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Abstract
Cardioembolic stroke, referred to as cardiogenic stroke, is a clinical syndrome in 
which emboli from the heart pass through the circulatory system and cause 
cerebral artery embolism and corresponding brain dysfunction. Compared to 
other subtypes of ischemic stroke, cardiogenic stroke presents with more 
etiologies, greater severity, worse prognosis, and a higher recurrence rate. In this 
minireview, we provide new insights into the etiological classification, diagnostic 
methods, and interventions of cardiogenic stroke.
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Core Tip: There are many reviews focused on the diagnosis and treatment strategies of 
cardiogenic stroke. However, in clinical practice, there are still many problems such as 
non-standard diagnosis and large differences in treatment measures. In this minireview, 
we introduce the latest Chinese expert consensus on cardiogenic stroke-based diagnostic 
criteria and provide some new insights into the etiological classification and inter-
ventions of cardiogenic stroke.
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INTRODUCTION
Stroke is a disease that can seriously endanger human health. The 2019 Global Burden of Disease study 
showed that stroke is the second leading cause of death worldwide after ischemic heart disease (11.6% 
of total deaths), and the third leading cause of death and disability combined (5.7% of total disability-
adjusted life years) with ischemic strokes accounting for the majority of strokes (62.4%)[1]. Cardiogenic 
stroke, also known as cardioembolic stroke, constitutes 20% to 30% of all ischemic strokes. It is a clinical 
syndrome in which emboli from the heart pass through the circulatory system and cause cerebral artery 
embolism and corresponding brain dysfunction[2,3]. With the strengthening of community medical 
management, atherosclerosis risk factors were significantly reduced (e.g., low-density lipoprotein-
cholesterol and blood pressure levels were better controlled than before). As a result, stroke/transient 
ischemic attacks caused by large-artery atherosclerosis (LAA) and small-vessel occlusion were 
remarkably decreased; conversely, cardiogenic stroke/transient ischemic attack increased significantly
[4]. Compared to other subtypes of ischemic stroke, cardiogenic stroke presents with more etiologies, 
greater severity, worse prognosis, and a higher recurrence rate[5,6]. Although the diagnosis and 
treatment of cardiogenic stroke has substantially improved worldwide in recent years, there are still 
plenty of shortcomings, such as insufficient understanding of this disease and significant differences in 
treatment strategies[3,4]. Therefore, further strengthening the understanding of the etiological classi-
fication, diagnostic methods, and intervention measures of cardiogenic stroke, and uniformly improving 
the diagnosis and treatment of cardiogenic stroke, have become the top priority in the neurology 
community.

AS YET CLARIFIED ETIOLOGICAL CLASSIFICATION OF CARDIOGENIC STROKE
According to the definite (or potential) cause of cardiogenic stroke in the A-S-C-O (phenotype) classi-
fication and its epidemiological characteristics, the relatively common causes are divided into atrial 
fibrillation (AF), heart failure, acute coronary syndromes, patent foramen ovale (PFO), rheumatic heart 
disease, artificial heart valve, infectious endocarditis (IE), dilated cardiomyopathy, and cardiac myxoma. 
In most cases, the intracardiac wall thrombus, tumor surface thrombus/debris, shedding of vegetations 
on the valve intima or aortic arch plaque, or paradoxical embolism (derived from veins), underlie the 
pathogenesis, thereby contributing to the obstruction of cerebral blood vessels[7].

To date, the etiological attribution of cardiogenic stroke remains elusive. Firstly, the boundary 
between cardiogenic stroke and cryptogenic stroke, especially embolic stroke of undetermined source 
(ESUS), is blurred. Strokes that do not clearly meet the diagnostic criteria of the known ischemic stroke 
subtypes are classified as cryptogenic strokes[8,9], and cryptogenic stroke is further defined as ESUS 
when the clinical and neuroimaging features suggest a distant thrombus origin, the absence of lacunar 
infarcts, a high-risk source of cardiac embolism, or high-degree stenosis of the responsible vessel at the 
site of the infarction[10,11] (Figure 1). Regarding the etiology of embolism in ESUS, some cases may 
originate from arterial-arterial embolism caused by large atherosclerotic plaques in the brain, while 
other cases may result from some cardiac diseases (e.g., paroxysmal AF, PFO, atrial cardiomyopathy, 
etc.)[3,12], strongly suggesting the existence of an overlap between ESUS and cardiogenic stroke. Hence, 
for ESUS cases, once the above causes are found through adequate standard evaluation, we recommend 
that, after multi-disciplinary discussion and confirmation of a cardiac cause, cardiogenic stroke should 
be considered so that treatment can be initiated as soon as possible. Secondly, there is still controversy 
over whether aortic arch atheroma (AAA)-related stroke should be classified as cardiogenic strokes, as 
some clinicians have categorized it as an ESUS subgroup of cryptogenic strokes[12]; however, the latest 
guideline for the prevention of stroke in patients with stroke and transient ischemic attack from the 
American Heart Association (AHA)/American Stroke Association (ASA) classified it as a subtype of 
LAA[13]. In view of this, we propose that while the classification of AAA-related strokes as LAA 
subtypes may reflect its exact pathogenesis, it is still more appropriate to attribute it to cardiogenic 
strokes. A strong reason for this is that its mechanisms and clinical manifestations are very similar to 
those of cardiogenic stroke, and studies have shown that attributing it to cardiogenic stroke has no 
significant impact on the choice of treatment measures and patient prognosis[14].

URGENCY TO DEVELOP A STANDARDIZED DIAGNOSTIC SYSTEM FOR CARDIOGENIC 
STROKE
The diagnosis of cardiogenic stroke is frequently made based on its clinical and neuroimaging features, 
combined with other elements such as vascular and cardiac evaluation. With improvements in disease 
awareness and detection methods (e.g., long-term electrocardiogram monitoring, echocardiography), the 
detection rate of cardiogenic stroke has greatly increased in recent years when compared with other 
subtypes of ischemic stroke[15]. Nonetheless, several lines of clinical and radiological evidence to 
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Figure 1 Relationship between cryptogenic stroke, embolic stroke of undetermined source, and cardiogenic stroke. AF: Atrial fibrillation; 
ESUS: Embolic stroke of undetermined source.

support cardiogenic stroke have been proposed in this regard since the 1990s[8,16,17], but there are no 
well-established diagnostic criteria. Additionally, there is also controversy over the specific examination 
protocol used to identify the etiology of cardiogenic stroke. Finally, there are many other problems, such 
as inconsistent diagnosis and treatment levels across different medical institutions, misdiagnosis, and 
mistreatment.

In an attempt to solve these problems, we first proposed new clinical diagnostic criteria for 
cardiogenic stroke[7]. According to the Chinese expert consensus on the diagnosis of cardiogenic stroke 
(2019) (Table 1), cardiogenic stroke is categorized into definite cardiogenic stroke, probable cardiogenic 
stroke, and possible cardiogenic stroke: Definite cardiogenic stroke = 2 of (A) + at least 1 of (B) + C; 
probable cardiogenic stroke = 2 of (A), or at least 1 of (A) + at least 1 of (B); possible cardiogenic stroke = 
at least 1 of (A). Clinical validation of the diagnostic criteria is currently underway.

URGENT NEED FOR THE DEVELOPMENT OF A STANDARDIZED AND REFINED 
INTERVENTION STRATEGY FOR CARDIOGENIC STROKE
Even though the treatment principles of cardiogenic stroke are generally similar to other subtypes of 
ischemic stroke, more emphasis is placed on anticoagulation therapy. However, when to start or restart 
anticoagulation therapy and the choice of anticoagulants are mostly based on personal experience, 
mainly due to the lack of clinical evidence or clinical guidelines. Although the principle of using 
intravenous thrombolysis in the acute phase is similar of all subtypes, cardiogenic stroke also has its 
own specificity. In light of the above issues, the standardization of treating cardiogenic stroke has 
become an urgent issue which needs to be addressed.

For most stroke patients with AF, the guidelines for the early management of acute ischemic stroke 
from the 2018 AHA/ASA recommend that oral anticoagulation therapy should be initiated within 4 to 
14 d after onset[17]. Nevertheless, in a recent multicenter real-world cohort study, initiation of oral 
anticoagulation within 4 to 14 d did not significantly reduce the incidence of ischemic and hemorrhagic 
stroke compared to that initiated within zero to three days[18]. Additionally, regarding the best time to 
restart oral anticoagulation after acute stroke, Hindricks et al[19] suggests that anticoagulation be 
restarted as soon as possible within 2 wk of onset under the guidance of a multi-disciplinary team 
(neurologist and cardiologist), in combination with the patient’s willingness to treat; however, so far 
there are no reliable data to support this viewpoint. Regarding the anticoagulant choice, results from 
four randomized controlled trials involving anticoagulation for stroke or systemic embolism in AF 
showed that, novel oral anticoagulants (NOACs) are noninferior to warfarin in reducing the risk of 
stroke or systemic embolism in patients with AF but are safer in terms of adverse reactions, such as risk 
of intracranial hemorrhage[20-23]. Due to this, we recommend that the risk of hemorrhagic 
transformation in cardiogenic stroke be taken into account, regardless of indications for anticoagulation 
(e.g., AF, valvular disease), and treatment should be started or restarted several days to several weeks 
after the onset of the disease, in consideration of the severity of the disease, the size of the acute cerebral 
infarction, and the risk of bleeding. It is also necessary to fully consider the faster effect and higher 
safety characteristics of NOACs compared with warfarin.

With regard to intravenous thrombolysis in cardiogenic stroke, to date, most studies were observa-
tional or small sample studies[24-26]; in addition, the consensus on efficacy and adverse reactions such 
as bleeding were different, mainly owing to differences in inclusion criteria and patient characteristics. It 
should be kept in mind that the use of intravenous thrombolysis is also limited or complicated under 
special circumstances, such as with prior anticoagulation therapy[27-32], recent valve surgery or 
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Table 1 Diagnostic criteria for cardiogenic stroke[7]

Criteria Element

Typical clinical manifestationsA: Essential criteria

Characteristic neuroimaging (brain CT/MRI) findings

Cardiogenic embolus on echocardiography1

Arrhythmia on electrocardiogram, especially atrial fibrillation

B: Supportive criteria

Characteristic vascular neuroimaging/cerebral angiography findings2

C: Exclusion of other diseases

1Intracardiac thrombus, intracardiac vegetation, intracardiac tumor and right-to-left intracardiac shunt.
2An abrupt cut-off of the main trunk or branch of an intracranial large-vessel, in the absence of significant atherosclerotic plaques which cause narrowing 
of the upstream vessels (e.g., internal carotid artery).
CT: Computed tomography; MRI: Magnetic resonance imaging.

percutaneous coronary intervention[33,34], and IE-related stroke[35]. Accordingly, a variety of 
guidelines and expert consensus have provided corresponding individualized treatment advice or 
recommendations[18,36-38]. Chinese neurologists have also recently reported a case of cardiogenic 
stroke successfully treated by intravenous thrombolysis with alteplase after reversal of dabigatran by 
idacilizumab[39]. Hence, for patients with acute cardiogenic stroke, especially those who received 
anticoagulation before disease onset, we recommend the treatment strategy should be individualized 
according to the specific situation, and intravenous thrombolytic therapy can be performed after multi-
disciplinary consultation to improve patient outcomes.

CONCLUSION
In summary, three major issues are raised in this review: The etiology classification; the boundary 
between cardiogenic stroke, cryptogenic stroke and ESUS; as well as the attribution of AAA-related 
stroke all need to be clarified. Regarding the diagnosis, given the fact that currently no well-established 
diagnostic standard is available, we hence developed a new diagnostic system for cardiogenic stroke. 
Additionally, we recommend that anticoagulant therapy should be initiated or restarted several days to 
weeks after the onset of stroke, based on the patients’ specific situation, and treatment for acute phase 
and prevention of recurrent stroke should be actively carried out after multidisciplinary consultation. 
Despite substantial progress in the diagnosis and treatment of cardiogenic stroke worldwide, there is 
still a long way to go to address all issues. In particular, the development of a standard protocol for 
management of the acute phase and recovery phase should be determined as soon as possible. Thus, we 
look forward to seeing additional evidence-based research, real-world research, and health economics 
evidence in the future in order for clinicians to gain a more comprehensive understanding of 
cardiogenic stroke and precise prevention and treatment measures, thereby maximizing the clinical 
benefit and improving the prognosis of patients.
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Abstract
Portal vein aneurysm (PVA) is a rare vascular abnormality, representing 3% of all 
venous aneurysms in the human body, and is not well understood. It can be 
congenital or acquired, located mainly at the level of confluence, main trunk, 
branches and bifurcation. A PVA as an abnormality of the portal venous system 
was first reported in 1956 by Barzilai and Kleckner. A review from 2015 entitled 
“Portal vein aneurysm: What to know” considered fewer than 200 cases. In the 
last seven years, there has been an increase in the number of PVAs diagnosed 
thanks to routine abdominal imaging. The aim of this review is to provide a 
comprehensive update of PVA, including aetiology, epidemiology, and clinical 
assessment, along with an evaluation of advanced multimodal imaging features of 
aneurysm and management approaches.
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Core Tip: The number of reported portal vein aneurysms (PVAs) across the world with this review stands 
at about 280. In relation to a new acquired aetiology of PVA, the following conditions are noted: Budd-
Chiari syndrome, splenomegaly in thalassaemia major, giant splenic artery aneurysm and a long-term 
cholelithiasis. Percentage of 30 to 50 of patients experienced non-specific abdominal pain, the most 
frequent complications of PVA are thrombosis and biliopathy. Recently, endoscopic ultrasound and 
intraductal ultrasonography, as an additional tool have also been used for assessment of PVA in more 
detail. With this review we have highlighted treatment of PVA with comorbidities based on the 
transjugular intrahepatic portosystemic shunt, percutaneous approach, and endoscopic approach.

Citation: Kurtcehajic A, Zerem E, Alibegovic E, Kunosic S, Hujdurovic A, Fejzic JA. Portal vein aneurysm-
etiology, multimodal imaging and current management. World J Clin Cases 2023; 11(4): 725-737
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/725.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.725

INTRODUCTION
A portal vein aneurysm (PVA) is the abnormal focal saccular or fusiform dilatation of the portal venous 
system, and it is defined as a PV diameter exceeding 19 mm in cirrhotic patients and 15 mm in a normal 
liver. It is a rare vascular abnormality, representing 3% of all venous aneurysms in the human body, and 
is not well understood[1-7].

Douglass et al[8] studied 92 autopsies and reported that the diameter of the PV was between 0.64 mm 
and 12.1 mm in patients without cirrhosis and those without portal hypertension. In 1976, Doust et al[9] 
conducted a vascular study of 53 patients to assess the size of the PV and underlying liver status 
through abdominal ultrasound, and they detected that the maximum calibre of the PV was 19 mm in 
cirrhotic patients and 15 mm in patients with normal livers. Hence, a portal vein diameter of > 20 mm is 
universally regarded as the threshold for diagnosis of a PVA.

In a retrospective study by Koc et al[10], involving 4186 patients who had undergone routine 
abdominal contrast-enhanced computed tomography (CT), the prevalence of PVAs was 0.43%. The 
location of a PVA can be extrahepatic or intrahepatic. Extrahepatic PVAs often occur in the main trunk 
of the PV, the splenomesenteric confluence, at the level of the PV bifurcation, the main branches of the 
PV, the splenic vein (SV) and the superior mesenteric vein (SMV). A study by Doust et al[9] charac-
terized intrahepatic PVAs as having a diameter measuring more than 7 mm in normal patients and 8.5 
mm in cirrhotic patients. PVA as an abnormality of portal venous system firstly was reported 1956 by 
Barzilai and Kleckner[11]. A review from 2015 entitled “Portal vein aneurysm: What to know” considered 
96 reports and included 190 patients[1].

Aiming to clarify novelty as regards this visceral vascular abnormality, we performed a literature 
search of the PubMed database for all articles relating to PVA between January 2015 and July 2022[12-
68]. We collected 57 reports, involving 62 patients with a PVA[3-7,12-16,19,21-25,27,29-68]; we also 
found one retrospective study with 18 PVA patients[2], and three cases of PV pseudoaneurysm[69-71].

ETIOLOGY, MULTIMODAL IMAGING AND CURRENT MANAGEMENT
Epidemiological characteristics
Of the 62 patients in the review, 33 (53%) were male; the patients were between 1 (youngest) and 95 
(oldest) years of age, and the mean patient age at diagnosis was 54.85 years (± 21.72). A number of 
reported PVA cases per year is shown in Figure 1.

In terms of aetiology, the frequency of congenital PVAs was 29 (46.7%), and it was 17 (27.4%) for 
acquired PVAs. In 16 (25.8%) patients, the aetiology of the PVAs was unclear. Regarding the location of 
PVAs, 27.41% were at the level of the splenomesenteric confluence; 19.35% were at the main trunk; 
17.74% were at branches; 6.45% were at the PV bifurcation; 6.45% were at the SV; and 4.83% were at the 
SMV; 14.51% were classified as intrahepatic PVAs. A retrospective study by Ahmed et al[2] included 18 
patients [13 of whom were female (72.2%)], aged between 20 years and 101 years, with an average age of 
56 years. Our review also covered three patients (all male) with a PV pseudoaneurysm resulting from 
trauma.

Etiopathogenesis
The aetiology of PVA is not clear. Postulated origins include both congenital and acquired causes. It is 
well known that the main cause of acquired PVA is chronic liver disease (cirrhosis and fibrosis) with 
portal hypertension. Long-standing portal hypertension causes intimal thickening with compensatory 
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Figure 1 Number of reported portal vein aneurysms per year, from January 2015 until December 2021. PVA: Portal vein aneurysms.

medial hypertrophy of the PV. Over time, medial hypertrophy is replaced by fibrous tissue, leading to 
weakening of the vein wall, thus making it susceptible to aneurysmal dilatation[12,13]. However, the 
incidence of portal hypertension and PVA is disproportionate, suggesting the existence of other 
contributory factors.

Acquired PVA can also be part of severe acute pancreatitis, likely to be due to leakage of digestive 
enzymes, causing localized inflammation of the PV. Malignancy was also noted as a cause of acquired 
PVA[1].

In several reports[69-71] a pseudoaneurysm of the PV is defined as post-traumatic (surgical 
pancreatic procedure, liver transplantation, or other rare clinical situations) uncommon finding 
(dilation) of the portal venous system. It is a serious condition followed life-threatening complications 
requiring an interventional approach.

In relation to a new acquired aetiology of PVA, the following conditions were noted: Budd-Chiari 
syndrome[14], splenomegaly in thalassaemia major[15] and giant splenic artery aneurysm[16]. Long-
term cholelithiasis was also considered as a possible cause of PVA[17].

Some PVAs are congenital. During gestation, three pairs of veins are developed: The cardinal veins, 
umbilical veins and vitelline veins. The PV, hepatic veins and part of the inferior cava vein (ICV) come 
from umbilical veins and vitelline veins. Generally, cranial segments of the left vitelline vein and caudal 
segments of the right vitelline vein regress during the foetal period, and the SV and SMV are derived 
from the left vitelline vein[18].

Evidence supporting a congenital cause includes reported cases of in utero diagnosis of PVA, evidence 
of PVA in patients with histologically proven normal livers (particularly in children and young adults), 
normal portal venous pressure in the presence of a PVA, and the frequent stability of aneurysms at 
follow-up imaging. Theories for a congenital cause involve inherent weakness in the vessel wall or 
incomplete regression of the distal right primitive vitelline vein, leading to a vascular diverticulum that 
ultimately develops into an aneurysm. Congenital PVAs are usually incidentally diagnosed later in life 
(not in neonatal or paediatric age groups) when an abdominal ultrasound is carried out because of some 
other indication[4,6,19]. Burdall et al[20] evaluated the relation between trisomy 21 (Down’s syndrome) 
and congenital vascular malformation of the liver in a study of 45 children, seven of whom had vascular 
malformation and two of whom had evidence of a PVA.

Clinical presentation of patients with a PVA
The clinical presentation of PVA is controversial and poorly understood. According to the review article 
by Laurenzi et al[1], 30% of patients with a PVA were asymptomatic, and 50% experienced non-specific 
abdominal pain. In our review, we found that up to 25% of patients were asymptomatic; for 15% of 
patients, the authors did not provide clear presenting symptoms relating to the PVA, and approximately 
30% of patients experienced non-specific abdominal pain. In patients with a PVA, the nature of non-
specific abdominal pain should be clarified. The main question is whether PVA low-pressure truly the 
source of the pain; gastritis, duodenitis and cholecystitis, etc., should be ruled out. A retrospective study 
by Ahmed et al[2] showed that in eight (44.4%) patients with abdominal pain, a PVA was actually the 
source of the pain in only one patient.

Up to 10% of cases involve portal hypertension, gastrointestinal bleeding (varices) or presenting 
symptoms related to compression of adjacent organs (abdominal swelling or jaundice)[1]. With a PVA, 
presenting symptoms or complications such as portal hypertension and bleeding are discussible. One 
thing that should be clarified is whether a PVA is a consequence of portal hypertension or whether the 
PVA is causing portal hypertension. Khan et al[16] found coexistence of a giant splenic artery aneurysm, 
portal hypertension without liver cirrhosis and a PVA at the level of bifurcation. In this case, the PVA 
and portal hypertension were presumed to be secondary to the pressure effect from the splenic artery 
aneurysm. Güngör et al[21] presented an 11-mo-old girl with a congenital PVA, and oesophageal and 
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fundal varices with bleeding. This was the only case in our review where PVA caused portal 
hypertension complications.

Clinical presentation has a close relation with morphology, size and location of the PVA. When it 
grows, there can be contact with the biliary tract, the ICV and duodenum, etc., and complications can 
arise from compression of these organs. Six patients in our review (9.67%) had compression complic-
ations, including four biliopathies[22-25], one thrombosis in the ICV[7] and one intestinal obstruction
[19].

Laurenzi et al[1] reported PVA complications such as thrombosis (which happened in 20% of cases) 
and a rupture (which occurred twice). A recent retrospective study by Ahmed et al[2] reported 18 
patients with a PVA; 22.22% of patients had thrombosis, and no ruptures were reported. PVA with a 
complication of thrombosis is reported in the literature as nearly always being symptomatic, with 91% 
of patients reporting abdominal pain, 53% reporting fever and 38% presenting with ascites[26].

In our review, thrombosis occurred in 12 (19.35%) patients (six of whom were female), with a median 
age of 38.33 years. Abdominal pain was reported in 10 of 12 patients; in a one-year-old girl, the 
symptoms manifested as haematemesis and melena[21]; a 69-year-old female with a congenital PVA 
followed by thrombosis did not experience any symptoms[5]. In five patients, treatment was based on 
anticoagulation medication; seven patients underwent open surgery or invasive radiology procedures. 
In our review, a rupture as a complication of a PVA was not reported.

Patients with a PVA have a normal laboratory results, including complete blood count, inflammatory 
parameters, basic metabolic profile and liver function tests[1].

Imaging of PVA
Increased use of abdominal cross-sectional imaging in recent years has led to a growing number of cases 
describing PVA, and as such, proper handling of this lesion is increasingly relevant to both diagnostic 
and interventional radiologists. Evaluation of PVA by multiple imaging modalities is important because 
a PVA can mimic solid, cystic or hypervascular abdominal masses[1-7].

Sonography assessment can be performed for differential diagnosis to determine whether anechoic 
area or cyst at porta hepatis are PVA, hepatic artery aneurysm or choledochal cyst. Abdominal 
ultrasound based on the greyscale of the PVA produces an anechoic structure with a “smoke effect” 
within, which simulates a natural contrast agent, determined by slowed venous flow (Figure 2A). 
Spectral Doppler sonography reveals the presence of a monophasic, non-pulsatile venous flow pattern 
inside the aneurysm (Figure 2B). With colour Doppler sonography of a PVA, anechoic areas will be 
completely filled, looking like the Korean flag or a “yin-yang” sign. Hepatic artery aneurysms show a 
colour flow with arterial waveform, but choledochal cysts do not show such colour flow and are 
connected to biliary channels[6,15].

Contrast-enhanced CT with angiography shows the filling of PVA. On a CT and magnetic resonance 
imaging (MRI) scan, a PVA will appear as a well-defined contrast-enhanced focal saccular anomaly or 
fusiform dilatation of the portal venous system during the portal venous phase[4,27].

In one case, CT angiography facilitated better assessment of the portal venous system, which 
contained some thin calcifications in the aneurysmal wall and the main portal trunk[13]. Iimuro et al[28] 
presented “computational fluid dynamics software”, analyzing the haemodynamics of the portal venous 
system, including congenital saccular PVA at the level of confluence. Turbulent flow was obvious in 
PVA, and the wall shear stress against the upper-posterior part of the aneurysm wall was greater than 
in other parts of the aneurysm. In order to prevent the PVA from growing and avoid thrombosis or a 
rupture, an aneurysmectomy of the PVA was performed.

The diagnostic role of endoscopic ultrasound (EUS) was highlighted in congenital PVA at the level of 
the splenomesenteric confluence. EUS confirmed the presence of anechoic lesions adjacent to the neck of 
the pancreas[29]. EUS as a diagnostic tool was also used for assessment of an intrahepatic aneurysmal 
portosystemic venous shunt[30].

“Intraductal ultrasonography” (IDU) was used for the first time to identify an adjacent PVA as the cause 
of a common hepatic duct stricture, showing a lobulated hypoechoic mass containing a mobile 
echogenic substance, outside of the biliary tract, highly suggestive of a vascular lesion[24].

Management and treatment of PVA
Because of their rarity, the natural history of PVA remains unclear, and the optimal strategy for 
management is controversial. Following diagnosis of a PVA, treatment will depend on the size, 
presenting symptoms and location of the PVA, and comorbidities.

If the PVA is asymptomatic (as in 30% of cases), it does not require any active treatment, and 
monitoring (a policy of “wait and see”) should be adopted[1]. While asymptomatic aneurysms smaller 
than 30 mm can be clinically observed, surgical intervention may be necessary in large asymptomatic 
aneurysms (> 30 mm)[1,10]. The origin, morphology and symptomatology of a PVA, along with 
comorbidities and conservative treatment, are shown in Table 1.

Where there is thrombosis due to a PVA, anticoagulation treatment should be considered. In a 
recently published case, a 10-year-old boy with PVA thrombosis was treated with enoxaparin. The 
thrombosis disappeared completely after 6 mo[31]. In a case involving biliopathy, where the PVA 
comprised hepatic ducts, ursodeoxycholic acid was used to decrease the level of conjugated bilirubin
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Table 1 Clinical features of the patients with portal vein aneurysm, regards the conservative treatment

Year Ref. Gender Age Etiology Location Morphology/size Symptomatology Complications Comorbidity Imaging Treatment Follow-up

2015 Prabhakar et al[48] Male 47 None Intrahepatic, left 
br

18 mm Shunt CT Surveillance Alive

2015 Srikanth et al[49] Female 12 Congenital Right branch Saccular US, CT Surveillance

2015 Starikov et al[50] Male 27 None SMV aneurysm 86 mm Abdominal pain Thrombosis CTPV Acute pancreatitis CT, MRI Anticoagulation 24 mo

2016 Gaba et al[3] Female 61 None Confluence 50 mm Ca colon; surgery US, CT Surveillance

2016 Hanafiah et al[12] Male 70 Acquired Right branch Fusiform, 22 mm HBV; cirrhosis, HCC US, CT No treatment Died

2016 Nayman et al[51] Female 48 Congenital Intrahepatic, two 
br

Right 43, left 13 mm Abdominal pain US, CT Surveillance

2016 Kurtcehajic et al[22] Female 75 Congenital Bifurcation Saccular Jundice Biliopathy US, CT, MRI Usodeoxolic acid Alive

2016 Khairallah et al[13] Female 68 Acquired Bifurcation Fusiform, 40 mm Bleeding Cirrhosis; portal Hyp US, CT No treatment

2017 Jaiswal et al[52] Female 59 Congenital Confluence 53.7 mm Abdominal pain Cholelithias US, CT Surveillance 18 mo

2017 Guilbaud et al[53] Male 88 Congenital Main trunk Saccular, 59 mm Cholecystectomy CT Surveillance

2018 Maia et al[54] Female 67 Congenital Main trunk 35 mm Abdominal pain Diabetes, arterial Hyp US, CT Surveillance 12 mo

2018 Ashmore et al[55] Female 62 None Confluence Abdominal pain CT Surveillance

2018 Martínez et al[56] Female 29 Congenital Left branch Saccular, 28 mm US, CT Surveillance

2018 Hirji et al[57] Male 62 Congenital Confluence 50 mm Diabetes, Parkinson CT Surveillance 6 mo

2018 Alur et al[58] Female 45 Congenital Left branch 21.5 mm US, MRI Surveillance

2018 Chaubard et al[59] Male 66 Congenital Confluence Saccular, 40 mm Abdominal pain T-cell hemopathy US, CT Surveillance

2019 Ramamoorthy et al
[60]

Female 42 Congenital Confluence Fusiform, 26 mm Abdominal pain US, MRI Surveillance Alive

2019 De Vloo et al[4] Male 67 None Confluence Fusiform, 55 mm Abdominal pain Thrombosis CTPV Neuroendocrine tm US, CT Anticoagulation

2020 Kabir et al[61] Male 77 Congenital Intrahepatic, left 
br

28 mm Abdominal pain Abd. aortic aneurysm US, MRI Surveillance 3 mo

2020 Rana et al[29] Female 51 Congenital Confluence 38 mm Abdominal pain US, EUS, CT Surveillance 30 mo

2020 Shams et al[62] Male 67 None SMV aneurysm Abdominal pain Thrombosis Anticoagulation 12 mo

2020 Watanabe et al[5] Female 69 Congenital Right branch 35 mm Thrombosis US, CT Surveillance 120 mo

2020 Schilardi et al[6] Male 86 Congenital Right branch 55 mm Heart failure; COPD US, CT Surveillance 24 mo

2021 Hernando et al[63] Female 51 Congenital Right branch 25 mm Abd. pain, jundice Choledocholithiasis US, MRI Surveillance
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2021 Priadko et al[32] Male 81 Acquired 48 mm HBV, cirrhosis US Surveillance 36 mo

Female 52 None Saccular, 42.3 mm US, CT, MRI Surveillance 60 mo

Male 73 None Intrahepatic, 
right br 

27 mm US Surveillance 12 mo

2021 Tan et al[64] Male Congenital Main trunk 26 mm CT Surveillance Alive

2021 López et al[65] Female 41 None SMV aneurysm 43 mm Abdominal pain Splenorenal shunt CT Surveillance

2022 Tri et al[31] Male 10 Congenital Main trunk 36 mm Abdominal pain Thrombosis CT Anticoagulation 6 mo

2022 Villani et al[66] Male 73 Acquired Main trunk Saccular, 40 mm Cirrhosis, ascites US, CT Surveillance

2022 Mortazavi et al[67] Male 49 Congenital Main trunk 21 mm Abdominal pain Cholelithias CT Surveillance

2022 Mohamadnejad et al
[30]

Female 76 None Intrahepatic, left 
br

25 mm Aneurysm, shunt CT, EUS Surveillance

2022 Kanamalla et al[7] Male 95 Congenital Confluence Saccular, 35 mm Thrombosis of ICV Diabetes, arterial Hyp CT Anticoagulation

Abd: Abdominal; br: Branch; Ca: Carcinoma; COPD: Chronic obstructive pulmonary disease; CT: Computed tomography; CTPV: Cavernous transformation of the portal vein; EUS: Endoscopic ultrasound; HBV: Hepatitis B virus; HCC: 
Hepatocellular carcinoma; Hyp: Hypertensio; ICV: Inferior cava vein; MRI: Magnetic resonance imaging; SMV: Superior mesenteric vein; tm: tumor; US: Ultrasound.

[22].
While, in some studies, a CT scan every 12 mo was the preferred monitoring strategy, most published 

studies indicate that sonography is the preferred imaging technique for monitoring PVA growth, as it is 
relatively inexpensive and does not involve radiation exposure[32].

Open surgery approach: If the PVA is growing and constricting adjacent organs, thrombosis occurs, 
aiming to prevent potential rupture, open surgery methods should be considered. An aneurysmectomy 
for fusiform aneurysms (aneurysm resection, followed by insertion of a synthetic or cadaveric graft as a 
replacement conduit) and an aneurysmorrhaphy for saccular aneurysms (restores the normal diameter 
of the portal vein, if the remaining venous wall is of good quality) are considered for symptomatic 
aneurysms and to prevent a negative PVA prognosis.

The origin, morphology, PVA symptomatology and comorbidities as regards invasive treatment are 
shown in Table 2.

Fleming et al[33] demonstrated the efficacy of open surgery (aneurysmectomy) in three cases (two 
patients with an autograft and one with ePTFE). The two women with an autogenous graft remained 
asymptomatic at 85 mo and 65 mo, respectively; the third woman with ePTFE got thrombosis during 
pregnancy. The same report also included an aneurysmorrhaphy as the chosen treatment in one woman 
with a PVA.

Kim et al[34] presented a case with a PVA at the level of the main trunk, growing and with 
thrombosis complications. An aneurysm excision with an interposition bypass was successfully 
performed. The patient’s postoperative recovery was rapid and uneventful, with normal portal flow 
revealed by colour Doppler ultrasonography and a contrast-enhanced CT scan.
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Table 2 Clinical features of the patients with portal vein aneurysm, regards the surgery/invasive treatment

Year Ref. Gender Age Etiology Location Morphology 
/size Symptomatology Complications Comorbidity Imaging Treatment Follow-up

2015 Fleming et al[33] Female 70 None Confluence, 
SMV

From 30 mm to 50 
mm

CT Aneurysmectomy 85 mo

Female 47 None Confluence, 
SMV

From 35 mm to 60 
mm

Abdominal pain HCV US, CT Aneurysmectomy 65 mo

Female 29 None 40 mm Abdominal pain Thrombosis/CTPV CT Aneurysmectomy 144 mo

Female 49 None Confluence, 
SMV

40 mm Abdominal pain Aneurysmorrhaphy 17 mo

2015 Tsauo et al[14] Female 65 Acquired Right branch Saccular, 32 mm Abdominal pain Budd Chiari Sy CT TIPS 12 mo

2016 Khan et al[16] Female 40 Acquired Bifurcation 34 mm Splenic artery 
aneurysm

US, CT Aneurysmectomy Alive

2016 Ierardi et al[69] Male 42 Car accident Confluence PSA, 23 mm Abdominal pain Liver trauma CT Expanding stent graft 13 d

2016 Shukla et al[39] Male 55 None Intrahepatic, 
right br

Saccular, 30 mm Sigmoid 
hemicolectomy

CT Percut embolisation Alive

2017 Shrivastava et al
[27]

Male 55 Acquired Intrahepatic, 
right br

62 mm Portal Hyp, pancre-
atitis

US, CT Percut embolisation 12 mo

2017 Ding et al[45] Male 48 Acquired Bifurcation 70 mm HBV, cirrhosis CT TIPS 72 mo

2017 Kim et al[34] Female 34 Congenital Main trunk Fusiform, from 57 
mm to 62 mm

Abdominal pain Thrombosis Celiac artery 
dissection

US, CT Aneurysmectomy 6 mo

2017 Das et al[15] Female 18 None Confluence Fusiform, 30 mm Thalassemia major US, CT Splenectomy

2017 Ding et al[23] Male 80 Acquired Left branch Fusiform Abd. pain, jaundice Biliopathy Cirrhosis, portal 
Hyp.

US, CT, MRI ERCP, biliary stent 3 mo

2018 Walton et al[70] Male 42 Percut Biopsy Main trunk PSA, 13 mm Haemobilia Lymphomatosus of 
pancreas

Percut, covered stent

2018 Kimura et al[44] Male 62 Acquired Branch 40 mm HCV, HCC, art 
portal fistula

MRI Selective embolisation

2018 Sun et al[24] Male 85 Congenital Main trunk 32 mm Abdominal pain Cholangitis Diabetes, ulcer 
disease

IDUS, CT ERCP, biliary stent 42 mo

2018 Chandran et al
[19]

Male 1 Congenital Colonic obstruction Ligation of PVA 3 mo

2018 Chadha et al[35] Male 66 Acquired SV aneurysm 39 mm HCV, cirrhos External Sundt carotid 
shunt

6 mo
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2018 Güngör et al[21] Female 1 Congenital Intrahepatic, 
right br

Fusiform Hematemesis, melena Portal Hyp, 
thrombosis

US, CT Sugiura oper

2018 Ktenidis et al[36] Male 43 Acquired SV aneurysm 98 mm Splenectomy, AV 
shunt

CT Open surgery Alive

2019 Cleveland et al
[71]

Male 68 Vehicle 
collision

PSA Abdominal pain Shock bowel CT Dead

2019 Juscafresa et al
[40]

Female 77 Acquired SV aneurysm 45 mm Pancreatitis CT Percut, Viabahn stent 12 mo

2019 Bremer et al[42] Male 65 Acquired Intrahepatic, 
right br

64 mm Abdominal pain Cirrhosis, 
transplantation

TAE, stent graft 
exclusion

6 mo

2019 Oguslu et al[43] Female 58 Acquired Left branch Saccular, 130 mm Abdominal pain Thrombosis Art. portal fistula, 
portal Hyp

US, CT Percut embolisation 9 mo

2020 Field et al[25] Male 25 Congenital Main trunk 55 mm Abdominal pain Biliopathy, thrombosis CT, MRI Thrombolysis, 
thrombectomy

12 mo

2021 Sura et al[38] Male 80 Congenital Main trunk Saccular, 37 mm Diaphragmatic 
hernia

CT Open surgery 6 mo

2021 Marmor et al[41] Male 67 Congenital SV aneurysm Saccular, 40 mm Ca bladder CT Balloon expandable 
stent

12 mo

2021 Matsumoto et al
[68]

Male 75 Acquired Main trunk 42 mm Abdominal pain Ca pancreas CT Open surgery, omental 
graft

3 mo

2021 Gorolay et al[37] Female 36 Congenital Confluence Saccular, from 45 
mm to 65 mm

Abdominal pain Thrombosis US, CT Hybrid operative repair 36 mo

2021 Dunlap et al[46] Male 32 Acquired Confluence From 52 mm to 57 
mm

Cirrhosis, portal Hyp TIPS 6 mo

2022 Kohlbrenner et 
al[47]

Male 37 Congenital Confluence Fusiform, 51 mm Abdominal pain Thrombosis, ischemia CT Thrombolysis, TIPS 24 mo

Abd: Abdominal; art: Artery; br: Branch; Ca: Carcinoma; CT: Computed tomography; CTPV: Cavernous transformation of the portal vein; ERCP: Endoscopic retrograde cholangiopancreatography; HBV: Hepatitis B virus; HCC: 
Hepatocellular carcinoma; HCV: Hepatitis C virus; Hyp: Hypertensio; IDUS: Intraductal ultrasonography; MRI: Magnetic resonance imaging; percut: percutaneous; PSA: Pseudoaneurysm; PVA: Portal vein aneurysm; SMV: Superior 
mesenteric vein; SV: Splenic vein; Sy: Syndrome; TAE: Transarterial embolisation; TIPS: Transjugular intrahepatic portosystemic shunt; US: Ultrasound.

