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Abstract
Fetal growth restriction (FGR), or intrauterine growth restriction (IUGR), is a 
complication of pregnancy where the fetus does not achieve its genetic growth 
potential. FGR is characterized by a pathological retardation of intrauterine 
growth velocity in the curve of intrauterine growth. However, the FGR definition 
is still debated, and there is a lack of a uniform definition in the literature. True 
IUGR, compared to constitutional smallness, is a pathological condition in which 
the placenta fails to deliver an adequate supply of oxygen and nutrients to the 
developing fetus. Infants with IUGR, compared to appropriately grown ges-
tational age infants, have a significantly higher risk of mortality and neonatal 
complications with long-term consequences. Several studies have demonstrated 
how suboptimal fetal growth leads to long-lasting physiological alterations for the 
developing fetus as well as for the newborn and adult in the future. The long-term 
effects of fetal growth retardation may be adaptations to poor oxygen and 
nutrient supply that are effective in the fetal period but deleterious in the long 
term through structural or functional alterations. Epidemiologic studies showed 
that FGR could be a contributing factor for adult chronic diseases including 
cardiovascular disease, metabolic syndrome, diabetes, respiratory diseases and 
impaired lung function, and chronic kidney disease. In this review we discussed 
pathophysiologic mechanisms of FGR-related complications and potential 
preventive measures for FGR.

Key Words: Fetal growth restriction; Intrauterine chronic hypoxia; Long-lasting 
physiological alterations; Cardiovascular disease; Metabolic syndrome; Obstructive 
pulmonary disease
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Core Tip: Fetal growth restriction (FGR) is a common complication of pregnancy where the fetus does not 
achieve its genetic growth potential. It is well known that FGR appears to be a contributing factor for adult 
chronic diseases including cardiovascular disease, metabolic syndrome, diabetes, dyslipidemia, and 
hypertension. Several studies demonstrated how suboptimal fetal growth leads to long-lasting 
physiological alterations for the developing fetus as well as for the newborn and adult in the future. 
Preventive measures and treatments should be assessed and adopted to prevent chronic diseases in FGR 
patients.

Citation: D'Agostin M, Di Sipio Morgia C, Vento G, Nobile S. Long-term implications of fetal growth restriction. 
World J Clin Cases 2023; 11(13): 2855-2863
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INTRODUCTION
Fetal growth restriction (FGR), or intrauterine growth restriction (IUGR), is a complication of pregnancy 
where the fetus does not achieve its genetic growth potential[1]. In FGR, intrauterine growth velocity is 
delayed, expressed by a characteristic kink in intrauterine curve of growth. Several definitions have 
been proposed and used in clinical practice. FGR has been defined as fetus with an estimated fetal 
weight or abdominal circumference of less than the 10th percentile for the specific gestational age[1]. 
There is variation among international society guidelines, with some including abdominal circum-
ference thresholds < 10th or ≤ 5th percentile alone as a diagnostic criteria[2-4]. Based on a survey of expert 
opinion, FGR is defined by a birth weight < 3rd percentile or the combination of three criteria: (1) Birth 
weight < 10th percentile; (2) Head circumference < 10th percentile; (3) Birth length < 10th percentile (4) 
Antenatal FGR diagnosis; and (5) Prenatal risk factors associated with FGR[5]. Frequently, FGR results 
in the birth of a small for gestational age (SGA) infant. However, an infant can be SGA without having 
FGR, and some growth restricted infants can have a birth weight above the 10th percentile. In the 
literature, IUGR and SGA were often used as interchangeable terms even though often used improperly.

Several factors are involved in the development of FGR, such as genetic abnormalities, intrauterine 
infections, fetal structural anomalies, multiple gestations, and ischemic placental diseases[6]. According 
to the various definition of FGR, almost 9% pregnancies in wealthy countries and almost 30% in poor 
countries are prone developing FGR[7,8].

FGR is well known to contribute to adult chronic diseases including cardiovascular disease (CVD), 
metabolic syndrome, diabetes and chronic kidney disease[9]. Several studies have demonstrated how 
suboptimal fetal growth leads to long-lasting physiological alterations for the developing fetus as well 
as for the newborn and adult in the future. The primary cause of fetus growth restriction is a decreased 
oxygen and nutrient supply, which causes chronic hypoxia. As a response, the fetus redistributes the 
cardiac output to the brain, the heart, and the adrenals in order to preserve function in these vital organs
[10] (Figure 1). Potentially, all the organs may be affected by growth restriction.

This review focuses on the long-term impacts of FGR on the cardiovascular, metabolic, and 
respiratory systems and discusses pathophysiologic mechanisms and preventive measures for FGR.

LONG-TERM METABOLIC IMPLICATIONS OF FGR
Several studies have reported the association between FGR and subsequent development of disease, like 
obesity, metabolic syndrome, CVD and cancer. A possible explanation has been proposed by develop-
mental origin of health and disease concept[9]. According to this hypothesis, fetuses developing in an 
adverse intrauterine environment adapt through changing their endocrine-metabolic status to save 
energy and redirect nutrients to essential organs. The reprogramming at hepatic level predisposes to 
future dyslipidemia, vascular modifications induce endothelial damage and future hypertension, and 
insulin resistance contributes to the development of metabolic syndrome (dyslipidemia, fatty liver, 
arterial hypertension, and type 2 diabetes mellitus)[11].

The proposed pathophysiologic factors underlying these changes include epigenetic modifications of 
the expression of genes[12]. These modifications could induce appetite dysregulation and increase food 
intake and adipogenesis, resulting in future obesity and cardiovascular risk. The increased risk of 
metabolic syndrome and CVD may also be found during childhood, particularly in cases of rapid 
weight gain during infancy[13,14]. In a recent study from Singapore, a rapid weight gain from 0 to 2 

https://www.wjgnet.com/2307-8960/full/v11/i13/2855.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.2855
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Figure 1 Long-term implications of fetal growth retardation.

years, with or without prior fetal growth deceleration, was associated with unfavorable cardiometabolic 
markers at 3 years of life[15]. Similarly, Norris et al[16] reported that the adverse consequences of rapid 
infant weight gain in the first 2 years of life may occur regardless of FGR occurrence.

Other important determinants of adult anthropometric and inflammatory alterations are fetal growth 
trajectories, as reported in a relatively small Australian cohort[17]. A relationship between small fetal 
head and abdominal circumference and higher adult blood pressure was described, independent of 
confounding variables, such as adult adiposity[17]. In a later report, a significant association between 
fetal growth patterns and markers of adiposity [body mass index (BMI), waist circumference] and 
inflammation [C-reactive protein (CRP)] was found in 27-year-old subjects. Good growth in early 
gestation had a protective effect on adiposity in later life, whereas reduced early growth was associated 
to adiposity. For example, a very-low-to-rising femoral length trajectory was associated with higher 
adult BMI, as confirmed by other studies in different populations[18].

Average or above-average abdominal growth from early-mid pregnancy with later deceleration was 
associated with lower adult BMI and abdominal circumference. Decreased waist circumference during 
gestation was related to higher CRP level in adulthood, while increased abdominal and head circum-
ference was associated with lower CRP, even after adjustments for several factors, including postnatal 
lifestyle factors and maternal and pregnancy covariates. These effects were more pronounced in females 
than in males. However, it should be noted that obesity is a complex phenomenon involving multiple 
genetic and environmental factors, and the reported observations do not clarify the pathophysiology of 
adult obesity in former FGR individuals.

Potential preventive measures and treatments for the onset of metabolic complications include breast-
feeding, adequate nutrition and physical exercise starting from early childhood, growth hormone, and 
metformin[10]. However, the studies have included small numbers of patients and need to be replicated 
in larger cohorts. Moreover, in the follow-up of FGR children, pediatricians should perform routine 
blood pressure monitoring, advice on healthy diet, and encourage physical activity.

LONG-TERM CARDIOVASCULAR IMPLICATIONS OF FGR
FGR compared to normal growth is associated with a significantly higher incidence of CVD later in life
[19]. FGR is also associated with metabolic syndrome and the effect of IUGR on cardiovascular system 
may be mediated by diabetes, dyslipidemia, or hypertension. An increased risk of high systolic blood 
pressure, arterial stiffness, and reduced renal functional reserve have been described in young adults 
born after FGR[20]. Hypertension, coronary disease, cardiomyopathy, and heart failure have been found 
extensively in adulthood and older age[21]. However, growing evidence suggests that FGR is the direct 
cause of cardiovascular alterations independently from pre-existing metabolic disease[22], which can 
increase the level of mortality and morbidity among IUGR patients.

Several studies have examined the relationship between FGR and the development of CVD later in 
life[9,19]. Leon et al[23] were the first to conduct a large epidemiological study of about 15000 births in 
Sweden and reported a statistically significant relationship between low birth weight and mortality 
from CVD in male individuals aged > 65 years. Moreover, another cohort study showed an inverse 
correlation between birth weight and systolic pressure in 50-year-old patients in the United Kingdom
[24].
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Cardiovascular impairment may already exist in growth restricted children preclinically in 
childhood, before the clinical development of CVD in adulthood. Long-term exposure to hypoxemia 
may be associated with permanent alterations in the structure and function of the cardiovascular 
system. To date, available evidence suggests that chronic hypoxemia in utero induces physiological 
modifications of autonomic nervous system function, oxidative stress, impaired secretion of hormones, 
and functional and structural modifications of the blood vessels[25]. A more spherical shape is typically 
evident in the heart of a restricted fetus, which can evolve into hypertrophy in the most severe cases
[26]. Furthermore, prenatal echocardiography shows reduced longitudinal myocardial motion, 
abnormal transmitral E/A ratios (a marker of left ventricular function and late diastolic filling), 
prolonged isovolumic relaxation time, and decreased diastolic annular peak velocities. These modific-
ations are functional to ensure an efficient stroke volume output and tolerance to pressure overload[27].

Interestingly, biomarkers of cardiac dysfunction and damage, such as B-type natriuretic peptide and 
troponin[27,28], have been found to be increased in the cord blood of FGR fetuses, potentially 
explaining the cardiac impairment caused by a suboptimal intrauterine environment. The altered 
prenatal echocardiographic findings were also confirmed in the 1st days after birth[29]. In fact, 
decreased absolute “E” and “A2 wave velocities”, higher “E/A” ratio, a prolonged isovolumic 
relaxation time, and reduced contractility and cardiac output have been described in these neonates, 
leading to increased blood pressure and both diastolic and systolic dysfunction[30].

The same findings were also identified by other studies including infants from FGR pregnancies aged 
3-4 months[31]. Interestingly, a prospective study of 150 infants conducted by Crispi et al[32] compared 
cardiovascular morphology of 3-year-old to 6-year-old FGR infants with a control group. The authors 
showed that FGR children were more likely to present globular-shaped hearts, increased cardiac output, 
and left ventricular thickening. Similar findings were found by Rodríguez-López et al[33] in children 
aged 8-12 years. Altered vascular elastin and collagen content, extracellular matrix remodeling, and 
endothelial dysfunction are some of the prenatal circulatory modifications found in growth restricted 
offspring[25]. Multiple molecular mechanisms are involved in the pathogenesis of endothelial 
dysfunction in FGR patients such as the disruption in placental-mTORC and transforming growth factor 
beta signaling cascades, and changes in expression of endothelial nitric oxide synthase, as clearly 
explained in a recent review by Amruta et al[34]. Vascular changes may persist after birth and cause 
early onset preclinical atherosclerosis in children. For example, carotid artery thickness was found by 
Martin et al[35] in 3-year-old to 6-year-old children, and this evidence was confirmed by autopsy studies
[36].

It is important to underline that other factors may influence the development of CVD in FGR patients. 
For example, pre-eclampsia, obesity, maternal diabetes, and prematurity are independent risk factors of 
hypertension during childhood.

To summarize, even if epidemiologic studies showed an association between FGR and late complic-
ations, the underlying mechanisms may be numerous. Some of these have recently been described and 
may coexist. Finally, there is an urgent need for studies for the evaluation of preventive measures in the 
FGR population.

LONG-TERM RESPIRATORY IMPLICATIONS OF FGR
Lung development occurs through several stages, namely embryonic, pseudoglandular, canalicular, 
saccular, and alveolar[37]. In many growth restricted infants, placental insufficiency occurs in late 
pregnancy in parallel with distal lung development (acinar and alveolar structures), suggesting that 
FGR may especially impact distal lung development[38]. Clinical observations in newborns show that 
SGA infants have a more severe early respiratory course and increased risk of developing bronchopul-
monary dysplasia[39,40].

The long-term effects of FGR may be due to adaptations to poor oxygen exposure and nutrient 
supply that might result in structural or functional alterations[41]. FGR impacts lung function through 
molecular and cellular events, involving parenchyma, airway, and vasculature[38]. In fact, evidence 
showed that perinatal undernutrition changed the hormonal environment, which has an important 
impact on lung development and function, conditioning a higher risk for lung pathology in adulthood. 
Particularly, a deficit of retinol, cholecalciferol, leptin, ghrelin, and GLP-1 could be present in undernu-
trition in pregnancy and play a role in lung development, suggesting a correction of these deficiencies 
with diet supplementation during gestation[42,43].

Epidemiological studies showed that changes in lung development impacted both lung function and 
respiratory disease in early life, as well as in adulthood, particularly reduced forced expiratory volume 
in 1 s (FEV1) and chronic obstructive lung disease[38,44].

Much of our understanding of the relationship between FGR and lung development comes from 
animal studies. Maritz et al[45] showed that structural alterations induced by growth restriction during 
fetal lung development were still evident in adult sheep and were similar both qualitatively and 
quantitatively to those observed at 8 weeks, suggesting that restricted growth may induce permanent 
alterations in the morphology of the offspring's lungs as well as faster lung aging[46]. Adult FGR 
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animals have fewer alveoli (larger than in controls), thickening of the interalveolar septa and basement 
membrane due to the accumulation of extracellular matrix[46], and inhibition of surfactant maturation
[47]. FGR rats experienced significant pulmonary arterial hypertension and pulmonary vascular 
remodeling secondary to epigenetic mechanisms and pulmonary artery endothelial cell dysfunction
[48]. Another study in sheep demonstrated that chronic placental insufficiency and subsequent FGR 
during late gestation resulted in alveolar simplification after birth, without concomitant alteration in 
lung weight and reduced septation[49]. This observation was in contrast to a previous study from the 
same group[50] in which lungs were inspected for a short time after the onset of placental insufficiency 
and FGR, supporting the concept that prolonged exposure to chronic hypoxia negatively influences 
lung growth, whereas exposure for short time did not.

Other studies have evaluated the relationship of FGR and functional respiratory values. A recent 
study showed a lower FEV1 Z-score in subjects aged 8-15 years who were born preterm and with a 
diagnosis of FGR, suggesting a worse conducting airway function. In this study, confounding factors, 
potentially contributing themselves to the lung function impairment, were prematurity and 
bronchodysplasia[51]. The study of Nikolajev et al[52] showed that FGR has its most pronounced effect 
on airway dynamics. Particularly, no differences were found in FEV1 or peak expiratory flow between 
FGR children and controls, but mid-expiratory flow measurements were significantly lower, suggesting 
that FGR has a more pronounced effect on airway development than on lung volumes. FGR has an 
impact on lung function not fully understood, as current evidence is mainly based on studies in children 
born SGA or low birth weight but not necessarily with FGR.

In a recent systematic review, different lung function trajectories were described, and low birth 
weight was associated with subnormal lung function trajectories[53]. Karmaus et al[54] described a 
relationship between ‘low’ FEV1 trajectories in both genders and ‘low’ FEV1/forced vital capacity (FVC) 
trajectories in females between ages 10 years and 26 years, whereas other authors reported ‘low’ FEV1, 
FVC, and FEV1/FVC trajectories in FGR individuals aged 15 to 22[55]. However, other studies found 
only modest associations for low birth weight[56]. Stein et al[57] studied the potential association 
between fetal growth and adult lung function in South India. They found an association between low 
birth weight/small head circumference at birth and reduced FEV1, independent from age and current 
stature; FVC was similarly associated with low birth weight. Canoy et al[58] followed a large population 
from fetal period until adulthood showing that adult FEV1 and FVC increased linearly with birth 
weight, and that the reduction in lung function was more pronounced in adults with lower birth weight.

Several studies showed that low birth weight is an important determinant for later development of 
chronic obstructive pulmonary disease[59,60]. On the other hand, a meta-analysis reported a significant 
association between birth weight and adult FVC, indicative of restrictive pattern, and weaker evidence 
for airflow obstruction[61].

A crucial point to investigate is the relationship between FGR and the subsequent risk of asthma. Käll
én et al[62] found that FGR is associated with an increased risk of asthma, even if a stronger predis-
posing factor is prematurity. A study evaluated the association between fetal growth and childhood 
asthma, showing that it is independent of gestational age, familial context, and genetic factors[63]. In 
fact, a cohort study of twins described the association between lower birth weight and increased risk of 
asthma, suggesting that this association is not influenced by shared environmental or genetic factors as 
twins are theoretically exposed to the same factors[64].

Further studies are required to evaluate the impact of FGR, based on a consensus-defined definition, 
and long-term pulmonary outcomes. In fact, the confusion between IUGR, SGA, and low birth weight 
confound the interpretation of the literature, and there is the risk of over/underestimating the 
relationship between the two entities. Several animal studies demonstrated the impact of FGR on both 
short-term and long-term structure and function of the lung. The association between FGR and 
impaired functional respiratory values is controversial, and it is still not clear whether the impairment, 
if any, is mainly due to a restrictive or obstructive pattern.

PREVENTIVE MEASURES
Several preventive measures have been identified and considered to promote long-term health in 
former FGR individuals (Table 1). A useful antenatal measure is an improved identification of subjects 
with increased risk of complications (i.e. earlier/more frequent ecographic growth assessment). Other 
strategies could include the promotion of dietary modifications during gestation to facilitate normal-
ization of body weight, micronutrient levels, glycemia and blood pressure, lifestyle measures (i.e. 
avoidance of alcohol and smoke, enhancement of maternal education, reduction of stress and exposure 
to pollution), and control of chronic diseases. Some of these are currently being evaluated by clinical 
studies[65-68].

Postnatal early-life interventions include: Breastfeeding promotion, provision of adequate nutrition 
and growth, follow-up of high risk patients, and appropriate resource distribution[41]. Maternal and 
offspring microbiota modifications (i.e. dietary supplementation with docosahexaenoic acid and 
arachidonic acid to improve neurodevelopmental outcomes)[65], pre-probiotics are a potential 
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Table 1 Potential preventive measures to avoid chronic diseases in fetal growth restriction patients

Prenatal interventions Postnatal interventions

Early detection of fetal growth restriction Breastfeeding

Dietary modifications/supplementations during pregnancy Adequate nutrition in childhood

Normalization of body weight, glycemia and blood pressure control during 
pregnancy

Growth follow-ups and blood pressure monitoring

Lifestyle measures (i.e. avoidance of alcohol and tobacco, maximization of maternal 
education, reduced stress)

Lifestyle measures (i.e. avoidance of alcohol and tobacco, reduced 
stress, avoid overweight)

Management of maternal chronic diseases Pharmacological interventions: Growth hormone, metformin

interventions needing further studies. Lactoferrin and stem cell administration are under investigation.

CONCLUSION
In this review, we reported the most important complications of FGR with their proposed 
pathophysiology, according to the most recent literature. FGR is not only a complication of pregnancy 
but a condition with relevant short- and long-term unfavorable outcomes for children and adults. 
Potential benefits from the research in this area could include reduced stillbirths and neonatal deaths 
and improved outcomes in pregnancies affected by FGR. Moreover, the prevention, detection, and 
treatment of FGR might have important positive reflections on public health worldwide, and it is 
expected that these themes will be on the next research agenda. Indeed, in recent years a number of 
government agencies extensively funded research studies in this area (i.e. European Commission’s 7th 
Framework Programme, United States National Institutes of Health, among others).

Moreover, the interplay between FGR and other environmental exposures (i.e. microbiome, smoking, 
pollution, malnutrition, etc.) will be another interesting area of research likely to be covered by future 
studies.
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Abstract
Gastric stump carcinoma, also known as remnant gastric carcinoma, is a mali-
gnancy arising in the remnant stomach following gastrectomy for a benign or 
malignant condition. Enterogastric reflux and preexisting risk factors in a patient 
with gastric cancer are the major contributors to the development of gastric stump 
carcinoma. The occurrence of gastric stump carcinoma is time-dependent and 
seen earlier in patients operated on for malignant rather than benign diseases. The 
tumor location is predominantly at the anastomotic site towards the stomach. 
However, it can occur anywhere in the remnant stomach. The pattern of lymph 
node involvement and the type of surgery required is distinctly different 
compared to primary gastric cancer. Gastric stump carcinoma is traditionally 
considered a malignancy with a dismal outcome. However, recent advances in 
diagnostic and therapeutic strategies have improved outcomes. Recent advances 
in molecular profiling of gastric stump carcinoma have identified distinct 
molecular subtypes, thereby providing novel therapeutic targets. Also, reports of 
gastric stump carcinoma following pancreatoduodenectomy and bariatric surgery 
highlight the need for more research to standardize the diagnosis, staging, and 
treatment of these tumors. The present review aims to provide an overview of 
gastric stump carcinoma highlighting the differences in clinicopathological profile 
and management compared to primary gastric carcinoma.

Key Words: Gastric cancer; Gastritis; Carcinoma; Endoscopic surveillance; Gastric stump 
cancer; Remnant gastric carcinoma
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Core Tip: Gastric stump carcinoma is a rare malignancy with many unanswered questions regarding 
precise staging, molecular subtyping, and surgical management. The spectrum of its incidence is changing 
due to better medical management of peptic ulcer disease, increased survival of patients with 
malignancies, and malignancy in gastric stump following various other surgeries. The altered pattern of 
lymphatic spread deems further research to develop a newer staging system. Endoscopic surveillance with 
early gastric stump carcinoma detection made endoscopic resection and minimally invasive surgery 
feasible in selected patients with improved quality of life.

Citation: Shukla A, Kalayarasan R, Gnanasekaran S, Pottakkat B. Appraisal of gastric stump carcinoma and current 
state of affairs. World J Clin Cases 2023; 11(13): 2864-2873
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INTRODUCTION
Gastric carcinoma, with an incidence of 5.6% and mortality of 7.7%, ranks fifth in incidence and fourth 
in mortality among all cancers, making it a worldwide health problem[1]. On the other hand, gastric 
stump or remnant gastric carcinoma is a less common entity and accounts for 2% to 6% of all gastric 
carcinoma and a pooled prevalence of 2.6%[2,3]. In 1922, Donald Church Balfour, a Canadian surgeon, 
first observed that patients undergoing gastric surgery for peptic ulcer disease had decreased survival 
due to the development of malignancy in the remnant stomach[4]. There has been a steady rise in gastric 
stump carcinoma from 1970 to the late twentieth century[5]. However, with a paradigm shift in the 
management of peptic ulcers to medical therapy, there is a decrease in the incidence of gastric stump 
carcinoma following benign disease. Surgical and systemic treatment advances have improved the 
postoperative survival of gastric carcinoma patients and those with pancreatic cancer who share similar 
risk factors due to changes in gastrointestinal continuity[5-7]. Also, screening programs for gastric 
cancer in high-incidence areas allowed early detection and better management of early gastric 
carcinoma. These factors could potentially increase the incidence of gastric stump carcinoma. Also, 
reports of gastric stump carcinoma in patients undergoing bariatric surgery could further increase the 
incidence of gastric stump carcinoma[8,9]. Compared to primary gastric carcinoma, gastric stump 
carcinoma is usually described as a malignancy with a dismal outcome with low resectability rates. The 
present review aims to highlight etiopathogenesis, the differences in the clinicopathological features, 
and the management of gastric stump carcinoma compared to primary gastric carcinoma. Also, recent 
advances in molecular typing of gastric stump carcinoma might open newer therapeutic options in the 
future[10].

Definition
Various definitions and nomenclature have been used for defining gastric stump carcinoma concerning 
the type of previous gastric surgery and the interval between the index gastric surgery and the 
development of malignancy. Some authors describe it as gastric cancer detected more than five years 
following gastric cancer surgery, while others recommend using a ten-year interval[11,12]. A few 
included all carcinoma arising in the remnant stomach regardless of the initial disease or duration 
following previous surgery as gastric stump carcinoma[13]. In Chinese literature, gastric stump 
carcinoma is defined as new cancer occurring in the residual stomach more than five or ten years after 
gastrectomy for benign diseases or gastric cancer, respectively[14]. The Japanese literature defines it as 
cancer in the remnant stomach following gastrectomy for benign disease or gastric cancer at least five 
years after the primary surgery[15]. As there is no consensus on the definition it is imperative to have 
uniform definition to address various issues related to gastric stump carcinoma.

Etiopathogenesis
Pathogenesis of gastric stump carcinoma is multifactorial and influenced by the indication for index 
gastric surgery and type of reconstruction[16-20]. Stump carcinoma tends to develop in a shorter period 
following index gastric surgery for a malignant etiology than benign causes. On average, it takes 
approximately 300 mo for benign gastroduodenal diseases and 100 mo for gastric cancer to turn into 
gastric stump carcinoma following primary gastric surgery[5,21]. However, irrespective of the initial 
gastric pathology, the shorter duration between index gastric surgery and the onset of stump carcinoma 
worsens the outcome[22-24]. In gastric carcinoma patients with a single lesion during index surgery, the 
transformation rate to gastric stump carcinoma has been reported to be 1.9% in 4 years[22]. A few 
studies have shown that Billroth II reconstruction has more preponderance for gastric stump carcinoma 
than Billroth I reconstruction[18-20]. While gastric stump carcinoma is commonly reported at the 
anastomotic site, it can occur anywhere in the remnant stomach[25]. Anastomotic site gastric stump 
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carcinoma is common following Billroth II reconstruction, whereas it can occur anywhere in the gastric 
stump after Billroth I reconstruction[23,25]. However, a meta-analysis and a study from Sweden have 
documented that reconstruction type does not affect the risk of gastric stump cancer development, 
highlighting the multifactorial pathways in the genesis of gastric stump carcinoma[26,27].

Various physiological and anatomical alterations after partial gastric resection account for the 
occurrence of gastric stump carcinoma. Increased enterogastric reflux, and bacterial overgrowth 
secondary to vagotomy-induced achlorhydria are two dominant factors implicated in the pathogenesis. 
Bacterial overgrowth reduces dietary nitrates to nitrites resulting in overexposure of gastric mucosa to 
nitrosamines leading to metaplasia and dysplasia[28,29]. Hypochlorhydria also increases epithelial cell 
proliferation rendering the mucosa more susceptible to DNA damage[30,31]. Kaminishi et al[32] showed 
that the denervation of gastric mucosa encourages carcinogenesis in a rat model. Miwa et al[31], 
documented that enterogastric reflux has carcinogenic potential in rats. It has been suggested that the 
hydrophobic nature of bile acids causes stress-induced oxidative DNA damage and reduces DNA repair 
in epithelial cells[33-35]. Enterogastric reflux changes the physiological environment and pH of the 
remnant stomach, making it susceptible to Epstein-Barr virus infection and facilitating entry into 
epithelial cells, which is associated with the development of gastric stump carcinoma[36]. A few studies 
have documented Epstein-Barr virus infection rate of 22.2% to 41.2% in all patients following distal 
gastrectomy, with higher incidence following Billroth II compared to Billroth I reconstruction[23,37,38]. 
Higher frequency of Epstein–Barr virus infection that occurs in gastric stump carcinoma compared to 
primary gastric cancer is an area of intense research.

The role of Helicobacter pylori in gastric stump carcinoma is questionable because gastroduodenal 
reflux hampers the growth of bacteria in the gastric stump[11,30]. However, some studies suggest that 
Helicobacter pylori-induced gastritis, in combination with bile reflux, stimulates cellular proliferation in 
the remnant stomach[39,40]. Hence, the role of Helicobacter pylori as a risk factor for gastric stump 
carcinoma remains an area of debate[41]. Attempts have been made to reduce the risk of gastric stump 
carcinoma by connecting the afferent and efferent limbs of the Billroth II reconstruction distal to gastro-
jejunostomy (Braun’s anastomosis) to reduce the reflux. However, nuclear studies have revealed that 
Braun’s anastomosis is inadequate in suppressing the biliopancreatic reflux in the fasting state as well as 
following fatty meals[42]. Also, the use of Roux-en-Y reconstruction, or placing a jejunal interposition 
graft, to reduce reflux have reduced but does not entirely eliminate the risk, as cases of gastric stump 
carcinoma have been reported even after these reconstructions[43-45]. In addition to the aforementioned 
risk factors, patients who underwent gastrectomy for malignancy have a gastric microenvironment that 
is already conducive to the development of remnant gastric carcinomas like atrophic gastritis and 
intestinal metaplasia[2]. Also, patients undergoing proximal gastrectomy for gastric cancer have more 
risk of gastric stump carcinoma compared to those undergoing distal gastrectomy[22,23].

Molecular biology
Detailed molecular characteristics of gastric stump carcinoma remain to be clarified because of its rarity. 
Studies have shown that Programmed death ligand 1 (PD-L1) expression in gastric stump carcinoma 
tumor cells is lesser than in primary gastric cancer. However, PDL-1 expression in tumor-infiltrating 
immune cells is higher in gastric stump carcinoma than in primary gastric cancer[33,46]. In patients with 
gastro-enteric reconstruction, PD-L1 overexpression in inflammatory cells is aimed at suppressing 
inflammation. However, it also contributes to the immune escape of tumor cells in patients with gastric 
stump carcinoma. As the expression of epidermal growth factor and human epidermal growth factor 
receptor 2 (HER2) is less, HER2-targeted therapy may not frequently be applicable for treating gastric 
stump carcinoma[46]. Some authors reported that microsatellite instability was more common in gastric 
stump carcinoma compared to sporadic carcinoma stomach[33]. Also, the inactivation of hMLH1 and 
hMSH2 is more in Billroth II compared to Billroth I reconstruction[33,34]. Microsatellite instability and 
high PD-L1 expression suggest immunotherapy's role in managing gastric stump carcinoma. Also, C 
promoter polymorphism (IL-1B-31T) is associated with gastric stump carcinoma, with the T allele 
offering protection against gastric stump carcinoma[47]. A comprehensive understanding of molecular 
characteristics of gastric stump carcinoma may enable the selection of effective treatment options and 
the development of novel therapeutic strategies.

Histological transformation
According to the Lauren classification, two histological types of gastric carcinoma have been identified 
using hematoxylin and eosin staining, namely diffuse and intestinal type[48]. In gastric stump 
carcinoma, the histology of the tumor depends upon the location. Patients with tumors at the 
anastomotic site often have diffuse-type gastric cancer. Biliopancreatic reflux results in adenocystic 
proliferation of the gastric glands at the anastomotic site leading to a diffuse type of carcinoma[11]. 
Intestinal type is common in patients with gastric stump carcinoma located other than the anastomotic 
site. In the body of the remnant stomach, dysplasia ensues, leading to loss of gastric phenotype and 
resulting in intestinal type of carcinoma, which is attributed to the denervation of the gastric stump[32]. 
Another salient feature noticed on histology is that adjacent gastric mucosa in gastric stump carcinoma 
is less atrophic compared to proximal gastric carcinoma patients signifying a difference in the 
pathogenesis of gastric stump carcinoma[49]. Also, serosal tumor involvement seen in 37% to 48% of 
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patients with remnant gastric carcinoma is significantly higher compared to 19% in proximal gastric 
carcinoma[50].

Pattern of lymph node involvement 
The involvement of lymph nodes in gastric stump carcinoma is peculiar due to anatomical changes 
occurring after the type of primary surgery. Also, the pattern of lymph node spread is influenced by the 
indication of index gastric surgery. The lymphatic trunks are transected during the primary surgery, 
altering the lymphatic drainage pathways. Proximal gastric carcinoma normally drains along the celiac 
artery via lesser curvature, left gastric artery, and right cardiac lymph nodes. However, post-primary 
surgery, the draining pathway is through greater curvature, posterior gastric, and splenic artery lymph 
nodes[11,16,51]. Tumors in the gastrojejunal anastomotic site tend to have higher jejunal mesentery 
lymph nodal involvement, which ranges between 7% and 46.8%. Also, they tend to have a higher stage 
at presentation and poor outcomes[15,52-54]. Overall proportion of patients with splenic hilar node 
involvement is significantly higher in gastric stump carcinoma compared to primary gastric cancer. 
Jejunal mesentery lymph node involvement is primarily encountered after Billroth II reconstruction[15,
51]. Though mediastinal and paraaortic lymph nodal spread is reported, the exact incidence is not 
known, as clearance of these nodes is not routine for gastric stump carcinoma[51,55-57].

The total number of lymph nodes harvested following surgery for remnant gastric carcinoma is 
significantly less than primary gastric carcinoma, especially if the prior surgery was for gastric 
malignancy, as the nodes would have already been removed. Hence, the lymph node grouping used in 
the TNM classification for primary gastric carcinoma may not be appropriate for staging remnant 
gastric carcinoma[58]. Some authors have advocated the use of the lymph node ratio as a better 
prognostic marker and for selecting adjuvant therapy[58,59]. However, the lymph node ratio 
determined by dividing the number of positive lymph nodes by the total harvested nodes has different 
cut-off values in different studies[60-62]. Lack of standardization, primarily due to the limited sample 
size in the reported studies, limits the widespread use of lymph node ratio in gastric stump carcinoma. 
Hence, a novel staging system is required for gastric stump carcinoma, which considers the alterations 
of primary surgery and the type of reconstruction to accurately predict outcomes in these patients.

Management principles
The primary treatment of gastric stump carcinoma is radical surgical resection with lymphadenectomy 
and en bloc resection of involved adjacent organs[63-65]. As it is difficult to differentiate between tumor 
infiltration and inflammatory adhesions, en bloc resection of the involved adjacent organ is 
recommended. Most commonly resected adjacent organs are the spleen, transverse colon, jejunum, and 
distal pancreas[66]. In patients with gastric stump carcinoma following Billroth II reconstruction, a 
minimum of 10 cm of the jejunum distal to anastomosis is resected along with the ligament of Treitz and 
jejunal mesentery for better oncological outcomes[66-69]. Stump carcinoma infiltrating the esophagus 
requires cardiac, infradiaphragmatic, supradiaphragmatic, esophageal hiatal and lower thoracic 
lymphadenectomy. A few authors recommend splenic and paraaortic lymph node dissection for 
advanced gastric stump carcinoma when they are involved[51,54,69,70]. However, the standard lymph 
node dissection in gastric stump carcinoma is yet to be defined. Major factors influencing overall 
survival in gastric stump carcinoma are T stage, R0 resection and the time interval between primary 
gastrectomy and remnant gastrectomy[24].

Conventionally, gastric stump carcinoma is managed with open surgical approach. However, 
recently minimally invasive approaches have been used to resect these tumors. Compared to open 
surgery, minimally invasive surgery is associated with less blood loss, decreased morbidity, and similar 
5 year survival rates[67,68]. Also the feasibility and comparable long term outcomes with endoscopic 
resection of early gastric stump carcinoma has been recently reported[71]. The overall survival and 
disease specific survival rates of 87.3% and 100% respectively was reported with endoscopic resection
[71].

Current status of diagnosis 
The poor outcome in patients with gastric stump carcinoma is primarily due to late diagnosis resulting 
in a presentation at an advanced stage with a poor resectability rate. As symptoms of gastric stump 
carcinoma are non-specific and often resemble the postgastrectomy symptoms, active endoscopic 
surveillance is an option for early diagnosis[72-74]. A few authors have suggested annual endoscopic 
surveillance from one-year post gastric cancer surgery to at least ten years. While surveillance 
endoscopy has been suggested following gastrectomy for the benign disease, it should be kept in mind 
that the primary diagnosis of a benign disease makes patients less compliant for future endoscopies[5,
75]. Early detection of gastric stump carcinoma does not always require macroscopic lesions. Recent 
advances in endoscopic diagnostic techniques for diagnosis have resulted in the detection of early 
gastric carcinoma at an earlier stage, thereby facilitating endoscopic resection[76-80].

Appraisal of future perspectives
Several studies have documented en bloc resection and complete resection rates of 91% to 100% and 
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Table 1 Summary of endoscopic submucosal dissection for early gastric stump carcinoma, n (%)

Ref. Number of patients (number of lesion) En bloc resection Complete resection Perforation Bleeding 

Takenaka et al[91], 2008 31 30 (97) 23 (74) 4 (13) 0

Hirasaki et al[92], 2008 17 17 (100) 14 (82) 0 3 (18)

Hoteya et al[93], 2010 40 - 38 (95) 1 (2.5) 2 (5)

Lee et al[94], 2010 13 13 (100) 12 (92.3) 0 0

Nonaka et al[78], 2013 139 131 (94) 118 (85) 2 (14) 2 (14)

Tanaka et al[95], 2013 33 33 (100) 31 (94) 3 (9) 1(3)

Nishide et al[87], 2012 58 (62) 59 (95) 53 (85) 11 (18) 5 (8)

74% to 94%, respectively, for endoscopic submucosal dissection (Table 1)[71,80-84]. Some authors have 
tried endoscopic submucosal dissection with insulated tipped diathermic knife with good results, 
however operative time was more[85]. Comparing endoscopic mucosal dissection to endoscopic 
mucosal resection the former has significantly higher resection rates[86]. Though endoscopic mucosal 
dissection is difficult in the upper part of stomach, it have been found to be safe and feasible[87]. 
Perforation is relatively common after endoscopic gastric stump carcinoma resection and usually occurs 
at the anastomotic site[84,88]. As previously mentioned minimally invasive approach is increasingly 
used for gastric stump carcinoma. Studies comparing laparoscopic and open total gastrectomy for 
stump carcinoma have shown that laparoscopic surgery has less blood loss, more lymph node harvest, 
early post-operative recovery and lower complication rates[67,68,89-93]. However, all studies reported 
prolonged operative time compared to open surgery (Table 2). Although 5 year survival rates were 
equivalent between both groups, most studies had short follow up[67,91,93].

Recently more studies are showing the association of gastric stump carcinoma with various other 
surgeries like pancreatoduodenectomy, bariatric surgery, and following gastric pull-up, though the 
numbers are not alarming[7,94-96]. Enterogastric reflux is the primary mechanism. Gastric stump 
carcinoma post pancreatoduodenectomy usually occurs at the gastrojejunostomy site and is frequently 
poorly differentiated[96]. Some authors have reported cases of remnant gastric carcinoma even after 
pylorus preserving pancreatoduodenectomy at the pancreaticogastrostomy site[97]. A few researchers 
consider pancreatoduodenectomy an emerging risk factor for gastric stump carcinoma as the survival 
post pancreatic cancer surgery is increasing[7,98]. Sleeve gastrectomy is one of the most common 
procedures performed for managing morbid obesity. A few studies have reported remnant gastric 
carcinoma 15 to 25 years after bariatric surgery[8,99]. Gastric stump carcinoma after Roux-en-Y gastric 
bypass is often reported in the excluded antrum followed by body, pylorus and fundus[45]. As the 
reported number of gastric stump carcinoma cases post-bariatric surgery is less, more studies are 
needed to document whether bariatric surgery represents a true risk factor for gastric stump carcinoma. 
However, it is reasonable to suggest post-bariatric surgery endoscopic surveillance in gastric cancer 
endemic regions. Well-designed epidemiologic studies are needed to investigate these new associations 
with gastric stump carcinoma thoroughly.

With the rise of targeted therapy in gastric carcinoma, the interest of researchers has grown in gastric 
stump carcinoma, too. High incidence of microsatellite instability and PD-L1 expression in gastric 
stump carcinoma suggests a possible role of immunotherapy in these patients[100,101]. Prevalence of 
PTEN and SMAD 4 mutations in gastric stump carcinoma could also provide therapeutic targets[101]. 
The widespread availability of next-generation sequencing could facilitate molecular profiling of gastric 
stump cancer and the development of novel therapeutic strategies in the future.

CONCLUSION
Gastric stump carcinoma will not remain a rare clinical problem and may be more frequently 
encountered in the future. This entity still needs introspection and research concerning precise 
definition, appropriate staging and management. Owing to recent advances in diagnostic and 
therapeutic options, gastric stump carcinoma can be detected early and have survival equivalent to 
primary gastric carcinoma. Endoscopic management and minimally invasive surgery feasible in selected 
patients may offer a better quality of life. Recent advances in the molecular biology of gastric stump 
carcinoma may help to develop novel therapeutic strategies.
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Table 2 Overview of minimally invasive and open surgery for gastric stump carcinoma

Ref. Country No of patients 
(Lap/open/robotic)

Operative time 
(Lap/open)

Blood loss 
(Lap/open)

Postoperative 
hospital stay 
(Lap/open)

Conversion 
to open

Number of lymph 
nodes retrieved 
(Lap/open)

Son et al
[100], 2013

Korea 17/17/0 234.4/170 
minutes

227.6/184.1 mL 9.3/9.3 days 8 18.8/22.3

Nagai et al
[98], 2014

Japan 12/10/0 362.3/270.5 
minutes

65.8/746.3 mL 11.3/24.9 days NA 23.7/15.9

Kwon et al
[74], 2014

Korea 10/58/8 266.2/203.3 
minutes

182.2/193.1 mL 6/9 days 1 8/7

Kim et al
[97], 2014

Korea 17/50/0 197.2/149.3 
minutes

NA 11.1/13.8 days 0 12.9/NA

Tsunoda et 
al[99], 2014

Japan 10/6/0 325/289 minutes 55/893 mL 13/24 days 0 22/7

Otsuka et al
[96], 2018

Japan 7/20/0 364/309 minutes 70/1066 mL 13/27 days 0 22/12

Booka et al
[75], 2019

Japan 23/8/0 307.5/295.8 
minutes

135.5/568.3 mL 10.6/21.3 days 2 8.8/6

Lap: Laparoscopic; ml: Milliliter; NA: Not applicable.
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Abstract
Intensive care units (ICU) for various reasons, including the increasing age of 
admitted patients, comorbidities, and increasingly complex surgical procedures (
e.g., transplants), have become "the epicenter" of nosocomial infections, these are 
characterized by the presence of multidrug-resistant organisms (MDROs) as the 
cause of infection. Therefore, the perfect match of fragile patients and MDROs, as 
the cause of infection, makes ICU mortality very high. Furthermore, carbapenems 
were considered for years as last-resort antibiotics for the treatment of infections 
caused by MDROs; unfortunately, nowadays carbapenem resistance, mainly 
among Gram-negative pathogens, is a matter of the highest concern for world-
wide public health. This comprehensive review aims to outline the problem from 
the intensivist's perspective, focusing on the new definition and epidemiology of 
the most common carbapenem-resistant MDROs (Acinetobacter baumannii, 
Pseudomonas aeruginosa and Enterobacterales) to emphasize the importance of the 
problem that must be permeating clinicians dealing with these diseases.
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Core Tip: Intensive care units for various reasons have become "the epicenter" of nosocomial infections 
due to multidrug-resistant organisms: a perfect combination of critically ill patients and multidrug-resistant 
organisms, as the cause of infection, makes these patients' mortality very high. This comprehensive review 
aims to outline the problem from the clinician's perspective, focusing on the new definition and 
epidemiology of the most common multidrug-resistant organisms that are Acinetobacter baumannii, 
Pseudomonas aeruginosa and Enterobacterales to emphasize the importance of the problem.

Citation: Pace MC, Corrente A, Passavanti MB, Sansone P, Petrou S, Leone S, Fiore M. Burden of severe 
infections due to carbapenem-resistant pathogens in intensive care unit. World J Clin Cases 2023; 11(13): 2874-
2889
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/2874.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.2874

INTRODUCTION
Carbapenem resistance is such an important public health issue worldwide[1,2] that the 2017 World 
Health Organization (WHO) global priority list of pathogens ranks carbapenem-resistant Enterobac-
teriaceae (CRE), carbapenem-resistant Pseudomonas aeruginosa (CRPA), and carbapenem-resistant Acineto-
bacter baumannii (CRAB) in the highest priority category (i.e., Critical)[3]. Infections sustained by these 
bacteria lead to longer lengths of stay, increased healthcare costs, and higher mortality[4-6], especially in 
patients admitted to the intensive care unit (ICU)[7]. Many studies demonstrated the link between 
carbapenem use and carbapenem resistance[8-10]. This has even greater clinical relevance when we 
consider that the rise in the consumption rate of carbapenems was 45% worldwide[11]. Carbapenems 
are the third most widely used class of antibiotics worldwide for community-acquired infections in ICU 
(10.7%) and the first class for hospital-acquired infections (HAI) (21.5%)[12]. This comprehensive review 
aims to analyze from the perspective of worldwide epidemiology the global burden of severe infections 
supported by carbapenems-resistant germs in the ICU setting.

LITERATURE SEARCH
To review the published clinical data on the epidemiology of carbapenem resistance in the ICU setting, 
a systematic search of the biomedical literature was conducted. Medline (via PubMed) was searched, 
limited from 2012 to 2022, for articles using the following terms: [(carbapenem or imipenem or 
meropenem or doripenem or ertapenem) and (resistance or resistant or susceptible or susceptibility)] or 
(carbapenemase). The result of this search was combined with three separate searches for ‘‘Pseudomonas 
aeruginosa’’, ‘‘Acinetobacter baumannii’’ and “Enterobacteriales or Enterobacteriaceae”. The retrieved studies 
were scheduled from the geographical area of origin in the five continents: ‘‘Africa’’, ‘‘America’’, 
‘‘Asia”, “Europe”, “and Australia”.

DEFINITIONS 
Carbapenem-resistant Gram-negative bacteria (GNBs), namely, CRE (e.g., Klebsiella pneumoniae, 
Escherichia coli), CRAB and CRPA, are a matter of national and international concern as they are an 
emerging cause of HAI that pose a significant threat to public health. The term ‘CROS’ is used as a 
generic term that refers to all of these GNBs[13]. Centers for disease control and prevention (CDC) 
define CRE as multidrug-resistant organisms that are resistant to at least one of the carbapenem 
antibiotics (ertapenem, meropenem, doripenem, or imipenem) or produce a carbapenemase. CRE is a 
phenotypic definition (i.e., based on the organism susceptibility pattern). A lot of different mechanisms (
i.e., genotypes) can result in carbapenem resistance, for example, the production of enzymes that break 
down carbapenems and related antimicrobials making them ineffective: CRE that produce 
carbapenemases are called carbapenemase-producing CRE (CP-CRE); therefore, CP-CRE are a subset of 
all CRE (approximately 30% of CRE carry a carbapenemase), carbapenemase genes are often on mobile 
genetic elements, which can be easily shared between bacteria, leading to the rapid spread of resistance. 
Carbapenemases are classified by ambler into three classes - A, B and D (class C includes enzymes that 
hydrolyze primarily cephalosporins[14]) based on their central catalytic domain and substrate 
preference[15]. Class A [e.g., Klebsiella pneumoniae carbapenemase (KPC), imipenem-hydrolyzing β-
lactamase and Serratia marcescens enzyme] and D [oxacillin carbapenemase/oxacillinase (OXA)] 
carbapenemases have serine residues in their active sites and hence are called serine-proteases, while 

https://www.wjgnet.com/2307-8960/full/v11/i13/2874.htm
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Class B [New Delhi metallo-β-lactamase (NDM), Verona integron-encoded metallo-β-lactamase (VIM) 
and imipenemase metallo-β-lactamase (IMP)] enzymes are metallo-β-lactamases with zinc in the active 
site[16]. The five carbapenemases most frequently identified in CRE are KPC, which was the first 
carbapenemase identified in the United States (US) in 2001, the NDM, VIM, oxacillinase-48 (OXA-48-
type), and IMP[17]. The European committee on antimicrobial susceptibility testing defined the 
meropenem breakpoints for Escherichia coli and Klebsiella pneumoniae as S ≤ 2 mg/L and R > 8 mg/L; the 
corresponding breakpoints for ertapenem are S ≤ 0.5 mg/L and R > 0.5 mg/L. Isolates with meropenem 
minimum inhibitory concentration (MIC) > 2 mg/L and/or ertapenem MIC > 0.5 mg/L are considered 
resistant and should be investigated for carbapenem resistance mechanisms. This approach will not 
identify all Escherichia coli and klebsiella pneumoniae isolates but will detect most isolates with clinically 
significant carbapenem non-susceptibility. As the CDC also the European CDC encourages proceeding 
with the detection of carbapenemase production in carbapenem non-susceptible isolates with MIC 
values above the susceptible breakpoint[18].

EPIDEMIOLOGY 
To monitor antibiotic resistance and plan contrast strategies, the different continents established 
epidemiological surveillance networks: European antimicrobial resistance surveillance network and 
central Asian and eastern European surveillance of antimicrobial resistance in Europe and Asia while 
the national healthcare safety network at the CDC in the US. They documented that multidrug-resistant 
organisms (MDROs) have become much more prevalent during the last decade[19-21]. CDC estimates 
that each year in the US, at least 2.8 million people get an antibiotic-resistant infection, and more than 
35000 people die. The estimated national cost to treat infections caused by six MDROs identified in the 
last CDC report and frequently found in healthcare can be substantial—more than $4.6 billion annually
[22]. In a report conducted for “the review on antimicrobial resistance (AMR)”, commissioned in July 
2014 by the United Kingdom prime minister, it is predicted that the toll of global antimicrobial 
resistance will be 10 million deaths per year and up to $100 trillion lost to the global economy by 2050
[23]. In a survey promoted by the European society of intensive care medicine, 12.4% of ICU physicians 
reported that they had, during the preceding six months, at least one patient with an infection caused by 
a bacterium resistant to all or almost all antibiotics available in their ICU[24]. An international 
multicenter study concluded that 19% of patients admitted to the ICU for more than 24 hours acquired 
an infection, with rates ranging between 2.3% and 49.2% depending on the hospital unit[25]. The most 
common ICU-acquired infections are pneumonia, surgical site infection, gastrointestinal infection, 
urinary tract infection (UTI) and bloodstream infection (BSI)[26]. In a large surveillance report from 183 
US hospitals, 84% of BSI were related to the use of a central line catheter, 39% of pneumonia cases were 
ventilator-associated pneumonia and 68% of UTIs were related to urinary catheters[27]. According to 
the Gram staining results, bacteria can be classified into 2 categories: GNBs and Gram-positive bacteria 
(GPBs). Infections caused by multidrug-resistant GNBs are more frequent than multidrug-resistant 
GPBs, compared to the past. in a large prevalence study on infected ICU patients with isolates from 75 
countries, 62% were GNBs, 47% were GPBs and 19% were fungal[28]. Many acronyms help clinicians 
remember the most prevalent germs: ESKAPE organisms identify a group of highly resistant germs that 
'escape' to β-lactam antibiotics and consist of Enterococcus faecium, Staphylococcus aureus, Klebsiella 
pneumoniae, Acinetobacter spp., Pseudomonas aeruginosa, and Enterobacter spp.[29,30]. ESKAPE organisms 
represent the 6 most common MDROs of HAI[31]. However, since it was pointed out that this acronym 
excluded other enteric GNBs including Escherichia coli, it was modified into ESKAPE+C where “c” refers 
to Clostridium difficile, an important nosocomial pathogen that may easily acquire an MDROs phenotype 
and “e” refers Enterobacteriaceae covering all enteric GNBs including Escherichia coli, Klebsiella 
pneumoniae, Proteus spp. and Enterobacter spp.[32]. In Europe and other areas, of particular concern is the 
rapid spread of resistance mediated by extended-spectrum β-lactamases (ESBLs), especially in Klebsiella 
pneumoniae. ESBLs organisms are usually resistant to multiple antimicrobials, including third-generation 
and fourth-generation cephalosporins and aztreonam[33]. Sader and colleagues in their large cross-
national research study reported that among Escherichia coli isolates from the ICUs, 13.7% were ESBLs 
producers while ESBLs-klebsiella spp. were 17.2%[34]. Another antibiotic class that over time increased 
the resistance of Escherichia coli is that of fluoroquinolones, usually considered active in this species[35,
36]. Resistance of Pseudomonas aeruginosa to fluoroquinolones and imipenem has increased rapidly; 
above 10% of Pseudomonas aeruginosa are now resistant to multiple antibiotics classes such as 
cephalosporins, carbapenems, aminoglycosides and fluoroquinolones[33]. The increased use of 
carbapenems, which are among the most effective classes of antibiotics active against MDROs 
contributed to the emergence of CRE or CRAB[37,38]: Up to 25% of Acinetobacter baumannii isolates are 
CRAB[33]. The CRAB prevalence in Europe seems to be higher in south-eastern Europe, with the 
highest prevalence in Romania (86.5% meropenem 94.6% imipenem resistance)[39]. In the American 
continent, there seems to be a north-south gradient with all isolated Acinetobacter baumannii resistant to 
carbapenems in Uruguay[40], and practically absent in Canada[41]. More contained data come from 
Asia with China which seems to have the greatest number of CRAB. As for the African continent, there 
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are few studies on the prevalence of carbapenem resistance[42,43]; in a study conducted in Uganda, the 
prevalence of CRAB is 81.25%[44]. Table 1 and Figure 1 report the worldwide prevalence of 
meropenem-resistant Acinetobacter baumannii; we decided to use meropenem as a benchmark to 
determine the occurrence of carbapenem resistance, to make tables and figures easier to read because in 
vitro studies involving isolates from ICU patients indicate that meropenem is more active against most 
GNBs than other comparators (including imipenem)[45]. More contained data concern the CRPA: In 
Europe, the data are more varied with very variable resistance, also between homogeneous nations in 
terms of geography, economy, and social progress; for example, in the Netherlands, the prevalence is 
8.3%-17%[46] while in Germany it is 66.7%[47]. In North America the prevalence does not seem to 
exceed the two-fifths of the isolates, on the contrary, in a study conducted in Costa Rica, these exceeded 
four-fifths[48]. In Asia, the highest prevalence is in Korea with 92.9% of the BSI isolated from a burn 
ICU[49]. In Africa, the prevalence varies from about half of the isolates to almost all, as in Uganda with 
88.8% of the CRPA[44] (Table 2). Figure 2 reports the worldwide prevalence of meropenem-resistant 
Pseudomonas aeruginosa.

CRE account for approximately 20%-70% of Enterobacterales isolated in Europe[50,51], in North 
America, they remain almost non-existent in Canada[41], with a prevalence similar to the European one 
in the US[52-55]. In Asia data are very varied with a prevalence in China of 56.6%-76.7% of carbapenem-
resistant Klebsiella pneumoniae (CRKP)[56,57]. From studies conducted in the African continent, Tunisia 
seems to be the country with the highest prevalence with a percentage of 85.2% of CRKP[58]. In Table 3 
we reported the worldwide prevalence of meropenem-resistant Enterobacteriales, and in Figure 3 is 
shown the worldwide prevalence of CRKP which is the most common CRE.

RISK FACTORS 
Many risk factors can contribute to the genesis of antimicrobial resistance. They can be categorized as 
host, environmental, human, and protective barrier integrity factors[109]. Host risk factors include 
advanced age, organ and bone marrow transplant, end-stage renal disease in dialysis, intra-abdominal 
surgical procedures, cancer chemotherapy, immunosuppressive disease or therapy[26,110-112]. Prior 
use of antibiotics (90 days), prolonged antimicrobial usage and hospitalization (more than 5 days), use 
of indwelling catheters, long mechanical ventilation and residence in nursing homes and long-term care 
facilities are other important risk factors[110,112,113]. Numerous drugs used in ICU can be a risk factor 
predisposing patients to infections such as pneumonia (e.g., sedatives and muscle relaxants because they 
can reduce the cough and swallow reflexes) or gastrointestinal infections (e.g., proton pump inhibitors 
for stress ulcer prophylaxis because they disrupt the normal non-pathogenic bacterial flora)[110]. In this 
category, an important independent risk factor is previous MDROs infection or MDROs colonization. If 
the latter case occurs the probability of developing an infection is high[113]. Considering that some 
microorganisms can survive on surfaces, environmental is a category of risk factors, very dangerous for 
the genesis of antimicrobial resistance. It includes poor cleaning and disinfection of environmental 
surfaces as well as medical devices used for patient care (e.g., stethoscopes, thermometers, suction 
apparatus) that so became a source or reservoir to disseminate germs to other patients[114]. Among 
environmental risk factors, colonization pressure is of great importance. First described by Bonten for 
vancomycin-resistant Enterococci[115], and later for other bacteria as well[116-118], it is a critical 
parameter in the epidemiology of MDROs defined as the proportion of patients colonized with a 
microorganism in a given geographic area for a specified period[119]. It can be used to estimate the 
probability of cross-contamination[118], which is in turn an important indicator of poor hygiene 
especially when there is a clonal relationship of isolates[120]. In their study, Arvaniti et al[121] found 
that out of the total number of patients admitted to their ICU, 5.7% were already colonized at the hospit-
alization and of these 15.7% acquired Acinetobacter spp. during their ICU stay.

The main physical barriers of our body are the skin and mucosa membranes. They represent the first 
defensive bulwark against infections in general and therefore also for those supported by MDROs. 
Damage or interruption of their integrity using invasive devices in the ICU increases the risk of 
infections. In a recent meta-analysis by Hui Ang and Xuan, it was found that male gender (OR 1.40, 
95%CI: 1.09, 1.80), having an operative procedure (OR 1.31, 95%CI: 1.10, 1.56), a central venous catheter 
(OR 1.22, 95%CI: 1.01, 1.48), mechanical ventilation (OR 1.25, 95%CI: 1.07, 1.46), previous antibiotic 
therapy (OR 1.66, 95%CI: 1.41, 1.96), length of ICU stay (weighted mean difference 8.18, 95%CI: 0.27, 
16.10) were the identified risk factors associated with MDROs infections in ICU[122].

CURRENT AND FUTURE STRATEGIES AGAINST ANTIMICROBIAL RESISTANCE IN ICU
Infection prevention strategies can be divided into vertical or horizontal approaches[123,125]. Both go to 
integrate themselves into complex and various strategies to prevent MDROs infections. Vertical 
approaches involve the reduction of the risk of colonization, infection and transmission from high-risk 
pathogens or a specific group of them (e.g., Clostridium difficile, multidrug-resistant GNBs, and others)
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Table 1 Worldwide prevalence of Meropenem-resistant Acinetobacter Baumannii, n %

Continent Country Prevalence Site of infection Ref.

Africa Uganda 81.25 Mix [44]

Brazil 22.8-94.2 Mix [42,59]

Canada 4.4 Mix [41]

French Guiana 16.2 Mix [60]

Mexico 56.6 Mix [61]

Uruguay 100 Mix [40]

America

United States 61.2-74.2 Mix [26]

China 76.7-91.8 Mix [42,43]

India 65.2 VAP [62]

Indonesia 16.7-68 Mix [50,63]

Iran 53.8-94.5 Mix [64,65]

Jordan 88.2 Mix [66]

Kazakhstan 44.4 Mix [67]

Korea 55.8-91.8 Mix [52,53]

Saudi Arabia 6.2-52.6 Mix [68,69]

Taiwan 50.7 Mix [70]

Thailand 40.5-69 Mix [71,72]

Asia

Vietnam 84 VAP [73]

Germany 431 Mix [74,75]

Greece 58.9 Mix [76]

Italy 70 VAP [77]

Lithuania 30 VAP [78]

Poland 74.9-92.3 Mix [54,55]

Romania 86.5 Mix [39]

Russia 38-67.5 Mix [79,80]

82 HACSerbia

85.3 VAP

[81]

Spain 86.05 Mix [82]

Europe

Switzerland 37 Mix [51]

1Authors used carbapenems other than Meropenem or do not specify the carbapenem tested.
VAP: Ventilator-associated pneumonia; HAC: Hospital-acquired condition; Mix: More than one infection site or aggregated data about them.

[124]. For this reason, they are valuable tools in controlling and managing an outbreak[123,124]. Vertical 
approaches are centered on the use of active surveillance testing to detect patients who are MDROs 
carriers (i.e., asymptomatic colonizers) and separate them from patients who are not colonized with that 
specific pathogen. This is because asymptomatic colonizers can spread the microorganism contam-
inating the environment and devices and favoring transmission through direct and indirect contact
[124]. Examples of active surveillance testing are a rectal culture for CRE. Vertical strategies include also 
contact precaution and targeted decolonization (TD) for specific pathogens. TD has some limitations: the 
different decolonization strategies reduce the diffusion of a single specific target organism and not all-
important organisms, such as multidrug-resistant GNBs and VRE, have options for decolonization[126]. 
Horizontal infection prevention strategies aim to reduce the risk of infections sustained by a broad 
spectrum of pathogens[124]. They include standard precautions (such as hand hygiene and use of 
personal protective equipment) and antimicrobial stewardship (AS). It should be noted that some 
interventions falling within the vertical approach, such as the use of gloves with or without gowns or 
the decolonization of the skin, can be applied to all patients (i.e., in a horizontal approach), not just those 
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Table 2 Worldwide prevalence of Meropenem-resistant Pseudomonas Aeruginosa, n %

Continent Country Prevalence Site of infection Ref.

Egypt 41.82-78 Mix [83,84]

Lebanon 42.9 Mix [83]

Libya 46 Mix [83]

Tunisia 53.71 Mix [83]

Africa

Uganda 88.8 Mix [83]

Brazil 22.9-51.8 Mix [85,86]

Canada 18.3 Mix [41]

Costa Rica 91.3 Ns [48]

America

United States 12.9-43.3 Mix [87,88]

Indonesia 12.4-38.1 Mix [89,90]

Indonesia 12.4-38.1 Mix [89,90]

Iran 25 BSI [91]

Korea 50-92.9 BSI [49,92]

Qatar 85.7 Mix [93]

Saudi Arabia 52.5 Mix [83]

Taiwan 22.5 Mix [94]

United Arab Emirates 7.7 Mix [83]

Asia

Turkey 46.7 Mix [95]

Germany 61-66.7 Mix [47,75]

Netherlands 8.3-17 Mix [46]

65.1 HACSerbia

70.2 VAP

[81]

Europe

Switzerland 27 Mix [51]

1Authors used carbapenems other than Meropenem or do not specify the carbapenem tested.
BSI: Bloodstream infections; VAP: Ventilator-associated pneumonia; HAC: Hospital-acquired condition; NS: Not specified; Mix: More than one infection 
site or aggregated data about them.

with a specific pathogen. According to the CDC and the WHO, hand hygiene remains the simplest and 
most important practice in infection control. In May 2009 the WHO drew up a simple and precise 
infographic (called "The 5 moments of hand hygiene") for hand hygiene or the transition from one 
patient to the next, to prevent cross-transmission[127]. Despite the evidence showing the effectiveness of 
hand hygiene in preventing infections and efforts to increase compliance rate, it remains low at between 
40% and 60%[128,129]. AS is a set of strategies used to improve the use of antibiotics and limit the onset 
of resistance. It is centred on a systematic approach in multidisciplinary teams[130,131].

An AS programme should provide for: (1) The systematic search for causal agents by carrying out 
targeted crop surveys; the use of molecular biology tests can also enable important data to be obtained 
quickly; (2) Limiting the use of broad-spectrum drugs and reducing the duration of empirical therapy 
through de-escalation strategies[132], with timely replacement of these drugs with other narrow-
spectrum drugs; (3) Base therapies on pharmacokinetic and pharmacodynamic criteria adapted to the 
conditions of critical patients and any changes in the volume of distribution, metabolism, and 
elimination of drugs; and (4) Optimization of therapy (i.e., adequate dosage, optimal mode of adminis-
tration for the shortest possible time).

About AS it is important to note that data suggest that 30% to 60% of antibiotics prescribed in ICU are 
unnecessary, inappropriate, or suboptimal[133]. One of the possible reasons for this is the widespread 
belief that once the diagnosis of infection is made it is necessary to immediately start the antibiotic 
therapy with broad-spectrum drugs as each delay is associated with a worsening of the patient's 
outcome. This is true in infections with a rapid evolution (e.g., Meningitis) or for patients hemodynam-
ically unstable. However, data suggest that in patients with infection but stable, a limited delay in the 
start of antibiotic therapy allowing the execution of targeted cultures would allow a more appropriate 
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Table 3 Worldwide prevalence of Meropenem-resistant Enterobacteriales, n %

Continent Country Pathogen Prevalence Site of 
infection Ref.

Egypt Enterobacter cloacae; Escherichia coli; Klebsiella pneumoniae 43.5; 27.1; 53.7 Mix [96]

Morocco Enterobacteriales 2.6 Mix [97]

South Africa Enterobacter spp. Other; Klebsiella spp. 18; 6; 18 Mix [98]

Africa

Tunisia Enterobacter aerogenes; Enterobacter cloacae; Escherichia coli; K. Pneumonia; 
Providencia Stuartii

0.9; 9.8; 2.9; 85.2; 
0.9

Mix [58]

Argentina Enterobacteriales 2.8 BSI [99]

Canada Enterobacter cloacae; Escherichia coli; K. pmeumoniae; S marcescens 0.8; 0.1; 0.2;0.5 Mix [41]

America

United 
States

Citrobacter spp.; Enterobacter aerogenes; Enterobacter cloacae; Escherichia coli; 
Klebsiella oxytoca; Klebsiella pneumonia

4; 6; 42; 14; 4; 30 Mix [87,88,100,
101]

China Escherichia coli; Klebsiella Pneumoniae 11.9; 57-76.7 Mix [56,57,102]

India Klebsiella spp. 54 Mix [103]

Iran Klebsiella Pneumoniae 25.3 Mix [104]

Korea Enterobacteriales 31.1 BSI [49]

Pakistan Klebsiella Pneumoniae 72 Mix [97]

Asia

Turkey Klebsiella Pneumoniae 44.7-67.47 Mix [105]

France Enterobacteriales 72.8 Mix [106]

Germany Escherichia coli; Klebsiella Pneumoniae 3; 13 Mix [75]

Greece Klebsiella pneumoniae 74 NS [107]

Russia Escherichia coli; Klebsiella spp.; Proteus spp. 3; 16; 29 NS [108]

Enterobacter spp. 36.4/35.9

Klebsiella pneumoniae 50/56.8

Serbia

Proteus mirabilis 40/39.5

HAC/VAP [81]

Spain Enterobacteriales 30.3 NS [84]

Europe

Switzerland Enterobacter spp.; Escherichia coli; Klebsiella pneumoniae 77; 8; 11 Mix [50]

BSI: Bloodstream infections; VAP: Ventilator-associated pneumonia; HAC: Hospital-acquired condition; NS: Not specified; Mix: More than one infection 
site or aggregated data about them.

treatment and an improvement of the outcome[134]. It seems to be essential to identify protocols for the 
quickest identification of the germ causing the infection[135], in order not to use combination therapies 
whose efficacy on MDROs is not always the most effective[136,137]. A paradigmatic case seems to be 
the use of colistin in combination, which is the most common use in clinical practice[138], but 
randomized studies have not shown any benefits even in strains resistant to retrospectively identified as 
colistin-resistant[139]. Environmental cleaning and disinfection are other essential horizontal strategies 
for the control of infections and especially the prevention of cross-contamination[109]. It is important 
that in every hospital there is a systematic protocol for environmental cleaning and disinfection. It 
should address regular daily high-touch areas frequently exposed to human contact and emphasize 
adequate disinfection of the discharged patient’s room as a terminal cleaning practice[140].

Currently, antibiotics are still the first therapeutic weapon for patients with MDROs infection in ICU
[141]. Despite government efforts and incentives for pharmacological research of new molecules, few 
antimicrobial agents remain effective against MDROs that are available in clinical practice. New antimi-
crobial agents recently approved or in advanced phases of clinical development including the new beta-
lactam and beta-lactamase inhibitor combinations (ceftolozane/tazobactam, ceftazidime/avibactam, 
meropenem/vaborbactam, imipenem/cilastatin/relebactam, aztreonam/avibactam), siderophore 
cephalosporins (cefiderocol), aminoglycosides (plazomicin) and tetracyclines (eravacycline)[142]. 
Numerous incentives have been provided to encourage researchers to work on alternative strategies to 
reverse the resistance trend. There are numerous alternative therapeutic weapons to antimicrobials in 
the study that could be used in the future[141]. Our microbiota remains an important ally in the battle 
against MDROs infections. Therefore, it must remain unaltered. Two therapeutic options are currently 
being investigated to remove the antibiotic residues active in the colonic space where the highest 
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Figure 1 Worldwide prevalence of Meropenem-resistant Acinetobacter Baumannii.

Figure 2 Worldwide prevalence of Meropenem-resistant Pseudomonas Aeruginosa.

concentrations of intestinal bacteria are found. The first is the use of an engineered, broad-spectrum 
beta-lactamase that aims at decaying any beta-lactamase in the gut. The second is colon-delivered active 
charcoal, which aims to adsorb free colonic compounds[141]. Phage therapy is another therapeutic 
alternative with an interest in the future. A serious advantage of phages over antibiotics is that is highly 
specific. For this, they can be a perfect weapon to decontaminate MDROs from the gastrointestinal tract, 
as only MDROs strains would be targeted while commensal strains would be spared[141]. Like phage 
another specific future possibility against MDROs infection is antibodies. To overcome the issue of 
immune reaction against monoclonal antibodies, they are now humanized. Examples of antibodies that 
are being developed in this context target virulence factors: Alpha-toxin of Staphylococcus aureus, the 
type III secretion system of Pseudomonas aeruginosa, and the toxin B of Clostridium difficile[141]. In 
addition, a vaccine against multidrug-resistant Acinetobacter baumannii is also under investigation at the 
preclinical stage[141].

A Specific carbapenem-resistant and carbapenemase-producing Organism Prevention Program for 
Public Health and Healthcare is recently uploaded by the California Department of Public Health; it is 
clearly articulated ten different points: (1) Laboratory Identification (implement the updated laboratory 
breakpoints for carbapenems and Enterobacterales); (2) Surveillance (ensure that the laboratory rapidly 
notifies infection prevention and clinical staff when a patient with carbapenem resistance is identified); 
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Figure 3 Worldwide prevalence of Meropenem-resistant Klebsiella pneumonia.

(3) Colonization Testing (perform CRE colonization testing upon ICU admission of high-risk patients); 
(4) Infection Control Measures (place patients infected or colonized with CRE in a single room 
whenever possible, and implement Standard and Contact precautions); (5) Adherence Monitoring (use 
infection control assessment and adherence monitoring tools); (6) Environmental Cleaning (Ensure 
thorough daily and terminal environmental cleaning. Focus on high-touch surfaces or any shared 
reusable medical equipment); (7) Interfacility Communication (Communicate CRE status to the 
receiving facility ahead of time to ensure appropriate care is maintained when transferring a patient); (8) 
AS (Implement strategies to limit the use of broad-spectrum antimicrobial agents and an antimicrobial 
stewardship program); (9) Regional Prevention (Participate in regional efforts to prevent the spread of 
drug-resistant infections); and (10) Reporting (Report CPO cases through CalREDIE electronic 
laboratory reporting[143].

CONCLUSION
Antimicrobial resistance remains a huge public health problem on a global scale whose weight has a 
huge cost in terms of health expenditure and human lives. At present, antimicrobial agents remain the 
only causal therapeutic strategy available. Thanks to the efforts of research, in the future, we could use 
new therapeutic weapons as alternatives or even superior to antimicrobial agents[141]. At present, it is 
important to preserve the effectiveness of the last molecules put on the market, through a systematic 
implementation of strategies to minimize or prevent risk factors (first the pressure selection) and the 
spread of MDROs. For this purpose, in primis, the knowledge of local epidemiology and the creation of 
antimicrobial programs and diagnostic stewardship are mandatory to ensure the appropriateness of 
antimicrobial therapies. The WHO Global Action Plan on antimicrobial resistance gives strategic 
objectives, one of which is to strengthen knowledge through surveillance to cover the gaps in 
knowledge on the incidence, prevalence, and range of antimicrobial resistance across different geo-
graphical regions[144]. In our review, it is evident that there are huge differences in the epidemiology of 
different nations and that in most of the geographical regions, there are no data. Finally, a multidiscip-
linary approach including intensivists, microbiologists, pharmacists, and infectious disease specialists 
should play a key role to optimize antimicrobial treatment and minimizing inappropriate use of 
antibiotics in an era of limited pharmacological options[142]. To our knowledge, this is the first compre-
hensive review of the global burden of severe infections due to carbapenem-resistant pathogens 
focusing on ICU, as well as an evaluation of the limited availability of data. Previous reports focused on 
the overall antimicrobial resistance aggregating data from different inpatient wards and not exclusively 
from ICU[145].
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Abstract
Diabetes care is often difficult without a proper collaboration between the patient 
and the care provider as the disease is mostly self-managed by patients through 
adjustments in their lifestyles, and medication doses to optimise glycaemic 
control. Most clinical guidelines on the management of diabetes mellitus (DM) 
provide only broad principles on diabetes care, and the blind follow-up of such 
principles without a proper review and consideration of patient characteristics 
often results in inadequate glycaemic control and diabetes complications 
consequently. Therefore, a proper understanding of the pathobiology, clinical 
situation, and comorbidities of the individual case is of paramount importance to 
tailoring the most appropriate management strategy in real-world diabetes care. 
With the aid of five unique cases of DM [(1) Medically managed type 2 diabetes 
mellitus (T2DM) with severe obesity; (2) Management of T2DM with unreliable 
glycated haemoglobin (HbA1c); (3) Obesity in a patient with type 1 diabetes 
mellitus (T1DM); and (4) Late diagnosis and subsequent management of 
monogenic diabetes and 5. Sudden worsening of well-controlled T2DM)] we 
elaborate on the importance of individualised diabetes care and the practicalities 
in these situations. The review also provides an evidence update on the 
management of different forms of DM to guide physicians in optimising the care 
of their patients in day-to-day clinical practice.

Key Words: Individualised diabetes care; Diabesity; Double diabetes; Monogenic diabetes; 
Diabetes in pancreatic cancer
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Core Tip: Diabetes mellitus (DM) is a chronic disease mostly self-managed by patients as glucose control 
is largely related to lifestyle adjustments with appropriate dietary habits and physical activities. A proper 
understanding of the pathobiology of DM, associated comorbidities, the clinical situation, and the socio-
cultural background of each patient is of paramount importance in planning the optimal management 
strategies for diabetes care. With the aid of 5 interesting real-world case scenarios, we elaborate on the 
importance of individualised diabetes care in this evidence-based review to empower physicians in 
optimising the care of their diabetes patients in day-to-day clinical practice.

Citation: Khor XY, Pappachan JM, Jeeyavudeen MS. Individualized diabetes care: Lessons from the real-world 
experience. World J Clin Cases 2023; 11(13): 2890-2902
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/2890.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.2890

INTRODUCTION
According to the most recent update of the International Diabetes Federation (IDF) in the year 2021, DM 
has affected 537 million adults across the globe[1]. Patients with DM are often not well-informed about 
the pathophysiology, natural course, potential complications, and the plan for optimal management of 
their illness from the outset which is the most important reason for poor disease outcomes. Although 
diabetes professional bodies such as the American Diabetes Association (ADA), the European 
Association for the Study of Diabetes (EASD), the Diabetes United Kingdom (DUK), and IDF commonly 
involve patient support groups and produce publications on structured diabetes education programs, 
empowerment of diabetes patients by the healthcare professionals during clinic reviews is often 
inadequate at an individual level. Figure 1 shows a graphical summary of the importance of individu-
alised diabetes care.

As DM is a chronic disease mostly self-managed by patients, individualised diabetes care plans and 
self-management support (SMS) systems are expected to improve adherence to therapy and thereby, the 
disease outcomes. Multiple studies have shown that SMS interventions and personalised care plans 
result in an improvement in clinical outcomes, quality of life, knowledge about the disease, and the 
efficiency of self-care among patients with DM[2-4]. However, this approach is often overlooked in the 
day-to-day clinical practice in most healthcare systems which can contribute to adverse disease 
outcomes in DM cases. With the aid of 5 unique real-world clinical case scenarios, we outline the 
importance of individualised diabetes care in this evidence-based review.

