCR and produces results within 2 h. 
This system can detect RIF resistance (targeting the rpoB gene). In 2011, the WHO recommended 
GeneXpert MTB/RIF for the early diagnosis of drug-resistant TB, which was further expanded in 2013 
to replace smear and culture for the rapid diagnosis of EPTB[33]. The new version of Xpert MTB Ultra 
improved overall sensitivity and was endorsed by the WHO in 2017[34]. In 2017, the UK used NGS for 
TB diagnosis, drug resistance detection, and MTB typing for the first time[35]. Several studies have 
shown its advantages in the diagnosis and treatment of EPTB[36,37]. However, the value of NGS in the 
rapid diagnosis of TB has not been verified in large samples, and there is a lack of unified standards and 
procedures. Guidelines for the clinical interpretation of NGS reports need to be improved.

CONCLUSION
We reported the case of a patient who was immunocompetent and had no history of TB and was 
diagnosed with soft tissue TB by NGS. The patient received timely anti-TB treatment, which improved. 
Clinicians should consider atypical pathogens such as MTB in the diagnosis of patients with local 
masses or swelling. NGS may be a useful method for identifying the pathogens responsible for soft 
tissue infections without typical clinical manifestations.
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