Khan et al[16] presented a case where splenomegaly, a giant splenic artery aneurysm and a PVA were 
found to coexist. The patient underwent a splenectomy and excision of the splenic artery aneurysm. It 
was determined that her PVA shrank considerably. Das et al[15] presented a case with thalassaemia 
major, splenomegaly and a PVA. After a splenectomy (necessitated by the existence of hypersplenism), 
the PVA significantly reduced.

Chadha et al[35] reported the case of a 66-year-old male with an acquired SV aneurysm and described 
novel use of a “Sundt external carotid endarterectomy shunt” as a temporary portacaval shunt to control 
portomesenteric hypertension, before transplantation of the liver. A giant SV aneurysm 98 mm in size 
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Figure 2 Sonography assessment of portal vein aneurysm. A: Abdominal ultrasound shows portal vein aneurysm (PVA) at the level of bifurcation; B: 
Spectral Doppler sonography shows nonpulsatile blood flow through the portal venous system with PVA.

developed as a consequence of a splenectomy, an arteriovenous fistula and portal hypertension; this 
aneurysm was treated successfully with open surgery[36].

Male and female patients, both of whom had a congenital PVA and subsequent thrombosis complic-
ations, were treated with a hybrid operative repair involving a transhepatic catheter thrombectomy, and 
their aneurysms were operated on in open surgery[25,37].

The limited number of PVAs that have been reported means that there are no clear indications for 
open surgery on PVA. Koc et al[10] studied the size of PVA and concluded that aneurysms larger than 
30 mm should be surgically treated with the aim of preventing thrombosis or rupture. On the other 
hand, a recently reported case of a patient with a congenital PVA 35 mm in size, with subsequent 
thrombosis complications, showed spontaneous resolution after 10 years[5].

Sura et al[38] reported the case of an 80-year-old man who had open surgery on a 37-mm PVA at the 
level of the main trunk. The reasons for PVA surgery were not postulated, but given the congenital 
origin, advanced age of the patient and absence of symptoms or thrombosis, it is our view that surgery 
was not the best treatment choice.

Interventional radiology procedures: In cases where a PVA is a consequence of portal hypertension 
and/or coexists with life-threatening conditions (injuries), the high risk associated with open surgery 
methods means that interventional radiology procedures via a percutaneous approach, endovascular 
approach and even more endoscopic approach should be considered[1,2].

Percutaneous approach: Shukla et al[39] successfully demonstrated percutaneous embolization of a 
saccular intrahepatic PVA, which prevented further growth or other clinical sequelae. Shrivastava et al
[27] presented the largest intrahepatic PVA and the first case where the endovascular technique was 
used for treatment of the same. Under sonography and fluoroscopy guidance, the PVA was directly 
punctured with an 18G needle and embolized with a Lipiodol-Glue combination.

Juscafresa et al[40] reported the case of an elderly female treated for an acquired SV aneurysm 45 mm 
in size, through a transhepatic percutaneous approach, using a Viabahn covered stent. Marmor et al[41] 
presented the case of a patient with a congenital SV aneurysm 40 mm in size. Because the aneurysm was 
getting larger, it was treated with an expandable stent via a transhepatic approach.

In one case, after liver transplantation necessitated by HCV cirrhosis, the patient subsequently 
developed an arterioportal fistula with an intrahepatic PVA. The first step of the treatment was transar-
terial embolization, and the second step was stent graft exclusion of the PVA. As there was leakage, the 
patient underwent liver re-transplantation[42]. Oguslu et al[43] demonstrated two techniques for 
treatment of an arterioportal fistula with a giant saccular PVA at the level of the left branch. After failure 
of an endovascular approach due to tortuosity and angulation of the celiac artery, access to the hepatic 
artery was obtained directly via a percutaneous transhepatic route, and the fistula site was embolized 
with an Amplatzer Vascular Plug II and coils.

Treatment of portal vein pseudoaneurysm: Our review covered three patients (all males) with a PV 
pseudoaneurysm, all of which were a consequence of abdominal trauma or injury. In a patient with a 
traumatic pseudoaneurysm at the level of the splenomesenteric confluence, Ierardi et al[69] dem-
onstrated a novel management strategy with a percutaneous transhepatic self-expanding stent graft.

A patient with a PV pseudoaneurysm at the level of the main trunk, resulting from invasive medical 
procedures [e.g., a percutaneous biopsy or endoscopic retrograde cholangiopancreatography (ERCP)] to 
address lymphomatosus infiltration of the pancreatic head (with symptoms of haemobilia), was treated 
using percutaneous transhepatic covered stenting[70].
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In the last case, involving a patient with a pseudoaneurysm of the portal venous system resulting 
from a motor vehicle collision, the patient was brought into the emergency department with diffuse 
abdominal pain and bowel shock. Unfortunately, the patient soon succumbed to his injuries[71].

Endovascular approach: Gaining access to the treatment zone can be challenging, and the target vessel 
may have tortuosity and elongation due to haemodynamic changes created by the hyperdynamic flow. 
Kimura et al[44] presented a case involving a hepatectomy (hepatocellular carcinoma), where the patient 
subsequently developed an arterioportal fistula with hepatofugal flow and a 40-mm-diameter PVA. 
After selective embolization of the anterior hepatic artery, the PVA disappeared, and portal flow was 
normalized.

An endovascular approach includes creation of a transjugular intrahepatic portosystemic shunt 
(TIPS). In patients with portal hypertension, an attempt may be made to decrease portal venous 
pressure in order to reduce the size of the aneurysm. Our review covered four patients with a PVA 
where the treatment of choice was a TIPS. Tsauo et al[14] presented a case involving a PVA resulting 
from portal hypertension associated with Budd-Chiari syndrome. For the first time, a TIPS was created 
without complications. The patient’s abdominal pain completely ceased within two days, and she 
remained asymptomatic during the one-year follow-up. Ding et al[45] presented a case with a PVA at 
the level of bifurcation, with comorbidities such as portal hypertension, liver cirrhosis and HBV 
chronica. A TIPS successfully decreased the patient’s portal hypertension and reduced the size of the 
PVA from 53 mm × 76 mm to 23 mm × 25 mm. Two years later, a CT scan and digital subtraction 
angiography revealed that the aneurysm had disappeared. The patient remained asymptomatic for 72 
mo[45]. Dunlap et al[46] also used a TIPS successfully to treat a PVA resulting from portal hypertension 
and liver cirrhosis. Kohlbrenner et al[47] demonstrated transhepatic pharmacomechanical thrombolysis 
of a large thrombosed PVA. This was followed by insertion of a TIPS, along with an additional trans-
TIPS thrombectomy to improve sluggish portal outflow and prevent re-thrombosis. Nine months later, 
an MRI showed complete resolution of the thrombosis.

Endoscopic approach via ERCP: In older patients with a PVA and complication of biliopathy and 
jaundice, ERCP with biliary stenting can be an appropriate treatment choice. In an 80-year-old male 
with liver cirrhosis and portal hypertension, an acquired PVA at the level of the left branch was found. 
The patient had developed biliopathy due to compression of the common bile duct; this complication 
was successfully treated endoscopically via ERCP with a biliary stent[23]. Sun et al[24] reported the case 
of an 85-year-old man with cholangitis complications from PVA-induced compression. Given the age of 
the patient, surgery was not considered, and instead an ERCP biliary stent was deployed several times.

CONCLUSION
PVA is a rare morphological abnormality of the portal venous system, accounting for 3% of all venous 
aneurysms in the human body. The number of reported PVAs across the world now stands at about 280: 
The 200 PVAs covered in the previous review published in 2015[1], the 18 cases in the retrospective 
study[2] and the 62 PVAs in our review covering the last seven years. PVA can be congenital or 
acquired, located mainly at the level of confluence, main trunk, branches and bifurcation. Up to 30% of 
patients can be asymptomatic, and non-specific abdominal pain should be investigated to exclude other 
pathological causes, such as cholecystitis or peptic ulcer disease, etc. Thrombosis complications occur in 
approximately 19%-23% of patients, and biliopathy occurs in approximately 4%-6% of patients. Other 
complications can also arise from compression due to a PVA, including thrombosis of the ICV and 
intestinal obstruction. Diagnosis of a PVA is based on spectral and colour Doppler sonography, and CT 
and MRI. EUS and IDU have also been used as a diagnostic tool. If a PVA is asymptomatic, it does not 
require any active treatment, and monitoring (a policy of “wait and see”) should be adopted. The first 
choice for treatment of PVA thrombosis is anticoagulation medication. If the PVA is getting larger and 
compressing adjacent organs, thrombosis will occur, so to prevent a potential rupture, open surgery 
methods such as an aneurysmectomy or an aneurysmorrhaphy should be considered. Given the risk 
associated with open surgery methods, interventional radiology procedures via a percutaneous 
approach, endovascular approach or, better still, an endoscopic approach should be considered for cases 
where a PVA is a consequence of portal hypertension and/or coexists with life-threatening conditions 
(injuries).
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Abstract
BACKGROUND 
The tumor microenvironment (TME) plays an important role in the growth and 
expansion of gastric cancer (GC). Studies have identified that CD93 is involved in 
abnormal tumor angiogenesis, which may be related to the regulation of the TME.

AIM 
To determine the role of CD93 in GC.

METHODS 
Transcriptomic data of GC was investigated in a cohort from The Cancer Genome 
Atlas. Additionally, RNA-seq data sets from Gene Expression Omnibus 
(GSE118916, GSE52138, GSE79973, GSE19826, and GSE84433) were applied to 
validate the results. We performed the immune infiltration analyses using 
ESTIMATE, CIBERSORT, and ssGSEA. Furthermore, weighted gene co-exp-
ression network analysis (WGCNA) was conducted to identify the immune-
related genes.

RESULTS 
Compared to normal tissues, CD93 significantly enriched in tumor tissues (t = 
4.669, 95%CI: 0.342-0.863, P < 0.001). Higher expression of CD93 was significantly 
associated with shorter overall survival (hazard ratio = 1.62, 95%CI: 1.09-2.4, P = 
0.017), less proportion of CD8 T and activated natural killer cells in the TME (P < 
0.05), and lower tumor mutation burden (t = 4.131, 95%CI: 0.721-0.256, P < 0.001). 
Genes co-expressed with CD93 were mainly enriched in angiogenesis. Moreover, 
11 genes were identified with a strong relationship between CD93 and the 
immune microenvironment using WGCNA.
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CONCLUSION 
CD93 is a novel prognostic and diagnostic biomarker for GC, that is closely related to the immune 
infiltration in the TME. Although this retrospective study was a comprehensive analysis, the 
prospective cohort studies are preferred to further confirm these conclusions.

Key Words: Gastric cancer; CD93; Tumor microenvironment; Immunotherapy; Prognosis; Biomarker
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Core Tip: Gastric cancer (GC) is an aggressive malignancy, with a 5-year survival rate lower than 20%. 
The disease burden caused by GC remains heavy worldwide. In this study, various analyses were 
performed using transcriptomic profiles from the Gene Expression Omnibus databases and The Cancer 
Genome Atlas. Finally, enrichment analysis and protein-protein interaction network were constructed. 
CD93 is identified as a diagnostic and prognostic biomarker of GC, which is closely related to the immune 
infiltration in the tumor microenvironment. Then, Immune-related gene modules were identified to further 
reveal the relationship between CD93 and immune characteristics.

Citation: Li Z, Zhang XJ, Sun CY, Fei H, Li ZF, Zhao DB. CD93 serves as a potential biomarker of gastric cancer 
and correlates with the tumor microenvironment. World J Clin Cases 2023; 11(4): 738-755
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/738.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.738

INTRODUCTION
As a common malignancy of the digestive tract tumor, gastric cancer (GC) is the fourth leading cause of 
cancer-related mortality worldwide, and the 5-year survival rate of GC is lower than 20%[1]. Treatments 
for GC include endoscopic resection, surgery (D2 lymphadenectomy), perioperative or adjuvant 
chemotherapy, targeted therapy, immunotherapy, and so on. Among them, immunotherapy for GC has 
attracted more attention in recent years[2,3]. The tumor microenvironment (TME) refers to tumor cells 
and their surrounding cellular matrix, including blood vessels, and immune cells, and is an important 
factor influencing the effect of immunotherapy on GC[4]. Targeting and suppressing the immunosup-
pressive properties of the TME can enhance the overall response rate (ORR) to immunotherapy, 
including immune checkpoint inhibitors (ICIs)[5-7]. CD93 is known as a C1q receptor that is involved in 
a variety of biological processes, such as the inflammatory response, tumor angiogenesis, matrix 
regulation, and innate lymphoid cell function [8-10], which suggests that CD93 may participate in the 
regulation of the TME. A recent study has found that blocking the CD93 pathway contributes to drug 
transport and immunotherapy efficacy by normalizing the vasculature of tumors. CD93 pathway 
blockade can improve the efficacy of chemotherapy and immunotherapy[11]. Although the roleof CD93 
in some tumors has been explored, the specific role of CD93 in GC is still unclear.

Given these considerations, we were deeply interested in the relationship between CD93 and immune 
infiltration in the TME and the value of CD93 in the diagnosis, prognosis, and immunotherapy of GC. 
Therefore, the RNA-seq transcriptome profiles of stomach adenocarcinoma (STAD) within The Cancer 
Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) were investigated. We first performed a 
pan-cancer analysis to identify the general significance of CD93 in cancers. Then, we divided patients 
with GC in this study into two groups according to the expression of CD93, and we compared the 
groups in terms of  immune cell infiltration, gene mutation landscape, tumor mutational burden, and so 
on.

MATERIALS AND METHODS
Data sources and processing
Gene expression RNA-seq (HTSeq-Counts, HTSeq-FPKM) and survival data in a cohort of TCGA 
Stomach Cancer were downloaded from UCSC Xena[12]. HTSeq-FPKM of 375 tumor samples and 32 
normal samples were used for further analysis. HTSeq-Counts data were used to identify the differ-
ential expressed genes (DEGs) of low and high CD93 expression groups using the R package DESeq2
[13] (|log2FoldChange| > 1 and adjusted P < 0.05). Expression profiling data in 5 datasets (GSE118916, 
GSE52138, GSE79973, GSE19826, and GSE84433) from GEO[14] were downloaded as validation sets.

https://www.wjgnet.com/2307-8960/full/v11/i4/738.htm
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Mutation data (MuTect2) including 414 patients with STAD from TCGA were processed using R 
package maftools[15]. The waterfall plot was used to show the genetic mutation using the R package 
ComplexHeatmap[16].

Pan-cancer analysis
To understand the general significance of CD93 in cancers, we compared the expression levels of CD93 
between tumor tissues and normal tissues in various cancer types using TIMER2.0[17]. Additionally, 
TISIDB[18] was also used to obtain the relationship between CD93 expression and the OS of these 
cancer types.

Diagnostic and prognostic value analysis
We compared CD93 expression levels of GC and normal tissues in both unpaired and paired samples 
and visualize outcomes using R package ggplot2. Receiver operating characteristic (ROC) curves and 
Kaplan-Meier survival analysis were conducted to further explore the diagnostic and prognostic value 
of CD93, and R packages pROC[19] and survminer were used for visualization, respectively. Univariate 
and multivariate COX proportional hazards models were established for better understanding. In 
addition, Immunohistochemistry and Immunofluorescence of CD93 were obtained from Human Protein 
Atlas[20].

Functional enrichment analysis 
Genes that were significantly positively or negatively related to CD93 were identified using 
LinkedOmics[21]. Heatmaps were used to show the top 50 positively and the top 50 negatively 
correlated genes. Then, we constructed a protein-protein interaction (PPI) network of positively 
correlated genes via GeneMANIA[22]. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses of these genes were performed using the R package cluster-
Profiler[23].

Immune infiltration analysis
A plot from the TIMER[24] was used to show the correlations between the CD93 expression level and B 
cell, CD8+T Cell, CD4+T cell, macrophage, neutrophil, and dendritic cell. ESTIMATE is a method to 
identify the proportions of stromal and immune cells, which can bring the in-depth exploration of TME. 
We evaluated the immune score (immune component), stromal score (stromal component), and 
ESTIMATE score (comprehensive score of immunity and matrix) of each sample from TCGA and GEO 
using the R package estimate[25]. CIBERSORT[26] is a tool to characterize the cell composition of 
various tissues. We calculate the proportion of 22 immune cells in each sample with STAD using this 
method. Then, we conducted the ssGSEA to evaluate the infiltration level of 28 immune cell types based 
on the published immune gene sets[27] using the R package GSVA[28].

Weighted gene co-expression network analysis
Weighted gene co-expression network analysis (WGCNA) was applied to identify the module genes 
related to CD93 and the immunity of patients with STAD using the R package WGCNA[29] (softPower 
= 4). Nine modules were obtained to calculate their relationships with stromal score, immune score, 
ESTIMATE score, and tumor purity. Finally, we identified 11 hub genes based on the value of module 
membership (MM) > 0.80 and gene significance (GS) > 0.85.

Analysis of hub genes
The PPI network and GO enrichment analysis of 11 hub genes were performed using the R package 
clusterProfiler and STRING[30], respectively. Then, we calculated Spearman’s correlation of 11 hub 
genes, hub gene-ESTIMATE, and hub gene-ssGSEA using the R package corrplot.

Statistical analysis
All statistical analyses mentioned in this article were conducted by R (version 4.2.0) and SPSS (version 
25.0). Weltch’t test and Spearman’s coefficient were used for box plots and correlation analysis, 
respectively. We evaluated statistical significance using two-sided t-tests and defined it as aP < 0.05, bP < 
0.01, and cP < 0.001.

RESULTS
Pan-cancer analysis of CD93
The expression of CD93 between tumor and normal tissues in various cancers was compared using 
TIMER2.0, suggesting that CD93 expression was significantly different between tumor and normal 
tissues in various types of cancers (P < 0.05) (Figure 1A). We further investigated the effect of CD93 on 
OS across human cancers via the TISIDB. It showed that high CD93 expression led to shorter overall 
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Figure 1 Pan-cancer analysis of CD93. A: Differential expression of CD93 between normal and tumor tissues in pan-cancer based on the TIMER2.0; B: 
Associations between CD93 expression and overall survival in pan-cancer. The P values are labeled as aP < 0.05, bP < 0.01, cP < 0.001.

survival in STAD, kidney renal papillary cell carcinoma, brain lower-grade glioma, lung squamous cell 
carcinoma, and uveal melanoma, while leading to a longer one in kidney renal clear cell carcinoma 
(Figure 1B).

Diagnostic value for GC of CD93
The CD93 expression levels of unpaired and paired samples from TCGA were both significantly higher 
in GC than in normal tissues (t = 4.669, 95%CI: 0.342-0.863, P < 0.001; t = 3.238, 95%CI: 0.196-0.877, P = 
0.003) (Figure 2A and B). In addition, expression data obtained from GEO (GSE118916, GSE52138, 
GSE79973, and GSE19826) was applied for verification (Figure 2H-K). All datasets from TCGA and GEO 
showed a significantly higher expression of CD93 in GC tissues than in normal tissues (P < 0.05). 
Immunohistochemistry indicated higher CD93 expression in GC tissues than in normal tissues from the 
protein level (Figure 2E). Immunofluorescence indicated that CD93 mainly expressed in vesicles, plasma 
membrane, and toggle channels (Figure 2F). Furthermore, ROC curves were performed using the 
datasets mentioned above to evaluate the diagnostic value of CD93, the area under the curve was 0.695, 
0.876, 0.806, 0.750, and 0.771, respectively (Figure 2C and L-O).

Prognostic value for GC of CD93
Samples from the TCGA STAD dataset were divided into two groups by the CD93 expression level, 
including the low CD93 expression group (low, n = 114) and the high CD93 expression group (high, n = 
220). Kaplan-Meier analysis of two groups was conducted, suggesting that patients with high 
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Figure 2 Diagnostic and prognostic value analysis. A and B: Differential expression of CD93 between gastric cancer (GC) and normal tissues in unpaired 
samples (A), paired samples (B); C: Receiver operating characteristic (ROC) curve of overall survival based on CD93 in The Cancer Genome Atlas stomach 
adenocarcinoma; D: Kaplan-Meier analysis of OS between two groups; E: Immunohistochemistry of CD93 between GC and normal tissues; F: Immunofluorescence 
of CD93; H-K: Differential expression of CD93 in 4 validation datasets (GSE118916, GSE52138, GSE79973, and GSE19826); L-O: ROC curves of 4 validation 
datasets based on CD93.

expression of CD93 had significantly shorter OS [hazard ratio (HR) = 1.60, 95%CI: 1.09-2.35, P = 0.017] 
(Figure 2D). In addition, we set GSE84433 with 357 GC patients as an external independent validation 
dataset and divided these patients into low-CD93 (low, n = 178) and high-CD93 (high, n = 179) 
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Table 1 Univariate and multivariate Cox regression analysis of overall survival

Univariate analysis Multivariate analysis
Characteristics

HR 95%CI P value HR 95%CI P value

Age 1.02 1.01-1.04 0.002 1.03 1.02-1.05 < 0.001

Grade

G1 Reference

G2 2.64 0.36-19.18 0.337

G3 3.53 0.49-25.38 0.209

G4 3.54 0.37-34.07 0.274

Gender 1.31 0.91-1.9 0.145

Stage

I Reference Reference

II 1.45 0.75-2.8 0.268 1.41 0.73-2.74 0.307

III 2.11 1.14-3.91 0.018 1.99 1.07-3.71 0.03

IV 3.65 1.81-7.39 < 0.001 4.97 2.41-10.22 < 0.001

CD93 (high vs low) 1.6 1.09-2.35 0.017 1.62 1.09-2.4 0.017

HR: Hazard ratio.

expression groups. A similar result could be drawn from the Kaplan–Meier analysis that patients in the 
high-CD93 expression group had a shorter OS (HR: 1.74, 95%CI: 1.29-2.35, P < 0.001) (Figure 2G). 
Univariate and multivariate COX regression analysis were conducted as Table 1, indicating CD93 was a 
significant independent prognostic risk factor for GC (HR = 1.62, 95%CI: 1.09-2.40, P = 0.017). The 
baseline patient characteristics were summarized in Table 2.

Identification and enrichment analysis of correlation genes
Correlation analysis with CD93 based on the Pearson test was conducted using LinkedOmics. The result 
was visualized by a volcano plot (Figure 3A). We obtained 7026 significantly positively correlated genes 
(red dots) and 5308 significantly negatively ones (green dots), respectively. In addition, we showed 
heatmaps of the top 50 positively correlated and the top 50 negatively correlated genes (Figure 3B and 
C). PPI network of the top 10 positive CD93 co-expressed genes was further constructed using 
GeneMANIA, suggesting functions of “angiogenesis”, “endothelium development”, and “regulation of 
angiogenesis” (Figure 3D). GO enrichment analysis of positive CD93 co-expressed genes mainly 
enriched in “ameboidal-type cell migration” (biological process), “collagen-containing extracellular 
matrix” (cell component), and “growth factor binding” (molecular function) (Figure 3E). KEGG 
pathway enrichment analysis indicated that these genes mainly participated in the “PI3K-Akt signaling 
pathway”, “Focal adhesion”, and “Pathways in cancer” (Figure 3F).

Immune-related analysis in the TME
The expression of CD93 was positively proportional to CD8+T Cell, CD4+T cell, macrophage, 
neutrophil, and dendritic cell (P < 0.05) (Figure 4A). Furthermore, CD93 expression tended to have a 
positive correlation with ESTIMATE results (immune score, stromal score, and ESTIMATE score) (P < 
0.05) (Figure 4B-D). Then, we performed the CIBERSORT for determining the proportion of 22 immune 
cells in each sample with STAD (Figure 4E). The proportion of 22 immune cells in two groups was 
compared using CIBERSORT, suggesting the proportion of CD8 T cells, follicular helper T cells, and 
activated NK cells in the high CD93 expression group was significantly lower than that in the low CD93 
expression group, whereas Monocytes, Dendritic cells resting, and Mast cells resting had just the reverse 
(P < 0.05) (Figure 4F). ssGSEA showed that 24 types of immune cell (such as activated B cell, activated 
CD8 T cell, activated dendritic cell, central memory CD4 T cell, and central memory CD8 T cell) had a 
significantly higher expression in the high CD93 expression group, while CD56 bright natural killer 
(NK) cell had a lower expression in this group (P < 0.05) (Figure 4G).

Gene mutation analysis and tumor mutation burden comparison 
Gene mutation of GC is closely related to its therapeutic efficacy. Accordingly, a waterfall plot was used 
to identify the top 15 significant gene mutations (such as TTN, MUC16, and LRP1B) between two groups 
(P < 0.05) (Figure 5A). Furthermore, we made a comparison of tumor mutation burden (TMB) between 
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Table 2 Baseline patient characteristics

Characteristics high-CD93 (n = 220) low-CD93 (n = 114) Overall (n = 334)

Age, yr (mean ± SD) 64.8 ± 12.8 64.1 ± 10.3 64.5 ± 12.0

Gender, n (%)

Female 72 (32.7) 48 (42.1) 120 (35.9)

Male 148 (67.3) 66 (57.9) 214 (64.1)

Grade, n (%)

G1 4 (1.8) 4 (3.5) 8 (2.4)

G2 66 (30.0) 50 (43.9) 116 (34.7)

G3 143 (65.0) 59 (51.8) 202 (60.5)

GX 7 (3.2) 1 (0.9) 8 (2.4)

pT, n (%)

T1 5 (2.3) 10 (8.8) 15 (4.5)

T2 45 (20.5) 25 (21.9) 70 (21.0)

T3 103 (46.8) 53 (46.5) 156 (46.7)

T4 67 (30.5) 26 (22.8) 93 (27.8)

pN, n (%)

N0 63 (28.6) 40 (35.1) 103 (30.8)

N1 62 (28.2) 24 (21.1) 86 (25.7)

N2 43 (19.5) 26 (22.8) 69 (20.7)

N3 48 (21.8) 22 (19.3) 70 (21.0)

NX 4 (1.8) 2 (1.8) 6 (1.8)

pM, n (%)

M0 194 (88.2) 105 (92.1) 299 (89.5)

M1 17 (7.7) 4 (3.5) 21 (6.3)

MX 9 (4.1) 5 (4.4) 14 (4.2)

Stage, n (%)

Stage I 24 (10.9) 22 (19.3) 46 (13.8)

Stage II 75 (34.1) 35 (30.7) 110 (32.9)

Stage III 96 (43.6) 48 (42.1) 144 (43.1)

Stage IV 25 (11.4) 9 (7.9) 34 (10.2)

low and high CD93 expression groups, which indicated that patients with high CD93 expression had a 
lower TMB (t = 4.131, 95%CI: 0.721-0.256, P < 0.001) (Figure 5B). The mutation rate of CD93 in GC 
ranked fourth in pan-cancer (Figure 5C).

Identification of hub genes in the immune microenvironment of GC
A total of 1679 DEGs (966 upregulated and 713 downregulated) were obtained between low and high 
CD93 expression groups. Then, we visualize the results using a volcano plot (Figure 6A). WGCNA was 
conducted to identify a module related to CD93 expression and immune infiltration (Figure 6B-D). The 
Yellow module was screened out because of its high correlation with immunity (r = 0.89, P = 5 × 10-122), 
hence we acquired 11 hub genes (MPEG1, IL10RA, SRGN, SLA, DOCK2, NCKAP1L, IKZF1, PTPRC, 
SIGLEC10, PLEK, P2RY10) from the yellow module based on MM > 0.80 and GS > 0.85 (Figure 6E).

Analysis of 11 hub genes
GO enrichment analysis identified these genes were mainly enriched in “positive regulation of 
phagocytosis” (biological process), “cytoplasmic side of plasma membrane” (cell component), and 
“interleukin-10 binding” (molecular function) (Figure 7A). Furthermore, we constructed a PPI network 
and made a correlation analysis of these genes (Figure 7B and C). Correlation analysis between these 
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Figure 3 Function and pathway analysis. A: Genes are highly correlated with CD93; B: Heatmap of the top 50 positive correlation genes; C: Heatmap of the 
top 50 negative correlation genes; D: Protein-protein interaction of the top positive correlation genes; E: The Gene Ontology enrichment analysis; F: The Kyoto 
Encyclopedia of Genes and Genomes pathways enrichment analysis.
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Figure 4 Immune characteristics in tumor microenvironment. A: Correlation between CD93 and six types of immune cells based on TIMER; B-D: 
Correlation between CD93 and immune score (B), stromal score (C), ESTIMATE score (D); E: The proportion of immune cell infiltration; F: Different proportions of 
immune cells infiltration between two groups; G: Expression of immune cells between two groups via ssGSEA. The P values are labeled as aP < 0.05, bP < 0.01, cP < 
0.001, NS: No significance.

genes and TME (ESTIMATE and ssGSEA) suggested that these genes were closely related to both 
stromal components and immune infiltration in GC (Figure 7D and E).

Validation of immune-related characteristics in TME
GSE84433 (357 samples) was set as an external independent validation dataset. We performed 
ESTIMATE, CIBERSORT, and ssGSEA to evaluate the immune-related characteristics of CD93 in TME 
again. Then, several similar results as before could be obtained. CD93 expression was positively 
correlated with the ESTIMATE results (Figure 8A-C). CIBERSORT showed the proportion of various 
immune cell types in each sample (Figure 8D). The proportion of follicular helper T cells and activated 
NK cells in the high-CD93 expression group was lower compared to that in the low-CD93 expression 
group (Figure 8E). ssGSEA indicated that 24 immune cell types (including activated B cell, activated 
CD8 T cell, and activated dendritic cell) expressed significantly higher in the high-CD93 expression 
group (Figure 8F). Accordingly, CD93 was identified to be closely related to immune infiltration in TME 
of GC.
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Figure 5 Gene mutation and tumor mutational burden comparison. A: Comparison of mutational landscapes between two groups; B: Comparison of 
tumor mutational burden between two groups; C: The mutation rate of CD93 in gastric cancer ranked fourth in pan-cancer. The P values are labeled as aP < 0.05, bP 
< 0.01, cP < 0.001.

DISCUSSION
In this study, we applied bioinformatics technology to determine the specific role of CD93 in GC. 
Various analytical methods identified that CD93 is a biomarker for the diagnosis and prognosis of GC. 
Concerning the potential mechanisms of CD93, enrichment analysis was performed. Consistent with 
previous studies[11], CD93 was found to be involved in the formation of tumor blood vessels in GC. 
Such disordered, immature, and impermeable blood vessels can lead to poor tumor blood perfusion. 
The resulting hypoxic microenvironment can promote the production of more aggressive tumor cells 
and limit the killing effect of immune cells[31]. In addition to regulating angiogenesis, GO enrichment 
analysis suggested that CD93 is involved in matrix formation including cell junction, focal adhesion, 
and regulation of cytokine production, which further demonstrates the important status of CD93 in 
TME. Also worth noting is that CD93 plays a critical role in the PI3K-Akt signaling pathway. The PI3K-
Akt pathway is constantly found to be activated in various cancers and has been considered a promising 
target for therapy. Multiple activators of this pathway have been proved to possess oncogenic potentials 
in vivo and in vitro with diverse mechanisms, including stimulation of metabolic reprogramming, prolif-
eration, and so on[32]. These tend to be part of the reasons for the poor prognosis of patients with GC 
induced by CD93.

As important components of the TME, immune cells can inhibit or promote tumor progression by 
interacting with tumor cells[33]. The investigation of immune components in TME brings a deeper 
understanding of the biological characteristics, prognosis, and other information of tumors. Based on 
ESTIMATE, CIBERSORT, and ssGSEA, a comparison of immune cell infiltration between low and high 
CD93 expression groups was conducted. According to the result of ESTIMATE, we found that CD93 
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Figure 6 Identification of the key genes related to CD93 in the tumor immune microenvironment. A: Volcano plot of variance analysis; B: Analysis 
of network topology for soft powers; C: Gene dendrogram and module colors; D: Heatmap between modules and ESTIMATE results; E: Scatter plot of genes in the 
yellow module.

was significantly proportional to immunity. Previous studies could give reasonable explanations for this 
result. The blood vessel wall mainly consists of endothelial cells, pericytes, and smooth muscle cells. On 
the one hand, these cells can activate T cells by expressing MHCI, MHCII, and some costimulatory 
factors such as CD80, and CD86 to participate in the immune response[34]. On the other hand, a variety 
of immune cell subsets, including NK cells, T helper 17 cells, regulatory T lymphocytes, and functional 
subsets of macrophages can act as regulators of arteriogenesis[35]. The crosstalk between the vascular 
system and immunity explains the high correlation between CD93 and immunity.