CASE SCENARIOS AND MANAGEMENT
Case 1
A 58-year-old woman with a 10-year history of T2DM, initially managed with Metformin 1 g twice a 
day (BID), Gliclazide 160 mg BID, and insulin Glargine 60 units at night, was referred to the diabetes 
specialist clinic for improvement of her metabolic control due to inadequate glycaemic control despite a 
gradual increase in the insulin doses. Her body weight was 118 kg with a body mass index (BMI) of 41 
kg/m2, and her blood pressure (BP) was 156/88 mmHg. Her biochemical profile showed: HbA1c 76 
mmol/mol, creatinine 86 mmol/L, total cholesterol 5.6 mmol/L, high-density lipoprotein (HDL) 0.88 
mmol/L, low-density lipoprotein (LDL) 3.1 mmol/L, triglycerides (TG) 2.3 mmol/L, gamma-glutamyl 
transferase (GGT) 168 U/L, and alkaline phosphatase (ALP) 146 U/L. Other biochemical tests such as 
thyroid functions and urine microalbumin were normal.

After a discussion about the importance of managing her gradually increasing body weight which 
was getting worse after the initiation of insulin 2 years ago (when her body weight was 102 kg), she 
agreed to start an injection of Semaglutide 0.25 mg subcutaneously weekly after stopping the Gliclazide. 
She tolerated the Semaglutide well with good suppression of her appetite and the dose was escalated to 
0.5 mg weekly after 4 wk, and then to 1 mg weekly after 8 weeks. She started losing weight steadily and 
managed to reduce the dose of her insulin Glargine by 4-6 units periodically and discontinued the 
insulin completely in 9 mo following the initiation of Semaglutide. She achieved a total weight loss of 36 
kg and her HbA1c dropped to 58 mmol/moL at the 9-mo follow-up visit. After another discussion 
about the potential for further improvements in her diabetes and body weight, she has been commenced 
on Canagliflozin 100 mg daily, the dose of which was increased to 300 mg daily after a month.
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https://dx.doi.org/10.12998/wjcc.v11.i13.2890
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Figure 1 Individualised diabetes care - graphical abstract. GLP-RA; SGLT2 inhibitor.

At her subsequent review 6 months later, she had a further weight loss of 20 kg but had been feeling 
depressed as people have not been recognizing her because of her massive weight loss and demanded 
to stop her antidiabetic medications completely. Her biochemical profile revealed: HbA1c 42 mmol/
moL, creatinine 64 mmol/L, total cholesterol 3.8 mmol/L, HDL 0.98 mmol/L, LDL 2.8 mmol/L, TG 2.3 
mmol/L, GGT 168 U/L, and ALP 146 U/L. Although her T2DM was in remission, she was cautioned 
about the high risk of relapse when the medications that resulted in massive weight loss (combination of 
Semaglutide and Canagliflozin) were discontinued. She agreed to continue Metformin 1 g BID on a 
long-term basis.

Case 2
A 64-year-old man was referred to the diabetes clinic by his general practitioner as he could not explain 
the disproportionately low HbA1c of 52 mmol/moL while the patient was showing capillary blood 
glucose (CBG) readings of 18–24 mmol/L regularly on his home glucose monitor. He had been on 
mixed Isophane human insulin/regular insulin (70/30) BID (20 units before breakfast and 15 units 
before evening meals). He was getting monthly iron transfusions and occasional infusions of packed red 
blood cells for chronic anaemia related to angiodysplasia of the small intestine.

Evaluation from the hospital clinic revealed haemoglobin of 105 g/L and a fructosamine level of 564 
µmol/L (reference range: 215-310). The falsely low HbA1c levels in the patient were considered a 
reflection of rapid red cell turnover from chronic intestinal blood loss and accelerated erythropoiesis. He 
was advised to up-titrate the insulin doses gradually to bring down the CBGs to < 10 mmol/L 
consistently. After three months of treatment under close supervision, his fructosamine levels came 
down to 384 µmol/L, acceptable for his age and co-morbidities. The referring physician and the patient 
were advised to rely upon the CBGs for optimal management of diabetes without periodic monitoring 
of HbA1c because of its unreliability.

Case 3
A 72-year-old woman was referred to the diabetes clinic for consideration of adding an antidiabetic 
medication with weight loss potential. She had a background of longstanding inadequately controlled 
T1DM of 15 years duration. She was on treatment with insulin Aspart 36 units with main meals three 
times a day (TID), insulin Glargine 90 units at night, and Metformin 1 g BID for her diabetes 
management. Her HbA1c level was 68 mmol/moL without other major abnormalities in her 
biochemical tests. Her body weight was 94 kg with a BMI of 36 kg/m2 and was quite motivated to try 
any medications to improve her body weight and high insulin dose requirements.
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After counselling about the potential gastrointestinal side effects and the lack of license for routine 
use in patients with T1DM, the patient agreed to try an injection of liraglutide as an add-on therapy for 
her diabetes management at a dose of 0.6 mg subcutaneously daily. The daily dose was up-titrated by 
0.6 mg every month to a maximum of 1.8 mg daily in 2 months. She tolerated the medication well and 
started losing weight with her CBG readings consistently < 10 mmol/L without significant 
hypoglycemic episodes. She managed to reduce the dose of her insulins gradually, and at the end of one 
year, she was only taking insulin Aspart 10 units TID with her main meals and insulin Glargine 40 units 
at night. Her final body weight was 72 kg and her HbA1c was 57 mmol/moL. She also reported 
significant improvement in her mobility which was previously restricted by knee joint osteoarthritis.

Case 4
A 42-year-old woman was reviewed in the diabetes clinic as requested by her primary care physician for 
the optimisation of diabetes control. She had a 12-year history of diabetes which was initially managed 
by oral hypoglycaemic agents (OHA). Metformin was stopped because of severe diarrhoea. She did not 
tolerate Gliclazide because of hypoglycaemic episodes. Subsequently, she was managed with mixed 
Isophane human insulin/regular insulin (70/30) BID- 30 units before breakfast and 42 units before 
evening meals. The CBG readings ranged between 6–16 mmol/L with occasional mild symptomatic 
hypoglycaemic episodes. Her latest HbA1c was 72 mmol/moL, indicating poor glycaemic control for 
her age although she had no established microvascular complications of diabetes.

When she reported a recent diagnosis of diabetes in her 22-year-old son and a previous history of 
hypoglycaemic episodes with Gliclazide, the probability of monogenic diabetes was considered. She 
was unwilling to undergo genetic testing for monogenic diabetes initially. Therefore, a sulphonylurea 
challenge test was performed. She responded very well to the sulphonylurea challenge with a marked 
reduction in her plasma glucose. This was suggestive of monogenic diabetes. Subsequently, she had a 
genetic test that showed an HNF-1A mutation. Her glycemic control improved significantly with her 
HbA1c level reaching 49 mmol/moL within three months of treatment with oral Gliclazide 40 mg BID 
only.

Case 5
A 66-year-old woman with an 8-year history of well-controlled T2DM on diet and lifestyle modifications 
presented with a one-month duration of osmotic symptoms and weight loss of 6 kg. Her CBGs were 
consistently between 16–22 mmol/L for nearly three weeks before her evaluation. Her HbA1c rose to 66 
mmol/moL from 51 mmol/moL three months earlier indicating that her hyperglycaemia was of very 
recent onset. She weighed 66 kg with a BMI of 28 kg/m2. Her liver function tests (LFT) showed elevated 
GGT of 240 U/L, ALP of 196 U/L, and alanine transaminase level of 68 U/L with normal bilirubin and 
albumin levels. She has commenced on Metformin 500 mg BID and mixed Isophane human insulin/
regular insulin (70/30) 10 units BID with a plan to increase the dose every 2–3 d to reduce the glucose 
readings to mostly single figures without hypoglycaemia.

Blood samples for screening of T1DM antibodies [antibodies against islet cells, insulinoma antigen 2 
(IA2), glutamic acid decarboxylase (GAD), and zinc transporter 8 [ZnT8)], and an outpatient ultrasound 
scan of the liver for investigating the presumed metabolic-associated fatty liver disease as a cause of 
abnormal LFT were ordered. Although her antibody screening for T1DM was reported as negative 2 d 
later, the liver USS showed numerous nodular lesions suggestive of metastatic cancer. A subsequent 
computed tomography scan of the chest, abdomen, and pelvis revealed advanced metastatic pancreatic 
cancer. The patient and family understood that her prognosis was very poor and declined further 
evaluation and interventions for the cancer. She was discharged to a palliative care facility for symptom 
control and end-of-life support where she died a few weeks later.

DISCUSSION
Diabetes is a unique disease entity with very different clinical presentations and courses of illness 
largely influenced by the patient’s biological characteristics, environmental factors, and comorbid 
illnesses. Therefore, formulating a management plan requires consideration of all these factors at a 
personal level to individualise treatment options through the SMS mentioned above. The case snippets 
discussed in this paper are some unique examples of this paradigm. The scientific rationale for this 
individualised DM care and the importance of SMS systems are discussed below.

The concept of “Diabesity”
Obesity, defined by the World Health Organisation (WHO) as having a BMI of ≥ 30 kg/m², is an 
excessive accumulation of fat that poses a risk to health. The prevalence of obesity worldwide has 
almost tripled since 1975 with > 650 million adults being obese in 2016[5]. More concerningly, the 
percentage of children and adolescents aged 5-19 who are overweight, and obese has increased 
significantly from just 4% in 1975 to a whopping > 18% in 2016. This obesity epidemic, which is a major 
risk factor for noncommunicable diseases such as diabetes, cardiovascular diseases, musculoskeletal 
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disorders, and some forms of cancers, is largely preventable through lifestyle changes with the 
consumption of a low-energy diet and regular physical activities.

“Diabesity” is a terminology used to describe the pathophysiological interlink between obesity/
overweight and T2DM. This phenomenon is a complex molecular cascade, involving lifestyle factors, 
abnormal genetic heterogenicity background as well as biochemical and hormonal mechanisms.

The development of T2DM in an overweight or obese individual can be annotated by the presence of 
visceral adiposity leading to the development of peripheral insulin resistance. There are three 
hypotheses proposed in the pathophysiology of diabesity[6]:

The “inflammatory hypothesis” advocates a causal link between the pro-inflammatory cytokines 
produced by the excess adipose tissues and insulin resistance.

The “lipid overflow hypothesis” suggests that lipid metabolites released from the adipose tissues 
cause inhibition of insulin signal transduction and increased insulin resistance.

The “adipokine hypothesis” suggests that the adipokines secreted from the adipose tissues made up 
of several hormones and chemical substances, induce inflammatory and metabolic cascades, resulting in 
insulin resistance.

As insulin resistance progresses, an individual will require a higher amount of plasma insulin to 
achieve the same insulin effect due to a downregulation of the insulin receptors on cell membranes. 
However, insulin is an anabolic hormone that slows basal metabolism, inhibits protein catabolism, 
stimulates lipogenesis, and increases the accumulation of adiposity. In addition, the exogenous insulin 
does not have the first pass hepatic metabolism through the portal vein to suppress hepatic gluconeo-
genesis. This results in further weight gain associated with exogenous insulin use. The vicious cycle due 
to hyperinsulinemia can cause worsening of the diabesity[6,7]. Figure 2 shows the schematic diagram of 
the mechanism of insulin resistance and the development of diabesity.

Clinical and management approach to diabesity
In case 1, the patient presented with a classical picture of diabesity and metabolic syndrome (dyslip-
idaemia and hypertension). Her initial treatment which consisted of Metformin, sulphonylurea, and 
insulin had resulted in the worsening of her diabesity. Metformin, which remained as the first-line 
treatment in T2DM, is thought to be a weight-neutral antidiabetic medication. Although its exact 
mechanism of action is yet to be fully understood, it is known to inhibit hepatic glucose production and 
gluconeogenesis, improve peripheral insulin resistance, and it has an anorexiant effect which is 
beneficial in the context of managing diabesity. On the other hand, the risks and benefits of using 
sulphonylurea and exogenous insulin need to be carefully considered owing to their side effect of 
weight gain. On balance, exogenous insulin remained an important treatment in patients with 
uncontrolled hyperglycaemia when oral antidiabetic medications alone would not have worked 
sufficiently. Insulin, in addition to Metformin, is especially useful when the HbA1c level is ≥ 75 mmol/
moL to achieve a rapid improvement in glycaemic control. Combination therapy is preferred as less 
insulin is required compared to insulin monotherapy[6,7].

The clinicians should review and rationalise antidiabetic regimes from time to time. For example, in 
the case we described, the insulin regime was gradually titrated down following the addition of 
antidiabetic medications to prevent adverse effects such as hypoglycaemia.

Antidiabetic medications specifically for the management of diabesity
Glucagon-like peptide-1 receptor agonists: GLP-1 is a short-lived incretin hormone that is produced in 
response to food intake, and it controls feeding behaviour and glucose homeostasis[6,7]. The binding of 
GLP-1 to its receptor stimulates the release of insulin from beta-cells and suppresses the release of 
glucagon from alpha cells in the pancreas. Therefore, the glucagon-like peptide-1 receptor agonists 
(GLP-1RA), which mimics the action of endogenous GLP-1 but escapes the degradation by the 
dipeptidyl peptidase-4 (DPP-4) enzyme, acts by stimulating the insulin secretion, inhibiting gastric 
emptying in a dose-dependent manner, suppressing the appetite and altering the feeding behaviour[8].

Several studies reviewed that various preparations of GLP-1RA such as Liraglutide, Dulaglutide, 
Semaglutide, and Exenatide demonstrated a significant reduction in HbA1c, at least if not more than 
when basal insulin was used, and with significant weight reduction[9-13]. Liraglutide has been shown 
to achieve a significantly greater mean HbA1c reduction when compared to the placebo: 11.9 mmol/
moL vs 6.0 mmol/moL[14]. A mean weight change of -5.8% was observed at the end of this 56-wk 
SCALE Insulin study with 51.8% of patients on Liraglutide achieving ≥ 5% weight loss. In addition, 22% 
of the patients had managed to lose ≥ 10% of their weight. It was thought that the delay in gastric 
emptying, satiety, and reduced dose of insulin or sulfonylurea may have contributed to this. Figure 3 
shows a schematic diagram of the physiology of incretins and glucagon and the pharmacological 
manipulation for the management of diabesity.

A greater mean weight loss of 15.8% in the Semaglutide group compared to only 6.4% in the 
Liraglutide group was observed in a head-to-head study to compare the efficacy of GLP-1RA in weight 
loss[15]. The proportion of patients achieving ≥ 10%, ≥ 15%, and ≥ 20% of weight loss was significantly 
larger in the Semaglutide group. The study on Semaglutide also showed the benefit of continuing 
treatment following weight loss can result in further weight loss, with improvement in waist circum-
ference, lipid profile, and glucose metabolism.
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Figure 2 Vicious cycle of insulin resistance and weight gain.

Figure 3 Gut glucagon-like peptide, gastric inhibitory peptide and glucagon system and its pharmacological analogues. GLP: Gut glucagon-
like peptide; GIP: Gastric inhibitory peptide; GLP-1RA: Glucagon-like peptide-1 receptor agonist.

Moreover, the GLP-1RA has also been shown to offer cardiorenal protection, which is particularly 
relevant to this group of patients who are already at high risk of developing micro- and macrovascular 
diabetic complications. A meta-analysis demonstrated a significant 14% reduction in the risk of major 
cardiovascular events among the diabetic population, with the effect noted to be greater in patients with 
established cardiovascular disease[16].

The most common side effect from the GLP-1RA was gastrointestinal events of mild to moderate 
severity, which were more frequently observed following the dose escalation[10,11]. Table 1 shows the 
landmark clinical trials with the GLP-1RA group of drugs currently in worldwide use for the 
management of diabesity.

Sodium-glucose cotransporter 2 inhibitors: Sodium-glucose cotransporter 2 (SGLT2) accounts for about 
90% of glucose reabsorption in the kidney with its inhibition leading to a significant amount of glucose 
(50-100 g daily) filtered by the renal glomeruli being excreted through the urinary system[6,17]. SGLT2 
inhibitors group of drugs, therefore, helps to improve diabetes with an insulin-independent glucose-
lowering mechanism. SGLT2 inhibitors also act by reducing leptin and increasing the adiponectin level, 
resulting in lipolysis, weight loss, and reduced accumulation of adipose tissue in the myocardium[6,17,
18].
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Table 1 Landmark clinical trials with glucagon-like peptide-1 receptor agonists and the efficacy on diabesity management

Study name Year Drug molecule Mean weight reduction 
(95%CI/SD)

Mean HbA1c reduction in % 
(95%CI/SD) Ref.

Exenatide-113 Clinical 
Study

2004 Exenatide 10 mcg twice 
daily

-1.6 kg (SD +/-0.3) -0.86 (SD +/- 0.11) [10]

EXSCEL study 2017 Exenatide (ER) Once 
weekly

-1.27 kg (-1.40 to -1.13) -0.53 (-0.57 to -0.50) [11]

LEAD 3 (Mono) Trial 2009 Liraglutide 1.2 mg daily -1.6 kg (-2.43 to -0.88) -1.21 (-1.35 to -1.06) [12]

SUSTAIN 7 Trial 2018 Dulaglutide 1.5 mg weekly -3.0 kg (SD: 0.27) -1.4 (SD: -0.06) [12]

SUSTAIN 7 Trial 2018 Semaglutide 1 mg weekly -6.5 kg (SD: -0.28) -1.8 (SD: -0.06) [12]

Effects in comparison to placebo. HbA1c: Glycated hemoglobin; CI: Confidence interval; SD: Standard deviation; ER: Extended-release.

Four commonly available SGLT2 inhibitors worldwide, namely Canagliflozin, Dapagliflozin, 
Empagliflozin, and Ertugliflozin have all demonstrated significant efficacy in lowering the HbA1c and 
promoting weight loss which is crucial in tackling diabesity. In addition, SGLT2 inhibitors have also 
been shown to confer a benefit against high blood pressure, cardiovascular diseases, heart failure, and 
renal disease[7,17-21]. Especially prominent benefits on cardiovascular profile with SGLT2 inhibitors 
therapy include the reduced risk of hospitalisation from heart failure, myocardial infarction, and 
cardiovascular deaths among patients with T2DM.

Studies have further demonstrated the increased efficacy in glycaemic control and weight loss but not 
blood pressure control when SGLT2 inhibitors and metformin are used as combination therapy[15]. On 
the other hand, a greater reduction in HbA1c, weight, systolic blood pressure, and total and LDL 
cholesterol were observed with the combined use of the SGLT2 inhibitors and GLP-1RA[16]. Potential 
drug synergism of this combination therapy was proposed because of the differences in the mechanism 
of action at different sites of the body’s glucose regulation[6,21].

The current National Institute for Health and Clinical Care Excellence (NICE) guidance of the United 
Kingdom (UK) has recommended the SGLT2 inhibitors (Canagliflozin, Dapagliflozin, or Empagliflozin) 
to be used as first-line monotherapy in circumstances where Metformin is contraindicated or not 
tolerated while lifestyle modification alone has not provided the adequate glycaemic control[22]. It can 
also be used as an add-on therapy in diabetic patients who has a history of chronic heart failure or 
established atherosclerotic cardiovascular disease.

The common adverse effects encountered with the use of SGLT2 inhibitors are genital thrush and 
urinary tract infections which can result in treatment discontinuation. Augmented glycosuria resulting 
from drug therapy may be the reason for these infections[23]. Table 2 shows the landmark clinical trials 
showing the benefits of managing diabesity with the SGLT2 inhibitors group of drugs commonly used 
in clinical practice across the world[24-26].

Biochemical monitoring of diabetes management
HbA1c has been widely used as a biomarker for long-term glucose monitoring in patients with T2DM as 
it reflects glycaemic control over a period of approximately 90-120 d[27,28]. It is convenient to perform, 
and fasting is not required. The availability of standardised assays and calibration of measurement 
according to the International Federation of Clinical Chemistry allow comparisons of results between 
the laboratories. In addition, the HbA1c level has been shown to correlate with diabetic-related complic-
ations[27,29]. As a result, the practice nowadays is still very much reliant on HbA1c in titrating 
antidiabetic treatment. Its use has been supported by several guidelines such as the NICE guidance in 
the UK and the guidelines from the ADA and the EASD, which recommended the utilisation of 
individualised HbA1c targets for monitoring control and antidiabetic treatment optimisation[30].

However, the accuracy of HbA1c can be affected in several conditions, resulting in falsely low or high 
readings which do not correlate with the clinical picture of glycaemic control in real life, as 
demonstrated in our case 2 described above. For instance, disorders that lead to a reduction in the 
lifespan of red blood cells such as haemolytic anaemia and chronic kidney disease, haemodilution in the 
context of blood transfusion or pregnancy, and decreased glycation of haemoglobin due to alcohol use, 
high doses of vitamins C and E, certain antiviral agents, and antibiotics use can lead to falsely low 
HbA1c level[27,29]. On the other hand, HbA1c can be falsely elevated due to increased lifespan of the 
red blood cells, decreased percentage of reticulocytes and increased glycation rates such as in the 
context of iron deficiency. Therefore, a patient’s clinical history needs to be carefully sought to identify 
any underlying conditions which can interfere with the HbA1c readings.

There are several methods for glycaemic monitoring to use in patients whose HbA1c cannot be 
reliably interpreted.
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Table 2 Landmark clinical trials with sodium-glucose cotransporter 2 inhibitor inhibitors and the efficacy on diabesity management

Study name Year Drug molecule Mean weight reduction (95%CI) Mean % reduction of HbA1c (95%CI) Ref.

EMPA-REG Trial 2015 Empagliflozin 25 mg -1.9 kg (-2.1 to -1.7) -0.60 (-0.64 to -0.55) [24]

CANVAS Trial 2017 Canagliflozin 300 mg -2.8 kg (-3.21 to -2.39) -0.80 (-0.62 to -0.98) [25]

DECLARE-TIMI-58 Trial 2019 Dapagliflozin 10 mg -1.51 kg (-1.81 to -1.21) -0.55 (-0.62 to -0.53) [26]

HbA1c: Glycated hemoglobin; CI: Confidence interval.

CBG profiling was used in our case for example. Post-meal hyperglycaemia normally precedes 
significant basal hyperglycaemia contributing to overall hyperglycaemia in individuals with T2DM[28]. 
Therefore, measuring the post-meal glucose concentrations is a helpful tool in addition to HbA1c results 
when there is a discrepancy between the premeal glucose profile and predicted HbA1c level. In the UK, 
self-monitoring of CBG device is not routinely offered to all T2DM patients. It is only available for 
T2DM patients who are on insulin therapy, suspected or confirmed hypoglycaemia, on oral medications 
that carry an increased risk of hypoglycaemia, who are pregnant or planning to conceive, or when 
started on glucocorticoid treatment[22]. This could potentially miss detecting T2DM patients who have 
poor glycaemic control but a falsely low HbA1c. The quality-controlled plasma glucose profile is 
recommended by the NICE, UK where HbA1c monitoring is invalid due to abnormal haemoglobin 
variants or disturbed erythrocyte turnover[22]. The guidelines from the ADA and the EASD 
recommended combining the use of plasma glucose measurement with HbA1c in T2DM patients 
treated with insulin[30].

Alternatively, the total glycated haemoglobin estimation, fructosamine, or glycated albumin 
measurement can be considered when there is an issue with HbA1c monitoring[22,27,28]. The total 
glycated haemoglobin estimation uses the boronate-affinity chromatography method to measure the 
HbA1c based on the separation of proteins resulting from structural differences. Although it is 
demonstrated to have the least analytical interference from the haemoglobin variants, it can be affected 
by the abnormal glycation of proteins. The fructosamine is obtained by measuring all the glycated 
proteins including albumin in plasma while the glycated albumin is measured and expressed as a 
percentage of total serum albumin. Both the fructosamine and glycated albumin are much shorter-term 
markers correlating to the glycaemic control over a 2–4-wk period, owing to their relatively rapid 
turnover rate. They are convenient and cost-effective to use. The reference range for both is assay, age, 
gender, and race dependent. While fructosamine reference intervals are now widely available, this is not 
the case for glycated albumin. The results for both the fructosamine and glycated albumin can be 
significantly affected in several conditions associated with altered protein metabolism and protein loss 
such as nephrotic syndrome, a hepatic disease with diminished protein synthesis, thyroid disease, and 
malnutrition states. In addition, glycated albumin can underestimate glycaemic control in overweight 
patients, particularly in those with BMI > 30 kg/m²[23,28,31]. The total HbA1c estimation or 
fructosamine estimation is currently recommended for use in the UK[22].

Continuous glucose monitoring (CGM) is an emerging method to monitor ambient glucose concen-
trations. It reveals the glycaemic variability which may have an association with an increased risk of 
micro- and macrovascular complications[32]. The CGM is being increasingly recommended in patients 
with T2DM who are on multiple daily injections and experience recurrent or severe hypoglycaemia, 
impaired hypoglycaemia awareness, conditions or disabilities impacting their ability to perform self-
CBG monitoring or those who self-measure at least 8 times a day. This could be an option in the future 
but is not currently recommended for use in glycaemic control monitoring in the context of inaccurate 
HbA1c in the UK[22].

Approach type 1 DM and obesity
The obesity epidemic is affecting the T1DM population much greater than the general population. Its 
prevalence continues to be trending up in recent decades, with a rate of between 2.8% and 37.1% across 
the lifetime of T1DM patients. The associated incidence of metabolic syndrome increased from 4.9% 
among patients with normal weight to 35.3% among obese patients[33]. Several studies demonstrated 
that individuals with T1DM and obesity are at higher risk of micro- and macrovascular complications
[34].

Double diabetes is a terminology used to describe patients with T1DM who are also showing clinical 
signs of T2DM such as obesity and insulin resistance. In addition to the state of insulin deficiency, the 
increased adiposity leads to the production of inflammatory cytokines and adipokines, resulting in a 
worsening of peripheral insulin resistance. Consequently, these patients require a higher amount of 
exogenous insulin to achieve satisfactory glycaemic control which is crucial in reducing the risk of long-
term complications from diabetes. However, insulin is an anabolic hormone that slows basal 
metabolism, inhibits protein catabolism, and stimulates lipogenesis. The exogenous insulin also does not 
have first pass through the liver as in the case of endogenous insulin which suppresses hepatic glucon-
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eogenesis in a non-diabetic individual. Hence, the use of intensive insulin therapy over time can cause 
increased fat accumulation and weight gain which further exacerbates the issue of obesity[33,34].

In addition to lifestyle modifications, several pharmacological approaches can be considered in the 
management of patients with double diabetes.

Metformin is known to decrease hepatic glucose production, increase insulin sensitivity, and decrease 
glucose absorption. The REMOVAL trial revealed a reduction in body weight, LDL cholesterol, and 
insulin dose requirement when Metformin was used in T1DM patients[35]. However, it did not result in 
a sustained effect in glycaemic control as measured with HbA1c or alter the atherosclerosis progression. 
Metformin is currently being used off-licensed in the UK as additional therapy in T1DM patients who 
have a BMI of > 25 kg/m² and in the context of improving glycaemic control while minimising the 
insulin dosage[36].

In our case, the patient was also trialled on the maximum dose of Liraglutide, a GLP-1RA usually 
used for treating patients with T2DM. The GLP-1RA has extensively demonstrated to have a good 
profile in promoting weight loss in both diabetic and non-diabetic populations[34,37,38]. However, 
there are relatively few studies that recruited patients with T1DM. The 2 Large trials: ADJUNCT ONE
[37] and ADJUNCT TWO[38] which studied the efficacy and safety of the use of Liraglutide in the 
T1DM population showed benefits in HbA1c, insulin dose, and body weight reduction. Both these 
studies showed a statistically significant reduction in HbA1c with all doses of Liraglutide compared to 
placebo. However, the ADJUNCT 2 study observed no significant difference in the mean fasting plasma 
glucose. This could be explained by the mode of action of the GLP-1RA. In line with this, the studies 
demonstrated a dose-dependent reduction in total daily insulin dose, mainly contributed by a reduction 
in the bolus insulin requirement. Both studies also revealed a statistically significant weight loss in a 
dose-dependent manner, with a mean reduction in body weight of 5.1 kg with Liraglutide 1.8 mg being 
observed. The occurrence of adverse events associated with Liraglutide use is observed to be dose-
dependent. Higher rates of hypoglycaemia and hyperglycaemia with ketosis were also reported[37,38].

The use of SGLT2 inhibitors in T1DM remained an area to be explored. A review of 8 randomised 
placebo-controlled trials which studied the use of SGLT2 inhibitors (Canagliflozin, Dapagliflozin, 
Empagliflozin, and Sotagliflozin) in T1DM patients have shown its effectiveness in lowering the HbA1c, 
averaging at 0.35%–0.54% after 24-26 weeks of treatment when added to the insulin therapy[39]. 
However, the benefit of sustained glycaemic efficacy beyond 1 year of therapy remained uncertain. All 
the studies also found a positive outcome in terms of weight loss and reduced requirement for a total 
daily dose of insulin. All the trials cut down on the insulin regime by 10%-30% at the initiation of 
treatment to mitigate the risk of SGLT2 inhibitors induced hypoglycaemia. Studies that used 
Dapagliflozin, Empagliflozin, and Sotagliflozin reported no increase in the risk of developing severe 
hypoglycaemia. However, a 5.8- fold increase in the risk of ketoacidosis was found in these studies and 
this occurred in a dose-dependent manner[39].

Overall, the experience of using other antidiabetic medications as add-on therapy to insulin in T1DM 
remained limited with all uses being unlicensed. The pros and cons of treatment need to be carefully 
weighed and discussed with patients. The individualised use of these medications especially in the 
management of double diabetes can achieve some good outcomes such as in the patient we showcased 
here. Largescale multicentre clinical trials are needed to provide us with more robust evidence of the 
benefits of such an approach and the risks associated.

Monogenic diabetes 
Monogenic diabetes accounts for about 1%-3% of patients with young-onset diabetes[40]. These rare 
forms of diabetes caused by a single gene defect are mostly inherited in an autosomal dominant pattern, 
giving rise to 2 main clinical phenotypes: the maturity-onset diabetes of young (MODY) and neonatal 
diabetes. MODY, being the most common form of monogenic diabetes, is estimated to be present at 1 in 
10000 adults and 1 in 23000 children according to studies that comprised mostly of the White European 
population[41]. 14 different gene mutations in MODY have been identified so far with the HNF1A, 
HNF4A, HNF1B, and GCK being the most common mutations[40,42]. Nearly all genes implicated in 
monogenic diabetes correspondingly encode a protein which involves in pancreatic beta cell 
development or function. For example, a mutation in HNF1A, HNF4A, and HNF1B leads to transcription 
factor defects disrupting the beta cell development and function while the GCK mutation accounts for 
impaired beta cell glucose sensing[43].

Detecting monogenic diabetes in clinical practice has remained challenging as it relies on a collection 
of clinical characteristics with no universally recognised criteria to prompt suspicion and investigations 
into the presence of the disease[43,44]. Investigations for monogenic diabetes should be considered in 
children who receive a diagnosis of diabetes within the first 6 mo of life, children, and young adults (< 
25 years of age) who have hyperglycaemia without the typical characteristics of type 1 or type 2 
diabetes. Other clinical characteristics that could be suggestive of monogenic diabetes include the 
presence of a personal or family history of transient neonatal hypoglycaemia or neonatal diabetes, 
absence of pancreatic antibodies, prolonged “honeymoon” phase with detectable C- peptide after more 
than 3-5 years and lack of ketoacidosis when insulin is omitted or is extremely sensitive to the 
sulphonylurea treatment[40,44]. It is recommended that a minimum of 3 antibodies, preferably GAD, 
IA2, and ZnT8 should be checked with the presence of any positive antibodies essentially excluding the 
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diagnosis of MODY[41]. Due to the pattern of inheritance, a family history of diabetes in successive 
generations is a good pointer to prompt further investigations. The MODY calculator is a clinical 
prediction tool developed by the University of Exeter group which takes into account the current age, 
age at diagnosis, gender, ethnicity, BMI, HbA1c, treatment regimen, parental history of diabetes, and 
presence of certain medical conditions to calculate the post-test probability of MODY. The calculator is 
validated in individuals of < 35 years old and has a limitation of detecting MODY across different ethnic 
groups as it is developed based on the Caucasian group[41,42].

Diagnosing monogenic diabetes via molecular genetic testing enables the practice of precision 
medicine in diabetes which allows future care and management to be tailored accordingly. This has a 
significant implication of allowing cost and treatment effectiveness with targeted therapies, as well as 
the cascade effect of identifying other family members who may have a similar diagnosis[42,44]. As 
portrayed in this case, achieving the diagnosis has allowed the patient’s glycaemic control to be 
optimised with sulfonylurea only. It has prevented the unnecessary use of exogenous insulin and its 
associated complications with prolonged use. Besides, achieving the right diagnosis enables her son to 
be investigated and managed appropriately at a younger age. Patients with HNF-1A mutation have a 
similar risk as patients with T2DM in all-cause mortality and cardiovascular disease. They are also at 
risk of developing microvascular complications such as retinopathy, nephropathy, and neuropathy[40]. 
Patients with HNF-1A MODY respond well to sulphonylurea, which acts on the potassium-sensitive 
ATP channels leading to increased insulin secretion. However, monotherapy with sulphonylurea may 
not be sufficient to control hyperglycaemia over time. Exogenous insulin or GLP-1RA can be considered 
at this point. GLP-1RA can act by stimulating insulin secretion and reducing postprandial glucose 
elevation. On the other hand, SGLT2-i is thought to cause a higher risk of dehydration, glycosuria, 
genital infections, and diabetic ketoacidosis in HNF-A1 MODY and therefore, not a choice of treatment 
currently[40,41].

Sudden deterioration of well-controlled diabetes
A significant glycaemic deterioration in a diabetic patient with longstanding stable disease control 
should prompt screening for other causes of sudden hyperglycaemia. In addition to the common T1DM 
and T2DM, other causes of diabetes which could be considered depending on the clinical history and 
examination include: (1) Disorders of the pancreas such as pancreatitis, pancreatic neoplasm, or 
following pancreatectomy; (2) endocrinopathies such as Cushing’s syndrome or acromegaly; (3) drug-
induced diabetes; (4) various infections; and (5) systemic diseases such as haemochromatosis[45].

Type 3C diabetes describes diabetes caused by the destruction of the pancreas. Its prevalence was 
approximately 1%-9% of all forms of diabetes. The majority of type 3C diabetes was due to chronic 
pancreatitis with only 8% of it being caused by pancreatic ductal adenocarcinoma[45]. The presence of 
diabetes was found to be significantly higher at 68% in patients with pancreatic ductal adenocarcinoma 
when compared to other types of cancers, such as lung, breast, colorectal, and prostate cancer[46]. New-
onset of diabetes has been commonly reported preceding the diagnosis of pancreatic ductal adenocar-
cinoma. The incidence of impaired fasting glucose or glucose intolerance irrespective of the size and 
stage of the underlying pancreatic ductal adenocarcinoma was estimated to be about 80%[47]. Although 
the exact mechanism is yet to be fully understood, insulin resistance, the presence of adrenomedullin, 
beta cell loss, and dysfunction were among the proposed elements which are thought to be contributing 
to diabetes in patients with pancreatic ductal adenocarcinoma[47]. However, due to the high incidence 
of diabetes relative to the incidence of pancreatic cancer, routine screening for the presence of cancer in 
patients with new-onset diabetes is currently not deemed to be cost-effective[45].

There is no consensus on managing diabetes in this group of patients. The primary aim of antidiabetic 
treatment is to avoid acute metabolic complications due to uncontrolled hyperglycaemia rather than 
prevention of long-term complications considering the limited life expectancy associated with the 
diagnosis[47]. Symptomatic hyperglycaemia has a negative impact on the quality of life. Patients with 
diabetes who are on cancer treatment are at higher risk of infection. The glucocorticoid treatment which 
is commonly used in advanced cancer for symptom management and appetite stimulation can lead to 
worsening glycaemic control. It was also found that the concordance to antidiabetic treatment was 
lower in patients with cancer.

Most cases of pancreatic ductal adenocarcinoma are associated with a poor prognosis due to late 
diagnosis and limited treatment options. Patients with pancreatic malignancy with concurrent diabetes 
are observed to have poorer overall survival[48]. In addition to physical illness, the patient and families 
also undergo psychological distress. Palliative care involvement is therefore vital in supporting the 
management of the symptoms and preserving the quality of life as best as possible[49]. Diabetes care 
during the end-of-life requires a holistic approach and acknowledgement that the focus and principles 
of treatment have now changed to avoid hypoglycaemia, diabetic ketoacidosis, hyperosmolar 
hyperglycaemic state, or symptomatic hyperglycaemia. Discussions with patients and families to 
provide reassurance, respect, support, and preserve one’s ability to self-manage their diabetes are 
pivotal[50]. During the last days of life, a CBG range of 6-15 mmol/L is generally well accepted to 
accommodate the minimal number of glucose testings as possible.
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CONCLUSION
The diabetes epidemic continues to grow. Over the recent decades, there have been many advances in 
diabetes research leading to more sophisticated diabetes care algorithms in the modern world. As the 
complexity of the disease unfolded such as with the discovery of some rarer causes of diabetes via 
genomic testing and recognising diabetes as part of a bigger picture of the metabolic disease, having a 
better understanding of the underlying pathophysiology contributing to various forms of diabetes 
enables the practice of precision medicine in diabetes. Acknowledging diabetes as a multifaceted disease 
and the development of various newer hypoglycaemic agents are important milestones in the paradigm 
of enhanced diabetes care. This should always be reflected in our clinical practice to individualise 
diabetes care with the best evidence-based approach.

Although we presented 5 unique case scenarios to highlight the importance of individualized 
diabetes care in day-to-day clinical practice with this paper, we cannot make any firm recommendations 
for the management of every patient that physicians come across in their diabetes clinics based on this 
paper. We need to adhere to appropriate clinical guidelines from various professional bodies for the 
usual care of diabetes patients. However, when the situation demands as in the case snippets discussed 
above, we need to “think out of the box” to change the usual algorithms to ensure that our patients get 
the optimal benefit from scientific medicine based on the latest evidence available to us.
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Abstract
Dural defects are common in spinal and cranial neurosurgery. A series of complic-
ations, such as cerebrospinal fluid leakage, occur after rupture of the dura. 
Therefore, treatment strategies are necessary to reduce or avoid complications. 
This review comprehensively summarizes the common causes, risk factors, 
clinical complications, and repair methods of dural defects. The latest research 
progress on dural repair methods and materials is summarized, including direct 
sutures, grafts, biomaterials, non-biomaterial materials, and composites formed 
by different materials. The characteristics and efficacy of these dural substitutes 
are reviewed, and these materials and methods are systematically evaluated. 
Finally, the best methods for dural repair and the challenges and future prospects 
of new dural repair materials are discussed.

Key Words: Dural defect; Cerebrospinal fluid leak; Incidental durotomy; Causes of dural 
defect; Dural repair

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

Core Tip: Dural defects are common in spinal surgery and may cause a series of 
complications, so it is necessary to actively prevent and treat them. In this paper, we 
reviewed issues related to dural defects and discussed their clinical management.
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INTRODUCTION
The surface of the brain and spinal cord is covered by three layers of capsular membrane, including the 
soft membrane, arachnoid membrane, and dural membrane, from the inside to the outside, respectively, 
with the function of protecting and supporting the brain and spinal cord. The dura, which is the 
outermost layer of the meninges that protects the brain or spinal cord, can be damaged in situations 
such as accidental trauma and spinal surgery. In a meta-analysis of 23 studies, the incidence of dural 
injury related to spinal surgery was 5.8%[1]. Dural damage can result in persistent cerebrospinal fluid 
(CSF) leakage, which can lead to serious complications including severe headache, pseudomeningocele, 
nerve root entrapment, and intracranial hemorrhage[2]. In existing research and clinical practice, 
whether the damaged dura mater should be repaired is debated[3], and research on the repair methods 
of dural defects has progressed[4,5]. Therefore, this review aimed to summarize the clinical treatment of 
dural defects, to help doctors better treat dural defects and reduce the occurrence and sequelae of dural 
injuries.

ANATOMY OF THE DURA MATER
Although the dura mater spinalis and dura mater encephalin are anatomically continuous, they exhibit 
several differences. The dura mater encephalin is a thick, tough, double-layer membrane. The outer part 
of the dura is the periosteum on the inner surface of the skull, which stops at the foramen magnum and 
becomes the periosteum in the spinal canal. The inner part continues and becomes the dura mater 
spinalis. In some parts of the dura, the two layers are separated and the inner surface is lined with 
endothelial cells, known as the dural sinus, which is connected to the extracranial vein by the guiding 
vein. The dura mater of the spine extends to the dura mater, gradually thinning at the level of the 
second lumbar vertebra, surrounding the terminal filament, and its lower end is connected to the 
coccyx. The space between the dura mater and the periosteum of the spinal canal is called the epidural 
space, which contains loose connective tissue, fat, lymphatic vessels, the venous plexus, and spinal 
nerve roots. The epidural space is often used for epidural anesthesia in clinical practice. The middle 
layer of the meninges is referred to as the arachnoid membrane, while the inner layer is referred to as 
the soft membrane, and CSF is found between these two spaces. The generation, flow, absorption, and 
circulation of CSF provide the basis for maintaining local homeostasis. Under physiological conditions, 
CSF fluctuates within a reasonable range. When the dura is torn or damaged, the decrease in CSF 
pressure leads to a series of clinical symptoms and later complications, such as intracranial hypotension, 
infectious complications, delayed wound healing, and neurological dysfunction[2,6,7].

CAUSES OF DURAL DEFECTS
Dural tears are common in spinal and neurosurgery. Depending on the course of the disease, dural tears 
can be classified as either acute or chronic and primary or secondary. Most dural tears are accidental, 
while others are intentional. Intentional dural tears, including diagnostic lumbar puncture, therapeutic 
puncture, removal of intradural tumors or cysts, and selective shunt among others are often required for 
treatment and diagnosis of various disorders of the brain and spinal cord[8]. Meanwhile, accidental 
dural tears may be caused by trauma, neurosurgery, or spinal surgery. Multiple studies have shown 
that patients with a history of lumbar surgery tend to be more prone to dural tears[1,9-12]. For example, 
Telfeian et al[13] found that patients who underwent secondary minimally invasive lumbar surgery 
were more likely to develop dural defects. Takahashi et al[14] found that patients with degenerative 
lumbar spondylolisthesis and juxtafacet cysts were more likely to undergo an unintended durotomy. In 
addition, Lukas reported a case of a dural defect caused by a positioning needle during spinal surgery, 
indicating that caution is needed during needle placement in unilateral surgery[15]. Our research team 
also found a case of dural damage caused by continuous negative pressure suction after spinal 
laminectomy in daily clinical work. In addition, dural defects have many risk factors, including obesity. 
Therefore, we comprehensively summarized the causes and risk factors of dural breakage in Table 1. 
The clinical symptoms vary by the type of dural defect, and dural defects may cause destruction of the 
arachnoid membrane and CSF leakage.

COMPLICATIONS OF DURAL DEFECTS
Dural tears can cause CSF leakage and increase the risk of infection; therefore, they are often associated 
with acute or chronic complications. Due to CSF leakage, dural tears may cause a persistent decrease in 
intracranial pressure, leading to symptoms of low cranial pressure, including postural headache[2]. 
Persistent low cranial pressure can also cause adult migraine, nausea, photophobia, and ataxia, and 
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Table 1 Etiology of dural defect

Relationship Classification Etiology

Immediate factors Operation Lumbar anesthesia, puncture[8]

Analgesia in labor[8]

Chiropractic[82]

Negative pressure suction

Trauma Skull fracture[83]

Spinal burst fracture[84]

Subdural hematoma cleared[85]

Surgery Discectomy/artificial disc replacement[86-88]

laminectomy[86-88]

Late-presenting dural tear[89]

minimally invasive surgery[90]

Secondary intervention after surgical intervention[9,10,14,92]

Intradural mass resection/cyst removal[9,14]

Indirect factors Connective tissue disorders Marfan syndrome[91]

Ehlers-Danlos syndrome type II[92]

Miscellaneous Dural ossification[86]

Spontaneous fistula

The use of bone morphoprotein 2[93]

Older age[1,10,14]

Diabetes[1]

Obesity (Body mass index ≥ 30)[87]

Corticosteroid use[87]

Ankylosing spondylitis[87]

severe low cranial pressure can even cause pseudomeningocele, nerve root entrapment, and intracranial 
hemorrhage, among other symptoms[2,6,16]. Furthermore, the patient's life is at risk when low pressure 
in the damaged dural area causes the spinal cord or brain tissue to protrude from the injured opening, 
resulting in spinal or brain herniation. When dural defects lead to long-term CSF leakage, CSF accumu-
lation in the tissue space can form pseudocysts, sinuses, or fistulas, increasing the risk of infection[6,7,
17,18]. Intradural infections caused by dural defects from spinal surgery include meningitis, adhesive 
arachnoiditis, and dural annulus fibrosus. A high index of suspicion for meningitis should be 
maintained in patients with a clinical triad of fever, neck stiffness, and disturbance of consciousness 
after spinal surgery[7]. The spread of the infection can also lead to complications such as sepsis, 
pneumonia, urinary tract infections, thromboembolism, and acute kidney injury[8]. Moreover, damage 
to the dura can lead to prolonged bed rest, which may result in a series of long-term bed complications 
such as bedsores, pendant pneumonia, skin ulcers, and deep venous thrombosis of the lower 
extremities.

CLINICAL MANAGEMENT OF DURAL DEFECTS
Direct suture
The common techniques of direct suture are summarized as follows: (1) Direct suture for dural tears or 
small dural defects; (2) Continuous suture or figure-8 suture; (3) Leaving a small suture hole using 
GORE-TEX suture material; and (4) Making the distance between two sutures < 3 mm and placing each 
suture line 1 mm from the edge[19]. One-stage repair is the first choice of treatment, because if it is 
successful, it can obtain ideal long-term clinical outcomes[20,21]. However, direct suture has a high 
failure rate of 5%–9%[22]. Failure is affected by many factors, including the surgeon's treatment 
experience, the size of the defect, the location of the defect, minimally invasive spinal surgery that 
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increases the challenge of suturing, and brittle surgical dural tissue. Long-term exposure of the dura 
during operation, irradiation with surgical light, and other factors also lead to dural contraction caused 
by dural dehydration[23,24]. Several reports have described the development and use of a new device 
called DuraStat, which deploys a double-armed suture in a controlled manner through the dura to 
facilitate repair in difficult clinical scenarios. Compared to traditional techniques, this new dural repair 
device allows surgeons at all levels of training to quickly and successfully repair simulated dural tears
[25]. In summary, in clinical settings, primary sutures are mainly used as a basic technique for repairing 
dural injury combined with other repair methods, rather than simple sutures. Among 11 published 
reviews of different methods of repairing dural injuries found on PubMed, primary closure was the 
basis for repairing all 148 intentional durotomies[4].

Biomaterials
Grafts: Large dural defects often occur in patients undergoing skull base surgery. When the dural defect 
is too large to be repaired directly, it can be repaired by transplanting other tissues in autotrans-
plantation, allotransplantation, or xenografts. Autografts used to repair dural defects include fat, muscle 
tissue, fascia, and the periosteum. Neurosurgeons often prefer fascia lata transplantation to repair the 
dura mater, as it is convenient for dural reconstruction[5]. The transplanted free fascia lata is highly 
tolerant to infection and can be nourished not only through the scalp, but also through the surrounding 
dura. Nakano et al[26] used fascia lata transplantation to treat postoperative infection of an artificial 
dura mater and achieved good results. Dural tears from spinal endoscopic surgery are often treated by 
autologous muscle or fat transplantation using a piece of muscle or fat beside the spine the same size as 
the damaged dura. To reduce the risk of CSF-related complications after intradural tumor surgery, 
Arnautovic et al[27] used autologous fat transplantation to fill the dead space and close the dura during 
the operation, and no postoperative CSF-related complications were observed in patients who 
underwent this procedure. The use of autogenous skull periosteum has been reported to effectively 
prevent CSF leakage and is feasible in terms of preventing further complications, as well as the time and 
cost of operation[28]. However, the uses of the periosteum are limited, as it is hard, fragile, and difficult 
to manage, and it is not suitable for repairing large dural defects. Autologous tissue used to repair dural 
defects has the advantages of no disinfection, rejection, transmission of disease, or burden on patients; 
however, additional surgery with local materials increases the surgical trauma, operation time, and risk 
of adhesion.

Previously, surgeons have used allogeneic materials, including the cadaveric dura, for dural repair
[29]. The use of a cadaveric dura reduces pathogens to the greatest extent through freeze-drying and 
inactivation, but its clinical effect is not optimistic. Moreover, due to limited sources and ethical 
limitations, this material is no longer common in current clinical practice. At present, the amniotic 
membrane (AM) is the primary allogeneic material used in clinical settings[30]. The guiding role of the 
AM as a material for dural repair is based on its non-immunogenicity, anti-inflammatory properties, 
and promotion of collagen remodeling. The AM promotes the proliferation and migration of epithelial 
cells and reduces scar formation, thereby playing a role in dural repair. Furthermore, previous studies 
have compared the use of the AM and an autograft (fascia) in dural repair. They found that in dural 
repair, the AM could perfectly combine with autologous dura, accompanied by the disappearance of the 
epithelium and the formation of new connective tissue, fibrous tissue lamina, no inflammatory reaction 
or necrosis, and no adhesion[31]. In addition, clinicians have used acellular human dermis for dural 
repair and found no significant difference in the incidence of complications between the use of this 
material and autografts[32].

Xenogeneic biomaterials from animals, such as the pericardium, mesentery, and peritoneum can also 
be used to repair dural defects. These heterogeneous biomaterials must be treated by removing the 
antigen and adding a cross-linking agent before they can be used in medical products. Bovine 
pericardium was used earlier in clinical settings and welcomed by surgeons. At present, pigs and horses 
are animal sources of pericardia[32,33]. In animal experiments, He et al[34] found that the small 
intestinal submucosa can stimulate the response of connective and epithelial tissue to dural regeneration 
and functional recovery without immune rejection, which can provide long-term dural repair and 
prevent complications. However, the incidence of complications in dural repair, including pseudomen-
ingocele and meningitis, was significantly higher with xenografts than with autografts[32].

Protein-based adhesives: In addition to dural repair materials directly derived from human or animal 
tissues, those made of collagen and fibrin from human or animal tissues are also useful as dural 
substitutes. Collagen exhibits good biocompatibility and low antigenicity. Currently, DuraGen® (Integra, 
NJ, United States) and TissuDura® from bovine and equine Achilles tendon collagen respectively are 
commonly used. DuraGen® is a chemically cross-linked collagen sponge composed of collagen type 1 in 
the Achilles tendon. Clinical trials have reported that DuraGen® can be used in patients with 
significantly larger dural defects and can prevent postoperative epidural effusion to ensure that the 
dura is completely sealed[35]. However, because DuraGen® is mainly placed on the damaged dura 
using a "mosaic" technique without suture, it can easily lead to complications such as CSF leakage and 
infection[36]. TissuDura® is an elastic, chemically inert, and adaptable collagen-based biological matrix
[37]. In a rat model experiment, glial hyperplasia and inflammation in the bone and parenchyma foreign 
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bodies were significantly decreased in the TissuDura® group, indicating that this material is more 
biocompatible in dural meningioplasty[38]. Based on the previous use of collagen, researchers added 
fibrinogen, which results in blood coagulation and a better repair effect. Generally, fibrinogen is 
extracted from the blood and is an important protein involved in blood coagulation and hemostasis. At 
present, fibrin glue products contain two main components: fibrinogen and thrombin, which are mixed 
to form fibrin clots in a liquid glue or dry patch[39]. The first fibrin glue product used was Tisseel/
Tissucol glue (Baxter, Deerfield, IL, United States). Later, researchers developed Evicel (Ethicon US, 
LLC) and dry patch products such as TachoSil (Baxter) and Tachocomb (CSL Behring, Tokyo, Japan). 
TachoSil, whose fibrinogen product is made from horse collagen, bovine thrombin, bovine aprotinin, 
and human fibrinogen, is widely used in clinical practice. To eliminate the risks associated with bovine 
materials, TachoSil has gradually replaced all bovine materials with those of human origin[40]. 
TachoSil, which was approved for clinical use long ago, is widely used for surgical hemostasis. Later 
studies also found that TachoSil not only acts as a mechanical barrier between surfaces during 
mesothelial recovery, but also reduces adhesion by inhibiting the level of plasminogen activator 
inhibitor-1, which can effectively prevent intra-abdominal, gynecological, and pleural adhesions. 
Therefore, TachoSil can repair dural defects, prevent postoperative dural adhesions, and provide good 
satisfaction among surgeons[40,41]. An analysis of 35 patients with spinal intradural tumors using 
TachoSil to treat dural defects showed that only 1 patient had CSF leakage, and no other complications 
were observed[42]. Gazzeri et al[43] successfully treated CSF leakage with TachoSil after anterior 
cervical discectomy and fusion. While the effectiveness of TachoSil in spinal surgery has been well 
established, this material poses potential risks of infection, including human parvovirus B19, alloim-
munity, and allergic reactions. Thus, surgeons are developing fully autologous fibrin glue as a dural 
sealant[44]. To treat 17 patients with CSF leakage, Taniguchi et al[44] simultaneously prepared cold 
precipitates and thrombin from the patient's own blood within 90 min before surgery and did not add 
any allogeneic components or other exogenous additives. Fully autologous fibrin glue was prepared to 
repair and prevent CSF leakage. Full autologous fibrin glue can eliminate the risk of virus or prion 
transmission and alloimmunity; however, this material comes from patients themselves. Thus, patients 
must meet the requirements to prepare a sufficient amount of autologous fibrin glue.

Bacterial cellulose membrane: Researchers have also noted the excellent mechanical and biological 
properties of the bacterial cellulose (BC) membrane, including good biocompatibility and low host 
inflammatory response. Therefore, this material has been employed for dural repair[45]. Xu et al[45] 
found that the BC membrane could repair dural defects in rabbits, and the inflammatory response was 
lower than that of traditional materials (NormalGEN, biological dural repair patch in Guangzhou, 
China). Through mouse experiments, Lima et al[46] verified that BC membranes showed suitable 
biocompatibility in repairing the dura without inducing an immune response, chronic inflammatory 
response, or loss of neurotoxic signals. Jing et al[47] developed a new type of electrospun BC (EBC) 
membrane. Compared with BC, the inflammatory reaction was lower, more collagen fibers were 
uniformly distributed on the outside of the EBC membrane, and brain tissue adhesion and epidural 
scarring were reduced in the EBC group. Additionally, through animal experiments, Xu et al[48] found 
that the continuous release of vancomycin BC could effectively improve central nervous system 
infection after implantation. Moreover, BC is strong in the hygroscopic state, exhibits good biocompat-
ibility, is relatively simple and cost-effective, and has the ability to carry drugs or growth factors. 
Therefore, the BC membrane can be used as a new artificial dural material, but the long-term effects of 
BC on dural repair remain to be studied[49,50].

Non-biological materials
Biological materials have many advantages in dural repair; however, they are difficult to prepare, 
limited in shape and size, differ among batches, and lack mechanical strength. In contrast, synthetic 
materials are easier to prepare than biological materials, can be repeatedly synthesized in large 
quantities and adjusted according to demand, and are relatively cheaper than natural materials. Two 
main types of synthetic materials can be used for dural repair[5]: (1) Non-degradable polytetrafluoro-
ethylene and polyurethane; and (2) Degradable polyglycolic acid, polycaprolactone, and poly (L-lactic 
acid) (PLLA). Although these sealants are effective for watertight dura, a number of retrospective 
analyses have found no significant difference in CSF leakage between the sealant and suture groups. 
Nevertheless, some studies suggest that the use of sealant can reduce infection[51], while others suggest 
no significant difference in the infection rate[52].

Therefore, in recent years, researchers have derived a variety of new dural repair materials on this 
basis and achieved good repair results in human or animal models (Table 2). Under the condition that 
the dura could not be repaired directly after craniocerebral surgery, four patients underwent dural 
reconstruction with a new graft material, CerafixDura, a synthetic porous polymer matrix composed of 
spun poly (lactic acid-glycolic acid) and poly (p-dioxane). Satisfactory results were obtained without 
complications[53]. Researchers often combine various polymers to experiment with their characteristics
[54-56]. For example, Chuan et al[57] prepared a three-dimensional composite nanofiber membrane 
based on enantiomeric polylactic acid and poly(d-lactic acid)-grafted tetracalcium phosphate. The 
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Table 2 Non-biological materials and their effect evaluation

Ref. Year Restorative materials Object of application Evaluation of clinical / laboratory effect

Ramot et al
[94]

2020 Novel synthetic and fibrous Dural graft: Poly 
(L-lactic-cocaprolactone acid) and poly (D-
lactic-co-caprolactone acid)

Rabbits 12 mo after operation, there was no animal death, and the 
new dura mater, dura mater injury and upper bone 
healing were formed at the implantation site. The 
advantage for this material is favorable local tolerability 
and biodegradability

Schmalz et 
al[53]

2018 Cerafix dura substitute: Spun poly (lactic-
coglycolic acid) and poly-p-dioxanone

Human: Four patients 
after resection of brain 
tumor

In all patients wound healing proceeded without 
complication. There was no imaging evidence of 
persistent fluid collection to suggest cerebrospinal fluid 
leakage or pseudomeningocele formation, nor was there 
evidence of meningeal enhancement to suggest the 
development of subclinical chemical meningitis

Li et al[60] 2022 bioactive patch composed of alginate and 
polyacrylamide hydrogel matrix cross-linked 
by calcium ions, and chitosan adhesive

In vitro experiment and 
in vivo experiment in 
rabbit model

The bioactive patch have the good properties of 
withstanding high pressure, promoting defect closure, 
exerting the effects of anti-inflammatory, analgesic, 
adhesion prevention and inhibiting postoperative 
infection 

Kinaci et al
[58]

2021 Liqoseal, a dural sealant patch comprising a 
watertight polyester-urethane layer and an 
adhesive layer consisting of poly (DL-lactide-
co-ε-caprolactone) copolymer and multi-
armed N-hydroxylsuccinimide function-
alized polyethylene glycol

Computer-assisted 
models, fresh porcine 
dura and In vitro 
experiment

The mean burst pressure of Liqoseal in the spinal model 
(233 ± 81 mmHg) was higher than that of Tachosil (123 ± 
63 mmHg) and Tisseel (23 ± 16 mmHg). Compared with 
Adherus, Duraseal, Tachosil, and Tisseel, Liqoseal was 
able to achieve a strong watertight seal on dura defects in 
the in vitro model

Yamaguchi 
et al[56]

2019 Durawave: Polyglycolic acid felt Human: 36 cases of 
tumor resection via 
transpetrosal approach

The cerebrospinal fluid leakage rate of patients treated 
with polyglycolic acid felt was lower than that of 
autogenous fascia fixation, and the time of intraoperative 
dural reconstruction was significantly shortened. Using 
polyglycolic acid felt to reconstruct dura mater simplifies 
the operation and may prevent cerebrospinal fluid-related 
complications after transpetrosal approach

Huang et al
[61]

2022 Photo-Crosslinked Hyaluronic Acid/Car-b 
oxymethyl Cellulose Composite Hydrogel

In vitro experiment and 
in vivo experiment in 
rabbit model

It has biocompatibility, biodegradability and mechanical 
strength. By drastically reducing attachment and 
penetration of adhesion-forming fibroblasts in vitro, HC 
hydrogel can be used as an anti-adhesion barrier to 
prevent postoperative adhesion

Zhu et al
[95]

2021 Tetra-PEG hydrogel sealants In vitro experiment and 
in vivo experiment in 
rabbit model

It has the advantages of simple operation, high safety, fast 
solidification time, easy injection, good mechanical 
strength and strong tissue adhesion. In the liquid 
environment, the tetra-PEG hydrogel sealants can also 
instantly adhere to the irregular tissue surface

Chuan et al
[57]

2020 Stereocomplex nanofiber membranes based 
on enantiomeric poly (lactic acid) and poly 
(D-lactic acid)-grafted tetracalcium 
phosphate

In vitro experiment It has heat resistance, stretching similar to human dura 
mater, non-toxic to cells, and neuron compatibility

Yu et al[62] 2015 Two layers of novel electrospun membranes, 
dermal fibroblasts and mussel adhesive 
protein for repairing spinal dural defect. 
Inner layer: Lactide-co-glycolide other layer: 
Chitosan-coated electrospun nonwoven 
poly(lactide-co-glycolide) membrane

Goats Seamless and quick sealing of the defect area with the 
implants was realized by mussel adhesive protein. 
Effective cerebrospinal fluid containment and anti-
adhesion of the regenerated tissue to the surrounding 
tissue could be achieved in the current animal model

Masuda et 
al[96]

2016 Suture or nonpenetrating titanium clips, 
followed by reinforcement with a 
polyglycolic acid mesh and fibrin glue 
intraoperatively

75 patients (34 males and 
41 females; age range, 
16e80 years; mean age, 
57.1 years)

Only one patient out of 75 (1.3%) required reoperation for 
dural repair

Terasaka et 
al[64]

2017 Fibrin glue and polyglycolic acid felt 
(GM111)

Sixty patients were 
enrolled. The craniotomy 
site was supratentorial in 
77.2%, infratentorial in 
12.3% and sellar in 10.5%

Cerebrospinal fluid leakage and subcutaneous 
cerebrospinal fluid retention throughout the 
postoperative period were found in four patients. 
Adverse events for which a causal relationship with 
GM111 could not be ruled out occurred in 8.8% of the 
patients. There were no instances of postoperative 
infection due to GM111

Liao et al
[97]

2021 Triple-layered composite: Poly (L-lactic acid), 
chitosan, gelatin, and acellular small 
intestinal submucosa

In vitro experiment Satisfactory multifunction of leakage blockade, adhesion 
prevention, antibacterial property, and dura 
reconstruction potential

Deng et al
[66]

2017 Absorbable materials Poly (L-lactic acid) and 
gelatin

In vitro experiment More biomimetic to native extracellular matrix than 
collagen substitute did, together with better cytocompat-
ibility, tissue ingrowth, and neoangiogenesis
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PLLA: Poly (L-lactic acid).

tensile strength of the composite membrane was close to that of a human dura, and no cytotoxicity was 
observed. Liqossee, a dural sealant patch composed of a watertight polyester urethane layer and an 
adhesive layer consisting of poly (DL-lactide-co-ε-caprolactone) copolymer and multiarmed N-
hydroxylsuccinimide-functionalized polyethylene glycol, exhibited stronger watertight sealing ability 
than Adherus, Duraseal, TachoSil, and Tisseel[58]. Other researchers have developed double-layer 
oxidized regenerated cellulose knitted fabric/poly (ε-caprolactone) knitted fabric-reinforced composites 
and compared them with human cadaveric membranes and three commercial dura mater substitutes 
(two collagen substrates, DuraGenPlus and TissuDura, and a synthetic poly-L-lactide patch, ReDura). 
Although slightly inferior to human cadaveric membranes, this new composite exhibited better 
functional properties than typical dural substitutes[59]. Bioactive patches composed of calcium-cross-
linked alginate, polyacrylamide hydrogel matrix, and chitosan adhesive have been proven to have anti-
inflammatory, analgesic, and anti-adhesive effects[60]. Photo-cross-linked hyaluronic acid/carboxy-
methyl cellulose composite hydrogels can also be used as a dural substitute to prevent postoperative 
adhesion[61].

Composite materials
Different materials have different advantages and disadvantages; therefore, the combination of various 
materials to form composites may result in better dural repair. Yu et al[62] developed a package that 
includes two layers of novel electrospun membranes, dermal fibroblasts, and mussel adhesive proteins 
to repair spinal dural defects. This compound material effectively curbed CSF leakage and resisted 
adhesion between regenerated and surrounding tissues in a goat animal model. Additionally, 
autologous human muscle or fat transplantation can be combined with fibrin glue or fibrin-sealed 
collagen sponges. Surgeons collected autologous muscles from patients during total endoscopic surgery 
and transplanted them into several layers of dural defects. The graft was then fixed and sealed 
watertight with fibrin sealant and a gelatin sponge[63]. In a multicenter clinical trial, a new dura mater 
substitute (GM111) composed of polyglycolic acid felt and fibrin glue was used for non-suture dural 
repair. Of the 60 patients in the group, 4 experienced CSF leakage and subcutaneous CSF retention after 
surgery, and no postoperative infections resulted from the use of GM111. Therefore, GM111 showed 
good closure ability and safety for dural closure without sutures[64]. Similarly, in a review of 409 
patients who underwent reconstruction of the sellar region, a single synthetic dura mater substitute was 
used to cover the damaged area, and then a dural sealant was applied to the repaired epidural surface. 
Postoperative results showed that this technique can effectively prevent postoperative CSF leakage[65]. 
Another composite, named NeoduraTM (MedprinBiotechGmbH, Germany), was made of absorbable 
PLLA and gelatin. Compared with the control DuraGen group, the surface properties of the composite 
substitute were more bionic to the natural extracellular matrix and exhibited better cell compatibility, 
inward tissue growth, and neovascularization. In clinical trials, this substitute further proved its ideal 
repair effects without CSF leakage or other adverse reactions[66].

Other repair methods
A non-penetrating titanium clip is commonly used for dural repair in clinics. Compared with the 
primary suture, the non-penetrating anastomotic clip has the advantages of simple operation, rapid 
process, reduced dura exposure, no pinhole, and no risk of pinhole leakage. Additionally, compared 
with the foreign body inflammatory reaction caused by sutures, the use of a titanium clip significantly 
reduces local acute or chronic inflammation, as well as the risk of postoperative adhesion[67-69]. 
Shahrestani et al[67] used non-penetrating anastomotic clips to repair dural defects in children, and the 
incidence of postoperative CSF leakage and non-penetrating titanium clip infection was very low. Ito et 
al[70] used non-penetrating titanium clips to prevent postoperative CSF leakage during spinal surgery, 
and only 1 of the 31 patients exhibited postoperative CSF leakage. These studies suggest that non-
penetrating anastomotic titanium clips are a good auxiliary tool in the treatment of dura breakage. 
However, because they are made of metal, these clips may lead to metal artifacts and affect the discrim-
ination of structure in the future. Nevertheless, some studies think that they are small enough to not 
produce obvious artifacts[71]. In addition, the use of non-penetrating titanium clips exhibits several 
issues, including dural tears caused by the clips, displacement and non-reusability of the clips, high 
medical costs, and non-degradable materials. Additionally, the long-term effects of the use of titanium 
clips have not been observed. Whether these clips will eventually lead to progressive stenosis of the 
dural space, among other issues, require further exploration.

Epidural or intrathecal injection of saline has also been considered to alleviate the complications of 
CSF leakage caused by dural injury. Saline injection can improve the symptoms of intracranial 
hypotension by restoring CSF pressure in the subarachnoid space, which can immediately improve 
symptoms. However, this is only a temporary solution[72,73].
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In addition, clinical adjuvant treatments, such as fluid replacement, caffeine, sphenopalatine ganglion 
block, greater occipital nerve block, local pressure bandaging, surgical closure of the space, and short-
term bed rest after surgery are reasonable in current clinical practice, as these methods can increase the 
pressure in the dural defect area and avoid postural low intracranial pressure[74-77]. Through animal 
experiments, Ahmadi et al[78] found that local or systemic supplementation with L-arginine is beneficial 
for the treatment of dural tears. Systemic supplementation with L-arginine can promote collagen 
deposition and vascularization and increase the level of granulation tissue formation to accelerate dural 
healing.

Systematic evaluation of dural repair technology
Many types of dural repair techniques and the continuous emergence of dural repair materials provide 
clinicians with more choices in the face of dural damage. A Canadian medical questionnaire examined 
clinicians’ choice of repair methods in the face of different dural defects[79]. The results showed that 
when the diameter of the damage was less than 1 mm, the surgeon often chose sealant or even no 
treatment. When the diameter of the damaged opening was greater than 1 mm, the combination of 
suture and sealant was found to be a more popular option. Additionally, the larger the diameter of the 
damaged opening, the greater the proportion of the combined application. On the other hand, surgeons 
preferred to use sealants or do nothing when the damage was located in the anterior area, most 
surgeons chose to use a combination of sutures and sealants in the posterior area, and use more sealants 
in the nerve root area. However, the results also showed that at least 20% of doctors chose a different 
repair method than the mainstream for different conditions. Therefore, the combined use of dural repair 
techniques and materials should be evaluated. Alshameeri et al[80] conducted a systematic review and 
meta-analysis on the management of accidental dural tears during spinal surgery in 2020. A total of 3822 
cases of dural tears were included among 49 studies. Compared with different dural repair techniques, 
the risk of dural tears was 5.2% (4%-6.5%). Regardless of the type of treatment, the total combined 
proportion of dural tear treatment failure was 6.1%(4.4%-8.3%). In other words, little difference was 
observed among the different repair methods. Among them, the total failure rate of direct suture repair 
(with or without any other reinforcing material) was lower than that of indirect repair (with sealant 
and/or a patch)[80]. In a systematic review in 2021, a summary analysis of 11 studies showed that 
among the 776 enrolled patients, the most common technique was primary suture, patch, or a 
combination of graft and sealant (22.7%, 176/776). The incidence of CSF leakage was the lowest in the 
primary suture plus patch or bone graft group (5.5%, 7/128). In addition, compared with the use of an 
occluder alone (17.6%, 18/102), sealant as an aid to primary closure (13.7%, 18/131) did not significantly 
reduce the incidence of CSF leakage. Moreover, regardless of the repair technique, no significant 
difference was observed in the rate of infection or postoperative neurological deficits[4]. A total of 106 
patients with dural tears, CSF leakage, dural incisions, or pseudomeningocele in the online databases of 
Southampton General Hospital from 2016 to 2019 were enrolled in the study[81]. The authors compared 
the combination of preliminary suture closure, artificial patch, sealant, autologous repair, and drainage 
in patients with dural ruptures. By comparing the length of hospitalization, number of readmissions or 
revision surgeries, time of readmission, postoperative infection rate, and neurological symptoms related 
to dural tear, the authors concluded that primary suture plus an artificial dural patch was the most 
effective method for repair.

CONCLUSION
In summary, one-stage suture is essential for all types of dural damage and partial dural damage repair 
surgeries, and primary suture plus patch repair is recommended. If the damage is too large for direct 
repair, indirect repair should be considered. Additionally, as the overall failure rate of spinal dural 
repair is 6.1%, dural repair materials should be constantly updated in clinical practice. In the 
development and testing phases, the new repair materials should be further adapted to special 
occasions, such as when a large, damaged area cannot be directly sutured or when patients with other 
diseases cannot tolerate secondary surgical sutures. In addition, many of the new repair materials are 
still in the in vitro or animal experiment stage, and further clinical trials are expected to obtain more 
clinical data.
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Abstract
Diabetes is one of the most prevalent diseases, characterized by an insufficiency in 
insulin secretion as well as chronic hyperglycemia and disturbances in 
carbohydrate, lipid, and protein metabolism. The major aim of this study was to 
conduct a literature review on the impact of music intervention on the mana-
gement of diabetic conditions among patients. Available studies on the impact of 
music interventions on the management of diabetic conditions were reviewed and 
analysed using descriptive literature review approach. This review showed that 
music intervention plays a dual role in managing patients' diabetic conditions. 
First, music intervention is impactful in managing the health condition of diabetic 
patients through enhancing the patient’s compliance with exercise, improving 
lower limb blood circulation, and enhancing health parameters that increase 
autonomous balance among diabetic patients. Second, music therapy is impactful 
in the management of diabetic conditions through lowering blood sugar, heart 
rate, glucose levels, and stress among patients. However, with the number of 
empirical studies available in this regard, the impact of music intervention is still 
growing, and longer-term studies and randomised controlled trials with robust 
sample size are recommended to reach a more valid conclusion.
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Core Tip: The use of music intervention has been found effective in treating a wide range of health issues. 
This study demonstrates that music intervention is impactful in the management of diabetic conditions 
through reduction in blood sugar, heart rate, glucose level, and stress. These symptoms have been widely 
associated with diabetic conditions among patients. It is imperative to further examine the significant 
effects of music intervention in curtailing these symptoms through the selection of specific music that 
reduces these specific symptoms in diabetics.

Citation: Eseadi C, Amedu AN. Potential impact of music interventions in managing diabetic conditions. World J 
Clin Cases 2023; 11(13): 2916-2924
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/2916.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.2916

INTRODUCTION
Music therapy is a non-drug-assisted intervention that has a significant impact on diabetic patients' 
management, comfort, and recovery. Music intervention has been perceived as a resolute musical 
exercise in which music listening and singing are central. Music intervention is the clinical and 
evidence-based application of music in a therapeutic intervention by a certified professional who has 
completed a recognized music therapy programme[1]. Additionally, music interventions are delivered 
by licensed music therapists and are distinguished by the utilization of personalized musical 
experiences and the inclusion of a therapeutic approach[2]. In music therapy history, music intervention 
may include listening to music, playing music, or writing songs[3]. Music features have been shown to 
have a significant impact on the management and reduction of stress experienced by patients with 
illnesses[4].

Music of different types, such as high and low tempos, with and without lyrics, live or recorded, has a 
different degree of impact on managing the health conditions of patients. In the context of music, the 
tempo of a piece is regarded as one of the most significant moderators of arousal and relaxation. 
Meditative music with a slow tempo of 60-80 beats per minute is commonly linked with decreases in 
heart rate, resulting in greater relaxation[5,6]. When instrumental music is used, it is found to have a 
more profound impact on reducing stress as music that includes lyrics is more distracting and 
stimulating rather than calming[7]. As a result of the possible comforting effects of lyrics, music with 
lyrics may enhance the positive impact of music interventions when managing stress associated with 
ailments[8]. Additionally, the manner in which music is played (on stage or recorded) has a significant 
impact on patients. Since live music therapists tailor their programmes in order to capture patients' 
specific needs, live music has been revealed to be more impactful than "music as medicine" in lessening 
patient pain[9]. There is evidence that music therapists in hospice and palliative care utilize a variety of 
techniques, including song writing, lyric analysis, instrumental playing, guided imagery and music, 
singing, and music therapy relaxation techniques in order to address the immediate and personified 
needs of their patients[10]. The goal of this study was to establish the potential impact of music 
interventions for the management of various types of diabetic patients using available empirical 
evidence.

Diabetes is a chronic metabolic disorder which has become one of the most prevalent and major 
global health problems. Among the most notable features of diabetics are the absolute deficits in insulin 
secretion as well as chronic hyperglycemia and abnormalities in the metabolism of carbohydrate, lipid, 
and protein[11]. There are various types of diabetes described in the literature, including Type 1, Type 2 
(DM2), prediabetes, gestational, monogenic, cystic fibrosis, and chemically induced diabetes[12]. A 
poorly managed form of diabetes can damage vital organs and tissues such as the kidneys, eyes, nerves, 
and heart[12]. This study deals with the utilization of music intervention in treating diabetes ailments.

The use of music intervention therapy has been found effective in treating a wide range of health 
issues, including diabetes. As a result, music has a significant impact on individual minds before its 
perceived meaning is transmitted into thoughts and feelings[13]. Since it helps create psychological 
wellness, increases the ability to concentrate and think critically, and enhances emotional expression 
and clarity of thinking, music can be used to treat psychological ailments as well as psychosomatic 
diseases[13]. The potential benefits of music therapy have been noted in the areas of health care, 
education and social welfare, as well as its artistic and cultural benefits[14]. Music therapy has been 
found to be the most accepted and evaluated modality of integrative medicine as well as comple-
mentary alternative medicine[14]. The major aim of this current study was to establish the potential 
impact of music intervention in the management of diabetic condition based on the available empirical 
studies.

https://www.wjgnet.com/2307-8960/full/v11/i13/2916.htm
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METHODOLOGY
This study adopted a descriptive literature review approach to investigate the potential impact of music 
interventions on managing diabetic conditions. Since this study was based on empirical literature 
analysis, ethical approval was not required. Based on an extensive literature search, we identified and 
cited published papers in reputable journals and databases. A multiple inclusion criteria were used to 
select papers for this literature analysis. Firstly, only studies that examined the potential effects of music 
intervention on the management of diabetes were included. The study must be conducted on the human 
population; hence, animal studies were excluded. The music intervention must involve listening to 
music, either live or recorded; any intervention studies that dealt with the making of music were 
excluded; the study must involve two groups. Studies must include either psychological or 
physiological outcome variable(s); thus, studies without any of these outcome variables were excluded; 
intervention studies that included participants less than 18 years were excluded; and finally, studies that 
were not written in the English language were not included. Based on these selection criteria, a total of 6 
articles met the criteria for inclusion.