From the proportion of immune cell expression, CD8 T cells, Follicular helper T cells, and activated 
NK cells showed a lower proportion in the high CD93 expression group, while monocytes, resting 
dendritic cells, and resting mast cells had just the reverse. This is probably caused by local microenvir-
onment hypoxia and accumulation of metabolic end-products induced by abnormal vascular prolif-
eration due to high expression of CD93. CD8 T cells and NK cells are important effector cells involved in 
anti-tumor immune response in TME and are related to tumor progression and prognosis[36,37]. At 
present, CD8 T cells have been described as a variety of subtypes, including Tc1, Tc2, Tc9, Tc17, and 
Tc22, each with different cytotoxicity and effects. Among these cell subtypes, Tc17 and Tc22 are the 
main T cell subtypes in gastric tissue. Tc17 has no cytotoxicity, and its high expression is negatively 
correlated with the survival time of GC, while Tc22 is just the opposite. Besides, follicular helper T cells 
are the key to the production of germinal center formation[38]. They interact with tumor-specific B cells 
to enhance the anti-tumor effect of CD8 T cells. In summary, the reduced proportion of these important 
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Figure 7 Analysis of 11 hub genes. A: The Gene Ontology analysis of hub genes; B: Protein-protein interaction network of hub genes; C: Relevance between 
hub genes; D: Correlation between hub genes and ESTIMATE results; E: Correlation between hub genes and expression of immune cells.
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Figure 8 Validation of immune characteristics. A-C: Correlation between CD93 and ESTIMATE score (A), stromal score (B), immune score (C). D: Cibersort; 
E: Different proportions of immune cells infiltration between two groups; F: ssGSEA. The P values are labeled as aP < 0.05, bP < 0.01, cP < 0.001, NS: No 
significance.

immune cells in the TME may be the main reason for the poor prognosis caused by CD93. However, 
analysis of the expression of immune cells in two groups suggested that various types of immune cells 
were highly expressed in the high CD93 expression group. Although blood vessels are conducive to 
tissue growth and immune response, they can contribute to inflammation and malignant diseases. 
Abnormal angiogenesis induced by CD93 in TME can promote tumor growth and form an immune-
hostile microenvironment[39], and this effect exceeds its immune enhancement effect, which makes the 
prognosis of the high CD93 expression group with high immune infiltration still poor.

In recent years, the ICIs represented by PD-1, PD-L1, and CTLA-4 bring considerable disease relief to 
tumor patients, playing an important role in tumor immunotherapy. However, not all patients can 
benefit from ICIs. A series of studies have shown that TMB is a potential biomarker for predicting the 
response to ICIs and patients with high TMB possess a better immunotherapeutic effect of ICIs[40,41]. In 
this study, we made a comparison of gene mutational landscape and TMB between two groups. The 
results showed that GC patients with high expression of CD93 had a lower TMB, indicating that the 
effect of immunotherapy in GC patients with high expression of CD93 is poor. Then, we performed 
WGCNA to identify the key genes related to CD93 in the tumor immune microenvironment of GC. We 
obtained 11 genes from the yellow module. Among them, SRGN overexpression has been previously 
shown to promote colorectal cancer metastasis and predict a poor prognosis of hepatocellular carcinoma
[42,43]. This time, the identification of these 11 genes can help us further understand the immune 
microenvironment of GC and suggest potential methods for immunotherapy of GC in the future.

Although we have taken a variety of methods to obtain a comprehensive understanding of the 
relationship between CD93 and GC, we use 5 cohorts (GSE118916, GSE52138, GSE79973, GSE19826, and 
GSE84433) as external validation sets, some limitations of this study should be recognized. First, this is a 
retrospective study. Selection bias, loss of follow-up bias, recall bias, and other biases exist in the study. 
Thus, a prospective study is required to avoid these biases. Furthermore, limited by TCGA and GEO, 
we only performed research and analysis from the genetic level. A study that can demonstrate CD93 
expression from the protein level or reveal the direct mechanism needs to be conducted in the future.

CONCLUSION
All in all, comprehensive analyses were applied using transcriptomic profiles and survival information 
from the GEO and TCGA databases, suggesting that CD93 is a biomarker of diagnosis and prognosis for 
GC, which closely correlates with immune infiltration in TME. These data help us further comprehend 
the role of CD93 in the immune microenvironment and may suggest potential strategies for immuno-
therapy of GC in the future.
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ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is a common malignancy with poor 5-year survival rate. Tumor microenvironment 
(TME) containing intricate interaction between immune and non-immune cells produces significant 
impact of the survival of GC. Additionally, CD93 was proved to be associated with abnormal 
angiogenesis, which could be involved in TME of GC.

Research motivation
This study was conducted to determine the specific role of CD93 in GC in order to provide insights for 
the discovery of novel therapeutic target of GC in the feature.

Research objectives
Cohorts data of GC patients was investigated from The Cancer Genome Atlas and Gene Expression 
Omnibus (GSE118916, GSE52138, GSE79973, GSE19826, and GSE84433).

Research methods
We performed a series of immune infiltration analyses using ESTIMATE, CIBERSORT, and ssGSEA. 
Furthermore, weighted gene co-expression network analysis was conducted to identify the immune-
related genes.

Research results
CD93 significantly enriched in tumor tissues. Additionally, higher expression of CD93 was significantly 
associated with shorter overall survival, less proportion of CD8 T and activated nature killer cells in the 
TME, and lower tumor mutational burden.

Research conclusions
CD93 is a novel prognostic and diagnostic biomarker for GC, which is closely related to the immune 
infiltration in TME.

Research perspectives
CD93 can serve as a potential therapeutic target for the immunotherapy of GC in the feature.
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Abstract
BACKGROUND 
The Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) mainly infects the upper respiratory tract. This study aimed to determine 
whether the probability of pulmonary infection and the cycle threshold (Ct) 
measured using the fluorescent polymerase chain reaction (PCR) method were 
related to pulmonary infections diagnosed via computed tomography (CT).

AIM 
To analyze the chest CT signs of SARS-CoV-2 Omicron variant infections with 
different Ct values, as determined via PCR.

METHODS 
The chest CT images and PCR Ct values of 331 patients with SARS-CoV-2 
Omicron variant infections were retrospectively collected and categorized into 
low (< 25), medium (25.00-34.99), and high (≥ 35) Ct groups. The characteristics of 
chest CT images in each group were statistically analyzed.

RESULTS 
The PCR Ct values ranged from 13.36 to 39.81, with 99 patients in the low, 155 in 
the medium, and 77 in the high Ct groups. Six abnormal chest CT signs were 
detected, namely, focal infection, patchy consolidation shadows, patchy ground-
glass shadows, mixed consolidation ground-glass shadows, subpleural interstitial 
changes, and pleural changes. Focal infections were less frequent in the low Ct 
group than in the medium and high Ct groups; these infections were the most 
common sign in the medium and high Ct groups. Patchy consolidation shadows 
and pleural changes were more frequent in the low Ct group than in the other two 
groups. The number of patients with two or more signs was greater in the low Ct 
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group than in the medium and high Ct groups.

CONCLUSION 
The chest CT signs of patients with pulmonary infection caused by the Omicron variants of SARS-
CoV-2 varied depending on the Ct values. Identification of the characteristics of Omicron variant 
infection can help subsequent planning of clinical treatment.

Key Words: COVID-19; SARS-CoV-2; Omicron variant; Computed tomography; Cycle threshold; 
Polymerase chain reaction

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

Core Tip: Pulmonary infections caused by the Omicron variant of severe acute respiratory syndrome 
coronavirus 2 were highly correlated with cycle threshold (Ct) values. Lower Ct values were associated 
with a higher incidence and degree of pulmonary damage.

Citation: Ying WF, Chen Q, Jiang ZK, Hao DG, Zhang Y, Han Q. Chest computed tomography findings of the 
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INTRODUCTION
Since the emergence of the Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) on November 24, 2021[1], it has spread in most countries and caused infection in numerous 
individuals worldwide[2]. Although the virulence of Omicron appears to be weaker than that of 
previous SARS-CoV-2 variants, the large-scale use of vaccines against SARS-CoV-2, particularly with 
enhanced needles, has reduced the mortality rate associated with SARS-CoV-2[3]. Omicron is more 
infectious and transmissible than other variants[4,5] and causes damage to the lungs of some patients to 
different degrees[6]. Therefore, determining the degree of pulmonary damage caused by different 
Omicron viral load levels is key to understanding the characteristics of Omicron variant infection and its 
inhibition[7].

Fluorescent polymerase chain reaction (PCR) is the gold standard for diagnosing SARS-CoV-2 
infection, and its cycle threshold (Ct) values can help achieve a reliable assessment and comparison of 
viral loads in patients[8-10]. Ct diagnosis has an extremely high diagnostic efficiency for determining 
the degree of pulmonary damage in patients with SARS-CoV-2 infections[11,12]. So far, only a few 
studies have attempted to correlate Ct values and pulmonary damage evidenced on chest computed 
tomography (CT) images obtained from patients with Omicron variant infection. The author’s hospital 
is a designated treatment facility for symptomatic patients with Omicron variant infection. This study 
aimed to assess the chest CT signs of patients with Omicron variant infection with different Ct values 
for determining the severity of the infection and providing guidance for subsequent clinical treatments.

MATERIALS AND METHODS
Clinical data
Chest CT scans of patients with Omicron variant infection admitted to Shanghai Xuhui Dahua Hospital 
were collected from April to May 2022. The inclusion criteria were patients with PCR-positive results 
(Ct value of < 40) and those with viral infection signs on chest CT within 48 h after PCR. The exclusion 
criteria were patients with bacterial infections, as determined using laboratory indexes, or those with a 
clinical or CT diagnosis of other basic pulmonary infectious diseases. This study complied with the 
ethical standards and was approved by the Ethics Committee of Shanghai Xuhui Dahua Hospital 
(approval No. 20220804).

Examination method
All CT scans were obtained using a Siemens 64-slice spiral CT scanner (SOMATOM sensation) from the 
pulmonary apex to the pulmonary bottom using the following scanning parameters: Detector 
collimation, 64.0 mm × 0.6 mm; tube voltage, 120 KV; tube current, automatic milliampere; slice 
thickness, 5 mm; reconstructed slice thickness, 1.5 mm; reconstructed slice spacing, 1.5 mm; and matrix, 
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512 × 512.

Image analysis
The lower Ct value between the ORF and N genes was selected as the PCR Ct value. The patients were 
divided into three groups based on their Ct values: Low (< 25), medium (25.00-34.99), and high (≥ 35) Ct 
groups. Double-blind analysis was conducted using the CT data of each group by two physicians with > 
10 years of experience in radiological diagnosis. In cases of disagreement, consensus was achieved after 
mutual consultation. When patients exhibited pulmonary infection foci with a long diameter (≤ 20 mm), 
it was considered as a focal infection. Other infection signs, including patchy consolidation shadows, 
patchy ground-glass density shadows, subpleural interstitial changes, mixed consolidation ground-glass 
shadows, and pleural changes, were judged based on their characteristics.

Statistical methods
Statistical analysis of the data was performed using SPSS 23.0. Normally distributed data are expressed 
as mean ± SD, whereas enumeration data are expressed as case numbers or percentages. Within- and 
between-group comparisons of CT signs were performed using χ2 test. A P value of < 0.05 was 
considered to indicate statistical significance.

RESULTS
Baseline characteristics
Chest CT images of 331 patients [143 men and 188 women; age: 76 ± 12 (range: 25-102) years] with 
Omicron variant infection were collected. All patients showed respiratory symptoms of varying 
degrees, mainly including fever (n = 247, 74.62%), cough (n = 203, 61.33%), and chest tightness (n = 49, 
14.8%). Among them, 187 (56.5%) patients were vaccinated thrice against SARS-CoV-2, 74 (22.36%) were 
vaccinated twice, 12 (3.63%) were vaccinated once, and 58 (17.52%) were not vaccinated. Additionally, 
236 (71.3%) patients had a history of close or secondary contact with patients with SARS-CoV-2 
infection, 65 (19.64%) had a definite history of gathering in public places, and 30 (9.06%) had no definite 
history of close contact with patients with SARS-CoV-2 infection.

The PCR Ct values ranged from 13.36 to 39.81 (average, 28.85 ± 6.68), with 99 (29.91%) patients in the 
low, 155 (46.83%) in the medium, and 77 (23.26%) in the high Ct groups.

General distribution of abnormal chest CT characteristics
Among all patients, the most common CT sign was focal infection (n = 178, 45.18%), followed by 
subpleural interstitial changes (n = 81, 20.56%), patchy ground-glass density shadows (n = 76, 19.29%), 
patchy consolidation shadows (n = 27, 6.85%), pleural changes (n = 20, 5.08%), and mixed consolidation 
ground-glass shadows (n = 12, 3.04%).

Analysis of the differences in the distribution of abnormal chest CT characteristics within and 
between different Ct groups
Focal infections were less frequent in the low Ct group (30%) than in the medium (52.27%, χ2 = 10.004, P 
= 0.002) and high (53.41%, χ2 = 10.895, P = 0.002) Ct groups. Focal infection was the most common sign 
in the medium and high Ct groups (compared with the second most common sign in the groups: The 
medium Ct group, χ2 = 23.780, P < 0.001 and the high Ct group, χ2 = 19.100, P < 0.001), with statistically 
significant differences (Figure 1A-C).

The frequency of patchy consolidation shadows (Figure 1D-F) was the highest in the low Ct group 
(14.62%), less in the medium Ct group (3.98%; χ2 = 7.037, P = 0.014), and the lowest in the high Ct group 
(1.14%), with statistically significant between-group differences (χ2 = 13.315, P < 0.001).

There were no statistically significant differences in the frequency of patchy ground-glass density 
shadows (Figure 1G and H) among the low (16.92%), medium (19.32%), and high (22.73%) Ct groups (χ2 
= 0.136, χ2 = 1.125, and χ2 = 0.482; P = 0.854, P = 0.377, and P = 0.603, respectively).

Furthermore, no statistically significant differences were observed in subpleural interstitial changes 
among the low (25.38%), medium (17.61%), and high (19.32%) Ct groups (χ2 = 1.452, χ2 = 1.049, and χ2 = 
0.033; P = 0.302, P = 0.394, and P = 1.000, respectively).

In addition, mixed consolidation ground-glass shadows showed no statistically significant differences 
among the low (2.31%), medium (3.98%), and high (2.27%) Ct groups (χ2 = 0.687, χ2 = 0.000, and χ2 = 
0.687; P = 0.683, P = 1.000, and P = 0.683, respectively).

The frequency of pleural changes (Figure 1D-F) was the highest in the low Ct group (10.77%), less 
frequent in the medium Ct group (2.84%; χ2 = 4.916, P = 0.049), and the lowest in the high Ct group 
(1.13%; χ2 = 8.865, P < 0.005), with statistically significant between-group differences.

Among the three groups, the number of patients with two or more abnormal chest CT signs was the 
highest in the low Ct group (30.3%, 30/99), less in the medium Ct group [12.26% (19/155), χ2 = 9.765, P = 
0.003], and the lowest in the high Ct group [12.99% (10/77), χ2 = 8.562, P = 0.005], with statistically 
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Figure 1 Computed tomography. A and B: A 48-year-old man had a history of close contact with patients mildly infected with SARS-CoV-2 Omicron variant. He 
had fever and mild cough for 3 d, with nucleic acid polymerase chain reaction positivity [cycle threshold (Ct) value, 35.43], leukocyte count of 7.26 × 109/L, neutrophil 
proportion of 58.8%, lymphocyte proportion of 32.9%, hypersensitive C-reactive protein content of < 0.5 mg/L (reference range, 0-8), and serum amyloid A (rapid 
method) content of < 5.0 mg/L (reference value < 10). The pulmonary window of the chest computed tomography (CT) scan revealed a focal high-density infection in 
the long diameter of the dorsal segment of the left lower lobe (< 2 cm) (A, short arrow); CT re-examination after 4 d revealed a decreased lesion density and slightly 
increased volume in the dorsal segment of the left lower lobe (B); 1 wk later, CT images showed that most of the lesions were dissipated and absorbed (C); D-F: A 93-
year-old woman had a history of close contact with asymptomatic patients infected with SARS-CoV-2 Omicron variant. She had a high fever, cough, and expectoration 
for 4 d, with nucleic acid polymerase chain reaction positivity (Ct value, 23.97), leukocyte count of 7.41 × 109/L, neutrophil proportion of 63.3%, lymphocyte proportion 
of 22.25% (close to the lower limit of normal value), hypersensitive C-reactive protein content of 31.48 mg/L↑, serum amyloid A (rapid method) content of > 200 mg/L↑, 
partial pressure of carbon dioxide of 4.65↓, and D-dimer content of 4.25↑. The pulmonary window of the chest CT scan revealed consolidation shadows in the dorsal 
segment of the left lower lobe (short arrow) accompanied with a small amount of effusion in the adjacent pleural cavity, and scattered patchy, slightly high-density 
infection foci in both lungs, suggestive of an infection (D); the mediastinal window of the same CT revealed a small amount of effusion in the left pleural cavity (long 
arrow) (E); CT re-examination after 5 d revealed a decreased density of the consolidation infection foci in the dorsal segment of the left lower lobe and partial 
absorption of other infection foci in both lungs (F); G and H: An 81-year-old man had a history of close contact with his wife who had asymptomatic SARS-CoV-2 
Omicron infection. He had fever, cough, and expectoration for 4 d, with nucleic acid polymerase chain reaction positivity (Ct value, 26.3), leukocyte count of 7.73 × 109

/L, neutrophil proportion of 61.9%, lymphocyte proportion of 20.1% (close to the lower limit of normal value), hypersensitive C-reactive protein content of 7.42 mg/L, 
and serum amyloid A (rapid method) content of 16.6 mg/L↑. The pulmonary window of the chest CT scan revealed scattered patchy ground-glass density shadows in 
the right middle and lower lobes (short arrows) (G); CT re-examination after 6 d revealed shrinkage and partial absorption of most of the infected foci in the right lung 
(H).

significant between-group differences (Table 1).

DISCUSSION
SARS-CoV-2 is constantly mutating. A recent report in Lancet confirmed that the viral genomes of the 
current round of local viral epidemics in Shanghai (present since late February) consist of the SARS-
CoV-2 BA.2.2 variant, which is a subpopulation of the SARS-CoV-2 Omicron variant (B.1.1.159)[13]. 
Although its virulence is weaker than that of previous variants (including the Delta variant), it exhibits 
higher infectivity and stronger ability to escape the immune system, resulting in large-scale infections, 
high Ct values among symptomatic patients, and high mortality rates, which have an impact on the 
society. Therefore, it is particularly important to understand the clinical manifestations and imaging 
characteristics of patients with Omicron variant infection.
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Table 1 Differences in the distribution of abnormal chest computed tomography imaging characteristics in each cycle threshold group, 
n = 394

CT sign

Group Focal 
infection

Patchy 
consolidation 
shadows

Patchy ground-
glass density 
shadows

Mixed consolidation 
ground-glass shadows

Subpleural 
interstitial 
changes

Pleural 
changes Total

Low Ct group  
(< 25)

391 192 22 3 33 142 130

Medium Ct 
group (25.00-
34.99)

921 7 34 7 31 5 176

High Ct group 
(≥ 35)

471 1 20 2 17 1 88

Total 178 27 76 12 81 20 394

1Statistically significant difference in the group;
2Statistically significant difference between groups.
CT: Computed tomography; Ct: Cycle threshold.

Currently, the autopsy reports of patients with Omicron variant infection are rarely reported; 
therefore, the pathological mechanism of this infection remains unclear. According to the autopsy 
reports of other SARS-CoV-2 subtypes abroad[14-16], SARS-CoV-2 directly infects target cells, including 
bronchial and alveolar epithelial cells, vascular epithelial and endothelial cells, and immune cells. The 
formation of early vasculitis leads to vascular wall and perivascular inflammation, immune cell infilt-
ration, vascular stenosis, thrombosis, and secondary bleeding. In the later stage of SARS-CoV-2 
infection, interstitial fibrosis and diffuse alveolar injury of the perivascular lung parenchyma can often 
occur secondary to infection with various bacteria and mucor, consolidation, and complications, such as 
mucus plugs formed by airway mucus secretion and peripheral pleural changes. Viruses can travel 
through the blood and induce pathological changes in other parts of the body.

PCR Ct values indicate the number of amplifications required for detecting SARS-CoV-2. The lower 
the Ct value, the higher the viral load in a nucleic acid sample and vice versa. A previous study reported 
a linear correlation between Ct values and viral loads. Accordingly, Ct values can reflect the viral levels 
in patients to a certain extent[8,10]. Some studies have considered Ct values of < 25 to indicate high viral 
loads; these patients required a longer viral clearance time[17]. We included patients with Ct values of < 
25 in the low Ct group. According to the Diagnosis and Treatment Protocol for Novel Coronavirus 
Pneumonia (Trial Version 9) of China, the standard for dissolution in our region was a Ct value of ≥ 35. 
Moreover, another study reported that the virus can no longer be isolated from samples at Ct values ≥ 
35[18]. Thus, we included patients with Ct values ≥ 35 and < 25 in the high and low Ct groups, 
respectively. Patients with Ct values of 25.00-34.99 were included in the medium Ct group. Along with 
chest CT features, Ct values can help improve our understanding of the pathological characteristics of 
patients with Omicron variant infection.

In this study, among all groups, the most common abnormal chest CT sign was focal infection 
(30.00%-53.41%, all P < 0.05), which was observed as blurred shadows, consolidation shadows, ground-
glass density shadows with a long diameter (≤ 2 cm), and small nodule-like shadows with fuzzy edges, 
most of which were located under the pleura. These findings differ from the most common abnormal 
sign (patchy ground-glass density shadows) observed in patients with other previously identified 
SARS-CoV-2 subtype infection[19]. This suggests that the virulence of the Omicron variant is weaker 
than that of other SARS-CoV-2 variants. In addition, the large-scale use of vaccines leads to the most 
infection-caused vasculitis being replaced by peripheral vasculitis, more limited secondary peripheral 
pathological changes, and more common focal infections in the medium and high Ct groups. These 
findings indicate that lower viral loads in patients with Omicron variant infection result in fewer 
pulmonary infection foci and improved prognosis.

Among all Ct groups, patchy ground-glass density shadows (16.92%-22.73%) and subpleural 
interstitial changes (17.61%-25.38%) were also common (but not the most common) chest CT signs. 
Mixed consolidation ground-glass shadows were less common (2.27%-3.98%). In addition, the above 
abnormal signs were not significantly different among the three groups (all P > 0.05). These abnormal 
signs were consistent with the chest CT findings of pneumonia caused by other SARS-CoV-2 variants
[20-22], however, their proportions were significantly decreased, indicating that the virulence of 
Omicron is weaker than that of previously identified variants.

The number of patients with patchy consolidation shadows (14.62%), pleural changes (10.77%), and 
two or more abnormal signs (30.3%) was higher in the low Ct group than in the other two groups (all P 
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< 0.05). Overall, Omicron infection showed fewer signs of pulmonary consolidation than other SARS-
CoV-2 variant infections[23]. Consolidation shadows may result from vasculitis, hemorrhage, and 
peripheral serous exudation caused by high viral loads attacking blood vessels, secondary or direct 
alveolar inflammation, massive immune cell filling, and small airway mucus plugs. In addition, 
exudative and inflammatory stimulation of some lesions induces changes such as pleural thickening 
and pleural effusion. These results suggest that high viral loads can lead to severe and complex 
pulmonary injuries in some patients.

We used a Ct value of ≥ 35 as an inclusion criterion for patients in the high Ct group. Ct values of ≥ 35 
in two consecutive tests is a criterion for patient discharge from mobile cabin hospitals, according to the 
Diagnosis and Treatment Plan for SARS-CoV-2 Pneumonia (trial version 9) issued by the National 
Health Commission of the People’s Republic of China. Although such patients are noninfectious, their 
lungs might show abnormal signs to different degrees. Therefore, follow-up observations and treatment 
of such patients is important.

The sample size of this study was reasonable. Although future studies should be conducted with 
larger sample sizes, considering the urgent epidemic situation, the sample size of this study was 
adequate. It is expected that studies with a large sample size will further validate our findings.

CONCLUSION
In this study, patients with SARS-CoV-2 Omicron variant infection were grouped based on their Ct 
values. We found that the chest CT signs of patients with different viral loads varied to a certain extent. 
Focal infection was the most common abnormal chest CT sign in the medium and high Ct groups. 
Patients in the high Ct group more commonly presented with patchy consolidation shadows, pleural 
changes, and two or more abnormal CT signs than those in the other two groups. The results of this 
study can effectively enhance our understanding of the characteristics of Omicron variant infections and 
provide guidance for subsequent clinical treatments of patients with such infections.
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The Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) mainly infects 
the upper respiratory tract. Chest computed tomography (CT) can reveal the presence of pulmonary 
infection. The measured cycle threshold (Ct) was related to pulmonary infections diagnosed via CT.
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Focal infections were less frequent in the low Ct group than in the medium and high Ct groups. Patchy 
consolidation shadows and pleural changes were more common in the low Ct group than in the other 
two groups. The number of patients with two or more signs was greater in the low Ct group than in the 
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Abstract
BACKGROUND 
Various immune-mediated inflammatory diseases consisting of inflammatory 
bowel disease (IBD) and rheumatoid arthritis (RA), are found to have a subs-
tantial societal burden, increased healthcare costs, and progressive disability. 
Studies suggest that patients with vs without comorbid depression have a more 
significant disability, a lower likelihood of remission, and reduced adherence to 
therapy. Elevated interleukin (IL)-1β, tumor necrosis factor-α, and IL-6 contribute 
to developing depression by the impaired physiological responses to stress, 
resulting in increased pain, fever, fatigue, and lack thereof of interest, and thus 
poor long-term outcomes. This study emphasizes the timely recognition of the 
prevalence of major depressive disorder (MDD) in patients with RA and IBD 
combined, thus preventing disability.

AIM 
To identify the prevalence level and temporal trends of depression in hospitalized 
IBD-RA patients.

METHODS 
All adult hospitalized patients from January 2000 to December 2019 in the 
nationwide inpatient sample (NIS) were captured. The study population included 
all patients with a primary or secondary IBD-RA overlap disease using corres-
ponding international classification of diseases (ICD)-9 and ICD-10 codes. IBD 
includes Crohn’s disease and ulcerative colitis. The study population was divided 
into IBD-RA without MDD (controls) and IBD-RA with MDD (cases). For group 
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comparison between MDD vs no MDD, we used Student's t-test for continuous variables and Rao-
Scott Chi-square tests for categorical variables. For univariate analyses, we used logistic 
regression, and for multivariate analysis, we used a weighted multi-level mixed-effects model. We 
attested all hypotheses with two-tailed significance level of 0.05 (P < 0.05 was considered 
significant). The outcome is to examine the temporal trends and prevalence of depression in 
patients with IBD-RA by gender, race, and age.

RESULTS 
A total of 133315 records were identified with IBD-RA overlap, of which 26155 patients (19.62%) 
had MDD. Among the IBD-RA patients, those who had MDD were younger [mean age of 56 years 
(SD ± 15)] to IBD-RA without MDD patients with a P < 0.0001, more females (80% among cases vs 
73% among controls) than males with a P < 0.0001, frequent in the white race (79% among cases vs 
73% among controls) than black race. Over the 19 years, the number of patients with MDD in IBD-
RA increased from 153 (the year 2000) to 2880 (the year 2019) in weighted NIS, representing a 
1782% increase compared to the year 2000 with a P < 0.001. Factors associated with higher MDD 
included younger age, female gender, white race, alcohol, opioids, esophageal disorders, peptic 
ulcer disease, chronic pancreatitis, paralysis, dementia, menopausal disorders, obesity, nutritional 
deficiencies, diabetes mellitus with chronic complications, and osteoarthritis.

CONCLUSION 
There is a rise in the prevalence of depression in younger patients with IBD-RA combined 
compared to their counterparts. These patients are also at higher risk for the increased cost of care 
and poor treatment compliance. It is crucial to educate the involved clinicians to identify the early 
signs and symptoms of depression in patients with IBD or RA or IBD-RA combined and treat them 
to have a better overall prognosis.

Key Words: Inflammatory bowel disease; Rheumatoid arthritis; Depression; Multimorbidity; Epidemiology; 
Demographics

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

Core Tip: Our study is a nationwide inpatient sample-based study of the two decades in which we aim to 
analyze inflammatory bowel disease (IBD) and rheumatoid arthritis (RA) patients’ characteristics, 
temporal trends, sociodemographic characteristics, and predictors of major depressive disorders in the 
IBD-RA cohort. There is an increasing trend in the prevalence of IBD-RA, especially in younger patients. 
We believe this study will open the door for further research and educate the involved physicians to 
identify the early signs and symptoms of depression in patients with IBD or RA or IBD-RA combined and 
treat them or have them treated to have a better overall prognosis.

Citation: Haider MB, Basida B, Kaur J. Major depressive disorders in patients with inflammatory bowel disease 
and rheumatoid arthritis. World J Clin Cases 2023; 11(4): 764-779
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/764.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.764

INTRODUCTION
The coexistence between immune-mediated inflammatory diseases (IMID) with depression has long 
been studied[1,2]. Rheumatoid arthritis (RA) is a chronic systemic autoimmune disorder that primarily 
targets the synovial joints leading to inflammation (synovitis), joint erosion, and damage to the cartilage
[3]. Inflammatory bowel disease (IBD) is broadly subdivided into ulcerative colitis and Crohn’s disease. 
Crohn’s disease is a relapsing systematic immune-mediated chronic IBD, and Ulcerative colitis is an 
idiopathic, chronic IBD with bloody diarrhea[4].

The global prevalence of RA is estimated at 460 per 100000 population, while its prevalence in the 
United States is 700 per 100000 population[5,6]. Both depression and RA contribute substantially to 
global disability, and the diseases often coexist. The global prevalence rate of IBD is 84.3 per 100000 
population, while that in the United States is 464.5 per 100000 population[7].

Patients with RA suffer twice from depression than the general population[8], with 41%-66% reported 
lifetime prevalence[1,3]. The prevalence of major depressive disorders (MDDs) was 17% in patients with 
RA[3]. IBD patients have more than 25% lifetime diagnosis of depression[9,10].

https://www.wjgnet.com/2307-8960/full/v11/i4/764.htm
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Not many studies have identified the impact of depression in patients with both RA and IBD 
combined. Our study is researched using the national inpatient sampling database sought to evaluate 
the co-existence of depression in patients with RA and IBD. The role of the Brain-Gut axis and Brain-
Joint axis in the development of depression has been illustrated before[11,12], but there is not enough 
literature demonstrating the combined Brain-Gut-Joint axis. Our study discusses the clinical data on this 
combined axis and emphasizes potentially valuable strategies for managing these patients. Our primary 
aim was to identify a pooled prevalence level and temporal trends of depression in hospitalized IBD-RA 
patients. To have a multimorbidity approach, which is more patient-focused, we aimed to investigate 
various comorbidities as predictors of depression.

MATERIALS AND METHODS
We analyzed the nationwide inpatient sample (NIS) database from January 2000 to December 2019. The 
NIS is the largest all-payer publicly available database of hospitalizations in the United States, designed 
to produce national and regional inpatient utilization, cost, quality, and outcomes[13]. We used the 
international classification of diseases (ICD)-9, diagnosis and procedures before October 1, 2015, and 
ICD-10 afterward[14]. In this study, we used the latest available datasets. The NIS dataset is very 
suitable for temporal trends, but the dataset has undergone several changes over time. We used the 
Healthcare Cost and Utilization Project (HCUP) recommendation to use trend weights before 2012 to 
make estimates comparable to the 2012 NIS design[15]. The dataset was de-identified to protect the 
privacy of individual patients, physicians, and hospitals. As the dataset lacks patient information, this 
study was exempted from Institutional Review Board-IRB approval from Wayne State University under 
the Health Insurance Portability and Accountability Act[16].

The study population included patients with a primary or secondary IBD-RA overlap disease using 
corresponding ICD-9 and ICD-10 codes. For IBD, we included Crohn’s disease and ulcerative colitis 
patients. We used the clinical classification software refined to determine the ICD codes of depressive 
disorders[17,18]. The study population was divided into IBD-RA without MDD (controls) and IBD-RA 
with MDD (cases).

Outcomes and variables
The outcomes included temporal trends and predictors of MDDs in the IBD-RA cohort. In the first part, 
we performed a trend analysis of weighted prevalence, the percentage change in prevalence compared 
to the year 2000, mean age, gender and ethnicity, length of stay, and total hospital charges. Next, we 
compared baseline patient and hospital characteristics and comorbidities between cases (IBD-RA with 
MDD) and controls (IBD-RA without MDD). We also evaluated predictors for MDD in IBD-RA patients.

Patient demographics included gender, age, ethnicity, socioeconomic status, and primary health 
insurance. Socioeconomic status was defined as the median household income in the patient’s zip code 
and was divided into quartiles by year (2019): Less than $47999, $48000–$60999, $61000–$81999, $82000 
or more). Hospitalization care costs were adjusted using the United States Bureau of Labor and 
Statistics’ consumer price index[19]. In addition, we used NIS characterization for hospital factors. The 
complete list of comorbidities is shown in Table 1.

Statistical analysis
The statistical analyses are performed in SAS software (SAS Institute Inc., Cary, NC, United States). The 
HCUP NIS database was redesigned beginning in 2012 to improve national estimates. We deployed 
HCUP recommendations for trend analysis and used survey sampling and analysis procedures for 
weighted analysis. Continuous variables such as age, total charges, and length of stay are represented 
with a mean ± SD, and categorical variables are presented with frequency and computed percentages. 
For group comparison between MDD vs no MDD, we used Student's t-test for continuous variables and 
Rao-Scott Chi-square tests for categorical variables. We used the Cochran-Armitage trend test for 
categorical variables and poison regression with a log link for continuous variables for temporal trends 
analysis. The univariate analysis is performed with logistic regression. The multivariate analysis is 
achieved with a weighted multi-level mixed-effects model using the Glimmix procedure with maximum 
likelihood estimation and Gauss-Hermite quadrature likelihood approximation. We categorized age 
into five sub-categories per HCUP standard categories (< 18, 18-44, 45-64, 65-84, and ≥ 85) for group-
level comparison. The missing values are categorized as either missing or unknown. All hypothesis 
testing is performed with two-tailed significance level of 0.05 (P < 0.05 was considered significant).

RESULTS
Baseline characteristics of the study population
The baseline characteristics of the study population with and without MDD are described in Table 2. 
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Table 1 Comorbidities comparison in inflammatory bowel disease-rheumatoid arthritis overlap patients with and without major 
depressive disorders, national inpatient sample year 2000 to 2019

IBD-RA without depressive disorders, 
weighted, n (%) 

IBD-RA with depressive disorders, 
weighted, n (%) P value

Liver disease, mild 6400 (5.97) 2130 (8.14) < 0.0001a

Liver disease, moderate to severe 786 (0.73) 230 (0.88) 0.2871a

Peptic ulcer disease 1709 (1.59) 632 (2.41) < 0.0001a

Esophageal disorders 30712 (28.65) 10569 (40.40) < 0.0001a

Gastritis 3781 (3.52) 1124 (4.30) 0.0095a

Diabetes mellitus with chronic complic-
ations

6367 (5.94) 2005 (7.66) < 0.0001a

Diabetes mellitus without chronic 
complications

14014 (13.07) 3533 (13.50) 0.4244a

Hypertension 40782 (38.05) 10493 (40.12) 0.0080a

Heart Failure 12798 (11.94) 2908 (11.11) 0.1176a

Coronary artery disease 16644 (15.53) 3549 (13.57) 0.0007a

Cardiac dysrhythmias 16114 (15.04) 3299 (12.61) < 0.0001a

Myocardial infarction 1316 (1.23) 224 (0.86) 0.0237a

Stroke 1530 (1.42) 230 (0.88) 0.0018a

Iron Deficiency Anemia 9298 (8.68) 2296 (8.78) 0.8167a

Nutritional deficiencies 4062 (3.79) 1494 (5.71) < 0.0001a

Lipid Metabolism disorders 24990 (23.32) 7036 (26.90) < 0.0001a

Thyroid disorders 18029 (16.82) 5531 (21.15) < 0.0001a

Chronic Pancreatitis 1165 (1.09) 507 (1.94) < 0.0001a

Renal failure, moderate 8563 (7.99) 2132 (8.15) 0.7113a

Renal failure, severe 2965 (2.77) 767 (2.93) 0.5434a

Menopausal disorders 536 (0.50) 222 (0.84) 0.0033a

Osteoporosis 11752 (10.97) 3544 (13.55) < 0.0001a

Osteoarthritis 15084 (14.07) 4562 (17.44) < 0.0001a

Obesity 11706 (10.92) 4062 (15.53) <.00011

Weight Loss 1201 (1.12) 365 (1.39) 0.1101a

Protein-calorie malnutrition 8479 (7.91) 2370 (9.06) 0.0085a

Leukemia 558 (0.52) 134 (0.51) 0.9401a

Lymphoma 838 (0.78) 181 (0.69) 0.5132a

Metastatic cancer 1381 (1.29) 329 (1.26) 0.8524a

Solid tumor without metastasis, 
malignant

3785 (2.84) 850 (0.64) 0.8524a

Paralysis 1498 (1.40) 495 (1.89) 0.0114a

Dementia 2291 (2.14) 886 (3.39) < 0.0001a

AIDS 212 (0.19) 45 (0.17) 0.6818a

Smoking 32336 (30.17) 9893 (37.82) < 0.0001a

Alcohol 1747 (1.63) 950 (3.63) < 0.0001a

Opioids 3180 (2.97) 1797 (6.87) < 0.0001a

aRao-Scott Chi-Square 2-tailed Test for the association of two Categorical Variables.
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IBD-RA: Inflammatory bowel disease-rheumatoid arthritis; AIDS: Acquired immunodeficiency syndrome.

From January 2000 to December 2019, we found 133315 IBD-RA overlap patients in weighted settings, of 
which 26155 patients (19.62%) had MDD. Among the IBD-RA patients, those who had MDD were 
younger [mean age of 56 years (SD ± 15) as compared to mean age of 59 years (SD ± 17)] in IBD-RA 
without MDD patients with P < 0.0001, more females (80% among cases vs 73% among controls) than 
males (20% for cases vs 17% for controls) with P < 0.0001, frequent in the white race (79% among cases vs 
73% among controls) than black race (7% for cases vs 10% for controls) and Hispanic (4.00% among 
cases vs 4.63% among controls) with P < 0.0001, and more frequent in patients with Medicaid (12% 
among cases vs 9% among controls) than patients with private insurance (28% among cases vs 31% 
among controls) P < 0.0001. A comparison of comorbidities of the study population with and without 
MDD is described in Table 1.

Temporal trends
Over the 19 years, the number of patients with MDD in IBD-RA increased from 153 (the year 2000) to 
2880 (the year 2019) in weighted NIS (Figure 1), representing a 1782% increase (Figure 2) compared to 
the year 2000 with P < 0.001. The mean age of IBD-RA in MDD patients was 56.36 years in 2000 
compared with 59.8 years in 2019, with a P < 0.001 (Figure 3A). There was no significant change in the 
male vs female trend of MDD in the IBD-RA cohort (Figure 3B). Overall, the white race among IBD-RA 
with MDD is 78.80%. We observed a decreasing trend in the white race with P = 0.03. The black race is 
7.07%, and no change is followed over time. The Hispanic ethnicity is 3.99%, and we noted an increasing 
trend with P = 0.02 (Figure 3C). In terms of hospital burden, the mean length of stay of IBD-RA with 
MDD patients decreased from 5.69 d in 2000 to 5.35 d in 2019 with a P < 0.001 (Figure 3D), and the mean 
total cost of care (inflation-adjusted) increased from $20564 in 2000 to $60428 in 2019 with P < 0.001 
(Figure 3E).

Predictors for MDDs
The univariate and multivariate analyses for IBD-RA patients with MDD are shown in Table 3. The 
multivariate analyses showed that demographic factors associated with higher MDD included female 
gender [adjusted odds ratios (aOR): 1.52; 95%CI: 1.46-1.58; P < 0.0001], patients aged 18-44 (aOR: 1.89; 
95%CI: 1.79-1.99; P < 0.0001) and patients aged 45-64 (aOR: 1.69; 95%CI: 1.63-1.76; P < 0.0001) as 
compared to the reference group (patients aged 65-84), white (aOR: 1.83; 95%CI: 1.73-1.94; P < 0.0001) 
and Hispanic race (aOR: 1.39; 95%CI: 1.27-1.52; P < 0.0001) as compared to the black race, and median 
socioeconomic status in the second quartile (aOR: 1.07; 95%CI: 1.03-1.12; P = 0.002) as compared to 
quartile 1.

Comorbidities associated with higher MDD in IBD-RA patients included alcohol (aOR: 2.11; 95%CI: 
1.93–2.31; P < 0.0001), opioids (aOR: 2.00; 95%CI: 1.83–2.15; P < 0.0001), smoking (aOR: 1.23; 95%CI: 
1.19–1.27; P < 0.0001), esophageal disorders (aOR: 1.53; 95%CI: 1.48-1.58; P < 0.0001), peptic ulcer disease 
(PUD) (aOR: 1.26; 95%CI: 1.13-1.39; P < 0.0001), chronic pancreatitis (aOR: 1.36; 95%CI: 1.21-1.53; P < 
0.0001), mild liver disease (aOR: 1.16; 95%CI: 1.09-1.23; P < 0.0001), gastritis (aOR: 1.10; 95%CI: 1.09-1.18; 
P = 0.02), paralysis (aOR: 1.48; 95%CI: 1.32-1.66; P < 0.0001), dementia (aOR: 2.08; 95%CI: 1.91–2.27; P < 
0.0001), menopausal disorders (aOR: 1.43; 95%CI: 1.21-1.70; P < 0.0001), obesity (aOR: 1.29; 95%CI: 1.18-
1.28; P < 0.0001), nutritional deficiencies (aOR: 1.28; 95%CI: 1.20-1.37; P < 0.0001), weight loss (aOR: 1.21; 
95%CI: 1.07-1.38; P < 0.0001), protein-calorie malnutrition (aOR: 1.10; 95%CI: 1.05-1.16; P = 
0.0002),thyroid disorders (aOR: 1.25; 95%CI: 1.20-1.30; P < 0.0001), osteoarthritis (aOR: 1.22; 95%CI: 1.17-
1.27; P < 0.0001), osteoporosis (aOR: 1.21; 95%CI: 1.16-1.27; P < 0.0001), diabetes mellitus with chronic 
complications (aOR: 1.20; 95%CI: 1.13-1.28; P < 0.0001), lipid metabolism disorders (aOR: 1.19; 95%CI: 
1.15-1.24; P < 0.0001), and severe renal failure (aOR: 1.12; 95%CI: 1.02-1.23; P < 0.0001).

DISCUSSION
Various studies have been done in the past, which show a higher rate of depression in patients with 
IMIDs like RA and IBD than in the general population[20,21]. Patients with coexisting IMID and 
depression tend to have higher disease activity[1], more fatigue[22], distressing symptoms of pain[23], 
lower health-related quality of life, and increasing health care costs[24] than patients without depression
[1]. Depression as a comorbidity negatively impacts IMID patients’ physical function, mental health, 
symptom severity, overall morbidity, and mortality[24].

RA is an autoimmune-mediated disease leading to joint destruction, directed mainly by the action of 
T cells and inflammatory cytokines[3,22]. There is a lack of complete understanding of the biological 
mechanism responsible for this association of depression with these autoimmune inflammatory 
disorders. It is mainly attributed to chronic inflammation caused by elevated cytokines like interleukin 
(IL)-1β, tumor necrosis factor-α, and IL-6. These cytokines decrease neurogenesis and influence the 
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Table 2 Comparison of Patients’ demographics and hospital Characteristics of inflammatory bowel disease-rheumatoid arthritis 
overlap patients with and without depressive disorders, national inpatient sample year 2000 to 2019

IBD-RA without MDD, weighted, n 
(%) 

IBD-RA with MDD, weighted, n 
(%) P value

Weighted total, n (%) 107160 (80.38) 26155 (19.62)

Sex < 0.0001a

Female 78088 (72.87) 21052 (80.49)

Male 29073 (27.13) 5103 (19.51)

Age (yr), mean ± SD 58.70 ± 16.89 56.36 ± 15.47 < 0.0001b

Age groups (yr) < 0.0001c

< 18 319 (0.29) 25 (0.10)

18-44 22215 (20.73) 5887 (22.50)

45-64 40363 (37.67) 11544 (44.14)

65-84 39111 (36.50) 7902 (30.21)

≥ 85 5152 (4.81) 798 (3.05)

Ethnicity < 0.0001c

White 77818 (72.62) 20612 (78.80)

Black 10543 (9.83) 1850 (7.07)

Hispanic 4963 (4.63) 1045 (3.99)

Asian or Pacific Islander 741 (0.69) 94 (0.36)

Native American 500 (0.47) 91 (0.35)

Other 12596 (11.75) 2464 (9.42)

Primary payer status < 0.0001c

Medicare 59738 (55.75) 14522 (55.52)

Medicaid 10128 (9.45) 3257 (12.45)

Private 32808 (30.62) 7239 (27.68)

Self-Pay 2034 (1.89) 505 (1.93)

No charge 186 (0.17) 40 (0.15)

Other 2266 (2.11) 592 (2.26)

Median socioeconomic status by national 
quartiles

0.0008c

0-25 24484 (22.85) 6111 (23.37)

25-50 26531 (24.75) 6690 (25.58)

50-75 27857 (26.00) 7171 (27.42)

75-100 26431 (24.66) 5876 (22.46)

Other 1857 (1.73) 307 (1.17)

Hospital bed size 0.0147c

Small 16789 (15.67) 4496 (17.19)

Medium 28359 (26.46) 7067 (27.02)

Large 62012 (57.87) 14592 (55.79)

Location/teaching status of the hospital < 0.0001c

Rural 10398 (9.70) 2299 (8.79)

Urban nonteaching 36576 (34.13) 7801 (29.83)

Urban teaching 60186 (56.17) 16055 (61.38)
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Hospital region < 0.0001c

Northeast 21819 (20.36) 4601 (17.59)

Midwest or North Central 27596 (25.75) 7636 (29.19)

South 40204 (37.52) 9583 (36.64)

West 17541 (16.36) 4335 (16.57)

Discharge outcomes

Routine Discharge 69143 (64.52) 16289 (62.28) < 0.0031a

Transfer to Short-term Hospital 2240 (2.09) 475 (1.82) 0.2013a

Transfer to other facilities 16349 (15.26) 4612 (17.63) < 0.0001a

HHC 17635 (16.45) 4536 (17.34) 0.1373a

In-hospital mortality 1792 (1.67%) 243 (0.93%) < 0.0001a

Length of stay (days), mean ± SD 5.49 ± 5.75 5.65 ± 5.79 0.0738a

Total charges (USD), mean ± SD 43881 ± 61300 45157 ± 60859 0.1762a

aTwo-sample Student t-test, 2-tailed for comparing means of two Continuous Variables.
bRao-Scott Chi-Square 2-tailed Test for the association of two Categorical Variables.
cRao-Scott Chi-square, 2-tailed Test for two by n table. Statistical significance illustrates that the two groups differ.
IBD-RA: Inflammatory bowel disease-rheumatoid arthritis; HHC: Home health care.

Figure 1 Weighted trend of inflammatory bowel disease-rheumatoid arthritis overlap patients with major depressive disorders, national 
inpatient sample year 2000 to 2019. IBD-RA: Inflammatory bowel disease-rheumatoid arthritis.

homeostasis of the neurotransmission axis, like glutamate-dependent pathways, monoaminergic 
pathways, and the hypothalamic-pituitary-adrenal (HPA) axis[8]. Hence, these factors contribute to the 
development of depression by the impaired physiological responses to stress, resulting in increased 
pain, fever, fatigue, lack of interest, and thus poor long-term outcomes[3].

Due to the bidirectional communication via the gut-brain axis, reduced social functioning, and 
impaired quality of life, patients with IBD have increased rates of psychiatric disorders as compared to 
the general population. Walker et al[10] demonstrated that individuals with IBD have more than double 
the lifetime prevalence of MDD compared to the general population[10]. Marrie et al[25] showed that 
the incidence and prevalence of depression, anxiety, and bipolar disorders are elevated in RA patients 
compared to a matched population[25]. The prevalence of depression in patients with RA is approx-
imately 19%, with conservative estimates, most common in females and younger age groups[5]. In our 
study, the prevalence of depression in the IBD-RA cohort is approximately 20%, females have 50% more 
odds of depression than males, and younger patients have higher odds of depression (patients aged 18-
44 have 88% higher odds of depression than patients aged 65-84 years). We noted an increasing trend of 
MDD in the IBD-RA cohort (Figure 1) and an increasing trend in the mean age (Figure 3A). We also 
exhibited a growing trend in hospital charges (Figure 3E) with a decreasing trend in the length of stay 
(Figure 3D).

Pezzato et al[26] assessed 490 Italian patients with RA and found that depression was more frequent 
in females and unemployed patients[26]. In our study, patients with private insurance have lower odds 
of depression than patients with Medicare. Physicians should be aware that women and those of lower 
socioeconomic status are at increased risk of these disorders.
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Table 3 Univariate and multivariate analyses of demographics and comorbidities associated with major depressive disorders in the 
inflammatory bowel disease-rheumatoid arthritis cohort, national inpatient sample year 2000 to 2019

Univariate analysis Multivariate analysis
Variables Unadjusted odds ratio1 

(95%CI) P value Adjusted odds ratio2 
(95%CI) P value

Gender, Female vs Male 1.533 (1.424–1.651) < 0.0001 1.518 (1.463-1.575) < 0.0001

Age groups (yr)

< 18 0.380 (0.153–0.944) 0.0371 0.793 (0.523-1.203) 0.2842

18-44 1.320 (1.214-1.434) < 0.0001 1.888 (1.790-1.991) < 0.0001

45-64 1.418 (1.321-1.521) < 0.0001 1.693 (1.625-1.764) < 0.0001

65-84 Reference NA Reference NA

≥ 85 0.773 (0.649-0.920) 0.0037 0.749 (0.688-0.814) < 0.0001

Race

White 1.500 (1.338-1.682) < 0.0001 1.830 (1.728-1.939) < 0.0001

Black Reference NA Reference NA

Hispanic 1.193 (0.993-1.434) 0.0598 1.391 (1.272-1.521) < 0.0001

Asian or Pacific Islander 0.720 (0.441-1.174) 0.1876 0.856 (0.679-1.078) 0.1876

Native American 1.029 (0.616-1.720) 0.9120 0.937 (0.733-1.198) 0.6120

Other 1.109 (0.959-1.282) 0.1627 1.456 (1.351-1.568) < 0.0001

Primary payer status

Medicare Reference NA Reference NA

Medicaid 1.327 (1.205-1.462) < 0.0001 1.043 (0.99-1.10) 0.1148

Private 0.911 (0.850-0.977) 0.0085 0.774 (0.744-0.805) < 0.0001

Self-Pay 1.035 (0.831-1.289) 0.7616 0.892 (0.800-0.994) 0.0382

No charge 0.853 (0.398-1.827) 0.6825 0.698 (0.485-1.005) 0.0555

Other 1.069 (0.871-1.311) 0.5255 0.974 (0.88-1.077) 0.5930

Median socioeconomic status by national 
quartiles

0-25 Reference NA Reference NA

25-50 1.006 (0.923-1.097) 0.8836 1.031 (0.988-1.075) 0.1595

50-75 1.026 (0.943-1.117) 0.5455 1.071 (1.025-1.118) 0.0019

75-100 0.890 (0.814-0.972) 0.0095 0.998 (0.952-1.045) 0.9323

Other 0.664 (0.505-0.873) 0.0034 0.697 (0.61-0.795) < 0.0001

Hospital bed size

Small Reference NA Reference NA

Medium 1.061 (0.967-1.164) 0.2109 0.956 (0.913-1.002) 0.0585

Large 0.936 (0.873-1.005) 0.0669 0.926 (0.888-0.966) 0.0004

Location/teaching status of the hospital

Rural Reference NA Reference NA

Urban nonteaching 1.028 (0.917-1.152) 0.6376 0.994 (0.938-1.054) 0.8450

Urban teaching 1.253 (1.172-1.339) < 0.0001 1.235 (1.168-1.306) < 0.0001

Hospital region

Northeast Reference NA Reference NA

Midwest or North Central 1.312 (1.199-1.437) < 0.0001 1.223 (1.162-1.286) < 0.0001
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South 1.124 (1.031-1.225) 0.0078 1.083 (1.032-1.137) 0.0015

West 1.179 (1.065-1.306) 0.0015 1.148 (1.085-1.213) < 0.0001

Comorbidities

Liver disease, mild 1.401 (1.251-1.569) < 0.0001 1.156 (1.091-1.224) < 0.0001

Liver disease, moderate to severe 1.206 (0.867-1.677) 0.2655 0.976 (0.827-1.152) 0.7708

Peptic ulcer disease 1.532 (1.247-1.881) < 0.0001 1.254 (1.133-1.387) < 0.0001

Esophageal disorders 1.684 (1.582-1.792) < 0.0001 1.528 (1.481-1.576) < 0.0001

Gastritis 1.236 (1.063-1.436) 0.0059 1.096 (1.018-1.18) 0.0145

Diabetes mellitus with chronic complic-
ations

1.326 (1.181-1.489) < 0.0001 1.201 (1.131-1.274) < 0.0001

Diabetes mellitus without chronic complic-
ations

1.033 (0.946-1.128) 0.4688 1.064 (1.018-1.113) 0.0059

Hypertension 1.082 (1.018-1.151) 0.0115 1.091 (1.055-1.128) < 0.0001

Heart Failure 0.922 (0.839-1.014) 0.0943 1.005 (0.955-1.058) 0.8505

Coronary artery disease 0.858 (0.787-0.936) 0.0005 0.901 (0.861-0.944) < 0.0001

Cardiac dysrhythmias 0.811 (0.742-0.887 < 0.0001 0.884 (0.844-0.925) < 0.0001

Myocardial infarction 0.703 (0.512-0.965) 0.0295 0.684 (0.587-0.797) < 0.0001

Stroke 0.604 (0.443-0.825) 0.0015 0.564 (0.484-0.656) < 0.0001

Iron Deficiency Anemia 1.009 (0.908-1.122) 0.8635 1.017 (0.966-1.071) 0.5143

Nutritional deficiencies 1.539 (1.344-1.762) < 0.0001 1.282 (1.199-1.37) < 0.0001

Lipid Metabolism disorders 1.210 (1.130-1.296) < 0.0001 1.192 (1.15-1.237) < 0.0001

Thyroid disorders 1.327 (1.231-1.430) < 0.0001 1.247 (1.201-1.295) < 0.0001

Chronic Pancreatitis 1.788 (1.415-2.259) < 0.0001 1.356 (1.207-1.524) < 0.0001

Renal failure, moderate 1.026 (0.919-1.145) 0.6530 1.04 (0.981-1.102) 0.1839

Renal failure, severe 1.072 (0.897-1.282) 0.4445 1.117 (1.02-1.223) 0.0172

Menopausal disorders 1.716 (1.211-2.432) 0.0024 1.433 (1.206-1.702) < 0.0001

Osteoporosis 1.280 (1.171-1.399) < 0.0001 1.21 (1.157-1.265) < 0.0001

Osteoarthritis 1.287 (1.187-1.395) < 0.0001 1.215 (1.167-1.264) < 0.0001

Obesity 1.500 (1.377-1.635) < 0.0001 1.228 (1.176-1.283) < 0.0001

Weight Loss 1.253 (0.964-1.628 0.0913 1.212 (1.067-1.378) 0.0032

Protein-calorie malnutrition 1.162 (1.045-1.291) 0.0054 1.103 (1.047-1.162) 0.0002

Leukemia 0.980 (0.643-1.492) 0.9237 1.05 (0.856-1.288) 0.6351

Lymphoma 0.875 (0.610-1.255) 0.4685 1.014 (0.852-1.207) 0.8744

Metastatic cancer 0.975 (0.744-1.277) 0.8532 1.095 (0.948-1.265) 0.2168

Solid tumor without metastasis, malignant 0.917 (0.775-1.085) 0.3140 0.944 (0.863-1.034) 0.2131

Paralysis 1.391 (1.110-1.744) 0.0042 1.48 (1.32-1.659) < 0.0001

Dementia 1.601 (1.344-1.908) < 0.0001 2.082 (1.906-2.274) < 0.0001

AIDS 0.866 (0.422-1.776) 0.6938 0.826 (0.58-1.178) 0.2847

Smoking 1.410 (1.325-1.502) < 0.0001 1.231 (1.193-1.271) < 0.0001

Alcohol 2.296 (1.922-2.743) < 0.0001 2.109 (1.927-2.308) < 0.0001

Opioids 2.430 (2.128-2.774) < 0.0001 2.009 (1.882-2.145) < 0.0001

1Univariate analysis is performed with logistic regression.
2Multivariate analysis is performed with weighted multi-level mixed effect models.
NA: No application; AIDS: Acquired immunodeficiency syndrome.
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Figure 2 Percentage change of inflammatory bowel disease-rheumatoid arthritis overlap patients with major depressive disorder, 
compared to baseline 2000, national inpatient sample year 2000 to 2019. MDD: Major depressive disorder; IBD-RA: Inflammatory bowel disease-
rheumatoid arthritis.

Multimorbidity, defined as the coexistence of multiple health conditions, is a growing public health 
challenge[27]. EULAR considers comorbidities like cardiovascular diseases, malignancy, osteoporosis, 
infection, and depression in rheumatic diseases[28]. Depression screening may be a valuable tool for 
interventions to improve health-related quality of life in individuals with IMIDs. In our study, various 
comorbidities are independently linked with depression.

GI diseases are closely linked with depression, possibly due to the gut-brain axis. A literature review 
showed a positive correlation between the severity of reflux esophagitis with depression[29]. In our 
study, patients with esophageal disorders are at 1.5 times increased risk of MDDs. Kim et al[30] 
demonstrated that patients with PUD have 1.47 times higher odds of depression. Alkhayyat et al[31] 
showed that chronic pancreatitis patients are at an increased risk of depression than those without it. 
Our study showed a 1.3 times increase in risk with chronic pancreatitis and 1.2 times with PUD. Kim et 
al[30] mentioned the bidirectional relationship between PUD and depression, as depression causes 
consistent activation of the HPA axis, leading to immune dysfunction and elevating the risk of PUD. 
Conversely, PUD increases the risk of depression by increasing neuropeptide expression of substance P 
and its receptors.

Among the elderly, malnourished subjects were 31% more likely to have symptoms of depression 
than those with normal nutritional status[32,33]. Our results showed that nutritional deficiencies are 1.3 
times higher in the depression cohort. There is growing evidence of the crucial necessity of neuron 
membrane cholesterol in the organization and function of the 5-HT1A serotonin receptor. Hence, low 
cholesterol level is associated with depression and suicidality[34]. Our study also found lipid 
metabolism disorders as an independent predictor of depression.

In our study, severe renal failure is an independent predictor of depression in IBD-RA subjects. The 
literature review showed that about one-quarter of dialysis patients suffer from a MDD. Medications 
reduced physical function, and dietary restrictions are the main contributing factors[35]. The prevalence 
of depression in chronic kidney disease (CKD) stage 5 was 39 times higher than in CKD stages 1-5[36].

Depression has also been associated with elevated pain and enhanced functional disability in patients 
with osteoarthritis. Depression affects the HPA axis by altering the release of hypothalamic cortico-
tropin-releasing hormone, increasing its levels in the cerebrospinal fluid and changing the set point 
threshold for negative feedback, which results in hypercortisolism and thus increased bone loss[37]. 
Stubbs et al[38] meta-analysis showed that patients with depression had lower bone mass than controls
[38]. Our study showed 1.2 times higher odds of having depression with both osteoporosis and 
osteoarthritis. Our study results agree with Stubbs et al[38] findings that showed a 1.17% relative risk of 
depression in osteoarthritis patients compared with the non-osteoarthritis group[38].

Obesity at baseline increased the risk of the onset of depression at follow-up. However, depression 
increased the odds of developing obesity (OR: 1.58; 95%CI: 1.33-1.87; P < 0.001)[39]. Our study also 
exhibited increased odds of depression with obesity (aOR: 1.29; 95%CI: 1.18-1.28; P < 0.0001). 
Interestingly, our study also increased the odds of depression with weight loss (aOR: 1.21; 95%CI: 1.07-
1.38; P < 0.0001). Dietary effects on mental health can be explained by the anti-inflammatory effect (i.e., 
omega-3 polyunsaturated fatty acids), antioxidant effect (anthocyanins, etc.), or functional modulation 
(group B vitamins, L-ornithine, tryptophan amino acids, glycine, etc.)[40,41]. A National Health and 
Nutrition Examination Survey study reported that using even a single unhealthy weight-loss strategy 
was significantly linked with depression[42]. In our study, the odds of depression are 28% higher in 
patients with nutritional deficiencies.
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Figure 3 Inflammatory bowel disease-rheumatoid arthritis overlap patients identified with depressive disorders, national inpatient sample 
year 2000 to 2019. A: Trend of mean age (years) inflammatory bowel disease-rheumatoid arthritis (IBD-RA) overlap patients identified with depressive disorders; 
B: Trend of male and female (percentages) of IBD-RA overlap patients identified with depressive disorders; C: Trend of ethnicity (percentages) of IBD-RA overlap 
patients identified with depressive disorders; D: Mean hospital stay (days) of IBD-RA overlap patients with depressive disorders; E: Mean total cost of care (the United 
States$) of IBD-RA overlap patients with depressive disorders. IBD-RA: Inflammatory bowel disease-rheumatoid arthritis.

Depression can be both a risk factor and a prodrome for dementia. Amongst all the proposed 
mechanisms, trophic, inflammatory, and cerebrovascular factors may contribute, along-with 
monoamine deficiency and severity of plaques and tangle pathology[43]. In a meta-analysis that 
included 5897 subjects with dementia from 20 studies, the prevalence rates of depression in mild, 
moderate, and severe dementia were 38%, 41%, and 37%, respectively[44]. In our study, patients with 
dementia have two times increased likelihood of depression.

Nearly one-third of patients with MDD also have substance use disorders. It yields a higher risk of 
suicide and greater social and personal impairment[45]. Alcohol use disorder is notable in our society 
(lifetime prevalence of 29.1%) and is associated with MDD[46]. We also found alcohol an independent 
predictor of depression in patients with RA-IBD. Other Substance abuses include nicotine; its 
withdrawal is known to cause a marked increase in negative affect among smokers in the general 
population[47]. A group of cross-sectional studies showed that current smokers were more depressed 
than never-smokers and former smokers[48]. In our study, smoking is independently associated with 
1.2 times higher odds of depression. Similarly, the literature review showed that opioids were 
associated with higher odds of new-onset major depressive symptoms without baseline symptoms of 
MDD[49]. These findings correspond with our results that showed opioid use doubled the risk of 
depression in the IBD-RA group.

Another vital study finding includes thyroid disorders as an independent predictor of depression. A 
literature search showed depression is associated with a functional interruption of the hypothalamus, 
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causing dysregulation of the hippocampal inhibitory glucocorticoid feedback pathway to the 
hypothalamus. This results in increased cortisol levels and impaired dexamethasone suppression. A 
similar situation exists with the thyroid axis. An increased T4 and blunted thyrotropin response to 
exogenous thyrotropin-releasing hormone (TRH) in depression. This is due to the glucocorticoid 
activation of the TRH neuron that increases TRH secretion and down-regulates the TRH receptor on the 
thyrotrope[50,51]. In our study, patients with lipid disorders have an increased likelihood of depression. 
It correlates with a meta-analysis Wei et al[52] that showed that hyperlipidemia patients have 1.7 times 
more odds of MDD than the general population[52].

Strengths and limitations
To our best knowledge, this is the first large study performed in the United States, analyzing twenty 
years of inpatient sample data (n = 26155) of patients with depression affected by RA and IBD. This 
study's biggest strength is identifying the prevalence of depression among patients with dual 
autoimmune diseases and a motivation to incorporate such values of depression screening in outpatient 
clinics. Our analysis also recommends the possibility of a Rheumatology-Gastroenterology Comorbidity 
clinic initiative, which could identify various comorbidities like depression and substance use disorder 
among IMID patients. This is an area that requires more attention. Most rheumatologists and gastroen-
terologists do not routinely screen their RA patients for depression which was evident during the verbal 
surveys taken at the various conferences. It could be related to time limitations, inadequate psychiatry 
referral services, lack of training, or even lack of confidence in managing mental health problems. A 
simple Patient Health Questionnaire (PHQ-2) or PHQ-9 questionnaire can be incorporated into the clinic 
outflow, especially at the onset of the diagnosis. Such efforts are pivotal in identifying depression in our 
patients, ensuring patient-mental health support system interrelation, and hence normalizing the 
discussion around their mental health. This study's biggest strength is identifying the prevalence of 
depression among patients with dual autoimmune diseases and a motivation to incorporate such values 
in our outpatient clinics. This is pivotal for healthcare delivery systems and economies in the global 
context of treating chronic diseases like RA and IBD, especially in the era of the coronavirus disease 
2019 pandemic as we understand that the standard care for these conditions, particularly immunomod-
ulators, is extremely costly.

This study has several limitations using the NIS dataset, including the inability to access laboratory 
values, treatment options, and testing conditions, including colonoscopy findings and severity of IBD 
based on histology. We intended to investigate the prevalence of IMIDs and depression; it’s challenging 
to know the clinical correlates of depression regarding RA/IBD disease activity and disability. This 
study is performed on the inpatient population. However, IBD/RA and MDD are outpatient diagnoses 
except for IBD flare-ups. Individuals with fibromyalgia, connective tissue diseases (Sjogren, sclero-
dermas, dermatomyositis, polymyositis), vasculitis, gout, infective arthritis, polymyalgia rheumatica, or 
other IBDs were excluded or not chosen as comorbidity which could also be a reason for depressive 
symptoms. However, these ailments were not selected as they have been known from previous studies, 
and other co-morbidities mentioned in our research could be highlighted. NIS entry is equivalent to one 
hospitalization. If a patient is admitted more than once, one patient may contribute multiple entries. 
Finally, inherent database limitations include a lack of disease process-specific variables and coding 
errors without formal validation.

CONCLUSION
This study offers the opportunity to increase our knowledge of the various comorbidities by invest-
igating depression and its clinical correlates as part of the routine clinical monitoring in the outpatient 
clinic setting and, hence, a multimorbidity approach that is more patient-focused. There is an inevitable 
rise in the prevalence of depression in younger patients with IBD-RA combined autoimmune disease 
compared to their counterparts. These patients are also at higher risk of the increased cost of care, 
disability, and poor treatment adherence. It is crucial to educate the involved physicians to identify the 
early signs and symptoms of depression in patients with IBD or RA or IBD-RA combined and treat them 
or have them treated to have a better overall prognosis. As physicians, we can play an important role as 
part of social determinants of health by giving good quality of care. Timely recognition of depression in 
these patients is critical to preventing disability.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel disease (IBD) and rheumatoid arthritis (RA), are found to have a substantial 
societal burden, increased healthcare costs, and progressive disability. Studies suggest that patients with 
vs without depression have a more significant disability, a lower likelihood of remission, and reduced 



Haider MB et al. Depressive disorders in IBD-RA patients

WJCC https://www.wjgnet.com 776 February 6, 2023 Volume 11 Issue 4

adherence to therapy.

Research motivation
The role of the Brain-Gut axis and Brain-Joint axis in the development of depression has been discussed, 
but there is not enough literature demonstrating the combined Brain-Gut-Joint axis.

Research objectives
Our primary aim is to identify a pooled prevalence level and temporal trends of depression in hospit-
alized IBD-RA patients. We aimed to investigate clinical factors associated with depression in these 
patients.

Research methods
All adult hospitalized patients from January 2000 to December 2019 in the nationwide inpatient sample 
were captured. The study population included all patients with a primary or secondary IBD-RA overlap 
disease using corresponding international classification of diseases (ICD)-9 and ICD-10 codes.

Research results
Other factors associated with higher major depressive disorder included younger age, female gender, 
white race, alcohol, opioids, esophageal disorders, peptic ulcer disease, chronic pancreatitis, paralysis, 
dementia, menopausal disorders, obesity, nutritional deficiencies, diabetes mellitus with chronic 
complications, and osteoarthritis.

Research conclusions
There is an inevitable rise in the prevalence of depression in younger patients with IBD-RA combined 
autoimmune diseases. As physicians, we can play an important role in social determinants of health by 
giving good quality care. Timely recognition of depression in these patients is critical to preventing 
disability.

Research perspectives
Our study discusses the clinical data on this combined axis and emphasizes potentially valuable 
strategies for managing these patients. This study will open the door for further research and educate 
the involved physicians to identify the early signs and symptoms of depression in patients with IBD or 
RA or IBD-RA combined and treat them or have them treated to have a better overall prognosis.
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Abstract
BACKGROUND 
Selective laser trabeculoplasty (SLT) is a relatively safe and effective therapy in 
lowering intraocular pressures (IOP) for glaucoma.

AIM 
To study the long-term effects of SLT on IOP and number of glaucoma medica-
tions used in Chinese eyes.

METHODS 
This is a retrospective study in which 75 eyes of 70 patients with open-angle 
glaucoma (OAG, n =36) and eyes with prior glaucoma surgery (PGS, n =39) were 
included. Changes in mean IOP and number of glaucoma medications used 
evaluated at 1 d, 1 wk, 1 mo, 3 mo, 6 mo, 12 mo, and 36 mo after laser treatment.

RESULTS 
All patients (33 male, 37 female) were Chinese. The mean age was 44.34 ± 16.14 
years. Mean pre-SLT IOP was 22.75 ± 2.08 mmHg in OAG and 22.52 ± 2.62 mmHg 
in PGS. Mean IOP was significantly reduced 1 d, 1 wk, 1 mo and 3 mo after laser 
treatment (P < 0.05, respectively). Whereas, there were no significant differences 
between baseline and SLT treated groups at the 6th month both in OAG (P = 0.347, 
P > 0.05) and in PGS (P = 0.309, P > 0.05). Six months after SLT treatment, some 
patients received retreatment of SLT or were given more topical IOP-lowering 
medication to control the IOP. By the end of our study, the average IOP decreased 
to 20.73 ± 1.82 mmHg in OAG and 20.49 ± 1.53 mmHg in PGS groups. The 
number of glaucoma medications used was significantly reduced until the end of 
3 years compared to baseline.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i4.780
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CONCLUSION 
SLT could reduce IOP as adjunctive treatment both in OAG and PGS groups. SLT significantly 
reduced the number of glaucoma medications used 3-years following treatment in glaucoma 
patients.

Key Words: Selective laser trabeculoplasty; Open-angle glaucoma; Intraocular pressure; Prior glaucoma 
surgery; Adjunctive treatment

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

Core Tip: Selective laser trabeculoplasty (SLT) could reduce intraocular pressure as adjunctive treatment 
both in open-angle glaucoma and prior glaucoma surgery groups of patients. SLT significantly reduced the 
number of glaucoma medications used 3-years following treatment in glaucoma patients.
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INTRODUCTION
Selective laser trabeculoplasty (SLT) is a relatively safe and effective therapy in lowering intraocular 
pressures (IOP) for glaucoma which was first described in 1995 by Latina and Park[1]. This is an Nd: 
YAG laser improves aqueous outflow by selectively targeting the pigmented trabecular meshwork (TM) 
cells and presumably does not produce any damage to the microstructure of the TM[2].

SLT could be offered as initial treatment at decreasing IOP for open-angle glaucoma (OAG) and 
ocular hypertension. The Laser in Glaucoma and ocular Hyper Tension (LiGHT) study demonstrated 
that SLT could be offered as a first-line treatment of decreasing IOP without the adverse effects and 
costs of long-term medication use[3]. However, in the LiGHT study, nearly 15% of patients treated with 
SLT required additional IOP lowering interventions within 1 year, and some patients require 
retreatment to maintain IOP lowering[3]. SLT treatment can be particularly helpful for patients with 
poor compliance and drug intolerance[3]. A randomized clinical trial reported that there was no statist-
ically significant difference between the SLT treated group and the drug therapy group after 1 year[4]. 
Ang et al[5] demonstrated that the rate of successful IOP reduction was higher in the medication group 
compared with SLT group at 24 mo. However, SLT did not cause any changes affecting ocular blood 
flow as does tropic intraocular pressure drugs[3]. It has been reported that repeated treatment of SLT 
safely provides significant IOP reductions in OAG through nearly 8 years of follow-up[6].

SLT could be used to reduce the IOP of patients who failed to achieve target IOP after receiving 
maximally tolerated medical therapy (MTMT). Previous studies have demonstrated significant 
reductions in mean IOP and the number of glaucoma medications used in patients who received SLT as 
a secondary treatment after receiving MTM[7]. A 5-year study showed that although the long-term 
decrease of IOP after SLT treatment may not be obvious, the numbers of drug use were reduced[8].