The descriptive literature review approach enabled us to describe the selected literature and present 
their implications for research and practice. We were able to find substantial information on people with 
diabetes, and the potential impact of music interventions on managing diabetic conditions from several 
sources including Google Scholar, Directory of Open Access Journals, Dimensions, SciLit, Bielefeld 
Academic Search Engine, Lens, Scopus, Reference Citation Analysis (https://www.referencecitation-
analysis.com/) and PubMed Central. Qualitative and quantitative papers in the English version were 
rigorously searched, evaluated, selected, and synthesized by the researchers. Search terms used include 
music intervention, diabetes management, music intervention and diabetes intervention, music therapy 
and diabetes management, and the impact of music on diabetes management.

POTENTIAL IMPACT OF MUSIC INTERVENTION IN MANAGING DIABETIC CONDITIONS
An extensive review of the medical literature has demonstrated that chronic illness associated with 
insulin inefficiency contributes significantly to the development of diabetes. However, the use of music 
interventions can greatly contribute in managing diabetes and accompanying psychological symptoms
[13-19] (see Table 1). For instance, a past study[15] used an intervention program to evaluate the effects 
of Indian classical music on blood sugar levels of DM2 patients compared to non-diabetic participants. 
In all groups, a significant reduction was observed in blood glucose levels. In addition, the findings of 
the study indicated that no significant differences were observed in blood sugar reduction between 
participants in control and experimental conditions. The results of this study indicate that music 
intervention can reduce blood sugar levels to a certain extent, even though the effect is not statistically 
significant.

The effectiveness of active and silent music interventions on patients with DM2 was also examined by 
researchers[16] using a repeated measures study design. The results of this study revealed that the 
activation coefficient of DM2 patients using Gas Discharge Visualization parameters was significantly 
affected by both active and silent music. However, it was indicated that silent music intervention led to 
boredom as compared to active music. A session of active music intervention led to a significant imp-
rovement in the health condition of the DM2 patients, which could ultimately assist them in 
maintaining autonomous balance. The findings of this study affirmed that music intervention has the 
potential impact on management of diabetic conditions.

Also, a study examined the effects of Indonesian traditional music on DM2 patients using a quasi-
experimental design of pre-test and post-tests[18]. It was revealed that Saluang music significantly 
reduced the incidence of DM2 in patients. Thus, it implies that Saluang music is effective in treating 
stress-related problems associated with DM2. Likewise, a study investigated the effect of combining 
music and exercise on elderly patients with diabetes mellitus using a quasi-experimental research 
approach[19]. During the following three months of intervention, it was found that music intervention 
improved adherence to low exercise levels significantly compared to the control group. Therefore, 
combining music and low exercise therapeutic intervention enhances the extent of exercise compliance 
in elderly patients suffering from diabetes and improves blood circulation in their feet. In addition, 
music therapy was used in a randomised controlled trial to treat DM2 with psychosomatic disease[13]. 
The study focused on two types of music that were both joyful and relaxing in reducing glucose levels. 
In both intervention groups, music therapy increased the psychological parameters of patients with 
DM2 as well as lowered their blood glucose levels.

Physiological disorders caused by stress can lead to functional abnormalities in a variety of organs, 
either temporarily or permanently. But, it has been shown that music therapy can reduce psychological 
and physiological stress, metabolic changes, and the pain experienced by diabetic patients[13]. Patients 
with diabetes, for example, have low hepatic carbohydrate stores due to insulin deficiency[13]. Because 
of this shortage, sugar cannot be transported from the blood to the liver or other cells that require it, 
resulting in elevated blood sugar levels. As a complex carbohydrate called glycogen, sugar is injected 

https://www.referencecitationanalysis.com/
https://www.referencecitationanalysis.com/
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Table 1 Empirical literature on potential impact of music intervention among diabetic patients

Ref. Year Duration Study objectives Method/sample Results

Cioca[13] 2013 Not 
specified

To determine the impact of music 
intervention on reduction of 
glycaemia (glucose) among 
diabetic patients and healthy 
peoples

Randomised controlled experi-
mental research design using 
criterion sampling to sample 
120 participants

This study revealed that hypoglycemic role of 
classic music for DM2 patients decreased the 
patients’ glucose levels

Pillai and 
Dave[15]

2018 A day To establish the effect of Indian 
classical music on blood sugar 
level of DM2 and non-diabetic 
patients

Quasi-experimental controlled 
trial using criterion sampling 
technique to sample 100 
participants

There was a significant reduction in the blood 
sugar of the selected participants, but not 
significant when compared to other groups

Rao and 
Nagendra
[16]

2014 A day The main purpose of this study 
was to compare the difference of 
the effect of active and silent music 
intervention on the autonomous 
balance of diabetic patients

Repeated measure of pre-post 
design was used in a sample of 
42 participants

It was revealed that silent music was more bore 
compare to active music; active music led to 
significant change in the parameter towards 
enhancement of health status of patients which 
could be more helpful in achieving autonomous 
balance of the diabetic patients

Deshkar et 
al[17]

2022 A day To evaluate the effect of music 
therapy on heart rate variability 
among diabetic patients

Pure experimental research 
using criterion sampling 
procedure sample 30 diabetic 
patients

It was revealed that music intervention lessened 
the heart rate. The difference was statistically 
significant

Sastra and 
Reni[18]

2022 7 d The main purpose was to examine 
the effect of Salaung Indonesian 
music on reducing stress of DM2 
patients

Quasi-experimental one-group 
pretest-post-test using criterion 
sampling procedure was used 
to sample 20 participants

The study revealed that Indonesian traditional 
music is effective in reducing patient stress level

Ji et al[19] 2015 6 mo The objective was to evaluate the 
effectiveness of music therapy with 
lower exercise on elderly patient 
with diabetes compliance with 
lower exercise and blood 
circulation

Randomised control trial using 
criterion sampling procedure 
was adopted to sample 72 
participants

The study affirmed that music intervention with 
lower extremity exercise can both enhance the 
extent of exercise compliance of elderly patients 
as well as improve blood circulation in their feet 
among elderly patients

DM2: Type 2 diabetes mellitus.

into the bloodstream through epinephrine on demand. The stimulation of beta cells in the organs by 
classical music contributes to the maintenance of normality for a limited period of time. Emotional 
situations affect blood sugar levels[13]. As a result of gently altering the neurotransmitter epinephrine, 
classical music can assist in the promotion of relaxation.

From available literature, six studies focused on the potential impact of music intervention on the 
management of DM2 conditions. This indicates that there is a dearth of empirical studies on the 
potential impact of music intervention on the management of other types of diabetes. In other words, 
more studies on the impact of music intervention on the management of other diabetic conditions are 
required. Also, the type of music intervention adopted depends on the environment where the studies 
were carried out. The majority of the music used in this study were predominant Asian, involving joyful 
and relaxing music[13]; classical, folk instrumental, cheerful, religious, and soothing[19]; and 
Indonesian Salaung music[18]. There is a dearth of empirical studies in this regard in other parts of the 
world, especially on the African continent, where there is a high prevalence of diabetes cases.

Furthermore, two of the selected studies[13,19] used randomized controlled designs whereas other 
studies[15,18] used non-randomized designs. Therefore, there is a need for empirical studies with high 
levels of control and randomisation of participants. This will enable the establishment of the potential 
impact of music intervention on the management of diabetic conditions with robust design. Among the 
randomised groups, there was a significant reduction in the associated symptoms of diabetics in the 
treatment groups. But, most of the sample sizes used in the studies were small, which hinders the 
generalization of the findings. In some studies with larger samples, there was a substantial potential 
impact of music intervention on the management of diabetic patients. The period of intervention was 
not specified[13] while others used shorter periods, which ranged from 1-7 d. Only one study lasted for 
six months[19]. Hence, more studies that span a longer period of time are needed to establish the 
potential impact of music intervention on the management of diabetes since one time exposure to music 
intervention may not be sufficient to establish the potential effect of music intervention in the 
management of diabetic conditions.

Figure 1 show that music therapy has been found to enhance the psychological and physical health of 
patients with diabetes based on the four empirical evidences. First, music intervention has been found to 
lower the glucose level of patients with diabetes from 197.75 to 158.93, demonstrating its significant 
impact on managing overall diabetic conditions[13]. The efficacies of two kinds of music intervention 
(relaxing music and joyful music) were tested with regards to reduction in glucose levels. Specifically, 
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Figure 1  Potential impact of music interventions in managing diabetic conditions.

music for relaxation reduced glucose levels from 169.76 to 148.1, whereas music for joy reduced glucose 
levels from 197.53 to 172.83. These two types of music intervention are of considerable benefit to 
diabetic patients by reducing glucose levels without taking any drug such as metformin.

Second, music therapy has been found to enhance lower limb blood circulation in patients with 
diabetes. Specifically, music therapy enhanced the peak velocity of the dorsal artery in patients with 
diabetes after 6 mo, as those in the control group had a mean score of 14.5 while those in the 
intervention group had a mean score of 15.91[19]. This indicates that music therapy is efficacious in 
enhancing a patient’s dorsal artery and an increase in the peak velocity of the dorsal artery translates to 
enhanced blood circulation in diabetics.

Third, music therapy has the potential to improve elderly patients' compliance with lower extreme 
exercise regimens after 6 mo of treatment[19]. The elderly diabetic patient increased their compliance 
with lower limb exercise from 13.56 to 21.18, indicating that music therapy had a significant impact on 
their health condition management. Fourth, the significant impact of music therapy in the management 
of diabetes has been established in lowering the heart rate of patients. For instance, music therapy 
reduced the elderly diabetic's heart rate from 93.9 to 84.7, demonstrating the importance of music 
therapy in the management of diabetic conditions[17]. Fifth, high blood sugar has been found to be one 
of the symptoms of diabetes. However, application of music intervention therapy has been found to 
lower blood sugar from 225.925 to 216.025, indicating that this therapy is efficacious in managing the 
symptoms of DM2[15].

Finally, diabetic patients suffer numerous pains (physical and psychological pains) that are 
sometimes persistent and resistant to any type of medication, which results in the patient being stressed. 
However, application of music intervention therapy has been found to lessen stress associated with 
diabetic patients, as study indicates that the stress level of patients with diabetes decreased from 22.5 to 
14.5[18]. Music therapy assists by stimulating endorphin secretions or distracting them. Music can also 
make a diabetic patient believe that he/she is in charge, thus relaxing him/her by regulating his 
heartbeat and respiration. Music therapy is one of the creative and experimental forms of alternative 
medicine used to restore people's psychic and physical well-being[13]. Music therapy is also helpful in 
moderating the metabolic changes, as an increase in catecholamine levels occurs when music is complex 
and intense, whereas a slow and discrete piece of music lowers glycaemia levels.

Music intervention therapy was tolerated by all the patients as there was no report of any specific 
adverse effect in any study. Music intervention therapy has a positive in management of diabetic 
conditions as it plays a dual role in the management of diabetic patients. The first impactful role of 
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music therapy in the management of individuals with diabetes is to improve the self-care of patients as 
well as enhance individuals’ engagement in some activities that improve their health conditions[20-22].

Music therapy intervention mostly plays the role of solidifying treatment effectiveness by enhancing 
exercise compliance[23]. This suggests that music therapy increases the rate at which a patient with 
diabetes engages in exercise. When diabetic patients exercise more regularly, the incidence of complic-
ations decreases[24,25]. Music intervention is mainly applied to patients in order to relieve pains, 
depression, and muscle spasms, as well as to improve neurological deficits and enhance recovery of 
motor function[9,26].

The use of music intervention programme designed specifically for active and silent music categories 
has been found to improve the autonomous balance of diabetic patients[16]. Active music has been 
demonstrated to be beneficial in preserving energy levels and reducing the right-side entropy which 
assist in sustaining left balance in the integral area. Active music has been demonstrated to impact 
significantly on the parameters that improve health conditions which contributes to enhancing 
autonomous balance among diabetic patients. Similarly, silent music has been found to be less effective 
in improving health conditions that translates to autonomous balance of diabetic patients.

REFLECTIONS BASED ON AVAILABLE LITERATURE
In the music literature, it has been demonstrated that listening to music and understanding it bring 
about an unavoidable alteration in an individual's mindset. This modification has been linked to a 
significant reduction in blood sugar levels in DM2 patients who listen to western classical music[13]. 
Furthermore, Indian music such as Raga Bageshree has been revealed to have a positive impact on the 
management of diabetic conditions through the reduction of blood sugar[27]. So, music therapy 
intervention including traditional music can help an individual with diabetes lower their blood sugar 
level, which is important for taking care of diabetic patients.

Music therapy has been found to be effective in managing the stress that diabetics often encounter. 
This assertion is strengthened by the disclosure that the Saluang form of Indonesian music positively 
affects the stress of patients with DM2[18]. Thus, the use of some areas of native music has had 
important influence on diabetics’ well-being. Music therapy, including the use of classical music, exerts 
positive influence diabetics’ mood states, stress level, heart rate, blood pressure, memory, and attention 
thereby leading to feelings of relaxation, calmness, and comfort[28,29]. Slow-tempo or rhythmic music 
has been shown to inhibit catecholamine release into blood vessels, resulting in a decrease in 
catecholamine concentrations in plasma. This process triggers the sympathetic nerves, which in turn 
stimulate the release of stress hormones that cause the body to relax[30]. Music impact in lessening 
stress associated diabetic condition has found to be low cost, free from side effects as well as uses 
indigenous approach. Diabetic patients’ emotional attachment to a particular music or emotion 
conveyed through music tends to be affected by their cultural background[31].

In addition, a high glucose level, which is a commonly reported symptom of DM2 occur as a result of 
resistance to insulin, and have been found to decrease due to the impact of music therapy in the 
management of patients with diabetic conditions. In the music intervention literature, joyful and 
relaxing music therapies have been found to be impactful in reducing the level of glucose in individual 
patients with diabetes[32]. According to music literature, walking and jogging outside at a consistent 
pace while listening to favourite music lowers glucose levels in diabetics[33]. Despite the fact that music 
therapy has been shown to reduce glucose levels in diabetic patients, there was no significant difference 
in blood glucose levels before and after intervention in one study[34]. Despite this, music therapy is 
essential in the management of the general health condition of patients with diabetes.

The impact of music on resilience to exercise is probably attributed to its affecting sympathetic nerve 
excitability, slowing heart rate and breathing, and ultimately affecting the patients' nerve and muscle 
systems, which further improves perception and involvement with activities[35,36]. Also, different 
types of somatic and mental disorders can be managed through the use of music therapy in DM2 
patients[37]. It is an efficient therapeutic method that modulates emotions and autonomous nervous 
system activity[17]. Because music intervention induces high relation and low tension subjectively in 
young people, it is often effective.

Additionally, ecological momentary music interventions and usual music interventions are feasible 
and pleasant activity-based approaches that can reduce psychological stress, chronic pains, lower 
voluntary mobility during pain episodes and decrease perceived stress, burnout, traumatic stress 
among patients[38-41]. A recent longitudinal study on management of DM2 also revealed that music 
with painting therapies positively lowers the level of blood glucose among individuals with DM2[42]. 
Another recent research revealed that music therapy remains the best way to reduce anxiety and 
depression among DM2 patients since it consistently reduced their mean post-test and follow-up ratings
[43]. Also, spiritual music could decrease heart rate and blood pressure[44]. In comparison to DM2 
patients treated without music-assisted alagliptin, music-assisted alagliptin was shown to reduce blood 
glucose levels and improve quality of life of DM2 patients[45]. Thus, various forms of music 
interventions have continued to date to demonstrate their efficacy in the management of diabetics’ 
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mental and physical health symptoms.

IMPLICATIONS AND RECOMMENDATIONS
The results of this study have implications for future research on the effective use of music therapeutic 
interventions for diabetes management. Music intervention was found to be impactful in the 
management of diabetic conditions by improving patients' engagement in exercise, autonomous 
balance, and lower limb blood circulation. The number of people that are diagnosed with diabetes is 
increasing on a daily basis, and these cases are prevalent among the aging population. Considering the 
fact that music intervention is inexpensive and easy to integrate into the medical setting as well as the 
daily lives of these aged patients in order to enhance their lives, it is very imperative to recognize the 
significant impact of music intervention on the management of their mood, mental health, glycemic 
control and emotions[37].

Also, this study established that music intervention is impactful in the management of diabetic 
conditions through reduction in blood sugar, heart rate, glucose level, and stress. These symptoms have 
been widely recognized as the manifestation of diabetic conditions among patients. It is crucial to 
further investigate the significant effects of music intervention in curtailing these symptoms through the 
selection of specific music that reduces these specific symptoms in diabetics.

The majority of the empirical studies in the music intervention literature focused on DM2 condition. 
This means that the impact of music intervention in the management of diabetic conditions has not been 
tested on other types of diabetic conditions. Therefore, further studies should consider establishing the 
impact of the management of other types of diabetic conditions using music intervention therapy.

Also, most of the studies on music intervention in the management of diabetes are non-randomised 
controlled trials. This review suggests that future research should focus on a randomised control trial 
involving two or more groups in order to effectively establish the potential impact of music intervention 
on the management of diabetic conditions that other researchers can easily replicate. Additionally, the 
study revealed that the sample size of the available studies and the duration of the intervention 
programme were small and short. Small sample size with a short period of intervention affects the 
efficacy of the intervention as well as the generalizability of the findings. Thus, further studies should 
consider recruiting a substantial sample size as well as allocating a sufficient period for executing the 
programme.

Also, the majority of the available empirical literature was conducted in Asia, where Indonesian and 
Indian music were used in the management of DM2 conditions. Hence, further studies should consider 
validating the potential impact of music intervention in other regions including sub-Saharan Africa, 
where there is a prevalence of different categories of diabetes.

CONCLUSION
This study has demonstrated the potential impact of music intervention in the management of diabetic 
conditions using available empirical evidence. The evidence from music literature affirmed that music 
intervention is impactful in the management of diabetic conditions through enhancement of individuals 
with diabetes' compliance with exercise, autonomous balance and lower limb blood circulation among 
patients, as well as facilitation of reduction in blood sugar, heart rate, glucose level, and stress level. The 
potential impact of music intervention on diabetics is still a work in progress, and the available findings 
so far suggest the viability of conducting further research in this area.
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Abstract
Obesity is characterized by excessive adipose tissue accumulation, which impacts 
physiological, metabolic, and immune functions. Several respiratory infections, 
including bacterial pneumonia, influenza, and coronavirus disease 2019, appear to 
be linked to unfavorable results in individuals with obesity. These may be 
attributed to the direct mechanical/physiological effects of excess body fat on the 
lungs’ function. Notably, adipose tissue dysfunction is associated with a low-
grade chronic inflammatory status and hyperleptinemia, among other character-
istics. These have all been linked to immune system dysfunction and weakened 
immune responses to these infections. A better understanding and clinical 
awareness of these risk factors are necessary for better disease outcomes.

Key Words: COVID-19; Influenza; Lung disease; Immune system; Obesity
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Core Tip: Obesity influences the development and outcome of various respiratory 
infections. This is mediated in various ways, including through direct physiological 
impacts on the lungs and airways and via the dysfunctional adipose tissue, inducing a 
low-grade inflammatory status that potentially affects the immune response to certain 
pathogens. These include, notably, influenza and coronavirus disease 2019. Clinicians 
should be aware of these unique challenges in this subset of patients and take preventive 
and aggressive therapeutic measures as needed.
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INTRODUCTION
Obesity is a complex chronic disease linked to increased risk of nearly every chronic condition, 
including insulin resistance states, diabetes, cardiometabolic diseases, and various types of cancer, 
overall resulting in poor quality of life and reduced life expectancy[1-3]. Furthermore, obesity has a 
significant impact on respiratory health, and this has become even more apparent during the 
coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory coronavirus 2 
(SARS-CoV-2)[4,5], as obesity has been associated with an increased risk of infection and unfavorable 
clinical outcomes in people with obesity that encounter COVID-19[6,7]. However, the burden of obesity 
on various infectious diseases was already recorded before and independently of the COVID-19 
pandemic[8,9].

Obesity has been linked to an increased risk of pulmonary infections, including pneumonia, 
bronchitis, chronic obstructive pulmonary disease (COPD) exacerbations, and various other viral 
infections that we will further describe here[10]. Some of the mechanisms by which obesity increases the 
risk of respiratory infections include changes in pulmonary function, e.g., decreased lung volumes, 
impaired gas exchange, and secretion mobilization[10-13]. Moreover, mechanical blockage can also be 
caused by fat deposition in the upper airways[10,13-15]. Notable obesity appears to affect the immune 
system through a chronic low-grade inflammatory status[2,16]. Adipose tissue, which increases with 
obesity, is an active endocrine organ that secretes adipocytokines and other inflammatory mediators[2]. 
Such substances sustain a low-grade systemic inflammation, potentially impairing the immune system's 
capacity to combat infections[2,8,16,17].

In this review, we presented the numerous pathophysiological implications of obesity and dysfunc-
tional adipose tissue on pulmonary function, the immune system, and pulmonary infections. We 
summarized the overall impact of obesity on disease outcome and highlighted various emerging and 
ongoing challenging infections, including, tuberculosis, COVID-19, influenza, and other bacterial or 
viral infections. Finally, we explored the impact of obesity on various vaccines and suggest strategies to 
prevent and treat lung infections in individuals with obesity.

EPIDEMIOLOGY OF LUNG DISEASES IN THE PRESENCE OF OBESITY
Obesity has been associated with a variety of respiratory disorders, notably COPD, asthma, obstructive 
sleep apnea (OSA), pulmonary embolic disease, and aspiration pneumonia[18]. Several epidemiological 
studies have reported a relationship between respiratory tract infections and obesity, in particular 
higher prevalence, disease duration, and mortality[17]. Individuals with overweight or obesity had a 
higher rate of outpatient visits for acute respiratory infections during influenza season than individuals 
with normal weight, according to a large cohort study from Canada that examined a variety of acute 
upper (nasopharyngitis, sinusitis, tonsillitis) and lower (bronchitis, pneumonia, influenza, and other 
viral infections)[19]. In the United States, comparable results were obtained for the risk of community-
acquired pneumonia[20] and chronic bronchitis in children, adolescents, and adults[21,22]. More 
recently, obesity and diabetes were recorded among the high-risk factors for severe COVID-19[23]. 
Notably, even though obesity is a significant risk factor for the occurrence of acute respiratory distress 
syndrome (ARDS) and acute lung injury (ALI), in a recent meta-analysis it was recorded that, as 
opposed to those with a normal body mass index (BMI), ARDS/ALI outcomes were more favorable in 
the individuals in the obesity group[24]. Overall, individuals with obesity are at increased risk of severe 
infections, delayed recovery, and complications like ARDS or ALI[10,25].

PATHOPHYSIOLOGICAL BACKGROUND
Although the precise mechanisms linking obesity and an increased risk of pulmonary infections remain 
unknown, several potential factors have been hypothesized and proposed[10,11,15,26]. These are 
divided into two categories: First, anatomical-functional changes caused by the mechanical impediment 
of excess adipose tissue, which blunts respiratory processes and contributes to respiratory diseases[11,
15]. And secondly, due to the obesity-related adipose tissue dysfunction/adiposopathy resulting in low-
grade inflammation, hyperinsulinemia, hyperglycemia, and hyperleptinemia, all of which contribute to 
a weakening of both innate and adaptive immunity[17,26] (Figure 1).
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Figure 1 Obesity impacts host-defence against respiratory infections, including direct physiological/mechanical impacts on lung 
functions but also notably adipose tissue dysfunction, a chronic low grade inflammatory status and potentially blunted immune system 
responses. ER: Endoplasmic reticulum; IL: Interleukins; MCP-1: Monocyte chemoattractant protein-1; OSAS: Obstructive sleep apnoea syndrome; TNF-α: Tumour 
necrosis factor alpha. Parts of the figure were drawn by using pictures from Servier Medical. Smart. [cited 3 February 2023]. Available from: smart.servier.com.

Impaired lung function and related mechanisms
Obesity alters the mechanical characteristics of both the lung and thorax substantially, owing mostly to 
fat accumulation in the mediastinum and abdominal cavities[10]. These result in a decrease in the 
compliance of the lungs, thorax, and the respiratory system as a whole[10,27]. Moreover, as adipose 
tissue accumulates in the thoracic and abdominal cavities, the diaphragm's downward movement and 
the thoracic wall's outward mobility are restricted[10,28]. This affects the breathing pattern, resulting in 
a significant decrease in both the expiratory reserve volume and the lung's resting volume, known as 
functional residual capacity (FRC). The decrease in FRC is related to the degree of obesity[10,29]. 
Importantly, body fat distribution plays an important role, with abdominal and upper body accumu-
lation being independent of the BMI in relation to the worsening of these parameters[12,30,31]. Obesity 
frequently causes increased respiratory system resistance, as well as airway restriction and closure, and 
airway hyperresponsiveness, resulting in unfavorable peripheral airway compression/closure results. 
This interferes with proper ventilation and may result in hypoxemia as a result of mismatch and 
trapping of airway contents such as mucus and germs, predisposing to infections[10,32-34]. Hypoxia 
caused by lung impairments, as discussed in the following section, may exacerbate adipose tissue 
dysfunction[2]. Finally, other obesity-related lung diseases, including COPD, asthma, hypoventilation 
syndrome, OSA, and obesity and gastroesophageal reflux disease, may further predispose to infections
[26,35].

Adiposopathy, chronic low-grade inflammation, and immune system dysfunction
Excessive fat accumulation, adipose tissue (AT) malfunction (distinguished by low-grade inflam-
mation), and ectopic fat deposition, particularly visceral, all play important roles in the pathophysiology 
of obesity and its comorbidities[36-40]. Adipocyte hypertrophy is characteristic of dysfunctional AT, 
which itself is linked to persistent low-grade inflammation. AT inflammation is partially caused by 
adipocytes which are secreting pro-inflammatory cytokines [including tumour necrosis factor alpha 
(TNF-α), and monocyte chemoattractant protein-1, and various interleukins (IL) notably IL-1β, -6], 
proinflammatory adipokines (leptin and resistin), and decreased levels of anti-inflammatory adipokines 
such as adiponectin, but also by the influx of numerous types of specialised, pro-inflammatory immune 
cells, such as macrophages[2,35,41,42]. Obesity may also have an imbalance in the pro- and anti-inflam-
matory immune cell ratio, favoring pro-inflammatory immune cell infiltration or activation and thus 
favoring an inflammatory state[2,16]. Moreover, adiposopathy is characterized by adipocytokine 
dysregulation, hormonal (insulin, catecholamines) resistance, impaired metabolism, reactive oxygen 
species (ROS)-induced stress and mitochondrial dysfunction, and anomalous oxygen levels, all of which 
pertain to ectopic fat accumulation and associated comorbidities[2,38,43,44]. Notably, in the presence of 
comorbidities such as OSA with hypoxic episodes of severe oxygen deprivation and acute duration, 
they may act negatively on the dysfunctional adipose tissue, leading to a vicious circle, as many 
adipocytokines appear to be oxygen-dependent, particularly in individuals with obesity[2,16]. As a 
result of these events, there is systemic inflammation, which may eventually compromise innate and 
adaptive immune function[35,45]. Confounding factors that could potentially affect immune response 
and infection risk independently of BMI could be comorbidities (cardiovascular disease, type 2 diabetes 
mellitus), altered nutrition (specific low-quality diets), and physical inactivity[9].
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Increased TNF-α, IL-1, and IL-6 Levels in adipocytokine dysregulation may result in a weakened 
immune response[17,45,46]. Additionally, increased circulating leptin levels (a hallmark of obesity, 
directly proportional to AT mass) could contribute to altered immune responses as many cell types of 
the innate immune system express leptin receptors[17,47,48]. For instance, monocytes appear to exert a 
more pronounced pro-inflammatory response, and neutrophils are even more reactive to ROS once they 
are treated with leptin in vitro[17,49,50]. Leptin appears to affect various stages of B and T cell 
maturation and functions[17,51,52]. Moreover, hyperleptinemia was shown to impact the host defense 
in humans and murine models via effects on neutrophils[17,53]. Metabolic dysfunction associated with 
hyperinsulinemia may also contribute to immune system dysregulation[17]. It is crucial to highlight that 
these mechanisms are not necessarily exclusive and that they most likely interact to increase the overall 
incidence of lung infections in individuals with obesity. Furthermore, the mechanisms may differ based 
on the individual's underlying health problems and the kind of infection, as will be highlighted in the 
following sections.

COMMON INFECTIONS AND ONGOING CHALLENGSES
Obesity is associated with an increased risk of several respiratory infections, including tuberculosis, 
influenza, pneumococcal, staphylococcal, and more recently COVID-19-associated pneumonia[6,35,54]. 
Obesity and coexisting diabetes raise morbidity from pneumococcal pneumonia and influenza, and 
notably, diabetes influences tuberculosis control and increases drug resistance as well as mortality[35,
55].

Bacterial infections
As the innate immune response, which is the first line of defense against pathogenic bacteria, is likely 
suppressed because of the persistent low-grade inflammatory status[26], obesity has been shown to 
have an impact on the outcome of severe bacterial infections[56]. Obesity appears to influence and 
increase the risk of Streptococcus pneumoniae in a variety of populations, particularly the elderly[57]. It 
has also been proposed that hyperleptinemia, which is commonly associated with obesity, affects host 
defense against S. pneumoniae in humans[58]. Obesity is associated with unfavorable clinical outcomes 
in adults with community-acquired pneumonia of various etiologies[59]. Moreover, a link between BMI 
and mortality in hospitalized patients with community-acquired pneumonia has been recorded[60]. 
Finally, diet-induced models of obesity have shown that excess adiposity affects the in vivo host defense 
against Klebsiella pneumonia[61].

Viruses of emerging interest
Obesity has been linked to an increased risk of several viral respiratory infections, including the notably 
recurrent influenza and ongoing COVID-19 pandemics, but also respiratory syncytial virus infection in 
children[6,62-64].

When it comes to influenza, especially influenza A viral infections, obesity appears to negatively 
impact humoral immunity[65] and the combined innate and adaptive responses already at the 
respiratory epithelium level[66-68]. Adiposity may also have a negative impact on influenza virus-
related critical illnesses[69]. Immunomodulatory approaches to T cell metabolism have been explored to 
improve host immunity against influenza-related infections[70].

The potential negative impacts of obesity on COVID-19 have been largely described already[71,72]. 
Several studies have shown a direct link between obesity and COVID-19’s severity and mortality[73,
74]. Among other cardiometabolic risk factors, obesity appears to be a significant independent factor
[75]. This appears to be the case for unfavorable outcomes in critically ill patients with COVID-19[76].

The COVID-19-associated pathophysiological response is associated with the expression of the 
angiotensin converting enzyme 2 (ACE2) receptors in target tissues[5,77-79]. Many organ systems, 
including the lungs, adipose tissue, and blood vessels, express ACE2 receptors[80]. Notably, higher 
levels of ACE2 have been hypothesized and demonstrated in the adipose tissue of individuals with 
obesity, suggesting that adipose tissue may play a role in acting as a "reservoir" for SARS-CoV-2[81,82]. 
The S protein of SARS-CoV-2 is responsible for significant immune response induction in the host and, 
via binding to ACE2 receptors on the target cells, mediates cellular invasion[83]. Likely to influenza viral 
infections, the role of hyperleptinemia in obesity has been speculated for COVID-19[84]. Finally, 
obesity-related low-grade chronic inflammation may be directly related to higher expression of ACE2 
and pathway-associated components, as well as decreased vitamin D bioavailability, and gut 
microbiome dysbiosis[85-87].

Vaccinations in individuals with obesity
As demonstrated, obesity has a negative impact on the immune system, and these implications raise 
concerns about the absence of vaccine-induced immunity in these patients, necessitating a consideration 
of how this subpopulation might be better protected[88,89]. Cohort studies have shown that, partic-
ularly for influenza vaccination, individuals with obesity may have a lower immune response than 
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those of normal weight[90,91]. Several degrees of evidence also suggest the importance of vaccination 
against COVID-19 and obesity, also from real-world data[92]. However, overall, the vaccination of 
individuals with obesity is of paramount importance and should not be avoided, even if reduced 
responsiveness is suspected.

CONCLUSION
In conclusion, obesity is a major risk factor for several respiratory infections and their severity. Changes 
in lung function, adipose tissue accumulation and dysfunction, and immune system dysfunction all 
contribute to the higher risk. It is important for individuals with overweight or obesity to undertake 
preventive steps to maintain their weight. These include dietary and habitual patterns that can lead and 
maintain weight loss and if necessary, following failure of these steps to implement medicinal avenues
[93-95]. Preventive measures to lower the risk of lung infections including face covering and meticulous 
vaccinations against respiratory pathogens and frequent medical evaluations. Furthermore, healthcare 
practitioners should be aware of the increased risk of lung infections in these individuals and act in 
preventive ways and escalate treatment measures if necessary.
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Abstract
BACKGROUND 
Complement overactivation is a major driver of lupus nephritis (LN). Impaired 
interactions of C-reactive protein (CRP) with complement factor H (CFH) have 
been shown as a pathogenic mechanism that contributes to the overactivation of 
complement in LN. However, genetic variations of neither CRP nor CFH show 
consistent influences on the risk of LN.

AIM 
To examine whether genetic variations of CRP and CFH in combination can 
improve the risk stratification in Chinese population.

METHODS 
We genotyped six CRP single nucleotide polymorphisms (SNPs) (rs1205, 
rs3093062, rs2794521, rs1800947, rs3093077, and rs1130864) and three CFH SNPs 
(rs482934, rs1061170, and rs1061147) in 270 LN patients and 303 healthy subjects.

RESULTS 
No linkage was found among CRP and CFH SNPs, indicating lack of genetic 
interactions between the two genes. Moreover, CRP and CFH SNPs, neither 
individually nor in combination, are associated with the risk or clinical manifest-
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ations of LN. Given the unambiguous pathogenic roles of the two genes.

CONCLUSION 
These findings suggest that the biological effects of most genetic variations of CRP and CFH on 
their expressions or activities are not sufficient to influence the disease course of LN.

Key Words: Systemic lupus erythematosus; Lupus nephritis; C-reactive protein; Complement factor H; 
Single nucleotide polymorphism.

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

Core Tip: In spite of the unambiguous pathogenic roles of C-reactive protein (CRP)and complement factor 
H (CFH) in lupus nephritis (LN), our present study involving a Chinese population has failed to reveal any 
significant associations of their genetic variations with LN risk. These findings suggest that most genetic 
variations of CRP and CFH might possess limited biological effects on their expressions or activities and 
are thus not sufficient to influence the disease course of LN. Overall, we concluded that genetic variations 
of CRP and CFH could not be used to improve the risk stratification of LN in Chinese population.

Citation: Li QY, Lv JM, Liu XL, Li HY, Yu F. Association of C-reactive protein and complement factor H gene 
polymorphisms with risk of lupus nephritis in Chinese population. World J Clin Cases 2023; 11(13): 2934-2944
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/2934.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.2934

INTRODUCTION
As an autoimmune disease, the pathogenesis of systemic lupus erythematosus (SLE) involves clearance 
defect of apoptotic cells, uncontrolled activation of complement and massive production of 
autoantibodies[1,2].Previously studies have shown that 40% of SLE patients have clinical manifestations 
of renal dysfunction and that about 80% of SLE patients have different degrees of pathological renal 
damage, including lupus nephritis (LN), a common and severe complication of SLE, which is regarded 
as the main factor for the poor prognosis of patients[3-5].

reactive protein (CRP) is an acute phase reactant and a commonly used clinical marker of inflam-
mation[6-10]. Besides, CRP could promote the elimination of damaged cells or pathogens by activating 
and regulating the complement system. Previous clinical studies suggest that CRP and SLE/LN have 
certain correlations. Firstly, CRP gene locates in the chromosome 1q23, an SLE linkage region[11,12]. 
Secondly, elevation of CRP levels is generally impaired in SLE patients especially those with kidney and 
skin involvement[13]. Thirdly, CRP autoantibodies can be detected in a considerable number of patients, 
which may relate to abnormal plasma levels in SLE[14-16]. Lastly, several animal studies on lupus-
prone mouse strain (NZB/NZW) revealed that human CRP could help to produce less proteinuria and 
prolonged survival[17-19]. In the past decades, studies have been made to clarify the associations of 
CRP Single Nucleotide Polymorphisms (SNPs) with SLE susceptibility, while conclusions remained 
inconsistent[20-24]. Moreover, no CRP SNPs studies have been performed in the Chinese population.

In addition to CRP, complement factor H (CFH), a factor that negatively regulates alternative 
complement pathway, is another candidate associated with SLE. Firstly, CFH deficiency has been 
proven to accelerate the development of LN[25], and serum CFH level was observed to be associated 
with clinical and pathological activities of SLE patients with LN[26]. Secondly, several families suffering 
from SLE were reported to possess CFH deficiency or mutations[27,28]. Genetic variations of CFH can 
sometimes affect its bioactivities, in which several exotic SNPs were found to be related to various 
human diseases[29]. Among CFH SNPs, rs1061170 corresponds to a CFH variant Tyr402His, which 
exhibits impaired CFH-CRP binding efficiency. Because CRP could inhibit the complement 
overactivation by recruiting CFH, so Tyr402His theoretically results in dysregulated complement 
activation[30].

Despite that LN is a complement-related disease, and that both CRP and CFH are involved in 
complement regulation, it remains unclear whether CRP and CFH SNPs directly impact the 
pathogenesis of LN. In this scenario, we carried out the present study, in which six CRP SNPs and three 
CFH SNPs were genotyped in 270 LN patients and 303 healthy controls of a Chinese cohort. Association 
analysis was subsequently performed for these SNPs and LN risk from the perspectives of allele, 
genotype, combined SNPs and haplotype. As far as we know, this is the first study to consider SNPs of 
CRP and CFH together when evaluating their relationship with LN risk in the Chinese population. Our 
data show that SNPs of both genes have no significant association with LN risk. Given the 

https://www.wjgnet.com/2307-8960/full/v11/i13/2934.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.2934
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unambiguous pathogenic role of the two genes, these findings suggest that the biological effects of 
genetic variations of CRP and CFH on their expression or activities are not sufficient to influence the 
disease course of LN in the Chinese population.

MATERIALS AND METHODS
Participators
Renal histopathological data of 270 patients with renal biopsy-proven LN, diagnosed between January 
2000 and July 2017 in Peking University First Hospital, were reviewed and reclassified according to the 
International Society of Nephrology and Renal Pathology Society (ISN/RPS) 2003 classification[31]. 303 
age and gender matched healthy controls were collected. The work was approved by the Ethics 
Committee of Peking University First Hospital [Approval No. 2017(1333)].

DNA Preparation and SNP Genotyping.
Blood samples of the 270 SLE patients and 303 healthy controls of Chinese Han individuals were 
collected with the approval of the Ethics Committee of Peking University First Hospital. Human 
genomic DNA was extracted using Qiagen Blood DNA Kit (QIAGEN China, Shanghai) according to the 
manufacturer's instructions. Subsequently, the CRP SNPs (rs1205, rs3093077, rs3091244, rs1130864, 
rs1800947, rs2794521), and CFH SNPs (rs1061170, rs482934 and rs1061147) was genotyped by SNaPshot 
(ABI PRISM® SNaPshot™ Multiplex Kit, ABI) with specific primers.

Evaluation of Clinical, Laboratory and Renal Pathological Indexes of LN Patients
For clinical evaluation, the disease activities of all patients were assessed by the SLE Disease Activity 
Index[32,33]. Briefly, the following items were collected and analyzed: Sex, fever, malar rash, 
photosensitivity, oral ulcer, alopecia, arthritis, serositis, neurologic disorder, anemia, leukocytopenia, 
thrombocytopenia, hematuria, and leukocyturia. For laboratory assessment, the following items were 
collected as we previously reported[34]: Complete blood count, plasma lactate dehydrogenase, liver 
enzymes, peripheral blood smear, urine analysis, serum creatinine, serum antinuclear antibodies, anti-
double-stranded DNA antibodies, anti-extractable nuclear antigen antibodies, anti-cardiolipin 
antibodies and C3. For renal histopathology, all renal biopsy specimens were examined by light 
microscopy, direct immunofluorescence, and electron microscopy techniques as our previous reports
[35]. All samples were double-blind reviewed by two experienced pathologists based on the 2003 ISN/
RPS recommendation on LN classification[36]. The pathologists classified and scored the biopsies 
separately, especially for the activity indices, chronicity indices. Differences in scoring between 
pathologists were resolved by re-reviewing the biopsies and thus reaching a consensus. Renal histopath-
ological data of 270 LN patients was classified according to the ISN/RPS 2003 classification, which was 
an improved version of World Health Organization (WHO)[37].

Statistical Analysis
Hardy-Weinberg equilibrium testing was performed for all healthy controls using a chi-squared test. 
Distributions of genotype, allele and haplotype were compared between control and case groups using 
Pearson’s chi-squared test or Fisher’s exact test. For comparison of clinical, laboratory and pathological 
features of patients, student’s t-test and one way analysis of variance (ANOVA) were used. A P value 
less than 0.05 was considered to be significant. Pairwise Linkage Disequilibrium (LD) and haplotype 
analysis were both conducted using the SHEs is platform[38]. SNP pairs with D’ value great than 0.8 
and r2 value great than 0.33 were considered to be in significant LD. Meta-analysis was performed by 
using Stata 15 software. Relative risks of SLE/LN were estimated according to ORs with 95% CIs. The 
inconsistency index I2 was calculated to quantify the heterogeneity: If I² < 50%, suggesting that the 
degree of heterogeneity was low, and the meta-analysis was performed using the fixed effect model; 
otherwise, the random effects model was used. P > 0.05 means no statistical significance.

RESULTS
Association of CRP SNPs and haplotypes with LN risk
Six CRP SNPs (rs1205, rs3093077, rs3091244, rs1130864, rs1800947 and rs2794521) were genotyped in 270 
LN patients and 303 healthy controls (Figure 1). Chi-squared test showed that genotype frequency 
distributions of CRP SNPs in all healthy controls were all in Hardy-Weinberg equilibrium 
(Supplementary Table 1). In subsequent comparisons of case and control groups (Table 1), none of the 
alleles or genotypes was observed to be significantly associated with the SLE risk (P > 0.05). In further 
analysis, we examined the effects of CRP SNP combinations, and again failed to observe any significant 
difference in genotype distributions of LN patients and healthy controls (Supplementary Table 2).

https://f6publishing.blob.core.windows.net/5616515c-039b-4222-bc8b-d1c91aed1b5d/WJCC-11-2934-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5616515c-039b-4222-bc8b-d1c91aed1b5d/WJCC-11-2934-supplementary-material.pdf
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Table 1 Genotype and allele frequencies of C-reactive protein single nucleotide polymorphisms, n (%)

Genotype LN Normal P value Allele LN Normal P value

rs1205 (C>T)

CC 53 (19.63) 49 (16.17) 0.469 C 245 (45.37) 254 (41.91) 0.239

CT 139 (51.48) 156 (51.49) T 295 (54.63) 352 (58.09)

TT 78 (28.89) 98 (32.34)

rs3093077 (A>C)

AA 173 (64.07) 208 (68.65) 0.436 A 436 (80.74) 502 (82.84) 0.358

AC 90 (33.33) 86 (28.38) C 104 (19.26) 104 (17.16)

CC 7 (2.59) 9 (2.97)

rs3091244 (C>T>A)

CC 153 (56.67) 180 (59.41) 0.9351 C 410 (75.93) 467 (77.06) 0.712

CT 23 (8.52) 28 (9.24) T 29 (5.37) 36 (5.94)

CA 81 (30.00) 79 (26.07) A 101 (18.70) 103 (17.00)

TT 1 (0.37) 1 (0.33)

TA 4 (1.48) 6 (1.98)

AA 8 (2.96) 9 (2.97)

rs1130864 (G>A)

GG 241 (89.26) 270 (89.11) 0.7971 G 509 (94.26) 572 (94.39) 0.924

GA 27 (10.00) 32 (10.56) A 31 (5.74) 34 (5.61)

AA 2 (0.74) 1 (0.33)

rs1800947 (C>G)

CC 245 (90.74) 273 (90.10) 1.0001 C 515 (95.37) 575 (94.88) 0.703

CG 25 (9.26) 29 (9.57) G 25 (4.63) 31 (5.12)

GG 0 (0.00) 1 (0.33)

rs2794521 (T>C)

TT 187 (69.26) 222 (73.27) 0.177 T 446 (82.59) 520 (85.81) 0.135

TC 72 (26.67) 76 (25.08) C 94 (17.41) 86 (14.19)

CC 11 (4.07) 5 (1.65)

1Fisher’s exact test; unmarked, Pearson’s chi-squared test.
LN: Lupus nephritis.

Subsequently, pairwise LD analysis was conducted for CRP SNPs in healthy controls. Of all SNP 
pairs, rs3091244/rs3093077 and rs3091244/rs1205 pairs were found to be in significant LD (Table 2). 
Considering that SNP haplotype may provide more informative details, CRP haplotypes were thus 
included for further investigation. Given the acceptable number, we included all 6 CRP SNPs in the 
haplotype analysis. Finally, 6 CRP haplotypes were observed at frequencies greater than 3.0% in both 
healthy controls and LN patients. However, no significant differences were found in the distribution 
frequencies of those haplotypes between the two groups (Table 3).

To further confirm whether these CRP SNPs are indeed unrelated to LN in the present population, 
we thus further checked the association of these SNPs with clinical, laboratory and pathological features 
of all patients (Supplementary Tables 3-6). In line with the conclusions above, most indexes exhibited no 
significant differences between genotypes of these SNPs. Notably, WHO classification for all LN 
patients was performed and association between pathological subclass and SNPs were further analyzed, 
whereas no significant differences were observed. However, several items showed differences, which 
might imply potential relevance of these SNPs with LN to some extent, suggesting that conclusion 
should cautiously draw.

https://f6publishing.blob.core.windows.net/5616515c-039b-4222-bc8b-d1c91aed1b5d/WJCC-11-2934-supplementary-material.pdf


Li QY et al. CRP and CFH SNPs in LN

WJCC https://www.wjgnet.com 2938 May 6, 2023 Volume 11 Issue 13

Table 2 Pairwise linkage disequilibrium analysis of C-reactive protein single nucleotide polymorphisms in healthy controls

r2\D' rs3093077 rs1205 rs1130864 rs1800947 rs3091244 rs2794521

rs3093077 1.000 0.990 0.985 0.979 0.748

rs1205 0.278 0.999 0.999 0.984 1.000

rs1130864 0.012 0.082 0.986 1.000 0.974

rs1800947 0.011 0.039 0.003 0.993 0.986

rs3091244 0.675 0.360 0.212 0.014 0.996

rs2794521 0.019 0.229 0.009 0.009 0.044

D’ and r2 are listed on the top right and lower left, respectively. Bold represents pairs with D’ values great than 0.8 and r2 values great than 0.33.

Table 3 Association of C-reactive protein haplotypes with risk of lupus nephritis

CRP haplotype SLE-freq (%, n = 270) Normal-freq (%, n = 303) χ2 Overall P value

H1 G G G G T A 17.8 16.7 3.293 0.655

H2 T A G C G A 4.3 5.1

H3 T A G G G A 50.2 52.8

H4 T G A G A A 5.4 5.6

H5 T G G G G A 4.1 5.1

H6 T G G G G G 16.6 13.7

Single nucleotide polymorphism order in the haplotypes is arranged according to their positions in the chromosome (rs3093077, rs1205, rs1130864, 
rs1800947, rs3091244, rs2794521). Only the significant haplotypes (frequency > 3.0%) are shown. CRP: C-reactive protein; SLE: Systemic lupus 
erythematosus.

Association of CFH SNPs and haplotypes with LN risk
Similarly, we subsequently genotyped 3 CFH SNPs, namely rs1061170, rs482934 and rs1061147, in 270 
LN patients and 303 healthy controls (Figure 1). After Hardy-Weinberg equilibrium was checked for all 
genotype frequencies of controls (Supplementary Table 7), association of CFH polymorphism with LN 
risk were examined. Of note, no significant enrichment or depletion of allele and genotype distribution 
has been observed in LN patients (Table 4). In further exploration, pairwise LD for those CFH SNPs was 
examined as before. Dramatically, all three SNP pairs were found to be in strong LD (Table 5). Based on 
this, haplotype analysis was conducted, in which two CFH haplotypes were observed at frequencies 
greater than 3.0% in both healthy controls and LN patients. However, no significant associations were 
found between those two haplotypes and LN risk (Table 6).

In further analysis, we checked the association of rs1061170 with clinical, laboratory and pathological 
features of all LN patients (Supplementary Table 8). Similar to CRP SNPs, except for a few items, most 
indexes exhibited no significant differences between genotypes of these SNPs.

Association of CRP-CFH SNP combinations with LN risk
Given the key roles of complement overactivation in SLE pathogenesis and the capacity of CRP to 
inhibit this process via interaction with CFH, we next asked whether any potential associations could be 
found in SNP combinations of CRP and CFH. Specifically, CFH SNP rs1061170, which corresponds to a 
variant Tyr402His with impaired capacity to bind CRP[39,40], was combined with 6 CRP SNPs and 
evaluated individually. However, we failed to observe any significant associations in all SNP combin-
ations included (Table 7). Besides, cross pairs of the CRP and CFH SNPs were further included for 
pairwise LD evaluation, in which no significant LD was observed (Supplementary Table 9).

DISCUSSION
In the past decades, studies have been focused on revealing the associations of CRP/CFH genetic 
variations with SLE/LN[41]. However, those studies were mainly based on the European or American 
populations, and often gained inconsistent conclusions. Moreover, although CRP/CFH interaction 

https://f6publishing.blob.core.windows.net/5616515c-039b-4222-bc8b-d1c91aed1b5d/WJCC-11-2934-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5616515c-039b-4222-bc8b-d1c91aed1b5d/WJCC-11-2934-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/5616515c-039b-4222-bc8b-d1c91aed1b5d/WJCC-11-2934-supplementary-material.pdf
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Table 4 Genotype and allele frequencies of complement factor H single nucleotide polymorphisms, n (%)

Genotype LN Normal P value Allele LN Normal P value

rs1061170 (T>C)

TT 235 (87.04) 258 (85.15) 0.2201 T 503 (93.15) 561 (92.57) 0.707

TC 33 (12.22) 45 (14.85) C 37 (6.85) 45 (7.43)

CC 2 (0.74) 0 (0.00)

rs482934 (A>C)

AA 236 (87.41) 258 (85.15) 0.1891 A 504 (0.93) 561 (0.93) 0.617

AC 32 (11.85) 45 (14.85) C 36 (0.07) 45 (0.07)

CC 2 (0.74) 0 (0.00)

rs1061147 (C>A)

CC 235 (87.04) 257 (84.82) 0.1941 C 503 (0.93) 560 (0.92) 0.63

CA 33 (12.22) 46 (15.18) A 37 (0.07) 46 (0.08)

AA 2 (0.74) 0 (0.00)

1Fisher’s exact test; unmarked, Pearson’s chi-squared test.
LN: Lupus nephritis.

Table 5 Pairwise linkage disequilibrium analysis of complement factor H single nucleotide polymorphisms in healthy controls

r2\D' rs1061147 rs482934 rs1061170

rs1061147 0.976 1.000

rs482934 0.930 0.976

rs1061170 0.977 0.952

D’ and r2 are listed on the top right and lower left, respectively. Bold represents pairs with D’ values great than 0.8 and r2 values great than 0.33.

Table 6 Association of complement factor H haplotypes with risk of lupus nephritis

CRP Haplotype LN-freq (%, n = 270) Normal-freq (% n = 303) χ2 Overall P value

H1 A C G 6.3 7.3 0.426 0.514 

H2 C A A 93.3 92.2

SNP order in the haplotypes is arranged according to their positions in the chromosome.
CRP: C-reactive protein; LN: Lupus nephritis.

theoretically plays a role in LN pathogenesis, they have not been considered together when evaluating 
the association of their genetic variations with the LN risk.

In this study, we enrolled 6 CRP SNPs and 3 CFH SNPs of a Chinese cohort, and studied their 
relationship with LN risk, which has not yet been systematically reported. Our study revealed that there 
were no significant associations between these SNPs and LN susceptibility in the Chinese population. 
All patients in this study were selected from the same center and their diagnosis were all confirmed by 
renal biopsy. Moreover, the complete clinical, laboratory and pathological indexes were also included to 
test the results. Therefore, although no statistical associations were observed in our study, valid and 
useful information could still be revealed.

In addition, these negative results are generally consistent with the conclusions of previous 
researches to a large extent. Among the 6 CRP SNPs, rs1800947[20,24-26] and rs2794521[23,25] were 
included in several studies, which were repeatedly reported to be unrelated to SLE in various 
populations, consistent with our results. For rs1205[20,21,24-26], rs3091244[20,21,24,25] and rs1130864
[20-22], conclusions remained inconsistent among these studies, which might rationalize the existence of 
our negative results to some extent. For the CFH SNPs, Zhao et al[29]evaluated an Asian group 
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Table 7 Genotype frequencies of combined single nucleotide polymorphisms of C-reactive protein and complement factor H, n (%)

CRP-CFH genotype combination LN Normal P value

rs1205 + rs1061170

CCTT 46 (17.10) 45 (14.85) 0.105

CCTC 7 (2.60) 4 (1.32)

CTTT 124 (46.10) 125 (41.25)

CTTC 14 (5.20) 31 (10.23)

TTTT 65 (24.16) 88 (29.04)

TTTC 13 (4.83) 10 (3.30)

rs3093077 + rs1061170

AATT 150 (56.39) 180 (59.80) 0.322

AATC 23 (8.65) 28 (9.30)

ACTT 81 (30.45) 71 (23.59)

ACTC 8 (3.01) 15 (4.98)

CCTT 4 (1.50) 7 (2.33)

rs3091244 + rs1061170

CCTT 133 (50.57) 155 (52.19) 0.756

CCTC 21 (7.98) 25 (8.42)

CTTT 21 (7.98) 25 (8.42)

CATT 71 (27.00) 64 (21.55)

CATC 9 (3.42) 15 (5.05)

TATT 4 (1.52) 6 (2.02)

AATT 4 (1.52) 7 (2.36)

rs1130864 + rs1061170

GGTT 208 (78.49) 228 (76.25) 0.772

GGTC 32 (12.08) 42 (14.05)

GATT 25 (9.43) 29 (9.70)

rs1800947 + rs1061170

CCTT 214 (80.75) 232 (77.85) 0.655

CCTC 30 (11.32) 41 (13.76)

CGTT 21 (7.92) 25 (8.39)

rs2794521 + rs1061170

TTTT 160 (59.93) 187 (61.92) 0.431

TTTC 26 (9.74) 35 (11.59)

TCTT 66 (24.72) 67 (22.19)

TCTC 6 (2.25) 9 (2.98)

CCTT 9 (3.37) 4 (1.32)

Pearson’s chi-squared test.
CRP: C-reactive protein; CFH: Complement factor H; LN: Lupus nephritis.

involving 200 Chinese SLE cases and found no significant association between rs1061147 and SLE 
(without LN). Tan et al[41] enrolled 334 LN patients, 269 SLE patients without LN and 350 healthy 
controls from China, but failed to observe any significant differences in allele and genotype frequencies 
of rs1061170 among groups. Both conclusions were consistent with our present findings.
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Figure 1 Polymorphisms schematic diagram and the clinical characteristics of patients with lupus nephritis. A: Polymorphisms in the C-
reactive protein (CRP) and complement factor H (CFH) gene, six single nucleotide polymorphisms (SNPs) in CRP and three SNPs in CFH were selected; B: Clinical 
characteristics of patients with lupus nephritis. CRP: C-reactive protein; CFH: Complement factor H; SNP: Single nucleotide polymorphisms; UTR: Untranslated 
regions.

Given that interaction of CRP and CFH would theoretically help to regulate complement and 
therefore play roles in SLE/LN pathogenesis, we combined 6 CRP SNPs individually with CFH SNP 
rs1061170, which corresponds to a CFH variant with impaired capacity in CRP binding. To our 
knowledge, this is the first study to combine these two genes when performing a correlation analysis 
with LN risk. However, we still failed to observe any significant associations from this perspective.

Overall, our results suggest that CRP and CFH genetic variation and interaction do not affect the 
occurrence of LN at the gene level in a Chinese population. In future studies, multiple-center sampling 
is needed to expand the study scale, whereas SLE patients without LN from other rheumatism 
departments should also be included. Moreover, more SNPs should be examined for these two genes, 
while other molecules along the pathogenesis pathway of CRP and CFH should be involved for a joint 
analysis.

CONCLUSION
In spite of the unambiguous pathogenic roles of CRP and CFH in LN, our present study involving a 
Chinese population has failed to reveal any significant associations of their genetic variations with LN 
risk. These findings suggest that most genetic variations of CRP and CFH might possess limited 
biological effects on their expressions or activities, and are thus not sufficient to influence the disease 
course of LN. Overall, we concluded that genetic variations of CRP and CFH could not be used to 
improve the risk stratification of LN in Chinese population.

ARTICLE HIGHLIGHTS
Research background
Both C-reactive protein (CRP) and complement factor H (CFH) play roles in pathogenesis of lupus 
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nephritis (LN).

Research motivation
It still keeps unclear whether genetic variations of CRP and CFH are involved in risk of LN.

Research objectives
To examine whether genetic variations of CRP and CFH are associated with the susceptibility to LN in 
the Chinese population.

Research methods
A case control study was conducted, in which six CRP Single Nucleotide Polymorphisms (SNPs) and 
three CFH SNPs were genotyped and analysed in 270 LN patients and 303 healthy subjects.

Research results
CRP and CFH SNPs, neither individually nor in combination, are associated with the risk or clinical 
manifestations of LN. Moreover, no linkage was found among CRP and CFH SNPs, indicating lack of 
genetic interactions between the two genes.

Research conclusions
Biological effects of most genetic variations of CRP and CFH on their expressions or activities are not 
sufficient to influence the disease course of LN.

Research perspectives
Future studies involving multiple-center sampling are needed to expand the study scale. Moreover, 
more SNPs should be examined for these two genes, while other molecules along the pathogenesis 
pathway of CRP and CFH should be involved for a joint analysis.
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Abstract
BACKGROUND 
Ectopic pregnancy (EP) is one of the most common acute abdominal diseases in 
gynecology. Once the condition of EP is delayed, it may lead to massive hemo-
rrhage, shock, and even death in a short time, seriously threatening the patient’s 
life. Early diagnosis is the key to preventing and improving the prognosis of EP. 
Transabdominal ultrasound (TAS) and transvaginal ultrasound (TVS) are the 
main diagnostic methods for abdominal diseases. The purpose of this study is to 
explore the application value and effect of TAS and TVS in the diagnosis of EP, 
hoping to provide more valuable references for the diagnosis of EP.

AIM 
To explore the application value of TAS and TVS in the diagnosis of EP and to 
improve the level of clinical diagnosis.

METHODS 
A total of 140 patients with EP admitted to our hospital from July 2018 to July 
2020 were selected for this study. All patients were divided into two groups 
according to the examination methods. 63 patients who underwent abdominal 
ultrasound examination were set as the TAS group, while 77 patients who 
underwent TVS examination were set as the TVS group. We compared the 
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diagnostic accuracy and misdiagnosis rates between the two types of ultrasound examinations, as 
well as the postoperative pathological results of the two diagnostic methods for different types of 
ectopic pregnancies. We also analyzed the sonograms for the presence of mixed ectopic masses, 
adnexal masses, ectopic gestational sacs, the presence or absence of visible embryo and fetal heart 
in the ectopic sac shadow, and the detection of fluid in the rectal fossa of the uterus, such as the 
adnexal area, yolk sac, and embryo, etc. In addition, the diagnosis time, days of gestational sac 
appearance, operation time, endometrial thickness, and blood flow resistance index were 
compared as well.

RESULTS 
After performing both types of ultrasound examinations in 140 patients with EP, we found that the 
diagnostic accuracy of TVS was significantly higher than that of TAS, and the misdiagnosis rate 
was significantly lower than that of TAS. The differences were statistically significant (P < 0.05). In 
addition, the detection rate of TVS was better than that of TAS for the presence of mixed masses, 
adnexal masses, ectopic gestational sacs, the presence or absence of visible embryo and fetal heart 
in the shadow of the ectopic sac, and sonograms such as the adnexal area, yolk sac, and embryo, 
etc. The coincidence rate of its postoperative pathological examination results was significantly 
higher than those of TAS. The diagnosis time and the days of gestational sac appearance by TVS 
were significantly shorter than that by TAS, and the operation time was earlier than that by TAS. 
What’s more, the detection rates of the endometrial thickness £ 1.5 mm and blood flow resistance £ 
0.5 were significantly higher in TVS diagnosis of EP than in TAS. All differences were statistically 
significant (P < 0.05).

CONCLUSION 
Compared with TAS, TVS has the advantages of high detection accuracy and good sonogram 
performance.

Key Words: Transvaginal ultrasound; Transabdominal ultrasound; Ectopic pregnancy; Application value

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

Core Tip: Transabdominal ultrasound (TAS) is the primary method for early detection of ectopic 
pregnancy (EP). However, because of the low frequency of the TAS probe and the certain distance 
between it and the gestational sacs, it is susceptible to interference of the probe acquisition data by factors 
such as the filling bladder, abdominal fat, abdominal wall trabecular contents, and intestinal wall, which 
further reduces the accuracy of diagnosis. With the development of clinical diagnostic technology and the 
improvement of the medical level, transvaginal ultrasound (TVS) is gradually applied in the diagnosis of 
various clinical fields. Based on this, this study aims to compare and analyze the application value of TAS 
and TVS in the diagnosis of EP, hoping to provide some help for the early diagnosis and treatment of EP.

Citation: Hu HJ, Sun J, Feng R, Yu L. Comparison of the application value of transvaginal ultrasound and 
transabdominal ultrasound in the diagnosis of ectopic pregnancy. World J Clin Cases 2023; 11(13): 2945-2955
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/2945.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.2945

INTRODUCTION
Ectopic pregnancy (EP) is one of the common acute abdominal diseases in gynecology, which mainly 
refers to the implantation of fertilized eggs outside the uterine cavity[1,2]. There are many causes of EP, 
such as pelvic inflammation, pelvic effusion, fallopian tube abnormalities, etc[3]. EP can be divided into 
tubal pregnancy, ovarian pregnancy, and cervical pregnancy according to the different locations of 
fertilized eggs implanted outside the uterine cavity, among which EP accounts for more than 95%[4]. 
Menopause, abdominal pain, and vaginal bleeding are the typical clinical manifestations of EP, 
especially tubal pregnancy. As a result of acute intra-abdominal bleeding and severe abdominal pain, 
mild cases of fainting can lead to shock and even death in severe cases, seriously threatening the lives of 
patients[5,6]. Therefore, improving the diagnostic accuracy of EP can help patients get timely treatment 
and effectively guarantee their prognosis.

At present, there are many methods to diagnose EP, such as pregnancy test, ultrasound diagnosis, 
posterior fornix puncture, laparoscopy, endometrial pathology examination, etc.[7], among which 
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transabdominal ultrasound (TAS) has become a common clinical examination method because of its 
convenience and quick operation. However, due to factors such as the thickness of human abdominal 
sebum and the low frequency of the probe, misdiagnosis and missed diagnosis of abdominal ultrasound 
is inevitable. Therefore, it is very important to find a more efficient and accurate method for the 
diagnosis of EP. Transvaginal ultrasound (TVS) is a kind of intracavitary ultrasound, which requires a 
special vaginal probe to be placed directly in the vagina for an ultrasound examination. As a techno-
logical breakthrough in the application of obstetrical and gynecological ultrasound in recent years, 
compared with traditional TAS, it can clearly show the internal organ and tissue structure of the female 
pelvic cavity without filling the bladder. It has early and accurate characteristics for the diagnosis of 
normal and abnormal pregnancies and gynecological diseases[8]. Previous studies have found that TVS 
examination of EP can improve diagnostic accuracy and ensure the timely treatment of patients[9]. In 
addition, studies by Mei et al[10] have shown that TAS and TVS are the main diagnostic methods for 
abdominal diseases, especially in the early diagnosis of EP[11-12].

Based on this, this study aims to explore the application value and effect of TAS and TVS in the 
diagnosis of EP through retrospective analysis of clinical data of patients with EP, hoping to provide 
more valuable references for the diagnosis of EP.

MATERIALS AND METHODS
General data
In this study, 140 patients with EP admitted to our hospital from July 2018 to July 2020 were selected. 
All patients ranged in age from 21 to 39 years, among which 82 were primiparas, and 58 were 
multiparas. All patients understood the content of the study and voluntarily signed the informed 
consent form. According to different examination methods, we divided the 140 patients into two 
groups: 63 patients in the TAS group were diagnosed with TAS and 77 patients in the TVS group were 
diagnosed with transvaginal color Doppler ultrasound. The general data of all patients were compared 
and the differences were not statistically significant (P > 0.05), as shown in Table 1.

Inclusion and exclusion criteria
Inclusion criteria: All patients were tested for β-humanchorionic gonadotrophin, and the results were 
positive or weakly positive. Patients were diagnosed with EP according to the clinical symptoms and 
pathological features; patients had no history of EP and no other gynecological diseases.

Exclusion criteria: Patients with intrauterine abortion, ovarian cyst torsion, and acute tubal infection
[13]; patients with vaginal inflammation or other contraindications to vaginal examination; patients with 
severe mental illness or communication disorders; patients who do not actively cooperate with the 
examination.

Methods
In the TAS Group, we adopted the Philips HD7 ultrasound diagnostic instrument. Before the operation, 
the patients were instructed to drink more water to make the bladder fill properly. Patients were placed 
in a supine position. The probe frequency was 3.5-5 MHz. Patients were then scanned from the pubic 
bone to the upper abdomen at multiple angles after applying a coupling agent on the probe tip. The 
focus was placed on uterine volume, uterine cavity, endometrial thickness, bilateral adnexa, and other 
pelvic organs[14].

In the TVS group, a Voluson 730 expert color Doppler ultrasound instrument from GE company was 
used, and the TVS probe frequency was 3.0-10.0 MHz. The patients were instructed to perform a vaginal 
ultrasound examination after complete urination and they were placed in a lithotomy position. The 
probe tip was coated with a coupling agent and then wrapped in a condom and slowly placed into the 
vagina and tightly pressed against the posterior vaginal fornix. The probe handle was slowly rotated, 
and a multi-directional and multi-sectional scan was performed with a focus on uterine volume, uterine 
cavity, endometrial thickness, bilateral adnexa, and other pelvic organs[15].

Two diagnostic methods were used to observe the presence of uterine gestational sac, adnexal 
gestational sac mass, extrauterine gestational sac, and cardiovascular pulsation, the presence of visible 
embryo and fetal heart in the external gestational sac shadow, and fluid accumulation in the rectal fossa 
of the uterus. In addition, the endometrial shape and blood flow were also focused on. Continuous 
scanning was performed to clearly show the shape of the uterine orifice to the endometrial fundus. The 
thickest part of the endometrial thickness was measured in a longitudinal section, and pulsed Doppler 
was performed at the most brightly colored areas of color Doppler flow imaging to record the 
endometrial thickness and blood flow resistance, and the results of TAS and vaginal ultrasound were 
compared and analyzed.
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Table 1 Comparison of general data in each group, n (%)

Group Age (years), mean ± SD Multiparas Primipara Urine HCG (weak) positive Blood HCG (weak) positive

TAS group (n = 63) 35.57 ± 3.65 24 (38.10) 39 (61.90) 58 (92.06) 60 (95.23)

TVS group (n = 77) 35.56 ± 3.78 34 (44.16) 43 (55.84) 72 (93.51) 75 (97.40)

T/χ2 0.017 0.581 0.399

P value 0.987 0.469 0.310

SD: Standard deviation; HCG: Humanchorionic gonadotrophin; TAS: Transabdominal ultrasound; TVS: Transvaginal ultrasound.

Observational index
Analysis of the testing accuracy of TAS and TVS: Ultrasound diagnostic criteria for EP[16-18]: (1) 
Tubal pregnancy: During the examination, there are no gestational sacs in the uterus, a hypoechoic area 
appears next to the uterus, and cardiovascular pulsations and embryo can be detected inside it; (2) 
Ovarian pregnancy: No gestational sac in the uterus, enlarged ovaries, hypoechoic area inside, and 
gestational sac can be detected inside; (3) Cervical pregnancy: No gestational sacs in the uterus, enlarged 
cervix, gestational sac can be detected inside; (4) Cornual pregnancy: No gestational signs in the uterine 
cavity, and the horn of the uterus is protruding, there is a muscle wall outside the gestational sac, and 
cardiovascular pulsation and embryo can be detected inside; (5) Uterine stump pregnancy: There is no 
gestational sac in the uterus, but there is a hypoechoic area outside the uterus where the gestational sac 
can be detected and the placental echo can be seen and fetal activity can be detected; and (6) Abdominal 
pregnancy: The uterine body is enlarged and cardiovascular pulsations and embryo can be detected in 
the upper uterus. Diagnostic accuracy = (tubal pregnancy + ovarian pregnancy + cervical pregnancy + 
abdominal pregnancy + uterine stump pregnancy) / total number of cases.

Analysis of the coincidence rate of TAS and TVS on the pathological findings of EP after surgery: 
The laparoscopic surgery can effectively magnify the fallopian tube under the video screen to quickly 
locate the pregnancy location. Using laparoscopic findings as the gold standard for the diagnosis of EP, 
we compared the coincidence rate between TAS and TVS for postoperative pathological findings of EP 
in different pregnancy types, including tubal pregnancy, ovarian pregnancy, cervical pregnancy, scarred 
uterine pregnancy, abdominal pregnancy, and uterine stump pregnancy.

Observation of ultrasound sonographic performance in the diagnosis of EP in two groups of patients: 
According to the characteristics of the ultrasound image, it can be divided into the following types: (1) 
Mixed mass: The mixed echogenic mass with uneven density can be seen in the pelvic cavity, mainly 
cystic, with irregular solid echogenicity and coarse septum; (2) Gestational sac-viable type: A ring-like 
hyperechoic mass similar to the gestational sac can be seen in the adnexal area, which is a small fluid 
hyperechoic area, and yolk sac, embryo bud, and original cardiac pulsation can be seen in some types of 
the gestational sac; (3) Adnexal mass: Solid masses with blurred contours and varying intensity of 
internal echogenicity can be seen in the parametrium due to clotting plan and adhesion to surrounding 
tissues, which may be accompanied by a small amount of pelvic fluid; and (4) Utero-rectal fossa fluid: 
The utero-rectal fossa is the space between the uterus and the rectum, the lowest position in the female 
pelvis. When there is a small amount of exudate from the pelvic viscera and the patient has ruptured 
bleeding or pelvic inflammatory disease, the fluid will first accumulate in the pelvic cavity, thus 
forming pelvic fluid. The sonographic presentation of the different types of EP described above was 
compared by observing ultrasound image analysis of TAS and TVS.

Comparison of the accuracy of TAS and TVS in the diagnosis of EP: The accuracy of TAS and TVS in 
diagnosing EP was compared by analyzing the diagnosis time of EP, the days of the gestational sac 
appearance, and the operation time using an ultrasound diagnostic device.

Comparison of endometrial thickness and blood flow resistance detection in patients with EP: The 
patients were examined by abdominal b-mode ultrasound and transvaginal b-mode ultrasound 
respectively using B-mode ultrasound diagnostic instrument. The endometrial thickness and the blood 
flow resistance index in the mass were measured accurately, and the diagnostic accuracy of TAS and 
TVS in EP was analyzed.

Statistical analysis
In this study, we adopted IBM SPSS 21.0 software (SPSS Inc., Chicago, IL, USA) to process and analyze 
all the data. The measurement data were expressed as mean ± SD and a t-test was used for comparison 
between groups. The count data were expressed as n (%) and the χ2 test was used for comparison. All 
the differences were statistically significant at P < 0.05.
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RESULTS
Comparison of the diagnostic accuracy of patients with EP
We observed the detection rate of positive EP in the two groups after different ultrasound diagnoses 
and found that the accuracy rate of transvaginal color Doppler ultrasound was significantly higher 
(97.40%) than that of TAS (88.89%), and its misdiagnosis rate (2.60%) was significantly lower than that of 
TAS (11.11%), which was statistically significant (P < 0.05). This indicates that the accuracy of 
transvaginal color Doppler ultrasound in the diagnosis of EP is better (Table 2).

Coincidence rate of postoperative pathological examination results
We further compared and analyzed the coincidence rate between TAS and TVS on the postoperative 
pathological results of ectopic pregnancies of different pregnancy types, such as tubal pregnancy, 
ovarian pregnancy, cervical pregnancy, scarred uterine pregnancy, abdominal pregnancy, and uterine 
stump pregnancy. It was found that the coincidence rate of postoperative pathological examination by 
transvaginal B-mode ultrasound was better than that by TAS, and the difference was statistically 
significant (P < 0.05), especially in the diagnosis of postoperative pathological examination results of a 
tubal pregnancy (Table 3).

Sonographic performance in the diagnosis of EP in both groups 
In an EP, the uterus is significantly enlarged on ultrasound, but the uterine cavity is empty, and a 
hypoechoic area next to the uterus or a gestational sac or fetal heart, or embryo can be seen. The EP can 
also be determined by the protrusion of the uterine horn on one side of the uterus, localized thickening 
of the muscular layer, and the presence of a visible gestational sac. To further investigate the value of 
vaginal ultrasound and TAS in the diagnosis of EP, we compared the sonograms of the two kinds of 
ultrasound diagnosis and found that compared with TAS, transvaginal color Doppler ultrasound could 
more clearly observe the ectopic gestational sac shadow, the presence of mixed masses, and the presence 
of fetal heart and embryo, the adnexal area, and the yolk sac. The difference between the two groups 
was statistically significant (P < 0.05), (Table 4, Figure 1).

Comparison of diagnosis time and days of gestational sac appearance
It was found that the diagnosis time of EP and the days of gestational sac appearance in the transvaginal 
B-mode ultrasound group were shorter than those in the control group. At the same time, the operation 
time of the transvaginal B-mode ultrasound group was earlier than that of the transabdominal B-mode 
ultrasound group (P < 0.05). The results showed that TVS could diagnose EP earlier and the operation 
could be performed earlier to enhance the therapeutic effect (Table 5).

Comparison of endometrial thickness and blood flow resistance in patients with EP
It was found that the detection rate of endometrial thickness ≤ 1.5 mm and blood flow resistance ≤ 0.5 in 
TVS diagnosis of EP was significantly higher than that in TAS diagnosis, and the difference was statist-
ically significant (P < 0.05). This indicated that TVS could more accurately predict the site of pregnancy, 
identify the blood flow resistance index, and improve the diagnosis rate of EP (Table 6).

DISCUSSION
In normal pregnancy, the fertilized eggs are deposited in the uterine cavity, whereas in EP, the fertilized 
eggs are deposited outside the uterine cavity and grow and develop[19-21]. In the early stage of EP, 
there is no obvious clinical manifestation, some patients present with menopause, abdominal pain, and 
a small amount of vaginal bleeding. Patients often suffer from acute severe abdominal pain, and 
recurrent episodes, and are more painful at the onset. However, there are still some patients with EP 
who do not have typical clinical symptoms, and the diagnosis rate is low at the early stage, which 
undoubtedly increases the difficulty of clinical diagnosis. And once the condition is delayed, it may lead 
to hemorrhage, even shock, and death in a short period[22-24]. Therefore, the principle of treatment for 
EP is early diagnosis and early treatment.

At present, EP is mainly treated clinically by surgery, which presupposes scientific and accurate 
clinical judgment[25,26]. It has been reported that ultrasound diagnosis has become the main method 
for early diagnosis of patients with EP because of its convenience, noninvasiveness, and freedom from 
the pain of diagnostic curettage and fornix puncture[27]. TAS was an earlier method of clinical 
diagnosis. EP is diagnosed when the diagnostic TAS image shows an increase in the thickness of the 
endometrium, the absence of a gestational sac in the uterine cavity, a mixed mass with uneven 
echogenic borders on the side of the uterus, or even a mass of gestational sac, embryo or even primitive 
ventricular pulsation on the side of the uterine cavity in some patients[28,29]. But TAS requires the 
patient to have a full bladder, and it is far away from the uterus and fallopian tube, which makes lesion 
detection unclear or incomplete and also prone to misdiagnosis. As a result, the application of TAS is 
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Table 2 Comparison of the accuracy and misdiagnosis rate of the two methods

Group Consistent with the diagnosis Misdiagnosis Accuracy rate

TAS group (n = 63) 56 7 88.89

TVS group (n = 77) 75 2 97.40

χ2 0.090 0.036

P value 0.041 0.017

TAS: Transabdominal ultrasound; TVS: Transvaginal ultrasound.

Table 3 Comparison of the coincidence rate between the results of different examination methods and postoperative pathological 
examination

Type Consistent with the diagnosis TAS group TVS group χ2 P

Ovarian pregnancy 58 54 (93.10) 56 (96.55) - -

Tubal pregnancy 20 7 (35.00) 16 (80.00) 0.011 0.004

Cervical pregnancy 15 13 (86.67) 13 (86.67) - -

Scarred uterine pregnancy 12 10 (83.33) 11 (91.67) - -

Abdominal pregnancy 11 10 (90.91) 11 (100.00) - -

Uterine stump pregnancy 9 8 (88.89) 8 (88.89) - -

Cornual pregnancy 15 13 (86.67) 14 (93.33) - -

Total 140 115 (82.14) 129 (92.14) 0.020 0.012

TAS: Transabdominal ultrasound; TVS: Transvaginal ultrasound.

Table 4 Comparison of sonographic performance differences between two types of ultrasounds for the diagnosis of ectopic pregnancy

TAS group (n = 63) TVS group (n = 77) χ2 P

Extrauterine mixed mass 17 (26.98) 34 (44.16) 0.054 0.036

Ectopic gestational sac shadow 43 (68.25) 65 (84.42) 0.039 0.023

Uterine rectal fossa fluid 15 (23.81) 8 (10.39) 0.057 0.033

Fetal heart and embryo in the shadow of ectopic gestational sac 45 (71.43) 66 (85.71) 0.062 0.038

Adnexal area 12 (19.05) 27 (35.06) 0.056 0.035

Yolk sac 52 (82.54) 73 (94.81) 0.039 0.020

Consistent with the diagnosis 152 (82.61) 231 (84.62) 0.062 0.045

TAS: Transabdominal ultrasound; TVS: Transvaginal ultrasound.

not very ideal, and cannot improve the detection rate of clinical diagnosis.
With the development of clinical diagnosis technology and the improvement of the medical level, 

ultrasonic equipment and examination technology have also developed. Transvaginal ultrasonography 
is gradually being used in the diagnosis of various clinical fields[30,31]. Studies have shown that TVS 
has a higher sensitivity in the diagnosis of EP (especially in the early stage of tubal pregnancy, where 
there is little internal bleeding and the non-echogenic area is confined to the rectum fossa and around 
the uterus)[32]. TVS allows the probe to be placed into the vagina, which is closer to the pelvic tissues 
and organs, and can significantly reduce the interference of gas and fatty tissue in the abdominal cavity, 
making the uterus and ovaries appear clearer[33,34]. Calì et al[35] also found that TVS does not require 
the patient to have a full bladder during the diagnosis, which is suitable for the examination of gyneco-
logical emergencies, thus saving time for patients with ruptured EP-type hemorrhage. Based on this, 
this study aimed to compare the value of TAS and TVS in the diagnosis of EP, hoping to provide some 
help for the early diagnosis and treatment of EP.
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Table 5 Comparison of diagnosis time and days of gestational sac appearance (mean ± SD)

Group Diagnosis time Days of gestational sac appearance Operation time

TAS group (n = 63) 38.24 ± 6.27 32.56 ± 5.35 42.33 ± 4.65

TVS group (n = 77) 34.56 ± 6.21 28.67 ± 5.54 32.59 ± 4.31

T 3.473 4.197 12.838

P value < 0.001 < 0.001 < 0.001

TAS: Transabdominal ultrasound; TVS: Transvaginal ultrasound.

Table 6 Comparison of endometrial thickness and blood flow resistance

Endometrial thickness Blood flow resistance in the endometrium
Detection Method

≤ 1.5 mm ≥ 1.5 mm ≤ 0.5 ≥ 0.5

TAS group (n = 63) 36 (57.14) 27 (42.86) 24 (38.10) 39 (61.90)

TVS group (n = 77) 46 (59.74) 31 (40.26) 43 (55.84) 34 (44.16)

χ2 1.096 4.374

P value 0.019 0.036

TAS: Transabdominal ultrasound; TVS: Transvaginal ultrasound.

Figure 1 Color Doppler sonogram of the uterus in a patient with ectopic pregnancy. A: Color Doppler sonogram suggesting that the patient has a 
right fallopian tube pregnancy; and B: Color Doppler sonogram suggesting abundant blood flow around the pregnancy.

In this study, TAS and TVS were performed on 140 patients with EP. The diagnostic accuracy of TVS 
was 97.40%, which was significantly higher than the 88.89% accuracy of TAS, and its misdiagnosis rate 
was significantly lower than that of TAS. In addition, a comparative sonogram analysis revealed that a 
transvaginal Doppler sonography was able to show more clearly the ectopic gestational sac shadow, 
mixed masses, and the presence of fetal heart and embryo in the ectopic sac shadow. The main reason 
may be that the resolution of the TVS probe is higher than that of TAS, and the penetration of the probe 
is stronger, which can clearly show the changes in the uterine cavity and endometrium, and accurately 
reflect the situation of adnexal masses. In addition, the TVS probe is directly placed into the patient’s 
vagina and is closer to the uterus, which is less likely to be affected by other factors[36]. In contrast, the 
abdominal ultrasound probe has a lower frequency and is at a certain distance from the gestational sac, 
so it is easy to be interfered with by factors such as the filling bladder, abdominal fat, abdominal wall 
invasive bowel contents, and the bowel wall, etc., thus reducing the accuracy of diagnosis[37,38].

Previous studies have shown that when there is no specificity in the sonogram of adnexal masses, 
special trophoblast blood flow can be formed after implantation with the help of color Doppler flow 
imaging, and low resistance flow can be detected in nonspecific adnexal masses that separate from the 
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ovary, thus improving the sensitivity and specificity of EP diagnosis[39,40]. In this study, by comparing 
and analyzing the diagnostic time and the days of gestational sac appearance between TAS and vaginal 
ultrasound, it was also found that the diagnostic time of TVS for EP and the days of showing the 
gestational sac were significantly shorter than that of TAS, and the operation time was significantly 
earlier than that of TAS. This may be related to the fact that TAS requires more than 5 wk of menopause 
for detection, whereas TVS can detect the gestational sac within 3-30 d of menopause[41]. This suggests 
that TVS is more accurate and sensitive in detecting EP compared to TAS, which is consistent with the 
study by Ramanan et al[42]. That is to say, TVS can detect EP more accurately and its diagnostic time 
and days of gestational sac appearance are shorter, allowing for earlier surgical treatment options. 
Timely diagnosis and surgery can enhance the outcome of treatment and reduce the risk of 
postoperative hemorrhage, which undoubtedly increases the value of TVS and makes it more suitable 
for use in the diagnosis of gynecologic emergencies. In addition, our results showed that the 
postoperative pathological findings are more consistent with TVS than with TAS and that its 
postoperative diagnosis of tubal pregnancy is particularly typical, which may be related to the fact that 
tubal pregnancy accounts for more than 95% of ectopic pregnancies[43].

It has been found that ultrasound sonograms can reflect cyclic changes in the thickness of 
endometrial morphology from linear and progressive thickening in the early stages of hyperplasia to 7-
10 mm in the late stages of secretion. Since the blood supply and chorionic villus development vary 
depending on the location of the implanted egg, making differences in the corresponding hormones and 
the thickness of the endometrium which directly influenced by them. Thus, a combination of 
endometrial thickness detection can predict the site of pregnancy and improve the accuracy of EP[44,
45]. The resistance encountered by blood as it flows through the blood vessels is called blood flow 
resistance. Blood flow resistance is reported to be caused by energy consumption due to friction during 
blood flow, and increased blood flow resistance is mainly due to the influence of blood viscosity. Any 
factor that increases the viscosity of blood has a high potential to increase peripheral resistance and 
increase blood pressure, thus increasing cardiac burden. Therefore, monitoring the mass flow resistance 
index may improve diagnostic rates[46,47]. Based on this, we compared the endometrial thickness and 
blood flow resistance under two different ultrasound diagnoses. It was found that the detection rates of 
endometrial thickness ≤ 1.5 mm and blood flow resistance ≤ 0.5 were significantly higher in TVS 
diagnosis of EP than in TAS diagnosis, which is also consistent with previous studies[48]. That is to say, 
TVS can more accurately predict the location of the pregnancy, identify the blood flow resistance index, 
and improve the diagnostic rate of EP. This is related to the higher resolution and better penetration of 
the TVS probe, which allows for clearer visualization of the uterine cavity, endometrial changes, and 
blood flow. Our research also has certain limitations, the included sample size was limited, and the 
findings still need more multicentered studies with large samples for further confirmation. In addition, 
this is a retrospective study, a prospective study using these two scans for pregnant women is the next 
step to be undertaken.

CONCLUSION
To sum up, compared with TAS, TVS has higher diagnostic accuracy, clearer image quality, higher 
accuracy, and specificity in the diagnosis of EP, and is worthy of widespread promotion in the clinical 
setting. Of course, abdominal ultrasound also has its advantages, but it should be avoided especially for 
clinical use in patients with combined vaginal and intrauterine inflammation to further avoid infection 
aggravation. Therefore, the clinical diagnosis of EP needs to be tailored to the patient’s actual situation 
so that the most suitable detection method can be adopted. As for the effect of combined treatment on 
the positive diagnosis rate, we will further explore this in the follow-up study.

ARTICLE HIGHLIGHTS
Research background
Ectopic pregnancy (EP) is the leading cause of pregnancy related deaths in the first trimester. 
Transvaginal ultrasound (TVS) is the key to diagnosis of EP.

Research motivation
140 patients with EP who underwent transabdominal ultrasound (TAS) and TVS were reviewed. The 
application value of TAS and TVS in the diagnosis of EP was discussed, and the difference between TAS 
and TVS was compared.

Research objectives
To explore the application value of TAS and TVS in the diagnosis of EP and improve the clinical 
diagnosis level of EP.
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Research methods
140 patients with EP who received TAS and TVS were analyzed retrospectively. The diagnostic accuracy 
and misdiagnosis rate of the two kinds of ultrasound examination were compared.

Research results
The results showed that the diagnostic accuracy of TVS was significantly higher than that of TAS, and 
the misdiagnosis rate of TVS was lower than that of TAS, the difference was statistically significant (P < 
0.05).

Research conclusions
For the diagnosis of EP, TVS is more accurate than TAS.

Research perspectives
Compared with TAS, TVS has higher accuracy in the diagnosis of EP, and is more safe and accurate in 
clinical practice, which is worthy of extensive clinical promotion.
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Abstract
BACKGROUND 
Medication misuse or overuse is significantly associated with poor health 
outcomes. Information regarding the knowledge, cultural beliefs, and behavior 
about medication safety in the general population is important.

AIM 
To conduct a survey on medication habits and explored the potential factors 
impacting medication safety.

METHODS 
The current survey included adults from 18 districts and counties in Harbin, 
China. A questionnaire on medication safety was designed based on knowledge, 
cultural beliefs, and behavior. Both univariate and multivariate analyses were 
used to explore the factors that impacted medication safety.

RESULTS 
A total of 394 respondents completed the questionnaires on medication safety. 
The mean scores for knowledge, cultural beliefs, and behavior about medication 
safety were 59.41 ± 19.33, 40.66 ± 9.24, and 60.97 ± 13.69, respectively. The 
medication knowledge score was affected by age (P = 0.044), education (P < 
0.001), and working status (P = 0.015). Moreover, the cultural beliefs score was 
significantly affected by education (P < 0.001). Finally, education (P = 0.003) and 
working status (P = 0.011) significantly affected the behavior score.

CONCLUSION 
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https://dx.doi.org/10.12998/wjcc.v11.i13.2956
mailto:liuxuantong1986@126.com


Liu XT et al. Medication safety and influence factors

WJCC https://www.wjgnet.com 2957 May 6, 2023 Volume 11 Issue 13

The knowledge, cultural beliefs, and behavior about medication safety among the general 
population was moderate. Health education should be provisioned for the elderly, individuals 
with a low education level, and the unemployed to improve medication safety in Harbin, China.

Key Words: Knowledge; Cultural beliefs; Behavior; Medication safety; Cross-sectional study

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

Core Tip: Despite its importance, little work has been done to understand the knowledge, cultural beliefs, 
and behavior around medication safety among the public. To conduct a survey on medication habits and 
explored the potential factors impacting medication safety. This study described the knowledge, cultural 
beliefs, and behavior around medication safety in the general population of Harbin, China, and identified 
factors that impact these aspects.

Citation: Liu XT, Wang N, Zhu LQ, Wu YB. Assessment of knowledge, cultural beliefs, and behavior regarding 
medication safety among residents in Harbin, China. World J Clin Cases 2023; 11(13): 2956-2965
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/2956.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.2956

INTRODUCTION
Inappropriate medication use and adverse drug events can cause adverse health outcomes. Thus the 
provision of safe medications is a priority for health care[1]. Medication safety and pharmacovigilance 
are essential for healthcare systems to ensure patient safety. It has been demonstrated that medication 
safety is significantly related to preventable hospitalization and increased economic burden[2]. The 
medication treatment process includes the doctor’s prescription, pharmacist’s check-ups, and adminis-
tration to the patient; medication safety is important at all three stages.

Medication-related problems have become an important cause of patient injury in China. The Global 
Burden of Disease Study indicated that drug abuse was China’s 18th most common reason for disability-
adjusted life years in China[3]. Moreover, the incidence of drug-induced liver injury in China was 23.90 
per 100000 people annually, as reported in 2019, which was higher than that in Western countries[4]. 
Furthermore, medication-derived acute kidney injuries (AKIs) account for 37.50% of hospital-acquired 
AKIs[5]. Given that the high incidence of medication-related problems is significantly associated with 
increased risks of morbidity and mortality and that the coronavirus disease 2019 pandemic has already 
disrupted the daily work of clinicians, the general population needs to be attentive to medication safety
[6-10].

A prior study found that only 49.47% of the respondents answered correctly about antibiotic use and 
drug resistance, and 19.96% answered that they did not know how to use their medicines[11]. These 
results suggest that popular science books and public lectures on medication should be introduced for 
local residents. Currently, self-administrated, over-the-counter (OTC) medications are used for disease 
symptoms identified through self-diagnosis, by choice, and for medical use[12,13]. Moreover, high 
literacy rates in elderly populations provide the best conditions for the use of OTC medications[14]. 
They are associated with a lower economic burden and are fully accessible at pharmacies[15,16]. 
However, the wide use of OTC medications could cause more medication safety events[12,15]. 
Considering that poor medication safety in the general population is related to a lack of medication 
knowledge, poor safety awareness, and incorrect medication behavior, this study investigated the 
knowledge, cultural beliefs, behavior, and factors impacting those aspects of medication safety in the 
general population of Harbin, China.

MATERIALS AND METHODS
Study design and setting
This cross-sectional study included 552 Chinese citizens aged > 18.0 years from 18 districts and counties 
in Harbin, China, between April and June 2021. This study was approved by the ethics committee of the 
Fourth Hospital of Harbin Medical University. An approaching sampling approach was adopted, and 
the adult residents of Harbin were the survey objects. The sample size in our study was calculated using 

the following formula: , N: Total population in Harbin (10009854); δ 
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(allowable error): 0.20; variance: 1.58; Zα/2: 1.96. This indicated that at least 240 individuals should be 
recruited. The questionnaire was distributed using both online and offline methods. The online 
questionnaire relied on the WeChat application, and the Wenjuanxing platform was the data collection 
carrier. To eliminate responses from those who did not fill in the answers carefully, online responses to 
back-end statistics completed in less than 180 s were eliminated from the analysis. Subsequently, an 
objective test was conducted based on the same questions, and those with inconsistent answers to these 
questions were also eliminated.

The offline survey was carried out as follows: The investigator issued the questionnaire and allowed 
the respondents to complete it independently, after which the investigator captured the data onto a 
database. This all took place on-site. Elderly adults completed the paper questionnaire with the help of 
the investigators. Data from the offline survey were entered in Epi Info (CDC, Atlanta, Georgia, United 
States). Investigators were trained at a community health service center, and experiences were shared to 
assist in dealing with problems that may arise during the investigation process. In the end, 394 question-
naires were used for further analyses.

Questionnaire design
The questionnaire was developed based on the knowledge, cultural beliefs, behavior, and medication 
safety items in the Science and Technology Development Center of the Chinese Pharmaceutical 
Association (Supplementary material)[17]. The reliability of the questionnaire was assessed; Cronbach’s 
α was 0.883[18]. It contained questions regarding gender, age, income, medical insurance, education 
level, working status, occupation, drug and medication knowledge, cultural beliefs toward the exposure 
to and treatment of medication knowledge via lectures or education, and behaviors related to the 
medication process. A six-level score system was applied for each question in the questionnaire, which 
was quantified using the Likert Scale, and scored as follows: (1) Strongly disagree; (2) Disagree; (3) 
General; (4) Agree; (5) Strongly agree; and (6) Unclear. High scores in each item indicated patients at 
high risk. The knowledge domain included 27 questions, and the scoring system ranged from 27 to 162; 
a score of 27-54 was defined as excellent, 55-82 as good, and > 82 as to be improved. The cultural beliefs 
domain included 11 questions, and the scoring system ranged from 11 to 66; a score of 11-22 was 
defined as excellent, 23-33 as good, and > 33 as to be improved. The behavior domain included 24 
questions, and the scoring system ranged from 24 to 144; a score of 24-48 was defined as excellent, 49-72 
as good, and > 72 as to be improved.

Statistical analysis
The knowledge, cultural beliefs, and behavior scores were presented as means ± SD, and the scores 
according to individuals’ characteristics were compared using independent t-tests or one-way ANOVA. 
The Bonferroni method was applied to assess differences between groups where the one-way ANOVA 
indicated significant differences. Categorical variables were presented as frequencies and proportions. 
Multivariate linear regression was applied to explore the impact factors of knowledge, cultural beliefs, 
and behavior. Variable screening was performed using the step-by-step entry method, and the 
regression coefficient of the multivariate linear regression model was used to estimate the parameters (α 
= 0.05, β = 0.10). All reported P values were two-sided, and the inspection level was 0.05. All statistical 
analyses were conducted using IBM SPSS Statistics for Windows, version 26.0 (SPSS 26.0).

RESULTS
Knowledge, cultural beliefs, and behavior scores for medication risk in Harbin residents
The total score for knowledge, cultural beliefs, and behavior was 161.23 ± 33.05, and the mean scores for 
knowledge, cultural beliefs, and behavior were 59.41 ± 19.33, 40.66 ± 9.24, and 60.97 ± 13.69, respectively 
(Table 1). The scoring rate was defined as mean score/total score and was considered high at < 20%, 
medium at 20%-49%, and low at > 50%. The scoring rates for medication knowledge, cultural beliefs, 
and behavior were 36.67%, 61.61%, and 42.34%, respectively. Therefore, the medication knowledge and 
behavior scoring rates were medium and for cultural beliefs it was low. We noted that the scoring rate 
for knowledge of antibacterial drugs was the lowest (35.75%), and that of drug stores was the highest 
(39.25%). Moreover, the scoring rate for medication purchase behavior (59.39%) and expired medication 
management (54.89%) were both low in the behavior domain.

Knowledge, cultural beliefs, and behavior scores according to demographic characteristics
The knowledge, cultural beliefs, and behavior scores of medication risk according to demographic 
characteristics are shown in Table 2. We noted significant differences in knowledge scores when 
stratified by age (P < 0.001), income (P = 0.035), education level (P < 0.001), working status (P < 0.001), 
and occupation (P = 0.043). Moreover, the cultural beliefs scores were statistically significant when 
stratified by medical insurance (P = 0.007), education level (P = 0.002), working status (P = 0.047), and 
occupation (P = 0.041). Finally, the behavior scores differed significantly when stratified by age (P = 
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Table 1 The scores for each dimensions in KAP model

Domain Total level/factor Number of items Range mean ± SD Scoring rate, %

Medicine tips 13 13-78 28.08 ± 9.70 35.9

Antibacterial drugs 6 6-36 12.87 ± 5.56 35.75

Drug withdrawal 4 4-24 9.22 ± 3.69 38.42

Drug store 2 2-12 4.71 ± 1.99 39.25

Drug selection 2 2-12 4.54 ± 1.98 37.83

Knowledge

Total scores 27 27-162 59.41 ± 19.33 36.67

Cultural beliefs 1 6 6-36 26.90 ± 5.57 74.72

Cultural beliefs 2 5 5-30 13.76 ± 6.22 45.87

Cultural beliefs

Total scores 11 14-66 40.66 ± 9.24 61.61

Premeditation behavior 8 9-48 22.24 ± 6.24 46.33

Behavior in medication 3 3-18 4.91 ± 2.48 27.28

Medication compliance 6 6-36 11.31 ± 4.50 31.42

Medication storage behavior 3 3-18 8.53 ± 3.11 47.39

Medication purchasing behavior 3 4-18 10.69 ± 2.33 59.39

Expired medication management 1 1-6 3.29 ± 1.52 54.83

Behavior

Total scores 24 35-144 60.97 ± 13.69 42.34

0.049), education level (P = 0.024), and working status (P = 0.007).

Impact factors on knowledge, cultural beliefs, and behavior scores
Table 3 presents the results of the multivariate linear regression of knowledge, cultural beliefs, and 
behavior scores. We noted that knowledge scores could be affected by age (P = 0.044), education level (P 
< 0.001), and working status (P = 0.015) but not by salary (P = 0.317) and occupation (P = 0.411). 
Moreover, the cultural beliefs score was affected by education level (P < 0.001) but not by medical 
insurance (P = 0.153) and working status (P = 0.514) after adjusting potential confounders. Finally, 
education level (P = 0.003) and working status (P = 0.011) were significantly associated with the 
behavior score, while age was not (P = 0.054).

DISCUSSION
This cross-sectional study aimed to assess the knowledge, cultural beliefs, and behavior around 
medication safety in the general population of Harbin, China. We noted that the knowledge, cultural 
beliefs, and behavior for medication safety in the general population were relatively good. Moreover, 
we noted that increased age could affect medication safety knowledge, education level could affect 
knowledge, cultural beliefs, and behavior scores, and working status could affect knowledge and 
behavior scores.

Several studies have addressed people’s knowledge, attitude, and behavior around medication safety
[19-21]. One cross-sectional study included healthcare practitioners from a tertiary care setting in Saudi 
Arabia and found that their staff had sufficient knowledge regarding medication error reporting. 
However, medication errors are generally under-reported in practice[19]. Al-Mutairi et al[20] suggested 
that educational programs should be applied to improve adverse drug reaction reporting rates after 
reporting positive attitudes and satisfactory practices relating to medication safety knowledge, attitude, 
and behavior among hospital pharmacists. Lee et al[21] surveyed the knowledge, attitude, and behavior 
of elderly Korean adults and found that knowledge regarding medication use was positively related to 
their attitudes and practices. However, no study to date has focused on the knowledge, cultural beliefs, 
and behavior of the general population in China. Therefore, the current study was carried out to 
describe these aspects and the factors affecting them in the general population.

Our study found that the knowledge, cultural beliefs, and behavior scores for medication safety in the 
general population were 59.41, 40.66, and 60.97, respectively, and the total score was 161.23. For the 
knowledge domain category, we noted that understanding related to the application of antibacterial 
drugs was relatively acceptable, and the level of rational knowledge of drug stores needed to be 
strengthened. However, we noted that behaviors related to purchasing medication and management of 
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Table 2 The knowledge, cultural beliefs, and behavior scores of medication risk according to demographic characteristics

Knowledge Cultural beliefs Behavior
Variable Number

Scores t/F value P value Scores t/F value P value Scores t/F value P value

Gender

Male 116 57.38 ± 17.26 41.74 ± 9.35 60.19 ± 11.10

Female 278 60.26 ± 20.10

-1.349 0.178

40.47 ± 9.00

1.262 0.208

61.29 ± 14.64

-0.73 0.466

Age (yr)

19-34 135 54.52 ± 22.70 40.81 ± 9.71 62.47 ± 15.95

35-49 158 58.97 ± 16.45 40.89 ± 9.14 59.69 ± 11.96

50-64 67 66.24 ± 18.03 40.64 ± 9.02 58.84 ± 12.94

Over 65 34 67.41 ± 12.68

8.047 < 0.001

41.21 ± 6.79

0.03 0.993

65.18 ± 11.80

2.644 0.049

Salary (RMB)

< 1000 19 54.95 ± 11.91 42.53 ± 8.93 63.47 ± 10.41

1000-2000 50 64.12 ± 22.38 42.22 ± 9.11 60.94 ± 13.61

2000-4000 158 61.63 ± 20.31 40.68 ± 9.32 61.71 ± 14.67

4000-6000 93 56.94 ± 18.78 40.99 ± 9.38 60.77 ± 15.10

> 6000 74 55.74 ± 16.01

2.606 0.035

39.66 ± 8.38

0.776 0.542

59.01 ± 10.06

0.654 0.624

Medical insurance

Social basic 309 58.54 ± 18.74 40.34 ± 9.08 60.58 ± 13.54

Commercial 14 66.86 ± 14.60 43.29 ± 7.43 62.14 ± 10.90

Self-funded 23 56.87 ± 13.67 44.30 ± 8.86 66.13 ± 13.89

Free 16 58.38 ± 15.49 36.44 ± 6.68 59.06 ± 9.13

Others 32 66.94 ± 28.50

2.021 0.091

44.38 ± 9.83

3.544 0.007

61.50 ± 17.40

0.996 0.409

Education level

Postgraduates 22 48.00 ± 18.84 36.82 ± 9.61 56.64 ± 9.33

Undergraduates 141 53.35 ± 13.39 39.19 ± 9.39 59.20 ± 11.32

College students 125 60.82 ± 19.13 41.30 ± 8.76 61.78 ± 16.32

Secondary or senior high 62 64.31 ± 18.70 42.89 ± 9.33 61.02 ± 13.69

11.661 < 0.001 3.804 0.002 2.628 0.024
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Junior high school 41 74.56 ± 26.50 43.68 ± 7.04 65.95 ± 13.23

Primary school 3 61.00 ± 12.77 48.33 ± 1.53 73.33 ± 2.31

Working status

On-the-job 285 56.58 ± 19.07 40.45 ± 9.43 59.86 ± 13.59

Retired 63 65.35 ± 14.05 40.35 ± 7.89 61.90 ± 13.09

Unemployed 46 68.83 ± 22.47

12.137 < 0.001

43.96 ± 8.20

3.072 0.047

66.57 ± 13.92

5.027 0.007

Occupation

Enterprise workers 58 60.86 ± 16.57 59.41 ± 19.33 60.45 ± 11.54

Company employees 76 56.25 ± 17.60 41.67 ± 10.58 61.41 ± 13.23

Cadres 25 60.52 ± 16.95 41.53 ± 8.07 58.84 ± 9.86

Medical institution 98 55.01 ± 18.81 39.20 ± 7.83 58.27 ± 12.49

Teachers 8 61.50 ± 18.68 38.52 ± 9.58 60.88 ± 6.69

Enterprise management 15 68.93 ± 23.21 37.75 ± 7.78 63.87 ± 24.99

Freelanced 47 64.57 ± 21.90 39.40 ± 8.98 64.00 ± 10.95

Students 11 64.55 ± 30.39 41.98 ± 7.55 66.64 ± 25.47

Others 56 60.86 ± 16.57

2.025 0.043

40.64 ± 12.67

2.038 0.041

62.18 ± 15.12

1.242 0.273

expired medication were poor. There could be several reasons for this. Harbin residents do not 
frequently participate in lectures or educational activities on medication knowledge, and only 40.03% of 
the respondents supported the idea that these educational activities should be carried out in various 
ways. The low participation rate may be because such activities do not attract all audiences; young 
people prefer internet-based science education, and the elderly prefer one-on-one learning within their 
communities. In addition, the sick and the healthy have different concerns regarding medications, and 
media coverage of this is very limited. Unfortunately, certain healthcare companies have deceived the 
public in the name of “health lectures” and “free physical examinations”. This has affected the public’s 
enthusiasm and willingness to participate in knowledge-seeking educational activities on medication 
carried out by hospitals and pharmacists.

Our study found that the elderly had less knowledge of medication safety. This may be because the 
elderly use more medication than any other group. Physically, the elderly are in a degraded state of 
function, and multiple integrated diseases are more common among them. Therefore, there are more 
varieties of medications for the elderly, which are associated with an increased risk of medication error
[21]. Moreover, knowledge, cultural beliefs, and behavior scores were significantly related to education 
levels. In our study, the literacy rate among the 3 (0.76%) individuals with a primary school level 
education was 100%, which was higher than the literacy rate in the elderly population. Low education 
levels are significantly related to low medication knowledge levels, leading to an increased risk of 
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Table 3 Multivariate linear regression of knowledge, cultural beliefs, and behavior scores

Non-standardized 
coefficients

Standardized 
coefficients

95.0% confidence interval for 
BDomain Factors

B SE Beta
t P 

value
LL UL

Constant 30.764 5.402 - 5.695 < 0.001 20.143 41.385

Age 2.242 1.109 0.108 2.022 0.044 0.062 4.422

Salary 0.947 0.946 0.053 1.002 0.317 -0.912 2.807

Education 4.926 0.948 0.281 5.196 < 0.001 3.062 6.79

Working status 3.775 1.542 0.134 2.447 0.015 0.742 6.807

Knowledge

Occupation 0.3 0.365 0.042 0.823 0.411 -0.417 1.017

Constant 34.41 1.51 - 22.795 < 0.001 31.442 37.378

Medical 
insurance

0.524 0.366 0.072 1.432 0.153 -0.195 1.244

Education 1.585 0.427 0.192 3.711 < 0.001 0.745 2.424

Cultural 
beliefs

Working status 0.466 0.713 0.035 0.653 0.514 -0.935 1.866

Constant 54.513 2.23 - 24.44 < 0.001 50.128 58.898

Age -1.53 0.793 -0.104 -1.929 0.054 -3.09 0.029

Education 1.988 0.674 0.16 2.948 0.003 0.662 3.313

Behavior

Working status 2.666 1.042 0.134 2.558 0.011 0.617 4.716

LL: Low level; UL: Upper level.

medication error. People with low education levels develop their knowledge of medication use through 
experience and intuition, and their awareness of the risks associated with medication error is 
insufficient[22]. Comparatively, highly educated people have a greater desire for knowledge of 
medication safety, and medication guidance is sought to understand safety issues better[23]. 
Furthermore, knowledge and behavior scores could be affected by work status; unemployment was 
linked with high scores for the risks associated with medication safety. A reason for this could be that 
the unemployed are less aware of the importance of obtaining knowledge on medication safety. 
Therefore, to improve residents’ literacy on medication safety, the elderly, less educated, and 
unemployed should seek rational knowledge of medications and enhance their awareness of medication 
safety. Therefore, some interventions should be applied to improve medication safety, including: (1) 
Outpatient pharmacy services and drug consultation offices should be provided for patients (especially 
high-risk patients) to improve medication safety; (2) Health education should be introduced for 
medication used according to the patients’ characteristics and should encompass both an online and 
offline approach; and (3) Medication follow-up visits and management should be monitored by an 
online platform, like WeChat official.

Several limitations of the current study should be acknowledged. First, this study was cross-sectional, 
and the causalities associated with the impact factors of knowledge, cultural beliefs, and behavior could 
not be obtained. Second, the survey was conducted using both online and offline methods, and the 
quality of the completed questionnaires differed between the two, which could induce uncontrolled 
information bias. Third, some of the questionnaires completed online within 180 s were ruled out, and 
this potential selection bias could affect the analysis outcomes. Finally, we recruited individuals from 18 
districts using an approaching sampling approach, and the difference in districts might affect 
knowledge, cultural beliefs, and behavior.

CONCLUSION
This study found that the knowledge, cultural beliefs, and behavior associated with medication safety in 
the general population of Harbin, China was moderate, and the main factors impacting them included 
age, education level, and working status. Therefore, health education should be applied to improve 
medication safety for the elderly, individuals with low levels of education, and the unemployed.
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ARTICLE HIGHLIGHTS
Research background
The Global Burden of Disease Study indicated that drug abuse was China’s 18th most common reason 
for disability-adjusted life years. Moreover, the incidence of drug-induced liver injury in China was 
23.90 per 100000 people annually, as reported in 2019, which was higher than that in Western countries. 
The high incidence of medication errors and adverse events is significantly associated with an increased 
risk of morbidity, mortality, prolonged hospitalization, and increased economic burden.

Research motivation
The knowledge, cultural beliefs, and behavior around medication safety in the general population are 
important, and no study to date has focused on the general population in China.

Research objectives
The knowledge, cultural beliefs, and behavior regarding medication safety were described, and factors 
potentially impacting those aspects were explored.

Research methods
This cross-sectional survey recruited from 18 districts and counties in Harbin, China. The knowledge, 
cultural beliefs, and behavior for medication safety were obtained from a questionnaire. Both univariate 
and multivariate analyses were used to explore the factors that impacted medication safety.

Research results
The mean scores for knowledge, cultural beliefs, and behavior were 59.41, 40.66, and 60.97, respectively. 
The medication knowledge score was affected by age (P = 0.044), education (P < 0.001), and working 
status (P = 0.015); the cultural beliefs score was significantly affected by education (P < 0.001); working 
status (P = 0.011) and education (P = 0.003) were significantly associated with behavior score.

Research conclusions
Knowledge, cultural beliefs, and behavior about medication safety in the general population were 
moderate, and the main impact factors were age, education, and working status.

Research perspectives
The elderly, individuals with a low education level, and the unemployed should receive further health 
education to ensure the safe use of medications in Harbin, China.
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Abstract
BACKGROUND 
Palliative care (PC) aims to improve quality of life in patients and its families 
against life threatening diseases, through suffering’s prevention and relief. It is the 
duty of the dental surgeon to possess the knowledge needed to treat a patient 
with little life span, in order to establish an adequate treatment plan for each 
situation.

AIM 
To synthesize the published evidence on oral conditions, impact, management 
and challenges in managing oral conditions among palliative patients.

METHODS 
Articles were selected from PubMed and Scopus electronic platforms, using a 
research strategy with diverse descriptors related to “palliative care”, “cancer” 
and “oral health”. The article’s selection was done in two phases. The first one 
was performed by the main researcher through the reading of the abstracts. In the 
second phase two researchers selected eligible articles after reading in full those 
previous selected. Data was tabulated and analyzed, obtaining information about 
what is found in literature related to this subject and what is necessary to be 
approached in future researches about PC.

RESULTS 
As results, the total of 15 articles were eligible, being one a qualitative analysis, 13 

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i13.2966
mailto:etiamfob@yahoo.com


Silva ARP et al. Palliative care in terminal patients

WJCC https://www.wjgnet.com 2967 May 6, 2023 Volume 11 Issue 13

(92.8%) clinical trials and one observational study. Of the 15 articles, 8 (53.4%) involved question-
naires, while the rest involved: one systematic review about oral care in a hospital environment, 2 
oral exams and oral sample collection, one investigation of terminal patient’s (TP) oral assessment 
records, 2 collection of oral samples and their respective analysis and one treatment of the 
observed oral complications.

CONCLUSION 
It can be concluded that the oral manifestations in oncologic patients in terminal stage are, oral 
candidiasis, dry mouth, dysphagia, dysgeusia, oral mucositis and orofacial pain. Determining a 
protocol for the care of these and other complications of cancer – or cancer therapy – based on 
scientific evidence with the latest cutting-edge research results is of fundamental importance for 
the multidisciplinary team that works in the care of patients in PC. To prevent complications and 
its needed to initial the dentist as early as possible as a multidisciplinary member. It has been 
suggested palliative care protocol based on the up to date literature available for some frequent 
oral complications in TP with cancer. Other complications in terminal patients and their treatments 
still need to have further studying.

Key Words: Palliative care; Oral lesion; Terminal patients, Oral mucositis, Oral candidiasis

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

Core Tip: Palliative care aims to improve quality of life in patients in terminal diseases, through suffering’s 
prevention and relief. It is the duty of the dental surgeon to possess the knowledge needed to treat them. 
This integrative review aimed to synthesize the published evidence on oral conditions and their 
management among palliative patients. The most prevalent oral manifestations in end-stage cancer 
patients are xerostomia, oral candidiasis, dysphagia, dysgeusia, oral mucositis, and orofacial pain. 
Information on the behavior of oral manifestations and their treatments is lacking and there is little 
participation of the dental community. Also, updated protocols should be stablished. Palliative care, oral 
lesion, terminal patients Palliative care, oral lesion, terminal patients.

Citation: Silva ARP, Bodanezi AV, Chrun ES, Lisboa ML, de Camargo AR, Munhoz EA. Palliative oral care in 
terminal cancer patients: Integrated review. World J Clin Cases 2023; 11(13): 2966-2980
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/2966.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.2966

INTRODUCTION
The World Health Organization (WHO), in its concept updated in 2002, defines palliative care (PC) as 
"an approach that improves the quality of life of patients and their families, in the face of problems 
associated with life-threatening diseases, through prevention and relief of suffering, early identification, 
impeccable assessment and treatment of pain and other physical symptoms, spiritual, psychological and 
social"[1].

In the final stage of life the human being becomes physically and psychologically vulnerable and for 
this reason requires constant care. Despite science evolution, most areas of medicine still encounter 
many difficulties to adequately care terminal patients. As stated in the Venice Declaration adopted by 
the 35th General Assembly of the World Medical Association in 1983, "the duty of the physician is to heal 
and when this is not possible, alleviate suffering and act in the protection of the best interests of his 
patient"[2].

Palliative care guarantees the best possible quality of life for the patient, according to their values, 
needs and preferences, in order to comfort him and his family. Such care must be interdisciplinary not 
only to reduce pain and other symptoms from the disease, but also to provide emotional support[3].

The latest WHO data shows that cancer is a leading cause of death worldwide, accounting for nearly 
10 million deaths in 2020, with an incidence of 18094716 new cases of neoplasms that year[4]. According 
to McDonnell and Lenz, 2006 75%-99% of person who underperforms chemotherapy will present 
adverse oral effects, such as oral mucositis[5].

The treatments of oral complications are crucial for maintaining comfort, feeding and phonation, 
since the most prevalent oral manifestations in terminally ill cancer patients are: mucositis, stomatitis, 
nausea, vomiting, candidiasis, nutritional deficiency, dehydration, taste impairment and xerostomia[6].

https://www.wjgnet.com/2307-8960/full/v11/i13/2966.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.2966
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To date, there is scarce evidence on the preventive and therapeutic measures to be performed by 
dentists in terminal patients. Within the studies of the palliative care, the areas of medicine, nursing and 
physiotherapy are more frequent as can be seen in the manual written by WHO[7].

Nevertheless, dentists should be familiar with dental treatments of terminal patients to define 
appropriate actions and to cooperate with other health professionals to contribute to patients’ well-
being.

This integrative review aimed to synthesize the published evidence on oral conditions, impact, 
management and challenges in managing oral conditions among palliative patients.

MATERIALS AND METHODS
This integrative review was conducted utilizing the five steps outlined by review guidelines Souza et al
[8], Sladdin et al[9]: (1) Problem identification: "What oral manifestations are present and what dental 
interventions are indicated for patients diagnosed with end-stage cancer?"; (2) Literature search: The 
search keys and databases were defined. PubMed, Scopus databases and also selected articles found in 
the reference lists are used. The search strategy applied was: ("palliative care"[All Fields] OR "end of life 
care"[All Fields] OR "palliative medicine"[All Fields] OR "terminal patients"[All Fields]) AND ("oral 
health"[All Fields] OR "dental health"[All Fields] OR "dental"[All Fields] OR "oral complications"[All 
Fields]OR "oral treatments"[All Fields] OR "oral lesions"[All Fields] OR "oral diseases"[All Fields] OR 
"dentistry"[All Fields] OR "oral management"[All Fields] OR "dental care"[All Fields] OR "oral 
infections"[All Fields] OR "oral care"[All Fields] OR "special care dentistry"[All Fields] OR "oral 
interventions"[All Fields] OR "bucal management"[All Fields] OR "dental management"[All Fields] OR 
"bucal treatments"[All Fields] OR "dental treatments"[All Fields]) AND ("oncology"[All Fields] OR 
"cancer"[All Fields] OR "neoplasms"[All Fields]). To remove duplicate articles, Endnote web software 
was used; (3) Data evaluation: Based on the abstracts, a reviewer (ARPS) selected the full- text articles 
that met the following inclusion criteria: published in English, Portuguese or Spanish, systematic review 
articles, cross-sectional, longitudinal studies and clinical trials published up to 2022, which brought 
information about oral care in terminal cancer patients. Exclusion criteria were case reports, literature 
review articles, theses, dissertations and articles focusing on the quantity or quality of health profes-
sionals; (4) Data analysis: Two researchers (ARPS and ESC) read in full the previously selected articles 
and included those that met the previously established criteria, independently. In case of disagreement, 
a third researcher was consulted to define or not to include the article. Items included in the table: 
author(s), year of publication, objectives, study population and sample size (if applicable), metho-
dology, important results and measures used (if applicable), important findings and possible methodo-
logical flaws); and (5) Presentation: The articles were divided into studies or reviews. Possible research 
failures were analyzed and quantified. Aspects that require further investigation, the different types of 
dental interventions and the number of studies and evidence in the literature were pointed out.

RESULTS
The search in the databases recovered a total of 405 articles (Figure 1). Of these, 49 were duplicated and 
293 were excluded because abstracts did not meet the inclusion criteria. Of the 63 articles with potential 
for inclusion, one was excluded because it was in Japanese and 3 could not be recovered by physical and 
digital means, leaving 59 articles. There was doubt in 1 abstract, which was excluded after a third expert 
analysis and discussion with the reviewers.

Of the 58 articles remaining and read in full, 27 were excluded because they were in disagreement 
with the inclusion criteria, 16 were excluded because they were not related to dentistry and 1 article was 
excluded because it was repeated (Figure 1).

Of the 15 articles included (summarized in Table 1), Gillam et al[10], was based on qualitative analysis 
and the other 14 articles were based on quantitative analysis being 13 (92.8%) clinical trials[11-23] and 
one observational study[24].

Also among the included studies, 10 presented data on the site of origin of the tumour, being lung[13,
15,18,23,24] and gastrointestinal tract[11,16,19,21] breast[18,22] and prostate[26] the most common. Five 
articles reported the prevalence of patients with head and neck cancer[15,18,19,20,24].

The prevalence of deleterious habits of patients was investigated in three studies[11,13,20].
Among the 15 studies included, only 3 aimed to analyze therapies for different oral diseases[21,22,

23], while 9 analyzed the prevalence of different oral manifestations[11-19]. The objective of the 
remaining 3 studies was related to the quality of life of terminal patients[20] and the dental management 
of these patients[10,24].

The results found in the selected articles have a wide variety. A single article compared groups with 
long and short remaining life time[14].
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Table 1 Summary of the articles selected in the integrative review

Ref. Country Title Type Category Objective Method Sample Results Summary

Gillam et 
al[10], 
2006, 
United 
Kingdom

United 
Kingdom

The assessment 
and 
implementation of 
mouth care in 
palliative care: a 
review

Systematic 
review

Manegement Review existing literature 
published between 95 and 99 to 
determine whether oral care 
was effectively implemented in 
the configuration of palliative 
care

On a nursing basis (CINHAL), 
they found 11 articles (does 
not make clear the descriptors)

11 articles Studies with different tools used to view 
oral health and many studies report lack 
of training of nurses (72% of nursing 
colleges do not teach written oral 
evaluation methods)

The need for physicians and 
nurses to have a basic knowledge 
about diseases and oral care, but 
no study speaks as. It is 
important to have an evaluation 
tool

Wilberg et 
al[11], 
2012, 
Norway

Norway Oral health is na 
important issue in 
end- of-life cancer 
care

Croos-
sectional

Oral 
manifestation

Investigate the prevalence of 
oral and dental problems in 
cancer patients receiving 
palliative care. Specifically, it 
was to examine oral health and 
prevalencia of oral morbidity 
through patient reports and oral 
examination. Also investigating 
information related to oral 
problems was received by 
patients

First the interview was done 
through a symptom reporting 
tool, and then a clinical oral 
examination and oral mucosa 
swab collection. If candidiasis 
was confirmed, treatment was 
given

99 patients Average age 64, 47% men, cancer GI 
21%, lung 19% prostate. 11%. 50.5% 
caries. Change of palate 68%, while 56% 
had problem eating, xerostomia 78% and 
41% for + 3 months, 70% increase in 
friction in mirror test, general oral 
discomfort 67%. No significant difference 
when commencing the remedies with the 
patients with the symptoms described. 
Microbiol evidence. 86%, 34% clinical 
and biolog. 14% use prosthesis. Average 
lost teeth 5.7, 22% received information 
about adverse cancer effects, 38% how to 
reduce xerostomia

Microbiological evidence of 
candida in 86%, 34% clinical and 
biological. The 9 under treatment 
still had (uncertain effect). 22% 
received information on adverse 
effects of cancer, 38% of how to 
reduce xerostomia and 31% of the 
importance of oral hygiene (little, 
but satisfied). Alt. taste and 
xerostomia significantly related to 
oral morbidity (general 
discomfort). Caries largest 
number

Davies et 
al[12], 
2008, 
United 
Kingdom

United 
Kingdom

Oral candidosis in 
community-based 
patients with 
advanced cancer

Croos-
sectional

Oral 
manifestation

Determine the epidemiology, 
etiology, clinical and microbio-
logical characteristics of oral 
candidiasis among community 
patients

Questionnaire, clinical 
examination, measurement of 
saliva production and swab 
collection of those who 
demonstrated clinical dinal of 
candidiasis. They isolated the 
collected species, if necessary, 
DNA sequencing

390 
patients

Mean age 73, 65% women, breast cancer 
23%, bronchio and colon and prostata 
11%. 70% had candida on microbionogic 
examination and 13% in microb. And in 
the clinician. 63% a species, 31% 2 
species. C. albicans 75%. C.gabrata 2nd 
most frequent. Presence of candidiasis 
has not been associated with age, gender, 
or use of systemic antibiotic. 67% 
xerostomia. Presence of candidiasis 
associated with severity of xerostomia, 
use of corticosteroids, ECOG and 
dentures

In agreement with other studies: 
Candidiasis becomes more 
common in patients near death 
(ECOG), increases with the high 
severity of xerostomia, but not 
with the use of antibiotics. No 
agreement: association between 
candidiasis and the use of 
systemic corticosteroids

Determine the prevalence of dry 
mouth and/or oral pain in 
patients with advanced cancer, 
and whether they were present, 
quantify the intensity of these 
symptoms, whether treatment 
was offered by the health team 
and which when symptoms 
were expressed, the author's 
main opinion on the cause of 
these symptoms and the relative 
importance to the patient 
compared to other symptoms or 

Average age 70, 58% women, lung cancer 
28%, GI 27%. 16 of the 99 had oral pain, 
10 of them in the gums, and the mean 
intensity was 5 on a scale from 0 to 10. 
88% had dry mouth, with an average 
intensity of 6.3. 24% had dry mouth 
before cancer diagnosis and 31% pain. 
28.2% saw the dentist after diagnosis. 
56% mentioned pain for the caregiver 
and 44% for dry mouth. After reviewing 
the patients' medical documentation, 
only one of them had documented the 
pain complaint and 5 dry mouth 

Oneschuk 
et al[13], 
2000, 
Canada

Canada A survey of mouth 
pain and dryness in 
patients with 
advanced cancer

Croos-
sectional

Oral 
manifestation

11-item questionnaire on oral 
pain and dry mouth and its 
intensity and importance of 
symptoms. Found from the 
oral examination were 
documented verbally and/or 
visually and the possible cause 
is documented

99 patients 88% dry mouth and 16% pain. 
Moderate importance in relation 
to other symptoms - more or less 
half of patients report their 
problems, and there are few 
documentations of these. The 
recommendations for dry mouth: 
drinking liquids, mouthwash 
with bicarbonate and use of oral 
antifungic. Only 1 of the 2 who 
had candida and pain were 
advised to use topical antifungic
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problems they experienced complaints. Of the 44%, 69% received 
advice on treatment. Found most 
common were candidiasis and presence 
of denture

Matsuo et 
al[14], 
2016, 
Japan

Japan Associations 
between oral 
complications and 
days to death in 
palliative care 
patients

Clinical 
trial

Oral 
manifestation

Investigate the association 
between the incidence of oral 
complications and DTD in 
patients in palliative care

They reviewed the reports and 
evaluations of oral conditions 
of terminal patients between 
April 2013 and March 2014. In 
the evaluation, clinical 
examination was taken and 
food intake was evaluated. 
Data from blood tests 
(leukocytes) for inflammation 
and DTD were evaluated. 
Divided into long and short 
DTD

105 
patients

Cancer pancreas/bile 18%, 
gastrointestinal tract (16%). Carie 16.3% 
in long, 10.7% short 13.3%T. Xerostomia 
54% long and 78% short (significantly 
higher). Candida 10.7 and 10.2%, 10.4%T. 
Inflammation of the tongue, bleeding 
spots and dysphagia also (43% and 20%). 
Long group 50% requires oral care 
support and 76% in short (different). The 
more attention needed and more 
xerostomia, the shorter the DTD

Major problems when arriving 
near the day of death and the 
problems began to progress with 
the time of hospitalization. 
Xerostomia, inflammation of the 
tongue, bleeding spots and 
dysphagia

Bagg et al
[15], 2003, 
Glasgow

Glasgow High prevalence of 
non-albicans yeasts 
and detection of 
anti- fungal 
resistance in the 
oral flora of 
patients with 
advanced cancer

Croos-
sectional

Oral 
manifestation

Examine in detail the oral 
mycological flora in a wide 
range of patients with advanced 
cancer, receiving care in three 
different centers

Collected demographic details 
and therapy information, 
examination of the oral cavity 
by a qualified dentist and 
collection of a tongue swab, 
subsequently inoculated and 
incubated

207 
patients

Average age 67.9, 45% men, lung cancer 
18%, breast 16%, oral 5%. 81% denture, 
50% edentulum. 48% with clinical 
evidence of xerostomia, 26% candida. No 
difference between denture use and 
fungic infection. 22% had antifungic 
treatment. 65% of the isolates had 1 
species, 30% 2, 5%. 3. 47% with heavy 
density. 79%. C. albicans. 71% 
fluconazole, 55% for itraconazole. 
resistance-related xerostomia

Most of the isolates were of C. 
albicans in cancer patients 
(previous exposure to 
fluconazole?). By the use of 
immunosuppressants and 
antifungics, C. glabrata is now a 
pathological and more resistant 
species

Burge et al
[16], 1993, 
Canada

Canada Dehydration 
symptoms of 
palliative care 
cancer patients

Croos-
sectional

Oral 
manifestation

Determine the severity and 
distribution of symptoms 
associated with dehydration in 
hospitalized palliative care 
patients and determine the 
association between the severity 
of these symptoms and 
commonly used dehydration 
measures.

Patients completed two 
questionnaires, 24 h apart. The 
nurses took the questionnaire 
as well. A blood sample was 
collected in the 24-h interval 
(sodium, urea and osmolarity). 
They measured how much 
liquid they ingested

52 patients Average age 64.4, 50% women, 
gastrointestinal cancer 27%, lung 27%. 
Oral diseases and survival were not 
related. No association was found in the 
multivariate analysis. You can't list the 
meds.Fatigue was the most reported 
symptom. Patients who reported head 
and other symptoms also reported dry 
mouth and bad taste in the mouth 
(most). It's not a blind study, so it has 
this bias. Longer survival time is 
associated with less thirst

Most patients had symptoms of 
thirst. It's not a blind study, so it 
has this bias. Fatigue was the 
most reported symptom. No 
association between thirst and 
variables. Clinics argue that the 
thirst and intake of liquids 
decrease near death. However, 
longer survival time is associated 
with less thirst

29% between 50-64 yr, 59% women. 98% 
had salivary dysfunction and 60% had 
moderate to severe dysfunction. 
Erythema 50%, ulceration 20%, fungic 
infection 36%. Xerostomia was a frequent 
and moderate complaint. Ulcers 
associated with the presence of orofacial 
pain and social impact. Xerostomia, 
change in taste and orofacial pain 
associated with social impact. Hyposal-
ivation associated with social and 

Fischer et 
al[17], 
2014, 
United 
States

United 
States

Oral health 
conditions affect 
functional and 
social activities of 
terminally ill 
cancer patients

Croos-
sectional

Oral 
manifestation

To characterize oral diseases in 
patients with end-stage cancer 
in palliative care to determine 
the presence, severity, and 
social/functional impact of oral 
diseases, which affect quality of 
life

Questionnaire on xerostomia, 
taste change, orofacial pain 
and impact of diseases. "Self-
report" and oral clinical 
examination

104 
patients

Hyposalivation has a social and 
functional impact and is a 
frequent complaint with 
moderate severity. Orofacial pain 
and change in taste has social 
impact. Presence of fungic 
infection similar to other studies
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functional impact

Sweeney et 
al[18], 
1998, 
United 
Kingdom

United 
Kingdom

Oral disease in 
terminally ill 
cancer patients 
with xerostomia

Croos-
sectional

Oral 
manifestation 

Descreve sinais e sintomas orais 
de um grupo de pacientes com 
cancer terminal, todos com 
xerostomia, os quais foram 
subsequentemente tratados com 
um substituto salivar em spray

Pacientes que relataram 
consecutivamente boca seca 
para o staff. Questionario, 
sintomas registrados por 
escala analogica visual 0-6, 
exame bucal visual e coleta de 
cultura da língua e assoalho e 
quantidade de saliva

70 patients Mean age 66, 64% men, lung and breast 
cancer, 2.8% oral. 10% caries. 90% 
evidence xerostomia clinic, 9% C. 
pseudom sign.97% reported by day and 
84% at night, 66% speech difficulty, 57% 
taste change, 51% difficulty eating, 31% 
pain. 40% of the prosthesis users had a 
problem with it. 65% had mucosal 
abnormalities, of these 20% erythema 
and 20% lingual saburra. C. albicans 
more common and C. glabrata 2nd most 
common

66% speech difficulty, 57% 
change in taste, 51% difficulty 
eating, 31% pain. 67% of the 
patients had fungic disease in the 
isolates. Good hygiene. S. aureus 
26% suggested cause of mucositis, 
as well as coliforms (19%). Herpes 
was relatively low

Xu et al
[19], 2013, 
China

China Investigation of the 
oral infections and 
manifestations seen 
in patients with 
advanced cancer

Croos-
sectional

Oral 
manifestation

To investigate the focus of oral 
infections between cancer 
groups and treatment methods, 
in addition to describing and 
comparing epidemiology, 
independent risk factors

Data collection, oral 
examination and oral cavity 
swab collection for microbio-
logical isolation

850 
patients

Average age 48, 57% men, cancer GI 
17%, hematological 15%, 13% head and 
neck. Oral infections 46%, of these 52% 
with candidiasis (72% had fungal 
colony), 20.5% mucositis, 15.4% herpes. 
A logistic regression analysis showed 
that malnutrition and prosthesis use are 
independent risk factors for oral 
infection.Head and neck cancer had 
more infections and hematologic the 
second. Chemo and radiotherapy had 
higher infection

Candidiasis more prevalent, 
followed by mucositis. Disparity 
in oral infection data in these 
patients (various possible 
reasons). Head and neck cancer 
and hematologic. Prosthesis and 
nutrition are risk factors

Thanvi et 
al[20], 
2014, India

India Impact of dental 
considerations on 
the quality of live 
of oral cancer 
patients

Croos-
sectional

Quality of 
live

Understand the role of the 
dentist and the impact on 
quality of life in a patient with 
oral cancer in a palliative care 
unit

History of oral cancer 
treatment, clinical examination 
and quality of life 
questionnaire

50 patients 64% women. Age measured 57. All oral 
cancer. 98% of the patients had some 
deleterious habit, 58% smokers. 12% had 
information before therapy. 74% had 
sensitivity and 50% limitation in mouth 
opening (evaluated root carie, atrition 
and sharp cuspides). 78% worsened The 
QOL, of these only 2% had dental 
considerations

Dental treatment was not done in 
76% of patients who had already 
undergone treatment, 2% 
received consideration. Mouth 
opening sensitivity and limitation 
(did not evaluate xerostomia, 
mucositis, but evaluated "sharp 
cusps", atrition and root caries). 
78% worsened QOL

Bagg et al
[21], 2005, 
United 
Kingdom

United 
Kingdom

Voriconazole 
susceptibility of 
yeasts isolated 
from the mouths of 
patients with 
advanced cancer

Croos-
sectional

Treatment Determine the susceptibility of 
voriconazole to a large 
collection of well-characterized 
fungal isolates from the oral 
cavity of patients with advanced 
cancer

199 oral samples isolated from 
swab and oral rinse. Suscept-
ibility test for fluconazole, 
itraconazole and voriconazole

199 
patients

Breast cancer, bronchio, prostata and 
large intestine. 270 yeast species, C. 
albicans 59%, C. glabrata 19%, C. 
dubliniensis 7%. 76% flucona, and 14% 
fluconazole resistant. Of the fluconazole 
resistant, 7 sensitive to itraconazole and 
41 resistant. Of the 49 resistant to 
itraconazole, 41 was also fluconazole and 
8 senseless. 15% resistant to fluconazole 
and itraconazole, mostly C. glabrata and 
C. albicans. C. glabrata was 54% of 
fluconazole resistant

Voriconazol é mais potente que 
fluconazol ou itraconazol contra 
leveduras isoladas de boca de 
pacientes com cancer avançado, e 
é mais potente com aqueles 
resistentes a fluconazol e 
itraconazol

Bagg et al
[22], 2006, 
United 

Susceptibility to 
Melaleuca altern-
ifolia (tea tree) oil 

Examine in vitro susceptibility 
to TTO from a collection of well-
characterized yeasts, including 

Breast cancer, bronchio, prostata and 
large intestine. MIC 50 was 0.5% for C. 
albicans and C. dubliniensis and 0.25% 

Treatment should be considered a 
potent preventive or therapeutic 
agent of oral candidiasis in these 

United 
Kingdom

Croos-
sectional

Treatment 301 Yeasts isolated and MIC 
measurement for TTO

199 
patients
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Kingdom of yeasts isolated 
from the mouths 
od patients with 
advanced cancer

azol-resistant strains isolated 
from the mouth of patients with 
advanced cancer

for C. glabrata, C. tropicalis and S. 
cerevisiae. MIC 90 for C. albicans, 
glabrata and dubliniensis was 1%. All 
itraconazole and fluconazole resistant 
were susceptible to TTO at commercially 
available concentrations

patients. As a water-based filler 
or adjuvant the regular washing

Nakajima 
et al[23], 
2017, 
Japan

Japan Characteristics of 
oral problems and 
effects od oral care 
in terminally ill 
catient with cancer

Clinical 
trial

Treatment Investigate oral problems in the 
terminal stage of cancer and 
improves through oral care 
focusing on dry mouth

Divided into good oral and 
bad intake (115A and 158B) to 
30% for good. Incidence of dry 
mouth and its severity (0-3), 
stomatitis, 
candidiasis.Standard oral care 
for dry mouth by nurses 
(hydration, brushing and 
cleaning or massage), and 
therapy for dry mouth and 
stomatitis. Special care if it did 
not improve

273 
patients

Average age 62.4A and 66.2B, 144 men 
and 129 women. Lung cancer 38A 48B, 
Liver/bile/pancreas 18A 30B, Head and 
neck 5A 8B. Dry mouth 38.3%A 81%B 
63%T. Stomatitis 10.4%A 16.5%B 13.9%T. 
Candidiasis 6.1%A 22.8%B 15.8%T. All 
with stomatitis and candidiasis had dry 
mouth. Severe dry mouth 20%A 64%B. 
Dry mouth treatment: grade 2 B needed 
specialist (85%A 83%B), grade 3 also 
(80%A 81%B) Overall improved 80% or 
more

B significantly higher than A: Dry 
mouth and candidiasis. 
Interventions improved 80% or 
more dry mouth. Importance of 
oral care before the problem 
worsens. Oral care is better than 
artificial hydration for dry mouth. 
The registration of oral conditions 
by staff is not 100% (limitations, 
improve)

Ezenwa et 
al[24], 
2016, 
United 
States

United 
States

Caregiver's 
perspectives on 
oral health 
problems of end-of-
life cancer patients

Cross-
sectional 
study

Management Describe caregivers' awareness 
of oral health problems, 
compare caregivers' problems 
with patients' problems and 
explore the influence of 
caregivers' socio-demographic 
characteristics on their 
awareness of oral problems

Caregivers and patients 
answered questionnaires 
separately. Caregivers and 
patients completed the scale of 
oral problems

104 
patients104 
caregivers 

Patients: 29-112, 29% between 50-64 yr, 
59% women, Lung cancer 26%, colorectal 
14%, head and neck 3%. 48% of 
caregivers(C) were not trained, 30% of c 
evaluated the problems only when 
necessary and 13% never evaluated. C 
underestimated xerostomia and overes-
timated the social impact. C with 65+ 
had lower accuracy in reporting the 
problems. C with health problem were 
less aware

48% C without training. C 
underestimate xerostomia, but is 
aware of orofacial pain. No 
difference in race, gender, C's 
education

DNA: Deoxyribonucleic acid; DTD: Days to death; GI: Gastrointestinal; ECOG: Electrocorticography; MIC: Minimal important change; QOL: Quality of life; TTO: Tea Tree Oi.

Four studies reported the prevalence of caries disease in terminal patients[11,14,18,20] and only one 
investigated the prevalence of dental plaque in these patients[11]. Regarding the presence of teeth, only 
the articles by Bagg et al[15], and Davies et al[12], calculated the prevalence of edentulous patients. 
Wilberg et al[11], found that 69% of patients aged ≥ 60 years had a ≥ than 20 teeth. The presence of 
prosthesis was evaluated by Bagg et al[15], Davies et al[12], Sweeney et al[18] and Wilberg et al[11] 
(26.7% of the articles), with a prevalence of 81%, 57%, 80% and 14%, respectively.

A total of nine articles brought data on the prevalence of oral Candida species in patients with 
advanced stage cancer[11-19,23], seven of them approached microbiological analyses of the fungus[11,
12,15,18,19,21,22] and three investigations evaluated susceptibility to different antifungals drugs[15,21,
22].

Of the selected studies, seven involved analyses of microbiological isolates of the oral mucosa[11,12,
15,18,19,21,22].

The percentage of patients with xerostomia was evaluated in 8 articles (Table 2)[11,12,13,14,15,17,18,
23]. The only article that brought data on the type of treatment used for this condition was that of 
Oneschuk et al[13].
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Table 2 Prevalence of oral complications in examined patients (%)

Ref. Xerostomia Eat/Swallowing problems Mucositis Dysgeusia Oral pain

Fischer et al[17], 2014 91 61 - 71 23

Sweeney et al[18], 1998 90 - - - 31

Oneschuk et al[13], 2000 88 - - - 16.1

Wilberg et al[11], 2012 78 56 - 68 -

Davies et al[12], 2008 67 - - - -

Matsuo et al[14], 2016 64.7 29.5 - - -

Nakajima[23], 2017 63 - 13.9 - -

Bagg et al[15], 2003 48 - - - -

Xu et al[19], 2013 - - 20.5 - -

Mean 73.7 48.8 17.2 70 23.3

Figure 1 Fluxogram.

Table 2 presents ther variables also addressed in articles. Two studies reported, the prevalence of 
changes in taste or dysgeusia[11,17] and three evaluated problems when eating[11,14,17].

Facial pain and intraoral pain were addressed in three articles[13,17,18] whereas oral mucositis or 
stomatitis was reported in two studies[19,23]. Only Thanvi et al[20], investigated mouth opening 
limitation and only Xu et al[19], researched herpes simplex prevalence in terminal patients.

Fischer et al[17], also brings the prevalence of dysphagia (61%), dysgeusia (71%), facial pain (23%) and 
intraoral pain (52%)[17]. Oneschuk et al[13], and Sweeney et al[18], also studied oral pain, with a 
prevalence of 16.1% and 31%, respectively. In addition to these variables, Thanvi et al[20], obtained a 
50% prevalence of patients with limited mouth opening, Xu et al[19], found 15.4% of patients with 
herpes simplex and 20.5% with oral mucositis, while Nakajima[23], 2017, obtained 13.9% of patients 
with stomatitis.

The only study based on qualitative analysis was a systematized review, published by Gillam et al
[10], where 11 articles found in a nursing database were analyzed, published in 1995 and 1999. No 
demographic data was specified from the studies reviewed by Gillam et al[10].

DISCUSSION
From the results obtained, it was observed that the single study based on qualitative analysis had nurses 
providing oral care to palliative patients[10]. It should also be emphasized that four of the published 
articles were written by professionals from other health areas[10,13,16,23]. The scarcity of investigations 
involving dentists demonstrates that this professional is not currently part of most teams that care for 
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terminally ill patients. There seems to be a vast field of action for which dentists should be qualified. 
From the moment a dentist becomes part of the healthcare hospital team there happens an improvement 
of 37.25% in the accuracy of diagnosis of oral lesions[25].

Given that most studies analyzed were cross-sectional and not longitudinal, it makes impossible to 
gather information on the evolution of oral manifestations and therapeutic responses over time[11-22,
24].

Demographically, the majority of the patients studied were women with a mean age of 63.8 years and 
diagnosed with lung and gastrointestinal tract cancer and for this reason special attention is needed for 
the diagnosis of oral lesions in this specific audience[11-13,15-20,23,24].

As most studies were published between 2006 and 2016, it can be inferred that dental treatment and 
management in PC among PT is a subject considered recent and constantly growing, which justifies the 
scarcity of qualified data found on the topic in the literature[10,12,14,17,24].

Most studies used the questionnaire tool[11,12,13,16,17,18,20,24], either to obtain demographic 
information[20] or to record symptoms of patients[11,13,16-18] and caregivers' opinions[24]. Such a tool 
can be useful even to record the symptoms of PT by caregivers, besides being a complement to oral 
examinations performed, either by caregivers or researchers.

Oral complications
Oral candidiasis: The prevalence of candidiasis in the oral mucosa of patients under palliative care [11] 
was investigated in nine of the selected articles[12-15,17-19,23]. The mean prevalence of oral candidiasis 
presented in those was high when compared to the mean detected for the healthy population (2% to 
14%)[26]. Oral candidiasis is a frequent disease in systematically compromised patients, such as patients 
with end-stage cancer. Which reflects that more knowledge is still needed about the diagnosis and 
treatment of this disease in PT.

Mothibe et al[27] suggested that patients using prosthesis with cancer have a higher capacity for 
growth of oral candida. However, Bagg et al[15], found no associations between the use of prosthesis 
and the presence of oral candida in terminal patients. Another interesting finding was that the presence 
of oral candida seems to be related to the low food intake by patients[23].

On the microbiology of the oral cavity of palliative patients with cancer, the presence of C. albicans 
was identified in 58.2% of the patients included in the seven studies analyzed whereas C. glabrata was 
present in 24.5%[11,12,15,18,19,21,22]. Although the second most prevalent species in oral fungal 
infections, C. glabrata is not susceptible to certain antifungals[21,22].

The most prevalent oral candidiasis were erythemenous candidiasis and acute pseudomembranous 
candidiasis[12,15]. Erythemate candidiasis was prevalent in patients who used removable prostheses. 
Since a high percentage of palliative patients uses removable oral prostheses[11], it is important that 
patients and/or caregivers make the correct and regular hygiene of both the oral cavity and prostheses 
to prevent prosthetic stomatitis[15,18].

Pseudomembranous candidiasis of multifocal type was reported in 48% of patients investigated being 
the oral/jugal mucosa (48%) and the tongue (44%) the most affected sites[12,15].

A positive association was found between hyposalivation and oral candidiasis [12]. The hypofunction 
of the salivary glands can decrease the function of superficial cleansing of saliva, decrease its antifungal 
activity (because it decreases the amount of enzymes such as histatins and lysozymes) and reduce the 
pH of saliva which favors the proliferation of candida in the mouth.

About 75% of fungi were susceptible to fluconazole[21] and for this reason it will likely continue as 
the first treatment option. 53% of the isolated C. glabrata was resistant to fluconazole and also presented 
a low rate of therapeutic response to voriconazole[15,21] usually effective on more resistant candida 
species[21]. These results are in agreement with those of Wilberg et al[11], where 27% of patients 
undergoing antifungal treatment still had clinical signs of the disease.

Regarding the form of prescription of fluconazole, the latest cutting-edge research results state that 
the administration of daily doses of 100 to 200 mg can be recommended[28,29], and dose adjustment is 
needed for a renal patient[30] (Table 3). The susceptibility of fungi to melaleuca oil with positive results 
was also studied, concluding that this agent should be considered as a potential preventive agent and 
can be used as an adjuvant to oral hygiene[22].

Xerostomia and hyposalivation: Dry mouth sensation in patients with end-stage cancer was the second 
most frequent complication reported in studies[11-15,17,18,23]. The prevalence of xerostomia in 
palliative patients ranged from 91% to 48% (Table 2)[15,17], indices relatively high when compared to 
those of normal population (0%-30%)[31,32]. Matsuo et al[14], observed that palliative patients with a 
short life expectancy had a significantly higher prevalence of xerostomia than those with longer life 
estimative. Adverse effects of drugs used to reduce pain such as opioids could justify those high indices
[17]. Interestingly, only 22% of patients received information about xerostomia as an adverse effect of 
the drugs used in antineoplastic therapies [17]. In severe cases, the dentist should discuss with the 
doctor the possibility of replacing the medications that cause this symptom[23].

Hyposalivation has also a significant association with the functional and social impact of patients as 
well as low food intake[17]. Improving dry mouth sensation can thus help with other oral problems[23]. 
The adequacy of oral hygiene improves dry mouth symptom regardless of the degree of food intake[23] 
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Table 3 Suggested palliative care protocol based on the literature available for some frequent oral complications in terminal patient’s 
with cancer

Oral complications Therapeutical measures

Fluconazole: 100 to 200 mg/dOral candidiasis

In case of resistance: Itraconazole or variconazole and mouth rinsing with melaleuca oil after oral hygiene

Daily and frequent water sip intake

Artificial saliva use

Xerostomia

In severe cases: Discuss the possibility of replacing causative drugs

Discontinues 10 mo after antineoplastic therapy, on averageDysgeusia

In severe cases: Discuss the possibility of replacing causative drugs

Cryotherapy: Ice stones and ice cream kept in mouth decrease risk of mucositis and relieve pain (prescription according to 
chemotherapy)

Low-level laser therapy

Mucositis

Cold chamomile-based tea solutions

but only 31% of patients were informed about the importance of oral hygiene[23].
Despite being a frequent complication, patients classified xerostomia as of moderate importance 

when compared to other symptoms experienced at that palliative moment[13]. In the study of Oneschuk 
et al[13], about half of the patients (56%) who reported xerostomia also reported the symptom to the 
doctor and of these only 69% were advised to seek one or more treatments for symptom relief. Patients 
may believe that this information is of no clinical importance, that there is no need to treat it or that 
treatment options are limited.

The recommended treatments for xerostomia are to drink frequently sips of water and to use artificial 
saliva in spray[13] (Table 3).

Caries and plaque: In the only study on the topic included in this review, 24% of patients presented 
with moderate or severe amount of visible plaque[11]. Consumption of easy-to-chew carbohydrates 
(dietary supplement) and cognitive restrictions to perform adequate oral hygiene contribute to plaque 
accumulation. Besides, hyposalivation increases the tooth's susceptibility to demineralization.

Patients closer to death need greater help with oral care and that the inability of self-care is an 
indicator for the caregiver to perform oral hygiene properly. Matsuo et al[14], found a positive 
correlation between caries incidence and the number of days of life remaining. Poor oral hygiene is 
associated with oral diseases including caries and periodontitis. Teeth with active caries may cause pain 
and discomfort in the terminal phase of life, hindering feeding and compromising well-being.

This demonstrates the necessity to improve the quality and frequency of oral hygiene, within the 
limits of the patient's hematological parameters, as well as therapeutic measures to stop cavities 
progression and to preserve teeth function[33].

The prevalence of caries and plaque in the mouth of the patients studied was addressed in a few 
articles and it was not determined what posture should be taken in front of these cases, requiring to 
determine to what extent the dentist should intervene and perform the treatment of these cases[11,14,18,
20].

Dysphagia: Difficulty in swallowing seems to be a comorbidity less prevalent than poor oral health 
among patients with terminal-stage cancer[34]. Wilberg et al[11], however, described a significant 
relationship between the patient's feeding difficulties and their perception of oral morbidity.

The cause of dysphagia in patients with advanced cancer is different from that found in neurological 
diseases or strokes, as there is a decrease in muscle volume due to malnutrition or cachexia[14].

Dysphagia was significantly more prevalent in patients with a short life time[14], and may be 
considered a strong criterion of palliactive care necessity[14,17]. Fischer et al[17], observed a prevalence 
of “swallowing problems” almost three times higher than that of Matsuo et al[14]. In contrast, Furuya et 
al[35], described that the swallowing function was relatively well-conserved and 46.3% of the 
participants were capable of nutrition intake solely by mouth[35].

In the study of Furuya et al[35], more than half of the participants did not wear their removable 
dentures despite needing them. Wearing removable dentures improves the ability to masticate and 
facilitates the swallowing of food. Dentists have a key role in palliative care in terms of supporting 
nutritional intake via dentures[35].

In addition to the absence of teeth and incompatibilities of removable prostheses, reduction of saliva 
and diseases such as candidiasis and mucositis could also be related to dysphagia[23,36].
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The treatment of dysphagia is still a challenge. More recent studies show that exercises can improve 
dysphagia symtoms[37] and that electrical stimulation has not brought benefits[38].

Hypogeusia and dysgeusia: Changes in taste are extremely common in cancer palliative patients due to 
the adverse effects of drugs such as keratolytic agents, chemotherapeutic and cancer medication, 
antihistamine, antibiotics and angiotensin-converting enzyme inhibitors, analgesics, bisphosphonates 
and antidepressants[11,39]. The study by Wilberg et al[11], stated that the change in taste is related to 
higher oral morbidity.

In the two articles included, taste changes were reported by 62%[11] and 78% of individuals[17]. This 
complication can have a great influence on oral function and, consequently, on the nutritional status and 
quality of patients’ life.

Dentists can help alleviate this symptom through identification, discussion with the multidisciplinary 
team, oral hygiene improvement and prescription of potential therapies such as anti-xerostomia agents 
and photo biomodulation[40].

Orofacial pain: Orofacial pain is a concern that affects social interaction of palliative patients and 
interferes with their quality-of-life[17]. The mean number of patients that reported orofacial pain in the 
studies included was 23.3% to orofacial and 52% to intraoral pain[17].