SLT could reduce the uncontrolled intraocular pressure after glaucoma surgery. There are many anti-
glaucoma surgeries including trabeculectomy, Ahmed glaucoma drainage valve, trabeculectomy 
combined with cataract extraction and other surgical methods[9]. In patients with prior glaucoma 
surgery (PGS), the IOP rises again due to glaucoma filtering bleb scar, inflammatory reaction, and other 
reasons. A prospective study reported that the IOP of 18 patients with uncontrolled IOP after trabec-
ulectomy decreased by 24% treated with SLT for 9 mo[10]. Previous studies have also demonstrated that 
two groups of patients with PGS (n =53) and without operation history (n =53), the IOP reduction rates 
were 7.3% and 10.8% respectively after SLT treatment at 6 mo of follow-up (P = 0.42, P > 0.05)[11].

Therefore, our aim was to determine the efficacy of SLT as adjunctive treatment in patients with 
previous incisional glaucoma surgery whose IOP remains or becomes uncontrolled, and the number of 
medications used up to 3 years.

MATERIALS AND METHODS
Outpatients who underwent SLT were reviewed retrospectively at the Department of Ophthalmology, 
Third People's Hospital of Chengdu, Affiliated Hospital of Southwest Jiao Tong University from 
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September 2016 to January 2020. This is a single-center study. During this research, the ethical use of 
human subjects was approved by the Ethics and Research Committee of Chengdu Third People's 
hospital (Approval No. [2022]-S-5). All the patients signed written informed consent.

In our study, 75 consecutive eyes of 70 patients (33 male, 37 female) with OAG (n = 36), and PGS (n = 
39) were enrolled. The information of patients is shown in Table 1.

Inclusion criteria: Age ≥ 18 years, an increased IOP (> 21 mmHg), open atrial angle and scleral 
process can be seen by gonioscopy, OAG diagnostic criteria are met. OAG diagnostic criteria: Glauco-
matous optic nerve damage (cup-to-disc ratio, C/D > 0.5, or difference in the C/D > 0.2), visual field 
defect, mean defect of visual field < -1.00 DB[12]. Inclusion criteria of PGS group: Those diagnosed as 
OAG, who have undergone trabeculectomy, drainage nail implantation, Ahmed glaucoma valve 
implantation or trabeculectomy combined with cataract extraction (Table 2); These patients have been 
treated with MTMT, but fail to reach the target IOP[11]. Exclusion criteria consisted of patients who 
were, unable to have SLT successfully performed, history of uveitis, or lost to follow up before 1 mo. 
Also, patients with other prior major incisional eye surgeries were excluded apart from cataract surgery 
alone.

All patients received SLT more than 1 year after anti-glaucoma surgery. These patients agreed to SLT 
treatment and signed the consent form for laser surgery.

Eyes were pretreated with topical anesthesia of 0.4% obucaine hydrochloride (Benoxil). And Latina 
anterior chamber gonioscope was placed after anesthesia. SLT was performed with a q-switched, 
frequency-doubled 532 nm Nd: YAG laser (selecta duet, Lumenis, Israel) which has a spot size of 400 
μm and pulse duration of 3ns. Nonoverlapping 100 ± 10 Laser spots were applied to 360 degrees of the 
TM. The initial energy level was set at 0.8 mJ. The energy was increased or decreased until cavitation 
bubbles within the TM were just noted. In this study, the therapeutic energy was 0.6-1.2 mJ. 
Pranoprofen eye drops were used as postoperative medications.

Detailed ophthalmic examinations including visual acuity, intraocular pressure, slit lamp microscope, 
gonioscopy, visual field, Optical Coherence tomography for retinal nerve fiber layer thickness, 
funduscopic examination was conducted both before SLT. After SLT, the patients were followed up 
regularly (1 d, 1 wk, 1 mo, 3 mo, 6 mo, 1 year and 3 year). Complications, IOP and C/D were observed 
at each follow-up time point. The IOP was measured by Goldmann applanation in all patients. The 3 
years follow-up were monitored by National Institute for Health and Care Excellence guidance to avoid 
bias in clinical decision-making.

Statistical analysis
SPSS 23.0 (version 23.0; IBM Corporation, Armonk, NY, USA) statistical software was used for statistical 
analysis. The means and standard deviation of IOP at different time points before and after SLT 
treatment was calculated. The paired t-test of two independent samples was used to compare the IOP 
between baseline and post treatment at different time points for statistical analysis; The statistical 
analysis of the number of medications used were analyzed using Wilcoxon signed rank test and tested 
using Generalized Estimating Equations and Poisson regression models. The variables that did not meet 
the normal distribution were analyzed using the Mann Whitney U test. The comparative evaluation of 
treatment effects between and within different types of glaucoma after SLT was tested by analysis of 
variance. The success rate was calculated with Kaplan-Meier survival curve analysis. P < 0.05 was 
considered statistically significant.

RESULTS
In this study, SLT was performed on 75 eyes from 70 OAG patients (33 males and 37 females) included. 
Before SLT treatment, all eyes were given glaucoma medications (1 to 4 drugs). The average age of 
patients receiving SLT was 44.34 ± 16.14 yr (Table 1). The mean IOP before treatment was 22.75 ± 2.08 
mmHg in OAG and 22.52 ± 2.62 mmHg in PGS (Table 3).

The average number of medications used before SLT treatment was 3.39 ± 0.69 in OAG and 2.97 ± 
0.74 in PGS group (Table 4). The course of IOP over the 36 mo of the study is shown in Table 3. 75 eyes 
were followed up for longer than 1 year, and 58 eyes were followed up for more than 3 years.

In the OAG group, IOP began to rise at the 6th month (P = 0.3465, P > 0.05). The mean IOP was 22.59 ± 
2.26 mmHg at the 6th month and there was no significant difference compared to baseline.

Six months after SLT treatment, 6 eyes undertook retreatment of SLT, 4 eyes were given more topical 
IOP-lowering medications to control the IOP in the OAG group.

In the PGS group, there was a statistically significant lower IOP in the study compared with 
pretreatment levels after SLT treatment at all points (P < 0.001; Table 3) except for the 6th month (P 
=0.309, P > 0.05). The average IOP was 21.94 ± 2.11 mmHg at 6 mo and there was no significant 
difference compared to the baseline. At the 6th month, 4 eyes undertook retreatment of SLT and 2 eyes 
were given more topical IOP-lowering medications to control the IOP.

In this retrospective study, there was no statistically significant difference between the OAG and PGS 
groups at all time intervals (P > 0.05; Table 3) except for the 3rd month (P = 0.0039, P < 0.05; Table 3). 
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Table 1 Demographic and clinical characteristics of patients

Characteristics

Age (yr, mean ± SD) 44.34 ± 16.14

Gender

Male (n) 33 (3 both eyes)

Female (n) 37 (2 both eyes)

Diagnosis

OAG (n) 36

PGS (n) 39

Total 75

OAG: Open angle glaucoma; PGS: Prior glaucoma surgery.

Table 2 Type of prior glaucoma surgery group

Type of PGS Trabeculectomy Drainage nail 
implantation

Ahmed glaucoma valve 
implantation

Trabeculectomy combined with cataract 
extraction

Number of 
patients

18 2 4 15

PGS: Prior glaucoma surgery.

Table 3 Evaluation of intraocular pressures and cumulative proportion of selective laser trabeculoplasty success

Groups Baseline 1 d 1 wk 1 mo 3 mo 6 mo 12 mo 36 mo

Eyes (n) 36 36 36 36 36 36 35 28

OAG 22.75 ± 2.08 16.29 ± 3.62 18.97 ± 5.42 18.62 ± 4.39 21.32 ± 2.19 22.59 ± 2.26 20.13 ± 1.8 20.73 ± 1.82

P1 value < 0.0001 0.0005 0.0005 0.0020 0.3465 < 0.0001 0.0009

Cumulative proportion of SLT success (%) 87.13 76.81 68.27 47.66 24.96

Eyes (n) 39 39 39 39 39 39 33 29

PGS 22.52 ± 2.62 16.45 ± 4.16 18.51 ± 5.09 18.80 ± 4.99 19.21 ± 3.82 21.94 ± 2.11 20.28 ± 1.61 20.49 ± 1.53

P1 value < 0.0001 0.0002 0.0002 0.0002 0.3086 < 0.0001 0.0002

Cumulative proportion of SLT success (%) 84.70 67.40 59.39 42.15 27.61

P2 value 0.517 0.785 0.517 0.696 0.006 0.433 0.987 0.594

OAG: Open-angle glaucoma; SLT: Selective laser trabeculoplasty; PGS: Prior glaucoma surgery. P1: Repetitive measure analysis of variance (ANOVA), 
difference of intraocular pressures (IOP) between selective laser trabeculoplasty treatment and baseline group at different time points. P2: One way 
ANOVA, Comparison within groups, difference of IOP between open angle glaucoma and prior glaucoma surgery groups at different time points.

During the first 3 mo of follow-up, the IOP in the PGS group was 18.76 ± 3.92 mmHg and that in the 
OAG group was 21.32 ± 2.19 mmHg. The PGS group had a better and longer effect on IOP than the 
OAG group.

On the Kaplan-Meier survival analysis, the success rates after 1, 3, 6, 12, and 36 mo were 87.13%, 
76.81%, 68.27%, 47.66% and 24.96% in the OAG group, and 84.70%, 67.40%, 59.39%, 42.15% and 27.61% 
in the PGS group, respectively (P = 0.320; Log-rank test) (Figure 1 and Table 3).

Table 4 presented the number of glaucoma medications used. There were no statistical differences on 
the 1st day after SLT treatment compared with the baseline (P = 0.083, P > 0.05). As the ocular spike was 
observed in part of patients at the 1st day after laser treatment, the number of anti-glaucoma drugs were 
not changed. The number of drugs was gradually reduced 1 wk after treated by laser and lasted for 36 
mo.
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Table 4 Number of glaucoma medications used in patients undergoing selective laser trabeculoplasty

Number of 
medications Baseline 1 d 1 wk 1 mo 3 mo 6 mo 12 mo 36 mo

OAG 3.39 ± 0.69 3.31 ± 0.82 2.75 ± 0.5 2.06 ± 0.79 2.19 ± 0.71 2.39 ± 0.64 2.34 ± 0.64 2.5 ± 0.69

P1 value 0.083 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

PGS 2.97 ± 0.74 2.85 ± 0.67 2.51 ± 0.56 1.33 ± 1.28 1.44 ± 1.23 1.77 ± 0.99 1.79 ± 1.02 1.9 ± 0.82

P1 value 0.025 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

P2 value 0.015 0.005 0.048 0.004 0.003 0.006 0.008 0.007

OAG: Open angle glaucoma; PGS: Prior glaucoma surgery. P1: Wilcoxon signed rank test, difference of medication quantity between selective laser 
trabeculoplasty treatment and baseline group at different time points. P2: Mann-Whitney test, Comparison within groups, difference of medication 
quantity between open angle glaucoma and prior glaucoma surgery group at different time points.

Figure 1 A graph revealing the cumulative success rate in selective laser trabeculoplasty using the Kaplan-Meier method. Log Rank (Mantel-
Cox), P = 0.591.

Of the 70 patients, 5 had both eyes treated. Six eyes experienced IOP spikes on the 1st day after SLT. In 
these eyes, the IOP returned to baseline after the appropriate intervention. No other complications after 
SLT therapy occurred in any eye. In the span of 3 years, 10 eyes (12.99%) underwent a repeat SLT, 5 eyes 
(6.49%) underwent glaucoma surgery. At the 6th months point, two patients in the PGS group had been 
excluded because of the progression of visual field, and they underwent glaucoma surgery again.

Conjunctival hyperemia occurred in 56 eyes (72.7%), which disappeared after 1 d. There was an 
anterior chamber reaction in 49 eyes (50.51%). Tyndall (±) ~ (+) in the anterior chamber was observed in 
1 ~ 2 h after SLT and disappeared after 1 wk. A transient IOP elevation (spike) was observed 1 h after 
SLT, IOP ≥ 5 mmHg in 6 eyes (7.79%) and IOP ≥ 1 ~ 4 mmHg in 15 eyes (19.48%).

There were no severe complications in these patients, such as ocular inflammation, hyphemia, 
choroidal effusion, or retinal detachment.
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DISCUSSION
Due to the IOP spike after treatment, the number of drugs used on the 1st day after SLT treatment did 
not decrease. Whereas, on the 1st day after SLT treatment, the IOP was greatly reduced. The difference 
was statistically significant at different time points until the 6th month after SLT treatment. Two 
prospective studies have reported that SLT can effectively reduce IOP 4 years and 6 years after 
treatment in patients who have used the maximum dose of IOP reducing drugs. 44% and 59% of 
patients have at least 20% of an IOP reduction, respectively[6,13]. However, our results showed that the 
action time of SLT lasted about 6 mo. After the 6th month, the IOP of some patients increased again. 
Therefore, at the 6th month after SLT treatment, some patients underwent SLT treatment again or added 
the numbers of anti-glaucoma drugs to control IOP. This result is not consistent with the published 
results, which may be related to race, trabecular meshwork structure or the distribution of trabecular 
meshwork pigment. The effectiveness and safety of SLT was affected by pigmentation of trabecular 
meshwork and laser energy[14].

In our study, the PGS group was included. These patients had a history of previous glaucoma 
surgery, 39 eyes, including 18 eyes after trabeculectomy, 2 eyes after drainage nail implantation, 4 eyes 
after glaucoma valve implantation and 15 eyes after trabeculectomy combined with cataract extraction. 
The chamber angular structure was not changed except for the surgical site in the PGS group, which 
provided the conditions for the SLT treatment. As there was no significant difference in IOP after SLT 
treatment between OAG and PGS groups, the history of glaucoma surgery might have little impact on 
the results of SLT laser treatment. The residual function in the trabecular meshwork pathway still has 
potential to be modulated in a post-surgical eye, which provided the conditions for the SLT treatment.

The energy used was between 0.6-1.2 mJ in our study. High energy laser could cause transient high 
intraocular pressure. For patients with heavy pigmentation in trabecular meshwork, high energy laser 
may lead to continuous IOP[15]. It was reported that SLT with appropriate high energy (1.2-1.5 mJ) can 
effectively reduce IOP in patients with steroid-induced glaucoma[16]. It is also reported that low-energy 
SLT treatment is also effective. The results show that low-energy laser could also effectively reduce IOP 
in OAG patients for 2 years after 360° SLT with initial energy of 0.3 mJ[17]. In the future research, we 
could further analyze the impact on IOP with different laser energy.

Our study shows that SLT could reduce the number of drugs as an adjunctive therapy. Juzych 
reported that in another study of OAG, SLT could effectively reduce IOP and reduce the number of 
drugs used after 5 years[18]. In a prospective randomized controlled study, the number of drugs 
decreased in varying degrees 1, 3 and 5 years after SLT treatment[19]. These results suggest that SLT can 
be used in the treatment of glaucoma patients with poor drug or surgical control.

A limitation of this study is a retrospective study which may have selection bias. It would be a better 
control for this potential selection bias in a prospective study. There are more types of glaucoma that 
could be treated by SLT, such as glaucoma secondary to silicone oil eye after vitrectomy, steroid-
induced glaucoma and so on[16].

CONCLUSION
In summary, SLT may be efficacious in eyes with prior incisional glaucoma surgery and it provides an 
effective treatment option to lower IOP to avoid or postpone subsequent incisional glaucoma 
procedures.

ARTICLE HIGHLIGHTS
Research background
Selective laser trabeculoplasty (SLT) is a relatively safe and effective therapy in lowering intraocular 
pressures (IOP) for glaucoma. SLT could be offered as an initial treatment at decreasing IOP for open-
angle glaucoma (OAG) and ocular hypertension. SLT could be used to reduce the IOP of patients who 
failed to achieve target IOP after receiving maximally tolerated medical therapy. SLT could reduce the 
uncontrolled intraocular pressure after glaucoma surgery.

Research motivation
To find out whether SLT could reduce IOP in patients with prior glaucoma surgery.

Research objectives
Our aim was to determine the efficacy of SLT as adjunctive treatment in patients with previous 
incisional glaucoma surgery whose IOP remains or becomes uncontrolled, and the number of 
medications used up to 3 years.
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Research methods
Outpatients who underwent SLT were reviewed retrospectively at the Department of Ophthalmology, 
Third People's Hospital of Chengdu, Affiliated Hospital of Southwest Jiao Tong University from 
September 2016 to January 2020. 75 consecutive eyes of 70 patients (33 male, 37 female) with OAG (n = 
36), and PGS (n = 39) were enrolled. The IOP was measured both before and after SLT and followed up 
to 3 years.

The means and standard deviations of IOP at different time points before and after SLT treatment 
was calculated. The statistical analysis of the number of medications used were analyzed using the 
Wilcoxon signed rank test. The comparative evaluation of treatment effects between and within 
different types of glaucoma after SLT was tested by the analysis of variance. The success rate was 
calculated with the Kaplan-Meier survival curve analysis.

Research results
The average age of patients receiving SLT was 44.34 ± 16.14 yr (Table 1). The mean IOP before treatment 
was 22.75 ± 2.08 mmHg in the OAG group and 22.52 ± 2.62 mmHg in the PGS group (Table 3). The 
average number of medications used before SLT treatment was 3.39 ± 0.69 in the OAG group and 2.97 ± 
0.74 in the PGS group (Table 4). 75 eyes were followed up for longer than 1 year, and 58 eyes were 
followed up for more than 3 years. There was no statistically significant difference between the OAG 
and PGS groups. The success rates after 1, 3, 6, 12, and 36 mo were 87.13%, 76.81%, 68.27%, 47.66% and 
24.96% in the OAG group, and 84.70%, 67.40%, 59.39%, 42.15% and 27.61% in the PGS group, 
respectively. The number of drugs was gradually reduced 1 wk after being treated by laser and lasted 
for 36 mo.

Research conclusions
SLT could reduce IOP as an adjunctive treatment both in the OAG and PGS groups. The residual 
function in the trabecular meshwork pathway still has potential to be modulated in a post-surgical eye, 
which provided the conditions for the SLT treatment. SLT significantly reduced the number of 
glaucoma medications used 3-years following treatment in glaucoma patients.

Research perspectives
SLT may be efficacious in eyes with prior incisional glaucoma surgery and it provides an effective 
treatment option to lower IOP to avoid or postpone subsequent incisional glaucoma procedures.
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Abstract
BACKGROUND 
Cervical pregnancies, interstitial tubal pregnancies, and cesarean scar preg-
nancies, which are ectopic pregnancies with intrauterine implantation sites exhibit 
increasing trends with the recent widespread use of assisted reproductive techno-
logies and increased rate of cesarean deliveries. The development of high-
sensitivity human chorionic gonadotropin testing reagents and the increased 
precision of transvaginal ultrasonic tomography have made early diagnosis 
possible and have enabled treatment. Removal of ectopic pregnancies using 
methotrexate therapy and/or uterine artery embolization has been reported. 
However, delayed resumption of infertility treatments after methotrexate therapy 
is indicated, and negative effects on the next pregnancy after uterine artery 
embolization have been reported.

AIM 
To examine the efficacy and safety of ultrasound-guided topical absolute ethanol 
injection in ectopic pregnancies with an intrauterine implantation site.

METHODS 
In this study, we retrospectively examined the medical records of 21 patients who 
were diagnosed with an ectopic pregnancy with an intrauterine implantation site 
at our hospital, between April 2010 and December 2018, and underwent tran-
svaginal ultrasound-guided local injections of absolute ethanol to determine the 
treatment outcomes. We evaluated the treatment methods, treatment outcomes, 
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presence of bleeding requiring hemostasis measures and blood transfusion, complications, and 
treatment periods. Successful treatment was defined as the completion of treatment using 
transvaginal ultrasound-guided local injections of absolute ethanol alone.

RESULTS 
There were 21 total cases comprising 10 cervical pregnancies, 10 interstitial tubal pregnancies, and 
1 cesarean scar pregnancy. All patients completed treatment with this method. No massive 
hemorrhaging or serious adverse reactions were observed during treatment. The mean gestation 
ages at the time of diagnosis were 5.9 wk (SD, ± 0.9 wk) for cervical and 6.9 wk (SD, ± 2.1 wk) for 
interstitial tubal pregnancies. The total ethanol doses were 4.8 mL (SD, ± 2.2 mL) for cervical 
pregnancies and 3.3 mL (SD, ± 2.2 mL) for interstitial pregnancies. The treatment period was 28.5 
days (SD, ± 11.7 d) for cervical pregnancies and 30.0 ± 8.1 d for interstitial pregnancies. Positive 
correlations were observed between the blood β- human chorionic gonadotropin level at the 
beginning of treatment and the total ethanol dose (r = 0.75; P = 0.00008), as well as between the 
total ethanol dose and treatment period (r = 0.48; P = 0.026).

CONCLUSION 
Transvaginal ultrasound-guided local injections of absolute ethanol could become a new option 
for intrauterine ectopic pregnancies when fertility preservation is desired.

Key Words: Embryo transfer; Fertility; Fertilization in vitro; Pregnancy complications; Prenatal care; Ectopic 
pregnancy

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

Core Tip: Transvaginal ultrasound-guided local injections of absolute ethanol for ectopic pregnancies such 
as cervical pregnancies, interstitial tubal pregnancies, and cesarean scar pregnancies can preserve the 
uterus without serious adverse reactions. This treatment avoids the complications caused by methotrexate 
therapy and uterine artery embolization. This treatment may become a new treatment option for 
intrauterine ectopic pregnancy when fertility preservation is desired.

Citation: Kakinuma T, Kakinuma K, Matsuda Y, Yanagida K, Ohwada M, Kaijima H. Efficacy of transvaginal 
ultrasound-guided local injections of absolute ethanol for ectopic pregnancies with intrauterine implantation sites. 
World J Clin Cases 2023; 11(4): 788-796
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/788.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.788

INTRODUCTION
Ectopic pregnancy occurs in approximately 1% of all pregnancies and the majority of these are tubal 
pregnancies. Although cervical, interstitial tubal, and cesarean scar pregnancy, which are ectopic 
pregnancies with intrauterine implantation sites, are rare, they have exhibited an increasing trend with 
the recent widespread use of assisted reproductive technologies and the increased rate of cesarean 
delivery[1-3]. Ectopic pregnancies are serious conditions prone to massive hemorrhaging, and surgical 
treatments such as total hysterectomy and focal excision have been the primary standard treatment 
options. However, early diagnosis has become possible with the development of high-sensitivity human 
chorionic gonadotropin (hCG) testing reagents and the increased precision of transvaginal ultrasonic 
tomography, which enable treatment before clinical manifestation. Therefore, uterine preservation for 
the purpose of fertility preservation has become more feasible after early therapeutic intervention. There 
have been reports of ectopic pregnancy removal using methotrexate (MTX) therapy and uterine artery 
embolization (UAE), or a combination of these, when fertility preservation is desired[4-8]. However, for 
patients desiring fertility preservation, MTX therapy is concerning because of the associated delay in 
resumption of infertility treatment to avoid the possibility of decreased ovarian function and the 
necessary washout period[9]. Moreover, increased rates of miscarriage and placenta accreta during the 
next pregnancy have been associated with UAE[10]. Furthermore, MTX administration is often 
unsuccessful when there is fetal heart movement or when the blood hCG value is high[11-14]. 
Additionally, there are concerns that massive hemorrhaging may occur during treatment[15-17]. 
Therefore, it is important to consider the effects of treatment on fertility for those who desire uterine 
preservation and future pregnancies.
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We have previously reported the efficacy and safety of ultrasound-guided topical injection of 
absolute ethanol as an alternative to topical MTX treatment for ectopic pregnancy[18]. Because this 
treatment has a local effect, there is no effect on ovarian function and no need for a washout period, 
which is required with MTX therapy. Moreover, this therapy can help the avoid negative effects on 
subsequent pregnancies that are otherwise associated with UAE.

The purpose of this study was to examine the efficacy and safety of ultrasound-guided topical 
injection of absolute ethanol in ectopic pregnancies with an implantation site within the uterus.

MATERIALS AND METHODS
All procedures performed in studies involving human participants were in accordance with the ethical 
standards of the institutional and/or national research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical standards. This study was approved by the 
International University of Health and Welfare Hospital Ethics Committee (referral number: 21-B-34). 
Written informed consent was obtained from all individual participants included in the study. We 
retrospectively collected and examined the medical records of patients diagnosed with ectopic 
pregnancy with an implantation site within the uterus (interstitial tubal pregnancy, cervical pregnancy, 
cesarean scar pregnancy) and who underwent transvaginal ultrasound-guided local injections of 
absolute ethanol at our hospital from April 2010 to December 2018. Transvaginal ultrasound-guided 
local injections of absolute ethanol were administered after obtaining informed consent from the 
patients.

The diagnostic methods for ectopic pregnancies with intrauterine implantation sites included the 
confirmation of fetal heart movement using transvaginal ultrasonography, evaluation of the blood flow 
around the gestation sac using color Doppler imaging, and performing a β-hCG assay. We evaluated the 
treatment methods, treatment outcomes, presence of bleeding requiring hemostasis measures and blood 
transfusion, complications, and treatment periods. Successful treatment was defined as the completion 
of treatment using transvaginal ultrasound-guided local injections of absolute ethanol alone. The 
treatment period was defined as the time from the initiation of treatment until a negative blood β-hCG 
level (detection sensitivity limit: 1.2 mIU/mL) was confirmed.

Transvaginal ultrasound-guided local injections of absolute ethanol were administered to inpatients, 
and analgesia was administered using a nonsteroidal anti-inflammatory drug suppository or peri-
cervical block 15 min before treatment. Using transvaginal ultrasound guidance, anhydrous ethanol 
(anhydrous ethanol injection, Fuso; Fuso Pharmaceutical Industries, Ltd., Osaka, Japan) was locally 
injected through the myometrium into the guide sheath (GS) periphery of the intrauterine ectopic 
pregnancy site using a 21-gauge oocyte collection needle (KITAZATO OPU NEEDLE; Kitazato 
Corporation, Tokyo, Japan). Absolute ethanol was locally injected in the site, where the GS peripheral 
blood flow was confirmed using the transvaginal ultrasound color Doppler method, until blood flow 
was interrupted and the GS periphery changed to a highly echoic image (Figure 1). When the blood β-
hCG level at 2 h after local ethanol injection exhibited a 10% to 30% decrease compared to that before 
treatment, the treatment was deemed effective. Additionally, when the blood β-hCG level had 
decreased after transvaginal ultrasound-guided local injections of absolute ethanol but increased again 
at a later date, an inadequate response was considered; thereafter, additional local injections of absolute 
alcohol were administered at a suitable time. The blood β-hCG level was measured using the chemilu-
minescent immunoassay method (CLIA method; Abbott Japan LLC, Chiba, Japan).

Continuous variables are presented as the mean ± standard deviation (SD). To investigate the correl-
ations among the blood β-hCG level at the beginning of treatment, the treatment period, and the total 
absolute ethanol dose, Pearson’s product-moment correlation coefficient was derived (Microsoft Excel 
2019; Microsoft, Redmond, WA, United States) and P < 0.05 was considered significant.

RESULTS
There were 21 total cases comprising 10 cervical pregnancies, 10 interstitial tubal pregnancies, and 1 
cesarean scar pregnancy (Table 1). All these cases were treated with transvaginal ultrasound-guided 
local injections of absolute ethanol. The mean patient age for those with cervical pregnancies was 37.4 
years (SD, ± 3.9 years). The mean patient age for those with interstitial tubal pregnancies was 36.4 years 
(SD, ± 5.5 years). Of the women with cervical pregnancies, eight were nulliparous and two were parous. 
Nine of the 10 women with interstitial tubal pregnancies were nulliparous. Of the 10 cervical 
pregnancies, 8 (80%) were attributable to in vitro fertilization with embryo transfer. Seven (70%) of the 
10 interstitial tubal pregnancies were attributable to in vitro fertilization with embryo transfer. The mean 
gestation ages at the time of diagnosis were 5.9 wk (SD, ± 0.9 wk) for cervical pregnancies and 6.9 wk 
(SD, ± 2.1 wk) for interstitial tubal pregnancies. The blood β-hCG levels at the beginning of treatment 
were 13352.0 mIU/mL (SD, ± 8004.1 mIU/mL) for cervical pregnancies and 7485.7 mIU/mL (SD, ± 
9647.8 mIU/mL) for interstitial pregnancies. Fetal heart movement was observed during two of the 
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Table 1 Patient background

Case Implantation 
site

Age, 
yr

Pregnancies, 
no.

Live 
birth, 
no.

Gestation 
age at 
diagnosis

Fetal 
heartbeat

Blood β-
hCG 
(mIU/mL) 
at the 
beginning 
of 
treatment

Blood β-
hCG 
(mIU/mL) 
at the 
final 
visit

Local 
ethanol 
injections, 
no.

Total 
ethanol 
dose, 
mL

Treatment 
period, d

1 Cervix 32 2 0 IVF-ET Week 5 
Day 0

- 17760 < 1.2 3 5 51

2 Cervix 37 1 0 IVF-ET Week 5 
Day 6

- 20795 < 1.2 1 4.8 16

3 Cervix 36 0 0 Spontaneous 
pregnancy

Week 6 
Day 5

- 12585 < 1.2 3 6.8 39

4 Cervix 36 1 1 IVF-ET Week 6 
Day 1

- 2326 < 1.2 2 3 36

5 Cervix 39 0 0 IVF-ET Week 5 
Day 1

- 6480 < 1.2 2 4 19

6 Cervix 35 1 0 IVF-ET Week 5 
Day 2

- 4835 < 1.2 1 3.2 22

7 Cervix 39 1 0 IVF-ET Week 5 
Day 5

+ 16346 < 1.2 3 10 39

8 Cervix 41 1 0 IVF-ET Week 5 
Day 3

- 7807 < 1.2 1 2 22

9 Cervix 33 1 1 Spontaneous 
pregnancy

Week 7 
Day 6

+ 26930 < 1.2 1 5 21

10 Cervix 37 1 0 IVF-ET Week 5 
Day 3

- 19356 < 1.2 2 4.5 20

11 Fallopian 
tube 
interstitium

41 0 0 IVF-ET Week 8 
Day 2

- 2384 < 1.2 4 4.7 28

12 Fallopian 
tube 
interstitium

35 3 0 IVF-ET Week 6 
Day 1

- 853 < 1.2 1 0.6 16

13 Fallopian 
tube 
interstitium

39 1 0 IVF-ET Week 5 
Day 4

- 2933 < 1.2 3 4 24

14 Fallopian 
tube 
interstitium

37 3 0 IVF-ET Week 7 
Day 0

- 1170 < 1.2 2 1.5 26

15 Fallopian 
tube 
interstitium

36 0 0 IVF-ET Week 7 
Day 3

- 2198 < 1.2 4 4.9 30

16 Fallopian 
tube 
interstitium

25 0 0 Spontaneous 
pregnancy

Week 12 
Day 0

- 2420 < 1.2 2 1.5 26

17 Fallopian 
tube 
interstitium

38 2 0 IVF-ET Week 7 
Day 0

- 11147 < 1.2 3 3.6 31

18 Fallopian 
tube 
interstitium

33 1 0 Spontaneous 
pregnancy

Week 5 
Day 2

- 6715 < 1.2 3 4.6 45

19 Fallopian 
tube 
interstitium

34 0 0 Spontaneous 
pregnancy

Week 5 
Day 1

- 12836 < 1.2 1 1.3 36

20 Fallopian 
tube 
interstitium

46 2 1 IVF-ET Week 5 
Day 3

- 32201 < 1.2 3 8 38
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21 Cesarean 
delivery scar

35 1 1 Spontaneous 
pregnancy

Week 7 
Day 1

+ 91798 < 1.2 3 12 41

IVF-ET: In vitro fertilization – embryo transfer; hCG: human chorionic gonadotropin.

Figure 1 Transvaginal ultrasonography findings (case 11: interstitial tubal pregnancy) and transvaginal ultrasonography findings after 
local injections of absolute ethanol. A: Although a 20-mm gestation sac was observed in the interstitial portion of the left fallopian tube separated from the 
endometrium, no fetal heartbeat was observed; B: Absolute ethanol local injection site using a 21-gauge oocyte collection needle. Local absolute ethanol injections 
were performed in the guide sheath periphery of the interstitial tubal pregnancy site using transvaginal ultrasound guidance.

cervical pregnancies and one cesarean scar pregnancy. For cervical pregnancies, 1.9 (SD, ± 0.9) 
transvaginal ultrasound-guided local injections of absolute ethanol were administered. For interstitial 
pregnancies, 2.6 (SD, ± 1.1) transvaginal ultrasound-guided local injections of absolute ethanol were 
administered. The total ethanol doses were 4.8 mL (SD, ± 2.2 mL) for cervical pregnancies and 3.3 mL 
(SD, ± 2.2 mL) for interstitial pregnancies. The treatment period was 28.5 d (SD, ± 11.7 d) for cervical 
pregnancies; for interstitial pregnancies, it was 30.0 ± 8.1 d. Positive correlations were observed between 
the blood β-hCG level (mIU/mL) at the beginning of treatment and the total ethanol dose (r = 0.75; P = 
0.00008), as well as between the total ethanol dose and the treatment period (r = 0.48; P = 0.026). No 
correlation was observed between the blood β-hCG level (mIU/mL) at the beginning of treatment and 
the treatment period (r = 0.31; P = 1.41).

No massive hemorrhaging occurred during observation, and no patients required blood transfusions. 
Additionally, no complications attributable to this treatment were observed. Menses resumed for all 
women after treatment. Furthermore, case 1 achieved spontaneous pregnancy 5 mo after undergoing 
ultrasound-guided local injections of absolute ethanol. The course of her pregnancy was normal, the 
placental attachment site was problem-free, and normal delivery occurred at 41+0 wk of gestation. 
There was no abnormal postpartum bleeding and the postpartum course was good.

DISCUSSION
In this study, we studied the efficacy and safety of transvaginal ultrasound-guided local injections of 
absolute ethanol as a new conservative treatment for ectopic pregnancy with an implantation site within 
the uterus.

Although cervical pregnancy, interstitial tubal pregnancy, and cesarean scar pregnancy, which are 
ectopic pregnancies with intrauterine implantation sites, are serious conditions prone to massive 
hemorrhaging, early diagnosis has become possible with the development of high-sensitivity hCG 
testing reagents and the increased precision of transvaginal ultrasonic tomography. However, there is 
no consensus regarding uterus-preserving treatments for ectopic pregnancies when the attachment site 
is within the uterus.

MTX therapy is associated with the possibility of decreased ovarian function and delayed resumption 
of infertility treatment because of the washout period[9]. Therefore, MTX therapy has possible negative 
effects on fertility preservation. An investigation on oocyte yields before and after MTX therapy for 35 
cervical pregnancy patients with a history of MTX therapy reported that the oocyte yield of in vitro 
fertilization was 7.8 (SD, ± 3.6) after treatment; however, it was 10.1 (SD, ± 3.9) before treatment[9]. 
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Therefore, MTX therapy was considered to reduce the oocyte yield. This reduction in oocytes was 
associated with a subsequent decrease in the number of eggs collected[9]. Therefore, the possible 
negative effects of MTX treatment on the ovaries must be considered for women who desire future 
pregnancies.

Additionally, because a washout period is necessary when MTX is used, a contraception period of 4 
to 6 mo postoperatively is recommended[19,20] before infertility therapy can be resumed. Most of the 
cases that have been studied involved pregnancy as a result of in vitro fertilization. Therefore, a 
treatment method that enables early resumption of infertility treatments is desirable because the 
patients are often of advanced age. Furthermore, it has been reported that MTX administration is often 
unsuccessful when there is either fetal heart movement or high blood hCG values[11-14], and there are 
concerns that massive hemorrhaging may occur during treatment[15-17].

Complications after UAE include fever, pain, endometriosis, intrauterine adhesions, uterine necrosis, 
and reduced ovarian function[21-23]. Regarding postoperative fertility, Hardeman et al[24] studied 14 of 
53 patients who had undergone UAE for obstetrical bleeding and desired to become pregnant and 
reported that 12 were able to achieve pregnancy and live birth. Therefore, fertility after UAE is 
considered relatively good. However, pregnancies after UAE are affected by significantly increased 
rates of miscarriage, postpartum hemorrhage, premature birth, and malpresentation; furthermore, 
intrauterine growth restriction has been observed after UAE[10]. Therefore, careful management during 
the perinatal period is necessary for pregnancies after UAE.

In this study, we performed transvaginal ultrasound-guided local injections of absolute ethanol as an 
alternative to MTX therapy and UAE. We previously reported the efficacy and safety of this treatment 
method for ectopic pregnancy[18]. This treatment method involves local injections of absolute ethanol 
into the GS periphery of the pregnancy site under ultrasonic guidance. The therapeutic effect of absolute 
ethanol can be judged within a shorter time than that of MTX therapy because it is possible to confirm a 
blood hCG decrease of 10% to 30% at 2 h after local injection. Absolute ethanol is thought to dewater 
and denature the chorionic tissue, resulting in acute tissue changes that reduce the blood hCG within a 
short time. Therefore, among the cases that we have studied, transvaginal ultrasound-guided local 
injections of absolute ethanol have been considered effective even with high blood hCG levels and fetal 
heart movement, which cannot be successfully treated with MTX therapy. Additionally, because 
transvaginal ultrasound-guided local injections of absolute ethanol did not result in massive 
hemorrhaging, it was surmised that hemostatic action is involved; therefore, it is likely an effective 
treatment for intrauterine ectopic pregnancies accompanied by genital bleeding, even when fertility 
preservation is desired. Additionally, because of the characteristics of absolute ethanol, including its low 
probability of associated infection, it is effective for transvaginal procedures. Moreover, because a fine-
gauge needle is used, there is little blood loss and pain, and general anesthesia is unnecessary. Because 
absolute ethanol is less expensive than MTX, there are fewer economic burdens on the patients. When 
repeated administration is required for persistent trophoblastic disease, local treatment with absolute 
ethanol is suitable because it produces a local effect, whereas anticancer drugs such as MTX produce 
adverse reactions. Multiple local injections of absolute ethanol were administered for persistent tropho-
blastic disease among 15 of the cases examined, and no adverse reactions attributable to this treatment 
were observed.

Although we observed a cervical pregnancy after spontaneous conception and normal delivery after 
this treatment among our target cases, few reports have described the pregnancy prognosis and uterine 
preservation for those who desire to have children and have experienced an intrauterine ectopic 
pregnancy. No consensus has been reached regarding such cases. Pregnancy and delivery courses were 
recorded for women with cervical pregnancies who desired pregnancy and fertility-preserving 
treatment and underwent MTX therapy and UAE[17,25-29]. Of the 110 women examined, approx-
imately half (n = 51) wished to become pregnant; of those 110 women, 32 (62.7%) became pregnant and 
22 (43.1%) achieved live birth[17,25-29]. Although the background characteristics of the individual 
women differed, approximately half became pregnant; therefore, it is important to proactively study 
conservative treatments for cervical pregnancies of women who desire fertility preservation. 
Additionally, there have been reports of an increased risk of uterine rupture during pregnancies after 
surgical treatment of the pregnancy site of interstitial tubal pregnancies[30-32]. Therefore, conservative 
treatments are thought to be highly significant from the perspective of fertility preservation. For women 
who have undergone treatment for cesarean scar pregnancies, approximately half became pregnant 
after cesarean scar pregnancy treatment, and their outcomes varied. Although some women have 
achieved live birth by cesarean delivery at full term, others experienced another cesarean scar 
pregnancy, stillbirth, or maternal death caused by uterine rupture even though implantation occurred in 
the uterine body, and some required a total hysterectomy because of massive hemorrhaging caused by 
placenta accreta[7,33]. During pregnancy management after cesarean scar pregnancy treatment, careful 
examination is necessary during early pregnancy. Even in cases of normal pregnancy, it may be 
necessary to be cautious of uterine rupture and placenta accreta.

Since intrauterine ectopic pregnancy is a relatively rare disease, further examination of an 
accumulated number of cases and long-term follow-up after transvaginal ultrasound-guided local 
injections of absolute ethanol are required. There are many unknowns regarding the effects of fertility 
preservation treatments on future pregnancies. Therefore, investigations of the treatment methods used 
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for intrauterine ectopic pregnancies and long-term follow-up are necessary.

CONCLUSION
Transvaginal ultrasound-guided local injections of absolute ethanol for ectopic pregnancies with an 
intrauterine implantation site can preserve the uterus without serious adverse reactions. This treatment 
method avoids the complications caused by MTX therapy and UAE. Therefore, it may become a new 
treatment option for intrauterine ectopic pregnancy when fertility preservation is desired.

ARTICLE HIGHLIGHTS
Research background
Ectopic pregnancy at cervical pregnancy, caesarean scar pregnancy, and interstitial pregnancy are rare; 
therefore, it is challenging to say that a standard treatment has been established.

Research motivation
Removal of ectopic pregnancies using methotrexate therapy and/or uterine artery embolization has 
been reported. However, delayed resumption of infertility treatments after methotrexate therapy is 
indicated, and negative effects on the next pregnancy after uterine artery embolization have been 
reported. To avoid these problems, we will establish a new treatment method for Cervical pregnancies, 
interstitial tubal pregnancies, and cesarean scar pregnancies, which are ectopic pregnancies with 
intrauterine implantation sites.

Research objectives
The purpose of this study was to examine the efficacy and safety of ultrasound-guided topical injection 
of absolute ethanol in ectopic pregnancies with an implantation site within the uterus.

Research methods
We retrospectively examined the medical records of 21 patients who were diagnosed with an ectopic 
pregnancy with an intrauterine implantation site at our hospital, between April 2010 and December 
2018, and underwent transvaginal ultrasound-guided local injections of absolute ethanol to determine 
the treatment outcomes. We evaluated the treatment methods, treatment outcomes, presence of 
bleeding requiring hemostasis measures and blood transfusion, complications, and treatment periods.

Research results
All patients completed treatment with transvaginal ultrasound-guided local injections of absolute 
ethanol. No massive hemorrhaging or serious adverse reactions were observed during treatment.

Research conclusions
Transvaginal ultrasound-guided local injections of absolute ethanol could become a new option for 
intrauterine ectopic pregnancies when fertility preservation is desired.

Research perspectives
Ectopic pregnancy at cervical pregnancy, caesarean scar pregnancy, and interstitial pregnancy are rare; 
therefore, it is challenging to say that a standard treatment has been established. Transvaginal 
ultrasound-guided local injections of absolute ethanol for ectopic pregnancies such as cervical 
pregnancies, interstitial tubal pregnancies, and cesarean scar pregnancies can preserve the uterus 
without serious adverse reactions. This treatment avoids the complications caused by methotrexate 
therapy and uterine artery embolization. This treatment may become a new treatment option for 
intrauterine ectopic pregnancy when fertility preservation is desired.
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Abstract
BACKGROUND 
Lactose intolerance (LI) is commonly seen in East Asian countries. Several studies 
showed that lactose or milk loading has been used as a treatment for lactose 
malabsorption (LM) in Western countries, but there have been no reports 
regarding this type of treatment in Japan. As lactose or milk loading requires 
ingestion of large amounts of lactose within a short period, this is considered to be 
too harsh for Japanese people because of their less habitual milk consumption 
(175 mL per day in average) than Western people. In this study, we demonstrated 
lactose tolerance acquisition in a suitable way for Japanese.

AIM 
To examine the efficacy of lactose (cow’s milk) loading treatment in patients with 
LM.

METHODS 
Individuals with abdominal symptoms induced by milk or dairy products (LI 
symptoms) were identified with a questionnaire. A 20 g lactose hydrogen breath 
test (LHBT) was carried out to confirm LM diagnosis and to evaluate co-existence 
of small intestinal bacterial overgrowth (SIBO). Respondents diagnosed with LM 
were selected as study subjects and were treated with incremental loads of cow’s 
milk, starting from 30 mL and increasing up to 200 mL at 4-7 d intervals. After the 
treatment, changes in symptoms and LM diagnostic value of 20 g LHBT were 
investigated. Stool samples pre- and post-treatment were examined for changes in 
intestinal microbiota using 16S rRNA sequencing. Informed consent was obtained 

https://www.f6publishing.com
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mailto:hasegawa.matsuri@twmu.ac.jp


Hasegawa M et al. Therapy of lactose intolerance

WJCC https://www.wjgnet.com 798 February 6, 2023 Volume 11 Issue 4

prior to each stage of the study.

RESULTS 
In 46 subjects with LI symptoms (10-68 years old, mean age 34 years old) identified with the 
questionnaire, 35 (76.1%) were diagnosed with LM by 20 g LHBT, and 6 had co-existing SIBO. The 
treatment with incremental cow’s milk was carried out in 32 subjects diagnosed with LM (14-68 
years old, median age 38.5 years old). The mean period of the treatment was 41 ± 8.6 d. Impro-
vement of symptoms was observed in 29 (90.6%; 95% confidence interval: 75.0%-98.0 %) subjects. 
Although 20 g LHBT indicated that 10 (34.5%) subjects had improved diagnostic value of LM, no 
change was observed in 16 (55.2%) subjects. Analysis of the fecal intestinal microbiota showed a 
significant increase in Blautia in 7 subjects who became symptom-free after the treatment (P = 
0.0313).

CONCLUSION 
LM was diagnosed in approximately 75% of the subjects who had LI. Incremental loads of cow’s 
milk is regarded as a useful treatment for LM without affecting everyday life.

Key Words: Lactose Intolerance; Lactose Malabsorption; lactose loading treatment; Intestinal bacterial flora; 
Fecal microbiota

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

Core Tip: The incidence of lactose malabsorption (LM) is high in East Asians such as Japan. Colonic 
adaptation by daily consumption of milk or lactose has been known as a method to treat LM, reducing 
symptoms of lactose intolerance (LI). However, reports regarding such treatment have not been found in 
Japan. In this study, we clarified the prevalence of LM diagnosed among the Japanese patients who had LI 
symptoms, and evaluated the efficacy of incremental loads of cow’s milk as a treatment for LM without 
affecting everyday life.

Citation: Hasegawa M, Okada K, Nagata S, Sugihara S. Efficacy of incremental loads of cow’s milk as a treatment 
for lactose malabsorption in Japan. World J Clin Cases 2023; 11(4): 797-808
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/797.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.797

INTRODUCTION
Self-reported lactose intolerance (LI) affects approximately 45% of the Japanese population, according to 
a survey in 2015[1]. The average daily milk consumption by Japanese people was found to be around 
175 mL, indicating less habitual milk consumption than that of Western countries, in spite of the 
nutritional benefit[2]. Current adjuvant treatment for lactose intolerance is self-administration of 
commercialized lactose-degrading enzyme before consuming milk or dairy products, yet its effect has 
been limited. Literature from other countries reported that colonic adaptation by daily milk or lactose 
consumption reduced LI symptoms in patients who also suffered lactose malabsorption (LM)[3], but 
patients who underwent this treatment were required to ingest large volumes of milk within a short 
period, which is considered to be too harsh for Japanese.

On the contrary, the abdominal symptoms can also be induced by psychological conditions, which 
should be ruled out from the lactose-induced symptoms[4,5]. To resolve this issue, LM is diagnosed 
non-invasively by the lactose hydrogen breath test (LHBT). In order to distinguish psychogenic 
symptoms, a single-blind comparative study (SBCS) was conducted on subjects with self-reported LI, as 
well as LHBT to diagnose LM. For subjects diagnosed with LM, lactose tolerance acquisition treatment 
is conducted in a suitable way for Japanese, followed by the assessment of the treatment efficacy.

As other studies have reported intestinal microbiota changes when clinical symptoms are alleviated 
by daily milk intake[6], the analysis of the intestinal microbiota was also conducted to assess the 
changes before and after the treatment.

https://www.wjgnet.com/2307-8960/full/v11/i4/797.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.797
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MATERIALS AND METHODS
Subjects 
A questionnaire survey was undertaken by Japanese people aged between 10 and 70 years to identify 
subjects with abdominal symptoms due to cow’s milk and dairy products consumption. The 
questionnaire asked for the amount of milk and dairy products that caused abdominal symptoms and 
the severity of the symptoms, and people with milk allergy or other underlying diseases were excluded 
from the study (Figure 1).

This study was approved by the Tokyo Women's Medical University Ethics Committee. Informed 
consent was obtained from subjects prior to beginning each stage of the study.

Clinical examinations 
Diagnostic studies: A 200 mL SBCS was conducted in order to identify abdominal symptoms caused by 
cow’s milk (Study A), and 20 g LHBT was performed to diagnose LM in these subjects (Study B). Study 
A and Study B were carried out separately, with a minimum 1-wk interval.

Study A (200 mL SBCS): Lactose-reduced milk (LRM) (containing approximately 1.9 g of lactose/200 
mL) and general milk (GM) (unadjusted milk: Containing approximately 9.8 g of lactose/200 mL), were 
used as the test materials of the study. The subjects started from ingesting 200 mL of the test material 
(LRM or GM) after fasting, and abdominal symptoms, including bloating, abdominal pain, borborygmi, 
gas, and diarrhea, were recorded for up to 3 h after the intake. Symptom severity was recorded and 
classified into five grades, using visual analog scales (0: Absence; 1: Trivial; 2: Mild; 3: Moderate; 4: 
Severe).

These two trial tests were separately performed with an at least 1-wk interval. Outcomes of this study 
were evaluated and classified into three groups based on the characteristic of symptoms as follows: (1) 
More obvious symptoms induced by GM than with LRM; (2) symptoms induced by LRM or unclear 
difference between the two materials (unevaluable group); and (3) no symptoms induced by either 
material.

Study B (lactose challenge test: 20 g LHBT): The subjects were requested to fast overnight, at least 5 h 
prior to the lactose challenge. At the start of LHBT, the subject exhaled into a gas collection bag, 
followed by ingestion of 20 g lactose dissolved in approximately 150 mL of water. Breath samples were 
then collected at 30-min intervals for 3 h (7 times in total). Abdominal symptom severity was recorded 
during the test. The breath hydrogen concentration was measured by using MicroLyzer 12i (QuinTron 
Inst. Co. Inc., United States).

The diagnostic criterion for LM was set as 20 ppm or more hydrogen level from the baseline. In 
addition, diagnostic evaluation of small intestinal bacterial overgrowth (SIBO) was considered to 
indicate that the elevated breath hydrogen concentration and abdominal symptoms coexisted within 60 
min from the start of the test.

Stool collection for analysis of intestinal microbiota: Stool samples were collected from the subjects 
before and after the treatment to evaluate changes in the intestinal microbiota. The stool samples were 
appropriately stored frozen until DNA extraction and microbiota profiling by sequencing the V4 region 
of the 16S rRNA[7], which was performed by Bioengineering Lab. Co., Ltd. An increase or decrease of 
intestinal microbiota population change before and after the treatment was evaluated by comparing 
each bacterium occupancy rate out of total bacteria.

Treatment method for LM: Incremental loads of cow’s milk
The subjects identified with LM were requested to start the treatment immediately after completing the 
diagnostic studies. Subjects began taking 30 mL of general milk around the same time every day on an 
empty stomach, and the amount of milk was gradually increased by 30 mL after 4-7 d. If they were 
anxious about abdominal symptoms, they were allowed to maintain the same volume up to 7 d. During 
the treatment period, subjects were required to record their general conditions, amount of milk ingested, 
and symptoms. Subjects were instructed to avoid taking any other milk or dairy products on an empty 
stomach, except for the milk supplied for the study, otherwise dairy products were allowed in small 
amounts during or after meals. Throughout the treatment, subjects were also instructed to avoid taking 
confounding medicines such as antibiotics, probiotics, prebiotics, antidiarrheal agents, and intestinal 
regulators.

All subjects were informed about LM treatment protocol and consent was obtained prior to starting 
the treatment. Participants were also given the right to withdraw from the study at any time.

Doctors (authors) routinely monitored the progress of each subject fortnightly during the treatment 
period via phone or e-mail correspondence. Study participants were obliged to report any decline in 
their physical condition and follow care instructions from the physician where needed.

After the subjects succeeded in taking 200 mL of milk for more than 4 d, a final examination was 
conducted to evaluate the efficacy of the treatment, described as below.
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Figure 1 Questionnaire form to persons who recognize abdominal symptoms due to intake of milk and dairy products. The questionnaire 
asks for the frequency and severity of LI symptoms, milk allergy, or other underlying diseases. There is also a brief introduction of our study to the subjects.

Evaluation of therapeutic effect of incremental cow’s milk treatment 
The subjects were requested to return their completed questionnaire to their doctor after the completion 
of the treatment. Degree of symptom improvement after the treatment was rated as follows: 0: No 
symptoms; 1: Trivial symptoms; 2: Mild symptoms but improved; 3: Moderate symptoms but improved, 
and 4: No improvement. Capable volume of milk tolerated without anxiety about abdominal symptoms 
was also rated: 1: Up to 50 mL; 2: Up to 100 mL; 3: Up to 150 mL; 4: Up to 200 mL.

Final examinations immediately after the treatment
After completion of the treatment, 20 g LHBT was performed to examine changes in lactose tolerance 
before and after the treatment.

In addition, stool was also collected at the end of the study from participants, in order to identify 
changes in the intestinal microbiota by methods described previously.

Statistical analysis
Values were presented as mean ± standard deviation (SD). Fisher's exact test, paired t-test, or Wilcoxon 
test was applied wherever appropriate. A two-sided P value of < 0.05 was considered statistically 
significant. Logistic regression analysis was also applied to the 95% confidence interval (CI). All 
statistical analyses were performed using JMP.

RESULTS
Subjects
Following the questionnaire survey conducted between July 2017 and December 2019 regarding 
abdominal symptoms caused by lactose consumption, 55 subjects were recruited and 9 subjects were 
excluded according to the exclusion criteria, some of whom refused to participate to this study 
(Figure 2). Hence, 46 subjects aged 10-68 years (mean age: 34.0 years; males/females: 16/30) 
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Figure 2 Flowchart of participant recruitment and study processes. A questionnaire survey was conducted on 55 participants, and 20 g lactose 
hydrogen breath test was performed on 46 subjects who were assumed to have lactose intolerance symptoms. Thirty-five subjects were diagnosed with lactose 
malabsorption, of which 32 underwent and completed the treatment study without dropping out. LM: Lactose malabsorption.

participated in the study upon informed consent.
The amount of milk at which the subjects recognized abdominal symptoms during their daily lives 

was found to be: 100 mL in 9 (19.6%) subjects, 150 mL in 4 (8.7%), 200 mL in 19 (41.3%), and 250 mL or 
more in 7 (15.2%). Five (10.9%) subjects did not answer as they were avoiding milk consumption. The 
remaining 2 (4.3%) subjects had abdominal symptoms induced by other dairy products, such as fresh 
cream.

Results of clinical examination
Diagnostic studies: For study A, namely, 200 mL single-blind comparative study (200 mL SBCS), the 
results consisted of: (1) More obvious symptoms induced by general milk than lactose-reduced milk 
(tested positive) in 22 (47.8%) subjects; (2) unevaluable symptoms in 20 (43.5%) subjects (symptoms 
induced by lactose-reduced milk in 16 subjects and unclear difference between two materials in 4); and 
(3) no symptoms induced by either material (tested negative) in 4 subjects (8.7%) (Figure 3). For study B 
(diagnosis with LM from 20 g LHBT and evaluation of SIBO), 35 (76.1%) out of 46 subjects were 
diagnosed with LM. Moreover, abdominal symptoms appeared at early stage (within 60 min from the 
start of the test) in 6 out of 35 subjects, suggesting that SIBO correlated with the rise of breath-hydrogen.

Furthermore, the reliability of the LM diagnosis by SBCS was also assessed. Setting the LM diagnosis 
by 20 g LHBT as the gold standard, the diagnosis precision by SBCS was 80.8% (sensitivity 86.4%, 
specificity 50.0%).

Characteristics seen in LHBT among the group of unevaluable subjects classified based on the result 
of SBCS: The onset of abdominal symptoms during the LHBT in the unevaluable group was invest-
igated, and the results are summarized in Tables 1 and 2.

Abdominal symptoms appeared within 30 min after lactose ingestion (early onset of symptoms) in 9 
(64.3%) out of 14 unevaluable subjects diagnosed with LM (tested positive in LHBT) (Table 1). On the 
other hand, early onset of symptoms was found in 5 (83.3%) out of 6 unevaluable subjects diagnosed 
with non-LM (tested negative in LHBT) (Table 2). Overall, 14 (70.0%) out of 20 subjects in the 
unevaluable group had early onset of abdominal symptoms from LHBT.

Results of treatment with incremental loads of milk for LM 
The treatment study was conducted on 32 out of 35 subjects who received a definitive diagnosis of LM, 
after excluding 3 subjects: 2 subjects were regarded as inappropriate and 1 did not agree to the informed 
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Table 1 Relation between results of the two tests: 200 mL single-blind comparative study and 20 g lactose hydrogen breathe test 
(LHBT) in LHBT positive subjects (n = 35)

SBCS Time of abdominal symptom onset during LHBT (min)

Result n 0 30 60 90 120 150 180 No appearance

Positive 19 1 7 6 1 1 3

Unevaluable 14 9 1 2 1 1

Negative 2 1 1

Total 35 1 17 7 3 2 3 2

SBCS: 200 mL single-blind comparative study. LHBT: 20 g lactose hydrogen breathe test. Positive: More obvious symptoms induced by general milk than 
by lactose-reduced milk. Unevaluable: Symptoms induced by lactose-reduced milk, or unclear difference between the two materials. Negative: No 
symptoms induced by either material. LHBT: Lactose hydrogen breathe test; SBCS: Single-blind comparative study.

Table 2 Relation between results of the two tests: 200 mL single-blind comparative study and 20 g lactose hydrogen breathe test 
(LHBT) in LHBT negative subjects (n = 11)

SBCS Time when symptoms appeared during LHBT (min)

Result n 0 30 60 90 120 150 180 No appearance

Positive 3 1 1 1

Unevaluable 6 5 1

Negative 2 1 1

Total 11 6 2 3

SBCS: 200 mL single-blind comparative study. LHBT: 20 g lactose hydrogen breathe test. Positive: More obvious symptoms induced by general milk than 
by lactose-reduced milk. Unevaluable: Symptoms induced by lactose-reduced milk, or unclear difference between the two materials. Negative: No 
symptoms induced by either material. LHBT: Lactose hydrogen breathe test; SBCS: Single-blind comparative study.

consent.
The age distribution was 14-68 years, with a median age of 38.5 years (males: females = 8:24). The 

treatment period was 29-66 d (mean 41 ± 8.6 d). All 32 subjects were compliant with the treatment 
regimen and completed the study schedule.

Evaluation of symptom improvement: After the treatment, "no symptoms", "trivial symptoms", "mild 
symptoms but improved", "moderate symptoms but improved", and "no improvement" indicated in 7 
(21.9%), 9 (28.1%), 8 (25.0%), 5 (15.6%), and 3 subjects (9.4%), respectively (Figure 4). Thus, symptoms 
were estimated to have improved in 29 (90.6%; 95%CI: 75.0%-98.0%) out of 32 subjects in total.

Volume of milk which could be tolerated without anxiety of abdominal symptoms was classified into 
3 capacity volumes: 200 mL in 15 (51.8%) subjects, 150 mL in 7 (24.1%), and 100 mL in 7 (24.1%).

Comparison of diagnostic values for LM by 20 g LHBT before and after the treatment: Therapeutic 
effect was also evaluated by using objective data of LHBT on 29 subjects who showed symptom 
improvement (Figure 5). Changes were defined based on 15 ppm difference in diagnostic value before 
and after the treatment.

A decrease of more than 15 ppm was seen in 10 (34.5%) subjects, indicative of an improvement after 
the treatment. An increase of more than 15 ppm was observed in 3 (10.3%) subjects, whereas a difference 
of 15 ppm or less, meaning no change, was seen in 16 (55.2%) subjects.

Result of intestinal microbial analysis before and after the treatment
Fecal microbiota was assessed on 29 subjects who had therapeutic effects. There was no significant 
change in total bacterial occupancy before and after the treatment. However, there was a trending 
increase in Lachnospiraceae Blautia (median +0.65, P = 0.0789), and a trending decrease in Lachnospiraceae 
[Ruminococcus] (median -0.50, P = 0.0773). However, there was a significant change in bacterial 
occupancy rate based on the degree of symptom improvement. There was a significant increase of 
Blautia in 7 subjects who became symptom-free after the treatment (P = 0.0313) (Figure 6).

On the other hand, the change of diagnostic values of LHBT on the 7 subjects after the treatment 
varied: Decreased (improved) in 2 subjects, unchanged in 3, and increased in 2.
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Figure 3 Outcomes of 200 mL single-blind comparative study. Positive: More obvious symptoms induced by general milk than by lactose-reduced milk. 
Unevaluable: Symptoms induced by lactose-reduced milk, or unclear difference between the two materials. Negative: No symptoms induced by either material.

Figure 4 Evaluation of symptom improvement after the incremental milk treatment of lactose malabsorption subjects. Grades of symptom 
level: 0 = no symptoms; 1 = trivial symptoms; 2 = mild symptoms but improved; 3 = moderate symptoms but improved; 4 = no improvement. Symptom improvement 
was defined in grades from 0-3.

DISCUSSION
It has only been 50 years since LI was recognized and scientifically analyzed. Recently, LI was defined 
as a clinical syndrome characterized by abdominal symptoms after lactose consumption. However, LI 
needs to be distinguished from lactose maldigestion or malabsorption, which are also subclinical 
conditions, where LM can also be indicative of inefficient absorption of lactose caused by primary and 
secondary decrease of lactase activity or other intestinal conditions. Diagnosis of LI requires comparison 
with inert placebo, endorsed by a National Institute of Health conference[3,6,8,9].

LHBT is currently considered as the gold standard for diagnosing LM, and symptoms in this test are 
observed in a dosage-dependent manner. Recently, there have been many studies that apply a 20-25 g 
lactose dosage, as a more realistic dosage in LHBT for diagnosing LM[10]. Thus, 20 g of lactose was used 
in this study.

Our previous study showed that the prevalence of LM diagnosed by 20 g LHBT was 52% among 31 
subjects (Japanese adults), regardless of the presence of subjective symptoms caused by milk or dairy 
product consumption[11]. Of all the subjects with self-reported LI symptoms, 76.1% were diagnosed 
with LM, suggesting that one quarter of the subjective symptoms may not be directly linked to LM. 
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Figure 5 Comparison of diagnostic values of lactose malabsorption by 20 g lactose hydrogen breath test before and after the incremental 
milk treatment in subjects with improved symptoms. Decrease (improved): More than 15 ppm decrease; No change: Within 15 ppm difference; Increase: 
More than 15 ppm increase. LHBT: Lactose hydrogen breath test.

Figure 6 Analysis of Blautia in fecal microbiota before and after the incremental milk treatment. Change in bacterial occupancy rate of Blautia 
based on the degree of symptom improvement was observed in 28 subjects. Blautia was not detected in one out of 29 subjects. Degree of improvement: 0 = no 
symptoms; 1 = trivial symptoms; 2 = mild symptoms but improved; 3 = moderate symptoms but improved.

Furthermore, LM was distinguished from symptoms of self-reported LI by 200 mL SBCS. In our study, 
43.5% of the subjects were found to be unevaluable, revealing that abdominal symptoms are often 
influenced by psychogenic conditions.

On diagnosing LM by LHBT in cases where oro-cecal transit time is within a normal range, the 
symptoms are believed to appear in 50-100 min after lactose ingestion. An increase in breath hydrogen 
is observed at least 60 min after lactose intake, peaking at around 120-150 min, indicating that breath 
hydrogen correlates with symptom onsets[12]. The “early onset of symptoms” was defined as 
appearance of abdominal symptoms within 30 min after lactose ingestion in LHBT, and accordingly, 
70% of subjects in the unevaluable group tested by SBCS, had early onset of symptoms, suggesting a 
brain-gut interaction.

Moreover, this study showed that 6 out of 35 subjects diagnosed with LM were also suspected to have 
SIBO. Lactulose hydrogen breath test has been widely used to detect SIBO, while it does not have 
indicative criteria for SIBO. LHBT, on the other hand, can be useful for SIBO detection as an increase in 
breath hydrogen can be detected within 90 min after lactose ingestion. Thus, LM with SIBO can be 
distinguished from LM alone (by observing a peak of hydrogen after 90 min)[13]. However, a study of 
patients with chronic diarrhea in China, which applied hydrogen breath test with 10 g-lactulose loading 
and 20 g-lactose loading, reported that SIBO was more prevalent in patients with LI than those with LM. 
In this case, several overlapping pathological conditions were suspected[6,14].

Irritable bowel syndrome (IBS) is a common functional gastrointestinal (GI) disorder classified by 
Rome IV. IBS is characterized by abdominal pain associated with abnormal bowel habit, but IBS patients 
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can also suffer from other GI and non-GI symptoms, including psychological symptoms and psychiatric 
comorbidity[15]. Some studies in China reported that 80%-85% of the patients with diarrhea-
predominant IBS also had LM[16,17].

Despite some limitations in evaluating IBS or SIBO, the LHBT provides many key pieces of 
information, such as transition of breath hydrogen and symptom onset during the test. Therefore, non-
invasive 20 g LHBT is believed to be useful not only for diagnosing LM, but also for examining the 
cause of LI symptoms.

In Western countries, there are various methods of lactose load to treat LM, such as daily dose of 34 g 
lactose for 2 wk[5], incremental milk intake starting from 118 mL (4 oz) up to 708 mL (8 oz) in 6 d[18], 
and incremental lactose intake starting from 0.3-0.6 g/kg with adding 0.2 g/kg/d (max 1.0 g/kg) for 10-
17 d[19]. In these studies, some participants refused to continue the treatments due to severe abdominal 
symptoms from lactose intake. In some reports from Europe, 12 g or less lactose was reported to be well 
tolerated with minimal or no symptoms[8,9,20], though even this low amount of lactose may still be 
intolerable for Japanese people. In our study, 9 out of 46 subjects had subjective symptoms caused by 
drinking 100 mL of milk (approximately 10 g of lactose), according to the questionnaire of self-reported 
LI symptoms. Hence, we started from 30 mL of milk intake and gradually increased the amount in every 
4-7 d until 200 mL could be ingested successively. As a result, all subjects completed the treatment 
schedule without dropping out.

The mean treatment period was 41 d. After the treatment, 91% of the subjects showed improvement 
in their abdominal symptoms and 76% were able to drink 150-200 mL of milk at a time without anxiety 
of abdominal symptoms. These outcomes suggested that our original treatment for LM with ordinary 
milk was effective for Japanese patients without affecting quality of life. In addition, this treatment 
could be widely applied to Asian and African people suffering from LM[6].

Comparing the diagnostic values of LM by 20 g LHBT, undertaken before and after the treatment, 
abdominal symptoms improved only in one-third of the subjects and no change was seen in half of the 
subjects, suggesting that colonic adaptation was insufficient to see changes in diagnostic values 
regardless of improved symptoms. This could be due to limitations of this study such as lack of dietary 
restrictions except for milk, maximum amount of milk set at 200 mL, and insufficient sample size.

Some reports hypothesized that reduced symptoms were related to lactose adaptation of colonic 
bacteria, while other clinical studies reported that lactose induced growth of Bifidobacteria and Lactoba-
cillues in intestinal microbiota[21,22]. Even though such bacteria were not observed in our study, it was 
interesting that there was a significant increase of fecal Blautia in 7 subjects who became symptom-free 
after the treatment. It is known that fecal Blautia is likely to decrease in patients who have obesity, liver 
diseases, and diabetes[23]. A fecal microbiota analysis in another study also had an interesting finding 
that Blautia significantly increased among subjects with LM after daily intake of 250 mL of whole milk 
for 4 wk[24]. Therefore, an increase of fecal Blautia found in our study indicated a favorable intestinal 
environment.

CONCLUSION
The treatment by incremental loads of ordinary cow’s milk was useful in treating LM without affecting 
quality of life. As three-fourths of the subjects with LI symptoms in our study were further diagnosed 
with LM and showed improved lactose tolerance post-treatment, this treatment may also benefit people 
with LI symptoms but unknown LM status.

ARTICLE HIGHLIGHTS
Research background
Self-reported lactose intolerance (LI) has been known to have a high prevalence in Asian people. 
However, there has been no recent report in Japan regarding the prevalence of lactose malabsorption 
(LM). Some literature shows that colonic adaptation by daily milk or lactose ingestion reduces LI 
symptoms in patients with LM, but such treatment has not been reported in Japan.

Research motivation
According to the literature from Western countries, patients with LM who underwent milk or lactose 
loading therapy were required to ingest large volumes of milk within a short period. Applying the same 
treatment to Japanese people is considered to carry a high risk for abdominal symptoms during the 
treatment, due to less habitual consumption of milk than Western people. In this study, we 
implemented an original method of milk loading without affecting daily life of study subjects.
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Research objectives
The aim of this study was to examine the efficacy of incremental cow’s milk loading for treating patients 
with LM.

Research methods
We selected subjects with LI symptoms using a questionnaire, and the selected subjects underwent a 20 
g lactose hydrogen breath test (LHBT) for diagnosis of LM. We then conducted the treatment of 
incremental loads of cow’s milk on the subjects diagnosed with LM, starting from 30 mL and increasing 
up to 200 mL at 4-7 d intervals. After the treatment, improvement of symptoms and LM diagnostic 
value of LHBT were investigated. Stool samples pre- and post-treatment were examined for changes in 
the intestinal microbiota using 16S rRNA sequencing.

Research results
By LHBT, LM was diagnosed in 35 (76%) out of 46 subjects with LI selected using the questionnaire. 
Improvement of abdominal symptoms after the treatment was seen in 29 (91%) out of 35 subjects with 
LM. The diagnostic value measured in LHBT before and after the treatment improved in 10 (35%) out of 
29 subjects with reduced symptoms, and no change was observed in 16 (55%) subjects. Analysis of fecal 
microbiota showed a significant increase of Blautia in 7 subjects who became symptom-free after the 
treatment.

Research conclusions
Incremental loads of cow’s milk that are commercially available is a useful treatment for LM without 
affecting daily lives of Japanese people.

Research perspectives
The incremental loads of cow’s milk can be widely utilized for LM patients, as well as improve their 
quality of life. We would like to further verify the efficacy of the same treatment in a longer term study.
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Abstract
BACKGROUND 
The Coronavirus disease 19 (COVID-19)-related psychiatric burden partly results 
from prolonged social stress world-wide. Studies have examined the psychiatric 
impact of COVID-19 on Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM 5) and International Classification of Diseases 11th Revision 
(ICD-11) categories, implicating multiple diagnoses, complicating clinical 
management.

AIM 
To verify whether COVID-19-related psychopathology spans multiple DSM-5 and 
ICD-11 diagnoses, but not in a random pattern. Consequently, empirical analysis 
of the multiple associated symptoms will better describe COVID-19-related 
psychopathology.
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METHODS 
We conducted a bi-national study during the first surge of the pandemic: an Italian sample (n = 
21217, studied March-April 2020); and three representative longitudinal samples from Israel (n = 
1276, 1189, and 1432 respectively, studied May-July 2020). Data in Italy were collected by a 
national internet-based survey with an initially approached sample of about one million persons 
and in Israel by the Israeli Central Bureau of Statistics using probability-based national repres-
entative sampling. Data analysis focused on the frequency and patterns of reported multiple 
mental health symptoms.

RESULTS 
Combinations with all symptoms were more prevalent than combinations with fewer symptoms, 
with no majorities-minorities differences in both countries, demonstrating the generalizability of 
the transdiagnostic pattern of mental health issues in both nations. A history of previous mental 
disorder (Italian study) and an increase in symptom prevalence over time (Israel study) were 
associated with an increased number of symptoms. Conclusions: Based on finding correlated 
symptom diversity spanning conventional diagnostic categories, we suggest that the pattern of 
mental health issues associated with the COVID-19 pandemic is transdiagnostic.

CONCLUSION 
The findings have implications for improving prevention and treatment of COVID-19 related 
psychopathology and for post-pandemic times in conditions resulting from multiplicity of 
stressors with mixed symptomatology in the clinical picture.

Key Words: Post-COVID-19; Diagnosis; Stress; Mental disorders; Transdiagnosis; Reactive psychiatric 
disorders

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

Core Tip: The unique clinical picture that characterizes the reaction to the pandemic as shown in our 
findings may raise broader thoughts on diagnostic considerations regarding a new category beyond 
pandemic mental health symptomatology. This suggested category as outlined in our recently published 
review in the World Journal of Psychiatry may involve transdiagnostic criteria resulting from multiplicity 
of stressors. This type of condition may be apparent in the post-coronavirus disease (COVID) era although 
not recognized to date. Our findings showing this type of complex transdiagnostic symptomatology in two 
countries indicate a need for a new understanding of the COVID-19 pandemic’s psychopathological 
consequences in the post-COVID era.