Ten of the 16 terminal patients included in the study by Oneschuk et al[13], complained of localized 
pain in the gums. Although the gum may be a painful oral site, oral cavities and prostheses incompatib-
ilities were not examined by a dentist to rule out potential sources of referred pain.

No studies were found on the treatment of orafacial pain in terminal patients, however the subject is 
widely studied in patients in general. Up to date studies shows several therapies reported, among them 
counseling therapy; occlusal appliances; manual therapy; laser therapy; dry needling; intramuscular 
injection of local anesthesia (LA) or botulinum toxin-A (BTX-A); muscle relaxants; hypnosis/relaxation 
therapy; oxidative ozone therapy; and placebo[41].

Oral mucositis: Oral mucositis is an acute and painful side effect of antineoplastic therapies 
(chemotherapy and head and neck radiotherapy). It affects non-ceratinized surfaces such as the entire 
gastrointestinal tract and is characterized by pain, ulceration and difficulties in feeding and phonation
[42].

In the two studies included on the subject, 17.2% of the patients investigated had mucositis[19,23]. 
This incidence is lower than that found for mucositis during chemotherapy and radiotherapy treatment 
probably because these therapies are often interrupted when the patient are in palliative care. These 
authors, also, did not relate the type of antineoplastic therapy (radiotherapy or chemotherapy) to the 
prevalence of mucositis and, for this reason, the toxicity of these therapies in the oral mucosa could not 
be analyzed. In the study by Xu et al[19], chemotherapy in conjunction with radiotherapy were 
associated with a higher prevalence of oral infections in general (68.4%) compared to chemoterapic 
(52%) or radiotherapy (53.9%) treatments in an isolated way[19].

Pain caused by mucositis is poorly tolerated by patients and is accentuated especially during the act 
of food intake[42]. The lack of information on this complication in the selected articles is worrisome 
because in addition to its prevalence being relatively high, the pain caused is poorly tolerated by 
patients and the reduction of this symptomatology should be studied more deeply.

In the literature there are many studies on mucositis during cancer treatment or during hematopoietic 
stem cell transplantation[43,44], however, there is a gap in the literature when it comes to respective 
therapeutic oncological PT.

With regard to oral mucositis in particular, we found that cryotherapy, where the patient makes the 
use of ice stones, ice cream or ice cream in the oral cavity 5 min before and 30 min after chemotherapy or 
longer periods, can contribute to the reduction of the degree of oral mucositis and the time of pain 
caused by the lesions[45,46]. In addition to cryotherapy, on recent studies, researchers recommend the 
use of low-power laser therapy, photodynamic therapy, honey, the use of chamomile tea as a 
mouthwash with good results[47-53].

Management of terminal cancer patients
Professionals involved in the treatment of terminally ill cancer patients are the key to establishing 
adequate oral health care[24]. In a hospital setting will be cared for by nurses and other health profes-
sionals, ideally including a dentist on the team. However, if you live with family members in a 
permanent care home, the nearest caregiver may be a family member or person hired by the family[10,
24]. In the study by Ezenwa et al[24], 79% of the caregivers were family members, most of them women 
(77%) aged between 50 and 64 years (46%)[24] and only 48% became caregivers from formal training. 
Furthermore, more than half of the caregivers interviewed in the study reported that the patient's oral 
hygiene is one of the functions under their responsibility and of these, 81% mentioned the importance of 
this task in detecting potential oral problems developed by the patient. However, 30% of the caregivers 
examined the oral cavity only when necessary and 13% had never questioned the patient about possible 
oral problems. Furthermore, through the responses obtained from caregivers and patients, xerostomia 
was evaluated less frequently, suggesting that this symptom is underestimated by caregivers[24].
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Gillam et al[10], reviewed 11 articles and 7 of them highlighted the lack of training and education of 
nurses[18,54-59].

Most nursing courses do not adequately teach oral health care, which reflects the lack of training of 
nurses working in CP centers. The training of oral hygiene techniques performed by dentists for 
caregivers can improve the quality of care offered, the speed in the diagnosis of oral alterations and the 
response to patient complaints

Determining a protocol for the care of these and other complications of cancer – or cancer therapy – 
based on scientific evidence with the latest cutting-edge research results is of fundamental importance 
for the multidisciplinary team that works in the care of patients in PC. The protocols used in the articles 
included in this review were not standardized, a fact that hindered the analysis, interpretation of 
discussion of the data analyzed by this study. The authors summarized on Table 3 the Suggested 
palliative care protocol based on the up to date literature available for some frequent oral complications 
in TP with cancer.

The care of patients under PC should not be neglected by professionals in this area, it should be 
treated seriously for us dentists, to be more effective in care.

Based on the information obtained and all aspects discussed, it is noted that the literature is still 
scarce when it comes to oral manifestations in terminal cancer patients under CP. Data such as the 
prevalence of mucositis, orofacial pain, dysgeusia and dysphagia were addressed in a few articles of the 
review, and a better evaluation is needed to determine the real prevalence of these diseases.

As a consequence, the treatment of mucositis, dysgeusia, dysphagia and oral pain should be studied 
in depth in PT.

CONCLUSION
Finally, it can be obtained through this integrative review that the most prevalent oral manifestations in 
end-stage cancer patients are xerostomia, oral candidiasis, dysphagia, dysgeusia, oral mucositis, and 
orofacial pain.

The information on the behavior of oral manifestations and their treatments in patients under 
palliative care, especially in the long term, is lacking and there is little participation of the dental 
community in research on the subject and training of caregivers of terminal lye patients under palliative 
care. Dentists can be helpful on alleviate the symptom of these oral manifestations in TP, improving the 
quality of live in these final days.

ARTICLE HIGHLIGHTS
Research background
Resume the scientific evidence on oral conditions among palliative patients and its management.

Research motivation
Update the dentist for diagnosis and treatment of oral complication in a multidisciplinary palliative care 
team.

Research objectives
Synthesize the published evidence on oral conditions, impact, management and challenges in its 
managing among palliative patients.

Research methods
Integrative review.

Research results
The total of 15 articles were eligible, analyzed and a protocol established.

Research conclusions
Oral manifestations are, oral candidiasis, dry mouth, dysphagia, dysgeusia, oral mucositis and orofacial 
pain. Determining a protocol for the care, based on scientific evidence, is fundamental for the 
multidisciplinary team that works in the care of terminal patients.

Research perspectives
Other complications in terminal patients and their treatments still need to have further studying.
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Abstract
BACKGROUND 
Cardiovascular disease is the most prevalent disease worldwide and places a 
great burden on the health and economic welfare of patients. Cardiac surgery is 
an important way to treat cardiovascular disease, but it can prolong mechanical 
ventilation time, intensive care unit (ICU) stay, and postoperative hospitalization 
for patients. Previous studies have demonstrated that preoperative inspiratory 
muscle training could decrease the incidence of postoperative pulmonary 
complications.

AIM 
To explore the effect of preoperative inspiratory muscle training on mechanical 
ventilation time, length of ICU stay, and duration of postoperative hospitalization 
after cardiac surgery.

METHODS 
A literature search of PubMed, Web of Science, Cochrane Library, EMBASE, 
China National Knowledge Infrastructure, WanFang, and the China Science and 
Technology journal VIP database was performed on April 13, 2022. The data was 
independently extracted by two authors. The inclusion criteria were: (1) 
Randomized controlled trial; (2) Accessible as a full paper; (3) Patients who 
received cardiac surgery; (4) Preoperative inspiratory muscle training was 
implemented in these patients; (5) The study reported at least one of the 
following: Mechanical ventilation time, length of ICU stay, and/or duration of 
postoperative hospitalization; and (6) In English language.

RESULTS 
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We analyzed six randomized controlled trials with a total of 925 participants. The pooled mean 
difference of mechanical ventilation time was -0.45 h [95% confidence interval (CI): -1.59-0.69], 
which was not statistically significant between the intervention group and the control group. The 
pooled mean difference of length of ICU stay was 0.44 h (95%CI: -0.58-1.45). The pooled mean 
difference of postoperative hospitalization was -1.77 d in the intervention group vs the control 
group [95%CI: -2.41-(-1.12)].

CONCLUSION 
Preoperative inspiratory muscle training may decrease the duration of postoperative hospital-
ization for patients undergoing cardiac surgery. More high-quality studies are needed to confirm 
our conclusion.

Key Words: Preoperative inspiratory muscle training; Cardiac surgery; Heart surgery; Mechanical ventilation; 
Intensive care unit; Duration of postoperative hospitalization

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

Core Tip: For cardiac surgery patients, the use of inspiratory muscle training could reduce the incidence of 
postoperative pulmonary complications according to previous research. Our study demonstrated that it 
could shorten the duration of postoperative hospitalization and thus may decrease overall costs. More 
research is needed to explore the effect of inspiratory muscle training on mechanical ventilation time and 
length of intensive care unit stay.

Citation: Wang J, Wang YQ, Shi J, Yu PM, Guo YQ. Effect of preoperative inspiratory muscle training on 
postoperative outcomes in patients undergoing cardiac surgery: A systematic review and meta-analysis. World J 
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INTRODUCTION
Cardiovascular disease (CVD) has a high incidence rate and high mortality worldwide. CVD has been 
one of the most prevalent causes of death in the United States since 1975, accounting for 25% of all 
deaths[1]. The World Health Organization reported that in 2015 CVD caused an estimated 17.7 million 
deaths globally, making CVD the most prevalent cause of death worldwide. The economic burden of 
CVD is greater than that of Alzheimer’s disease and diabetes, with calculated indirect costs of $237 
billion per year and a projected increase to $368 billion by 2035[2]. A study reported a national economic 
loss of $8.8 trillion from 2012 to 2030 due to CVD in China[3]. Cardiac surgery is an important treatment 
for coronary heart disease and other structural heart diseases. Due to the complex surgical procedures, 
surgical trauma, and long surgery time, patients often need postoperative mechanical ventilation and 
intensive care unit (ICU) admission for observation and further treatment. Meanwhile, postoperative 
pulmonary complications (PPCs) are one of the major causes of prolonged hospitalization and death[4,
5]. Indeed, pulmonary complications following coronary artery bypass graft (CABG) operation were 
reported to be associated with significantly longer hospital stays (8.2 d vs 10.0 d, 95% confidence interval 
[CI]: 0.3-3.3)[6]. The incidence of PPCs prolongs the hospitalization length and thus increases the hospit-
alization expenses. Vonlanthen et al[7] performed a cost analysis of 1200 patients undergoing major 
surgery and revealed that costs increased with the severity of postoperative complications. This increase 
in costs is up to 5 times that of a similar surgery without complications. Thompson et al[8] included 
618495 patients who underwent an intra-abdominal surgery. They found that postoperative hospital-
acquired pneumonia increased the mean hospitalization length by 11 d, which translated to a mean 
increase in total hospital charges of $31000 (study performed in the year 2000). Other studies have also 
demonstrated that postoperative complications can increase the expense of surgery[9-11].

Preoperative inspiratory muscle training (IMT) has attracted increasing attention from doctors. 
Previous studies demonstrated that preoperative IMT can reduce the incidence of PPCs. Hulzebos et al
[12] reported that preoperative IMT reduced the incidence of PPCs and the postoperative stay in 
hospital in patients at high risk of developing pulmonary complications after CABG surgery. Katsura et 
al[13] found evidence that preoperative IMT was associated with a reduction in postoperative 
atelectasis, pneumonia, and duration of hospital stay in adults after cardiac and major abdominal 
surgery. Fagevik Olsén et al[14] reported that preoperative physiotherapy education and training 
sessions can reduce PPC incidence in patients receiving open major abdominal surgery. Boden et al[15] 

https://www.wjgnet.com/2307-8960/full/v11/i13/2981.htm
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confirmed the findings in their trial in 2017. However, there are few studies reporting the effects of 
preoperative IMT on length of mechanical ventilation, length of ICU stay, and duration of postoperative 
hospitalization. Our study aimed to answer the following questions: (1) Does preoperative IMT shorten 
the time of mechanical ventilation and ICU stay; and (2) Does preoperative IMT reduce the duration of 
postoperative hospitalization and thus save money for patients?

MATERIALS AND METHODS
Literature search
We searched the English literature databases, which included PubMed, Web of Science, Cochrane 
Library, and EMBASE, and Chinese literature databases, which included China National Knowledge 
Infrastructure, WanFang, and China Science and Technology journal VIP. Our search strategies were 
composed of: (1) Patients (experimental: Cardiac surgery/heart surgery); (2) Intervention (preoperative 
IMT/preoperative respiratory muscle training); (3) Control (-); and (4) Outcome (mechanical 
ventilation/MV/intensive care unit/ICU/postoperative stay in hospital/duration of postoperative 
hospitalization). We searched the databases through April 13, 2022. Two researchers independently 
assessed the eligibility of papers by title and abstract. When there was insufficient information to judge 
the qualification of the study in the title and abstract, the whole paper was assessed. When the two 
researchers disagreed, a third researcher was consulted to reach consensus.

Study selection
The inclusion criteria were: (1) Randomized controlled trial; (2) Accessible as full paper; (3) Cardiac 
surgery patient(s); (4) Preoperative IMT; (5) Data on at least one of the following: Mechanical ventilation 
time, length of ICU stay, and/or duration of postoperative hospitalization; and (6) In English language.

Quality of study characteristics
We used the Cochrane bias risk assessment tool in Review Manager (RevMan) computer program 
version 5.4, which is a reliable tool for the assessment of the risk of bias in randomized controlled trials 
in systematic reviews, to assess the bias risk of the included studies[16].

Data extraction
Data on author, year, journal, and country of the studies were obtained. Data on patient age, patient sex, 
type of surgery, intervention (including strength, frequency, time), and outcomes (mechanical 
ventilation time, length of ICU stay, and duration of postoperative hospitalization) were collected. The 
data were collected from tables or from the main text. For example, we collected the duration of 
postoperative hospitalization from the study by Hulzebos et al[12] and from the main text in the study 
by Valkenet et al[6]. However, some data were reported in ranges or interquartile ranges, such as those 
in the study of Hulzebos et al[12]. For these studies, we used the tool on the website (http://
www.math.hkbu.edu.hk/~tongt/papers/median2mean.html) to estimate the sample mean and 
standard deviation from the sample size, median, range, and/or interquartile range. The data were 
independently extracted by two authors (Wang J and Wang YQ).

Statistical analysis
This meta-analysis aimed to evaluate the effect of IMT on mechanical ventilation time, length of ICU 
stay, and postoperative hospitalization in cardiac surgery patients. RevMan5.4 and Stata statistical 
software (Release 14; StataCorp LP, College Station, TX, United States) were used to perform the 
statistical analyses; of note, the results obtained from each program were the same. We chose the 
randomized effects model to analyze the data. The principal summary measurement used was the 
pooled mean difference (95%CI). We provided forest plots for every outcome.

RESULTS
The flowchart of selected studies is presented in Figure 1. After the initial search, 311 citations were 
selected. After a review of abstracts and full-text articles, six trials[6,12,17-20] met the inclusion criteria. 
The risk of bias assessment of the included studies is presented in Figure 2.

Characteristics of included studies
The characteristics of the included trials are presented in Table 1. A total of 925 participants were 
involved in the six included studies. The sample sizes of the included trials ranged from 43 to 276, 
consisting primarily of male participants. The integrated age was 66.97 years, and the sex ratio in every 
study showed no significant effect. The intervention strategies and control methods were similar in each 

http://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
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Table 1 Characteristics of the six included studies

Intervention group Control group

No. Ref. Country Intervention Control Patients 
(male: 
female)

Mean 
age

Surgery 
type

Patients 
(male: 
female)

Mean 
age

Surgery 
type

1 Hulzebos 
et al[12], 
2006

Netherlands Threshold IMT + 
incentive spirometry + 
education in an active 
cycle of breathing 
techniques + forced 
expiration techniques

Usual care (i.e. instruction 
on deep breathing 
maneuvers, coughing, and 
early mobilization) + 
postoperative incentive 
spirometry, chest physical 
therapy, and mobilization 
scheme

139 
(108:31)

66.5 
(9.0)

CABG: 
139

137 
(107:30)

67.3 
(9.2)

CABG: 
137

2 Savci et al
[17], 2011

Turkey Threshold IMT + 
mobilization + active 
exercises of upper and 
lower limbs + breathing 
exercises + coughing 
techniques

Usual care (mobilization, 
active exercises of upper 
and lower limbs, breathing 
exercises, and coughing 
techniques)

22 (19:3) 62.82 
(8.69) 

CABG: 22 21 (19:2) 57.48 
(11.48)

CABG: 21

3 Moises et 
al[18], 
2014

Brazil Threshold IMT + 
breathing exercises + 
postoperative physical 
therapy

Guidelines ward routine + 
postoperative physical 
therapy

35 (23:12) 58.90 
± 9.53

CABG: 35 35 (29:6) 61.40 ± 
8.43

CABG: 35

4 Valken et 
al[6], 2016

Netherlands Threshold IMT + 
incentive spirometry + 
education (deep 
breathing maneuvers, 
coughing, and early 
mobilization)

Postoperative deep 
breathing maneuvers, 
coughing, and early 
mobilization incentive 
spirometry and chest 
physical therapy

119 
(93:26)

66 
(9.2)

CABG: 99; 
CABG + 
valve:20

116 
(93:23)

67.5 
(9.7)

CABG: 87; 
CABG + 
valve: 29

5 Chen et al
[19], 2019

China Threshold IMT + usual 
care (education 
coughing, and early 
mobilization) and 
abdominal breathing 
training + postoperative 
chest physical therapy 
and mobilization 
scheme

Threshold IMT [the 
intensity was fixed at the 
minimum load of the device 
(9 cmH2O)] + usual care 
(education coughing and 
early mobilization) and 
abdominal breathing 
training + postoperative 
chest physical therapy and 
mobilization scheme

98 (73:25) 61.68 
± 8.12

CABG: 69; 
valve: 18; 
CABG + 
valve: 11

99 (68:31) 61.68 ± 
7.73

CABG: 70; 
valve: 21; 
CABG + 
valve: 8

6 Weber et 
al[20], 
2021

Germany Threshold IMT + 
walking below the 
threshold of subjective 
exhaustion + 
mobilization protocol 
and individual physio-
therapy

Postoperative physio-
therapy

58 (27:31) 82.2 ± 
5.8

TAVR: 58 50 (26:24) 81.7 ± 
5.0

TAVR: 50

For threshold inspiratory muscle training, patients must generate a preset pressure to allow airflow for each breath. Once that threshold is achieved, 
inspiratory flow is not dependent on patient effort. This means that threshold loading is the easiest of these inspiratory muscle training methods to 
standardize and prescribe for patients. CABG: Coronary artery bypass grafting; IMT: Inspiratory muscle training; TAVR: Transcatheter aortic valve 
replacement.

trial (Table 2). There was no significant difference in the type of operation. Most patients received 
CABG, and some of them received valve surgery [including transcatheter aortic valve replacement 
(TAVR)].

Outcome
Mechanical ventilation time: Three studies[17-19] reported on the duration of mechanical ventilation. 
The pooled mean difference of -0.45 h (95%CI: -1.59-0.69) and low heterogeneity (I² =0) showed no 
statistically significant effect on mechanical ventilation time (Figure 3).

Length of ICU stay: Data from four studies[17-20] indicated a nonsignificant effect on the length of ICU 
stay with a pooled mean difference of 0.44 h (95%CI: -0.58-1.45) and low heterogeneity (I² = 0) (Figure 4). 
Excluding patients who received TAVR did not affect the results (Figure 5).

Duration of postoperative hospitalization: A meta-analysis of six trials[6,12,17-20] reporting the length 
of postoperative hospitalization yielded a pooled mean difference of -1.77 d [95%CI: -2.41-(-1.12)] for the 
intervention group vs the control group. This difference was statistically significant (Figure 6). 
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Table 2 Inspiratory muscle training used in each study

No. Ref. Length Frequency Duration Supervision Intensity

1 Hulzebos et 
al[12], 2006

≥ 2 wk preoper-
atively

Once a day 20 mins 6 times a week 
without supervision 
and once a week with 
supervision

30% of MIP. Resistance increases incrementally, based on the 
RPE scored on the Borg scale

2 Savci et al
[17], 2011

5 d preoperatively 
+ 5 d postoper-
atively

Twice a day 30 mins Each session was 
under the supervision 
of a physical therapist

15% of MIP. The resistance was increased incrementally 
between 15% and 45% based on patient’s tolerance in the 
following days

3 Moises et al
[18], 2014

Preoperative 
(length not 
mentioned)

Once a day 20 mins Each session was 
under supervision

40% of MIP. Intensity increase not mentioned

4 Valkenet et 
al[6], 2016

Not mentioned Once a day 20 min 6 times a week 
without supervision 
and once a week with 
supervision

30% of MIP. Increased incrementally based on the RPE as 
scored on the Borg scale. If patients recorded an RPE score < 5 
after a training session, they were instructed to increase the 
inspiratory load of the threshold device by 5% before the next 
training session. The threshold load was unchanged for RPE 
scores ≥ 5

5 Chen et al
[19], 2019

5 d preoperatively Twice a day 20 min Each session was 
under the supervision 
of a physical therapist

30% of MIP. Increased incrementally, based on the RPE scored 
on the Borg18 scale. If the RPE was less than 5, the resistance 
of the inspiratory threshold trainer was then increased 
incrementally by 5%. Training loads were adjusted to maintain 
30% of the maximal inspiratory pressure every day

6 Weber et al
[20], 2021

≥ 2 wk preoper-
atively

Once a day 20 min Not mentioned Not mentioned

MIP: Maximum inspiratory pressure; RPE: Rate of perceived exertion.

Excluding patients who received TAVR did not affect the results (Figure 7).

DISCUSSION
This is the first systematic review and meta-analysis to explore the effect of preoperative IMT on 
mechanical ventilation time, length of ICU stay, and duration of postoperative hospitalization after 
cardiac surgery.

Preoperative IMT
A summary of IMT in each study is presented in Table 2. All studies used threshold IMT. Patients 
received training greater than or equal to 2 wk, once a day, and lasting 20 min in the study of Hulzebos 
et al[12] and that of Weber et al[20]. Meanwhile, 5 d of preoperative training, twice a day, and lasting 30 
min or 20 min was used in the study of Savci et al[17] and that of Chen et al[19], respectively. All patients 
were under supervision of a physical therapist in the studies. Studies by Hulzebos et al[12], Valkenet et 
al[6], and Chen et al[19] started the training with 30% of the maximum inspiratory pressure. Savci et al
[17] started training with 15% of maximum inspiratory pressure, and Moises et al[18] with 40% of 
maximum inspiratory pressure. Weber et al[20] did not mention the starting intensity. We found no 
effect of preoperative IMT on mechanical ventilation time or length of ICU stay in cardiac surgery 
patients. Snowdon et al[21] concluded in their systematic review that preoperative intervention 
shortened the time to extubate from mechanical ventilation by a pooled mean difference of 0.14 d 
(95%CI: 0.01-0.26), which was different from our result. Interventions in their included studies were 
diversified and included anesthesia clinics or preadmission clinics, IMT, education booklets, etc. This 
likely explains the differences between our study and theirs. Because of the few studies reporting on 
these two outcomes, any conclusions should be made with caution.

Our study found that preoperative IMT did have a statistically significant effect on the duration of 
postoperative hospitalization. Katsura et al[13] reported that preoperative IMT could reduce the 
duration of hospitalization in patients receiving cardiac and major abdominal surgery. However, they 
included mostly abdominal surgery, which was different from our study. Snowdon et al[21] reported 
that preoperative intervention reduced hospitalization for elderly patients (> 63 years), with a pooled 
mean difference of -1.32 d [95%CI: -2.36-(-0.28)], similar to our study. Cook et al[22] reported that 
preoperative threshold IMT had the potential to reduce postoperative hospitalization and pulmonary 
complications after cardiac surgery, which was the same as our study. However, their study did not 
include the studies of Valkenet et al[6] and Weber et al[20]. Reducing the duration of hospitalization may 
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Figure 1 Flowchart of literature search. After the initial search, 311 articles were selected. After a review of abstracts and full-text articles, only six trials met 
the inclusion criteria. CNKI: Chinese National Knowledge Infrastructure; IMT: Inspiratory muscle training.

reduce hospitalization expenses for patients. It has been hypothesized that preoperative IMT would 
increase the muscle strength of the patients and lead to less PPCs. Several studies (summarized in the 
Introduction section) have confirmed this hypothesis. We hypothesized that less postoperative complic-
ations and decreased hospitalization would in turn decrease hospitalization expenses. With the shorter 
postoperative stay in the hospital, patients may pay less for medicines, nursing, room and board, etc. 
Further cost analysis studies should be conducted to confirm our hypothesis.

With the popularity of the use of diagnosis-related groups, medical costs have caught the increasing 
attention of doctors and patients. In a health economic analysis of a randomized trial implemented by 
Boden et al[23] in Australia, participants were randomly divided into two groups (intervention group 
and control group). The intervention involved respiratory education and breathing exercise training 
with a physiotherapist. The control group received the information booklet only. They found that the 
mean estimate of net savings provided a return on investment of approximately 800% ($8 saved by the 
hospital for every $1 spent on physiotherapy to provide education and breathing exercise training to 
patients before surgery). This means that from the hospital’s perspective, preoperative physiotherapy 
was cost-effective. A meta-analysis by Takura et al[24] found that cardiac rehabilitation (CR) 
significantly improved cost/quality-adjusted life-years in the CR arm compared with the usual care arm 
[standardized mean difference: -0.31, 95%CI: -0.53-(-0.09)], which means that CR is cheaper and more 
effective than usual care. Preoperative IMT is one method of CR, and we can speculate that it could also 
decrease hospital expenses.

Limitations
The most important limitation of our study was that few studies met our inclusion criteria. This led to a 
small sample size, which may influence the precision and accuracy of our study. At the same time, we 
did not obtain the patient level data from the studies. The second limitation was the heterogeneity. 
There were some differences among the interventions in these included studies. The length, frequency, 
duration, intensity, and supervision of IMT were different in each study. The details of each 
intervention are shown in Table 2. These differences could lead to heterogeneity of our results, and we 
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Figure 2 Risk of bias summary for each included study.

Figure 3 Effect of preoperative inspiratory muscle training on mechanical ventilation time. The pooled mean difference of -0.45 h (95%CI:  -1.59 to 
0.69) and low heterogeneity (I² = 0) showed no statistically significant effect on mechanical ventilation time in patients with preoperative inspiratory muscle training 
after cardiac surgery. SD: Standard deviation.

cannot determine which training method is the best. In addition, the standards for extubating and 
hospital discharge are different in each country, hospital, and even doctor. These factors would lead to 
heterogeneity. The third limitation was that the type of operation in the included studies was mostly 
CABG, which did not include other cardiac surgeries (e.g., valve replacement and aortic dissection). 
Thus, we cannot claim the positive effect of preoperative IMT on the above outcomes in patients with all 
types of cardiac surgery.

The fourth limitation is the data obtained. Data about mechanical ventilation time were expressed as 
ranges or interquartile ranges in the studies by Hulzebos et al[12], Sobrinho et al[18], and Chen et al[19]. 
Data on the length of ICU stay were expressed as ranges or interquartile ranges in the studies of 
Sobrinho et al[18] and Chen et al[19]. Data on the duration of hospitalization were also expressed as 
ranges or interquartile ranges in the studies by Hulzebos et al[12] and Sobrinho et al[18]. We used the 
tool on the website (http://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html) to estimate 
the sample mean and standard deviation from the sample size, median, range, and/or interquartile 
range for the above studies. This conversion decreases the precision and accuracy of data and can lead 
to statistical error. More high-quality studies are needed to explore the effect of preoperative IMT on 
mechanical ventilation time, length of ICU stay, and duration of postoperative hospitalization after 
cardiac surgery.

http://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
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Figure 4 Effect of preoperative inspiratory muscle training on length of intensive care unit stay. The result indicated a nonsignificant effect on the 
length of intensive care unit stay with a pooled mean difference of 0.44 h (95%CI: -0.58 to 1.45) and low heterogeneity (I² = 0) in cardiac surgery patients (including 
transcatheter aortic valve replacement) receiving preoperative inspiratory muscle training. Weight refers to the contribution of each study to the meta-analytic estimate 
of effect. SD: Standard deviation.

Figure 5 Effect of preoperative inspiratory muscle training on length of intensive care unit stay. The result indicated a nonsignificant effect on the 
length of intensive care unit stay with a pooled mean difference of 0.50 h (95%CI: -0.66 to 1.66) and low heterogeneity (I² = 1) in cardiac surgery patients (excluding 
transcatheter aortic valve replacement) receiving preoperative inspiratory muscle training. SD: Standard deviation.

Figure 6 Impact of preoperative inspiratory muscle training on the duration of postoperative hospitalization. The result indicated a significant 
positive effect on the duration of postoperative hospitalization with a pooled mean difference of -1.77 d [95%CI: -2.41-(-1.12)] in cardiac surgery patients (including 
transcatheter aortic valve replacement) receiving preoperative inspiratory muscle training. SD: Standard deviation.

Clinical application
As we have found, preoperative IMT may decrease the length of postoperative hospitalization and 
potentially lessen expenses in the hospital to save money for patients. Thus, we recommend that 
preoperative IMT be implemented in hospitals or at home for patients who are waiting for cardiac 
surgery. However, we cannot determine the best length, frequency, duration, intensity, and supervision 
of IMT for patients. More studies are needed to find the best way to carry out IMT in hospitals or at 
home.
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Figure 7 Impact of preoperative inspiratory muscle training on the duration of postoperative hospitalization excluding patients who 
received transcatheter aortic valve replacement. The result indicated a significant positive effect on the duration of postoperative hospitalization with a 
pooled mean difference of -1.62 d [95%CI: -2.20-(-1.05)] in cardiac surgery patients (excluding transcatheter aortic valve replacement) receiving preoperative 
inspiratory muscle training. SD: Standard deviation.

CONCLUSION
Preoperative IMT, as an important part of physical therapy, may decrease the duration of postoperative 
hospitalization and may decrease hospital costs for patients undergoing cardiac surgery. Meanwhile, 
IMT does not appear to lessen the time to extubate from mechanical ventilation or the duration of ICU 
stay.

ARTICLE HIGHLIGHTS
Research background
The effect of preoperative inspiratory muscle training (IMT) on mechanical ventilation time, length of 
intensive care unit stay, and duration of postoperative hospitalization after cardiac surgery are 
unknown.

Research motivation
Decreasing pulmonary complications can lead to shorter hospital stays. This in turn could decrease costs 
for the patient and the hospital.

Research objectives
To evaluate whether preoperative IMT is effective in improving postoperative outcomes such as the 
mechanical ventilation time, length of intensive care unit stay, and duration of postoperative hospital-
ization in patients receiving cardiac surgery.

Research methods
Several databases were searched to obtain eligible randomized controlled trials. Outcomes were 
mechanical ventilation time, length of intensive care unit stay, and duration of postoperative hospital-
ization.

Research results
The pooled mean difference of -0.45 h [(95%CI): -1.59-0.69] showed no statistically significant effect on 
mechanical ventilation time. The pooled mean difference 0.44 h (95%CI: -0.58-1.45) showed no statist-
ically significant effect on length of intensive care unit stay. The pooled mean difference showed -1.77 d 
[95%CI: -2.41-(-1.12)] for postoperative hospitalization.

Research conclusions
Preoperative IMT may decrease the duration of postoperative hospitalization for patients undergoing 
cardiac surgery.

Research perspectives
More high-quality studies are needed to confirm our conclusion.
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Abstract
BACKGROUND 
Total shoulder arthroplasty (TSA) results in a large amount of perioperative blood 
loss due to severe trauma.

AIM 
To investigate the safety and efficacy of intravenous tranexamic acid (TXA) in 
TSA.

METHODS 
We searched the PubMed, Cochrane Library, Embase and Web of Science 
databases for randomized controlled trials (RCTs) on the use of TXA in TSA. And 
all the results were checked and assessed by Reference Citation Analysis (
https://www.referencecitationanalysis.com/). A meta-analysis was performed 
with Review Manager 5.3 to calculate the odds ratio (OR) or weighted mean 
difference (WMD) of related outcome indicators.

RESULTS 
A total of 5 RCTs with level 1 evidence were included. There were 369 cases, with 
186 in the TXA group and 183 in the placebo group. The meta-analysis showed 
that TXA can significantly reduce total blood loss during the perioperative period 
[WMD = -249.56, 95% confidence interval (CI): -347.6 to -151.52, P < 0.0001], and 
the incidence of adverse reactions was low (OR = 0.36, 95%CI: 0.16-0.83, P = 0.02). 
Compared with the placebo group, the TXA group had significantly less total 
haemoglobin loss (WMD = -34.39, 95%CI: -50.56 to -18.22), less haemoglobin 
fluctuation before and after the operation (WMD = -0.6, 95%CI: -0.93 to -0.27) and 
less 24-h drain output (WMD = -136.87, 95%CI: -165.87 to -106.49). There were no 
significant differences in the operation time (P = 0.11) or hospital length of stay (P 
= 0.30) between the two groups.

CONCLUSION 
The application of intravenous TXA in the perioperative period of TSA can 
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significantly reduce the total volume of perioperative blood loss and reduce the incidence of 
adverse reactions, so TXA is worthy of widespread clinical use.

Key Words: Intravenous; Tranexamic acid; Total shoulder arthroplasty; Placebo; Meta-analysis

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

Core Tip: The development and application of total shoulder arthroplasty (TSA) have been slower than 
those of total knee and total hip arthroplasty, and there is still a lack of advanced evidence-based evidence 
about the application of tranexamic acid (TXA) in the perioperative period of TSA. Therefore, a meta-
analysis was conducted to determine the efficacy and safety of intravenous TXA in the perioperative 
period of TSA.

Citation: Deng HM. Efficacy and safety of intravenous tranexamic acid in total shoulder arthroplasty: A meta-
analysis. World J Clin Cases 2023; 11(13): 2992-3001
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/2992.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.2992

INTRODUCTION
Total shoulder arthroplasty (TSA) is commonly used in the treatment of end-stage rotator cuff 
arthropathy, irreparable rotator cuff tears, primary glenohumeral arthritis and traumatic shoulder 
arthritis[1-4]. When conservative treatment methods, such as analgesic drugs, local hormone injections, 
and physical therapy, cannot relieve pain or improve shoulder joint range of motion, TSA often 
significantly relieves pain, improves the range of motion and improves the quality of life of patients[5-
7]. Due to developments and improvements in shoulder replacement medical technology and 
replacement materials, the number of total shoulder replacements is increasing[8]. Studies have shown 
that the volume of intraoperative blood loss during total shoulder replacement can reach between 354 
mL and 361 mL[9,10]. For patients undergoing primary TSA, the probability of blood transfusion is 
between 2.4% and 9.5%[11,12]. The presence of anaemia and the need for blood transfusion after 
surgery may increase the incidence of complications. Common complications include angina pectoris, 
myocardial infarction, thrombosis, and even death[13,14].

Tranexamic acid (TXA) is a fibrinolytic inhibitor that can reversibly block the binding site of lysine, 
which is compatible with fibrinogen; inhibit fibrinolytic reactions; prevent blood clots from being 
dissolved by fibrinolytic enzymes; and reduce the extent of perioperative bleeding[15,16]. TXA has been 
shown to significantly reduce the amount of blood loss in total knee and total hip arthroplasty[17-19]. 
Therefore, TXA has been widely used in total joint replacement for perioperative blood management. 
However, because the development and application of TSA have been slower than those of total knee 
and total hip arthroplasty, there is still a lack of advanced evidence-based evidence about the 
application of TXA in the perioperative period of TSA. Therefore, through the inclusion of high-quality 
randomized controlled trials (RCTs), a meta-analysis was conducted to determine the efficacy and safety 
of intravenous TXA in the perioperative period of TSA, thereby providing a high-quality evidence-
based basis for clinical application.

MATERIALS AND METHODS
This meta-analysis was conducted in strict accordance with the preferred reporting items for systematic 
reviews and meta-analyses statement[20]. All the data used in this study are provided in the text and 
Supplementary materials.

Data sources and search strategy
PubMed, Embase, Cochrane Library and Web of Science were searched. The retrieval time was from the 
establishment of each database to November 15, 2022. The combination of MeSH terms and entry words 
to search the above four databases was used. The key words included "tranexamic acid", "tranexamic 
acid", "antimicrobial agents", "cyklokapron", "transamin", "total shoulder arthroplasty", "total shoulder 
replacement" and "shoulder replacement arthroplasty". Additionally, Reference Citation Analysis (
https://www.referencecitationanalysis.com/) was used to check and supplement the search results. 
Supplementary material includes the search strategy used for each database.

https://www.wjgnet.com/2307-8960/full/v11/i13/2992.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.2992
https://f6publishing.blob.core.windows.net/6627a909-507e-41af-96ee-480e8998f308/WJCC-11-2992-supplementary-material.pdf
https://www.referencecitationanalysis.com/
https://f6publishing.blob.core.windows.net/6627a909-507e-41af-96ee-480e8998f308/WJCC-11-2992-supplementary-material.pdf
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Study selection
The inclusion criteria were as follows: (1) All patients were treated with TSA or reverse TSA; (2) the 
experimental group was treated with intravenous TXA, and the control group was treated with a 
placebo; (3) the type of study was an RCT; and (4) one of the following outcome measures were 
reported: Total blood loss, adverse events, operative time, total haemoglobin loss, hospital length of 
stay, change in haemoglobin level and 24-h drain output. There were no language restrictions.

The exclusion criteria were as follows: (1) Studies with incomplete original data; and (2) duplicate 
studies including the same population.

Data extraction and quality assessment
The extracted data included basic information (first author, year of publication, country, research type, 
sample size, age, etc.), the primary outcome indicators, the secondary outcome indicators, and 
information related to the quality of the study.

The primary outcomes were as follows: Total blood loss and adverse events. The secondary outcomes 
were as follows: Operative time, total haemoglobin loss, hospital length of stay, change in haemoglobin 
level, and 24-h drain output.

Version 2.0 (Rob 2.0) of the risk of bias assessment tool recommended by Cochrane was used to 
evaluate the quality of the studies[21]. The evaluation tool evaluates the risk of bias in five areas. If the 
evaluation results of all five areas are low risk, then the overall risk of bias is low. If the assessment 
result of any one of the areas is high risk or the assessment results of multiple areas are possible risk, 
then the overall risk level is high.

Statistical analysis
Review Manager 5.3 software (Cochrane Collaboration, United Kingdom) was used for data analysis. 
The continuous variables are represented by weighted mean differences (WMDs) and 95% confidence 
intervals (CIs), while the categorical variables are represented by odds ratios (ORs) and 95%CIs. P < 0.05 
was considered statistically significant. I2 was used to evaluate the heterogeneity of the consolidated 
data. I2 < 50% indicated low heterogeneity, and a fixed-effects model was used for these data; I2 > 50% 
indicated high heterogeneity, and a random-effects model was used for these data. The latter group of 
results should be interpreted carefully. Stata 14.0 software was used to perform Egger’s and Begg’s tests 
to quantitatively evaluate publication bias for the outcome indicators with data retrieved from 3 or more 
articles.

RESULTS
Search results and study characteristics
A total of 158 articles were retrieved, including 41 from PubMed, 26 from Cochrane Library, 40 from 
Embase and 51 from Web of Science. After duplicate studies were excluded and the full texts were read, 
five articles were included. The process of literature retrieval and the reasons for exclusion are shown in 
Figure 1. This meta-analysis included five RCTs[22-26] from four countries, two[23,26] of which were 
from the United States. The clinical evidence level of 5 studies[22-26] was 1. A total of 369 cases were 
included, including 186 cases in the experimental group and 183 cases in the placebo group. Among the 
five RCTs, only two studies reported that in the trial group and the placebo group, blood transfusion 
was needed due to excessive blood loss[25,26]. The basic characteristics of the studies included in this 
study are shown in Table 1.

Study quality assessment
In this study, the Cochrane randomized controlled trial risk of bias assessment tool 2.0 was used to 
evaluate the quality of the 5 included articles. All five articles[22-26] were considered to have a low risk 
of bias. The above results of the literature quality evaluation showed that the methodological quality of 
the five studies[22-26] included in this study was very high. All the included studies used the double-
blinding method for clinical research. The risk of bias results for each study are shown in Figure 2.

Primary outcomes
Total blood loss (mL): Four RCTs[22-24,26] reported total blood loss in TSA. There were 163 cases in the 
experimental group and 161 cases in the placebo group. The heterogeneity among the studies was large 
(P = 0.31, I2 = 16%), and a fixed-effects model was used for meta-analysis. The results showed that there 
was a significant difference in the total amount of bleeding between the two groups [weighted mean 
difference (WMD) = -249.56, 95%CI: -347.6 to -151.52, P < 0.0001], which indicated that TXA can 
significantly reduce bleeding in TSA (Figure 3A).

Adverse events: All the included studies[22-26] reported the occurrence of adverse reactions. There was 
no heterogeneity among the studies (P = 0.57, I2 = 0%), so a fixed-effects model was used. The meta-
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Table 1 Basic information of the studies included in the meta-analysis

Sample Average age, yr Intervention Transfusion
Ref. Country

Study 
design 
(LOE) TXA Placebo TXA Placebo TXA Placebo

Surgery
TXA Placeo

Cunningham et al
[22], 2021

Switzerland RCT (Level 
I)

31 29 72 ± 8 73 ± 9 TXA, 2 g, IV An equivalent 
volume of NS, IV

TSA or 
RTSA

0 0

Cvetanovich et al
[23], 2018

United 
States

RCT (Level 
I)

52 56 67.7 ± 
10.9

65.2 ± 
9.2

TXA, 1 g, IV An equivalent 
volume of NS, IV

TSA 0 0

Pauzenberger et al
[24], 2017

Austria RCT (Level 
I)

27 27 70.3 ± 
9.3

71.3 ± 
7.9

100 mL NS 
infused with 1 g 
of TXA, IV

100 ml NS, IV TSA or 
RTSA

0 0

Garcia et al[25], 
2022

Portugal RCT (Level 
I)

23 22 76.7 ± 
7.1

75.7 ± 
5.7

TXA, 1 g, IV Without the TXA 
infusion

TSA or 
RTSA

3 2

Vara et al[26], 2017 United 
States

RCT (Level 
I)

53 49 67 ± 9 66 ± 9 TXA, 10 mg/kg, 
IV

An equivalent 
volume of NS, IV

RTSA 3 7

TXA: Tranexamic acid; NS: Normal saline; IV: Intravenous; LOE: Level of evidence; RCT: Randomized controlled trial; TSA: Total shoulder arthroplasty; 
RTSA: Reverse total shoulder arthroplasty.

Figure 1 Preferred reporting items for systematic reviews and meta-analyses statement flow diagram. TSA: Total shoulder arthroplasty; 
PRISMA: Preferred reporting items for systematic reviews and meta-analyses.

analysis showed that compared with the placebo group, the TXA group had significantly fewer adverse 
events and higher safety (OR = 0.36, 95%CI: 0.16-0.83, P = 0.02) (Figure 3B).
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Figure 2 Results of the risk-of-bias assessments for the included studies.

Figure 3 Forest plot. A: Total blood loss; B: Adverse events. TXA: tranexamic acid; IV: Intravenous.

Secondary outcomes
Operative time (minutes): Three studies[22,23,26] compared operation time. There was no hetero-
geneity among the studies (P = 0.64, I2 = 0%), so a fixed-effects model was used for statistical analysis. 
The results showed that there was no significant difference in operation time between the experimental 
group and the placebo group (WMD = -4.01, 95%CI: -8.88 to 0.86, P = 0.11) (Figure 4A).

Total haemoglobin loss (g): Two studies[23,26] compared total haemoglobin loss between the experi-
mental and placebo groups. The heterogeneity between the two studies was small (P = 0.24, I2 = 29%), so 
a fixed-effects model was used for analysis. The meta-analysis showed that the experimental group had 
less haemoglobin loss than did the placebo group (WMD = -34.39, 95%CI: -50.56 to -18.22, P < 0.0001) 
(Figure 4B).

Change in haemoglobin level (g/dL): Two studies[23,26] compared haemoglobin levels before and after 
TSA. There was no heterogeneity among the three studies (P = 1.00, I2 = 0%), so a fixed-effects model 
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Figure 4 Forest plot. A: Operative time; B: Total haemoglobin loss; C: Change in haemoglobin Level; D: Hospital length of stay; E: 24-h drain output. TXA: 
Tranexamic acid; IV: Intravenous.

was used for analysis. The results of the meta-analysis showed that the haemoglobin level of the experi-
mental group fluctuated less before and after the operation (WMD = -0.6, 95%CI: -0.93 to -0.27, P < 
0.0001), which indicated that TXA could significantly reduce bleeding in shoulder replacement patients 
(Figure 4C).

Hospital length of stay (days): A fixed-effects model was used to analyse the length of stay data of 
three studies[22,23,26] (P = 0.70, I2 = 0%). The results showed that there was no statistically significant 
difference in the length of hospital stay between the experimental group and the placebo group (WMD 
= 0.14, 95%CI: -0.12 to 0.39, P = 0.30) (Figure 4D).

Twenty-four-hour drain output (mL): A total of two studies[22,26] compared the 24-h postoperative 
drainage volume between the experimental group and the placebo group. The homogeneity of the two 
studies was good (P = 0.77, I2 = 0%), so a fixed-effects model was used for analysis. The results showed 
that the 24-h drainage volume of the experimental group was significantly less than that of the placebo 
group, indicating that TXA can reduce the drainage volume after TSA (WMD = -136.87, 95%CI: -165.87 
to -106.49, P < 0.0001) (Figure 4E).

Publication bias
Begg’s and Egger’s tests were performed to assess the publication bias of the studies. No evidence of 
publication bias was found for the WMD of total blood loss (Begg’s test, P = 0.734, Egger’s test, P = 
0.634) or the OR of adverse events (Begg’s test, P = 0.734, Egger’s test, P = 0.379). There was no 
publication bias in the WMD of the hospital length of stay or operational time. The statistical results of 
publication bias of each index are shown in Supplementary Table 1.

https://f6publishing.blob.core.windows.net/6627a909-507e-41af-96ee-480e8998f308/WJCC-11-2992-supplementary-material.pdf
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DISCUSSION
Whether TXA, an antifibrinolytic agent, can effectively reduce perioperative blood loss without 
increasing the risk of adverse reactions in TSA still lacks high-level evidence-based support. The efficacy 
of TXA in various surgical procedures has been confirmed, and it has higher efficacy and leads to fewer 
drug-related complications than other antifibrinolytic drugs[27,28]. The purpose of this study was to 
investigate the efficacy of intravenous TXA in reducing bleeding and its safety in the perioperative 
period of TSA through a meta-analysis of high-quality RCTs with level 1 evidence. The results of this 
meta-analysis showed that the application of intravenous TXA in TSA can not only significantly reduce 
the total volume of perioperative blood loss but is also safe. The secondary outcome measures also 
showed that TXA can significantly reduce total haemoglobin loss, reduce fluctuations in haemoglobin 
levels before and after the operation, and reduce postoperative drainage. In addition, this study showed 
that compared with a placebo, intravenous TXA did not significantly differ in terms of operation time or 
length of hospital stay. This study showed that TXA can significantly reduce the total volume of periop-
erative blood loss in TSA. Studies[29,30] have shown that TXA is a lysine derivative that cannot convert 
fibrinolysin into activated fibrinolysin by occupying the action site of fibrinolysin and cannot dissolve 
blood clots to promote haemostasis. With the widespread application of TXA in joint surgery[31,32], 
especially in total knee and total hip arthroplasty, the good haemostatic effect and safety of TXA have 
been recognized by the majority of scholars. Abildgaard et al[33] reviewed 168 cases and found that 
TXA can significantly reduce perioperative blood loss, haemoglobin fluctuations and postoperative 
drainage volume. Clay et al[34] analysed the blood loss and haematocrit of 435 patients who underwent 
shoulder replacement, and the results confirmed the above conclusion.

In addition, based on the secondary outcome indicators that were compared between the intravenous 
TXA and placebo groups, the perioperative application of TXA can significantly reduce the total 
haemoglobin loss, reduce the absolute value of haemoglobin fluctuations before and after surgery, and 
reduce the amount of postoperative drainage. These findings also confirm that intravenous TXA can 
reduce perioperative bleeding in TSA, which is very important. Operation time and blood loss are two 
factors that affect each other. An increase in the operation time increases the wound exposure time and 
blood loss. An increase in blood loss increases the operation time. The meta-analysis showed that there 
was no significant difference in the operation time between the intravenous TXA group and the placebo 
group. When the influence of operation time is excluded, the haemostatic effect of TXA can be more 
accurately assessed. The results of this meta-analysis also suggest that intravenous TXA is not an 
influencing factor of the length of hospital stay.

In terms of safety, TXA led to fewer adverse reactions than placebo (OR = 0.36, 95%CI: 0.16-0.83). By 
reviewing the 5 included studies[22-26], this study found that the main adverse reaction of TXA was 
haematoma, and no severe adverse reactions were reported. In contrast, adverse reactions such as skin 
allergies, haematoma and deep vein thrombosis occurred in the placebo group. Carbon et al[35] 
retrospectively analysed the data of 71174 patients retrieved from a national claims database and found 
that the use of TXA was not associated with an increased incidence of complications in patients who 
underwent TSA. Our results are consistent with those of Carbon et al[35], which supports the 
widespread use of TXA in the perioperative period of TSA.

Strengths and limitations
The conclusions of this systematic review and meta-analysis come from only RCTs with level 1 
evidence, and the heterogeneity was very low, which indicates that the above conclusions are supported 
by a very high level of evidence. This meta-analysis showed that TXA is efficacious and safe in TSA to a 
certain extent, but there are some limitations of the study: (1) Although the quality of the RCTs included 
in this meta-analysis was high, the total number of included studies and total sample size were 
relatively small; and (2) data on the total haemoglobin loss and 24-h drainage volume were retrieved 
from only two studies, which may have affected the reliability of the results. There is no doubt that 
multicentre, large-sample prospective RCTs are needed in the future to further verify the findings of this 
study. In TSA, the impact of intravenous TXA on medical costs and patient satisfaction in the 
postoperative period should also be evaluated, which will be conducive to comprehensive evaluation of 
the clinical value of intravenous TXA.

CONCLUSION
Our meta-analysis revealed that the application of intravenous TXA can significantly reduce total blood 
loss and is safe for application in TSA, so TXA is worthy of widespread clinical application. In addition, 
we also found that the application of TXA did not influence the operation time or length of hospital 
stay.
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ARTICLE HIGHLIGHTS
Research background
Total shoulder arthroplasty (TSA) results in a large amount of perioperative blood loss due to severe 
trauma.

Research motivation
Therefore, through the inclusion of high-quality randomized controlled trials (RCTs), a meta-analysis 
was conducted to determine the efficacy and safety of intravenous tranexamic acid (TXA) in the periop-
erative period of TSA, thereby providing a high-quality evidence-based basis for clinical application.

Research objectives
The purpose of this meta-analysis was to investigate the safety and efficacy of intravenous TXA in TSA.

Research methods
Meta-analysis.

Research results
A total of 5 RCTs with level 1 evidence were included. There were 369 cases, with 186 in the TXA group 
and 183 in the placebo group. The meta-analysis showed that TXA can significantly reduce total blood 
loss during the perioperative period [WMD = -249.56, 95% confidence interval (CI): -347.6 to -151.52, P < 
0.0001], and the incidence of adverse reactions was low (OR = 0.36, 95%CI: 0.16-0.83, P = 0.02). 
Compared with the placebo group, the TXA group had significantly less total haemoglobin loss (WMD 
= -34.39, 95%CI: -50.56 to -18.22), less haemoglobin fluctuation before and after the operation (WMD = -
0.6, 95%CI: -0.93 to -0.27) and less 24-h drain output (WMD = -136.87, 95%CI: -165.87 to -106.49). There 
were no significant differences in the operation time (P = 0.11) or hospital length of stay (P = 0.30) 
between the two groups.

Research conclusions
The application of intravenous TXA in the perioperative period of TSA can significantly reduce the total 
volume of perioperative blood loss and reduce the incidence of adverse reactions, so TXA is worthy of 
widespread clinical use.

Research perspectives
Multicentre, large-sample prospective RCTs are needed in the future to further verify the findings of 
this study. In TSA, the impact of intravenous TXA on medical costs and patient satisfaction in the 
postoperative period should also be evaluated, which will be conducive to comprehensive evaluation of 
the clinical value of intravenous TXA.
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Abstract
BACKGROUND 
Laparoscopic cholecystectomy (LC) is one of the most widely practiced surgical 
procedures in abdominal surgery. Patients undergo LC during general 
anaesthesia; however, in recent years, several studies have suggested the ability to 
perform LC in patients who are awake. We report a case of awake LC and a 
literature review.

CASE SUMMARY 
A 69-year-old patient with severe pulmonary disease affected by cholelithiasis 
was scheduled for LC under regional anaesthesia. We first performed peridural 
anaesthesia at the T8-T9 level and then spinal anaesthesia at the T12-L1 level. The 
procedure was managed in total comfort for both the patient and the surgeon. The 
intra-abdominal pressure was 8 mmHg. The patient remained stable throughout 
the procedure, and the postoperative course was uneventful.

CONCLUSION 
Evidence has warranted the safe use of spinal and epidural anaesthesia, with 
minimal side effects easily managed with medications. Regional anaesthesia in 
selected patients may provide some advantages over general anaesthesia, such as 
no airway manipulation, maintenance of spontaneous breathing, effective 
postoperative analgesia, less nausea and vomiting, and early recovery. However, 
this technique for LC is not widely used in Europe; this is the first case reported in 
Italy in the literature. Regional anaesthesia is feasible and safe in performing some 
types of laparoscopic procedures. Further studies should be carried out to 
introduce this type of anaesthesia in routine clinical practice.

Key Words: Laparoscopic cholecystectomy; Awake surgery; Awake laparoscopy; Galls-
tone disease; Regional anaesthesia; Spinal anesthesia; Case report
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Core Tip: We present the first Italian case of awake laparoscopic cholecystectomy (LC) in a patient with 
severe pulmonary disease. The use of regional anesthesia during LC is safe, with minimal side effects, and 
may provide advantages over general anesthesia.

Citation: Mazzone C, Sofia M, Sarvà I, Litrico G, Di Stefano AML, La Greca G, Latteri S. Awake laparoscopic 
cholecystectomy: A case report and review of literature. World J Clin Cases 2023; 11(13): 3002-3009
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3002.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3002

INTRODUCTION
The first laparoscopic cholecystectomy (LC) was performed in 1996 by Mouret[1]; since then, this 
procedure has been the gold standard for all benign gallbladder diseases[2-4]. Among these diseases, 
cholelithiasis is the most common pathology worldwide, with approximately 20 million people affected 
in the United States, reaching 1.8 million outpatient surgical visits per year and 750000 surgical 
operations, mainly performed laparoscopically[5,6]. Data from European studies, which are few in 
number compared to United States studies, have reported an incidence of gallstones in < 1/100 people 
per year; they also show that cholelithiasis increases with age and is more common in women than men. 
The rate of cholecystectomy is highly variable among different European countries, ranging from 62 to 
213 per 100000 people[5,7,8]. The surgical technique of LC is standardized, and when intraperitoneal 
conditions allow, it can be performed in approximately 50 min[4]. Enhanced recovery after surgery 
protocols suggest that laparoscopy ensures greater comfort for the patient and both a better and faster 
recovery[9]. However, during laparoscopy, the induction of pneumoperitoneum, mechanical ventilation 
and reverse Trendelenburg position could cause haemodynamic and respiratory mechanism alterations
[10,11]. Some patients with cardiovascular or respiratory disease tolerate these physiopathological 
changes less. These cases are a challenge to both the anaesthesiologist and to the surgeon because they 
are associated with ventilatory impairments, cardiac problems and other difficulties during the surgical 
procedure, awakening, and postoperative period. New frontiers in surgery and anaesthesia open up the 
possibility of subjecting this kind of patient to the same surgical procedures under regional anaesthesia
[12].

Herein, we report a case of cholelithiasis in a patient affected by severe respiratory impairment who 
underwent awake LC, which is the first case in Italy reported in the literature.

CASE PRESENTATION
Chief complaints
A 69-year-old man came to our observation with complaints of invalidating abdominal pain.

History of present illness
Abdominal ultrasound showed a 5-mm infundibular stone, and the patient was scheduled for elective 
LC.

History of past illness
Past medical history revealed poliomyelitis at a young age with subsequent motor impairment in the 
left leg and arthrosis in the right knee that made him unable to walk and obliged to use a wheelchair. 
He had undergone a medium pulmonary lobectomy for lung adenocarcinoma seven years prior.

Personal and family history
He also suffered from idiopathic pulmonary fibrosis, causing chronic respiratory failure and a severe 
restrictive deficit.

Physical examination
The spirometry has shown: Forced vital capacity (FVC) 55%; forced expiratory volume in 1 second 
(FEV1) 56%; FEV1/FVC ratio 78% with a reduction in diffusing capacity for carbon monoxide (DLCO) 
(34%). For these reasons, oxygen therapy 24 h a day at a flow of 2 L/min was prescribed.

https://www.wjgnet.com/2307-8960/full/v11/i13/3002.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3002
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Laboratory examinations
Laboratory examinations have no shown an increasing of cholestasis markers.

Imaging examinations
Also imaging examinations have not evidence signs of biliary ducts dilatation. Therefore, the possibility 
of concurrent choledocholithiasis was excluded.

FINAL DIAGNOSIS
The final diagnosis was gallbladder lithiasis in patient with severe respiratory failure.

TREATMENT
Considering the patient’s comorbidity, we decided to perform LC under regional anaesthesia. Clear 
informed consent was obtained. Pre- and intraoperative monitoring included electrocardiogram, 
peripheral oxygen levels, and invasive arterial blood pressure (BP). Antibiotic prophylaxis with 
penicillin was administered.

Using a 19-G × 90 cm an epidural catheter was inserted at the T8-T9 level. Spinal-anaesthesia was 
performed with a 25-G atraumatic sprotte needle at the T12-L1 level, injecting Ropivacaine (14 mg) and 
Fentanyl (25 mcg) diluted with saline solution for a total volume of 4 mL.

Five minutes later, the patient received dexmedetomidine 0.2-0.3 mcg/kg/h. Two boluses of 10 mL of 
0.8% mepivacaine were peridurally administered.

The achieved level of anaesthesia, as tested by the pin-prick test, was T1.
Pneumoperitoneum was performed by insufflating CO2 until an intra-abdominal pressure of 8 mmHg 

was achieved.
At the onset of pneumoperitoneum, the patient complained of shoulder pain. Fentanyl (100 mcg) and 

two boluses of ketamine (5 mg) with propofol (10 mg) were administered intravenously. The shoulder 
discomfort regressed enough to be well tolerated during the surgical procedure.

OUTCOME AND FOLLOW-UP
Cholecystectomy was performed by a standard technique, and the operating time was 60 min.

During the procedure, the patient breathed spontaneously and without difficulty.
At the end of the cholecystectomy, the patient had no pain, and the motor skills of the lower limbs 

started to recover. Vital signs were recorded: Respiratory rate was 15 breaths/min, SaO2 98%, heart rate 
(HR) 70 beats/min, and BP 130/70 mmHg.

The patient completely recovered the motility and sensitivity of the legs 2.5 h postoperatively.
The antithrombotic prophylaxis included low molecular weight heparin once a day and early 

mobilization. Postoperative pain was treated with paracetamol (1 g) three times a day.
The postoperative course was uneventful, with feeding resumed on postoperative day 1. The patient 

was discharged on postoperative day 2.

DISCUSSION
Laparoscopic procedures have conventionally been performed under general anaesthesia. Nevertheless, 
the use of regional anaesthesia has been recently introduced in laparoscopic surgery[13]. Evidence has 
demonstrated the safe use of spinal and epidural anaesthesia, with minimal side effects that can be 
easily managed with available medications, even if the patient is awake[14]. Indeed, regional 
anaesthesia may provide some advantages over general anaesthesia, such as a lack of airway manipu-
lation, maintenance of spontaneous breathing, effective postoperative analgesia, minimal nausea and 
vomiting, and early recovery[10].

Several cases of awake LC have been reported in the scientific literature, as shown in Table 1; 
however, in Italy, this procedure has not yet been successful.

In 1998, in England, a series of 6 cases was published showing that LC can be performed safely under 
regional anaesthesia[15].

A large study with 3492 enrolled patients was conducted in India in 2009[16], and many Indian 
authors have enrolled a large population in the following years[13,17-20].
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Table 1 Patients submitted to awake laparoscopic cholecystectomy reported in the literature

Country Ref. Year of publication Number of 
patients Main indications

Pennsylvania (United 
States)

Costantino et al[30] 1994 1 Pregnancy

Florida (United States) Edelman[31] 1994 1 Pregnancy

England Pursnani et al[15] 1998 6 ASA grade III/IV, FEV1/FVC 0.52 due to asthma 
and COPD

Argentina Gramatica et al[21] 2002 29 Pulmonary disease

Egypt Hamad and El-Khattary
[28]

2003 9 Non-selectively

Netherlands van Zundert et al[32] 2007 20 ASA grade I/II

Turkey Yuksek et al[23] 2008 26 ASA grade I/II

Greece Tzovaras et al[33] 2006 50 ASA grade I/II

India Sinha et al[16] 2009 3492 SA as first choice 

Pakistan Turkstani et al[26] 2009 25 ASA grade I/II

Korea Lee et al[27] 2010 11 ASA grade I/II

India Mehta et al[17] 2010 30 Randomly, healthy, ASA grade I/II

India Kar et al[18] 2011 291 Non-selectively 

Egypt Bessa et al[29] 2012 86 Randomily 

India Tiwari et al[19] 2013 110 Randomily, ASA grade I/II/III

India Kalaivani et al[20] 2014 23 Randomily, ASA grade I/II

India Hajong et al[13] 2014 18 ASA grade I/II

Brasil Imbelloni[22] 2014 369 SA as first option

Turkey Bilgi et al[24] 2015 96 Non-selectively 

Turkey Donmez et al[25] 2017 24 Randomily 

Total 4717

ASA: American Society of Anaesthesiologists physical status classification; FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity; COPD: 
Chronic obstructive pulmonary disease.

A total of 398 awake LCs have been performed in South America[21,22], 146 in Turkey[23-25], 25 in 
Pakistan[26], 11 in Korea[27], 95 in Egypt[28,29], and 2 in the United States[30,31].

The scientific literature has shown only 76 cases in the last 20 years in Europe[15,32,33], but none of 
these were performed in Italy.

There have been two case reports of successful LC under epidural anaesthesia in pregnant patients 
during the third trimester[30,31]; in these cases, regional anesthesia (RA) could be very useful because it 
does not cause significant changes in foetal HR, variability in HR or uterine tone[34].

Kim et al[35] presented a case report in which a patient requiring cholecystectomy due to 
bronchiectasis and consequent poor functional capacity underwent epidural anaesthesia and did not 
report any complications or difficulties in the execution of the intervention or in the postoperative 
period. In this case, as in our case, the use of regional anaesthesia was a choice due to the patient's 
severe respiratory disease[35].

Hausman et al[36], in a retrospective cohort study, examined patients with severe chronic obstructive 
pulmonary disease; approximately 2644 patients were subjected to regional anaesthesia and 2644 to 
general anaesthesia during different surgical procedures. The study found that patients who received 
general anaesthesia had a higher incidence of postoperative pneumonia (3.3% vs 2.3%), prolonged 
ventilator dependence (2.1% vs 0.9%), and unplanned postoperative intubation (2.6% vs 1.8%). 
Composite morbidity was higher in the group undergoing general anaesthesia (15.4% vs 12.6%). 
Postoperative morbidity and complications in patients who were already respiratory defecated were 
lower in the group undergoing regional anaesthesia[36].

During awake LC, one of the key points is where to perform anaesthesia at the spinal cord level and 
whether it is better to perform epidural or subarachnoid (spinal) anaesthesia.



Mazzone C et al. Awake laparoscopic cholecystectomy

WJCC https://www.wjgnet.com 3006 May 6, 2023 Volume 11 Issue 13

A high block, namely, T2-T4 levels, is required to abolish the discomfort of surgical stimulation of 
upper gastrointestinal structures[22,37].

In a study conducted in 2014, 369 patients were enrolled for LC under spinal anaesthesia, comparing 
lumbar versus thoracic puncture and evaluating the best anaesthetic dose. Thoracic puncture and low 
doses of hyperbaric bupivacaine (7.5 mg) resulted in better haemodynamic stability, less hypotension, 
and a shorter duration of both sensory and motor block than lumbar spinal anaesthesia using the 
conventional dose (15 mg)[22].

In our case, we achieved a sensory block at the T1 level, performing epidural anaesthesia at the T8-T9 
level and spinal anaesthesia at the T12-L1 level; furthermore, the patient did not show any discomfort.

The first to use combined anaesthesia was van Zundert et al[38] in 2006 when he published a case 
report of an awake LC showing that the combined spinal/epidural anaesthesia technique, applied in the 
lower thoracic region (T10 level), can be used to provide a segmental subarachnoid block[38].

Donmez et al[25], in a prospective randomized study, submitted 28 patients to combined spinal/
epidural anaesthesia at the L2-L3 levels and then inserted an epidural catheter cephalically[25].

We preferred to perform a spinal puncture at the T12-L1 level to avoid puncturing the dura mater in 
the thoracic region and then insert an epidural catheter at the T8-T9 level.

During laparoscopy, CO2 insufflation could cause severe irritation to the parietal peritoneum, 
producing severe abdominal pain and discomfort[39]; for this reason, some authors have preferred to 
perform awake LC insufflating nitrous oxide[28], but it is not currently used. We created the 
pneumoperitoneum by insufflating CO2 for its high water solubility and its high capacity of exchange in 
the lungs. Our patient complained of shoulder pain during pneumoperitoneum insufflation, which was 
easily treated without any consequence.

One of the most important problems of LC under spinal anaesthesia is the inadequate relaxation of 
abdominal muscles, resulting in difficulties in performing the procedure[8,40].

Tzovaras et al[33] demonstrated that surgery can be performed safely without exceeding 8 mmHg of 
pneumoperitoneum[33].

During cholecystectomy, the pneumoperitoneum pressure is approximately 12-15 mmHg[41]. In our 
case, spinal anaesthesia did not modify the surgical technique except for the reduction of intraperitoneal 
pressure to 8 mmHg to avoid vagal reflex and bradycardia. In fact, despite the low pressure and the 
consequent reduced camera, the cholecystectomy surgical technique used was the French position, 
which is usual in our clinical practice, and did not require any change in technique. For this reason, 
according to the surgeon’s expertise, there are no local contraindications for cholecystectomy under RA, 
as shown in Table 2.

The main indication for cholecystectomy under RA is symptomatic gallbladder lithiasis. Even 
patients affected by acute or chronic cholecystitis can be approached with this technique; however, in 
these cases, advanced laparoscopic skills are required to guarantee a safe procedure.

In the case of suspected calculus of the main biliary tract or in the case of previous biliary pancreatitis 
occurrences, magnetic resonance cholangiopancreatography is mandatory; if choledocholithiasis is 
confirmed, the patient will be submitted to preoperative endoscopic retrograde cholangiopancreato-
graphy.

Of course, even patients with benign gallbladder wall disease can be treated by cholecystectomy 
under RA; however, if malignancy is suspected, laparoscopy is not the standard of care[42].

The only contraindications, for which general anesthesia (GA) rather than RA is necessary, are the 
anaesthetic ones: Coagulopathic states[43], infection of the injection site and sepsis, patient rejection and 
hypovolemia uncorrected[44].

In the reported case, no intraoperative complications occurred.
No cases of anaesthetic technique conversion due to surgical problems have been reported in the 

literature. However, the conversion from RA to GA was reported in 33 of 4717 (0.7%) cases of 
anaesthesiologic complications. In 17 cases (0.36%) conversion was due to intolerable shoulder pain[13,
18-20,23,27,28]; in 15 cases (0.31%) conversion was due to patient anxiety[16,19]; and in 1 case (0.02%) 
conversion was due to nausea and vomiting[19].

In our opinion, the main indication for conversion from RA to GA, according to Tiwari et al’s study, is 
surgical bleeding not easily controlled[19].

Other complications, such as biliary leakage or poor bleeding that is normally resolvable laparoscop-
ically, can be managed even in awake patients, maintaining a comfortable environment for the patient.

One of the major intraoperative problems of LC under regional anaesthesia is right shoulder pain
[45]. In a review and meta-analyses, Longo et al[46] showed that the pooled prevalence of shoulder pain 
during awake laparoscopy was 25% and required anaesthetic conversion in 3.4% of cases[46].

In our case, the pain was mild and disappeared in a short time with fentanyl injection.
Additionally, hypotension is a very frequent side effect of spinal anaesthesia[28,33] due to 

sympathetic blockage and the mechanical effect of pneumoperitoneum. In our case, it appeared at the 
beginning of the procedure, but it was easily managed with etilefrine chloride (2 mg) and nore-
pinephrine infusion (0.05 gamma/kg/min) stopped at the end of the procedure.

Sinha et al[16] compared 3492 patients who underwent LC under spinal anaesthesia and 538 patients 
under general anaesthesia, demonstrating that the surgical aspects did not show any differences 
between the two groups. The use of spinal anaesthesia did not cause greater difficulties in technique, 
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Table 2 Indications for cholecystectomy under regional anaesthesia

No. Indications

1 Gallbladder lithiasis 

2 Cholecystitis

3 Biliary pancreatitis ( previous MRCP to exclude choledocholithiasis)

4 Benign disease of gallbladder wall

MRCP: Magnetic resonance cholangiopancreatography.

longer operating times or complications. In addition, it has been shown that patients require less pain 
medication (61.57% vs 91.45%) and report less vomiting (2.29% vs 30.30%) and discomfort. In the same 
study, they also demonstrated how it was technically possible to perform the procedure even with 
pneumoperitoneum pressures between 8-10 mmHg[16].

Spinal anaesthesia is also associated with a low risk of complications and mortality rates compared 
with general anaesthesia and has numerous advantages.

Among the advantages are the patients being awake and oriented at the end of the procedure, less 
postoperative pain, and the ability to ambulate earlier than patients receiving general anaesthesia[22].

Turkstani et al[26] compared spinal and general anaesthesia in 50 patients who underwent LC under 
RA, demonstrating the occurrence of less pain in the postoperative period and focusing attention on the 
lower cost of spinal anaesthesia for the same patient outcomes[26].

During the postoperative period, our patient did not need painkilling therapy except for paracetamol.
Imbelloni et al[14] conducted a randomized, case-control study in healthy patients undergoing 

cholecystectomy to compare general and regional anaesthesia. The authors demonstrated that the use of 
regional anaesthesia, thereby maintaining low levels of abdominal pressure, can be a viable alternative 
to general anaesthesia, also providing a lower risk of thromboembolism, respiratory depression, 
myocardial infarction, and reduction of renal function[14].

Literature data show that awake LC is safe, feasible and could be advantageous to the whole 
population; however, at present, it is proposed to patients for whom total anaesthesia is particularly 
dangerous.

CONCLUSION
Unexpectedly, in the era of minimally invasive medicine, the use of regional anaesthesia in LC has not 
yet become widespread in clinical practice.

In fact, even if it is a safe and feasible procedure, the absence of numerous trials about the impact of 
RA, related outcomes and complications discourages surgeons and anaesthetists from proposing this 
procedure as the first choice of anaesthesia for LC unless the patient is not fit for general anaesthesia
[47].

The possibility of using regional anaesthesia in our patient, with severe pulmonary disease and 
chronic respiratory failure, has allowed us to treat an invalidating pathology for the life of the subject in 
question, thereby reducing anaesthesiologic risks.

In conclusion, even though regional anaesthesia during LC is not a new technique, especially in 
patients with severe respiratory disease, new studies are certainly needed to standardize this technique 
and, above all, to clarify the guidelines about the indications for this procedure for all kinds of patients 
and to introduce this type of anaesthesia in routine clinical practice.
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Abstract
BACKGROUND 
Malignant glaucoma, caused by aqueous misdirection, is a challenging post-
surgical complication presented with normal/high intraocular pressure and 
shallowing of the central and peripheral anterior chambers. Its incidence is about 
0.6%-4.0%. It can be secondary to filtering surgeries, laser iridotomy, and cataract 
surgery. Short axial length and a history of angle closure glaucoma are its main 
risk factors. Here, we report a bilateral malignant glaucoma with bullous 
keratopathy in the patient’s left eye.

CASE SUMMARY 
We present a case of bilateral malignant glaucoma. The cause of malignant 
glaucoma for each eye of this patient was different. Hence, the management 
strategy and selection of surgical methods were also different. However, the 
normal anterior chamber was ultimately maintained, and maximum visual 
function was preserved. Even though the left eye received multiple surgeries and 
corneal endothelial decompensation occurred, the formation of a retroendothelial 
fibrous membrane partially compensated for the function of the corneal 
endothelium.

CONCLUSION 
The formation of a retroendothelial fibrous membrane partially compensated for 
the function of the corneal endothelium.

Key Words: Malignant glaucoma; Corneal epithelial cell; Lens epithelial cell; Bullous 
keratopathy; Retroendothelial fibrous membrane; Case report

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

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i13.3010
mailto:dangyalong@126.com


Ma YB et al. Malignant glaucoma with bullous keratopathy

WJCC https://www.wjgnet.com 3011 May 6, 2023 Volume 11 Issue 13

Core Tip: Malignant glaucoma, caused by aqueous misdirection, is a challenging post-surgical 
complication presented with normal/high intraocular pressure and shallowing of the central and peripheral 
anterior chambers. Its incidence is about 0.6%-4.0%. It can be secondary to filtering surgeries, laser 
iridotomy, and cataract surgery. Short axial length and a history of angle closure glaucoma are its main 
risk factors. Here, we report bilateral malignant glaucoma with bullous keratopathy in the patient’s left 
eye. Interestingly, the best corrected visual acuity of the left eye improved to 20/70, and bullous 
keratopathy was relieved after the migration and implant of lens epithelial cells into the corneal 
endothelium.

Citation: Ma YB, Dang YL. Bilateral malignant glaucoma with bullous keratopathy: A case report. World J Clin 
Cases 2023; 11(13): 3010-3016
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3010.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3010

INTRODUCTION
Malignant glaucoma, caused by aqueous misdirection, is a challenging post-surgical complication 
presented with normal/high intraocular pressure (IOP) and shallowing of the central and peripheral 
anterior chambers. Its incidence is about 0.6%-4.0%[1-3]. It can be secondary to filtering surgeries, laser 
iridotomy, and cataract surgery. Short axial length and a history of angle closure glaucoma are its main 
risk factors[4,5]. Here, we reported bilateral malignant glaucoma with bullous keratopathy in the 
patient’s left eye. Interestingly, the best corrected visual acuity (BCVA) of her left eye improved to 20/
70, and bullous keratopathy was relieved after the migration and implant of lens epithelial cells into the 
corneal endothelium.

CASE PRESENTATION
Chief complaints
A 36-year-old woman complained of “blurred vision in both eyes” and was diagnosed with chronic 
angle-closure glaucoma.

History of present illness
She received bilateral laser peripheral iridotomy and was prescribed with timolol, brimonidine, and 
brinzolamide twice per day and latanoprost daily. Her IOP remained high (38 mmHg-45 mmHg), and 
visual field worsened.

History of past illness
The patient did not report any past illnesses.

Physical examination
The BCVA of both eyes was 20/20. The central and peripheral anterior chambers were shallow. The 
anterior chamber angles were partially closed. The anterior chamber depth was 1.86 mm (OD) and 1.61 
mm (OS). The pupil diameter was 6.5 mm (OD) and 2.8 mm (OS). The pupillary light reflex in her right 
eye was delayed (Figure 1). The lenses were transparent. Fundoscopy revealed that the right cup-disc 
ratio was 0.9, and the disc border was narrow. The left optic disc boundaries were clear and pale red in 
color. No apparent abnormalities were observed in either retina.

Laboratory examinations
The right eye showed a tubular visual field. The contrast sensitivity in the left eye was decreased and 
accompanied with a visual field defect. The central corneal thicknesses were 535 µm (OD) and 556 µm 
(OS), and the IOPs were 45 mmHg (OD) and 40 mmHg (OS). The axial lengths were 19.55 mm (OD) and 
19.59 mm (OS). The corneal endothelial cell density was 2488/mm2 (OD) and 2890/mm2 (OS).

Imaging examinations
OCT revealed that the thickness of retinal nerve fiber layer in her right eye reduced (Figure 2A). No 
abnormality was observed in the left eye (Figure 2B).

https://www.wjgnet.com/2307-8960/full/v11/i13/3010.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3010
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Figure 1 Anterior segment photographs and pentacam analysis. A and B: Bilateral corneas show transparency. Pupil diameter: OD 6.5 mm and OS 2.8 
mm. The hole of iridotomy was marked by a black arrow; B: Different perspectives; C and D: Central and peripheral anterior chambers were shallow, and partial angle 
closure was present in both eyes.

FINAL DIAGNOSIS
Bilateral chronic angle-closure glaucoma

TREATMENT
For her right eye, we performed cataract phacoemulsification combined with intraocular lens 
implantation. Postoperatively, the patient had a grade II shallow anterior chamber, intraocular lens 
protrusion, and IOP of 42 mmHg. We considered malignant glaucoma in her right eye. Therefore, 
periorbital injection of methylprednisolone and atropine mydriasis were continued for 3 d; however, 
there was no improvement. Subsequently, the patient underwent a capsulotomy and an anterior 
vitrectomy. Postsurgery, there was significant anterior chamber deepening with a central ACD of 2.89 
mm and IOP fluctuating between 25 and 35 mmHg. Considering that this might be an instance of 
chronic angle closure in the right eye, we implanted an Ahmed drainage valve. Post-surgery, the IOP 
stabilized at 13 mmHg–19 mmHg, and BCVA was 20/25. The surgery had achieved the expected 
outcomes.

Due to the short axial length in her left eye and malignant glaucoma in her right eye, we performed 
cataract phacoemulsification and intraocular lens implantation, combined with anterior vitrectomy for 
her left eye. Post-surgery, the ACD was deepened at approximately 2.51 mm, but the IOP remained at 
30 mmHg. One week later, considering the angle closure, we implanted an Ahmed valve. Postsurgery, 
the patient’s anterior chamber gradually disappeared, and a grade III shallow anterior chamber was 
detected. There was significant corneal edema. IOP was 20 mmHg, and the Seidel test was negative. We 
considered the malignant glaucoma in her left eye. We administered periorbital injections of methyl-
prednisolone and atropine eye drops twice per day. However, these treatments were ineffective. A 
viscoelastic agent was injected into the anterior chamber, and laser posterior capsulotomy was 
performed. However, a grade III shallow anterior chamber recurred. A peripheral iridectomy with 
zonulo-capsulo-hyaloidotomy was performed through the pars plana route. Tension sutures were used 
to reform the anterior chamber. On day 2 postsurgery, the ACD was significantly increased to 2.75 mm. 
The IOP was 15 mmHg. One-week post-surgery, corneal edema was still significant, and bullous 
changes could be seen in the epithelium (Figure 3A). The OCT and slit lamp examination suggested that 
nearly one-third of the cornea endothelial detached, and a translucent membrane attached and stretched 
the endothelial layer (Figures 3B and 4A and B). The slit lamp revealed a bundle of white fibers that 
proliferated behind the corneal endothelium near the pupillary limbus at the 10 o’clock position and 
were pulling on the intraocular lens surface. Yttrium-aluminum-garnet (YAG) laser was immediately 
carried out to remove the proliferative fibers. We saw that fiber bundles had high tension and 
significant rebound.
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Figure 2 Optical coherence tomography of the optic nerve head. A: The retinal nerve fiber layer in various quadrants of the right eye appeared to have 
thinned; B: No apparent abnormalities were observed in the retinal nerve fiber layer of the left eye.

OUTCOME AND FOLLOW-UP
Two weeks after the YAG laser, the corneal edema had abated, the corneal bullae had disappeared, and 
the peripheral cornea was transparent (Figure 3C). The OCT revealed that the corneal endothelial 
detachment gradually resolved, and a highly reflective membranous mass attached to the medial 
endothelial layer (Figures 3D and 4C and D). At the 1-year follow-up, the IOP was 17 mmHg, and ACD 
was normal. The peripheral cornea was partially transparent. The corneal edema persisted (central 
corneal thickness: 756 µm), and a fibrous proliferative membrane could be seen in the epithelium. The 
corneal epithelial bullae disappeared, and BCVA was 20/70.
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Figure 3 Anterior segment photography and optical coherence tomography of the left eye. A: After peripheral iridectomy with zonulo-capsulo-
hyaloidotomy and tension suture fixation, the anterior chamber was reconstructed. However, a significant corneal edema and bullous changes were seen; B: Optical 
coherence tomography showed that extensive corneal endothelial detachment involving approximately half of the cornea and a translucent membrane attached and 
stretched the endothelial layer; C: Two weeks after yttrium-aluminum-garnet laser, the corneal edema had abated, the corneal bullae had disappeared, and the 
peripheral cornea was transparent. D: Optical coherence tomography showed the corneal endothelial detachment gradually resolved. A highly reflective membranous 
mass attached to the medial endothelial layer.

Figure 4 Enlarged figure of corneal optical coherence tomography. A and B: A corneal endothelial detachment (orange arrows) involving approximately 
half of the cornea and a translucent membrane (green arrows) attached and stretched the endothelial layer (orange arrows); B: Enlarged image; C and D: Two weeks 
after removal of the fibrous bundle, corneal endothelial detachment gradually disappeared. A highly reflective membranous mass (green arrows) was attached to the 
medial endothelial layer (orange arrows).

DISCUSSION
We presented a case of bilateral malignant glaucoma after phacoemulsification and intraocular lens 
implantation combined with anterior vitrectomy and Ahmed drainage valve implantation. The patient’s 
right anterior chamber and IOP fully recovered after anterior vitrectomy. Although we realized that the 
incidence of malignant glaucoma in her left eye was extremely high and carried out anterior vitrectomy 
during stage I, grade III shallow anterior chamber and corneal lens contact still occurred, resulting in 
corneal endothelial decompensation. Fortunately, the anterior chamber reformed, and the IOP stabilized 
after peripheral iridectomy with zonulo-capsulo-hyaloidotomy and a tension suture fixation in the 
anterior chamber. It is worth noting that 1 wk after the left intraocular lens was disengaged from the 
cornea, a bundle of tense fiber formed between the lens surface and the corneal endothelium. This was 
suspected to be caused by epithelial cells migrating and transdifferentiating into myofibroblasts in the 
corneal endothelium. These myofibroblasts were attached to the surface of the corneal endothelium, 
blocking the entry of aqueous humor into the subcorneal epithelium and thereby preventing bullous 
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keratopathy.
Short axial length and anterior segment crowding are risk factors for malignant glaucoma[6]. Wang et 

al[6] analyzed 1183 patients with angle-closure glaucoma and found that the axial length and ACD of 
those patients were significantly lower than of those with primary angle-closure glaucoma (axial length: 
21.44 ± 1.18 mm vs 22.17 ± 0.97 mm, ACD: 2.12 ± 0.41 mm vs 2.49 ± 0.48 mm). As malignant glaucoma 
often involves both eyes[7,8], we performed a three-step lens resection combined with vitrectomy on the 
patient’s left eye[9]. First, the central vitreous was removed via the pars plana vitrectomy to relieve 
crowding of the anterior segment. Second, lens phacoemulsification, combined with intraocular lens 
implantation, was carried out. Finally, anterior vitrectomy was performed. Postsurgery, the anterior 
chamber was stable and deep, and aqueous misdirection did not occur. However, as the patient had 
chronic angle closure, the IOP remained high. Considering that trabeculectomy has poor results after 
vitrectomy, we opted for Ahmed drainage valve implantation[10].

Postsurgery, the patient had a grade III shallow anterior chamber and intraocular lens protrusion, 
with the intraocular lens coming into contact with the corneal endothelium. Although the IOP did not 
exceed 21 mmHg, aqueous misdirection had occurred. The diagnosis of malignant glaucoma was 
confirmed. The reasons for this were: (1) Excessive aqueous humor drainage after valve implantation; 
and (2) Postoperative inflammation promotes the proliferation, adhesion, and transformation of lens 
epithelial cells and ciliary body edema, resulting in a blockage of normal aqueous humor circulation
[11]. Therefore, we carried out a peripheral iridectomy with zonulo-capsulo-hyaloidotomy at the 6 
o’clock position, combined with tension suture fixation in the anterior chamber[12]. The postoperative 
anterior chamber reformation was good.

After the malignant glaucoma occurred, the patient’s left eye developed a grade III shallow anterior 
chamber, the intraocular lens was in contact with the corneal endothelium, and there was moderate-
severe inflammation[11]. Inflammatory responses can promote epithelial-mesenchymal transformation 
of the lens epithelial cell[13]. In this patient, a fibrous bundle could be seen between the corneal 
endothelium and surface of the intraocular lens at the 10 o’clock 1 wk after anterior chamber 
reformation had been successfully performed.

The fibrous bundle had tension between the corneal endothelium and the intraocular lens. It pulled 
the corneal endothelium, resulting in partial detachment. After the fibrous bundle was resected with 
YAG laser, the corneal endothelium and fibrous membrane gradually attached to the posterior surface 
of the cornea. Even though the density of corneal endothelial cells was low (797 cells/mm2) and the 
function was poor (6A cells accounted for 20%), the corneal bullae gradually disappeared, together with 
the formation of the fibrous membrane behind the corneal endothelium. This suggests that fibrous 
membrane derived from lens epithelial transformation is somewhat impermeable to water.

CONCLUSION
We presented a case of bilateral malignant glaucoma. The cause of malignant glaucoma for each eye of 
this patient was different. Hence, the management strategy and selection of surgical methods were also 
different. However, the normal anterior chamber was ultimately maintained, and maximum visual 
function was preserved. Even though the left eye received multiple surgeries and corneal endothelial 
decompensation occurred, the formation of a retroendothelial fibrous membrane partially compensated 
for the function of the corneal endothelium.

FOOTNOTES
Author contributions: Dang YL contributed to conception of the study; Dang YL performed the surgery; Ma YB and 
Dang YL contributed significantly to analysis and manuscript preparation; all authors have read and approved the 
final manuscript.

Supported by The Central Guiding Local Science & Technology Projects, No. Z20221341047; The Major Scientific and 
Technological Project of Sanmenxia 2022, No. 2022001007

Informed consent statement: Written informed consent was obtained from the patient for the publication of this case 
report.

Conflict-of-interest statement: All authors report no relevant conflicts of interest for this article.

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was 
prepared and revised according to the CARE Checklist (2016).

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-



Ma YB et al. Malignant glaucoma with bullous keratopathy

WJCC https://www.wjgnet.com 3016 May 6, 2023 Volume 11 Issue 13

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: China

ORCID number: Ya-Long Dang 0000-0003-2194-6375.

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

REFERENCES
1 Chandler PA, Simmons RJ, Grant WM. Malignant glaucoma. Medical and surgical treatment. Am J Ophthalmol 1968; 66: 

495-502 [PMID: 5676357 DOI: 10.1016/0002-9394(68)91535-3]
2 Simmons RJ. Malignant glaucoma. Br J Ophthalmol 1972; 56: 263-272 [PMID: 5032764 DOI: 10.1136/bjo.56.3.263]
3 Lowe RF. Clinical types of primary angle closure glaucoma. Aust N Z J Ophthalmol 1988; 16: 245-250 [PMID: 3179051 

DOI: 10.1111/j.1442-9071.1988.tb01216.x]
4 Jacoby B, Reed JW, Cashwell LF. Malignant glaucoma in a patient with Down's syndrome and corneal hydrops. Am J 

Ophthalmol 1990; 110: 434-435 [PMID: 2145771 DOI: 10.1016/s0002-9394(14)77033-3]
5 Cohen RG, Wu HK, Schuman JS. Glaucoma with inflammatory precipitates on the trabecular meshwork: a report of 

Grant's syndrome with ultrasound biomicroscopy of precipitates. J Glaucoma  1996; 5: 266-270 [PMID: 8795772]
6 Wang M, Tan Q, Jiang H, Xia X, Wang P, Jiang J, Liu D. [Clinical analysis of malignant glaucoma after glaucoma 

surgery]. Zhongnan Daxue Xuebao Yixueban 2015; 40: 543-548 [PMID: 26032082 DOI: 
10.11817/j.issn.1672-7347.2015.05.015]

7 Saunders PP, Douglas GR, Feldman F, Stein RM. Bilateral malignant glaucoma. Can J Ophthalmol 1992; 27: 19-21 
[PMID: 1555130 DOI: 10.1001/archopht.1964.00970020601004]

8 Stan C. Glaucom malign bilateral--prezentare de caz.  Conexiuni Medicale 2007; 45-47 [DOI: 
10.33311/conmed.2007.3.3.10]

9 Sharma A, Sii F, Shah P, Kirkby GR. Vitrectomy-phacoemulsification-vitrectomy for the management of aqueous 
misdirection syndromes in phakic eyes. Ophthalmology 2006; 113: 1968-1973 [PMID: 17074562 DOI: 
10.1016/j.ophtha.2006.04.031]

10 Wang MH, Li QM, Dong HT, Dong SQ, Li Y, Zheng CY. Ahmed Valves vs Trabeculectomy Combined with Pans Plana 
Vitrectomy for Neovascular Glaucoma with Vitreous Hemorrhage. Eur J Ophthalmol 2017; 27: 774-780 [PMID: 
28430329 DOI: 10.5301/ejo.5000973]

11 Martínez-de-la-Casa JM, García-Feijoó J, Castillo A, Polo V, Larrosa JM, Pablo L, García-Sánchez J. Glaucoma 
maligno tras cirugía combinada de implante valvular de Ahmed y facoemulsificación en el tratamiento del glaucoma cró
nico por cierre angular. Arch Soc Esp Oftalmol 2005; 80: 11 [DOI: 10.4321/s0365-66912005001100009]

12 Balekudaru S, Choudhari NS, Rewri P, George R, Bhende PS, Bhende M, Lingam V, Lingam G. Surgical management of 
malignant glaucoma: a retrospective analysis of fifty eight eyes. Eye (Lond) 2017; 31: 947-955 [PMID: 28257136 DOI: 
10.1038/eye.2017.32]

13 Gao L, Zhou Y, Li N, Liu X, Cong F. Lens Epithelial Mesenchymal Transition and Long-Term Chronic Inflammation 
After Cataract Surgery. Ocul Immunol Inflamm 2022; 1-3 [PMID: 35708475 DOI: 10.1080/09273948.2022.2088567]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-2194-6375
http://orcid.org/0000-0003-2194-6375
http://www.ncbi.nlm.nih.gov/pubmed/5676357
https://dx.doi.org/10.1016/0002-9394(68)91535-3
http://www.ncbi.nlm.nih.gov/pubmed/5032764
https://dx.doi.org/10.1136/bjo.56.3.263
http://www.ncbi.nlm.nih.gov/pubmed/3179051
https://dx.doi.org/10.1111/j.1442-9071.1988.tb01216.x
http://www.ncbi.nlm.nih.gov/pubmed/2145771
https://dx.doi.org/10.1016/s0002-9394(14)77033-3
http://www.ncbi.nlm.nih.gov/pubmed/8795772
http://www.ncbi.nlm.nih.gov/pubmed/26032082
https://dx.doi.org/10.11817/j.issn.1672-7347.2015.05.015
http://www.ncbi.nlm.nih.gov/pubmed/1555130
https://dx.doi.org/10.1001/archopht.1964.00970020601004
https://dx.doi.org/10.33311/conmed.2007.3.3.10
http://www.ncbi.nlm.nih.gov/pubmed/17074562
https://dx.doi.org/10.1016/j.ophtha.2006.04.031
http://www.ncbi.nlm.nih.gov/pubmed/28430329
https://dx.doi.org/10.5301/ejo.5000973
https://dx.doi.org/10.4321/s0365-66912005001100009
http://www.ncbi.nlm.nih.gov/pubmed/28257136
https://dx.doi.org/10.1038/eye.2017.32
http://www.ncbi.nlm.nih.gov/pubmed/35708475
https://dx.doi.org/10.1080/09273948.2022.2088567


WJCC https://www.wjgnet.com 3017 May 6, 2023 Volume 11 Issue 13

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 May 6; 11(13): 3017-3021

DOI: 10.12998/wjcc.v11.i13.3017 ISSN 2307-8960 (online)

CASE REPORT

Finger compartment syndrome due to a high-pressure washer injury: 
A case report

Jun Ho Choi, Seung Yeon Choi, Jae Ha Hwang, Kwang Seog Kim, Sam Yong Lee

Specialty type: Medicine, research 
and experimental

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

Peer-review model: Single blind

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

P-Reviewer: Jamaluddin J, 
Malaysia; Malik S, Pakistan

Received: November 9, 2022 
Peer-review started: November 9, 
2022 
First decision: January 30, 2023 
Revised: February 3, 2023 
Accepted: April 4, 2023 
Article in press: April 4, 2023 
Published online: May 6, 2023

Jun Ho Choi, Seung Yeon Choi, Jae Ha Hwang, Kwang Seog Kim, Sam Yong Lee, Department of 
Plastic and Reconstructive Surgery, Chonnam National University Hospital Chonnam National 
University Medical School, Gwangju 61469, South Korea

Corresponding author: Jae Ha Hwang, MD, PhD, Professor, Surgeon, Department of Plastic and 
Reconstructive Surgery, Chonnam National University Hospital Chonnam National University 
Medical School, 42 Jebong-ro, Dong-gu, Gwangju 61469, South Korea. psjhhwang@daum.net

Abstract
BACKGROUND 
Although the finger compartment syndrome is not common, it compresses the 
neurovascular bundles in a limited space and blocks blood flow to the fingers, 
causing necrosis of the fingertips. Finger fasciotomy through unilateral or bilateral 
midline release of the finger can achieve decompression of the finger com-
partment. Herein, we report a case of the compartment syndrome in a finger 
injury caused by a high-pressure water flow which is commonly used in car 
washing stations.

CASE SUMMARY 
A 60-year-old man injured his right middle finger while using a high-pressure 
washer at a car washing station. The patient complained of severe pain in his 
middle finger and a 0.2 cm punctured open wound on the volar side of the distal 
phalangeal joint of the middle finger. The fingertip was pale, numb, and charac-
terized by severe swelling and a limited range of motion. Finger radiography 
showed that there was no fracture in the finger. Digital decompression was 
performed through finger fasciotomy by bilateral midline incision. On the second 
day after surgery, the color of the fingertip returned to pink, swelling was 
resolved, and the range of motion returned to normal. The sensation of the 
fingertip was completely restored, and the capillary refill test and pinprick test 
were positive.

CONCLUSION 
The fingertip compartment syndrome can be caused by a high-pressure water 
flow damage to the fingers when using high-pressure washers at a car washing 
station. To avoid finger necrosis, rapid diagnosis of the finger compartment 
syndrome and appropriate digital decompression are essential to better outcome.

Key Words: Compartment syndrome; Crush injuries; Fasciotomy; Finger injuries; Case 
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Core Tip: Though the fingertip compartment syndrome is not common, the digital decompression through 
finger fasciotomy with midlateral release is essential. In this case, compartment syndrome occurred in the 
middle finger without fracture due to a crushing injury caused by a common high-pressure washer. 
Fasciotomy was performed immediately. The patient was concerned about necrosis of the finger and 
demanded early amputation on the first day after operation. But the complete recovery was confirmed on 
the next day without significant complications. Therefore, we should avoid determining the recovery of 
finger circulation hastily and performing premature amputation of the fingertip.

Citation: Choi JH, Choi SY, Hwang JH, Kim KS, Lee SY. Finger compartment syndrome due to a high-pressure 
washer injury: A case report. World J Clin Cases 2023; 11(13): 3017-3021
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3017.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3017

INTRODUCTION
Compartment syndrome is a pathologic condition in which blood circulation to tissues is impaired due 
to increased pressure in the closed osteofascial compartment[1]. High pressure in the compartment 
leads to increased interstitial fluid pressure, capillary bed stenosis, decreased perfusion into tissues, and 
cell death[1]. This causes not only severe pain and swelling, but also tissue necrosis and functional 
morbidity. The most common cause of compartment syndrome is trauma, and other causes include 
burn, muscle overuse, infection and snake bites[1,2].

In the finger, two neurovascular bundles on the radial and ulnar sides of fingers are confined by the 
digital cutaneous ligament, Cleland’s ligament, and Grayson’s ligament[3]. Severe swelling of the finger 
compresses the neurovascular bundles in a limited space and blocks the blood flow of the fingers, 
causing necrosis of the fingertips. Although finger compartment syndrome is not common, finger 
fasciotomy through midlateral release of the finger can achieve decompression of the finger 
compartment[2]. Here, we report a case of compartment syndrome in a finger injury caused by a high-
pressure water flow system commonly used at car washing stations.

CASE PRESENTATION
Chief complaints
A 60-year-old man injured his right middle finger while using a high-pressure washer at a car washing 
station.

History of present illness
The middle finger was penetrated by high-pressure stream from a 2 mm nozzle of a high-pressure 
washer. The patient complained of severe pain in his middle finger and was admitted to the emergency 
room four hours after the injury. There was a 0.2 cm puncture wound on the volar side of the distal 
phalangeal joint of the middle finger, and the fingertip was pale and numb (Figure 1A). The water flow 
pressure of the high-pressure washer was 140 bar.

History of past illness
The patient had a 90-pack-year smoking history without other underlying diseases.

Personal and family history
The patient had no other relevant personal and family history.

Physical examination
Severe swelling and a limited range of motion were observed. Since the middle finger showed negative 
results in the capillary refill test and the pinprick test, finger fasciotomy was immediately performed 
(Figure 1B and C).

https://www.wjgnet.com/2307-8960/full/v11/i13/3017.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3017
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Figure 1 Clinical course of finger compartment syndrome. A 60-year-old man was diagnosed with compartment syndrome in the right middle finger with 
an 0.2 cm penetrating wound on the distal phalangeal joint. A: Preoperative photograph showing the pale and tense distal phalanx in the middle finger; B and C: 
Finger fasciotomy on the radial and ulnar sides of the middle finger; D: Immediate postoperative photograph showing incomplete recovery of the fingertip; E: First-day 
postoperative photograph showing no further recovery at the middle fingertip; F: Third-day postoperative photograph showing complete recovery at the middle 
fingertip.

Laboratory examinations
No laboratory examinations were performed.

Imaging examinations
Finger radiography showed that there was no fracture in the finger.

FINAL DIAGNOSIS
The final diagnosis was the compartment syndrome in finger injury.

TREATMENT
Incisions were performed on both lateral midlines in the distal and middle phalanx, and digital 
compartment decompression was achieved. After fasciotomy, an improvement in capillary perfusion 
was observed in the fingertip, but without complete recovery (Figure 1D).

OUTCOME AND FOLLOW-UP
On the first day after surgery, the fingertip was still pale, swollen, and numb (Figure 1E). The capillary 
refill test and pinprick test were also negative and the patient requested amputation of the fingertip 
because he did not want the treatment period to be prolonged. However, we proposed delaying 
amputation for a few days because there was a possibility that the blood flow would improve after 
fasciotomy and the boundary of necrosis was not yet demarcated. On the second day after surgery, the 
color of the fingertip returned to pink, swelling was resolved, and the range of motion returned to 
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normal. The sensation of the fingertip was completely restored. The pinprick test was positive, and the 
capillary refill test time was normal (i.e., within 2 s). The patient was discharged on the third day after 
surgery (Figure 1F). After two weeks, the patient recovered without complications, and the fasciotomy 
incision sites underwent wound healing by secondary intention.

DISCUSSION
Compartment syndrome is caused by increased interstitial tissue pressure due to intrinsic or extrinsic 
factors. This increased pressure causes progressive arteriole collapse and local tissue hypoxia. If this 
condition continues without appropriate treatment, it can lead to loss of function, limb, or life[2,4]. The 
most common cause of compartment syndrome is traumatic injury associated with crushing-type 
mechanisms[2]. However, few studies have investigated acute compartment syndrome of the fingers 
and presented data on its prevalence[5]. In this case, compartment syndrome occurred in the middle 
finger without fracture due to a crushing injury caused by a high-pressure washer.

Although the compartment pressure may be helpful for diagnosis, consensus on the threshold is still 
lacking. However, McQueen et al[6] reported that the difference between tissue pressure and perfusion 
pressure can be a useful clinical marker. Codding et al[7] recommended that the hand compartment be 
released when the tissue pressure is within 30 mmHg of the patient’s diastolic blood pressure. The “5 
P’s” are often associated with compartment syndrome: Pain, paleness, paresthesia, lack of pulse, and 
paralysis. These 5 P’s are used as a routine evaluation method as a clinical feature of compartment 
syndrome for diagnosis[2]. In our case, the patient’s compartment syndrome symptoms were clear, but 
it would have been better to check the tissue pressure to obtain objective results.

Since digital neurovascular bundles are limited by the finger skin ligaments, Cleland’s ligaments, and 
Grayson’s ligaments, excessive finger swelling can constrict the neurovascular bundles in this space[3]. 
Cleland’s ligaments are located dorsal to the digital blood vessels and nerves, and Grayson’s ligaments 
are located volar to these structures[8]. These ligaments provide stability to the digits, and protect the 
digital blood vessels and nerves. However, these ligaments need to be released when finger 
compartment syndrome is diagnosed.

Digital decompression is an operation to release Cleland’s ligament through a midaxial incision of the 
phalanx[4]. During operation, care must be taken with the skin incision to avoid iatrogenic injury to the 
neurovascular bundles. Ischemic damage in the muscle area can recover within 4 h, but irreversible 
damage remains if the interval until treatment exceeds 8 h. Therefore, for a better prognosis in treatment 
of compartment syndrome treatment, not delaying treatment is important[9]. In this case, fasciotomy 
was performed 4 h after the injury, but recovery was not clear until the first day after surgery. The 
patient was convinced of necrosis of the fingertip on the first day after surgery. Because the patient did 
not want to prolong the treatment period, he urged the medical staff to amputate the distal phalanx 
prematurely. However, complete recovery was observed on the second day.

The relationship between the degree of injury and recovery time has not been reported in fingertip 
compartment syndrome. However, in this case, proper digital decompression was performed, and 
complete recovery was confirmed on the second day after surgery. It would not be an appropriate 
judgement to hastily evaluate the recovery of finger circulation and perform premature amputation of 
the fingertip.

CONCLUSION
Fingertip compartment syndrome can be caused by high-pressure water flow damage to the fingers 
when using a high-pressure washer at a car washing station. To avoid finger necrosis, a rapid diagnosis 
of finger compartment syndrome and digital decompression are essential.

FOOTNOTES
Author contributions: Choi JH and Choi SY contributed to manuscript writing and data collection; Hwang JH and 
Kim KS contributed to editing and conceptualization; Lee SY contributed to supervision; All authors have read and 
approved the final manuscript.

Informed consent statement: Written informed consent was obtained from the patient for the publication of this case 
report.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was 
prepared and revised according to the CARE Checklist (2016).



Choi JH et al. Fingertip compartment syndrome

WJCC https://www.wjgnet.com 3021 May 6, 2023 Volume 11 Issue 13

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: South Korea

ORCID number: Jun Ho Choi 0000-0002-4848-517X; Seung Yeon Choi 0000-0002-7829-0875; Jae Ha Hwang 0000-0001-
6992-8067; Kwang Seog Kim 0000-0002-6766-4640; Sam Yong Lee 0000-0002-3185-2519.

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

REFERENCES
1 Oak NR, Abrams RA. Compartment Syndrome of the Hand. Orthop Clin North Am 2016; 47: 609-616 [PMID: 27241383 

DOI: 10.1016/j.ocl.2016.03.006]
2 Leversedge FJ, Moore TJ, Peterson BC, Seiler JG 3rd. Compartment syndrome of the upper extremity. J Hand Surg Am 

2011; 36: 544-59; quiz 560 [PMID: 21371631 DOI: 10.1016/j.jhsa.2010.12.008]
3 Zwanenburg RL, Werker PM, McGrouther DA. The anatomy and function of Cleland's ligaments. J Hand Surg Eur Vol 

2014; 39: 482-490 [PMID: 24305724 DOI: 10.1177/1753193413511944]
4 Rubinstein AJ, Ahmed IH, Vosbikian MM. Hand Compartment Syndrome. Hand Clin 2018; 34: 41-52 [PMID: 29169596 

DOI: 10.1016/j.hcl.2017.09.005]
5 Schwartz-Fernandes F, McDermott E, Culp J. Crush Injury-induced Finger Compartment Syndrome: A Case Report and 

Literature Review. Cureus 2020; 12: e7509 [PMID: 32373412 DOI: 10.7759/cureus.7509]
6 McQueen MM, Gaston P, Court-Brown CM. Acute compartment syndrome. Who is at risk? J Bone Joint Surg Br  2000; 

82: 200-203 [PMID: 10755426]
7 Codding JL, Vosbikian MM, Ilyas AM. Acute compartment syndrome of the hand. J Hand Surg Am 2015; 40: 1213-6; 

quiz 1216 [PMID: 25801580 DOI: 10.1016/j.jhsa.2015.01.034]
8 de-Ary-Pires B, Valdez CF, Shecaira AP, de Ary-Pires R, Ary Pires-Neto M. Cleland's and Grayson's ligaments of the 

hand: a morphometrical investigation. Clin Anat 2007; 20: 68-76 [PMID: 17080463 DOI: 10.1002/ca.20241]
9 Donaldson J, Haddad B, Khan WS. The pathophysiology, diagnosis and current management of acute compartment 

syndrome. Open Orthop J 2014; 8: 185-193 [PMID: 25067973 DOI: 10.2174/1874325001408010185]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-4848-517X
http://orcid.org/0000-0002-4848-517X
http://orcid.org/0000-0002-7829-0875
http://orcid.org/0000-0002-7829-0875
http://orcid.org/0000-0001-6992-8067
http://orcid.org/0000-0001-6992-8067
http://orcid.org/0000-0001-6992-8067
http://orcid.org/0000-0002-6766-4640
http://orcid.org/0000-0002-6766-4640
http://orcid.org/0000-0002-3185-2519
http://orcid.org/0000-0002-3185-2519
http://www.ncbi.nlm.nih.gov/pubmed/27241383
https://dx.doi.org/10.1016/j.ocl.2016.03.006
http://www.ncbi.nlm.nih.gov/pubmed/21371631
https://dx.doi.org/10.1016/j.jhsa.2010.12.008
http://www.ncbi.nlm.nih.gov/pubmed/24305724
https://dx.doi.org/10.1177/1753193413511944
http://www.ncbi.nlm.nih.gov/pubmed/29169596
https://dx.doi.org/10.1016/j.hcl.2017.09.005
http://www.ncbi.nlm.nih.gov/pubmed/32373412
https://dx.doi.org/10.7759/cureus.7509
http://www.ncbi.nlm.nih.gov/pubmed/10755426
http://www.ncbi.nlm.nih.gov/pubmed/25801580
https://dx.doi.org/10.1016/j.jhsa.2015.01.034
http://www.ncbi.nlm.nih.gov/pubmed/17080463
https://dx.doi.org/10.1002/ca.20241
http://www.ncbi.nlm.nih.gov/pubmed/25067973
https://dx.doi.org/10.2174/1874325001408010185


WJCC https://www.wjgnet.com 3022 May 6, 2023 Volume 11 Issue 13

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 May 6; 11(13): 3022-3028

DOI: 10.12998/wjcc.v11.i13.3022 ISSN 2307-8960 (online)

CASE REPORT

Primary dedifferentiated chondrosarcoma of the lung with a 4-year 
history of breast cancer: A case report

Huan Wen, Feng-Jie Gong, Jian-Min Xi

Specialty type: Medicine, research 
and experimental

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

Peer-review model: Single blind

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

P-Reviewer: Ralic M, North 
Macedonia; Tangsuwanaruk T, 
Thailand

Received: November 7, 2022 
Peer-review started: November 7, 
2022 
First decision: January 20, 2023 
Revised: February 3, 2023 
Accepted: March 31, 2023 
Article in press: March 31, 2023 
Published online: May 6, 2023

Huan Wen, Jian-Min Xi, Department of Pathology, Hunan Provincial Hospital of Integrated 
Traditional Chinese and Western Medicine, Changsha 410006, Hunan Province, China

Feng-Jie Gong, Department of Radiology, Hunan Provincial Hospital of Integrated Traditional 
Chinese and Western Medicine, Changsha 410006, Hunan Province, China

Corresponding author: Jian-Min Xi, MD, Associate Chief Physician, Department of Pathology, 
Hunan Provincial Hospital of Integrated Traditional Chinese and Western Medicine, No. 58 
Lushan Road, Changsha 410006, Hunan Province, China. xijianmin@qq.com

Abstract
BACKGROUND 
Primary dedifferentiated chondrosarcoma (DDCS) of the lung is extremely rare 
and has a poor prognosis, especially in patients with a history of carcinomas and 
related treatment. Herein, we report a case of primary DDCS of the lung in a 
patient with a 4-year history of breast cancer and related treatment.

CASE SUMMARY 
A 49-year-old woman was admitted to our hospital with complaints of headache, 
dizziness, slurred speech, and dyskinesia in May 2021. Computed tomography 
(CT) examinations showed multiple nodules in the brain, vertebral body, and 
both lungs with multiple enlarged lymph nodes in the right hilum and 
mediastinum, which were considered metastases of breast cancer. No obvious 
mass was discovered in the right hilum. After several months of related adminis-
tration, the patient's headache disappeared, and her condition improved. 
However, new problems of asthma, dyspnea, cough, and restricted activity 
appeared in late November 2021. Although the CT scan indicated that the lesions 
in the brain, lung, and vertebral body had shrunk or disappeared, a soft tissue 
density lesion appeared in her right hilum and blocked the bronchial lumen. To 
relieve her dyspnea, part of the mass was resected, and a stent was placed via 
fiberoptic bronchoscopy. Following a complete pathological examination of the 
tumor, it was confirmed to be a primary DDCS of the lung. The patient then 
received two rounds of systemic chemotherapy with a regimen of cisplatin + 
ifosfamide + doxorubicin hydrochloride liposome, palliative radiotherapy for the 
tumor in her right lung, and four cycles of systemic chemotherapy and targeted 
therapy with a regimen of temozolomide combined with bevacizumab 
successively. She was in stable condition after the completion of the systemic 
chemotherapy and targeted therapy but underwent rapid progression after lung 
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radiotherapy. The CT examinations showed multiple nodules in the brain and in both lungs, and 
the tumor in the right hilum was increased in size.

CONCLUSION 
This case revealed a rare primary DDCS of the lung with a medical history of breast cancer, 
meaning a worse prognosis and making it more difficult to treat.

Key Words: Dedifferentiated chondrosarcoma; Lung; Chemotherapy; Radiotherapy; Breast cancer; Case 
report

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

Core Tip: Dedifferentiated chondrosarcoma (DDCS) is a rare and high-grade malignant tumor. Here, we 
report a case of primary DDCS of the lung with a 4-year history of breast cancer and related treatment, 
which is extremely rare and easily misdiagnosed. It lacks a specific clinical manifestation and a precise 
imaging diagnosis. Thus, an additional pathological examination is beneficial. In addition, we found that 
radiotherapy accelerates the progression of DDCS. Altogether, this case created a more comprehensive 
understanding of this tumor and will provide a reference for future diagnosis, treatment, and prognosis 
estimations.

Citation: Wen H, Gong FJ, Xi JM. Primary dedifferentiated chondrosarcoma of the lung with a 4-year history of 
breast cancer: A case report. World J Clin Cases 2023; 11(13): 3022-3028
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3022.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3022

INTRODUCTION
Dedifferentiated chondrosarcoma (DDCS) is a tumor with a high degree of malignancy, poor curative 
effect, easy recurrence, and metastasis. Further, it is insensitive to chemoradiotherapy[1,2]. It usually 
occurs in people aged 40–60 years and is more common in males. The most common locations of DDCS 
are the femur and pelvis. It mainly manifests as localized pain, limited activity, and rapid enlargement 
of the mass. DDCS occurring outside the bone is extremely rare. Although primary DDCSs outside the 
bone have been observed in the lung[1-5], orbit[6], pleura[7], and throat[8], they were individual cases, 
and there are only four cases of DDCS occurring in the lung. Here, we present a case of primary DDCS 
of the lung with a 4-year history of breast cancer and related treatment.

CASE PRESENTATION
Chief complaints
A 49-year-old woman was admitted to our hospital to be evaluated due to headaches, dizziness, slurred 
speech, and dyskinesia on May 7, 2021.

History of present illness
The patient’s symptoms started approximately 2 wk ago.

History of past illness
The patient had a 4-year history of invasive ductal cancer of the left breast and underwent surgery, 
adjuvant chemoradiotherapy, and endocrine therapy. The specific circumstances are unclear. There is 
no additional remarkable past medical history about the patient.

Personal and family history
No specific cancer history was recorded on her pedigree.

Physical examination
During admission, she was pale, weak, and walking unsteadily. The other physical examinations were 
normal.

https://www.wjgnet.com/2307-8960/full/v11/i13/3022.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3022
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Laboratory examinations
Tumor-related biomarkers, including carcinoembryonic antigen, carbohydrate antigen (CA) 125, and 
CA199, were within the normal ranges. Other laboratory indicators were generally normal or slightly 
abnormal.

Imaging examinations
In May 2021, the computed tomography (CT) examinations showed multiple nodules in the brain, 
vertebral body, and both lungs, with multiple enlarged lymph nodes in the right hilum and 
mediastinum, which were considered metastases of breast cancer. No obvious mass was seen in the 
right hilum of the lung (Figure 1A and B). Subsequently, the patient was subjected to four cycles of 
systemic chemotherapy [Abraxane 260 mg/m2 intravenously (IV) on day 1 of a 21-d cycle] combined 
with targeted therapy (Bevacizumab 15 mg/kg IV on day 1 of a 21-d cycle), endocrine therapy (oral 
Exemestane tablet 25 mg once a day), and palliative radiotherapy for the brain metastasis successively. 
After administration, the patient's headache disappeared, and her condition improved. However, she 
was admitted to our hospital again due to the occurrence of asthma, dyspnea, cough, and restricted 
activity in late November 2021. The CT scan indicated that the lesions in the patient’s brain, lung, and 
vertebral body had shrunk or disappeared, but a soft tissue density lesion appeared at her right hilum of 
the lung and blocked the bronchial lumen (Figure 1C and D).

Histological findings
Since the patient presented symptoms of obvious dyspnea, a fiberoptic bronchoscopy was performed, 
part of the mass was resected, and a stent was placed. The collected specimen was sent for pathological 
examination. Histologically, the three pieces of gray and taupe tissue of the right lung (2.5 cm × 2 cm × 
1.8 cm in size) showed two kinds of tumor components. One part was a well-differentiated 
chondrosarcoma—the tumor cells were round or oval, with mild atypia, a mitotic appearance, thin 
cytoplasm, and cartilaginous pits. The other part was a poorly differentiated sarcoma—the tumor cells 
were fusiform, large atypia, rich in tumor giant cells, and mitotic images. In addition, the two tumor 
components were well demarcated without transition and with hemorrhage and necrosis 
(Figure 2A–D). Immunohistochemistry staining showed that the tumor cells in both parts were positive 
for Vimentin, negative for Cytokeratin, and with a mutated p53 gene. S-100 tested positive in the 
chondrosarcoma, and h-Caldesmon, smooth muscle actin, cluster of differentiation antigen (CD) 99, and 
CD68 were partly positive in the dedifferentiated sarcoma (Figure 2E–H). The positive rate of Ki67 in 
the dedifferentiated sarcoma was approximately 30%.

FINAL DIAGNOSIS
Since careful clinical and radiologic examinations showed no evidence of further bone tumor, the tumor 
was confirmed to be a primary DDCS of the lung after a complete histologic preparation and 
examination.

TREATMENT
The patient was diagnosed with DDCS of the lung in early December 2021. Subsequently, systemic 
chemotherapy was administrated for the patient with a regimen of cisplatin (75 mg/m2 IV on day 1 of a 
21-d cycle) + ifosfamide (2 g IV on day 1 to 3 of a 21-d cycle) + doxorubicin hydrochloride liposome (40 
mg/m2 IV on day 1 of a 21-d cycle ) in December 2021 and January 2022. Since the patient continued to 
suffer from asthma, palliative radiotherapy for the tumor in her right lung was performed in February 
2022. She recently underwent chemotherapy and targeted therapy with a regimen of temozolomide (150 
mg/m2 IV on days 1–5 of a 28-d cycle) combined with bevacizumab (7.5 mg/kg IV on day 1 of a 14-d 
cycle) from April to July 2022.

OUTCOME AND FOLLOW-UP
The patient was in a stable condition when two cycles of chemotherapy with a regimen of cisplatin + 
ifosfamide + doxorubicin hydrochloride liposome were completed. However, her condition significantly 
worsened after 30 sessions of radiation therapy for the tumor in her right lung. The CT examinations 
showed multiple nodules in the brain and both lungs, and the tumor in the right hilum of the lung was 
increased in size. It was considered a progressive disease based on the response evaluation criteria for 
solid tumors. Subsequently, she received four cycles of chemotherapy and targeted therapy with a 
regimen of temozolomide combined with bevacizumab. Her condition was stable, and the CT result of 
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Figure 1 Computed tomography findings of the patient's lungs and brain. A: Computed tomography (CT) examination in May 2021 showed that there 
was a space-occupying lesion in the lung lobe, and no obvious mass was seen in the right hilum; B: CT examination in May 2021 showed three intracranial space-
occupying lesions; C: CT examination in November 2021 showed a soft tissue mass in the right hilum, blocking the bronchial lumen; D: CT examination in November 
2021 indicated that the nodules in the brain had shrunk or disappeared.

Figure 2 Histopathologic and immunohistochemical observation of the right hilum mass. A and B: Dedifferentiated chondrosarcoma under low 
magnification and medium magnification, respectively, showed the tumors characterized by the following two distinct histopathologic components: a low-grade 
chondrosarcoma region sharply juxtaposed with a high-grade noncartilaginous sarcoma component; C: Typical low-grade chondrosarcoma region; D: Typical high-
grade dedifferentiated sarcoma region; E: Negative expression of epithelial marker Cytokeratin in dedifferentiated chondrosarcoma (DDCS); F: Positive expression of 
mesenchymal marker Vimentin in DDCS; G: Positive expression of S-100 in low-grade chondrosarcoma region; H: Expression of h-Caldesmon in high-grade 
dedifferentiated sarcoma region, suggesting that the dedifferentiated sarcoma may have smooth muscle cell differentiation (A to D: Hematoxylin and eosin staining, A: 
× 40, B: × 100, C and D: × 400; E to H: Immunohistochemical staining, × 100).

the tumor was similar to that before this treatment. No additional follow-up information was obtained 
from the patient at the time of manuscript writing. The timeline summarizing the main treatment and 
outcome of this case report is shown in Figure 3.

DISCUSSION
Regarding the origin of DDCS, there are two theories. Most studies believe that DDCS is derived from 
the differentiation of a stem cell with multi-directional differentiation potential, while others hold that it 
is differentiated from two different types of tumor cells independently, which is controversial[9-11]. 
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Figure 3 Timeline summarizing the main treatment and outcome of this case report. CT: Computed tomography; DDCS: Dedifferentiated 
chondrosarcoma.

Regarding molecular genetics, Yang et al[11] reported that isocitrate dehydrogenase (IDH) 1 and IDH2 
were mutated in chondrosarcoma and had the same mutation in both components of DDCS, but there 
was no mutation in other mesenchymal tumors, which also supported that the tumor may originate 
from the same primary mesenchymal cells.

DDCS often presents a "biphasic sign" on CT, meaning it has the characteristics of soft tissue sarcoma 
and punctate and annular calcifications of chondrosarcoma in the same tumor. Histologically, the tumor 
is composed of the following two components: chondrosarcoma is usually grade I–II, and dedifferen-
tiated sarcoma is high-grade spindle cell sarcoma with obvious atypia and frequent mitotic figures, 
which commonly include malignant fibrous histiocytoma, pleomorphic undifferentiated sarcoma, 
osteosarcoma, fibrosarcoma, rhabdomyosarcoma, etc. In terms of immunohistochemistry, 
chondrosarcoma components express the S-100 protein, and dedifferentiated components express 
corresponding sarcoma markers. In this case, the CT examination did not show punctate and annular 
calcifications, which are characteristic of chondrosarcoma, but instead, showed soft tissue density 
lesions. However, the pathological examination showed that the tumor is characterized by the following 
two distinct histopathologic components: A low-grade chondrosarcoma region sharply juxtaposed with 
a high-grade noncartilaginous sarcoma component, which correlated with the diagnosis of DDCS. 
Meanwhile, immunohistochemical expression of the tumor also supported this conclusion. Since the 
patient had a history of breast cancer and related treatment, if there were metaplastic cancer 
components in the breast tumor tissue, then the DDCS of the lung may have been transferred from the 
previous breast metaplastic carcinoma. Therefore, we reviewed her previous pathological sections of 
breast cancer but found no metaplastic cancer component and excluded the possibility of breast cancer 
metastasis. Furthermore, there was no evidence of further bone tumor according to the imaging examin-
ations; therefore, we believe the tumor was a primary DDCS of the lung.

At present, surgical treatment remains the preferred choice for DDCS. Those who don’t have the 
opportunity for surgery can be treated with radiotherapy and chemotherapy. However, most scholars 
believe that DDCS is radiation resistant, and radiotherapy often has no obvious effect. Some scholars 
even found that DDCS after radiotherapy reduces the stability of tumor cells and deletes the PTEN 
gene, which promotes the proliferation potential of tumor cells[12]. The use of chemotherapy in the 
treatment of DDCS remains controversial, but most scholars believe that it has no obvious effect[13]. 
However, some scholars believe that when the dedifferentiated components are sensitive to 
chemotherapy and the patient's physical condition is good, additional chemotherapy can be considered
[14,15]. Recent research found that a combination of surgery and chemotherapy showed a trend toward 
higher overall survival in non-metastatic patients with DDCS[16]. Therefore, whether to perform 
chemotherapy or radiotherapy should be determined by the physicians according to the specific 
condition of the patient. In this case, the patient was considered to have metastatic breast cancer. She 
had undergone relevant chemoradiotherapy, targeted therapy, and endocrine therapy. This caused the 
masses in the brain, vertebral body, and the other lung to shrink and disappear, but the hilar mass 
appeared and grew rapidly. After a diagnostic confirmation of DDCS, the patient received two rounds 
of systemic chemotherapy with a regimen of cisplatin + ifosfamide + doxorubicin hydrochloride 
liposome and four rounds of chemotherapy and targeted therapy with a regimen of temozolomide 
combined with bevacizumab successively. Consequently, her condition remains stable. The therapies of 
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the patient in the present case were changed several times due to the diagnosis change and intolerance 
to chemotherapy; however, their effectiveness was unclear. Thus, whether the chemoradiotherapy 
suppressed the progression of DDCS is still unknown and must be investigated by further studies. 
These are the limitations of this rare case. The patient also underwent palliative radiotherapy for the 
tumor, which to the progression of the disease, meaning radiotherapy probably plays a negative role in 
the development of DDCS. Molecular targeted therapy for DDCS is still under study, and it has been 
reported that immunotherapy was effective for the tumor which is programmed death-ligand 1-positive
[17].

The case of a primary DDCS of the lung with a 4-year history of breast cancer and related treatment is 
extremely rare. It lacks a specific clinical manifestation to distinguish it from other lung tumors, and the 
CT examination may not clearly show the “biphasic sign” characteristic. Moreover, when the tumor 
occurs in a patient who has a history of another malignant tumor, it is easily considered a recurrence or 
metastasis of the previous tumor by the oncologist, which results in misdiagnosis. Thus, clinical 
findings, image examination and pathological examination are indispensable to further confirm the 
DDCS and improve the recognition of this tumor.

CONCLUSION
In conclusion, DDCS is an extremely rare and high-grade malignant tumor. The tumor has a worse 
prognosis and more difficulties in treatment, especially in patients with a history of another carcinoma. 
Further, radiotherapy is likely to accelerate the progression of DDCS.
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Abstract
BACKGROUND 
The optimal treatment for heart failure (HF) is a combination of appropriate me-
dications. Controlling the disease using only medical therapy is difficult in 
patients with HF, severe hypercapnia, and desaturation. These patients should 
first receive ventilator support followed by pulmonary rehabilitation (PR).

CASE SUMMARY 
We report two cases in which arterial blood gas (ABG) improved and PR was 
possible with appropriate ventilator support. Two patients with extreme obesity 
complaining of worsening dyspnea–a 47-year-old woman and a 36-year-old man 
both diagnosed with HF–were hospitalized because of severe hypercapnia and 
hypoxia. Despite proper medical treatment, hypercapnia and desaturation 
resolved in neither case, and both patients were transferred to the rehabilitation 
department for PR. At the time of the first consultation, the patients were bed-
ridden because of dyspnea. Oxygen demand was successfully reduced once non-
invasive ventilation was initiated. As the patients’ dyspnea gradually improved to 
the point where they could be weaned off the ventilator during the daytime, they 
started engaging in functional training and aerobic exercise. After 4 mo of follow-
up, both patients were able to perform activities of daily living and maintain their 
lower body weight and normalized ABG levels.

CONCLUSION 
Symptoms of patients with obesity and HF may improve once ABG levels are 
normalized through ventilator support and implementation of PR.
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Core Tip: We describe two patients with heart failure (HF) and obesity who experienced respiratory 
failure, including hypercapnia and hypoxia. Neither patient demonstrated a significant response to pharma-
cological management; however, in both cases, symptoms improved with noninvasive ventilation, and 
they were able to return to their daily life. These findings suggest that in patients with obesity and HF who 
developed pulmonary hypertension and cor pulmonale may need to be treated for obesity hypoventilation 
and sleep apnea. The symptoms of these comorbidities may improve when arterial blood gas levels are 
normalized with appropriate ventilator support and pulmonary rehabilitation.

Citation: Lim EH, Park SH, Won YH. Importance of proper ventilator support and pulmonary rehabilitation in 
obese patients with heart failure: Two case reports. World J Clin Cases 2023; 11(13): 3029-3037
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3029.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3029

INTRODUCTION
Heart failure (HF) is a clinical syndrome characterized by shortness of breath, extreme fatigue, limb, and 
ankle swelling that are often accompanied by signs, including respiratory distress, gallop rhythm, and 
pulmonary edema. HF is most commonly caused by a structural or functional abnormality of the heart, 
resulting in increased intracardiac pressure and/or insufficient cardiac output at rest or during exercise
[1]. HF may be classified as either acute or chronic depending on the time and speed of occurrence[2]. 
Acute HF refers to the rapid or gradual onset of symptoms and/or signs of HF that are sufficiently 
severe for the patient to seek urgent medical attention, leading to unplanned hospital admissions or 
emergency department visits[3,4]. Acute HF has a 1-year mortality rate of 20%–30% and an additional 
risk of hospitalization[5].

Pharmacological management is considered the optimal treatment for patients with acute HF[1]. 
However, in patients with HF and severe hypercapnia and desaturation, controlling the disease with 
medication alone is difficult. Appropriate ventilator support followed by pulmonary rehabilitation (PR) 
should be considered in such patients. Herein, we describe two patients with HF whose symptoms 
improved after arterial blood gas (ABG) levels normalized with the aid of noninvasive ventilation (NIV) 
without intubation, which was administered after medication and oxygen supply treatment proved 
ineffective due to severe hypercapnia.

CASE PRESENTATION
Chief complaints
Case 1: A 47-year-old woman with extreme obesity was admitted to the emergency department because 
of worsening dyspnea.

Case 2: A 36-year-old man with extreme obesity and chronic HF was admitted to the cardiology 
outpatient department because of worsening dyspnea.

History of present illness
Case 1: The patient visited the emergency room due to worsening dyspnea that had started 1 wk earlier, 
and systemic edema had worsened during the last 3 d. She was diagnosed with HF and admitted to the 
Department of Cardiology. Edema management was initiated because respiratory failure was suspected 
owing to the deterioration of her pulmonary edema. However, despite medical treatment, her 
hypercapnia and desaturation could not be reversed, and the patient was referred to the rehabilitation 
department for PR.

Case 2: The patient visited the emergency room because of worsening dyspnea, which had begun 2 wk 
earlier, and systemic edema. He was diagnosed with HF and admitted to the Department of Cardiology. 
He was alert at the time of hospitalization; however, he suddenly lost consciousness and was moved to 
the intensive care unit (ICU), where he was intubated and treated with mechanical ventilation. 
Therefore, edema management was initiated. However, despite medical treatment, an attempt to wean 
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him off the ventilator failed, his hypercapnia could not be reversed, and he was referred to our 
department for PR.

History of past illness
Case 1: The patient had a history of diabetes mellitus, hypertension (HTN), and chronic kidney disease 
(Table 1). She was also diagnosed with asthma, chronic HF, and pulmonary HTN within the previous 
year.

Case 2: The patient had a history of diabetes mellitus and HTN and had been diagnosed with HF 
approximately 6 mo prior to admission (Table 1).

Personal and family history
Case 1: The patient had no remarkable family history.

Case 2: The patient had no remarkable family history.

Physical examination
Case 1: On admission, the patient weighed 130 kg [body mass index (BMI): 48.63 kg/m2). She was alert 
at the time of the first consultation, although her oxygen demand was high (15 L/min via an oxygen 
mask), and she was bedridden owing to dyspnea (Table 2).

Case 2: On admission, the patient’s weight was 167.1 kg (BMI: 56.48 kg/m2). The patient was alert at the 
time of the first consultation. He had undergone extubation 2 days earlier. His oxygen demand was high 
(10 L/min via a T-piece), and he was bedridden because of dyspnea (Table 2).

Laboratory examinations
Case 1: When the patient arrived at the emergency room, the ABG analysis (ABGA) results indicated 
severe hypercapnia: pH 7.307; pCO2 97.1 mmHg; pO2 73.3 mmHg; and SaO2 93.2%. At the time of the 
consultation, her ABG levels still indicated hypercapnia: pH, 7.354; pCO2 96.7 mmHg; pO2 63.8 mmHg; 
and SaO2 88.6% (Table 2).

Case 2: On ICU admission, his ABGA results indicated severe hypercapnia and hypoxemia: pH 7.148; 
pCO2 110 mmHg; pO2 79 mmHg; and SaO2 91.7% (Table 2). At the time of the consultation, the patient’s 
ABG levels still indicated hypercapnia: pH 7.351; pCO2 74.9 mmHg; pO2 103 mmHg, and SaO2 97.5% 
(Table 2).

Imaging examinations
Case 1: Upon arrival at the emergency room, a chest radiograph indicated cardiomegaly (Figure 1A), 
and chest computed tomography (CT) revealed mosaic attenuation in both lungs and mild pericardial 
and pleural effusion. Transthoracic echocardiography (TTE) revealed a D-shaped left ventricle (LV) with 
normal LV systolic function (ejection fraction, 56%) and right ventricle (RV) dysfunction with severe 
tricuspid regurgitation due to coaptation failure, severe resting pulmonary HTN, RV dilatation (44 mm), 
right atrial enlargement, and a dilated main pulmonary artery (33 mm). These findings indicated resting 
pulmonary HTN deterioration compared to the TTE results that the patient had received 3 mo earlier 
(severe tricuspid regurgitation with moderate resting pulmonary HTN, RV dilatation (43 mm), right 
atrial enlargement).

Case 2: On ICU admission, chest radiography indicated cardiomegaly, pericardial effusion, and 
pulmonary interstitial edema with bilateral pleural effusion (Figure 1B). TTE revealed concentric LV 
hypertrophy, global hypokinesia with mild LV systolic dysfunction (ejection fraction, 47%), left atrial 
enlargement (48 mm), RV dysfunction with resting pulmonary HTN, diastolic dysfunction (grade 1), 
and mild pericardial effusion without hemodynamic significance. These findings indicated an 
aggravation of LV ejection fraction (57% → 47%), newly developed RV dysfunction with mild resting 
pulmonary HTN, and a decrease in LV end-diastolic pressure (15 → 11) compared to the TTE results 
that the patient had received 7 mo earlier. Chest CT revealed patchy consolidation with decreasing lung 
volume in the dependent portion of both lungs, an increase in heart size, and mild pericardial effusion. 
Therefore, the patient was diagnosed with aspiration pneumonia and cardiomegaly with a small 
pericardial effusion.

FINAL DIAGNOSIS
Both patients were diagnosed with HF and respiratory failure.
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Table 1 Demographic data

Case 1 Case 2

Age 47 36

Gender F M

Height (cm) 163.5 172

Weight (kg) 130 167.1

Body mass index (kg/m2) 48.93 56.48

Past medical history

Hypertension O O

Diabetes mellitus O O

Heart failure O O

Pulmonary hypertension O O

Cor pulmonale O ×

Chronic kidney disease O ×

Bronchial asthma O ×

F: Female; M: Male.

Figure 1 Chest X-ray at admission. A: Patient 1, cardiomegaly; B: Patient 2, cardiomegaly, pericardial effusion, and pulmonary interstitial edema with pleural 
effusion on both sides.

TREATMENT
Case 1
NIV was initiated, and oxygen demand was gradually reduced (O2 1–2 L). As the patient’s dyspnea and 
hypercapnia/hypoxia gradually improved to the point where she could be weaned off the ventilator 
during the day, she began engaging in aerobic exercise and functional training. In the early stages, 
evaluation using a pulmonary function test was not possible because of the patient’s severe dyspnea. 
When her status improved with the ventilation treatment, the pulmonary function test was finally 
performed and yielded a forced vital capacity (FVC) of 2.27 L (75% of predicted maximum) and a forced 
expiratory volume in the first second (FEV1) of 1.71 L (66% of predicted maximum), resulting to an 
FEV1/FVC of 75%.

Case 2 
We changed the patient’s treatment from mechanical ventilation to NIV because we expected long-term 
ventilator use after extubation. NIV was started immediately, and his oxygen demand was gradually 
reduced. At the time of discharge from the ICU, he was still bedridden because of dyspnea and required 
oxygen at a rate of 5 L/min (administered via a nasal prong) during the day; NIV was continued during 
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Table 2 Comparison of admission and discharge results

Patient 1 Patient 2

Adm RM consult Discharge F/U (4 mo) Adm RM consult Discharge F/U (4 mo)

Height (cm) 163.5 163.5 163.5 163.5 172 172 172 172

Weight (kg) 130 105.5 98.2 88 167.1 138.4 135.7 138

BMI 48.63 39.47 36.73 32.92 56.48 46.78 45.87 46.65

Noninvasive 
ventilation

Mode iVAPS iVAPS PCV PCV

Target Va 8 Target Va 8 IPAP 19 IPAP 19

PS 2-14 PS 2-14 EPAP 5 EPAP 5

Setting

EPAP 4-10 EPAP 4-10

O2 4 L/min 4 L/min 4 L/min 4 L/min

Apply time 9 pm-7 am 9 pm-7 am 10 pm-6 am 10 pm-6 am

Daytime O2 15 L/min 15 L/min 1.5L/min None 10 L/min 10 L/min None None

(reserve mask)

ABG test1

pH ↓7.307 7.354 7.39 - ↓7.148 7.351 7.406 -

PCO2 (mmHg) ↑97.1 ↑96.7 ↑51.7 - ↑110 ↑74.9 37.7 -

PO2 (mmHg) ↓73.3 ↓63.8 ↓72.3 - ↓79 103 97.3 -

SaO2 (%) 93.2 88.6 94.3 - 91.7 97.5 98 -

Pulmonary function 
test

PCF (L/min) NT NT 260 - NT 340 370 510

FVC (L) NT NT 2.27 3.21 NT NT 4.72 (102%) 4.64 (101%)

-0.75 -0.95

FEV1 (L) NT NT 1.71 2.39 NT NT 3.46 (101%) 2.76

-0.66 -0.93 -0.81

FEV1/FVC (%) NT NT 75 75 NT NT 73 59

PEF (%) NT NT 72 - NT NT 84 56

6MWT NT NT 234 m 376 m NT 389 m 480 m 549 m

AHI2 Not done 78.1/h

1Measured in the morning (reflecting respiration values during sleep).
2Measured value use of polysomnography.
RM: Rehabilitation medicine; F/U: Follow up; BMI: Body mass index; NIV: Non-invasive ventilation; ABGA: Arterial blood gas analysis; PFT: Pulmonary 
function test; NT: Not testable; PCF: Peak cough flow; FVC: Forced vital capacity; FEV1: Forced expiratory volume in the first second; PEF: Peak expiratory 
flow; 6MWT: 6-minute walking test; AHI: Apnea/hypopnea index.

the night.

OUTCOME AND FOLLOW-UP
Case 1
At the time of discharge, the patient could move around with the aid of a walking device and only 
needed oxygen at a rate of 1.5 L/min during the day; ventilation continued, but only during the night. 
On the day of discharge, she performed a 6-minute walking test (6MWT), which yielded a 6MWT 
distance of 234 m; her weight at that point was 98.2 kg (BMI: 36.73 kg/m2). The ABGA results indicated 
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hypercapnia, although her levels (pH 7.390; pCO2 51.7 mmHg; pO2 72.3 mmHg; and SaO2 94.3%) 
improved compared to those at the last assessment. The patient was discharged and prescribed home 
ventilation and O2 therapy.

The patient visited the outpatient department. She still relied on NIV during the night but did not 
need O2 supply during the day. Her O2 saturation in room air was ≥ 93%. The patient reported a 
subjective improvement in dyspnea, and the pulmonary function test also indicated improvements, 
with an FVC of 3.21 L (95% of predicted maximum), an FEV1 of 2.39 L (93% of the predicted maximum), 
and an FEV1/FVC ratio of 75%. The 6MWT distance measured at this visit was 376 m, and her weight 
was 88 kg (BMI: 32.92 kg/m2). After 4 mo of follow-up, the patient returned to work while performing 
activities of daily living independently, maintaining her body weight with aerobic exercises, and relying 
on NIV only during the night.

Case 2
As the patient’s dyspnea gradually improved, he started engaging in aerobic exercises. In the early 
stages, a pulmonary function test could not be performed because of severe dyspnea. When his 
respiratory function had improved, he finally underwent the test, which yielded an FCV of 4.72 L (102% 
of predicted maximum), an FEV1 of 3.46 L (101% of predicted maximum), and thus an FEV1/FVC of 
73%. The patient expressed an interest in active rehabilitation treatment and was therefore transferred to 
our department. At the time of transfer to the rehabilitation department, he did not rely on additional 
oxygen during the day and used NIV only at night.

Polysomnography was performed because we observed desaturation during sleep, and the use of 
NIV was maintained during sleep because of the patient’s severe obstructive sleep apnea (AHI 78.1/h). 
He engaged in aerobic exercises on an ergometer and treadmill, and gait training using a walking 
device. He also exercised to strengthen his muscles as his lower extremities were weak after he had been 
bedridden for approximately a month. When he was discharged from the hospital, the ABGA results 
and 6MWT demonstrated improvements, and the patient could move around independently using a 
walking device. The 6MWT yielded a distance of 480 m, and his weight was 135.7 kg (BMI: 45.87 
kg/m2), indicating a reduction compared to his weight at admission (167.1 kg). When the patient was 
dis-charged, his ABGA results were within the normal range as follows: pH, 7.406; pCO2 37.7 mmHg; 
pO2 97.3 mmHg; and SaO2 98.0%.

The patient visited the outpatient department. He still relied on NIV at night and breathing normal 
room air during the day. He reported subjective improvement in his dyspnea. The pulmonary function 
test results were similar to those at the last assessment, and yielded an FVC of 4.64 L (101% of predicted 
maximum), an FEV1 of 2.76 L (81% of the predicted maximum), and an FEV1/FVC of 59%. His 6MWT 
distance improved compared to the previous test (510 m), and his weight was similar at 138 kg (BMI: 
46.65 kg/m2). After 4 mo of follow-up, the patient returned to work while performing activities of daily 
living independently, maintaining his body weight with aerobic exercises, and relying on NIV only 
during the night.

DISCUSSION
These cases demonstrate that appropriate ventilator application and PR in patients with obesity and HF 
complaining of dyspnea caused by severe hypercapnia can improve symptoms and help patients return 
to daily life. Because dyspnea is a major barrier for patients with HF in performing activities of daily 
living, controlling its symptoms is especially important. HF causes complications, such as arrhythmia, 
thromboembolism, respiratory muscle weakness, and pulmonary HTN[6]. Obesity can also occur 
because of reduced physical activity[7] and is associated with mortality and various complications, 
including diabetes mellitus, heart problems, dementia, and cancer[8]. Therefore, treating HF is 
important and generally involves pharmacological management, such as diuretic therapy, in acute HF. 
Furthermore, whether the patient’s HF is caused by hypoventilation needs to be considered.

Previous studies have demonstrated that NIV is more effective than conventional oxygen therapy, 
improves dyspnea, and decreases intubation rates for acute cardiogenic pulmonary edema and acute 
HF associated with pulmonary disease[9,10]. By contrast, large randomized trials have reported that 
NIV application does not lead to a reduction in intubation rates; however, this observation might have 
been attributed to the relatively low intubation rates in the study patient population[11]. Additionally, 
NIV support is recommended as adjuvant therapy in patients with acute cardiogenic pulmonary edema 
with severe dyspnea or when medication treatment is ineffective because it has been proven to improve 
dyspnea and metabolic abnormalities in a faster and safer way than standard oxygen therapy[11,12]. 
Our two patients who did not significantly benefit from pharmacological management demonstrated 
symptom improvement and were able to return to their daily lives with the aid of appropriate NIV.

Obesity may occur in response to decreased physical activity in patients with HF or may cause HF by 
contributing to cardiac hemodynamics, endothelial dysfunction, insulin resistance, vascular changes, 
and metabolic disorders, including cardiac lipotoxicity[13]. Therefore, obesity should be carefully 
monitored in patients with HF. Previous studies have also reported independent associations between 
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obesity and pulmonary HTN and between obesity and mortality in the presence of pulmonary HTN
[14]. Obesity, insulin resistance, and sleep apnea cause pulmonary HTN, which impairs endothelial 
function[15]. Moreover, patients with obesity hypoventilation syndrome may experience daytime 
hypoventilation, chronic hypoxemia, polycythemia, pulmonary HTN, and cor pulmonale[16], which 
increases the likelihood that these patients will require invasive mechanical ventilation or ICU 
admission[17].

Dyspnea exacerbation can contribute to functional disabilities that degrade the quality of life of 
patients with HF, progress over time, and are associated with poor prognosis[18]. Exercise-based 
cardiac rehabilitation (CR) for all patients with HF has been proven to be safe and effective in improving 
heart and body functions, reducing readmission rates, and improving quality of life[19,20]. Chronic HF 
management guidelines in some countries specifically list exercise-based CR as a category I recom-
mendation[21,22]. The two patients presented here were bedridden when rehabilitation was initiated, 
were able to improve their dyspnea symptoms through NIV until they were able to engage in gait 
training, and improved further with the aid of breathing education and aerobic exercises until they 
could resume performing activities of daily living. These two cases demonstrate that respiratory 
assistance should be prioritized at the start of rehabilitation to facilitate training thereafter.

CONCLUSION
Patients with obesity and HF who develop pulmonary HTN and cor pulmonale need to be assessed and 
potentially treated for obesity hypoventilation and sleep apnea, in addition to receiving medication for 
HF. The two reported cases suggest that the symptoms of these comorbidities may improve once ABG 
levels are normalized through appropriate ventilator support and PR.
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Abstract
BACKGROUND 
Closed rupture of the little and ring finger flexor tendons caused by the hamate is 
mostly associated with a fracture or nonunion of the hamate hook. Only one case 
of a closed rupture of the finger flexor tendon caused by osteochondroma in the 
hamate has been reported. Here, we present a case study to highlight the 
possibility of hamate osteochondroma as a rare cause of finger closed flexor 
tendon rupture based on our clinical experience and literature review.

CASE SUMMARY 
A 48-year-old man who had been a rice-field farmer for 7–8 h a day for the past 30 
years visited our clinic due to the loss of right little finger and ring finger flexion 
involving both the proximal and distal interphalangeal joints. The patient was 
diagnosed with a complete rupture of the ring and little finger flexors because of 
the hamate and was pathologically diagnosed with an osteochondroma. 
Exploratory surgery was performed, and a complete rupture of the ring and little 
finger flexors due to an osteophyte-like lesion of the hamate was observed, which 
was pathologically diagnosed as an osteochondroma.

CONCLUSION 
One should consider that osteochondroma in the hamate may be the cause of 
closed tendon ruptures.

Key Words: Flexor tendon; Finger; Closed tendon rupture; Hamate; Osteochondroma; Case 
report

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i13.3038
mailto:trueyklee@naver.com


Kwon TY et al. Flexor tendon ruptures hamate osteochondroma

WJCC https://www.wjgnet.com 3039 May 6, 2023 Volume 11 Issue 13

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

Core Tip: It is not easy to diagnose osteochondroma in the hamate. Therefore, osteochondroma in the 
hamate should be considered as a cause when dealing with patients with closed ruptures of the finger 
flexor tendon. Based on our experience, we also suggest that the surgical treatment of these patients 
requires careful pre-operative planning and preparation.

Citation: Kwon TY, Lee YK. Multiple flexor tendon ruptures due to osteochondroma of the hamate: A case report. 
World J Clin Cases 2023; 11(13): 3038-3044
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3038.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3038

INTRODUCTION
Closed ruptures of the flexor tendons other than in nonrheumatic patients are uncommon. These 
ruptures are frequently caused by intrinsic tendon pathology or structural deformities[1]. Closed 
rupture of the finger flexor tendons caused by the hamate is mostly associated with a fracture or 
nonunion of the hamate hook[2,3]. Only one case of a closed rupture of the finger flexor tendon caused 
by osteochondroma in the hamate has been reported[4]. An osteochondroma is a tumor that arises 
mainly from the metaphyses of long bones and is the most common form of primary benign bone 
tumor. However, it is rarely found in carpal bones[5-8]. In this report, we present a case study to 
highlight the possibility of hamate osteochondroma as a rare cause of finger closed flexor tendon 
rupture based on our clinical experience and literature review.

CASE PRESENTATION
Chief complaints
A 48-year-old man complained of the inability to flex his right ring finger (RRF) and right small finger 
(RSF).

History of present illness
The patient was unable to perform active flexion of the RSF for about 2 wk and active flexion of the RRF 
for about one week. The condition occurred without pain or a definite episode of trauma.

History of past illness
He had been a rice-field farmer for 7−8 h a day for the past 30 years.

Personal and family history
There was no history or evidence of rheumatoid or other inflammatory arthritis conditions.

Physical examination
Physical examination revealed no swelling or tenderness of the palm. However, he could not actively 
flex either the proximal or distal interphalangeal joint of the RRF and RSF (Figure 1A and B).

Laboratory examinations
The patient’s rheumatoid serology results were normal.

Imaging examinations
The radiologist reported no specific findings on preoperative magnetic resonance imaging (MRI) other 
than ring finger and small finger flexor tendon ruptures (Figure 2).

Further diagnostic work-up
The flexor tendons were explored under regional anesthesia through a volar zig-zag incision. During 
surgery, the flexor digitorum profundus (FDP) and flexor digitorum superficialis (FDS) tendons of the 
RRF and RSF were found to be completely ruptured (Figure 3A and B). Additionally, the flexor tendons 
of the long finger were attenuated and frayed. On the side of the hamate in the carpal tunnel, a 
protruding bony structure like an osteophyte was identified, which was covered by cartilage 
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Figure 1 Preoperative physical examination. A: The loss of the ring finger flexion involving both proximal and distal interphalangeal joints; B: The loss of the 
little finger flexion involving both proximal and distal interphalangeal joints.

Figure 2 Flexor tendon continuity of the ring finger and the small finger is not visible in the carpal tunnel on T1 coronal magnetic 
resonance imaging.

(Figure 3C). The flexor tendons were determined to be worn and ruptured by this structure. We used a 
C-arm image intensifier to identify this area during surgery (Figure 3D). It was excised and sent for 
histological examination (Figure 3E). Although we knew that primary reconstruction through tendon 
transfer or a free tendon graft was the best treatment for ruptured flexor tendons, we decided to 
perform staged tendon reconstruction after considering various factors. The ruptured flexor tendons 
were debrided, and Hunter rods (Wright Medical Technology, Inc., Arlington, TN, USA) were inserted 
(Figure 3F).

FINAL DIAGNOSIS
The final diagnosis was multiple flexor tendon ruptures due to osteochondroma of the hamate

TREATMENT
Postoperatively, the wrist was immobilized with dorsal block short arm splint for 2 wk.
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Figure 3 Intraoperative photographs. A and B: Complete rupture of the right ring finger and right small finger flexor tendons (yellow arrows); C: A protruding 
bony structure like an osteophyte is identified on the side of the hamate in the carpal tunnel, and is covered by cartilage (blue arrow). There is a partial rupture of the 
right long finger flexor tendon (yellow arrow); D: The intra operative C-arm image shows a bony lesion protruding into the carpal tunnel; E: Excisional biopsy was 
performed for the bony lesion (yellow arrow); F: Hunter rods were inserted (yellow arrow).

OUTCOME AND FOLLOW-UP
The histopathological examination revealed osteochondroma of the hamate with no malignant changes 
(Figure 4). However, tendon reconstruction could not be performed because the patient did not return 
to the hospital as he was busy with work.

DISCUSSION
An osteochondroma is a common tumor that accounts for 30% of benign bone tumors and 10%−15% of 
all bone tumors[9]. Since most cases are asymptomatic, they are often detected incidentally on 
radiographs and are commonly found around the knee area. Carpal osteochondroma is very rare and 
only three cases involving the hamate have been reported[4,6,8]. Only one case of carpal osteo-
chondroma associated with a partial rupture of the finger flexor tendon has been reported[4]. The low 
incidence of osteochondromas in carpal bones might be related to the total area of the periosteal surface, 
which is small in carpal bones compared to long bones or larger tarsal bones[5]. In most cases of isolated 
osteochondromas, conservative treatment with regular follow-up monitoring is conducted[9]. However, 
surgical excision is performed if the tumor size presents an aesthetic problem, pathological fractures or 
symptoms of nerve or vascular compression appear, limitations in joint movement occur, or tumor 
exacerbation is suspected[10]. Our case involved closed tendon rupture due to a hamate 
osteochondroma. However, the occurrence of osteochondroma in carpal bones is very rare, and the 
diagnosis can be very difficult because of its usual occurrence in a long bone and other atypical 
radiological findings. Similarly, in our case, the size was too small to be detected even on MRI before 
surgery, but it was found during surgery.

Closed injuries to the flexor tendon are rare and, therefore, can be easily missed initially. The causes 
of closed rupture of the flexor tendons reported in previous papers were distal radius fractures, 
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Figure 4 Histopathologic analysis of the hamate bony lesion shows thick cartilaginous tissue, such as the typical cartilaginous cap seen 
in the common osteochondroma with no malignant changes (hematoxylin-eosin stain, original magnification x 100).

nonunions of the scaphoid, tendolipomatosis, dislocations of the lunate, Kienböck's disease, 
osteoarthritis of the pisotriquetral joint, and fractures or nonunions of the hamate hook[2,3,11-15]. 
Sometimes, closed ruptures of the flexor tendon occur without any underlying pathological conditions. 
Although the etiology of closed ruptures is unclear, these injuries likely depend on the interplay of 
several factors, including vascular alterations, repetitive microtrauma, local anatomic features, tendon 
anomalies, and genetic or other endogenous influences[16].