Citation: Goldstein Ferber S, Shoval G, Rossi R, Trezza V, Di Lorenzo G, Zalsman G, Weller A, Mann JJ. 
Transdiagnostic considerations of mental health for the post-COVID era: Lessons from the first surge of the 
pandemic. World J Clin Cases 2023; 11(4): 809-820
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/809.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.809

INTRODUCTION
Prolonged stressful situations erode coping capacity[1,2]. The pervasive and persistent stress of the 
Coronavirus disease 19 (COVID-19) pandemic resulted in psychopathology afflicting millions world-
wide. The unique impact of the pandemic on mental health is still pervasive and a significant burden on 
society[3], including the difficulties in diagnosis[4], which span diagnostic boundaries in Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) and International Classification of 
Diseases 11th Revision (ICD-11) defined disorders[5,6]. Past pandemics have raised similar concerns 
regarding mental health[7,8]. This highlights the concern regarding multiple diagnoses being given to a 
single patient and excessive use of the term “comorbidity”, with confusing implications for prevention 
and treatment[9].

A debate about diagnosis has commenced[10-13] and a transdiagnostic approach has been suggested 
by previous studies[12,14,15]. To examine the transdiagnostic hypothesis, we conducted two 
independent studies of psychiatric data collected during the first surge of the COVID-19 pandemic, one 
in Italy and one in Israel. We further hypothesized that the resultant pattern of symptom complexity 
will be robust enough to be detected in two different countries with different survey methodologies.

https://www.wjgnet.com/2307-8960/full/v11/i4/809.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.809
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MATERIALS AND METHODS
Study 1: A Representative Sample of the Israeli Population - Three Surveys.
Methods: The Israeli Central Bureau of Statistics (CBS) collected data on mental health at three different 
time points during the early months of the COVID-19 pandemic: 1st survey: 26/4/-1/5/2020; and 2nd 
survey: 11-14/5/2020; 3rd survey: 12-16/7/2020. Informed consent was obtained verbally, and this was a 
prerequisite for continuing with the survey questions. The survey was conducted under the Ethical 
Code, a section on the CBS ethical requirements and commitments, which is part of the Israeli Law of 
Statistics 1972 regulating the CBS functions. This study complies with the Declaration of Helsinki.

The sampling sought to represent all the Israeli population age 21 years and above except for 
dispersed rural Bedouins in the South and institutionalized individuals.

The 1st survey sample included 2,279 people, of whom 56% responded by phone. The 2nd survey 
sample included 2,271 people of whom 52% responded by phone. The 3rd survey sample included 2,291 
people of whom 62.5% responded by phone. The Arab minority participants were 15.1% of the sample 
in the 1st survey, 15.3% in the 2nd, and 17.7% in the 3rd survey.

Sample characteristics: Gender and age distributions (see Table 1).
To correct for potential non-responder biases, respondent distributions were weighted by the CBS 

according to their known gender, age, and geographical distributions in the Israeli general population. 
CBS also tested for data reliability in their standard methods.

Mental health outcome measures: In the 1st survey, 3 mental health symptoms were assessed: Perceived 
depression, perceived anxiety and perceived loneliness. In the 2nd and 3rd surveys, an additional 
symptom was added: COVID-19-related phobia.

Data analysis: From these reports, we calculated the proportion of people that reported suffering from a 
combination of 2, 3, or 4 symptoms. We compared these proportions over the three surveys to assess 
progression over the ongoing pandemic. To test statistically whether there was a change in the 
proportion of people that suffer from a combination of symptoms, we used a 2-sample equality of 
proportions test. We compared the estimated proportion of people suffering from at least 2, 3, or 4 
symptoms to that observed in previous surveys (i.e., Survey 2 vs Survey 1, and Survey 3 vs Survey 1 and 
2).

In addition, we identified the most common combination of 3 symptoms (in the 2nd and 3rd surveys).
The major ethnic minority group in Israel is Israeli Arab and the majority group is Israeli Jew. We 

compared the two groups on the relative proportions of 3- and 4-combined symptoms.
To understand the associations between the four mental health symptoms studied, we performed a 

Pearson product-moment correlation matrix for them in each survey, separately.
Bonferroni corrections for multiple comparisons were conducted.

Study 2: A survey in Italy during the peak of the COVID-19 pandemic
Study Design: This cross-sectional web-based observational study is a part of a long-term project 
monitoring mental health outcomes in the general population. The survey was anonymous, and confid-
entiality was assured. Three weeks after the beginning of the lockdown in Italy, the survey was 
conducted using convenient sampling. Every person living in Italy ≥ 18 years was eligible. The study 
was approved by the local Institutional Review Board (IRB) at the University of L’Aquila. Online 
written consent was obtained from all participants. Participants could terminate the survey at any time 
as approved by the IRB. This study complies with the Declaration of Helsinki.

Sampling strategy and online questionnaire dissemination: An online questionnaire was presented to 
the Italian population between March 25th and April 7th. The investigated timeframe corresponded to 
Italy’s first contagion peak (https://who.sprinklr.com/). This general population questionnaire was 
disseminated using sponsored adverts on Facebook®. The questionnaire asked participants to re-share 
the questionnaire link. Using the Facebook Ads app, it was estimated that the number of link clicks was 
about 100,000, and the advertisement reached one million people.

Sample characteristics: The demographic characteristics of the sample are presented in Table 2. Briefly, 
about 80% were women, 48% were 40 years old or older, 2.5% were foreigners and 28% reported 
previous psychiatric history.

Outcome Measures: The following psychometric scales were used and covered the previous two weeks: 
The Global Psychotrauma Screen (GPS) post-traumatic stress symptoms (PTSS) subscale (GPS-PTSS)[16,
17]: The validated version of PTSS was used. PTSS were considered of clinical relevance if more than 3 
out of five 5 symptoms were reported as present.

The 9-item Patient Health Questionnaire (PHQ-9)[18], using the cut-off for severe depression 
symptoms at ≥ 15. The validated version of this questionnaire was used.

The 7-item Generalized Anxiety Disorder scale (GAD-7)[19], using the cut-off for severe anxiety 
symptoms at ≥ 15. The validated version of this scale was used.

https://who.sprinklr.com/
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Table 1 Gender and age distributions of the Israeli samples

Gender distribution

Survey 1

Gender Count Frequency

Men 541 47.10%

Women 607 52.90%

Survey 2

Gender Count Frequency

Men 528 46.70%

Women 602 53.30%

Survey 3

Gender Count Frequency

Men 684 48.75%

Women 719 51.25%

Age-group distribution

Survey 1

Age Count Frequency

21-44 509 44.30%

45-64 351 30.60%

65 + 288 25.10%

Survey 2

Age Count Frequency

21-44 507 44.90%

45-64 345 30.50%

65 + 278 24.20%

Survey 3

Age Count Frequency

21-44 664 47.30%

45-64 419 29.90%

65 + 320 22.80%

GPS- Post-Traumatic Stress Disorder-Negative Affect (PTSD-NA): 11 items, including symptoms 
related to disturbances in self-organization, anxiety, depression, self-harm, substance abuse, and other 
physical, emotional, or social problems. This cluster of symptoms is related to the Disturbance in Self 
Organization dimension of Complex PTSD.

The 10-item Perceived Stress Scale (PSS)[20], using quartiles such that the upper quartile was 
separated from the rest.

Data analysis: We analyzed the frequency of all combinations of symptoms, to determine the most 
frequent combinations of 3, 4, and 5 symptoms. We also identified the pattern of the most prevalent 
combination of symptoms. In addition, we used proportion tests to compare Italians and foreigners, and 
separately people with and without previous psychiatric history, on the frequency of reporting a 
combination of 3, 4, and 5 symptoms. Bonferroni corrections for multiple comparisons were conducted.

RESULTS
Study 1 The Israeli surveys
The Pearson correlations between pairs of symptoms were significant in all 3 surveys; see Table 3.
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Table 2 Gender, age, nationality, and previous psychiatric history distributions of the Italian sample

Gender Frequency Percentage

Men 4122 19.40%

Women 17095 80.60%

Age Frequency Percentage

20-39 10894 51.30%

40-64 10118 47.70%

65-74 180 0.85%

75 + 25 0.10%

Foreign Frequency Percentage

Foreigner 516 2.40%

Italian 20701 97.60%

Psychiatric history Frequency Percentage

No 15160 71.40%

Yes 6075 25.88%

Table 3 The association between the three symptoms in the Israeli sample

Loneliness Depression Anxiety
Survey 1

Loneliness 1

Depression 0.63641 1

Anxiety 0.50271 0.5811 1

Survey 2

Loneliness 1

Depression 0.63641 1

Anxiety 0.50271 0.5771 1

Phobia 0.16381 0.16841 0.31451

Survey 3

Loneliness 1

Depression 0.71721921 1

Anxiety 0.45708081 0.54485821 1

Phobia 0.14670671 0.17708081 0.31777281

1P < 0.0001.

Analysis of symptom patterns: Table 4 shows that in the 1st survey, 22.1% (95%CI: 19.7-24.5) reported 
all three symptoms, Depression, Loneliness, and Anxiety, significantly more than those reporting the 
most frequent 2-symptom pattern (Depression and Anxiety; 6.4%, 95%CI: 4.9-7.8; P < 0.001).

In the 2nd survey, 13.3% reported three symptoms and an additional 20.1% reported all four 
symptoms, totaling about one-third of the population. The prevalence of the four-symptom combination 
(95%CI: 17.8-22.4) was greater than the most prevalent 3-symptom combination (Phobia, Anxiety and 
Depression, 5.58%, 95%CI: 4.2-6.9, P < 0.001).

In the 3rd survey, 12.8% reported three symptoms, and an additional 24.3%, reported all four 
symptoms. The prevalence of the four-symptom combination (95%CI: 21.8-26.3) was greater than the 
most prevalent 3-symptom combination (Phobia, Anxiety and Depression, 7.32%, 95%CI: 6.0-8.7, P < 
0.001).
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Table 4 Frequency of reported symptoms in all three Israeli surveys

Number of symptoms Count Frequency
Survey 1

0 512 44.6%

1 239 20.8%

2 143 12.5%

3 254 22.1%

Survey 2

0 175 15.5%

1 359 31.8%

2 219 19.4%

3 150 13.3%

4 227 20.1%

Survey 3

0 159 11.3%

1 396 28.2%

2 328 23.4%

3 179 12.8%

4 341 24.3%

Analysis of quantitative progression of symptom complexity over time: Survey 2 produced a 
significantly greater prevalence of 2 or 3 combined symptoms, compared to Survey 1 (P < 0.0001 and P < 
0.001, respectively).

Survey 3 produced a greater prevalence of 4 combined symptoms, compared to Survey 2 (P < 0.01), 
attesting to the increase in the prevalence of a complex of symptoms over time.

The frequency of 3 and 4 combined complaints in the Arab compared with the Jewish sub-
populations did not differ in any of the 3 surveys (data not shown).

Study 2 Italian general population
All Pearson correlations between pairs of symptoms were significant (P < 0.001; Table 5).

Analysis of symptom patterns: Table 6 presents all combinations of symptoms reported in the Italian 
sample. The most frequent 3-symptom combination was PTSS, Depression, and PTSD-NA (3.3%), 
compared to the other 3-symptom combinations. The most frequent 4-symptom combination was 
Anxiety, PTSS, Depression, and PTSD-NA (3.2%), compared to the other 4-symptom combinations. The 
prevalence of the 5-symptom combination, Anxiety, Perceived stress, PTSS, Depression, and PTSD-NA 
(9.0%, 95%CI: 8.5-9.3) was greater than of the most prevalent 3- (95%CI: 3.0-3.5) and 4-symptom combin-
ations (95%CI: 2.9-3.4, P < 0.001).

This combination of prevalence was comparable in Italians and foreigners. In addition, there were no 
differences detected between Italians and foreigners in the most frequent symptom combinations.

A proportion test was performed to compare Italians and foreigners that suffered from a combination 
of three symptoms: 11.3% of Italians (2332 out of 20701) and 14.9% of foreigners (77 out of 516) 
experienced 3 symptoms. There was a higher rate in foreigners (P = 0.0119).

Nine point three percent of Italians (1918 out of 20701) and 10.7% of foreigners (55 out of 516) 
experienced four symptoms. There was no significant difference between the two populations’ 
proportions, P = 0.3173.

Nine percent of Italians (1860 out of 20701) and 8.9% of foreigners (46 out of 516) experienced five 
symptoms. There was no significant difference between the two populations’ proportions, P value = 1.

Quantitative analysis of the prevalence of symptom complexity: The role of psychiatric history: A 
psychiatric history, compared to no psychiatric history, increased the likelihood of multiple symptoms, 
with an identical pattern of symptom combinations as described above.

Specifically, regarding the differences between people with psychiatric history (PH) and without PH 
(NoPH) - a history of psychiatric symptoms (Table 7), proportion tests were performed to compare the 
groups.
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Table 5 Correlations between the mental health features in the Italian sample (n = 21217)

Mental health issue Anxiety Perceived stress PTSS Depression PTSD-NA

Anxiety 1

Perceived stress 0.522 1

PTSS 0.3521 0.3423 1

Depression 0.5866 0.4867 0.3301 1

PTSD-NA 0.2097 0.213 0.3636 0.2228 1

Note: All correlations: P < 0.001. PTSS: Post-traumatic stress symptoms; PTSD-NA: Post-traumatic stress disorder-negative affect.

Table 6 Italian sample

Combination Count Frequency Percentage

None 0 3500 16.5%

PTSD-NA 1 6725 31.7%

Depression 1 147 0.7%

Perceived stress 1 59 0.3%

Anxiety 1 22 0.1%

Depression, PTSD-NA 2 771 3.6%

PTSS, PTSD-NA 2 2995 14.1%

Perceived stress, PTSD-NA 2 424 2.0%

Perceived stress, Depression 2 31 0.2%

Anxiety, PTSD-NA 2 202 1.0%

Anxiety, Depression 2 45 0.2%

Anxiety, Perceived stress 2 8 0.0%

PTSS, Depression, PTSD-NA 3 693 3.3%

Perceived stress, Depression, PTSD-NA 3 292 1.4%

Perceived stress, PTSS, PTSD-NA 3 586 2.8%

Anxiety, Depression, PTSD-NA 3 357 1.7%

Anxiety, PTSS, PTSD-NA 3 301 1.4%

Anxiety, Perceived stress, PTSD-NA 3 137 0.7%

Anxiety, Perceived stress, Depression 3 43 0.2%

Perceived stress, PTSS, Depression, PTSD-NA 4 480 2.3%

Anxiety, PTSS, Depression, PTSD-NA 4 657 3.2%

Anxiety, Perceived stress, Depression, PTSD-NA 4 537 2.5%

Anxiety, Perceived stress, PTSS, PTSD-NA 4 281 1.3%

Anxiety, Perceived stress, PTSS, Depression, PTSD-NA 5 1906 9.0%

PTSS: Post-traumatic stress symptoms; PTSD-NA: Post-traumatic stress disorder-negative affect.

Thirteen point three percent of PH (805 out of 6057) and 10.6% of NoPH (1604 out of 15160) 
experienced 3 symptoms. There is a significant difference between the two populations’ proportions, P 
value < 0.0001.

Twelve point nine percent of PH (782 out of 6057) and 7.9% of NoPH (1191 out of 15160) experienced 
4 symptoms. There is a significant difference between the two populations’ proportions, P value < 
0.0001.
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Table 7 The most frequent symptom combinations per number of symptoms, for people with and without Psychiatric history

Combination Count Frequency Percentage
Psychiatric history

PTSS, Depression, PTSD-NA 3 257 4.2%

Anxiety, PTSS, Depression, PTSD-NA 4 291 4.8%

Anxiety, Perceived stress, PTSS, Depression, PTSD-NA 5 885 14.6%

No Psychiatric history

Perceived stress, PTSS, PTSD-NA 3 439 2.9%

Anxiety, PTSS, Depression, PTSD-NA 4 384 2.5%

Anxiety, Perceived stress, PTSS, Depression, PTSD-NA 5 1021 6.7%

PTSS: Post-traumatic stress symptoms; PTSD-NA: Post-traumatic stress disorder-negative affect.

Fourteen point six percent of PH (885 out of 6057) and 6.7% of NoPH (1021 out of 15160) experienced 
5 symptoms. There is a significant difference between the two populations’ proportions, P value < 
0.0001.

DISCUSSION
We report evidence from studies in two different countries, on the presentation of complex sympto-
matology that crosses diagnostic boundaries, during the first surge of the COVID-19 pandemic. The 
complex of symptoms that we found correlated in severity. This suggests a common relationship or a 
single overarching disorder. This offers an alternative and perhaps more complete characterization of 
psychopathology compared with employing multiple diagnoses for the same patient[9]. Moreover, this 
pattern is observed within each of the two countries studied, despite different survey methods, and is 
found within ethnic subpopulations of both countries, attesting to the generalizability of the pattern. 
The more the number of symptoms or diagnostic categories reported, the greater the proportion of 
subjects with past psychiatric history, suggesting that the identified complex of symptoms is related to 
psychiatric vulnerability. The greater proportion of subjects reporting this pattern over time indicates a 
cumulative effect of prolonged stress conditions driving individuals towards this more complex 
combination of symptoms.

Because our findings span different diagnostic categories, we propose that this argues for the need for 
a broader, transdiagnostic perspective[4,21,22]. We note that even prior to the pandemic others 
suggested a transdiagnostic approach for better treatment[23-26]. Given these earlier considerations, the 
current study may support the implementation of the treatment and organizational guidelines 
published by the WPA[27]. Thus, our large binational study provides more robust support for a new 
perspective, termed by some researchers “COVID Stress Syndrome”[12,28], which crosses DSM 5 and 
ICD 11 boundaries. In addition, transdiagnostic considerations may be helpful for post-COVID-19 
concerns, if multiple stressors are identified as triggers and complex symptomatology characterizes the 
clinical picture.

“Transdiagnostic” in the context of the COVID-19 pandemic
We searched the literature using Reference Citation analysis, PubMed and Google Scholar, focusing on 
the term “transdiagnostic” in the context of the COVID-19 pandemic. For the term “transdiagnostic” we 
identified 1284 references from 2019 to 2022. For the same years, in PubMed, 84 references were 
identified by the search “transdiagnostic and COVID-19”. In Google Scholar, with the same terms and 
range of years, 5670 references were identified. In reviewing the literature found, we conclude that the 
“transdiagnostic” term is very popular and used in a too general manner, not specifying exactly which 
symptoms are associated with a more accurate diagnosis. From our literature search it appears that the 
term “transdiagnostic” is used for conventional categories (DSM-5 and ICD-11) and for non-conven-
tional (other psychological) phenotypes too, making it hard to understand what the term truly means. 
Most of the transdiagnostic research papers that uses diagnosis for treatment intervention, relate to the 
association between depression and anxiety, e.g.[29], which is a known comorbidity and not directly 
related particularly to the COVID-19 mental health symptomatology. In our search we found just a few 
papers that diagnose three associated symptoms or more[15,30-33], as in our study.

It seems from the literature that the traditional approach of developing programs for prevention and 
treatment derived from an accurate specific research-based diagnosis as uniquely shown in our research 
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is not included in most papers that used the “transdiagnostic” perspective. Additionally, unlike the 
methodology and rational for the present study, general use of this term is related to treatment, not 
necessarily explained and derived from an accurate, transdiagnostic, research based new diagnosis or a 
group of symptoms that span conventional categories[34,35] as shown in our findings.

Moreover, the transdiagnostic approach is presented in the literature with the promise to unravel 
better prevention and treatment of mental health disorders. The novelty of our current paper lies in 
analyzing the COVID-19 situation with its multiplicity of stressors to identify a more accurate diagnosis 
spanning more than 2 or 3 conventional categories. In our search, a few cutting-edge papers were found, 
in which associations between conventional categories were investigated with sound methodology e.g.
[29,31,32]. The benefit of these cutting-edge papers is in showing the long-term impact of the COVID-19 
pandemic on mental health. The identification of such a long-term effect emphasizes the relevance of 
our paper at this time, in learning lessons from the first surge towards the post-pandemic era. We note 
however, that these cutting-edge papers, too, focus on treatment, and not on the investigation of a more 
accurate diagnosis of the mental health reaction during the COVID-19 epidemic, as we suggest in the 
present paper.

Limitations
One limitation of our bi-national research is that we did not assess the full range of the possible 
neuropsychiatric spectrum, including neuropsychiatric symptoms and patterns evident in individuals 
recovering from infection. This extended transdiagnostic approach is discussed in our recent review 
published in the World Journal of Psychiatry, suggesting a neuropsychiatric syndrome, Complex Stress 
Reaction Syndrome, combining emotional-psychological symptoms (Type A) with neuropsychiatric (the 
non-systemic portion of Long-COVID) symptoms (Type B)[4]. Although the Israeli sample size is 
modest compared to the Italian sample, the Israeli data were collected by national probability-based 
representative sampling. We note that the fact that two differently designed studies in two different 
countries show similar results is a strength of this study and not a limitation. While the data analyzed 
are from the first surge of the pandemic, the pattern of results provides a novel perspective on 
diagnostic considerations in the post-COVID era.

CONCLUSION
In sum, our data and the literature suggest multiple symptoms that characterize the mental health 
reaction to the pandemic, and that the clinical picture during the first surge of the pandemic was 
transdiagnostic in terms of DSM/ICD diagnostic systems. This occurred more frequently in individuals 
with prior psychiatric illness and with the continued duration of the pandemic. This unique clinical 
picture that characterizes the reaction to the pandemic may raise broader thoughts on diagnostic consid-
erations regarding a new category beyond pandemic mental health symptomatology[4]. This suggested 
category may involve transdiagnostic criteria resulting from multiplicity of stressors. This type of 
condition may be apparent in the post-COVID era although not recognized to date. Our findings 
indicate a need for an empirical unbiased approach for reaching a true understanding of the COVID-19 
pandemic’s psychopathologic consequences in the post-COVID era. Further international studies are 
essential. Accordingly, we are currently conducting a multi-national study, based on the present 
empirical paper’s findings. This understanding needs to be extended to encompass psychopathology 
more comprehensively including neuropsychiatric effects. Without a more complete diagnosis, the 
treatment plan and organizational modifications cannot be complete.

ARTICLE HIGHLIGHTS
Research background
From early stages of the COVID-19 pandemic up to the current post-COVID era there are accumulating 
reports of a mix clinical picture of the related mental health symptomatology.

Research motivation
We hypothesized that the clinical picture of the COVID-19 related mental health symptomology span 
several conventional diagnostic categories and therefore there is a growing risk for misdiagnosing 
suffering individuals thus reducing the option of developing more accurate research -based programs 
for prevention and treatment.

Research objectives
To show that the association between 3 or more symptoms from different conventional diagnostic 
categories are more prevalent.
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Research methods
Three consecutive representative samples in Israel has been compared to a very large sample in Italy for 
3 or more associated symptoms from different conventional categories using proportion analyses.

Research results
The most frequent 4-symptom combination was Anxiety, post-traumatic stress symptoms (PTSS), 
Depression, and Post-Traumatic Stress Disorder-Negative Affect (PTSD-NA) (3.2%), compared to the 
other 4-symptom combinations. The prevalence of the 5-symptom combination, Anxiety, Perceived 
stress, PTSS, Depression, and PTSD-NA (9.0%, 95%CI: 8.5-9.3) was greater than that of the most 
prevalent 3- (95%CI: 3.0-3.5) and 4-symptom combinations (95%CI: 2.9-3.4, P < 0.001) In Italy.

The prevalence of the four-symptom combination (95%CI: 21.8-26.3) was greater than that of the most 
prevalent 3-symptom combination (Phobia, Anxiety and Depression, 7.32%, 95%CI: 6.0-8.7, P < 0.001) in 
Israel with an increase over time.

Research conclusions
We report evidence from studies in two different countries, on the presentation of complex sympto-
matology that crosses diagnostic boundaries, during the first surge of the COVID-19 pandemic. The 
complex of symptoms that we found correlated in severity. This suggests a common relationship or a 
single overarching disorder that we termed previously Complex Stress Reaction Syndrome. This offers 
an alternative and perhaps more complete characterization of psychopathology compared with 
employing multiple diagnoses for the same patient. Moreover, this pattern is observed within each of 
the two countries studied, despite different survey methods, and is found within ethnic subpopulations 
of both countries, attesting to the generalizability of the pattern.

Research perspectives
Further international studies are essential. Accordingly, we are currently conducting a multi-national 
study, based on the present empirical paper’s findings. This understanding needs to be extended to 
encompass psychopathology more comprehensively including neuropsychiatric effects. Without a more 
complete diagnosis, the treatment plan and organizational modifications cannot be complete.
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Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) pandemic posed new challenges in 
patient care worldwide. Vaccinations, which have proven efficacious in lowering 
the COVID-19 hospital burden, are still avoided by large populations. We, ther-
efore, hypothesized that hospital care teams would have worse perceptions rega-
rding the characteristics and care of patients with vaccine hesitancy.

AIM 
To evaluate whether patient vaccine hesitancy affected the hospital care team 
(HCT) perceptions.

METHODS 
We performed a prospective clinical study using structured questionnaires. We 
approached physicians and nurses with previous experience caring for COVID-19 
patients from 11 medical centers across Israel during the fourth COVID-19 surge 
(September and October 2021). The participants completed a questionnaire with 
the following parts: (1) Sociodemographic characteristics; (2) Assessment of anger 
(STAXI instrument) and chronic workplace stress (Shirom-Melamed burnout 
measure); and (3) Three tools to assess the effect of patient vaccine hesitancy on 
the HCT perceptions (the difficult doctor-patient relation questionnaire, the 
medical staff perception of patient’s responsibility questionnaire and the charac-
terological derogation questionnaire). Results were evaluated according to each 
part of the questionnaire and the questionnaire as a whole. Associations between 
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HCT perceptions and their baseline characteristics, anger or chronic workplace stress were 
assessed.

RESULTS 
The HCT experienced their relationship with unvaccinated patients as more difficult (P < 0.001, 
Cohen’s d = 0.85), perceived unvaccinated patients as responsible for their medical condition (P < 
0.001, d = 1.39) and perceived vaccinated patients as having a higher character value (P < 0.001, d = 
1.03). Unvaccinated patients were considered selfish (P < 0.001), less mature (P < 0.001) and less 
satisfying to care for (P < 0.001). The relationship with unvaccinated patients was more difficult 
among HCT with higher burnout (r = 0.37, n = 66, P = 0.002). No correlations with baseline charac-
teristics were found. All three study tools showed high internal consistency (α between 0.72 and 
0.845).

CONCLUSION 
Our results should raise awareness of the possible effects of vaccine hesitancy on HCT perceptions 
regarding unvaccinated patients. In order to minimize the potential negative impact on patient 
care, designated departments should promote specific patient-centered preparations. Further 
investigations should assess whether vaccine hesitancy directly affects patient quality of care.

Key Words: COVID-19; Vaccination; Hesitancy; Patient care; Doctor-patient relationship; Attitudes

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

Core Tip: Coronavirus disease 2019 (COVID-19) vaccine hesitancy is common around the world. We 
considered that patient vaccine hesitancy could affect the hospital care team perceptions. To test that 
possibility, we implemented a questionnaire during the Delta variant surge among physicians and nurses 
with prior experience in caring for COVID-19 patients. We found that patient vaccine hesitancy negatively 
affected how the medical care team perceived these patients and their care. Vaccine hesitancy can 
negatively affect the physician-patient relationship and raising awareness of this important issue is crucial 
for proper interventions.

Citation: Caspi I, Freund O, Pines O, Elkana O, Ablin JN, Bornstein G. Effect of patient COVID-19 vaccine 
hesitancy on hospital care team perceptions. World J Clin Cases 2023; 11(4): 821-829
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/821.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.821

INTRODUCTION
Medical care team beliefs and practices are impacted by patient characteristics[1]. Such characteristics 
also have the potential to intervene with the shared decision-making process by changing physicians’ 
perceptions of their patients[2,3]. The coronavirus disease 2019 (COVID-19), which continues to affect 
millions of people globally since 2019, poses new challenges regarding patient care[4,5]. Severe COVID-
19 infection has the potential for hospitalization due to possible complications that result in a high 
burden on the hospital care team (HCT)[6]. Caring for hospitalized COVID-19 patients requires 
functioning with full personal protective equipment and caring for patients who may rapidly 
deteriorate. This environment creates obvious stressful triggers.

The introduction of the mRNA COVID-19 vaccines was a crucial step in preventing the spread of the 
virus, limiting disease transmission and infectivity[7,8]. COVID-19 vaccines dramatically reduced the 
rate of hospitalizations due to severe disease as well as complications among hospitalized patients 
regardless of any comorbidities or age[9,10]. Despite its obvious benefits, several large populations 
avoided vaccination for various reasons, demonstrating distrust against the vaccines[11]. Therefore, it is 
not surprising that many studies focused on attitudes toward COVID-19 vaccines themselves and 
specifically on vaccine hesitancy for both patients and medical teams[11-13]. However, it is still 
unknown whether patient vaccine hesitancy influences the HCT’s perceptions of them. We 
hypothesized that HCTs would have negative perceptions towards the characteristics and care of 
vaccine-hesitant patients. Our aim was to evaluate this hypothesis and to raise awareness in order to 
promote early intervention, hopefully preventing potential negative effects on patient care.

https://www.wjgnet.com/2307-8960/full/v11/i4/821.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.821
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MATERIALS AND METHODS
Study design
This is a prospective clinical study conducted at 11 medical centers throughout Israel between 
September and October 2021 using standardized questionnaires. We held the study during the fourth 
surge of the COVID-19 pandemic when the Delta variant was predominant, and the hospital disease 
burden reached its peak. We approached physicians and nursing staff that treated COVID-19 patients to 
participate in the study. Invitations to participate in the study were offered personally or via social 
networks and whenever needed were followed by a text message with an active link to the 
questionnaire. Consenting participants were enrolled using an online interface. All participants 
accepted an informed consent form, agreed to participate by pressing “continue” within the 
questionnaire electronically and had the ability to drop out at any stage. Only participants who 
completed at least one of the three study tools (described below) were included in our final cohort. The 
study was approved by the ethics committee of The Academic College of Tel Aviv-Yaffo (Authorization 
number 2021142).

Study instrument
We created a computerized questionnaire via the Qualtrics platform. The design of our study instrument 
appears in Figure 1. The first set of questions discussed sociodemographic information, such as age, sex, 
profession (physician, nurse, etc.) and prior experience with treating COVID-19. The second part 
included questions about participant anger (4-point Likert scale, using the STAXI instrument[14]) and 
their chronic workplace stress (7-point Likert scale, using the Shirom-Melamed Burnout Measure[15]). 
The third part of the questionnaire assessed the effect of patient COVID-19 vaccine hesitancy on the 
participants. To properly assess this aspect, we used three validated tools that together created a 
comprehensive review of the topic. For comparison purposes, the third part (including the three tools) 
appeared twice, first regarding unvaccinated patients and second regarding vaccinated patients. The 
three selected tools used were as follows.

Tool 1-difficult doctor-patient relation questionnaire: A well-established questionnaire, consisting of 
10 items answered on a 6-point Likert scale, with values ranging from 1 (“Not at all”) to 6 (“A great 
deal”)[16]. Higher scores indicate that the physician experiences the relationship with the patient as 
more difficult. In our study, we made a minor modification by using a 1 to 7 scale, to give participants 
an option of expressing a neutral (middle range) opinion, which is achieved by an uneven number of 
items.

Tool 2-medical staff perception of patient's responsibility questionnaire: This questionnaire was 
previously used in similar studies evaluating physician perception of illness, with a variety of patient 
populations[17,18]. It is written as a 10-item questionnaire, answered on a 7-point Likert scale, with 
values ranging from 1 (“Not at all”) to 7 (“A great deal”). A higher score indicates that the participant 
perceives the patient as more responsible for his own medical condition.

Tool 3-characterological derogation questionnaire: This questionnaire was written by Brouns[19], as 
part of a thesis regarding negative attitudes towards refugees and based on previous questionnaires by 
Correia et al[20]. It is a nine-item questionnaire, relating to the question: “In your opinion, what 
represents ‘X’ best?”. Five items include positive characteristics, e.g., polite, responsible, mature, warm 
and nice, and four items include negative characteristics e.g., stupid, selfish, untrue and unaware. The 
scoring was by a 7-point Likert scale, with values ranging from 1 (“Not at all”) to 7 (“A great deal”). A 
high score indicates that the participant perceives the patient’s character as a high-value character.

Statistical analysis
Categorical variables were described using frequencies and percentages. Continuous variables were 
described by mean and standard deviation. Comparison between answers regarding vaccinated and 
unvaccinated patients was utilized using paired samples t-test. P < 0.05 was defined as statistically 
significant. The effect size of significant results was calculated using Cohen’s d test. The internal 
consistency of each tool in the study instrument was measured using the alpha Cronbach score (alpha 
above 0.7 is considered high). Correlations were examined using the Pearson correlation coefficient. The 
analysis was performed using SPSS 26.0 for Windows.

RESULTS
Participants
During the study period, we approached more than 500 active physicians and nursing staff from 11 
different medical centers. In total, 138 participants agreed to enroll in the study, and of them 66 (48%) 
completed at least one of the three study tools and were included in our cohort. Participant character-
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Figure 1 Design of study instrument and inclusion process. CDQ: Characterological derogation questionnaire; COVID-19: Coronavirus disease 2019; 
DDPRQ-10: Difficult doctor-patient relation questionnaire; PPRQ: Perception of patient’s responsibility questionnaire.

istics are presented in Table 1. In total, 38 (58%) participants were women, mean age was 40.5 ± 10, 37 
(56%) were physicians (senior doctors, residents and interns), and 29 (44%) participants were staff of 
internal medicine departments. All but two were vaccinated (97%), and 12 (18%) had prior COVID-19.

Effect of patient vaccine hesitancy on the HCT perceptions
The three tools used for this study [difficult doctor-patient relation questionnaire (DDPRQ-10), medical 
staff perception of patient’s responsibility questionnaire (PPRQ) and characterological derogation 
questionnaire (CDQ)] showed a high internal consistency based on our results (α between 0.72 and 
0.845). Table 2 presents the mean scores of selected questions from each tool comparing vaccinated and 
unvaccinated patients. Based on tool 1 (DDPRQ-10), the HCT considered caring for unvaccinated 
patients to be more frustrating (P < 0.001), time-consuming (P < 0.001) and less satisfying (P < 0.001). 
Answers in tool 2 (PPRQ) revealed that the HCT perceived unvaccinated patients to be responsible for 
their illness (P < 0.001), to consciously endanger their surroundings (P < 0.001) and as less deserving of 
occupying beds in the intensive care unit than vaccinated patients (P = 0.002). The HCT also believed 
that social and economic sanctions should be imposed on unvaccinated people (mean scores 4.2 and 4.1, 
respectively, P < 0.001 for both). Tool 3 (CDQ) indicated that unvaccinated patients were perceived as 
less mature, more selfish and more ignorant (P < 0.001).

The mean total scores for each tool are presented in Figure 2. Based on these results, the HCT 
experienced their relationship with unvaccinated patients as more difficult (DDPRQ-10 tool, P < 0.001, 
Cohen’s d = 0.85), perceived unvaccinated patients as more responsible for their medical condition 
(PPRQ tool, P < 0.001, Cohen’s d = 1.39) and perceived the character of vaccinated patients as a higher 
value character (CDQ tool, P < 0.001, Cohen’s d = 1.03).

None of the participants’ baseline characteristics correlated with results in any of the above tools. 
HCTs with higher workplace burnout (Shirom-Melamed Burnout Measure tool) perceived the 
relationship with unvaccinated patients as more difficult (DDPRQ-10 tool, r = 0.37, n = 66, P = 0.002). No 
other correlations were found between workplace burnout or anger (STAXI tool) and any of the other 
tools.
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Table 1 Baseline characteristics of study cohort and responses on anger and stress tools, n = 66 (%)

Variable Study cohort 

Age, mean ± SD 40.5 ± 10.1

Male sex 28 (42)

Occupation

  Physicians 37 (56)

  Nursing staff 22 (33)

  Department managers/vice 7 (11)

Medical field

  Internal or general medicine 36 (54)

  Psychiatry 7 (11)

  Intensive care unit 4 (6)

  Emergency department 5 (8)

  Other 14 (21)

Vaccinated to COVID-19 64 (97)

Prior COVID-19 disease 12 (18)

Anger, mean ± SDa 1.8 ± 0.4

Workplace stress, mean ± SDb 3.1 ± 1

aMean score in the STAXI instrument, 4-point Likert scale.
bMean score Shirom-Melamed bournout measure, 7-point Likert scale.
COVID-19: Coronavirus disease 2019.