Closed ruptures of the flexor tendons are usually treated with primary reconstruction through tendon 
graft interposition or tendon transfer[17]. In addition, since osteochondroma is a benign and slow-
growing tumor, it has been reported that there is no problem with primary treatment has been reported, 
even if accompanied by tendon rupture[7]. However, we have limited hand surgery experience at the 
time of this case. Initially, we planned primary tendon reconstruction via tendon transfer from the third 
FDS. However, since the third FDS tendon was also frayed and attenuated, tendon transfer could not be 
performed. As an alternative treatment method, we considered reconstruction using free tendon graft 
interposition. Two palmaris longus tendons should be harvested to ensure the success of this treatment, 
but we found this option unsuitable since surgery on this patient was not performed under general 
anesthesia. Moreover, if the grafted tendon passes through the osteochondroma removal site, there is a 
possibility of re-rupture due to wear of the tendon. Thus, we performed a Hunter rod insertion instead. 
However, this was done because of our lack of both experience and thorough preoperative preparation, 
which would have discovered the osteochondroma before surgery. In this regard, we suggest that 
careful planning and preparation are needed before surgery for patients with closed ruptures of the 
flexor tendon.

Rice-field farmers frequently work in small-scale agricultural settings using hand hoes and small 
sickles. Repetitive movements of the wrist are required to use these tools, and there is full wrist flexion 
with ulnar deviation. Thus, the FDP tendons of the ulnar digits deviate to an acute angle at the hamate 
in the carpal tunnel. Moreover, repetition of these movements can produce friction between the flexor 
tendon and the surface of the hamate, leading to attrition of both the tendon and the surface of the 
hamate[18]. Our patient had been a rice-field farmer for the past 30 years. Long-term repeated 
movements led to the attrition of both the tendon and the surface of the hamate. Moreover, 
microtrauma of the hamate because of its irregularity due to an osteochondroma was the main cause of 
flexor tendon rupture.

One limitation of this case report is that secondary tendon reconstruction could not be performed 
because the patient did not return to the hospital as he was busy with work. Therefore, we could not 
show the final result of his reconstructed fingers, and there was no final follow-up to determine whether 
the hamate osteochondroma recurred.

CONCLUSION
In the present case, repetitive friction between the flexor tendons and osteochondroma of the hamate 
may have caused tendon rupture. However, given that it is not easy to diagnose osteochondroma in the 
hamate, osteochondroma in the hamate should be considered as the cause when dealing with patients 
with closed ruptures of the finger flexor tendon. Based on our experience, we also suggest that surgical 
treatment requires careful pre-operative planning and preparation.
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Abstract
BACKGROUND 
The fractional flow reserve (FFR) has made the treatment of coronary heart 
disease more precise. However, there are few reports on the measurement of FFR 
via the left internal mammary artery (LIMA). Herein, we described the determ-
ination of further treatments by measuring FFR via the LIMA in 2 cases after 
coronary artery bypass grafting (CABG).

CASE SUMMARY 
Case 1 was a 66-year-old male who was admitted due to “chest tightness after 
CABG.” The patient underwent CABG 7 years prior due to coronary heart 
disease. Coronary artery angiography showed complete occlusion of the left 
anterior descending artery (LAD), and subtotal occlusion of the third segment of 
the right coronary artery. On arterial angiography, there was 85% stenosis at the 
distal end of the anastomosis of the LIMA-LAD graft. FFR via LIMA was 
determined at 0.75. Thus, balloon dilation was performed in Case 1. FFR after 
balloon dilation was 0.94. Case 2 was a 60-year-old male who was admitted due to 
“chest tightness after CABG.” The patient underwent CABG 6 years prior due to 
coronary heart disease. There was 60% segmental stenosis in the middle segment 
of LAD and 75% anastomotic stenosis. FFR measured via LIMA was 0.83 
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(negative); thus the intervention was not performed. Case 2 was given drug treatments. At the 3-
mo follow-up, there was no recurrence of chest tightness or shortness of breath in both cases. They 
are currently under continual follow-up.

CONCLUSION 
We provided evidence that FFR measurement via grafted blood vessels, especially LIMA, after 
CABG is a good method to determine the intervention course.

Key Words: Left internal mammary artery; Fractional flow reserve; Coronary artery bypass; Intervention; 
Case report

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

Core Tip: We reported the determination of intervention by fractional flow reserve value measured via the 
left internal mammary artery after coronary artery bypass grafting in 2 cases. We provided evidence that 
fractional flow reserve measurement via grafted blood vessels, especially the left internal mammary artery, 
after coronary artery bypass grafting is a good method to determine whether to intervene.

Citation: Zhang LY, Gan YR, Wang YZ, Xie DX, Kou ZK, Kou XQ, Zhang YL, Li B, Mao R, Liang TX, Xie J, Jin 
JJ, Yang JM. Fractional flow reserve measured via left internal mammary artery after coronary artery bypass 
grafting: Two case reports. World J Clin Cases 2023; 11(13): 3045-3051
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3045.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3045

INTRODUCTION
Coronary angiography can only perform anatomical evaluation of the stenosis degree and cannot 
functionally evaluate the effect of the stenosis on the distal blood flow or identify the extent of 
myocardial ischemia. This causes overestimation or underestimation of the lesion severity and results in 
over-treatment or under-treatment of lesions[1]. Fractional flow reserve (FFR), which was first proposed 
in 1993[2], is an index for estimating coronary blood flow by pressure measurement. In recent years, the 
wide application of FFR has enabled patients with coronary heart disease to receive precise treatment[3,
4]. The left internal mammary artery (LIMA) has an excellent long-term patency rate and is the 
preferred vessel for coronary artery bypass grafting (CABG)[5]. However, the measurement of FFR via 
the LIMA is rarely reported. Herein, we reported the determination of further treatments in 2 patients 
by measuring FFR through the LIMA. These patients received CABG for coronary heart disease and had 
graft occlusion after CABG.

CASE PRESENTATION
Chief complaints
Case 1: A 66-year-old male was admitted to Gansu Institute of Cardiovascular Diseases due to “chest 
tightness after CABG.”

Case 2: A 60-year-old male was admitted to Gansu Institute of Cardiovascular Diseases because of 
“chest tightness after CABG.”

History of present illness
Case 1: The patient experienced intermittent chest tightness and shortness of breath in the prior 3 years. 
The symptoms worsened in the 3 mo prior to admission.

Case 2: The patient suffered from chest tightness and shortness of breath in the week prior to admission.

History of past illness
Case 1: The patient underwent CABG 7 years prior due to coronary heart disease. The coronary artery 
bypass grafts included the graft from LIMA to the left anterior descending artery (LAD), the graft from 
the ascending aorta (AO) to the right posterior descending coronary artery and the graft from the AO to 
the first diagonal branch of the left coronary artery.

https://www.wjgnet.com/2307-8960/full/v11/i13/3045.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3045
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Case 2: The patient received CABG 6 years prior due to coronary heart disease. The coronary artery 
bypass grafts included the LIMA-LAD graft and the saphenous vein-obtuse marginal branch graft.

Personal and family history
Case 1: The patient denied any family history of heart disease or genetic disease. The patient had a 
smoking history of 30 years (3 cigarettes a day).

Case 2: The patient denied any family history of heart disease or genetic disease. The patient had a 
smoking history of 30 years (20 cigarettes a day).

Physical examination
Case 1: Physical examination showed blood pressure of 152/93 mmHg and heart rate of 61 beats/min. 
There was no arrhythmia or pathological murmur.

Case 2: Physical examination showed blood pressure of 135/85 mmHg and heart rate of 77 beats/min. 
No arrhythmia or pathological murmur was observed.

Laboratory examinations
Case 1: Laboratory examinations showed that low density lipoprotein was 3.80 mmol/L, and total 
cholesterol was 5.70 mmol/L. No obvious abnormality was observed in other blood biochemical 
indicators.

Case 2: Laboratory examinations showed that low density lipoprotein was 2.06 mmol/L, and total 
cholesterol was 3.59 mmol/L. There was no obvious abnormality in other blood biochemical indicators.

Imaging examinations
Case 1: Coronary artery angiography showed complete occlusion of LAD and subtotal occlusion of the 
third segment of the right coronary artery (RCA). The angiography also showed that the AO-first 
diagonal branch of the left coronary artery and the AO-posterior descending coronary artery grafts had 
smooth blood flow and had no anastomotic stenosis. On the arterial angiography, it was observed that 
the LIMA-LAD graft had smooth blood flow and had no anastomotic stenosis. However, there was 85% 
stenosis at the distal end of the anastomosis of the LIMA-LAD graft (Figure 1A). Cardiac ultrasound 
showed that the left ventricular ejection fraction was 54%.

Case 2: Coronary artery angiography observed that the left coronary artery was dominant. There was 
no abnormality in the left main coronary artery. However, there was 60% segmental stenosis in the 
middle segment of LAD and chronic occlusion of the RCA from the opening with visible collateral 
circulation. The LIMA-LAD graft was unobstructed. However, there was 75% anastomotic stenosis 
(Figure 2A). Additionally, the saphenous vein-obtuse marginal branch graft was unobstructed. On 
cardiac ultrasound, the left ventricular ejection fraction was 50%, consistent with the changes of old 
myocardial infarction at the inferior and posterior heart walls.

Further diagnostic work-up
Case 1: The pressure measuring guide wire was inserted into the stenotic segment of LAD through the 
LIMA, and the FFR value was measured to be 0.75 (positive) (Figure 1B).

Case 2: The FFR measured from the LIMA to the distal end of the anastomosis was 0.83 (negative) 
(Figure 2B).

FINAL DIAGNOSIS
Case 1
The final diagnosis was stenosis at the distal end of the anastomosis of the LIMA-LAD graft.

Case 2
The final diagnosis was segmental stenosis in the middle segment of LAD, chronic occlusion of the RCA 
and anastomotic stenosis.

TREATMENT
Case 1
Based on the positive FFR value, intervention was performed. In detail, dilation with a 2.0 mm × 31.0 
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Figure 1 Images of case 1. A: Angiography showed 85% stenosis at the distal end of the anastomosis of the left internal mammary artery (LIMA)-left anterior 
descending artery graft (orange arrow); B: Before intervention, the fractional flow reserve measured via the LIMA was 0.75 (positive); C: Dilation with a 2.0 mm × 31.0 
mm drug containing balloon was performed at the stenotic segment of the left anterior descending artery via the LIMA (orange arrow); D: After balloon dilation, 
remeasurement of pressure showed that the fractional flow reserve was 0.94.

mm balloon containing drugs was performed at the stenotic segment of the LAD via the LIMA 
(Figure 1C).

Case 2
Based on the negative FFR value, the intervention was not performed. The patient was given drug 
treatments according to traditional Chinese medicine and Western medicine.

OUTCOME AND FOLLOW-UP
Case 1
Remeasurement of pressure showed that the FFR after balloon dilation was 0.94 (Figure 1D). There was 
no residual stenosis as shown on coronary angiography. Three days after intervention, the symptoms of 
chest tightness were significantly relieved, and the patient was discharged. At the 3-mo follow-up, the 
patient had no recurrence of chest tightness or shortness of breath. The patient is currently under 
continual follow-up.

Case 2
One week after drug treatment, the symptoms of chest tightness and shortness of breath were 
significantly relieved and the patient was discharged. At the 3-mo follow-up, there was no recurrence of 
chest tightness or shortness of breath. The patient is currently under continual follow-up.
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Figure 2 Images of case 2. A: Angiography indicated 75% anastomotic stenosis (orange arrow); B: The fractional flow reserve measured from the left internal 
mammary artery to the distal end of the anastomosis was 0.83 (negative).

DISCUSSION
LIMA is a commonly used vessel for CABG. Its advantages[6] are as follows: (1) The pedicled LIMA can 
regulate blood flow according to physiological needs; (2) The LIMA can produce prostaglandins, which 
can dilate blood vessels and resist platelet aggregation; and (3) The LIMA has less possibility of athero-
sclerosis, ensuring a high long-term patency rate. The 2 patients in this report had occlusion in the 
proximal segment of the anterior descending artery and occlusion in the middle segment of the anterior 
descending artery. The blood supply of the anterior myocardium mainly came from the LIMA graft. 
Thus, intervention may be performed through the LIMA. However, re-intervention therapy should be 
performed with caution after recurrence. It is shown that nearly 25% of patients with coronary 
angiography stenosis above 70% do not have myocardial ischemia[7]. For these patients, stenting or 
coronary bypass based on the results of coronary angiography alone will not only have no effect but 
also increase the financial and psychological burden of patients, leading to over-treatment.

FFR can objectively and accurately evaluate coronary function, thus providing evidence for interven-
tional therapy and assisting in making precise treatment plans during interventional therapy[8,9]. A 
multicenter clinical trial[7] showed that compared with traditional percutaneous coronary intervention 
using FFR as the gold standard to guide patients with coronary artery diseases for revascularization 
intervention significantly improved the prognosis of patients and significantly reduced the incidence of 
adverse events. The 3-year follow-up results from the Compare-Acute study showed that FFR-guided 
complete revascularization in patients with ST-segment elevation myocardial infarction and multivessel 
disease could significantly reduce costs[10]. FFR measurement is currently the optimal method to 
confirm whether coronary stenosis is complicated with myocardial ischemia. The latest international 
views believe that coronary angiography + FFR measurement is the “gold standard” for the diagnosis 
and treatment of coronary heart disease[11]. Clinically, an FFR value greater than 0.8 indicates no 
myocardial ischemia, and an FFR value less than 0.8 indicates myocardial ischemia[12]. Under this gold 
standard, the precise treatment of coronary heart disease by stenting or bypass grafting can be achieved
[13].

In patients with chest tightness and shortness of breath after CABG, it should be first considered 
whether there is a problem with the grafted blood vessels, especially the LIMA-LAD graft. There may 
be factors such as atherosclerotic stenosis in LIMA, anastomotic stenosis and stenosis in LAD at the 
distal end of the anastomosis[14]. Previously, intervention was determined by the stenosis degree 
assessed by the angiography of LIMA. However, angiography cannot determine whether there is 
ischemia in the distal myocardium. Thus, the intervention may have some blindness to a certain extent
[7]. The measurement of FFR enables the quantitative evaluation of the degree of myocardial ischemia at 
the distal end of the anastomosis and can more accurately determine whether to intervene.

In this report, Case 1 had 85% stenosis in the LAD at the distal end of the anastomosis of the LIMA-
LAD graft. The measured FFR value was 0.75 (positive), and then balloon dilation was performed. The 
measured FFR value after drug balloon dilation was 0.94 (negative). The patient’s symptoms were 
significantly relieved after intervention. In Case 2, although there was 75% stenosis at the anastomosis 
between the LIMA and the LAD, the FFR value was 0.83 (negative). This indicated that there may be no 
myocardial ischemia. Thus, intervention was not performed in Case 2, avoiding over-treatment. Case 2 
was discharged after drug therapy.
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Notably, this report is limited in that the measurement of FFR via LIMA was invasive and that we did 
not compare the FFR measured via LIMA with that measured by cardiac color Doppler.

CONCLUSION
In conclusion, we provided evidence that FFR measurement of grafted blood vessels, especially LIMA 
grafts, after CABG is a good method to determine the intervention course.

FOOTNOTES
Author contributions: Zhang LY, Gan YR and Wang YZ contributed equally to the study; Zhang LY, and Gan YR 
collected the cases and wrote the paper; Kou ZK and Kou XQ were responsible for surgical intervention; Zhang YL 
and Li B collected the data; Mao R was responsible for patient care; Liang TX was responsible for cardiopulmonary 
bypass; Xie J was responsible for clinical examination; Jin JJ analyzed the data; Xie DX, Wang YZ and Yang JM 
supervised the process, provided the financial support and revised the paper; All authors have read and approved 
the manuscript.

Supported by China Postdoctoral Science Foundation, No. 2021M693794; Health Key Science and Technology 
Development Project of Lanzhou, No. 2021006; Lanzhou Talent Innovation and Entrepreneurship Project, No. 2022-
RC-51; and Gansu Province Double First-Class Scientific Research Key Project, No. GSSYLXM-05.

Informed consent statement: Informed written consents were obtained from the patients for publication of these two 
reports and any accompanying images.

Conflict-of-interest statement: All authors report having no relevant conflicts of interest for this article. The funders 
played no role in the study.

CARE Checklist (2016) statement: The authors have read CARE Checklist (2016), and the manuscript was prepared 
and revised according to CARE Checklist (2016).

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: China

ORCID number: Li-Ying Zhang 0000-0002-2667-659X; Yan-Zhen Wang 0000-0002-3627-5108; Jin-Mei Yang 0000-0003-
0684-0548.

S-Editor: Li L 
L-Editor: Filipodia 
P-Editor: Yu HG

REFERENCES
1 Song CX, Dou KF. [Research progress of coronary function diagnosis]. Zhongguo Xunhuan Zazhi 2017; 32: 403-405 

[DOI: 10.3969/j.issn.1000-3614.2017.04.021]
2 Pijls NH, van Son JA, Kirkeeide RL, De Bruyne B, Gould KL. Experimental basis of determining maximum coronary, 

myocardial, and collateral blood flow by pressure measurements for assessing functional stenosis severity before and after 
percutaneous transluminal coronary angioplasty. Circulation 1993; 87: 1354-1367 [PMID: 8462157 DOI: 
10.1161/01.cir.87.4.1354]

3 De Bruyne B, Fearon WF, Pijls NH, Barbato E, Tonino P, Piroth Z, Jagic N, Mobius-Winckler S, Rioufol G, Witt N, Kala 
P, MacCarthy P, Engström T, Oldroyd K, Mavromatis K, Manoharan G, Verlee P, Frobert O, Curzen N, Johnson JB, 
Limacher A, Nüesch E, Jüni P; FAME 2 Trial Investigators. Fractional flow reserve-guided PCI for stable coronary artery 
disease. N Engl J Med 2014; 371: 1208-1217 [PMID: 25176289 DOI: 10.1056/NEJMoa1408758]

4 Driessen RS, Danad I, Stuijfzand WJ, Raijmakers PG, Schumacher SP, van Diemen PA, Leipsic JA, Knuuti J, Underwood 
SR, van de Ven PM, van Rossum AC, Taylor CA, Knaapen P. Comparison of Coronary Computed Tomography 
Angiography, Fractional Flow Reserve, and Perfusion Imaging for Ischemia Diagnosis. J Am Coll Cardiol 2019; 73: 161-
173 [PMID: 30654888 DOI: 10.1016/j.jacc.2018.10.056]

5 Zhao Q, Yang Y, Zhu YP. [The state of the art for arterial coronary artery bypass grafting]. Zhonghua Waike Zazhi 2020; 
58: 337-340 [DOI: 10.3760/cma.j.cn112139-20200131-00050]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-2667-659X
http://orcid.org/0000-0002-2667-659X
http://orcid.org/0000-0002-3627-5108
http://orcid.org/0000-0002-3627-5108
http://orcid.org/0000-0003-0684-0548
http://orcid.org/0000-0003-0684-0548
http://orcid.org/0000-0003-0684-0548
https://dx.doi.org/10.3969/j.issn.1000-3614.2017.04.021
http://www.ncbi.nlm.nih.gov/pubmed/8462157
https://dx.doi.org/10.1161/01.cir.87.4.1354
http://www.ncbi.nlm.nih.gov/pubmed/25176289
https://dx.doi.org/10.1056/NEJMoa1408758
http://www.ncbi.nlm.nih.gov/pubmed/30654888
https://dx.doi.org/10.1016/j.jacc.2018.10.056
https://dx.doi.org/10.3760/cma.j.cn112139-20200131-00050


Zhang LY et al. FFR via left internal mammary artery

WJCC https://www.wjgnet.com 3051 May 6, 2023 Volume 11 Issue 13

6 Harky A, Sankaranarayanan V, Kong QG. Internal mammary artery: the primary conduit for surgical revascularization. 
Coron Artery Dis 2021; 32: 64-72 [PMID: 32310849 DOI: 10.1097/MCA.0000000000000895]

7 Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van' t Veer M, Klauss V, Manoharan G, Engstrøm T, Oldroyd 
KG, Ver Lee PN, MacCarthy PA, Fearon WF; FAME Study Investigators. Fractional flow reserve versus angiography for 
guiding percutaneous coronary intervention. N Engl J Med 2009; 360: 213-224 [PMID: 19144937 DOI: 
10.1056/NEJMoa0807611]

8 Chen J, Wetzel LH, Pope KL, Meek LJ, Rosamond T, Walker CM. FFR(CT): Current Status. AJR Am J Roentgenol 2021; 
216: 640-648 [PMID: 33377794 DOI: 10.2214/AJR.20.23332]

9 Mangiacapra F, Bressi E, Sticchi A, Morisco C, Barbato E. Fractional flow reserve (FFR) as a guide to treat coronary 
artery disease. Expert Rev Cardiovasc Ther 2018; 16: 465-477 [PMID: 29923434 DOI: 10.1080/14779072.2018.1489236]

10 Smits PC, Laforgia PL, Abdel-Wahab M, Neumann FJ, Richardt G, Boxma-de Klerk B, Lunde K, Schotborgh CE, Piroth 
Z, Horak D, Wlodarczak A, Frederix GW, Omerovic E. Fractional flow reserve-guided multivessel angioplasty in 
myocardial infarction: three-year follow-up with cost benefit analysis of the Compare-Acute trial. EuroIntervention 2020; 
16: 225-232 [PMID: 32250250 DOI: 10.4244/EIJ-D-20-00012]

11 Tonino PA, Fearon WF, De Bruyne B, Oldroyd KG, Leesar MA, Ver Lee PN, Maccarthy PA, Van't Veer M, Pijls NH. 
Angiographic versus functional severity of coronary artery stenoses in the FAME study fractional flow reserve versus 
angiography in multivessel evaluation. J Am Coll Cardiol 2010; 55: 2816-2821 [PMID: 20579537 DOI: 
10.1016/j.jacc.2009.11.096]

12 Muller O, Mangiacapra F, Ntalianis A, Verhamme KM, Trana C, Hamilos M, Bartunek J, Vanderheyden M, Wyffels E, 
Heyndrickx GR, van Rooij FJ, Witteman JC, Hofman A, Wijns W, Barbato E, De Bruyne B. Long-term follow-up after 
fractional flow reserve-guided treatment strategy in patients with an isolated proximal left anterior descending coronary 
artery stenosis. JACC Cardiovasc Interv 2011; 4: 1175-1182 [PMID: 22035875 DOI: 10.1016/j.jcin.2011.09.007]

13 Wardziak Ł, Kruk M, Pleban W, Demkow M, Rużyłło W, Dzielińska Z, Kępka C. Coronary CTA enhanced with CTA 
based FFR analysis provides higher diagnostic value than invasive coronary angiography in patients with intermediate 
coronary stenosis. J Cardiovasc Comput Tomogr 2019; 13: 62-67 [PMID: 30309764 DOI: 10.1016/j.jcct.2018.10.004]

14 Higami T, Yamashita T, Nohara H, Iwahashi K, Shida T, Ogawa K. Early results of coronary grafting using ultrasonically 
skeletonized internal thoracic arteries. Ann Thorac Surg 2001; 71: 1224-1228 [PMID: 11308164 DOI: 
10.1016/s0003-4975(00)02660-6]

http://www.ncbi.nlm.nih.gov/pubmed/32310849
https://dx.doi.org/10.1097/MCA.0000000000000895
http://www.ncbi.nlm.nih.gov/pubmed/19144937
https://dx.doi.org/10.1056/NEJMoa0807611
http://www.ncbi.nlm.nih.gov/pubmed/33377794
https://dx.doi.org/10.2214/AJR.20.23332
http://www.ncbi.nlm.nih.gov/pubmed/29923434
https://dx.doi.org/10.1080/14779072.2018.1489236
http://www.ncbi.nlm.nih.gov/pubmed/32250250
https://dx.doi.org/10.4244/EIJ-D-20-00012
http://www.ncbi.nlm.nih.gov/pubmed/20579537
https://dx.doi.org/10.1016/j.jacc.2009.11.096
http://www.ncbi.nlm.nih.gov/pubmed/22035875
https://dx.doi.org/10.1016/j.jcin.2011.09.007
http://www.ncbi.nlm.nih.gov/pubmed/30309764
https://dx.doi.org/10.1016/j.jcct.2018.10.004
http://www.ncbi.nlm.nih.gov/pubmed/11308164
https://dx.doi.org/10.1016/s0003-4975(00)02660-6


WJCC https://www.wjgnet.com 3052 May 6, 2023 Volume 11 Issue 13

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 May 6; 11(13): 3052-3061

DOI: 10.12998/wjcc.v11.i13.3052 ISSN 2307-8960 (online)

CASE REPORT

Uterine artery embolization combined with percutaneous microwave 
ablation for the treatment of prolapsed uterine submucosal 
leiomyoma: A case report

Hui-Li Zhang, Song-Yuan Yu, Chuan-Wu Cao, Jing-E Zhu, Jia-Xin Li, Li-Ping Sun, Hui-Xiong Xu

Specialty type: Obstetrics and 
gynecology

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

Peer-review model: Single blind

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

P-Reviewer: Di Meglio L, Italy

Received: December 3, 2022 
Peer-review started: December 3, 
2022 
First decision: February 17, 2023 
Revised: February 24, 2023 
Accepted: March 31, 2023 
Article in press: March 31, 2023 
Published online: May 6, 2023

Hui-Li Zhang, Song-Yuan Yu, Jing-E Zhu, Jia-Xin Li, Li-Ping Sun, Department of Medical 
Ultrasound, Center of Minimally Invasive Treatment for Tumor, Shanghai Tenth People’s 
Hospital, Shanghai 200072, China

Chuan-Wu Cao, Department of Interventional and Vascular Surgery, Shanghai Tenth People’s 
Hospital, Shanghai 200072, China

Hui-Xiong Xu, Department of Ultrasound, Zhongshan Hospital, Shanghai 200032, China

Corresponding author: Hui-Xiong Xu, PhD, Professor, Department of Ultrasound, Zhongshan 
Hospital, No. 180 Fenglin Road, Xu Hui District, Shanghai 200032, China.  
xuhuixiong2022@126.com

Abstract
BACKGROUND 
Vaginal myomectomy is the most common form of radical treatment for 
prolapsed submucosal leiomyoma and is typically performed under general 
anesthesia. However, an alternative treatment approach is needed for patients 
who cannot tolerate general anesthesia. We describe a case with such a patient 
who was successfully treated via a minimally invasive method under local 
anesthesia.

CASE SUMMARY 
A 46-year-old female suffered from abnormal uterine bleeding, severe anemia, 
and a reduced quality of life attributed to a massive prolapsed submucosal 
leiomyoma. She could not tolerate general anesthesia due to a congenital thoracic 
malformation and cardiopulmonary insufficiency. A new individualized 
combined treatment, consisting uterine artery embolization (UAE), percutaneous 
microwave ablation (PMWA) of the pedicle and the endometrium, and trans-
vaginal removal of the leiomyoma by twisting, was performed. The lesion was 
completely removed successfully under local anesthesia without any major 
complications. The postoperative follow-up showed complete symptom relief and 
a significant improvement in the quality of life.

CONCLUSION 
UAE combined with PMWA can be performed under local anesthesia and is a 
promising alternative treatment for patients who cannot tolerate general 
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Core Tip: Uterine leiomyoma is a clinically common and benign tumor. The mainstream treatment for 
prolapsed leiomyoma is myomectomy. General anesthesia is usually needed when resecting large lesions. 
However, for patients with severe systematic disease who cannot tolerate general anesthesia, radical 
treatment is not feasible. We report a patient who was treated successfully via a minimally invasive 
method under local anesthesia. A large prolapsed leiomyoma was removed after a combination of uterine 
artery embolism and percutaneous microwave ablation treatment. This is a good example of the use of 
minimally invasive interventional technology for treating special patients.

Citation: Zhang HL, Yu SY, Cao CW, Zhu JE, Li JX, Sun LP, Xu HX. Uterine artery embolization combined with 
percutaneous microwave ablation for the treatment of prolapsed uterine submucosal leiomyoma: A case report. 
World J Clin Cases 2023; 11(13): 3052-3061
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3052.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3052

INTRODUCTION
Uterine leiomyomas are the most common benign pelvic tumor in reproductive-aged women, with an 
incidence between 25% and 80% in the literature[1,2]. Submucosal leiomyomas can cause uterine cavity 
deformation, which usually leads to abnormal uterine bleeding (AUB), even if the lesion is small. 
Without effective treatment, leiomyomas may eventually protrude through the cervical canal and 
prolapse into the vagina, in which case they are classified as FIGO type 0[3]. For isolated prolapsed 
pedunculated submucosal leiomyomas, transvaginal myomectomy is the mainstream radical treatment, 
performed by twisting, ligation, or excision. For large lesions with a thick pedicle that cannot be 
removed by twisting alone, ligation or excision followed by hysteroscopic electrocoagulation under 
general or epidural anesthesia is usually indicated[4,5]. However, an alternative treatment is needed for 
patients with severe systemic disease who cannot tolerate hysteroscopic surgery or hysterectomy. 
Herein, we present a case of a large prolapsed pedunculated submucosal leiomyoma impacted in the 
cervical canal that was successfully treated with a new method, uterine artery embolization (UAE) 
combined with percutaneous microwave ablation (PMWA).

CASE PRESENTATION
Chief complaints
A 46-year-old female complained of prolonged menses, heavy menstrual bleeding (HMB) and severe 
anemia for 2 years, which led to a severely reduced quality of life.

History of present illness
In July 2019, the patient presented with intermenstrual bleeding and was diagnosed with a 2 cm 
submucosal leiomyoma in a local hospital but received no treatment. Half a year later, the patient began 
to experience HMB (sanitary towel changed every 1-2 h), prolonged menses (20 d), and severe anemia 
(minimal serum hemoglobin level 4.2 g/dL). Blood transfusion and iron supplementation were required 
on the heaviest days. Unfortunately, her cardiopulmonary function was not amenable to general 
anesthesia for hysteroscopic surgery. Therefore, the regimen was switched to medical therapy. Between 
July 2020 and June 2021, the patient underwent intramuscular injections of goserelin acetate 36 mg every 
three months, but the efficacy was unsatisfactory. Her menstrual length was 10-15 d, the pictorial blood-
loss assessment chart (PBAC) scale score was 810, and the secondary anemia had not been corrected. In 
July 2022, the patient sought help at our clinic. The symptom severity score (SSS) and health-related 
quality of life (HRQOL) score were 75 and 12.07, respectively, according to the uterine fibroid 
symptoms and quality of life questionnaire[6]. Considering the patient’s strong willingness to undergo 
radical treatment, we proposed a new plan: (1) Correct the anemia with pseudomenopausal therapy 
with combined oral contraceptive pills (COCs); and (2) determine a way to remove the prolapsed 
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myoma under local anesthesia to permanently eliminate the source of the AUB. After taking COCs for 3 
mo, the patient’s serum hemoglobin (Hb) level increased to 8.9 g/dL. Then, she was admitted to our 
hospital for further treatment.

History of past illness
Her medical history mainly included congenital scoliosis and thoracic deformity, pulmonary insuffi-
ciency, and pulmonary heart disease. The heart function stabilized to New York Heart Association 
Cardiac Function Classification I or II while on long-term cardiotonic (ivabradine hydrochloride tablet 
bid 5 mg) and diuretic medication (spironolactone bid 20 mg and hydrochlorothiazide bid 25 mg).

Personal and family history
No family history of AUB or other tumors was identified.

Physical examination
Vaginal examination revealed a 6 cm, dark red mass prolapsed into the vagina without significant 
mobility. The patient refused bimanual examination.

Laboratory examinations
Laboratory tests revealed mild anemia with an Hb of 9.2 g/dL and an estradiol level below 18.35 U/L, 
consistent with previous hormonal therapy. Pregnancy tests, vaginal bacteriology, cervical cytology, 
and tumor biomarkers were all negative. Studies for systemic coagulation disorders, von Willebrand 
disease, and thyroid dysfunction were also performed, but the results were unremarkable.

Imaging examinations
Chest X-ray showed that the patient's bilateral thorax was asymmetric, with severe scoliosis and 
increased and thickened bilateral lung markings (Figure 1). Electrocardiography revealed sinus 
tachycardia, and Doppler echocardiography showed mild pulmonary hypertension and mild 
regurgitation of the aortic, mitral, and tricuspid valves. Transabdominal ultrasound (TAUS) imaging 
revealed a mass prolapsing into the cervical canal (Figure 2A) with a large blood vessel embedded in the 
pedicle (Figure 2B). Contrast-enhanced ultrasound imaging (CEUS) showed that the two arteries in the 
pedicle were the main blood supply sources of the lesion (Figure 2C), one measuring 2.7 mm and the 
other 3 mm in diameter. Pelvic magnetic resonance imaging (MRI) demonstrated that the pedicle was 
attached to the posterior uterine inner wall (Figure 3A and B), and no evidence of malignancy was 
found on T2-weighted imaging or enhanced T1-weighted imaging.

CHIEF COMPLAINTS
A 46-year-old female complained of prolonged menses, HMB and severe anemia for 2 years, which led 
to a severely reduced quality of life.

MULTIDISCIPLINARY EXPERT CONSULTATION
After systematic evaluation of the patient, a case discussion was conducted by a multidisciplinary 
collaborative group, which consisted of gynecologists, radiologists, and US interventionists, to 
formulate an optimal radical treatment protocol. Then, a new combined sequential two-session 
treatment plan was developed. Session one UAE involved blocking of the feeding arteries to reduce the 
risk of massive intraoperative intrauterine bleeding. Session two PMWA involved ablation of the 
pedicle, followed by removal of the lesion by twisting; the pedicle stump (to prevent intrauterine 
bleeding) and the endometrium (to eliminate potential concurrent endometrial hyperplasia, which 
might also contribute to heavy menstrual bleeding[7]) should be ablated at the same time.

FINAL DIAGNOSIS
The diagnosis of this patient was defined clearly as a prolapsed pedicled submucous myoma, as its 
imaging manifestations were very typical. This could be proven by histopathological examination after 
lesion resection. The final diagnosis was uterine leiomyoma, as shown in the histopathological results 
(Figure 4).
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Figure 1 Chest X-ray examination after admission. Chest X-ray reveals severe scoliosis, thoracic deformity, and thickened lung markings.

Figure 2 Ultrasound imaging before, during and after treatment. A: B-mode ultrasound imaging (longitudinal section) demonstrates a homogeneous 
hypoechoic mass (TextTitle arrow) prolapsing into the cervical canal; B: Color Doppler flow imaging reveals a large blood vessel (TextTitle arrow) in the pedicle 
supplying the whole myoma; C: contrast-enhanced ultrasound imaging shows high enhancement in the pedicle, suggesting that it is the main blood supply source of 
the prolapsed lesion; D: Two days after UAE, both the uterus and myoma show slight atrophy; E: The upper segment of the pedicle shows enhancement on contrast-
enhanced ultrasound imaging (TextTitle arrow), indicating partial recanalization of the feeding arteries; F: During the PMWA procedure, the microwave antenna (white 
line) was inserted into the pedicle precisely under real-time TAUS guidance; G: After thorough ablation of both the pedicle stump and the endometrium, a hyperechoic 
cloud covering the whole uterine cavity (arrows) is observed; H: Intraoperative contrast-enhanced ultrasound imaging shows no enhancement in the pedicle stump or 
the inner myometrium (arrows). UAE: Uterine artery embolism; PMWA: Percutaneous microwave ablation.

TREATMENT
After achieving consensus with the patient in terms of the therapeutic purposes and methods, the 
individualized therapy was implemented step by step. In session one, a standard UAE procedure was 
performed by a senior radiology interventional doctor. An angiographic imaging system (Siemens, 
Berlin, Germany) was used to perform pelvic digital subtraction angiography. Iopromide at 300 mg 
iodine/mL (Ultravist 240, Bayer Schering Pharma, Brussels, Belgium) was used to image the blood 
supply network, and 300-500 µm diameter, nonabsorbable polyvinyl alcohol (PVA) particles (Contour; 
Boston Scientific, Natick, Massachusetts, United States) were used to embolize the vascular network of 
the myoma. Before embolism, aortography revealed that the left uterine artery and two radial arteries 
downstream, which delivered nutrition to the pedicle in the early phase, were dilated (Figure 5A), while 
the bilateral uterine arteries supplied blood to the myoma in the late phase (Figure 5B). After the 
location of the opening of the uterine artery was identified with iodinated contrast media injection, 
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Figure 3 Preoperative and postoperative magnetic resonance imaging demonstrations. A: Preoperative T2WI demonstrates a well-defined 
pedunculated submucosal myoma prolapsed into the cervical canal; B: Preoperative CE-T1WI shows enhancement of the pedicle and the myoma; C: Postoperative 
T2WI shows slight edema in the ablated inner myometrium and no damage to the outer myometrium or the surrounding organs; D: Postoperative CE-T1WI confirms 
no enhancement in the inner myometrium or tumor pedicle stump.

Figure 4 Gross specimen and hematoxylin and eosin-stained image. A: Sectioned view of the resected specimen reveals a braided parenchymal mass 
without any significant degeneration; B: Hematoxylin and eosin-stained image shows abundant spindle smooth muscle cells and fibrous connective tissue with cellular 
heteromorphism.

Figure 5 Findings for the blood supply of the myoma before and after uterine artery embolism. A: Aortography demonstrates a dilated left arcuate 
artery and two downstream radial arteries supplying the pedicle of the myoma; B: Bilateral uterine arteries contribute to the blood supply of the myoma; C: After 
complete occlusion of the radial arteries, no perfusion of the pedicle or myometrium is observed.

sufficient amounts of PVA particles were slowly injected into the feeding artery through a 3F catheter. 
Postembolism aortography confirmed that most of the radical arteries were blocked successfully 
(Figure 5C). The puncture site was locally pressurized with a pressure fixator, and the right lower 
extremity was immobilized for 6 h. The patient presented with fever, lower abdominal pain, and fatigue 
within 24 h, indicating postembolization syndrome. However, it was relieved after symptomatic 
treatment.

Two days after UAE, CEUS revealed significant lesion volume reduction (Figure 2D). Furthermore, 
significant perfusion was observed in part of the outer myometrium and the upper segment of the 
pedicle (Figure 2E), indicating collateral recanalization. Thus, session two of the treatment was 
scheduled on the same day and conducted smoothly under conscious sedation and analgesia. For 
preoperative analgesia, 40 µg dexmedetomidine (1 µg/kg) was diluted in normal saline to a concen-
tration of 4 µg/mL and slowly pumped into the peripheral vein for the first 10 minutes; after that, 
injection of the drug was maintained at 0.2 µg/kg/h via a pump. For intraoperative analgesia, 30 mg of 
ketorolac tromethamine was injected as a slow bolus (> 15 s) via the peripheral vein. A monopolar 
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water-cooling MWA system (MTI-5A; 2450 MHz, Great Wall Medical Equipment Co. Ltd., Nanjing, 
China) equipped with a 14-gauge, 18 cm-long monopolar MWA antenna (XR-A2018W; Great Wall 
Medical Equipment Co. Ltd.) with a 1 cm active tip was used to carry out the PMWA procedure. The 
output power was set at 50-60 W. After local infiltration anesthesia with 0.1 g lidocaine hydrochloride, 
the microwave antenna was inserted into the pedicle under real-time TAUS guidance (Figure 2F). Then, 
the pedicle was ablated from deep to shallow with the “moving-shot” technique until the entire pedicle 
was covered by a hyperechoic cloud. After intraoperative CEUS confirmed no enhancement throughout 
the pedicle, the myoma was clamped with oval forceps and removed by twisting. Finally, the pedicle 
stump and the endometrium of the upper and middle uterine cavity were ablated. The PMWA 
procedure was considered complete after B-mode US imaging revealed that the whole uterine cavity 
was covered by a hyperechoic cloud (Figure 2G). Then, CEUS was performed again, and the results 
showed no signs of intrauterine bleeding (Figure 2H).

Two days later, postoperative MRI revealed that the anatomy of the uterus had returned to normal 
(Figure 3C), and half of the outer myometrium had regained perfusion (Figure 3D). The postoperative 
course was uneventful, and the patient was discharged 3 days later.

OUTCOME AND FOLLOW-UP
After the treatment, the patient achieved complete symptom relief. As we expected, the patient 
developed amenorrhea between 2 and 5 mo after treatment, and her Hb increased to normal levels at 3 
mo (Figure 6A). During this period, the patient had mild lower abdominal pain for a week, which was 
relieved after traditional Chinese medical treatment. At the 6-month follow-up, the patient’s weight 
increased from 37 kg to 42 kg (Figure 6B), the menstrual length decreased to 6 days (Figure 6C), PBAC 
score decreased from 810 to 38 (Figure 6D), the SSS score decreased from 75 to 0 (Figure 6E), and the 
HRQOL score increased from 12.07 to 92.24 (Figure 6F). No major complications were recorded.

DISCUSSION
Most international guidelines agree that hysteroscopic myomectomy should be used as the first-line 
treatment for the management of symptomatic submucosal leiomyomas[8,9]. As surgeons accumulate 
sufficient skills and experience in this field, the clinical indications for hysteroscopic myomectomy are 
also gradually expanding to almost all submucosal leiomyomas[8,10,11], with success rates of 95% in the 
literature[12]. For women with a submucosal leiomyoma who have completed childbearing, endo-
metrial ablation can be combined with hysteroscopic myomectomy for increased efficacy[7,13]. 
However, for the special case we described, the history of systemic disease limited the spectrum of 
available treatment options, and the traditional radical treatment through hysteroscopic myomectomy 
was considered unsuitable. As the efficacy of conservative drug treatment was not satisfactory, an 
alternative treatment was needed.

Several alternative, minimally invasive treatments have been developed for treating uterine 
leiomyomas in the past 20 years, including transcatheter UAE, MR or ultrasound (US)-guided high-
intensity focused ultrasound (HIFU), US-guided MWA and radiofrequency ablation (RFA)[14-16]. With 
the exception of HIFU, which was not feasible in our case due to depth limitations, the other methods 
were all candidates for further treatment[17,18]. Their mechanisms are similar in that all can destroy the 
lesion blood supply network, indirectly or directly leading to coagulation and necrosis as well as tumor 
volume reduction several months after treatment. They are all promising methods for alleviating the 
symptoms of AUB, but naturally, they are associated with certain risks of complications[15]. For UAE, 
posttreatment complications mainly include pain, postembolism syndrome, pelvic infection, 
amenorrhea, and occasional embolism of the ovarian artery[19]. Minor complications after US-guided in 
situ thermal ablation (MWA or RFA) are similar and include pain, fever, pelvic infection, and vaginal 
discharge of necrotic tissue[20,21]. However, our patient had a strong desire to remove the leiomyoma 
during one hospitalization, which could not be achieved by applying any of the above technologies 
alone. Our idea to solve this problem was to leverage each technique and invent a new hybrid method 
mimicking the standard procedure for transcervical myoma removal.

In this new hybrid method, real-time US imaging was used to guide and monitor the surgery instead 
of hysteroscopy; UAE followed by PMWA was adopted to devascularize and dissect the pedicle, 
achieve intrauterine hemostasis, and perform endometrial ablation. To our knowledge, this method has 
not yet been reported.

When direct hysteroscopy guidance is not available, real-time US imaging becomes the best choice for 
guided treatment. Contrast-enhanced MRI and CEUS both play an important role in preoperative 
evaluation and local response evaluation after nonsurgical interventional treatment of uterine benign 
diseases[22]. In this case, with CEUS assessment before treatment, we preliminarily characterized the 
blood supply of the lesions, which provided a basis for assessing the bleeding risk and formulating the 
radical treatment plan. The second day after UAE, we observed partial vascular recanalization in the 
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Figure 6 Changes in weight, hemoglobin level and clinical scores. A: The Hb level increased to normal range 3 mo after treatment; B: The patient had 
gained weight gradually after ablation; C: Menstrual length was 6 mo for each cycle 6 mo after treatment; D: The patient had a transient amenorrhea from 3 to 5 mo 
after treatment, and returned to normal mense 6 mo after treatment with a PBAC score < 100; E: SSS score decreased from 75 to 0 after treatment, indicating 
complete relief of symptoms; F: HRQOL score increased from 12.07 to 92.24 at 6 mo after treatment, indicating huge improvement of the life quality. Hb: Hemoglobin; 
PBAC: Pictorial blood-loss assessment chart; SSS: Symptom severity scale; HRQOL: Health-related quality of life.

pedicle through CEUS examination, which indirectly confirmed the opening of some collateral branches 
of the uterine arteries, providing a basis for determining the optimal time for subsequent PMWA 
treatment. Finally, during the PMWA session, CEUS was used to detect potential intrauterine 
hemorrhage and evaluate the local response following thermal coagulation of the pedicle stump and the 
endometrium instead of hysteroscopy. This could inspire future PMWA treatments for patients with 
AUB caused by leiomyoma or adenomyosis.

The reasons why we used PMWA to assist in the dissection of the thick pedicle in this case were as 
follows. Electronic energy has been widely used to stop bleeding by inducing thermal coagulation and 
to cut tissue and seal vasculature with high power[23-25]. With different outpower settings and working 
durations of the electronic surgical instruments, protein denaturation, tissue necrosis, and even 
explosive vaporization of cells can be induced. Therefore, we used electronic surgical devices to cut 



Zhang HL et al. UAE combined with PMWA for leiomyoma

WJCC https://www.wjgnet.com 3059 May 6, 2023 Volume 11 Issue 13

tissue, achieve intraoperative hemostasis, and directly seal the vasculature. US-guided PMWA with 60 
W output power can quickly increase the tissue temperature within the electromagnetic field to 60-
100°C, which is sufficient to induce tissue necrosis and small vessel occlusion[20,21,26]. Therefore, if the 
microwave antenna was pointed for a long enough duration in the direction perpendicular to the long 
axis of the pedicle, it could also be used to cut tissues. Li et al[27] reported that RFA of 80-90 W output 
power effectively blocked the feeding artery of a liver tumor with a diameter ≤ 3 mm with a success rate 
of 100%. Unfortunately, there is no clinical evidence that US-guided in situ thermal ablations could be 
used to block the feeding artery of a prolapsed submucosal leiomyoma, and further study is needed. 
Therefore, there was a potential risk of massive intraoperative bleeding when using the PMWA 
technique alone to block the feeding artery. As UAE has unique advantages in achieving hemostasis, it 
is often used in combination with surgery to treat large submucosal myomas with a high risk of intraop-
erative bleeding[28]. UAE is recommended by several guidelines as an alternative treatment for 
symptomatic uterine leiomyomas, including submucosal myomas[19,29,30]. Therefore, UAE was 
preoperatively performed to create a safe condition for the ultimate radical treatment. The planned 
sequential treatments were carried out successfully, and the patient was eventually cured.

CONCLUSION
This case demonstrates a new combined minimally invasive treatment for large prolapsed submucosal 
leiomyomas with a thick pedicle that can be performed under local anesthesia. This new method has 
potential as an alternative treatment for patients who cannot tolerate general anesthesia.
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Abstract
BACKGROUND 
Urothelial carcinoma (UC) is a common malignancy of the urinary system that can 
occur anywhere from the renal pelvis to the proximal urethra. Most UCs are in the 
bladder and have multifocal growth. Upper urinary tract UC (UTUC), which 
occurs in the renal pelvis or ureter, accounts for only 5% to 10% of UCs.

CASE SUMMARY 
In March 2015, a 70-year-old male who initially presented to a local hospital with 
a complaint of painless hematuria was diagnosed with UTUC of the right renal 
pelvis. The doctors administered radical nephroureterectomy and bladder cuff 
excision. Although the doctors recommended intravesical chemotherapy and 
regular follow-up, he rejected this advice. In December 2016, the patient presented 
at our hospital with dysuria. We identified UC in the residual bladder and 
administered radical cystectomy and left cutaneous ureterostomy. In November 
2021, he presented again with urethral bleeding. We detected urethral UC as the 
cause of urethral orifice bleeding and administered radical urethrectomy. Since 
then, he has visited regularly for 6-mo follow-ups, and was in stable condition as 
of December 2022.

CONCLUSION 
UTUC is prone to seeding and recurrence. Adjuvant instillation therapy and 
intense surveillance are crucial for these patients.

Key Words: Upper urinary tract urothelial carcinoma; Bladder urothelial carcinoma; 
Urethral urothelial carcinoma; Treatment; Case report
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Core Tip: Urothelial carcinoma (UC) is a common malignancy in the urinary system, and typically grows 
from multiple foci. UC is most common in the bladder, and upper urinary tract UC (UTUC) is rare. We 
describe a male who initially presented at a local hospital in 2015 at the age of 70 years with a complaint 
of painless hematuria. The doctors diagnosed UTUC of the right renal pelvis. After radical nephroureter-
ectomy and bladder cuff excision, the doctors recommended intravesical chemotherapy and regular 
follow-up, but he rejected this advice. He presented at our hospital again with dysuria in 2016. We 
identified UC in the residual bladder and performed radical cystectomy and left cutaneous ureterostomy. 
Unfortunately, he presented again with urethral orifice bleeding in 2021, and we identified urethral UC as 
the cause. We thus administered radical urethrectomy. Since this last surgery, he has received regular 6-
mo follow-ups and has remained in a stable condition. Treatment for upper UTUC should include adjuvant 
instillation as immunotherapy and intense surveillance.

Citation: Zhang JQ, Duan Y, Wang K, Zhang XL, Jiang KH. Metachronous urothelial carcinoma in the renal 
pelvis, bladder, and urethra: A case report. World J Clin Cases 2023; 11(13): 3062-3069
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3062.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3062

INTRODUCTION
Urothelial carcinoma (UC) is a common urological malignancy. Bladder tumors account for 90% to 95% 
of UCs, and upper urinary tract UCs (UTUCs) account for only 5 to 10%[1,2]. Urethral cancer is a rare 
malignancy of the urinary system (< 1% of all malignancies), and the predominant histological type is 
UC[3]. Recurrence of UTUC in the bladder occurs in 22% to 47% of these patients, and recurrence in the 
contralateral upper urinary tract occurs in only 2% to 6%[4,5]. A metachronous UC is a primary UC in 
which a second primary cancer is diagnosed more than 6 mo after the first primary cancer. There are no 
previous reports of metachronous UC in the upper urinary tract, bladder, and urethra. Herein, we 
report such a case to improve recognition and management of this disease.

CASE PRESENTATION
Chief complaints
A 70-year-old male was admitted to our department with a complaint of bloody urethral discharge 
during the previous month.

History of present illness
The patient reported bloody urethral discharge for one month. He had no flank pain or urethral pain.

History of past illness
In March 2015, this patient was admitted to a local hospital for painless hematuria. Percussion of the 
kidneys indicated no enlargement and no renal mass. A cystoscopy indicated hematuria from the right 
ureteral orifice, but no mass in the bladder or urethra. Computed tomography (CT) of the abdomen 
showed a tumor with a size of 3.6 cm × 2.9 cm in the right renal pelvis (Figure 1). The urine cytology 
results were negative.

The doctors performed radical nephroureterectomy and bladder cuff resection. Postoperative 
pathology showed that the tumor was a high-grade UC that invaded the subepithelial connective tissue 
(Figure 1). There was no evidence of local or distant metastases. These findings led to a diagnosis of 
upper UTUC of the right renal pelvis with a clinical stage of T1N0M0. We recommended Bacillus 
Calmette-Guérin (BCG) intravesical chemotherapy, but he declined and was lost to follow-up.

In December 2016, the patient came to our department because of dysuria for three months. 
Percussion of the kidneys and inspection of the lymph nodes indicated no enlargement. The red blood 
cell count was 4.10 × 1012/L and the hemoglobin concentration was 131.0 g/L. Blood biochemistry 
showed elevated levels of cancer antigen 19-9: 48.32 U/mL and non-small cell lung cancer antigen: 9.51 
U/mL.

Ultrasonography showed multiple masses in the bladder, and a chest X-ray showed a hyperdense 
nodule with a diameter of 4 mm in the inferior lobe of the right lung (data not shown). Enhanced CT of 
the urinary tract showed multiple masses in the bladder, the largest of which was about 6.5 cm × 5.0 cm 
(Figure 2), but there was no evidence of enlarged lymph nodes in the abdominal cavity, the retroperi-
toneal space, or the pelvic cavity. A cystoscopy confirmed multiple tumors in the bladder, and a biopsy 
showed no umbrella cells, but evidence of pathological mitotic figures and tissue consisting of low-

https://www.wjgnet.com/2307-8960/full/v11/i13/3062.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3062
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Figure 1 Radiological and histological analysis of the patient at the first hospitalization. A: Computed tomography (CT) identified a mass in the right 
pelvis in longitudinal section (red arrowhead); B: CT identified a mass in the right pelvis in cross-section (red arrowhead); C: Hematoxylin and eosin staining indicated 
the tumor was a urothelial carcinoma; D: CK7 staining indicated the tumor was a urothelial carcinoma.

grade UC. We therefore, performed radical cystectomy and left cutaneous ureterostomy. The 
postoperative pathology results showed the tumor was a low-grade UC that invaded the superficial 
muscle of bladder wall (Figure 2), but there were no positive margins or involved lymph nodes. 
Immunohistochemistry showed positive staining for CK7, CK20, CK (L), CK5/6, P40, P53, PHH3, and 
Ki-67, but no staining for CK (H). There were no local or distant metastases. We therefore diagnosed the 
patient as having bladder UC with a clinical stage of T2N0M0.

The patient denied any history of injury to the penis, scrotum, or perineum before development of 
bloody urethral discharge.

Personal and family history
He reported smoking 10 cigarettes daily for over 40 years, and consuming white wine for more than 30 
years. He quit smoking and consuming white wine in 2017. There were no similar cases in his family.

Physical examination
Percussion of the kidneys indicated no enlargement and no renal mass. We observed a 15 cm surgical 
scar at the right waist, and another 7 cm surgical scar at the lower right abdomen. We also observed that 
a stoma bag on the left side of the abdomen contained light yellow urine. All the vital signs were stable 
and there were no other abnormal findings.

Laboratory examinations
Urethroscopy showed a cauliflower-shaped neoplasm with a size of 2.0 cm × 1.5 cm × 0.5 cm in the 
anterior urethra, and a biopsy revealed the tissue consisted of low-grade UC. The routine blood test 
showed high levels of white blood cells (12.07 × 109/L) and neutrophils (89.0%), but low levels of red 
blood cells (4.02 × 1012/L), hemoglobin (131.0 g/L), and lymphocytes (4.1%). The blood biochemistry 
showed low levels of estimated glomerular filtration rate (61 mL/min/1.73 m2) and total protein (61.8 
g/L), but a high level of uric acid (438 μmol/L). The coagulation test and the prostate specific antigen 
test showed no abnormal changes. The results of all other examinations were normal.

Imaging examinations
Except for the absence of the right kidney, there were no abnormal findings in the color Doppler 
ultrasonography.
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Figure 2 Radiological and histological analysis of the patient at the second hospitalization. A: Computed tomography (CT) showed multiple 
neoplasms in the bladder in longitudinal section (red arrowhead); B: CT showed multiple neoplasms in the bladder in cross-section (red arrowhead); C-E: 
Hematoxylin and eosin staining (C) and positive staining for Ki-67 (D) and CK7 (E) confirmed urothelial carcinoma.

FINAL DIAGNOSIS
After admission, the patient was diagnosed with urethral UC.

TREATMENT
We decided radical urethrectomy was the most suitable treatment. Postoperative pathology showed that 
the urethral tumor consisted of 80% low-grade papillary UC and 20% high-grade papillary UC, and that 
the tumor invaded the lamina propria. There was no evidence of local or distant metastasis or lymph 
node involvement. We therefore diagnosed the patient with urethral UC with a clinical stage of 
T1N0M0[6].

OUTCOME AND FOLLOW-UP
Since this surgery, the patient has visited every 6 mo for follow-up, and was in stable condition as of 
December 2022. Figure 3 summarizes the treatment timeline.
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Figure 3 Treatment timeline of the patient. UC: Urothelial carcinoma.

DISCUSSION
The urinary tract is divided into two parts: The upper region includes the kidneys and ureters and the 
lower region includes the bladder and urethra. UC is a common malignant tumor of the urinary system. 
The bladder is the most common site of UC, UTUC is rare[4,5], and urethral UC is even more rare (< 1% 
of all malignancies)[3]. A metachronous UC, in which a second primary cancer is diagnosed more than 6 
mo after the first primary cancer, occurs in a small number of these patients.

The main clinical manifestations of UTUC are hematuria, dysuria, and flank pain. Hematuria is the 
most common sign, and is painless when it is the sole manifestation. Flank pain is a sign of obstruction 
and/or hydronephrosis. When a blood clot or tumor clot passes through the tubules, it can trigger renal-
colic-like pain. However, when the obstruction is incomplete and hydronephrosis progresses, the 
resulting flank pain can be dull and chronic. Nevertheless, a patient can also be asymptomatic and 
diagnosed incidentally from imaging tests. When UC worsens, the patient may develop a flank or 
abdominal mass, bone pain, anorexia, and weight loss. In these cases, detailed evaluations of metastasis 
are necessary and a poor prognosis is likely[7,8]. Previous research reported that after surgical 
treatment, recurrence in the bladder occurred in 22% to 47% of cases, and recurrence in the contralateral 
upper tract occurred in 2% to 6% of cases[4,5].

Several medical techniques are essential for the diagnosis of UTUC. Ureteroscopy is commonly 
employed for detection and to determine treatment strategy. A biopsy specimen can be used to 
determine disease grade. However, the use of diagnostic ureteroscopy is associated with a higher risk of 
bladder recurrence after radical nephroureterectomy[9,10]. Cystoscopy should be considered because 
UTUCs are often in the bladder. Cytology can be helpful in diagnosis and determination of treatment, 
but its sensitivity is low and it has limited ability to detect the origin of tumor cells. CT is commonly 
utilized because of its high accuracy, ease of use, and wide availability[11,12].

There is a general consensus regarding treatments to be used for UTUC. Radical nephroureterectomy 
combined with bladder cuff excision is the gold standard treatment for a tumor of the renal pelvis or 
proximal ureter that is large, high-grade, and suspected of being invasive, provided there is a normal 
contralateral kidney.

Previous analyses of the pathological characteristics of UTUCs reported that papillary lesions were 
associated with better outcomes, and sessile lesions with poor outcomes[13,14]. Tumor invasion of 
muscle is also associated with poor outcome[15]. There is a high rate of ipsilateral recurrence in patients 
with upper urinary tract tumors, probably because of the multifocality of this tumor and downstream 
seeding[16-18].

UC of urethra tends to be malignant and to follow bladder cancer. Chen et al[19] found that the 
majority of patients with UC in the urethra (26 of 35 cases, 74%) had high-grade tumors, and more than 
three-quarters of patients (23 of 30, 77%) had a previous history of either high-grade papillary UC (n = 
22) or UC in situ (n = 1) of the bladder[19]. It was reported that approximately 2% to 5% of patients with 
superficial bladder cancer and 40% to 60% of those with muscle-invasive bladder cancer developed 
urethral cancer[3]. Another study reported that 4% to 8% of male patients developed recurrent UC in 
the remnant urethra after cystectomy[20]. Erckert et al[21] found that the overall incidence of urethral 
cancer among 2052 events of primary and recurrent bladder tumors was 6.1%. Therefore, prophylactic 
urethrectomy should be recommended for patients with bladder cancer to prevent subsequent 
involvement of urethra, although the current guidelines have no relevant recommendations. In regard 
to urethral UC following bladder cancer, the monoclonality of multifocal cancers in the urinary tract 
indicate the possible seeding or implantation of bladder cancer cells to the retained urethra after 
cystectomy[20].

Our patient had metachronous primary UC in the right renal pelvis (March 2015), bladder (December 
2016), and urethra (November 2021). The short interval between the first second episodes may be 
explained by the patient’s rejection of the recommended BCG intravesical chemotherapy and the loss to 
follow-up. Because UTUC is prone to multifocality and downstream seeding, adjuvant immunotherapy 
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is necessary. Adjuvant intracavitary instillation of BCG is likely to improve the outcome of patients 
receiving kidney-sparing surgery. Nevertheless, Foerster et al[22] found no difference of recurrence rates 
between patients who received adjuvant instillations of BCG and untreated patients. On the other hand, 
some evidence showed that adjuvant instillation of mitomycin within 72 h of surgery reduced the 
recurrence rate within the first year[23]. Also, recent evidence suggests that early single adjuvant 
intracavitary instillation of mitomycin C in patients with low-grade UTUC might reduce the risk of local 
recurrence[1,24]. Therefore, the re-appearance of cancer in our patient could be attributable to the lack of 
adjuvant instillation of BCG and mitomycin.

Follow-up is also important to prevent worsening of the patient’s condition. A retrospective study of 
275 patients with UTUC reported the prevalence in the bladder was 46% and in the urethra was 2%; the 
prevalence of contralateral recurrence was 1%, distant metastasis was 7.5%, and local metastasis was 
6%. These researchers concluded that UTUC was a unique disease with synchronous and metachronous 
recurrence that requires long-term surveillance[25].

The interval between our patient’s second and third episodes was 5 years, and the third episode 
involved the urethra, a rare location of UC. Although there are reports of similar cases, these previous 
patients only had one or two episodes[26,27]. In one rare case, UC spread from the prostatic urethra to 
the brain[28]. There is a possibility that cutaneous diversion could make it easier to seed the remnant 
urethra, because if the urethra was used for voiding then viable cancer cells may be shed by urine flow
[20].

Analysis of oncogenes can help elucidate the mechanisms of disease recurrence. However, this 
information was unavailable in our patient.

CONCLUSION
Although UTUC is relatively rare, the possibility of multifocality and downstream seeding indicates the 
need for intense surveillance and the use of adjuvant instillation of mitomycin to prevent metastasis and 
recurrence. After radical operation, UC may recur in adjacent downstream tissues, thus emphasizing the 
significance of long-term patient follow-up.
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Abstract
BACKGROUND 
Sealed perforation of colonic diverticulum is a common clinical condition and 
may be differentiated from an underlying malignant perforation using interval 
endoscopy. We present an uncommon colonoscopy finding of a healed diver-
ticular perforation, mimicking a polyp, 6 wk post-diverticulitis-something that 
has not been reported in literature. We aim to shed light on the likely process that 
resulted in the trompe l'œil after diverticulitis. This also introduces the possibility 
of more targeted colonic resection in the event of a similar recurrence.

CASE SUMMARY 
A middle-aged Chinese female presented with a 3-d history of non-colicky left 
iliac fossa pain. It was associated with fever (Tmax 37.6 ºC), non-bloody diarrhoea 
and non-bloody, non-bilious vomiting. She had a history of Type 2 diabetes 
mellitus, well controlled on metformin. Tenderness was noted on the left iliac 
fossa region with no guarding or mass. Total white cell count (11.45 × 109/L) and 
C-reactive protein levels (213.9 mg/L) were elevated. Computed tomography 
imaging of the abdomen revealed pericolonic fat stranding and extraluminal air 
pockets fluid density with peritoneal thickening at the sigmoid colon, likely 
representing a sealed perforation. Six weeks after the episode, she underwent a 
follow-up colonoscopy. An exophytic polypoid lesion closely associated with a 
diverticulum was seen in the sigmoid colon. The lesion was easily “pinched” off 
without much effort using endoscopic forceps and sent for histology which 
revealed granulation tissue suggesting a healed diverticular perforation.

CONCLUSION 
Granulation tissue associated with healed diverticular perforations resemble 
polyps. Tattooing around these sites may allow for future targeted colonic 
resections.

https://www.f6publishing.com
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Core Tip: This case report aims to shed light on the possible morphology of a healed diverticular 
perforation. This is important as patients who have suffered from diverticular perforations are at increased 
risk of recurrence, with high likelihood of the previously perforated diverticulum being the offending 
cause. Recognising the appearance of granulation tissue from a possible sealed perforated diverticulum 
and marking the site with injectable tattoos may allow for targeted resections of the colon if recurrence 
occurs. This preserves more parenchyma, allows for a potentially faster surgery, and shortens recovery 
time while achieving an equivalent improvement in quality-of-life.

Citation: Liew JJL, Lim WS, Koh FH. Unusual phenomenon-“polyp” arising from a diverticulum: A case report. 
World J Clin Cases 2023; 11(13): 3070-3075
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3070.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3070

INTRODUCTION
Diverticular disease is a common benign condition defined by the outpouching of all layers of the 
intestinal mucosa[1]. Diverticular disease of the colon is common in industrialised countries. The 
prevalence of diverticular disease is similar in men and women. However, the prevalence of diverticular 
disease increases with age, ranging from 10% in those younger than 40 to 50 years old, to 70% in those 
above 80 years of age[2-4]. The anatomic distribution of diverticular disease also varies geographically. 
In the west, diverticuli are commonly limited to the sigmoid colon in 65%, sigmoid plus other colonic 
diverticuli in 25%, pan colonic diveritculi in 7%, and diverticuli isolated to a segment proximal to the 
sigmoid colon in 4% of patients[5]. Conversely, in the East, in Asian populations, the anatomic distri-
bution is different and primarily involves the right colon with a prevalence rate of 13% to 25%[6-9].

Perforation of diverticulitis occurs secondary to bowel wall inflammation, subsequent necrosis and 
the loss of intestinal wall integrity. The principles for the management of diverticular perforations are 
dependent on the nature of the perforation. Sealed perforations are treated conservatively with 
antibiotics while frank and free perforations are treated surgically. Surgical management of perforated 
diverticuli, for instance the Hartmann Procedure, often results in stoma creation, which reduces a 
patient’s quality-of-life[10]. Another complication of surgical management is diarrhoea caused by 
reduced storage capacity in the colon from extensive colonic resection in view of the inability to identify 
specific perforation sites. Management for a perforated diverticulitis with peritonitis is highly contro-
versial owing to the lack of high quality data backing management options for personalised surgery
[11]. Elective segmental colonic resections are commonly performed, as evidenced by an 8% risk of 
recurrence in one year, and a 20% risk of recurrence within ten years of patients with resolved acute 
diverticulitis. Nonetheless, routine follow-up colonoscopies post-acute diverticulitis episodes have a 
role to play in holistic patient care.

To date, the endoscopic morphology of a healed diverticular perforations has not been documented 
in literature.

This case report aims to educate clinical endoscopists on how to identify healed diverticular perfor-
ations. Our aim is to eventually revolutionise the presently practised elective segmental colonic 
resection, which is indicated in recurrent or complicated diverticulitis, by encouraging parenchymal-
sparing surgeries through the demarcation of past perforation sites.

In this paper, we report about a middle-aged Chinese female who presented for a routine follow-up 
colonoscopy 6 wk after an episode of acute diverticulitis. Novel colonoscopy findings of the site of 
perforation is described in this report. These colonoscopy findings were confirmed by histology which 
showed granulation tissue, indicating an ongoing healing process.

CASE PRESENTATION
Chief complaints
A middle-age Chinese lady initially presented with a 3-d history of constant abdominal pain in the left 
iliac fossa.

https://www.wjgnet.com/2307-8960/full/v11/i13/3070.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3070
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History of present illness
This was associated with a fever of Tmax 37.6ºC, non-bloody diarrhoea, and non-bloody, non-bilious 
vomiting.

History of past illness
She had a past medical history of Type 2 diabetes mellitus which was well controlled on 850 mg 
Metformin thrice a day.

Personal and family history
Family history was unremarkable for gastrointestinal malignancy. She was a non-smoker and non-
drinker.

Physical examination
Physical examination on initial presentation for acute diverticulitis revealed tenderness on the left flank 
with no guarding. Otherwise, physical examination was unremarkable. There were no signs of chronic 
liver disease-no jaundice, caput medusae, scleral icterus, Dupuytren’s contractures, clubbing, hepatic 
asterixis, gynaecomastia, spider naevi, shifting dullness or pedal oedema. There are no signs of 
anaemia-no conjunctival pallor, no palmar crease pallor. There were no signs pointing to any kidney 
pathology-no renal bruits and kidneys were non-ballotable. There was no hepatomegaly or spleno-
megaly. Bowel sounds were active.

Laboratory examinations
Laboratory investigations revealed elevated C-reactive protein levels (213.9 mg/L) and white cell count 
(11.45 × 109/L).

Imaging examinations
On a computed tomography scan of the abdomen, a confined pericolic abscess was seen (Figure 1).

FINAL DIAGNOSIS
This confirmed the presence of a Modified Hinchey Ib diverticulitis.

TREATMENT
It was managed conservatively with the following course of antibiotics for 5 d–IV ceftriaxone 2 g once a 
day, and IV metronidazole 500 mg thrice a day. Subsequently, the patient was started on oral co-
amoxiclav for a total of 4 wk.

OUTCOME AND FOLLOW-UP
Interval follow-up colonoscopy 6 wk after the acute event revealed polyps in the sigmoid colon. One of 
the lesions, which was in close proximity to a diverticulum (Figure 2), was easily “pinched” off using 
endoscopic forceps and sent for histology, revealing an abundance of fibroblasts, keratinocytes, and 
endothelial cells, characteristic of granulation tissue and consistent with healing (Figure 3)[12]. Neither 
tubular, nor villous growth patterns were noted, ruling out a diagnosis of adenomatous polyps. 
Therefore, the “polyp” likely represented the previous site of diverticular perforation.

DISCUSSION
Currently there is limited literature on the appearance and possible morphologies of healed diverticular 
perforations. Therefore, with this case report we hope to provide an insight into how healed diverticular 
perforations may appear. Current literature focuses primarily on the pathophysiology, risk factors, 
along with the possible acute management methods of a diverticular perforation, and not its endoscopic 
morphology. Furthermore, reports on the endoscopic appearance of diverticular disease largely play the 
role of clinching the diagnosis of diverticular disease[13] as opposed to studying the possible different 
morphologies of diverticular disease, particularly after an episode of perforated diverticulitis. Of those 
that have described the endoscopic appearance of diverticular disease, some have elaborated on the 
possible histopathologic resemblance between the non-diverticular mucosa in such patients and other 
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Figure 1 Computed tomography of abdomen pelvis coronal cut, showing signs of pericolonic fat stranding and extraluminal air pockets 
fluid density with peritoneal thickening at the sigmoid colon, likely representing a sealed perforation.

Figure 2 Endoscopic image of exophytic polypoid lesion closely associated with a diverticulum seen in the sigmoid colon.

Figure 3 Hematoxylin-eosin stain at 200 × magnification revealing an abundance of fibroblasts, keratinocytes, and endothelial cells, 
characteristic of granulation tissue and consistent with healing.

mucosal diseases like Crohn’s disease or ulcerative colitis[14,15]. Therefore, to the best of our 
knowledge, the presented case is the first in literature to report the development of polyp-resembling 
granulation tissue at the site of a previous diverticular perforation. This can potentially offer an 
alternative angle of management of such sealed perforations.

The rate of recurrence of diverticulitis remains relatively modest, Broderick-Villa et al[16] reported on 
2366 of 3165 patients (75%) hospitalized with acute diverticulitis and treated nonoperatively in the 
Kaiser Permanente system. Eighty-six percent of those patients required no further inpatient care for 
diverticulitis over the 8.9 years of follow-up. Recurrence occurred in only 13.3% of patients and only 
3.9% had a second recurrence[17]. Moreover, recurrence of diverticulitis is greater after an episode of 
complicated diverticulitis at 24%, as opposed to after an episode of uncomplicated diverticulitis at 23.4%
[18]. Ultimately, the authors concluded that recurrence overall is rare and there is therefore a decreasing 
need for elective colectomies following episodes of diverticulitis[19]. However, if a recurrence were to 
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happen often enough, according to the American Society of Gastrointestinal Endoscopy, surgical 
resection of the offending site of recurrent diverticulitis is recommended[20]. As the actual offending 
diverticulum is often not identified, anatomical resection of segments of the colon is performed, which 
leads to significant amount of colonic length loss which may have implications on quality of life for 
these patients.

The utility of colonic mucosal tattoo placements lies in marking lesions for subsequent surgical 
resection, for later endoscopic resection, or to mark an endoscopic resection site for easy endoscopic 
follow-up of the resection site[21]. We propose the utility of such a mucosal tattoo to mark the potential 
site of a healed diverticular perforation, if successfully identified. This can potentially help guide 
surgical resection when the need arises with a more targeted resection. In this way, colonic length can 
potentially be spared to maintain quality-of-life for the affected patients. A proposal of this nature, 
when supported by further prospective data and larger series, can potentially modify the way we treat 
recurrent complicated diverticulitis.

CONCLUSION
This case report displays the morphology of granulation tissue associated with healed diverticular 
perforations on colonoscopy. This serves to guide endoscopists during colonoscopy to help identify sites 
of recent perforations. Nonetheless, biopsies of lesions resembling our findings should still be taken, to 
rule out other pathologies. Tattoo placements may guide clinical treatment by allowing for more 
targeted colonic resections in the event of recurrence of complicated diverticulitis at the same location. 
From our preliminary glimpse into the description of the morphology of healed perforated 
diverticulum, further studies may be conducted to broaden our understanding of the topic.
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Abstract
BACKGROUND 
Moyamoya disease (MMD) is a rare cause of acute stroke and transient ischemic 
attacks in children. We described clinical, diagnostic features and follow-ups of a 
young child with acute stroke.

CASE SUMMARY 
We report a 4-year-old girl with left hemiparesis after an acute ischemic stroke. 
Her history was also significant for repeated left or right focal motor seizures, 
generalized tonic-clonic convulsions and transient ischemic attacks. Her magnetic 
resonance imaging and computed tomography (CT) of the brain and magnetic 
resonance angiography, CT angiography and venography on the cerebral vessels 
revealed evidence of bilateral fronto-parietal ischemic infarctions, occlusion of the 
right and left internal carotid arteries started at its bifurcation and non-visual-
ization of right and left anterior and middle cerebral arteries. There was evidence 
of progression in angiography manifested as development of collaterals from the 
basal perforating vessels, increase in the extent of large intracranial arterial 
stenosis/occlusion and extensive collateral circulation with predominance from 
the posterior circulation. Physical and neurological evaluation and comprehensive 
laboratory investigations excluded an obvious comorbid disease or risk factor for 
the child’s condition. The diagnosis of MMD was highly suggested as a cause of 
the child’s steno-occlusive condition. She was treated symptomatically with 
levetiracetam, an antiepileptic medication. Aspirin was prescribed for secondary 
prevention. Her clinical manifestations were improved during the three years of 
follow-up. Revascularization surgery was postponed.

CONCLUSION 
Up to our knowledge, this is the first report for MMD in a child in our country. 
The clinical improvement and the stabilization of the child’s condition over the 3 
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years of follow-up could be attributed to the rapid and extensive recruitment of collaterals and 
absence of risk factors or comorbidities. Revascularization surgery is highly recommended.

Key Words: Steno-occlusive disease; Moyamoya disease; Internal carotid artery; Collateral circulation; Neo-
vascularization; Case report

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

Core Tip: Stroke in children is a significant cause of long-lasting morbidity. The advances in neuroimaging 
and laboratory investigations serve an important role in proper evaluation of stroke in children and identi-
fication of its potential etiologies, risk factors and outcomes. Moyamoya disease (MMD) is a rare 
progressive non-inflammatory steno-occlusive arteriopathy of the large cerebral blood vessels. It is a rare 
cause of ischemic stroke and recurrent transient attacks in children. The disease is very under-recognized 
in different areas of the world except East Asia, predominantly Japan. MMD can be sporadic or familial. 
The Japanese term “moyamoya” refers to the puff of smoke morphology of the dilated basal collateral 
vessels within the brain tissue seen on cerebral angiography. Compared to other arteriopathies, MMD is 
unique as its treatment solely relies on surgical revascularization. Therefore, increasing reporting and 
evaluation of cases with MMD from different ethnicities may help in better understanding of its causes 
and proper management.

Citation: Hamed SA, Yousef HA. Idiopathic steno-occlusive disease with bilateral internal carotid artery occlusion: 
A Case Report. World J Clin Cases 2023; 11(13): 3076-3085
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3076.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3076

INTRODUCTION
Moyamoya disease (MMD) is an idiopathic progressive steno-occlusive arteriopathy of the large 
cerebral blood vessels. It is a rare and under-estimated cause of acute ischemic stroke and transient 
ischemic attacks (TIAs) in children and cerebral and subarachenoid hemorrhages in adults[1]. MMD 
usually presents between the ages of 3 to 10 years old or even earlier and in the 3rd and 4th decades of life
[1,2]. Some studies from Asia and Europe reported that MMD is the cause of cerebrovascular stroke in 
6% to 22% of children[3]. Familial MMD has been reported in 7% to 12% from Japan and approximately 
6% from United States[4,5]. The ring nger protein 213 or the p.4810K variant in the RNF213 gene has 
been identied by both genome- wide association studies and whole exome sequencing in 95.0% for 
familial and 75.0% for sporadic cases with MMD. RNF213 gene has been suggested to be the most 
frequent susceptibility gene in MMD. However, there are other genes, allelic heterogeneity and ethnic 
specic variants that also has been thought to contribute rarely to the susceptibility, clinical character-
istics and outcomes of MMD. Also some studies emphasized the effect of genetic variants on risk strati-
fication and clinical presentation, follow-up of patients and surgical outcomes of MMD[4-6].

MMD is typically characterized by endothelial hyperplasia and fibrocellular thickening of the intima, 
and duplication of the internal elastic lamina of the large intracranial vessels with parallel evolution of 
contiguous collateral anastomotic changes[7]. The anterior circulation is involved more commonly than 
the posterior circulation with particular involvement of the distal terminal segments of the internal 
carotid arteries (ICAs), M1 segment of the middle cerebral arteries (MCAs), A1 segment of the anterior 
cerebral arteries (ACAs) and the proximal portion of the posterior cerebral arteries (PCAs) or the basilar 
artery (BA)[8]. Manifestations of MMD include TIAs, ischemic strokes, intracranial hemorrhages, 
seizures, headaches, choreiform movements, cognitive deficits and visual deficits[1]. There are common 
childhood behaviors which induce cerebrovascular insults in a child with MMD, which include crying, 
coughing, or blowing (i.e. hyperventilation) and other activities which result in hypocapnia-induced 
cerebral vasoconstriction of the already maximally dilated cerebral blood vessels[9]. The definite 
diagnosis of MMD depends on specific angiographic criteria[8] which are: (1) Bilateral stenosis/
occlusion of the distal terminal part of ICAs and/or the proximal parts of ACAs and/or MCAs; and (2) 
visualization of the moyamoya vessels, an abnormal arterial vascular network from deep perforating 
dilated arteries, in proximity to the stenosed/occluded vessels[10]. These vessels also appear as 
concurrent large flow voids in the basal ganglia and thalamus in magnetic resonance imaging (MRI) of 
the brain[11]. Suzuki et al[12] provided stages for MMD based on the angiographic finding. These stages 
explain the pathological changes seen over a period of time in each patient with MMD, but they do not 
correlate with the disease severity. The initial stages (stages 1-3) involve the occlusion of the distal parts 
of the ICAs with the development of moyamoya vessels, the late stages (stages 4-5) involve the ICAs-

https://www.wjgnet.com/2307-8960/full/v11/i13/3076.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3076


Hamed SA et al. Steno-occlusive disease in a child

WJCC https://www.wjgnet.com 3078 May 6, 2023 Volume 11 Issue 13

ECAs (the external carotid arteries) anastomosis followed by fading of moyamoya vessels and the last 
stage (stage 6) involves complete occlusion of ICAs.

The long-term outcome of MMD is poor in up to 66% of patients with the development of 
symptomatic neurological and cognitive deteriorations (i.e. progression) within the next five years 
following its diagnosis. The surgical revascularization is recommended at young age to prevent 
recurrence of ischemic insults[13-15]. Management of acute ischemic stroke due to MMD is 
symptomatic[8]. Conservative treatment can be used for secondary prevention using anti-platelet drugs 
and calcium channel blockers. Anti-platelet drugs (as aspirin in a dose of 1 to 5 mg/kg/d or clopidogrel 
in a dose of 1 mg/kg/d) are recommended for at least 3 to 5 years after the acute ischemic stroke to 
prevent thrombosis and thromboembolism at the sites of arterial stenosis[14] It has been reported that 
calcium channel blockers (as nicardipine) can be used for secondary prevention from ischemic insults. 
Nicardipine (in a dose of 0.25-0.5 mg/kg/d every 12 h by oral route) may improve the hemodynamics 
in patients with MMD by optimizing the collateral circulation[16].

CASE PRESENTATION
Chief complaints
A 4-year-old female (DOB: 2015) with left sided hemiparesis.

History of present illness
She presented in June 2019 with left sided hemiparesis and recurrent focal motor seizures.

History of past illness
Her history was significant since October 2017 for repeated attacks of loss of consciousness (LOC), 
sudden falls without LOC, convulsions or body discoloration. There were also attacks of dysarthria or 
speech arrest or deviation of the angle of the mouth to the left side which lasted for 20-30 min. The 
mother noticed that excessive crying could provoke sudden falls and hot water bath could result in 
drowsiness for few minutes. Her neurological examination and computed tomography (CT) of the brain 
were unremarkable. She was diagnosed as having epilepsy and treated with sodium valproate (VPA), 
an anticonvulsant drug but she discontinued treatment after few months.

In September 2018, she developed recurrent motor seizures starting in the right perioral area followed 
by the right upper and lower limbs. She was re-treated with VPA. In October 2018, she developed motor 
seizures on the left side of the body. There was no impaired awareness during the attacks and her 
neurological examination and repeated CT scan of the brain were normal. The treating physician 
prescribed VPA in a dose of 200 mg every 12 h and levetiracetam (LEV), another anticonvulsant drug, in 
a dose of 100 mg every 12 h. The seizures subsided with medications. In January 2019, she developed 
two attacks of generalized tonic-clonic convulsions (GTC) without regaining consciousness in between 
the attacks. She was admitted to the hospital. On admission, her oral temperature was 38.0 °C. There 
were no signs of meningeal irritation. Her electroencephalography showed diffuse delta slowing. Her 
routine laboratory investigations and chemistry analysis of the cerebrospinal fluid (CSF) were 
unremarkable.

MRI (Siemens machine, 1.5 Tesla) of the brain was performed. It showed bilateral abnormal signal 
intensities involving both frontal lobes (with gyral pattern) being hypointense in T1-weighted imaging 
(T1WI) and hyperintense in T2-weighted imaging (T2WI), fluid attenuation inversion recovery (FLAIR) 
views and diffusion weighted imaging (DWI) (i.e. restricted diffusion). There was no mass effect or 
perilesional edema (Figure 1). Treatment was started with ceftriaxone, an antibiotic, and acyclovir, an 
antiviral drug, for concern of being an attack of encephalitis/meningoencephalitis. Intravenous LEV 
was also prescribed. The patient regained consciousness within days but found to have left sided 
hemiplegia. She was discharged after few days on oral LEV (200 mg every 12 h).

There was no history of traumatic head or neck injuries. There was no comorbid medical or surgical 
condition. There was no history of risk factors in temporal relation with disease onset (e.g. infection/
inflammation, vaccination, etc.).

Personal and family history
Her body weight was 18 kg. She was a product of normal pregnancy and delivery and had normal 
development, speech and intelligence. She was an active girl. Her detailed history, comprehensive 
investigations (hematological and metabolic laboratory testing) and medical and cardiac evaluations 
excluded an underlying diseases or predisposing factors as a cause of stroke. There was no family 
history of similar condition.

Physical examination
Neurological examination at presentation (June 2019) revealed left spastic hemiparesis (muscle power 
was 3/5), left upper motor neuron facial paralysis, exaggerated left deep tendon jerks and left Babinski 
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Figure 1 Magnetic resonance imaging-brain views (Date: July 2019). A: Sagittal T1-weighted imaging revealed hypointense lesions in the fronto-parietal 
regions (white arrow); B: Coronal T2-weighted imaging; C and D: Axial fluid attenuation inversion recovery; E and F: Diffusion weighted imaging. Revealed 
hyperintense lesions in the right and left fronto-parietal areas (gyral pattern) (white arrows) and in the white matter adjacent to the lateral ventricle (C and D) (black 
arrows).

sign. Her fundus examination was normal.

Laboratory examinations
They included complete blood cell count, prothrombin time, partial thromboplastin time, erythrocyte 
sedimentation rate, antinuclear, anticardiolipin and antiphospholipid antibodies, protein C and S, 
serum lactate and pyruvate, sickle cell preparation, serum amino acids, triglycerides, cholesterol. 
electrocardiogram and echocardiogram. No genetic testing was done.

Further diagnostic work-up 
This will include genetic testing with special emphasis to RNF213 gene variants.

Imaging examinations
In October 2019, she did follow-up MRI of the brain and magnetic resonance angiography (MRA) of the 
cerebral vessels. MRA was performed using three-dimension (3D) technique and maximum intensity 
projection images (MIP) were obtained. MRI showed bilateral abnormal high signal intensities in the 
frontal and parietal gray and white matters in T2WI, FLAIR and diffusion/perfusion weighted imaging 
views which did not contrast enhanced. There were ex vacuo dilatation of the frontal horns and bodies 
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of lateral ventricles with relative prominence of the overlying sulci. There were variable sized 
hypointense foci with near CSF intensity within the right frontal white matter indicating frontal gliotic 
changes and cystic encephalomalacia in brain areas supplied by ICAs/MCAs (Figure 2). MRA showed 
complete occlusion of the supraclinoid portion of both ICAs. The ACAs and MCAs were not visualized. 
The basilar artery (BA) and PCAs had normal sizes and calibers. Collaterals were predominantly from 
the posterior circulation (Figure 3).

In January 2021, follow up pre- and post-contrast multi-slice CT of the brain and CT angiography 
(CTA) and CT venography (CTV) on the cerebral vessels were done. CT of the brain showed bilateral 
frontal subcortical and slightly cortical hypodense lesions with CSF density. There were dilated 
ventricular systems, and prominent cortical sulci and basal cisterns (Figure 4). CTA showed non-visual-
ization of right and left ACAs and MCAs, the left ICA ended blindly before the siphon, non-visual-
ization of the left posterior communicating artery (PCoA) and attenuation of the distal parts of the right 
vertebral artery (VA) (compared to its proximal part) and BA. There was dominance of the posterior 
circulation with extensive bilateral collaterals (compared to early MRA findings) and prominence of the 
dilated basal perforating vessels (moyamoya vessels) (Figure 5). CTV showed normal opacification of 
the dural venous sinuses with no filling defects. The superficial and deep cerebral veins were normal.

FINAL DIAGNOSIS
MMD.

TREATMENT
Her treatment regimen included LEV (200 mg every 12 h) and aspirin (75 mg/d). The child was also 
seizure-free on LEV in a maintenance dose of 200 mg every 12 h. Recommendations included 
continuation of aspirin in a maintenance dose of 75 mg/d. The decision for revascularization surgery 
was postponed.

OUTCOME AND FOLLOW-UP
Clinical follow-up over at least 3 years showed no new ischemic insults or exacerbation of the existing 
deficits.

DISCUSSION
We present a younger female child with epilepsy right and left focal seizures and GTC and TIAs. She 
developed left sided hemiparesis after an attack of ischemic cerebrovascular stroke. A common child 
behavior which triggered the TIA was crying (i.e. hyperventilation or hyperpnea excitement). She had 
no family history of similar condition. There were no risk factors (e.g. infection, vaccination, etc.) in 
temporal relation to the disease onset. There were no comorbid other neurological or extra-neurological 
manifestations. Her comprehensive laboratory investigations did not reveal an identifiable cause for the 
ischemic attacks. Her MRI, MRA and CTA findings are highly supportive for the diagnosis of MMD.

For the presented child, the diagnosis of MMD was provided based on the followings: (1) The 
bilateral involvement (stenosis/occlusion) of the distal terminal parts of ICAs. The brain infarcts 
involved the fronto-parietal areas (areas supplied by the ICAs/MCAs) and appeared with “gyral 
pattern” which was atypical from infarcts of conventional ischemic strokes due to other steno-occlusive 
diseases which typically have territorial, border zone, deep lacunar or multiple-dots patterns[17-19]. The 
occlusion of the ICA started at its bifurcation, i.e. in the supraclinoid part distal to the ophthalmic and 
anterior choroidal arteries. The right and left ophthalmic arteries and PCoAs were visualized on MRA 
but the ACAs and MCAs were not visualized. There were no infarcts in basal ganglia, diencephalon, 
midbrain and temporal lobes, i.e. brain areas supplied by the anterior choroidal artery; and (2) There 
were imaging evidences for disease progressive overtime regardless to the apparent symptomatic 
improvement. They included: (1) The robustness of bilateral collaterals which was seen overtime; and 
(2) the visualization of the basal moyamoya vessels or “puff of smoke”.

Studies of large cohort of children found that the development of collaterals occurred before any 
significant hemodynamic impairment or development of ischemic stroke due to arterial occlusion, 
indicating that the neo-vascularization in MMD is a dynamic process triggered by progressive stenosis 
and not a passive compensation for the ischemic stroke or arterial occlusion[10]. Authors also found a 
development of new arterioles from pre-existing vascular structures (i.e. arteriogenesis), which 
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Figure 2 Magnetic resonance imaging-brain views (Date: October 2019). A: Sagittal T1-weighted imaging; B: Coronal; C and D: Axial fluid attenuation 
inversion recovery; E and F: Diffusion weighted imaging; G and H: Diffusion/perfusion weighted. A, E and F revealed hypointense lesions in the fronto-parietal regions 
and areas of encephalomalacia (cerebrospinal fluid density) (white arrows). B-D, G, and H views revealed hyperintense lesions in the right and left fronto-parietal 
areas and areas of encephalomalacia (white arrows).

developed within days after arterial occlusion in children with MMD (but not in other steno-occlusive 
diseases) and the reformation of small sized collaterals into large sized vessels overtime[20,21]; (2) the 
non-visualization of left PCoA; (3) the attenuation of the distal terminal part of the VA and the distal 
part of the BA (i.e. stenosis); and (4) the stenosis/occlusion of the left ICA before the siphon. The absence 
of visual impairment and the normal fundus examination at the time of CTA (done 15 mo after the acute 
stroke) confirmed that the progressive stenosis/occlusion of the left ICA was distal to the left 
ophthalmic artery. It also seems that the progressive left ICA pathology might also be distal to the left 
anterior choroidal artery, because there were no clinical or CT evidences for the presence of infarctions 
in brain areas supplied by the anterior choroidal artery. However, CT is less sensitive than MRI for 
visualization of deep brain infarcts[12]. Previous studies indicated that CTA is non-invasive technique. 
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Figure 3 Magnetic resonance angiography of cerebral vessels three-dimension technique and maximum intensity projection images 
(Date: October 2019). They revealed occlusion of the supraclinoid portion of internal carotid arteries. The right and left anterior cerebral arteries and middle 
cerebral arteries were not visualized. The basilar artery and the right and left posterior cerebral arteries had normal sizes and calibers. Collaterals were predominantly 
from the posterior circulation. OPA: The ophthalmic artery; ICA: The internal carotid artery; PCAs: The posterior cerebral arteries; PCoA: The posterior 
communicating artery; BA: The basilar artery; VA: The vertebral artery.

Figure 4 Axial computed tomography-brain views (Date: January 2021). They revealed bilateral frontal subcortical and slightly cortical hypodense 
lesions (the cerebrospinal fluid density) (white arrows).

It captures snapshots in different contrast bolus phases and provides more relevant data regarding 
secondary collateral flow, which significantly correlates with the neurological outcome. They also 
indicated that combined MRI, MRA and MRV, non-invasive imaging tests, are enough for the diagnosis 
of suspected MMD in a child with sensitivity of 92% and a specificity of 100%[8]. It has been found that 
MRA is beneficial for diagnosis of large basal intracranial vessels and Willisian, leptomeningeal, and 
transdural collaterals[17,18], whereas conventional angiography is better for diagnosis of smaller 
moyamoya collaterals and extracranial distal collateral networks[8]. MRI and MRA also differentiate 
MMD from the mimicking conditions including vascular dissection, inflammatory vasculitis and cystic 
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Figure 5 Computed tomography angiography views of the cerebral vessels (Date: January 2021): They revealed non-visualization of right 
and left anterior cerebral arteries and middle cerebral arteries. A-C: The left internal carotid artery ended blindly before the siphon (dotted arrow), non-
visualization of the left posterior communicating artery) and attenuation of the distal part of the right vertebral arteries and basilar artery (dotted arrows); D: There 
were extensive bilateral collaterals and prominence of moyamoya vessels (arrow head). PCoA: The posterior communicating artery; PCAs: The posterior cerebral 
arteries; ICA: The internal carotid artery; BA: The basilar artery; VAs: The vertebral arteries.

medial necrosis[8]. The patient did not perform conventional angiography. In practice, cerebral conven-
tional angiography must be reserved for children with MMD in the following circumstances due to its 
invasiveness: (1) If diagnosis was uncertain; and (2) inconsistency between the clinical progression and 
the finding of MRA or CTA during follow-up, during pre-operative planning, and sometimes during 
follow-up evaluation after surgical re-vascularization[12].

The long-term outcome of this patient has to be followed overtime. The clinical improvement 
(marked reduction of TIAs and seizures) and stabilization of her clinical condition during the 3 years 
period of follow-up could be attributed to the rapid and extensive recruitment of collaterals and absence 
of risk factors or comorbidities. However, there are factors indicative for poor prognosis which 
included: (1) The early age at onset of symptoms[9]; (2) the large extent of infarctions seen on MRI at the 
time of initial presentation; (3) the presence of encephalomalacia and atrophy of the cerebral 
hemispheres (i.e. evidence of severe stroke); and (4) CTA evidence of progressive arteriopathy. We 
suggest that the marked difference in the extent of collaterals between MRA, which was done 3 mo after 
the cerebrovascular stroke, and the follow-up CTA, which was done 15 mo after the stroke, indicates the 
rapid and progressive degree of carotid stenosis/occlusion. Therefore, surgical revascularization is 
indicated for this child to reduce the recurrence of stroke[15]. However, experience of this type of 
surgery is not locally available.

Management of the patient was symptomatic treatment for epilepsy. Aspirin was prescribed in a dose 
of 75 mg/d for secondary prevention[8,14]. It has been indicated that the main line of treatment of 
MMD is surgical revascularization[15]. However, conservative treatment using the anti-platelet drugs 
(as aspirin or clopidogrel)[13] and the calcium channel blockers (as nicardipine)[16] may play a 
supportive role especially when surgical treatment is not available locally. Furthermore, because 
patients with MMD have deficit in cerebral hemodynamics and cerebral vascular reserve, thus advices 
for prevention of rapid deterioration included: Avoidance of situations which induce hyperventilation, 
dehydrations and hypotension. In MMD, hyperventilation causes decrease in arterial carbon dioxide 
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tension which causes vasoconstriction, induces cerebral hypoxia and may result in steal response in 
brain areas which already have chronic hemodynamic stress[22].

CONCLUSION
To the best of our knowledge, this is the first case report of a child with MMD disease from our locality. 
Clinical and imaging follow-ups for the child was done over a period of at least 3 years after the acute 
ischemic stroke. Her clinical manifestations were improved and no further ischemic insults were 
happened which could be attributed to the massive development of bilateral collaterals. Revascular-
ization surgery is highly recommended for optimal treatment of the patient.
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Abstract
BACKGROUND 
Acral persistent papular mucinosis (APPM) is a rare idiopathic subtype of 
localized lichen myxedematosus. To date, there have been 40 APPM cases 
reported worldwide; however, only 7 cases have been reported in the Korean 
literature.

CASE SUMMARY 
A 70-year-old man was referred to our hospital with a solitary pinkish nodule on 
the dorsum of his right hand. Despite the absence of symptoms, the patient 
wanted to know the exact diagnosis; thus, a biopsy was performed. Histopatho-
logical examination of a biopsy specimen obtained from the nodule on the 
dorsum of his hand revealed orthokeratotic hyperkeratosis with patchy paraker-
atosis, prominent hypergranulosis, and diffuse dissecting mucinous deposition 
between collagen bundles, along with some bland-looking spindle cells 
throughout the dermis. The nodule was histologically diagnosed as an APPM, 
and an intralesional triamcinolone injection (2.5 mg/mL) was started every 2 wk. 
After three sessions of treatment, the patient showed marked improvements.

CONCLUSION 
To the best of our knowledge, this is the first case of a Korean APPM presenting 
as a solitary nodule that showed a marked response to triamcinolone intralesional 
injection. Since it is a rare disease, we report this case to contribute to future 
research on the pathogenesis and treatment of APPM.

Key Words: Acral persistent papular mucinosis; Localized lichen myxedematosus; 
Cutaneous mucinosis; Mucin; Case report
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Core Tip: Acral persistent papular mucinosis (APPM) is a rare idiopathic subtype of localized lichen 
myxedematosus. To date, 40 cases have been reported worldwide; however, only seven cases have been 
reported in the Korean literature. This article reports on a rare case of solitary APPM, which was histolo-
gically diagnosed in a 70-year-old Korean man with a pinkish nodule on the dorsum of his hand. The 
patient showed marked improvement after three sessions of intralesional triamcinolone injection. This is 
the first reported case of a Korean APPM presenting as a solitary nodule and emphasizes the importance 
of continued research into the pathogenesis and treatment of this rare disease.

Citation: Park YJ, Shin HY, Choi WK, Lee AY, Lee SH, Hong JS. Solitary acral persistent papular mucinosis 
nodule: A case report and summary of eight Korean cases. World J Clin Cases 2023; 11(13): 3086-3091
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3086.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3086

INTRODUCTION
Acral persistent papular mucinosis (APPM) is a rare idiopathic subtype of localized lichen myxede-
matosus (LM)[1]. It is characterized by white or skin-colored, 2–5 mm papules on the hands, wrists, and 
extensor aspects of the forearms[1]. The number of papules varies from a few to hundreds and is usually 
asymptomatic; however, some patients complain of pruritus[1].

Most cases have a favorable prognosis and require no treatment; however, in some cases, tacrolimus 
ointments or triamcinolone intralesional injections have been administered.

To date, there have been 40 APPM cases reported worldwide[1,2], however, only 7 cases have been 
reported in the Korean literature. Herein, we present a new case of an older Korean adult with solitary 
APPM as an atypical manifestation. In addition, we summarized 8 cases of APPM, including ours.

CASE PRESENTATION
Chief complaints
A 70-year-old man was referred to our hospital with a solitary pinkish nodule on the dorsum of his right 
hand (Figure 1A).

History of present illness
The patient was asymptomatic and did not complain of pruritus or pain.

History of past illness
His medical history showed that he had psoriasis for decades, which was managed using topical agents.

Personal and family history
He denied any other familial history of dermatologic or endocrinologic diseases.

Physical examination
Despite the absence of symptoms, the patient wanted to know the exact diagnosis; thus, biopsy and 
blood tests were performed.

Laboratory examinations
Blood tests showed no endocrine abnormalities including thyroid function.

Imaging examinations
Histopathological examination of a biopsy specimen obtained from the nodule on the dorsum of his 
hand revealed orthokeratotic hyperkeratosis with patchy parakeratosis, prominent hypergranulosis, 
and diffuse dissecting mucinous deposition between collagen bundles, along with some bland-looking 
spindle cells throughout the dermis (Figure 1B and C).

FINAL DIAGNOSIS
The nodule was histologically diagnosed as an APPM.

https://www.wjgnet.com/2307-8960/full/v11/i13/3086.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3086
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Figure 1 A pinkish, solitary nodule measuring 1 cm was found on the right dorsum of the hand. A: A clinical image taken before treatment showed 
the appearance of the nodule; B: Biopsy results showed orthokeratotic hyperkeratosis with patchy parakeratosis, prominent hypergranulosis; C: Diffuse dissecting 
mucinous deposition between collagen bundles, along with some bland-looking spindle cells throughout the dermis (H&E; B: ×40, C: ×200); and D: Following three 
sessions of intralesional triamcinolone injection every 2 wk, a marked improvement was observed.

TREATMENT
To reduce the size, intralesional triamcinolone injection (2.5 mg/mL) was administered once every 2 wk.

OUTCOME AND FOLLOW-UP
After three sessions of treatment, the patient showed marked improvements (Figure 1D).

DISCUSSION
Cutaneous mucinosis is a medical term used for a diverse group of skin disorders that involve a 
localized or widespread accumulation of mucin in the skin or within the hair follicle[3,4]. Mucin is 
composed of mucopolysaccharides acid or hyaluronic acid and is generally present as part of the 
connective tissue of the dermis[3,4]. Its main function is to maintain the balance of salt and water in the 
dermis. The excessive deposition of mucin manifests as a clinically specific lesion or a mucinous rash[3,
4]. Cutaneous mucinosis can be divided into two main groups: Generalized form (scleromyxedema), 
which classically presents with systemic abnormalities, such as monoclonal gammopathy or thyroid 
disease; and localized form (LM), which is a rare form and classically presents with a lack of systemic 
disease[3,4].

APPM was first described by Rongioletti et al[1] in 1986. It is one of the five subtypes of LM, namely, 
a discrete form, APPM, self-healing papular mucinosis, papular mucinosis of infancy, and a pure 
nodular form[3]. APPM is a chronic idiopathic cutaneous mucinosis characterized by lichenoid papules 
or nodules with mucin deposition and the absence of associated thyroid disease, paraproteinemia, and 
other systemic abnormalities[3-5]. Patients with this diagnosis are typically women and present with a 
bilaterally symmetrical distribution on their hands and wrists but not on the trunk and face[6].

The etiology of APPM is still unknown; however, family cases have shown that genetic and environ-
mental factors play an important role[7]. Interleukin-1, interferon gamma, tumor necrosis factor-alpha 
(TNF-α), and transforming growth factor beta may stimulate glycosaminoglycan synthesis, but the true 
triggers are unknown, and there is a report of cutaneous mucinosis developing after using a biological 
agent, such as a TNF-α inhibitor, in patients with psoriasis[8]. Our patient had psoriasis for a long time; 
however, the direct link between cutaneous mucinosis and psoriasis is not well-known, with no 
reported literature. Human immunodeficiency virus (HIV) infection can also be linked to primary 
cutaneous mucinoses, and 18 cases of primary cutaneous mucinoses in HIV-infected patients have been 
reported, 2 of which are APPM. It has been speculated that direct stimulation of fibroblasts by HIV 
infection or fibroblast stimulation by activated serum cytokines owing to overactive B-cell function may 
be associated with mucin deposition, but no definitive mechanism has been elucidated[9].
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Table 1 Summary of the Korean cases of acral persistent popular mucinosis

Case Ref. Age/Sex Onset Past medical 
history Clinical manifestation Treatment Outcome

1 Kim et 
al[11], 
1993

F/56 1 mo 
ago

s/p Rt. 
Nephrectomy d/t 
renal cancer

Multiple, flesh-colored papules on 
both forearms, wrists and hands 
without symptoms

None -

2 Lee et 
al[12], 
2000

M/43 6-7 
years 
ago

None Multiple discrete white to flesh-colored 
papules are present on the extensor 
surface of hand without symptoms

None -

3 Lee et 
al[12], 
2000

M/50 7 years 
ago

None Multiple whitish papules on dorsum of 
the hand without symptoms

None -

4 Song et 
al[6], 
2002

F/50 3 years 
ago

None Pruritic numerous papular eruption on 
the dorsa of the hands, and the 
extensor surface of the forearms 

Intralesional triamcinolone 
injection

No improvement

5 Ryu et 
al[13], 
2003

M/64 15 
years 
ago

s/p Subtotal 
gastrectomy d/t 
gastric ulcer

Asymptomatic flesh-colored or 
translucent papules on wrists, back of 
the hands, and distal forearms

None -

6 Choi et 
al[9], 
2007

M/31 2 mo 
ago

AIDS Multiple tiny flesh-colored papules on 
the extensor surface of the wrist and 
the distal part of forearm

After 5 wk of starting highly 
active antiretroviral therapy for 
AIDS, the skin lesions were also 
resolved 

Resolved

7 Jun et 
al[10], 
2016

F/53 7-8 
years 
ago

None Asymptomatic 1-3 mm flesh-colored 
papules symmetrically located on both 
dorsum of hands and wrists, and on 
anterior chest

Tacrolimus ointment 0.1% once 
a day

After 15 wk, 
responded 
partially

AIDS: Acquired immunodeficiency syndrome.

Since APPM has rarely been reported in Korea, we have summarized the characteristics of APPM 
cases that have occurred in Korea[6,9-13] (Table 1). To the best of our knowledge, there are eight cases, 
including the present one, of which five were reported in males and three in females. Their ages ranged 
from 31 to 70 years, and most were middle-aged. Most had no underlying disease and only two patients 
had reported underlying medical conditions; one, who was a patient in our case, had psoriasis, while 
the other had HIV. Only one patient complained of itching, while the rest were asymptomatic. Notably, 
except for our case, all cases presented symmetrical, multiple papules. To the best of our knowledge, 
this is the first case of a large solitary nodule. As it is a rare form that has not been previously reported, 
the possibility of APPM should be considered even with a single nodule. Among the 40 cases reported 
worldwide, it is interesting that 8 were Korean and 24 were Japanese[1,2], suggesting a racial influence; 
however, further studies are necessary to confirm this because of the small number of samples.

No effective treatment has been established for APPM. Treatment options range from topical steroids 
or tacrolimus and intralesional corticosteroids to oral tranilast, which inhibits the release of histamine 
and prostaglandins from mast cells[2]. However, the effects of these treatments are variable. In the 
Korean cases, four patients were not treated, and the exact outcome could not be identified owing to 
loss of follow-up. One patient showed some improvement after 15 wk of topical application of 
tacrolimus. In another case, an intralesional steroid injection was administered but no improvement was 
noted, and the exact number and interval of treatment were not known. In one case with acquired 
immunodeficiency syndrome (AIDS) as an underlying disease, APPM improved with antiviral 
treatment for AIDS without any specific treatment for APPM[6,9-13]. In our case, intralesional 
triamcinolone injection was effective; therefore, it can be estimated that intralesional corticosteroids are 
effective in APPM alone, but additional research is needed. Recently, since the main component of 
mucin is hyaluronic acid, there have been several case reports in which scleromyxedema and popular 
dermal mucinosis were treated with hyaluronidase[14,15]. Another therapeutic option is electrocoagu-
lation or erbium-YAG laser[16,17].

CONCLUSION
To the best of our knowledge, this is the first case of a Korean APPM presenting as a solitary nodule that 
showed a marked response to triamcinolone intralesional injection. Since it is a rare disease, we report 
this case to contribute to future research on the pathogenesis and treatment of APPM.
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Abstract
BACKGROUND 
Eosinophilic fasciitis (EF) is a rare connective tissue disease that can cause 
swelling and sclerosis of the extremities, and special attention is needed to differ-
entiate EF from systemic sclerosis. Misdiagnosis or omission markedly delays 
treatment of EF, and severe skin sclerosis in advanced stages can cause joint 
contracture and tendon retraction, worsening the patient's prognosis and quality 
of life.

CASE SUMMARY 
We report a case of EF in a young woman diagnosed by tissue biopsy, confirming 
the difficulty of differential diagnosis with scleroderma.

CONCLUSION 
Focusing on skin manifestations, completing tissue biopsy and radiography can 
help diagnose EF effectively. Clinicians should enhance their understanding of the 
differences between EF and scleroderma, and early diagnosis and standardized 
treatment can improve the prognosis of patients with EF.

Key Words: Eosinophilic fasciitis; Scleroderma; Biopsy; Diagnose; Prognosis; Case report
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Core Tip: Eosinophilic fasciitis (EF) is a rare connective tissue disease and special attention should be paid 
to differentiating it from scleroderma. Misdiagnosis or omission markedly delays the appropriate treatment 
of EF, worsening the prognosis and reducing the quality of life of the patient. We report a case of EF in a 
young woman diagnosed by tissue biopsy, confirming the difficulty of differential diagnosis with 
scleroderma. Clinicians should be more aware of EF, and early diagnosis and standardized treatment may 
improve the prognosis of patients.

Citation: Lan TY, Wang ZH, Kong WP, Wang JP, Zhang N, Jin DE, Luo J, Tao QW, Yan ZR. Eosinophilic 
fasciitis difficult to differentiate from scleroderma: A case report. World J Clin Cases 2023; 11(13): 3092-3098
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3092.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3092

INTRODUCTION
Eosinophilic fasciitis (EF) is a rare connective tissue disease involving the deep fascia of the limbs, with 
symmetrical skin swelling and sclerosis as the typical manifestation[1,2]. The onset of EF is sudden in 
50% of patients, while other patients have a slow onset, and EF usually occurs between the ages of 30 
and 60, with a higher incidence in men. The etiology and pathogenesis of EF are unclear. Previous 
studies suggest that the development of EF may be related to exertion, trauma, immunity, infection, and 
other factors[3,4], and that EF may be an autoimmune disease in which genetic and environmental 
factors participate in the development, with less systemic involvement. EF can be misdiagnosed as 
scleroderma because both conditions can cause sclerosis of the skin of the limbs; however, there are 
major differences in clinical manifestations and treatment between these two conditions. Unlike 
scleroderma, EF usually involves the skin and fascia and can extend to the muscles[5], but does not 
typically affect the hands or face, and there is no Raynaud's phenomenon, capillary dilatation, or 
vascular changes in the nail folds[6]. EF is more sensitive to hormones in treatment compared with 
scleroderma, while immunosuppressants are mostly used in the treatment of scleroderma. 
Consequently, careful examination of the skin and perfect histopathological biopsy are necessary to 
differentiate between the two conditions and select the appropriate treatment.

CASE PRESENTATION
Chief complaints
A 28-year-old woman presented at the China-Japan Friendship Hospital complaining of redness and 
swelling of the extremities for 16 mo and stiffness of the skin of the extremities for more than 11 mo. 
Upon examination, the patient had stiff skin on both lower limbs; swollen and stiff skin on both arms; 
restricted movement of wrist joints, metacarpophalangeal joints, and interphalangeal joints of both 
hands; restricted fist clenching and wrist flexion and extension of both hands; and no swelling or 
sclerosis of fingers (Figure 1). When the skin of the patient's fingers on both hands was pressed, slow 
blood filling and localized whitening was observed, followed by slow recovery, and no signs of 
reddening and purpling. The patient denied Raynaud's phenomenon and had never experienced pale, 
red, and then purple hands after cold or emotional excitement, cold water test was negative, and no 
abnormalities in perinail nailfold capillaries.

History of present illness
Sixteen months ago, the patient developed edema of both lower limbs (calves) without any obvious 
cause, which was aggravated by prolonged standing and slightly relieved by lying down. Subsequently, 
the redness and swelling increased, spreading from calves to knees and feet with skin stiffness. The 
patient was diagnosed with "lymphangitis of both lower extremities" in a local hospital, and was given 
anti-inflammatory and magnesium sulfate topical treatment, but the treatment did not have an obvious 
effect. The patient then gradually developed redness and swelling of both upper extremities, which later 
worsened with skin stiffness. Ten months ago, she consulted the local hospital for redness and swelling 
of the extremities and skin stiffness without significant improvement, and was considered to have 
"scleroderma", and skin pathology biopsy resulted in a diagnosis of "suspected eosinophilic cellulitis". 
Six months ago, the patient was seen again at the above hospital, where she was diagnosed with EF after 
a supplemental antinuclear antibody (ANA) profile test showed ANA 1:1280 speckled. Prednisone 
acetate 60 mg once a day orally was prescribed for anti-inflammation, and intravenous cyclophos-
phamide 200 mg was given to control her condition; symptoms then improved. After discharge from the 
hospital, the prednisone acetate dose was reduced by 5 mg every three weeks, and oral cyclophos-

https://www.wjgnet.com/2307-8960/full/v11/i13/3092.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3092
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Figure 1 Photographs of the patient's limbs while in hospital. All images are front views. A: Both arms; B: Right arm; C: Left arm; D: Right leg; E: Left leg.

phamide 4 tablets once a week were started after one month. Two months ago, due to the aggravation of 
the condition, the patient was given prednisone acetate 40 mg, cyclophosphamide intravenously to 
control the disease, and leflunomide 10 mg once a day, and her symptoms were relieved more than 
before.

History of past illness
Diabetes mellitus (DM) for more than one month.

Personal and family history
Unmarried and infertile. Menstruation started at age 15 years, with a cycle of about 28 d, 3-4 d per 
period, low volume, dark red, clots, no dysmenorrhea. The patient’s grandmother was diagnosed with 
rheumatoid arthritis.

Physical examination
Body temperature was normal, bilateral tonsils were not enlarged, respiratory sounds of both lungs 
were clear, no dry and wet rales were heard, local over-clear sounds on percussion, no obvious 
abnormalities on cardiac and abdominal examination. The skin of both upper and lower extremities was 
dark purple or pink, with lead tube-like changes, and was tight and hard, and could not be lifted. 
Restricted flexion and extension of both wrists, inability to make fists with both hands, and restricted 
movement of both ankles.

Laboratory examinations
Blood tests indicated white blood cells of 6.51 × 109/L (reference range: 3.5–9.5 × 109/L), lymphocyte of 
0.9 × 109/L (reference range: 1.1–3.2 × 109/L), neutrophil percentage of 78.5% (reference range: 
40%–75%), triglycerides of 3.16 mmol/L (reference range: < 1.7 mmol/L), creatine kinase of 19 IU/L 
(reference range: 26–200 IU/L), lactate of 3.92 mmol/L (reference range: 0.5–2.96 mmol/L), 
hypersensitive C-reactive protein of 5.02 mg/L (reference range: < 3.0), ANA of 1:320 nuclear granule 
type, C-reactive protein of 0.645 mg/dL (reference range: < 0.8 mg/L), erythrocyte sedimentation rate of 
5 mm/h (reference range: 0–20 mm/h), immunoglobulin G (IgG) of 663 mg/dL (reference range: 
694–1620 mg/dL), serum IgG2 of 92.8 mg/dL (reference range: 169–786 mg/dL), CD3+ T-cell count of 
684.2 cells/μL (reference range: 835–2217 cells/μL), CD3+CD4+ T-cell count of 267 cells/μL (reference 
range: 395–1264 cells/μL), natural killer (NK) cell count of 46 cells/μL (reference range: 136–880 cells/
μL), CD19+ B-cell count of 65.58 cells/μL (reference range: 92–498 cells/μL), glycosylated hemoglobin 
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of 7.1% (reference range: 4%–6%), normal rheumatoid factors, and no significant abnormalities seen in 
coagulation function. Cytokine-related assays, such as interleukin (IL)-2, IL-3, and IL-6, were not 
significantly abnormal, and angiotensin-converting enzyme was not abnormal.

Imaging examinations
Imaging examinations were not conducted.

Dermatopathological examinations
Reticular basket-like hyperkeratosis with roughly normal epidermal thickness and numerous eosino-
philic granulocytes, a few lymphocytes, and histiocytes infiltrating the deep dermis and collagen in the 
subcutaneous fat layer.

FINAL DIAGNOSIS
(1) EF; and (2) DM.

TREATMENT
Combined with the symptoms and signs and ancillary tests, the diagnosis was considered EF with 
suspected scleroderma. The selected treatment regimen included oral prednisone acetate 25 mg once 
daily, leflunomide 10 mg once daily, and immediate intravenous cyclophosphamide 0.4 g. The patient 
was a young woman and we intended to adjust the treatment regimen to methotrexate 10 mg once a 
week and mycophenolate mofetil 0.5 g three times a day to ensure reproductive function; however, the 
patient refused this option due to financial factors. Therefore, the final regimen was prednisone acetate 
25 mg once daily (reduce the dosage by 5 mg every three weeks) cyclophosphamide 100 mg orally every 
other day and leflunomide 10 mg orally once a day. The patient was asked to calculate the cumulative 
amount of cyclophosphamide and adjust the regimen when it reached 12.0 g or when menstrual 
disorders appeared.

The patient's glycosylated hemoglobin was 7.1%, higher than the normal range, suggesting poor 
glycemic control in the past three months. We considered that this might be caused by the continued 
application of prednisone acetate or the slow reduction of dosage. Consequently, we administered a 
combination of human insulin injection (6 IU subcutaneous injection before lunch and 6 IU 
subcutaneous injection before dinner) and metformin hydrochloride tablets (0.5 g orally twice a day) to 
control blood glucose.

As the patient had been taking hormone for a long time, we used calcium carbonate tablets (0.75 g 
orally three times a day) and osteoporotic triol gel (0.50 μg orally once a day) to prevent the 
development of osteoporosis.

The patient's CD3+ T-cell count, CD3+CD4+ T-cell count, and NK-cell count were low, suggesting 
low immunity, and the patient still needed long-term immunosuppression. Thus, to prevent infection, 
one tablet of compound sulfamethoxazole every other day was administered.

OUTCOME AND FOLLOW-UP
The patient was treated at the hospital, and the skin stiffness of the extremities and the degree of 
swelling of both arms were well controlled and did not progress further. After being discharged from 
the hospital and continuing to take prednisone acetate, leflunomide and cyclophosphamide for 2 mo, 
the swelling of both arms subsided, the degree of skin stiffness of the extremities was well controlled, 
and the patient expressed satisfaction with the treatment effect. The administration of cyclophos-
phamide requires close monitoring of the cumulative amount; therefore, we informed the patient that 
she needs regular follow up to adjust the medication.

DISCUSSION
EF is a connective tissue disease with scleroderma-like symptoms involving the deep fascia of the limb 
skin, with symmetrical skin swelling and sclerosis as its main clinical manifestations. In the early stage, 
some patients may experience systemic symptoms such as fever and fatigue, and painful redness and 
swelling are common in the distal extremities and may also affect the proximal extremities, but rarely 
involve the hands, face, and multiple systems. The onset of the disease may be induced by a history of 
strenuous exercise or by exposure to certain drugs (such as statins, ramipril, heparin, pembrolizumab, 
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immune checkpoint inhibitors, and anti-tumor necrosis factor drugs)[7,8], while in many patients no 
clear cause has been found, as in the present case. The patient denied a history of muscle strain and 
trauma prior to the onset of the disease, as well as the application of medications that could have 
contributed disease onset. During the treatment of this patient, in addition to the conventional drugs for 
EF (prednisone acetate, cyclophosphamide, and leflunomide), hypoglycemic drugs such as metformin 
and human insulin, and calcium carbonate tablets, osteoporosis triol gel, and compound sulfameth-
oxazole were used to treat EF complications, i.e., diabetes, osteoporosis, and prevention of infection. 
However, there is no previous evidence that these drugs may have contributed to the development and 
exacerbation of EF. The patient had no suspicious medication history prior to onset, so the possibility 
that the drugs caused EF was ruled out.

Approximately 20%–30% of patients can have a combination of limited scleroderma, in addition, 
some cases of EF are misdiagnosed as scleroderma[9]. However, the treatment options for EF and 
scleroderma are different, so it is crucial to clarify whether a diagnosis of EF can be made in the clinical 
setting. Currently, the EF diagnostic criteria proposed by Pinal-Fernandez I et al[2] in 2014 (Table 1) are 
commonly applied, where EF is diagnosed by meeting two major criteria, or one major criterion plus 
two minor criteria, after excluding systemic sclerosis. The patient in this report met two major 
diagnostic criteria and was diagnosed with EF. Diffuse fascial thickening, fibrosis, and sclerosis with 
"groove" or "orange peel" changes are often seen in the late stage of EF, but the "groove" sign was not 
observed in the extremities of this patient, which may be related to the disease duration and individual 
differences. Some patients with EF may present with positive antinuclear antibodies, rheumatoid factor, 
immune complexes, etc.; the patient in this case had a positive ANA profile[10,11]. The previous test 
examination in the patient did not find obvious signs of current systemic involvement, and combined 
with the patient's skin manifestations and other clinical symptoms, a diagnosis of scleroderma cannot be 
determined at present. In the follow-up, attention should be paid to whether there is systemic 
involvement—for diagnosis of combined scleroderma—after disease progression and standard 
treatment, and there should be timely adjustment of the treatment plan accordingly.

EF tissue biopsy usually shows fascial thickening with massive infiltration of inflammatory cells, such 
as plasma cells and neutrophils, and visible eosinophil infiltration, but this predominantly occurs in the 
early stages of the disease[12]. Scleroderma biopsy lesions mostly occur in the dermis and can be seen as 
fibrosis in the dermis, which can also involve fascia and muscle as the disease progresses. There are 
many cases of EF in which eosinophil exudation is not observed though, which makes the differential 
diagnosis with scleroderma difficult[13]. However, patients with EF mostly have bilateral symmetrical 
limb lesions, mainly manifesting as diffuse tissue sclerosis, while scleroderma presents predominantly 
as unilateral limb involvement with well-defined lesions, and this can be considered as an auxiliary 
diagnosis when tissue biopsy cannot clearly differentiate. In this case, a tissue biopsy revealed a large 
number of eosinophils, a few lymphocytes, and histiocytes infiltrating the deep dermis and collagen in 
the subcutaneous fat layer. Combined with the patient's bilateral limb symmetrical sclerosis, the 
exudation of eosinophils in the tissue biopsy pathology further clarified the diagnosis of EF, and this 
pathological finding was not a characteristic manifestation of scleroderma. In addition to tissue biopsy, 
an increasing number of scholars have reported that magnetic resonance imaging can facilitate the 
diagnosis of EF, and high-signal fascia on T2-weighted images was included as a secondary diagnostic 
criterion for EF in the 2014 criteria[2].

In terms of treatment, systemic hormone therapy is the preferred regimen for this disease[13,14], with 
a recommended starting dose of 20–30 mg/d, and this treatment can be effective in 90% of patients, 
especially those with a predominantly early inflammatory response. If clinical manifestations such as 
skin hardness, limb range of motion, and other examinations show favorable outcomes during the 
course of treatment, hormones can be gradually discontinued in 1–2 years under the standardized 
guidance of physicians. For a small number of patients with a very poor response to hormones, 
immunosuppressants such as cyclosporine, cyclophosphamide, methotrexate, etc. may be used 
depending on the individual response[15]. Early treatment of the disease with immunosuppressive 
agents in combination with glucocorticoids has been suggested to improve the remission rate and aid in 
hormone reduction in patients with EF[16]. The patient in this case achieved relief of the pain and 
hardness of the limb to a good extent after the early application of hormones, but the hormone 
reduction may have been slow, resulting in elevated blood glucose. Therefore, the patient was treated 
symptomatically with additional hypoglycemic drugs combined with cyclophosphamide therapy, 
which strengthened the effect of immune regulation and may also have played a positive role in the 
hormone reduction. The regimen was later proposed to be adjusted to methotrexate and mycophenolate 
mofetil, but cyclophosphamide was continued because of the patient's personal factors. In addition to 
pharmacological treatment, physical therapy is also advocated to maintain limb mobility in patients 
with joint involvement. Approximately 50%–56% of patients with EF experience joint spasm owing to 
involvement of the fascia over the joint, and the patient in this case was instructed to increase activity 
exercise appropriately, if possible.
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Table 1 Diagnostic criteria for eosinophilic fasciitis proposed in 2014

Criteria Items

Major criteria (1) Swelling, induration, and thickening of the skin and subcutaneous tissue that is symmetrical or non-symmetrical, diffuse (extremities, 
trunk, and abdomen) or localized (extremities); and (2) Fascial thickening with accumulation of lymphocytes and macrophages with or 
without eosinophilic infiltration (determined by full-thickness wedge biopsy of clinically affected skin)

Minor criteria (1) Eosinophilia N 0.5 × 109/L; (2) Hypergammaglobulinemia N 1.5 g/L; (3) Muscle weakness and/or elevated aldolase levels; (4) 
Groove sign and/or peau d'orange; and (5) Hyperintense fascia on magnetic resonance imaging T2-weighted images

Exclusion 
criteria

Diagnosis of systemic sclerosis

Establishes the 
diagnosis

Presence of both major criteria, or one major criterion plus 2 minor criteria

CONCLUSION
In this case, the diagnosis and treatment of EF was reviewed, while emphasizing the differential 
diagnosis with scleroderma. Clinically, increased awareness of EF and scleroderma is needed to reduce 
the progression of disease—such as irreversible skin sclerosis and joint spasm—due to misdiagnosis and 
underdiagnosis. Early diagnosis and standardized treatment can significantly reduce skin sclerosis and 
fibrosis at a later stage, which can improve the prognosis and quality of life of patients to a certain 
extent.
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Abstract
BACKGROUND 
Angiosarcoma is a rare malignant tumor. Owing to the lack of specific clinical 
manifestations of this disease, it is difficult to achieve early diagnosis and start 
early treatment.

CASE SUMMARY 
A 78-year-old male patient was admitted to the hospital because of a bump on his 
head that did not heal for 4 mo. The patient was diagnosed with a refractory head 
wound. The patient underwent neoplasm resection and skin grafting surgery in 
the Plastic Surgery. The neoplasm was sent for pathological examination during 
the operation. The final pathological results were confirmed scalp angiosarcoma.

CONCLUSION 
Our research suggests that pathological examination should be performed for 
refractory ulcers of the scalp, and physical factor therapy should be used with 
caution before the diagnosis is clear.

Key Words: Scalp angiosarcoma; Refractory head wound; Pathological examination; Case 
report
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Core Tip: Angiosarcoma is a rare malignant tumor. Owing to the lack of specific clinical manifestations of 
this disease, it is difficult to achieve early diagnosis and start early treatment. Our research suggests that 
pathological examination should be performed for refractory ulcers of the scalp, and physical factor 
therapy should be used with caution before the diagnosis is clear.

Citation: Yan ZH, li ZL, Chen XW, Lian YW, Liu LX, Duan HY. Misdiagnosis of scalp angiosarcoma: A case 
report. World J Clin Cases 2023; 11(13): 3099-3104
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3099.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3099

INTRODUCTION
Angiosarcoma is a rare malignant tumor that originates from the endothelial cells of blood vessels or 
lymphatic vessels and accounts for approximately 1% to 2% of soft tissue sarcomas, of which more than 
50% occur in the head and neck, accounting for 0.1% of head and neck malignancies[1]. Because the 
incidence of scalp angiosarcoma is extremely low, it attracts little clinical attention. Owing to the lack of 
specific clinical manifestations of this disease, it is difficult to achieve early diagnosis and start early 
treatment. Some patients suffer from head trauma, and the wound is repeatedly ruptured and is 
difficult to heal. Angiosarcoma is difficult to diagnose at an early stage, and treatment of the condition is 
often delayed by mistakenly attributing it to trauma-related abrasions and abscesses. Imaging examin-
ations such as computed tomography (CT) or magnetic resonance imaging have a certain value for 
understanding the location, extent of invasion and whether there is distant metastasis. Thus, timely local 
tissue biopsy is the main method of diagnosis. The diagnosis is finally confirmed by pathological 
examination. Recently, the department of rehabilitation of the first hospital of jilin university used 
physical methods to treat a patient with refractory scalp wounds. The treatment was ineffective. Finally, 
the pathological examination was used to diagnose scalp angiosarcoma. The report is as follows.

CASE PRESENTATION
Chief complaints
A 78-year-old male patient was admitted to the hospital because of a bump on his head that did not heal 
for 4 mo.

History of present illness
The patient accidentally bumped his head on a cabinet approximately 4 mo ago, which caused the skin 
of the top of the skull to rupture. After the injury, the patient was conscious, with headache, no nausea 
or vomiting, and no ulceration of the lips. There were no abnormal secretions in the nose, mouth and 
external auditory canal, no incontinence, and no convulsions. Motor movements were normal. The 
patient had been treated at a local hospital for head wounds, but the wounds did not heal. The patient 
was sent to our hospital for further diagnosis and treatment. The outpatient was admitted to the 
neurosurgery department of our hospital for head and neck refractory wounds, based on the symptoms, 
signs and examination (October 20, 2017).

History of past illness
There is no obvious history of past illness related to this disease.

Personal and family history
There is no obvious personal or family history related to this disease.

Physical examination
On admission to the hospital, he was conscious; his vital signs were stable, and no enlarged lymph 
nodes were discovered in the neck or behind the ears. Both muscle strength and muscle tension of the 
extremities were normal, and voluntary activities were normal. The bilateral Babinski sign and neck 
stiffness were negative. The ulcerated wound was visible on the top of the skull; the wound was 3 cm × 
4 cm, and some bloody scabs and granulation tissue could be observed on the top of the wound, with a 
small amount of secretions and no peculiar smell (Figure 1).

https://www.wjgnet.com/2307-8960/full/v11/i13/3099.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3099
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Figure 1 The rupture on the skull.

Laboratory examinations
Routine blood test (October 20, 2017) results were as follows: White blood cell count, 7.30 × 109/L 
(reference value: 3.50-9.50 × 109/L); neutrophil percentage: 78% (reference value: 20%-75%). The patient 
was diagnosed with a refractory head wound.

Imaging examinations
Brain CT showed no obvious abnormalities in the skull and brain tissue.

MULTIDISCIPLINARY EXPERT CONSULTATION
After admission, the patient received routine disinfection treatment. After the wound was fully 
disinfected, it was covered with sterile gauze, which was fixed with a mesh cap, once every 2 d. After 
the wound had no secretions, surgical treatment was planned. After 14 d of treatment, the wound 
showed no signs of healing, with a small amount of secretions still remaining. The patient began feeling 
pain and was then transferred to the department of rehabilitation. Considering that the patient had a 
history of trauma and a high white blood cell count, semiconductor laser treatment, ultra violet 
treatment and ultrashort-wave treatment were administered once a day. After 14 d of treatment, the 
wound did not heal, and the pain was not relieved. The patient underwent neoplasm resection and skin 
grafting surgery in the plastic surgery department on November 16, 2017 (Figure 2). The neoplasm was 
sent for pathological examination during the operation (Figure 3). The rapid pathological results 
showed angiosarcoma.

FINAL DIAGNOSIS
The final pathological results were reported on November 21, 2017 and confirmed scalp angiosarcoma 
(Figure 4).

TREATMENT
No tumor was observed on the front, back, left, and right margins, but the tumor was close to the 
undercut margin. The patient was advised to undergo radiotherapy, but he discontinued the treatment 
and was discharged.

OUTCOME AND FOLLOW-UP
A follow-up was continued after the discharge. In March 2018, the wound on the top of the head 
ruptured again, and disinfection was conducted at home. In August 2018, the patient passed away, the 
cause of death is the recurrence of tumor.
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Figure 2 The patient was treated with mass resection and skin grafting.

Figure 3 Pathological examination during surgery.

DISCUSSION
Angiosarcoma, also known as malignant hemangioendothelioma, is a malignant tumor of blood vessels, 
originating from endothelial cells. Angiosarcoma can occur in various parts of the body[2,3], such as the 
head, neck, breasts, limbs and trunk, and most of the tumor is mainly located in the skin. Because of 
different clinical manifestations and biological behaviors of these malignant vascular proliferations, 
Enzinger and Weiss in 1983 divided these tumors into 4 groups according to their location: (1) 
Cutaneous angiosarcoma not related to lymphedema; (2) Angiosarcoma of the skin related to 
lymphedema, namely, lymphangiosarcoma; (3) Deep soft tissue angiosarcoma; and (4) Breast 
angiosarcoma. Angiosarcoma of the scalp is the most common form, which mainly affects the skin of the 
head[4]. This disease occurs more often in the elderly. The skin lesions are characterized by infiltration 
and expansion to the surrounding or subcutaneous tissues, which involve the scalp, before metastasis. 
Owing to these extensive infiltrations, the edges of the damage are often unclear. The disease progresses 
rapidly and can be spread to nearby lymph nodes or to the lungs, liver, bones, etc., through blood 
circulation. Owing to its highly aggressive and multifocal nature, the prognosis of angiosarcoma is poor, 
with a 5-year survival rate of less than 35%. Moreover, 75% of patients have local recurrence within 24 
mo of local treatment[5].
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Figure 4 Morphological features of the angiosarcoma. A: Under low magnification: The tumor cells diffusely infiltrated the dermis, involving the skin 
appendages and ulceration; B: Under high magnification: Proliferated vessels with fissures were composed of vascular endothelial cells with heteromorphic 
hyperplasia and nucleoli, and red blood cells were extravasated; C: Under high magnification: The intense positivity for an antiCD34 antibody shows that 
angiosarcomatous cells formed irregular vessels; D: Under high magnification: A high mitotic index was confirmed by immunohistochemical study for Ki67.

There is currently no radical cure for angiosarcoma, and the prognosis is poor. The importance of 
early diagnosis and early treatment is emphasized. Scalp angiosarcoma is the first choice for extensive 
surgical resection. As far as possible, extensive surgical resection of skin lesions should be performed; 
otherwise, angiosarcoma is prone to recurrence. For those with multiple or extensive skin lesions, which 
are difficult to operate, radiotherapy can be used before or after surgery. For patients with distant 
metastases, chemotherapy-based treatment is the main option, but there is currently no standard 
chemotherapy regimen[6], and the remission period is short. Cyclophosphamide, epirubicin, vincristine 
and dacarbazine are often used clinically. Ye et al[7] believed that scalp angiosarcoma recurred and 
metastasized after surgery. After failure of a first-line chemotherapy, docetaxel, cisplatin, gemcitabine, 
and radiotherapy can be administered to patients to prolong their overall survival time. For patients 
with a poor physical status or an old age, monotherapy with taxanes is recommended[8]. For general 
refractory wounds, using appropriate physical methods can promote wound healing. The patient in this 
case was older, had high neutrophils in the blood routine at the first visit, exuded fluid on the scalp 
ulcer wound, had a risk of infection, and could not be treated directly by surgery. Therefore, local 
physical factor treatment was adopted to reduce the wound exudate and prevent wound infection, but 
the treatment effect was not ideal, and wound healing was not promoted. The pathological results 
allowed us to confirm the patient's diagnosis as scalp angiosarcoma. Physical factor therapy is 
ineffective for scalp angiosarcoma, and it should be noted that some physical factor therapy is contrain-
dicated for the treatment of local tumors. In future clinical work, pathological examination should be 
performed for refractory ulcers in any part of the skin, and physical factors should be used with caution 
before the diagnosis is clear, because this may delay the correct treatment plan.

CONCLUSION
Our research suggests that pathological examination should be performed for refractory ulcers of the 
scalp, and physical factor therapy should be used with caution before the diagnosis is clear.
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Abstract
BACKGROUND 
Microsatellite instability (MSI) is a predictive biomarker for cancer immuno-
therapy. The tumor-agnostic nature of MSI makes it a denominator for immuno-
therapy in several solid tumors. It can be assessed using next-generation 
sequencing (NGS), fluorescent multiplex PCR, and immunohistochemistry (IHC).

CASE SUMMARY 
Here, we report 3 cases with discordant MSI results detected using different 
methods. A cholangiocellular carcinoma case revealed proficient mismatch repair 
(MMR) by IHC but high MSI (MSI-H) by liquid NGS. A cervical cancer case 
revealed deficient MMR by IHC, microsatellite stable by PCR, and MSI-H by 
NGS. Lastly, an endometrial cancer case revealed proficient MMR by IHC but 
MSI-H by NGS.

CONCLUSION 
IHC for MMR status is the first choice due to several advantages. However, in 
cases of indeterminate IHC results, molecular testing by MSI-PCR is preferred. 
Recently, NGS-based MSI assays are being widely used to detect MSI-H tumors. 
All three methods have high accuracy; however, the inconsistencies between them 
may lead to misdiagnosis.

Key Words: Discordance; Immunohistochemistry; Microsatellite instability; Next-
generation sequencing; Case report
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Core Tip: Microsatellite instability (MSI), a predictive biomarker for cancer immunotherapy can be 
assessed using next-generation sequencing, fluorescent multiplex PCR, and immunohistochemistry (IHC). 
Even though IHC for mismatch repair status is the first choice, in cases of indeterminate IHC results, 
molecular testing by MSI-PCR is preferred. Recently, next-generation sequencing-based MSI assays are 
also being widely used. Although all methods have high accuracy, they may have inconsistent results 
leading to misdiagnosis.

Citation: Şenocak Taşçı E, Yıldız İ, Erdamar S, Özer L. Discrepancy among microsatellite instability detection 
methodologies in non-colorectal cancer: Report of 3 cases. World J Clin Cases 2023; 11(13): 3105-3113
URL: https://www.wjgnet.com/2307-8960/full/v11/i13/3105.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i13.3105

INTRODUCTION
In the era of immunotherapy, microsatellite instability (MSI) is a key biomarker of genetic alteration. It 
is indicated by a high number of mutations within microsatellites, which are repeat sequences of 1-9 
nucleotides[1]. While the DNA mismatch repair (MMR) system can correct DNA replication errors in 
normal tissues, the loss of function or lack of MMR genes in tumor cells causes MSI[2]. Thus, MSI is an 
important factor in tumor development, and its incidence correlates positively to survival[3].

MSI can be distinguished into three types: high (MSI-H); low; and stable (MSS)[4]. Lately, MSI has 
been identified in several cancer types[5]. The recent American Society of Clinical Oncology provisional 
guidelines on somatic mutations in metastatic and locally advanced cancer recommends the evaluation 
of MMR deficiency status, as MSI is accepted as a tumor-agnostic factor in all patients who are potential 
candidates for immunotherapy[6].

The most widely used methods for MSI assessment are next-generation sequencing (NGS), 
fluorescent multiplex PCR, and immunohistochemistry (IHC)[1]. IHC is the gold standard method due 
to its easy access, high sensitivity, and practical nature. It detects the expression of MMR proteins 
(MLH1, PMS2, MSH2, and MSH6) in tumor tissues[7]. NGS-based multiplex gene assay, approved for 
use in all solid tumors, can indirectly measure MMR status using DNA extracted from formalin-fixed 
paraffin-embedded tissue specimens, where deficient MMR tumors usually have a hypermutated 
phenotype[8]. Finally, PCR is a molecular approach that can be carried out on tumor DNA, measuring 
the MMR protein apparatus functionality[9]. Cases of indeterminate MSI status with IHC can occur if 
loss of only one heterodimer unit is present. Two reference panels of PCR, Bethesda and pentaplex, 
were designed for colorectal cancer (CRC) and have shown poor performance in other cancer types[10]. 
Despite the high accuracy of these methods (94.6%, 99.9%, and 89.0%-95.0% for PCR, NGS, and IHC, 
respectively), the inconsistency between them may result in misdiagnosis[11-13]. The specific guidance 
regarding preferred methodology is still lacking.

Here, we report a cholangiocellular carcinoma case revealing proficient MMR by IHC but MSI-H by 
liquid NGS. A cervical cancer case revealed deficient MMR by IHC, MSS by PCR but MSI-H by NGS. 
An endometrial cancer case revealed proficient MMR by IHC but MSI-H by NGS.

CASE PRESENTATION
Chief complaints
Case 1: A 43-year-old female patient with a history of Klatskin tumor was referred to our clinic with 
progressive disease.

Case 2: A 29-year-old female patient with a history of locally advanced cervical cancer was referred to 
our clinic for a second opinion.

Case 3: A 62-year-old female patient with a history of endometrial cancer presented with acute, 
intermittent mid-back pain for the 3 mo prior to admission.

History of present illness
Case 1: Progression of the present illness was found during treatment response evaluation 2 wk prior.

Case 2: Progression of cervical cancer was found during a screening a week prior.

Case 3: Pain had worsened for the prior 2-3 wk.

https://www.wjgnet.com/2307-8960/full/v11/i13/3105.htm
https://dx.doi.org/10.12998/wjcc.v11.i13.3105
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History of past illness
Case 1: She had presented with jaundice, epigastric pain, itching, and weakness to her doctor in 2018, 
and her abdominal ultrasonography revealed a mass near the liver. Magnetic resonance imaging (MRI) 
of the abdomen confirmed obstruction due to tumor confluence of the bile ducts. Secondary to the 
mechanical obstruction, there was external drainage of the bile ducts from the right anterior and 
posterior sections of the liver. She underwent a left hemi hepatectomy with total caudal lobectomy, 
cholecystectomy, and extended lymphadenectomy. The pathology revealed moderately differentiated 
adenocarcinoma, CK7+/CK20-/CK17+, consistent with cholangiocarcinoma, thus stage IIA disease. IHC 
revealed PD-L1 combined positive score of 0 and MSS disease. She received six cycles of adjuvant 
gemcitabine-cisplatin treatment. During follow-up in 2020, computed tomography (CT) demonstrated 
recurrence of the underlying disease with predominance of peritoneal carcinomatosis, after which she 
was again initiated on gemcitabine and cisplatin. After five treatment cycles, cisplatin intolerance 
developed and treatment was continued with capecitabine and gemcitabine. The response evaluation 
CT revealed progression of the underlying disease with an increase in the size of the known lesions, 
ascites, and pleural effusion.

Case 2: She was first diagnosed in 2019 and had received radical chemoradiotherapy. Local recurrence 
occurred in 2020. She received four cycles of carboplatin-paclitaxel and underwent total abdominal 
hysterectomy and bilateral salpingo-oophorectomy. Topotecan and bevacizumab were administered in 
June 2021 due to disease progression; however, a ureterovaginal fistula developed, for which she 
underwent surgery.

Case 3: She had undergone a surgery in 2010 for endometrioid adenocarcinoma with squamous differ-
entiation. The pathology results revealed pT1bN0 with 60% estrogen receptor, 90% progesterone 
receptor, and 50% Ki-67 expression and was classified as stage I disease. She did not receive any 
adjuvant treatment.

Personal and family history
Significant family or personal history was not detected for any of the cases.

Physical examination
Case 1: Vital signs were in the normal ranges. No abnormalities were found during systemic 
examination.

Case 2: Vital signs were as follows: body temperature, 36.0 °C; blood pressure, 100/60 mmHg; and heart 
rate, 90/min. She had colostomy. No other abnormalities were found during systemic examination.

Case 3: On physical examination, the vital signs were as follows: body temperature, 36.5 °C; blood 
pressure, 110/68 mmHg; and heart rate, 80/min. Systemic examination did not reveal any pathology.

Laboratory examinations
Case 1: Carbohydrate antigen 19-9 level was elevated (1200 U/mL). Other analyses were in the normal 
ranges.

Case 2: Carbohydrate antigen 19-9 level was elevated (264000 U/mL). Other analyses were in the 
normal ranges.

Case 3: Levels of serum tumor markers were elevated (carbohydrate antigen 125, 51 U/mL; 
carbohydrate antigen 19-9, 175 U/mL).

Imaging examinations
Case 1: Positron emission tomography (PET/CT) was carried out for re-staging, and it revealed 
development of new hypermetabolic lesions in the left supraclavicular region, L2 corpus, and 
peritoneum.

Case 2: PET/CT was carried out for optimal staging in August 2021, which revealed increased uptake in 
the pelvis, more prominent in the left supra/peri vesical, left paracolic, and cutaneous regions. She was 
referred to our clinic with the results. We performed an MRI of the abdomen, which confirmed a 
recurrent mass, 60 mm × 81 mm in size, near the sigmoid colon.

Case 3: MRI of the lumbar spine performed due to back pain showed a 5 cm soft tissue mass near the 
left renal vein. Staging PET/CT confirmed the mass lesion without distant metastases.
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FURTHER DIAGNOSTIC WORK-UP
Case 1: NGS (FoundationOne CDx, 2021) was recommended for detailed molecular analysis instead of 
IHC and PCR. The molecular results from the surgical specimen revealed STK11 and ARID1A mutations 
and MSI-H disease (Figure 1).

Case 2: A biopsy was performed for molecular analysis and concluded as metastasis of cervical cancer. 
IHC for MMR proteins showed loss of MLH-1 and PMS-2 expression, leading to a conclusion of MSI-H 
disease (Figure 2A). NGS (FoundationOneCDx, 2021) results from the pelvic mass revealed AKT1, ATR, 
CREBBP, and MLH1 mutations, as well as a tumor mutation burden (TMB) of 6 Mb (Figure 2B). Her MSI 
status could not be determined. PCR was performed to confirm the MSI status, and MSS disease was 
noted (Figure 2C).

Case 3: Renal mass and lymph node biopsy confirmed an adenocarcinoma, PAX8+/CK7+, consistent 
with primary endometrial cancer (stage IV endometrial cancer). IHC revealed no staining for human 
epidermal growth factor receptor 2 and did not show any losses for MMR proteins. NGS was 
recommended for detailed molecular analysis. However, NGS results from the metastases revealed MSI-
H disease with a TMB of 54 mutations/Mb (Figure 3).

FINAL DIAGNOSIS
Case 1: The final diagnosis was stage IV Klatskin tumor.

Case 2: The patient was diagnosed with metastatic cervical cancer.

Case 3: The patient was diagnosed with recurrent endometrial carcinoma.

TREATMENT
Case 1: FOLFIRINOX chemotherapy was initiated with palliative radiotherapy.

Case 2: Pembrolizumab treatment was initiated with gemcitabine-carboplatin and showed 50% 
metabolic regression after four treatment cycles. Secondary to the bladder and rectum invasion, pelvic 
sepsis developed, and pelvic exenteration was performed. The pathology revealed moderately differen-
tiated squamous cell carcinoma infiltrating the bladder and rectum (pT3bN0). IHC findings of the 
surgical specimen again showed loss of MLH-1 and PMS-2 expression.

Case 3: Due to the recurrence of endometrial carcinoma, she underwent surgery for tumor removal, and 
the pathology results are pending.

OUTCOME AND FOLLOW-UP
Case 1: She was lost to follow-up months after admission to our hospital.

Case 2: Since the patient was tumor-free, pembrolizumab monotherapy was planned. After 3 mo of 
immunotherapy, a restaging PET/CT demonstrated marked disease progression with multiple 
abdominopelvic hypermetabolic lesions. She was initiated on XELOX chemotherapy but could not 
tolerate the treatment. Her situation deteriorated, and she died after 3 mo of palliative treatment.

Case 3: She was lost to follow-up.

DISCUSSION
The incidence of MSI differs across solid tumors. Most of the studies in this field focus on CRC, which is 
closely related to MSI. Our case series included three different solid tumors with discordant MSI results, 
which to our knowledge is the first in the literature. According to recent reports, the frequency of MSI is 
0%-2.1%, 12.0%, and 25.0% for cholangiocarcinoma, cervical, and endometrial cancers, respectively[14,
15]. The optimal method for detection of MSI remains unclear. In addition to sensitivity, easily 
accessible and cost-effective methods are required in daily practice; therefore, IHC is most frequently 
used. There are limited data on the concordance analysis of MSI status between IHC and NGS for CRC 
and gynecological cancers and a lack of data for other solid tumors.
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Figure 1 Next-generation sequencing result of the cholangiocarcinoma case. EMA: European Medicines Agency; cfDNA: Cell-free DNA; MSI: 
Microsatellite instability.

The decision to screen for DNA MMR gene mutations using IHC and/or PCR and/or NGS for MSI 
involves several considerations. IHC, as a gold standard, has several advantages such as its high 
specificity (96.1%), accuracy (99.2%), and sensitivity[16]. In addition, it is inexpensive and easy to use. 
Moreover, it can be performed on small biopsy samples and can clearly suggest the affected gene (
MLH1, MSH2, MSH6, or PMS2). However, there are some limitations, such as quality of tissue 
preparation interfering with results, an experienced pathologist needed, and non-immunoreactivity due 
to missing missense or frameshift/truncation mutations[17]. Studies comparing different methodologies 
in MSI analysis concluded that some MSI-H cases may be missed if IHC is used alone, with the 
incidence ranging between 11.8%-32.9%[18-20]. In addition, IHC results were prone to change after 
neoadjuvant and radiation therapy, which may have changed the preferred screening in some cases[21].

An alternative method, PCR, mostly covers the inadequacies of IHC, especially since it is not limited 
to protein expression. However, it has its disadvantages, such as the need for a specialized genetic 
facility, longer turnaround time, normal tissue requirement, and the fact that pre-analytic issues such as 
fixation, may interfere with the PCR reaction[22]. The most important limitation is the MSH6 mutation, 
which may cause a non-diagnostic MSI test by PCR, secondary to functional redundancy, leading to 
misdiagnosis as MSS.

Although both methods are close to 100% sensitivity/accuracy, neither of the methods help identify 
all tumors with defective MMR genes. The likelihood of misdiagnosis can be overcome using both 
methods; however, there may be discordant results. Berardinelli et al[16] evaluated MSI with IHC and 
PCR and reported eight discordant results in a total of 996 patients with CRC. Thus, for these cases, they 
proposed the addition of a new marker as complementary analysis and suggested the use of PCR over 
IHC. Several other studies including CRC found discordances between IHC and molecular analysis 
ranging from 1%-10%[10]. The cause of the discordance was mostly related to factors like low tumor cell 
proportion, pre-analytical difficulties, non-expert physician, neoadjuvant treatment, tumor hetero-
geneity, and discordance of tumor biopsy[10]. It was also mentioned that molecular panels used during 
PCR analysis were principally recommended for CRC. However, they were used in all types of solid 
tumors and may show poor performance in other types of cancer[9].

False positive results are important to overcome since recent reports suggest that primary resistance 
to immune checkpoint inhibitors may be related to the misinterpretation of MMR tests[10]. The 
development of NGS led to the emergence of a new technique to improve MSI detection. NGS can 
simultaneously detect MSI and screen for MMR mutations. Although it has 100% sensitivity and 
specificity, the high cost limits its use[23]. In addition, the panels used in NGS show better performance 
in non-CRC[9]. A study evaluating the concordance analysis of MSI between PCR and NGS for solid 
tumors reported a concordance of 98.8%[24]. Another study investigating discrepant MMR IHC and 
MSI PCR test results in gynecologic cancers reported 6 out of 328 discordant results using NGS and 
demonstrated that NGS could help resolve discrepant MMR and MSI results[25]. The usefulness of NGS 
in the determination of MSI, with a sensitivity of 95.8%, specificity of 99.4%, positive predictive value of 
94.5%, and negative predictive value of 99.2% in 26 cancer types, was supported by several other studies 
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Figure 2 Immunohistochemistry, next-generation sequencing, and PCR results of the cervical cancer case. A: MLH1, MSH2, MSH6 and PMS2 
immunohistochemistry (× 14.44, 200 µm). Absence of MLH1 and PMS2 staining in tumor epithelium yet positive internal control staining of lymphocytes in the stroma; 
B: Next-generation sequencing result; and C: Suspicious instability seen in NR27 after PCR analysis.

with a concordance of 99.4% compared with PCR-based testing[26].
At our clinic, we prefer screening MSI using IHC due to its fast turnaround time and using NGS as an 

additional method to investigate a large variety of gene alterations at once. The discordant results were 
interpreted as MSI-H. MSI-H status is supported by high TMB results, a finding apparent in our third 
case. This finding has also been conclusively reported by other studies[27]. However, the reliability of 
the IHC results remains uncertain when NGS shows an MSS tumor. Our second case with cervical 
cancer showed rapid progression after the surgery. Although, seeding during the exenteration 
procedure may explain the recurrence, another reason may be the loss of tumor antigenicity after the 
surgery, restricting the trigger in the host cell immune response since the patient was tumor-free. These 
facts may also explain resistance to immunotherapy rather than the discordance. More trials comparing 
the IHC and NGS results are needed for better assessment.

There may be two limitations to our study. The first is different pathologists performing the 
histological analysis. Although international guidelines exist in terms of evaluation, the experience of 
the pathologist may interfere with the results. Second, as seen in other studies, different samples may 
cause discrepancy between the results. However, it is not always easy to access the surgical/biopsy 
specimens when the time interval between the diagnosis and metastases is long.
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Figure 3 Next-generation sequencing result of the case with endometrial carcinoma. MSI: Microsatellite instability; NCCN: National Comprehensive 
Cancer Network.

CONCLUSION
The rare non-colorectal MSI cases in the literature and the lack of investigation into IHC-NGS 
discordance highlights the uniqueness of our cases. Today, the gold standard of MSI analysis is IHC. 
However, considering the defined 100% and 98.7% positive and negative predictive values, respectively
[24], with reduced costs and turnaround time, NGS may be the preferred first-line option for MSI 
analysis to reduce the incidence of misdiagnoses in the future.
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