Figure 2 Mean total scores for each of the three tools used in the study questionnaire compared by addressing vaccinated and 
unvaccinated patients. CDQ: Characterological derogation questionnaire; DDPRQ-10: Difficult doctor-patient relation questionnaire; PPRQ: Perception of 
patient’s responsibility questionnaire.

DISCUSSION
This study explored our hypothesis that patient COVID-19 vaccine hesitancy can have a negative effect 
on HCT perceptions. Our results showed that vaccine hesitancy had a negative impact on how the HCT 
perceived patients’ character, their care and their responsibility for their disease. We specifically 
addressed active physicians and nursing staff working in medical centers that treated COVID-19 
patients, as they were directly affected by the pandemic. By approaching 11 different centers, our results 
may reflect the effect on HCT perceptions on a national scale. As stated above, several previous studies 
described the attitude of patients and medical personnel toward COVID-19 vaccines[12,13,21]. 
However, whether patients’ beliefs on this issue affect their treating team have yet to be described.
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Table 2 Comparison of responses to selected questions regarding unvaccinated and vaccinated coronavirus disease 2019 patients

Questionsa Unvaccinated, mean ± 
SD

Vaccinated, mean ± 
SD

P 
value

Tool 1-difficult doctor-patient relation questionnaire (7-point Likert scale)b

  Do you expect to see clinical improvement in a COVID-19 patient? 3.8 ± 1.6 5.5 ± 1.3 < 0.001

  How frustrating is a patient with COVID-19? 4.8 ± 2.0 3.2 ± 2.0 < 0.001

  How frustrated are you with treating a COVID-19 patient? 4.7 ± 2.0 2.8 ± 1.8 < 0.001

  Are you satisfied when you care for COVID-19 patients? 3.9 ± 2.0 4.6 ± 1.8 0.001

  How time consuming is caring for COVID-19 patients? 5.0 ± 1.6 4.1 ± 1.5 < 0.001

  How enthusiastic do you feel about caring for a COVID-19 patient? 2.8 ± 1.8 3.2 ± 1.8 0.09

  How difficult is it to communicate with a COVID-19 patient? 3.4 ± 1.8 2.4 ± 1.5 < 0.001

Tool 2-perception of patient’s responsibility questionnaire (7-point Likert scale)b

  I believe a COVID-19 patient is responsible for his illness 5.1 ± 1.8 2.1 ± 1.5 < 0.001

  COVID-19 patients consciously endanger their family and environment 5.4 ± 1.9 2.3 ± 1.7 < 0.001

  COVID-19 patients have a bad influence on my personal life 3.6 ± 2.2 1.6 ± 1.2 < 0.001

  COVID-19 patients deserve to occupy beds in the ICU 5.1 ± 1.9 5.9 ± 1.8 0.002

  I believe that social sanctions should be imposed on people un/vaccinated to COVID-
19

4.2 ± 2.1 1.4 ± 1.1 < 0.001

  I believe that economic sanctions should be imposed on people un/vaccinated to 
COVID-19

4.1 ± 2.2 1.4 ± 1.0 < 0.001

  Un/vaccinated COVID-19 patients make it impossible to eradicate the pandemic 5.0 ± 2.2 1.8 ± 1.2 < 0.001

Tool 3-characterological derogation questionnaire (7-point Likert scale)b

  A patient with COVID-19 is polite 3.4 ± 1.4 3.9 ± 1.3 0.001

  A patient with COVID-19 is responsible 2.5 ± 1.6 5.2 ± 1.8 < 0.001

  A patient with COVID-19 is mature 2.7 ± 1.6 4.9 ± 1.7 < 0.001

  A patient with COVID-19 is nice 3.4 ± 1.4 3.9 ± 1.4 0.01

  A patient with COVID-19 is selfish 4.6 ± 2.1 2.4 ± 1.7 < 0.001

  A patient with COVID-19 is ignorant 4.8 ± 1.9 2.6 ± 1.7 < 0.001

aAll questions were answered twice, first regarding vaccinated patients and second regarding unvaccinated patients.
bAnswers ranged from 1 (“not at all”) to 7 (“highly agree”).
COVID-19: Coronavirus disease 2019; ICU: Intensive care unit.

Our study was conducted during the fourth surge of the COVID-19 pandemic. Despite multiple 
studies demonstrating the safety and efficacy of mRNA vaccines[7,9,22], large populations still refuse to 
get vaccinated. Vaccination hesitancy continues to be a serious concern worldwide[23,24], with 
amplification of the discussion in social media settings[25]. During the fourth surge, most hospitalized 
patients were unvaccinated, showing worse clinical outcomes[10]. This situation created a fertile ground 
for the development of frustration among medical staff, particularly in the context of the highly stressful 
work environment in COVID-19 departments. We hypothesized that this confluence of factors might 
aggravate negative feelings while taking care of unvaccinated patients, as presented in our results. This 
trend was reflected in our study by the strong correlation between higher workplace burnout and the 
perception of more difficult relationships with unvaccinated patients.

In Israel, vaccines were free for every citizen and available in multiple centers all over the country 
with the option for home visits when needed. Therefore, it is not surprising that the unvaccinated 
COVID-19 patients in our study were considered responsible for their own medical predicament (P < 
0.001) and were blamed for allowing the pandemic to spread, thus endangering others (P < 0.001). This 
dynamic can conceivably lead to more strain on the doctor-patient relationship. The results of the 
current study demonstrated the strong effect that vaccine status has on the HCT perceptions of their 
patients.

The use of three different study tools emphasized the internal consistency of the results since the 
negative attitude was consistent in three independent instruments. Additionally, the results of all three 
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questionnaires were statistically significant, demonstrating a large effect, despite a relatively small 
sample size. It is important to note that 97% of the participants were vaccinated for COVID-19. While it 
may seem like a potential selection bias, it is important to remember that in Israel vaccination was 
obligatory for hospital medical teams, and therefore the vaccine status does not reflect the participants’ 
attitudes towards the COVID-19 vaccines[21].

Throughout the history of medicine, physicians have handled situations in which the patient may be 
held responsible for his condition due to various health behavior (e.g., obesity, diabetes, chronic 
obstructive pulmonary disease). Some medical conditions have even been stigmatized due to moral 
failure (e.g., venereal disease). Although it remains difficult to establish whether such perceptions play a 
role in the doctor–patient relationship, in all such cases medical professionalism and ethics call for a 
non-judgmental and unbiased approach toward patients. Additionally, the treating HCT must be 
familiar with variables that might influence their perceptions or interaction with their patients[26,27]. As 
shown by Mateo et al[28], there is a high prevalence of harmful bias and discrimination within the 
health professions, with a proven negative impact on patient care. It was argued that addressing these 
biases is the professional responsibility of every provider and essential to effective and equitable care. In 
light of this, we assumed that ongoing negative perceptions can eventually lead to a harmful effect on 
the quality of care of unvaccinated patients. We believe that our findings should raise awareness for 
potentially harmful biases in medical practice and hopefully lead to the establishment of specific 
measures in designated COVID-19 departments to combat this issue. For example, departments should 
be able to offer the staff a reassuring environment to express their feelings and prevent their 
aggravation.

This study has several limitations. We used questionnaires, which can cause report bias. Only 
participants who completed the questionnaire were included, which can cause selection bias. To avoid 
those biases, further research should aim to assess the effect of patient COVID-19 vaccine hesitancy on 
HCT perceptions in a direct manner. Observational prospective studies with consecutive patients are 
needed for this purpose and to assess any effect on patient quality of care. Furthermore, it can be 
assumed that since the reporting bias is a concern in both study groups, it has a relatively negligible 
influence on our results. Although we approached a variety of medical personnel in multiple centers, 
our cohort size is relatively small. A potential reason could be the timing of the study during the peak of 
an outbreak, finding the medical staff extremely busy and therefore less responsive to participate in 
online surveys, especially considering the multiple tools included in our questionnaire. Furthermore, 
even though the survey was anonymous, medical staff might have been hesitant to reveal negative 
attitudes toward patients. This study was designed as a “snapshot” study, capturing the essence of 
medical staff perceptions of COVID-19 patients during the peak of the outbreak.

CONCLUSION
Our study demonstrated that patient vaccine hesitancy had a strong negative effect on the HCT 
perceptions regarding these patients. We aimed to raise awareness and promote preventive 
interventions. Early detection might prevent negative feelings from escalating and mitigate the feared 
consequence of harming patient care.

ARTICLE HIGHLIGHTS
Research background
Patient characteristics can affect their medical care team practice and intervene in the shared decision-
making process. The coronavirus disease 2019 (COVID-19) pandemic posed new challenges to patient 
care, especially severe infections with high rates of deterioration and adverse outcomes. COVID-19 
vaccines have proven highly efficacious in reducing the disease severity and as a result its burden. We, 
therefore, hypothesized that patient vaccine hesitancy would influence the hospital care team (HCT) 
perceptions.

Research motivation
Many studies focused on the attitudes toward COVID-19 vaccines themselves and specifically on 
vaccine hesitancy for both patients and medical teams. However, it is still unknown whether patient 
vaccine hesitancy influences HCT perceptions.

Research objectives
To study the effect of patient vaccine hesitancy on HCT perceptions towards these patients’ character-
istics and care.
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Research methods
We conducted a prospective study at 11 medical centers during the Delta variant surge using 
standardized questionnaires. Hospital physicians and nursing staff treating COVID-19 patients (n = 66) 
were recruited and completed a questionnaire, which included three validated tools to assess the effect 
of patient vaccine hesitancy. We analyzed the questionnaire results in all different items and evaluated 
their associations with patients’ characteristics.

Research results
Our data demonstrated that HCT experienced their relationship with vaccine-hesitant patients as more 
difficult, perceived them as responsible for their disease and as having a lower character. The 
relationship with unvaccinated patients was more difficult among HCTs with higher workplace 
burnout.

Research conclusions
We concluded that patient vaccine hesitancy had a negative impact on how the HCT perceived patient 
character, their care and their responsibility for their disease.

Research perspectives
Our results should raise awareness of the potentially harmful biases in medical practice and hopefully 
lead to the establishment of specific measures in designated COVID-19 departments to combat this 
issue. Early detection might prevent negative feelings from escalating and mitigate the feared 
consequence of harming patient care.
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Abstract
BACKGROUND 
In the perioperative period of biliary surgery, various factors can induce the 
release of a large number of inflammatory factors, leading to an imbalance in pro-
inflammatory and anti-inflammatory responses and resulting in gastrointestinal 
(GI) dysfunction. Enhanced Recovery After Surgery protocols in biliary surgery 
have been shown to reduce the stress response and accelerate postoperative re-
covery. It is crucial to reduce the inflammatory response and promote the 
recovery of GI function after biliary surgery, both of which are the basis and key 
for perioperative care and postoperative recovery.

AIM 
To better understand the effects of Modified Xiao-Cheng-Qi decoction (MXD) on 
inflammatory response and GI function in the perioperative management of 
cholelithiasis and their correlation.

METHODS 
This was a prospective randomized placebo-controlled trial, in which 162 patients 
who received biliary tract surgery were randomly assigned to three groups: MXD 
group, XD group, and placebo-control group. The observed parameters included 
frequency of bowel sounds, time of first flatus and defecation, time of diet, and 
amount of activity after surgery. The serum levels of C-reactive protein (CRP), in-
terleukin (IL)-6, IL-10, serum amyloid A protein (SAA), and substance P were 
measured by the enzyme-linked immunosorbent assay. Then, the spearman 
correlation coefficient was used to analyze the relationship between the indicators 
of GI function and inflammation.

RESULTS 
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Compared to the placebo-control, improvements in GI function were observed in the MXD groups 
including reduced incidence of nausea, vomiting, and bloating; and earlier first exhaust time, first 
defecation time, and feeding time after surgery (P < 0.05). On the 1st and 2nd d after surgery, IL-6, 
CRP and SAA levels in MXD group were lower than that in placebo control, but substance P level 
was higher, compared to the control (P < 0.05). Functional diarrhea occurred in both MXD and XD 
groups without any other adverse effects, toxic reactions, and allergic reactions. Diarrhea was 
relieved after the discontinuation of the investigational remedies. Bowel sounds at 12 h after 
surgery, the occurring time of the first flatus, first defecation, postoperative liquid diet and semi-
liquid diet were significantly correlated with levels of IL-6, CRP, SAA and substance P on second 
day after surgery (P < 0.05).

CONCLUSION 
Treatment with MXD can relieve inflammatory response and improve GI function after surgery. 
Moreover, there are significant correlations between them. Furthermore, it does not cause serious 
adverse reactions.

Key Words: Modified Xiao-cheng-qi Decoction; Cholelithiasis; Inflammatory response; Gastrointestinal 
function; Enhanced Recovery After Surgery; Perioperative

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

Core Tip: It is crucial to reduce the inflammatory response and promote the recovery of gastrointestinal 
(GI) function after biliary surgery, as both are the basis and key for perioperative care and postoperative 
recovery. Treatment with Modified Xiao-Cheng-Qi decoction can reduce the inflammatory response and 
improve GI function after surgery. Moreover, a close correlation between them was found in our study. 
Our findings provide insights into the possible role of inflammatory stress response in the pathogenesis of 
postoperative GI tract dysfunction (PGID) and support the development of novel therapeutic strategies for 
the prevention and treatment of postoperative inflammatory stress response and PGID.

Citation: Sun BF, Zhang F, Chen QP, Wei Q, Zhu WT, Ji HB, Zhang XY. Improvement of inflammatory response 
and gastrointestinal function in perioperative of cholelithiasis by Modified Xiao-Cheng-Qi decoction. World J Clin 
Cases 2023; 11(4): 830-843
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/830.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.830

INTRODUCTION
In the perioperative period of biliary surgery, various factors such as starvation, tissue injury, 
anesthesia, and pain can induce the release of a large number of inflammatory factors[1-4], leading to an 
imbalance in pro-inflammatory and anti-inflammatory responses and result in gastrointestinal (GI) 
dysfunction[5-7]. Enhanced Recovery After Surgery (ERAS) is a multimodal perioperative care pathway 
designed to achieve early recovery after surgical procedures by maintaining pre-operative organ 
function and reducing the profound stress response following surgery[8-11]. ERAS protocols in biliary 
surgery have been shown to reduce the stress response and accelerate postoperative recovery[12-14]. It 
is crucial to reduce the inflammatory response and promote the recovery of GI function after biliary 
surgery, both of which are the basis and key for perioperative care and postoperative recovery[15-17]. 
Therefore, it is necessary to develop novel interventions to reduce the inflammatory response and 
improve the recovery of GI function after biliary surgery. However, the relationship between inflam-
matory response and postoperative GI tract dysfunction (PGID) is complex and also there is less report 
on the correlation between the inflammatory response and GI function recovery after biliary surgery.

Modified Xiao-Cheng-Qi decoction (MXD) is a new remedy with traditional Chinese medicine (TCM), 
which has the addition of Huangqi (Astragalus), Ruxiang (Frankincense) and Moyao (Myrrh) compared 
to the classic XD. It is notable that MXD was primarily designed by the author based on the character-
istics of biliary tract surgery, which have been applied to therapy according to “clinical differentiation” 
for several years. To better understand the effects of MXD on the inflammatory response and GI 
function recovery in perioperative of cholelithiasis, also their correlation, we conducted this prospective 
randomized controlled study.

https://www.wjgnet.com/2307-8960/full/v11/i4/830.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.830
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MATERIALS AND METHODS
Study design
This study was a prospective randomized, double-blind, and placebo-controlled trial. In this study, 
three treatment groups were randomized in a 1:1:1 ratio (test:control:control). To obtain statistically 
significant results, the estimated sample size in both the test group and control group was at least 45 
patients per group, according to ERAS. Participants were stratified according to the presence or absence 
of common bile duct stones. Considering the possibility of dropping out of the trial (10%), at least 50 
patients were needed in each group, i.e., our study needed a total of 150 patients in the three groups. 
Actually, 185 patients were assessed for eligibility, and finally 170 patients were recruited during the 
period from January 2017 to January 2018. All participants were randomly assigned to the three groups 
(MXD, XD, and control). Among them, 162 subjects (95.3%) finally completed the treatment. Four 
patients in the MXD group and four in the XD group dropped out because they could not tolerate the 
taste of the TCM or were unwilling to complete this study. The reasons and dates of withdrawal were 
recorded in detail. The general situation and indicators of those patients were also evaluated. A flow 
diagram of the patient enrollment and study phase schedule was shown in Figure 1.

The study procedures were approved by the ethics committee of Binzhou Medical University 
Hospital [No. Ethical research (2017-026-01)]. This study was registered at the Chinese Clinical Trial 
Registry (ChiCTR2000033125). The statistical methods of this study were reviewed by Qiang-Pu Chen 
from Binzhou Medical University Hospital. An investigator who was unaffiliated with this study 
created the randomization list. The randomization was completed by SAS 9.4 software to generate a 
random sequence. The participants were randomly allocated at a 1:1:1 ratio to three groups: (1) MXD 
group: ERAS + MXD [Dahuang (rhubarb) 6 g, Houbu (Magnolia officinalis) 6 g, Zhishi (Immature Bitter 
Orange) 12 g, Huangqi (Astragalus) 20 g, Ruxiang (Frankincense) 6 g, Moyao (Myrrh) 6 g]; (2) XD 
group: ERAS + XD [Dahuang (rhubarb) 6 g, Houbu (Magnolia officinalis) 6 g, Zhishi (Immature Bitter 
Orange) 12 g]; and (3) Placebo-control group: ERAS + warm water (Table 1). All patients underwent 
ERAS protocol during the perioperative period. Rhubarb, Magnolia officinalis, Immature Bitter Orange, 
Astragalus, Frankincense and Myrrh are Chinese Medicine Granules and all produced by Yifang 
Pharmaceutical Corporation (Guangdong, China). For one dose of MXD or XD, all herb ingredients 
were extracted with 100 mL warm boiled water to make an aqueous extract. Then 50 mL of investiga-
tional drug was administered orally at 14-16 and 6-8 h before surgery; and at 6-8, 14-16, 22-24, and 30-32 
h after surgery. The control group was given 50 mL warm water at the same time.

Inclusion and exclusion criteria
The inclusion criteria were: (1) Confirmed diagnosis of cholelithiasis, surgical indications; (2) Written 
informed consent for surgery; (3) Underwent elective laparoscopic choledocholithotomy and 
cholecystectomy or laparoscopic cholecystectomy; > 18 years and ≤ 75 years; (4) Had no severe cardiop-
ulmonary complications and American Society of Anesthesiologists grade (ASA) I or II; and (5) 
Underwent primary biliary tract surgery. Exclusion criteria were: (1) Patients with acute inflammation, 
fever, or other diseases that might seriously impact the body’s stress and inflammatory responses, 
accompanied by immune diseases, metabolic diseases, or use of some drugs that affect the immune 
system; ≤ 18 years and > 75 years; (2) Had undergone an emergency operation; (3) Had undergone 
reoperation of the biliary tract; (4) Had severe cardiopulmonary complications; or (5) ASA III or IV. 
Randomization was achieved by a computer-generated list of numbers for group allocation.

ERAS protocols
The ERAS protocols were implemented as follows: (1) Preoperative preparation included admission 
education, nutritional risk screening, disease assessment, detailed introduction of the treatment plan, 
preemptive analgesia, Visual Analogue Scale (VAS) pain score; (2) Intraoperative management included 
sedative analgesia before anesthesia, general anesthesia, intraoperative warming, controlled infusion, 
and minimally invasive surgery; and (3) Postoperative management included postoperative continuous 
monitoring of vital signs, VAS pain score, early ambulation, early diet, postoperative analgesia, and 
health guidance before discharge.

General anesthesia
General anesthesia was performed by one of six trained surgeons, who had at least 5 years of 
experience. Patients were assigned to each anesthesia group by the random number table. When the 
procedure began, the peripheral vein was opened, and the patients’ electrocardiogram, heart rate, and 
blood oxygen saturation were monitored routinely. Anesthesia induction was performed by in-
travenous injection of propofol 1.5-2.5 mg/kg, fentanyl 2-3 μg/kg, and atracurium besylate 0.3-0.6 
mg/kg. Mechanical ventilation was also performed after tracheal intubation. The conditions for 
mechanical ventilation were as follows: Tidal volume, 8-12 mL/kg; positive end-expiratory pressure 
ventilation, 2-4 cm H2O; ventilation frequency, 12-20 times/min; inspired oxygen concentration, 30-60%; 
gas flow rate, 2 L/min; and end-tidal partial pressure of carbon dioxide, 35-45 mmHg. The 
nasopharyngeal temperature probe was used to monitor the patient’s intraoperative temperature. 
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Table 1 All ingredients of the different treatment group

Group Ingredient

Control Warm boiled water

XD Dahuang (Rhubarb) 6 g, Houbu (Magnolia officinalis) 6 g and Zhishi (Immature Bitter Orange) 12 g

MXD Dahuang (Rhubarb) 6 g, Houbu (Magnolia officinalis) 6 g, Zhishi (Immature Bitter Orange) 12 g, Huangqi (Astragalus) 20 g, Ruxiang 
(Frankincense) 6 g and Moyao (Myrrh) 6 g

XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction.

Figure 1 Patients’ flowchart. XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction.

Meanwhile, the thermal insulation blanket and infusion heater were used to keep the patient warm 
during the operation. To anesthetize the patients, remifentanil (0.25-0.5 μg/kg·min) was infused 
intravenously and sevoflurane was inhaled. It is notable that the inhalation concentration was adjusted 
according to the patients’ vital signs. During the operation, atracurium besylate 0.05 mg/kg was 
injected intravenously, meanwhile anesthesiologists performed radial artery catheterization to 
continuously monitor the invasive blood pressure. At that time, anesthesiologists also performed right 
central venous catheterization to continuously monitor the pressure of the central vein, guide fluid 
input, maintain hemodynamic stability, and administer vasoactive drugs when necessary. Respiratory 
parameters were adjusted according to the results of the blood gas analyses.

Operation mode
Biliary surgery was performed by one of four trained surgeons, each of whom has at least 10 years of 
experience. Patients were assigned to each surgical group by the random number table. The general 
tasks included checking the status of patients before surgery, disinfecting patient’s skin, and laying 
sterile sheets on the skin. A small arc-shaped incision of about 1.5 cm in length was made under the 
umbilicus, and then a pneumoperitoneum needle was inserted into the abdominal cavity. Carbon 
dioxide gas was injected into the pneumoperitoneum to 15 mmgh, followed by insertion of a 10 mm 
trocar into the abdominal cavity through direct trocar puncture and laparoscopy to explore the 
abdominal cavity. Two more cannulas were used to puncture under the xiphoid process, the 
intersection of the right costal margin and the middle clavicular line. Another trocar was inserted under 
the intersection of the right costal margin and axillary line under laparoscopic surveillance if needed. 
Laparoscopic choledocholithotomy and cholecystectomy were performed in patients with choledocho-
lithiasis and cholecystolithiasis, while laparoscopic cholecystectomy was done in patients with cholecys-
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tolithiasis. The abovementioned patients were randomly assigned to each group according to the mode 
of operation.

Outcome measures
The outcome measures were: The frequency of bowel sounds, time of first flatus and defecation, time of 
drinking and eating, and the amount of activity after surgery. The frequency of bowel sounds was 
observed at 2 h before surgery and at 0, 6, 12, and 24 h after surgery. Thus, stethoscope was performed 
for 2 min at several points, including McBurney point, anti McBurney’s point, and 5 cm below the left 
and right costal margin; thus, the quality of intestinal sound was recorded. The mean value was 
calculated and recorded. The time to first passage of flatus, first defecation, first postoperative drinking 
time, first postoperative liquid diet time, first postoperative semi-liquid diet time, and first post-
operative normal diet time were recorded in detail. Physical activity time and distance were assessed 
using the Mi Band activity monitor (MB4; Xiaomi Technology Co., Ltd., Beijing, China) on days 1, 2, 3, 4, 
and 5 (from 08:00 to 08:00) after surgery.

The complications were also monitored based on “Evidence-based clinical practice guidelines for 
cholelithiasis 2016”[18] and “Nurse’s guide to common postoperative complications”[19]. Incision 
complications include surgical site infections, dehiscence, seromas, and hematomas[20]. Intra-
abdominal infection is a common disease process after operation, which is associated with substantial 
morbidity and death[21]. Deep-vein thrombosisa is a condition in which a blood clot forms in a deep 
vein and causes a blockage[22]. Bile leakage originates from the cut surface of the liver, from injury of 
the bile ducts, or from anastomotic leakage after bilioenteric anastomosis[23]. Nausea is the unpleasant 
sensation of being about to vomit and is often associated with mouth watering. Vomiting is the forceful 
expulsion of gastric contents via the mouth[24]. Bloating has been defined as a feeling of increased 
abdominal pressure that may or may not be accompanied by objective abdominal distension, i.e., visible 
enlargement of the waist[25]. In addition, the adverse reactions of TCM were observed in detail. 
Adverse drug reactions are described as “an appreciably harmful or unpleasant reaction, resulting from 
an intervention related to the use of a medicinal product, which predicts hazard from future adminis-
tration and warrants prevention or specific treatment, or alteration of the dosage regimen, or 
withdrawal of the product”[26].

A comparison of the serum levels of C-reactive protein (CRP), interleukin-6 (IL-6), IL-10, serum 
amyloid A protein (SAA) and substance P among the three different groups was performed by the 
enzyme-linked immunosorbent assay at different time points, namely on the first day before surgery as 
well as on days 1, 2, and 5 after surgery. Besides, substance P is a member of the family of mammalian 
tachykinin peptides, which is predominantly released by enteric neurons, and exert a potent contractile 
effect on GI smooth muscle through tachykinin receptors by modulating ionic channels and by 
producing second messengers[27].

Statistical analyses
SPSS software version 24.0 was used to analyze the data obtained from this study. The Pearson’s chi-
squared test was applied to categorical variables such as sex and operation type. Normality distribution 
of data was first determined by the Kolmogorov-Smirnov test and accordingly, groups were compared 
using one-way analysis of variance, student’s t-test or Mann-Whitney U test. The spearman cor-relation 
coefficient was used to analyze the relationship between the indicators of inflammation and GI function. 
P < 0.05 was considered statistically significant.

RESULTS
Baseline characteristics
The protocol of this study was approved by the ethics committee of Binzhou Medical University 
Hospital (No. Ethical research 2017-026-01). All participants provided written informed consent. The 
basic characteristics of the patients in the three groups are described in Table 2, in which there were no 
significant differences among the three groups in age, sex, body mass index, concomitant disease, 
surgery type, operation time, or intraoperative blood loss (P < 0.05; Table 2).

Recovery of GI function after biliary surgery
Our study found that there was a greater frequency of bowel sounds in the MXD and XD groups 
compared to the control group at 6, 12, and 24 h after surgery (P < 0.05). There was a greater frequency 
of bowel sounds in the MXD group as compared to that in the control group at 0 h after surgery (P < 
0.05). The first exhaust time and first defecation time after surgery were earlier in both the MXD and XD 
groups compared to the control group (P < 0.05; Table 3).

Diet after biliary surgery
Compared to the control group, the time of drinking water, liquid diet, and half-liquid diet in either the 
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Table 2 Basic characteristics of the participants

Characteristics/group Control (n = 53) XD (n = 54) MXD (n = 55) P value

Age (yr) 57.19 ± 13.19 55.44 ± 15.75 54.53 ± 15.36 0.640

Sex 0.782

  Male 23 (43.4%) 26 (48.1%) 24 (43.6%) 

  Female 30 (56.6%) 28 (51.9%) 31 (56.4%)

BMI (kg/m2) 23.84 ± 1.85 23.78 ± 2.01 24.06 ± 1.64 0.701

Concomitant disease 0.917

  Yes 30 (56.6%) 28 (51.9%) 29 (52.7%)

  No 23 (43.4%) 26 (48.1%) 26 (47.3%)

Operation mode 0.997

  Laparoscopic cholecystectomy 45 (84.9%) 46 (85.2%) 47 (85.5%)

  Laparoscopic cholecystectomy and choledocholithotomy 8 (15.1%) 8 (14.85%) 8 (14.5%)

Operation time (min) 176.70 ± 47.02 178.89 ± 47.13 173.09 ± 49.36 0.816

Intraoperative blood loss (mL) 37.36 ± 22.80 37.04 ± 19.97 36.36 ± 19.94 0.969

XD: Xiao-Cheng-Qi decoction; MX: Modified Xiao-Cheng-Qi decoction; BMI: Body mass index.

Table 3 Recovery of gastrointestinal function after biliary surgery

Parameters Control (n = 53) XD (n = 54) MXD (n = 55) P value

Bowel sounds (times/min)

  2 h before surgery 4.66 ± 0.68 4.39 ± 0.86 4.42 ± 0.79 0.144

  0 h after surgery 0.02 ± 0.141 0.06 ± 0.231 0.15 ± 0.361,2 0.035

  6 h after surgery 2.21 ± 1.321 3.11 ± 1.571,2 3.24 ± 1.621,2 0.001

  12 h after surgery 3.77 ± 1.661 6.74 ± 1.991,2 7.65 ± 2.151,2,3 0.000

  24 h after surgery 3.95 ± 1.141 4.85 ± 1.391,2 5.18 ± 1.531,2 0.000

Time of first flatus (h) 24.00 ± 11.03 19.70 ± 10.212 17.40 ± 5.312 0.003

Time of first defecation (h) 55.75 ± 26.95 36.91 ± 15.202 34.42 ± 12.92 0.000

1P < 0.05 vs the same group 2 h before surgery.
2P < 0.05 vs the control group.
3P < 0.05 vs Xiao-Cheng-Qi decoction.
XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction.

MXD group or XD group was shorter (P < 0.05). After surgery, the half-liquid diet time in the MXD 
group was shorter than that in the XD group (P < 0.05; Table 4).

Physical activity after biliary surgery
On days 1 and 2 after surgery, the physical activity time and distance in the MXD group were greater 
than those in the XD group or control group (P < 0.05). On day 3 after surgery, the practice time of 
physical activity of the patients in MXD group was longer than that in the control group, meanwhile, 
the activity distance of patients in the MXD group was much farther than that in both the XD and 
control groups (P < 0.05; Table 5).

Complications after biliary surgery
Compared with the control group, the incidence of nausea, vomiting, and bloating in either the MXD 
group or XD group was reduced (P < 0.05). There were no serious adverse reactions in the three groups 
(Table 6).
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Table 4 Diet after biliary surgery

Parameters Control (n = 53) XD (n = 54) MXD (n = 55) P value

Postoperative drinking time (h) 11.11 ± 7.26 8.88 ± 3.931 7.21 ± 3.201 0.076

Postoperative liquid diet time (h) 15.72 ± 8.98 12.74 ± 5.471 10.35 ± 4.241 0.049

Postoperative semi-liquid diet time (h) 27.92 ± 15.16 22.53 ± 9.331 17.98 ± 6.831,2 0.028

Postoperative normal diet time (h) 100.94 ± 39.04 94.80 ± 35.86 81.69 ± 29.07 0.333

1P < 0.05 vs the control group.
2P < 0.05 vs Xiao-Cheng-Qi decoction.
XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction.

Table 5 Physical activity after biliary surgery

Activity indicators Control (n = 53) XD (n = 54) MXD (n = 55) P value

Activity time (min)

  1 d after surgery 27.06 ± 8.29 28.50 ± 8.95 33.76 ± 12.411,2 0.107

  2 d after surgery 41.73 ± 11.59 48.07 ± 14.571 57.02 ± 19.911,2 0.157

  3 d after surgery 50.94 ± 12.00 61.91 ± 21.731 63.64 ± 19.631 0.201

  4 d after surgery 59.24 ± 12.81 68.75 ± 19.54 78.08 ± 35.141 0.130

  5 d after surgery 77.40 ± 21.77 85.17 ± 27.81 88.80 ± 22.32 0.481

Activity distance (m)

  1 d after surgery 256.70 ± 94.97 284.57 ± 80.77 344.35 ± 134.011,2 0.127

  2 d after surgery 397.19 ± 123.24 480.70 ± 163.851 630.60 ± 177.831,2 0.050

  3 d after surgery 505.19 ± 151.09 571.75 ± 177.87 730.21 ± 200.951,2 0.013

  4 d after surgery 651.82 ± 181.59 742.75 ± 195.40 782.69 ± 159.86 0.219

  5 d after surgery 788.27 ± 236.58 792.50 ± 195.48 937.10 ± 145.73 0.162

1P < 0.05 vs the control group.
2P < 0.05 vs Xiao-Cheng-Qi decoction.
XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction.

Table 6 Incidence of complications after biliary surgery

Parameters Control (n = 53) XD (n = 54) MXD (n = 55) P value

Incision complications 2 (3.77%) 1 (1.85%) 1 (1.82%) 0.761

Intra-abdominal infection 1 (1.89%) 0 (0%) 0 (0%) 0.761

Deep-vein thrombosis 0 (0%) 0 (0%) 0 (0%) 1.000

Bile leakage 1 (1.89%) 1 (1.85%) 0 (0%) 0.599

Nausea and vomiting 12 (22.64%) 3 (5.56%)1 2 (3.64%)1 0.001

Bloating 11 (20.75%) 4 (7.41%)1 3 (5.45%)1 0.009

1P < 0.05 vs the control group.
XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction.

Adverse reactions of the investigational remedy
Functional diarrhea occurred in both MXD and XD groups without any other adverse effects, toxic 
reactions, and allergic reactions. The main symptoms of functional diarrhea were the increased fecal 
frequency (> 3 times/d), increased fecal volume (> 200 g/d), thin fecal quality (> 85%), and no 
abdominal pain (> 75%)[28,29]. Based on these symptoms, the number of cases with diarrhea was 



Sun BF et al. Effects of MXD

WJCC https://www.wjgnet.com 837 February 6, 2023 Volume 11 Issue 4

Table 7 Incidence of functional diarrhea in perioperative period

Parameters Control (n = 53) XD (n = 54) MXD (n = 55) P value

1d before surgery 2 (3.77%) 14 (25.93%)1 6 (10.91%)1,2 0.003

1d after surgery 1 (1.89%) 9 (16.67%)1 6 (10.91%)1 0.035

2 d after surgery 0 (0%) 8 (14.81%)1 5 (9.09%)1 0.017

3 d after surgery 2 (3.77%) 4 (7.41%) 2 (3.64%) 0.595

4 d after surgery 1 (1.89%) 2 (3.70%) 1 (1.82%) 0.777

5 d after surgery 2 (3.77%) 1 (1.85%) 2 (3.64%) 0.816

1P < 0.05 vs the control group.
2P < 0.05 vs Xiao-Cheng-Qi decoction.
XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction.

counted. Diarrhea was relieved after the discontinuation of the investigational remedies. The incidence 
of diarrhea in the MXD group and the XD group was significantly higher than that in the control group 
on the 1st before surgery and 1st, 2nd d after surgery (P < 0.05). There was no significant difference among 
the three groups on the 3rd, 4th and 5th d after surgery (P > 0.05) (Table 7).

Inflammatory indicators and substance P
IL-6: On the 1st, 2nd, and 5th d after surgery, the serum concentrations of IL-6 in the three groups were 
higher than that on the 1st d before operation (P < 0.05). It is notable that on the 1st d after surgery, the 
serum levels of IL-6 in both MXD and XD groups were lower than that in the control group (P < 0.05). 
While, on the 2nd d after surgery, the serum level of IL-6 in MXD group was significantly lower than that 
in both XD group and control group (P < 0.05). However, there was no statistical difference in the serum 
level of IL-6 between the three groups on the 1st d before surgery and 5th d after surgery (P > 0.05) 
(Table 8).

IL-10: Compared with the 1st d before surgery, there was no statistically significant difference in the 
serum concentrations of IL-10 between the three groups on the 1st, 2nd, and 5th d after surgery (P > 0.05). 
While there was also no statistical difference in the serum levels of IL-10 between the three groups on 
the 1st day before surgery and 1st, 2nd, and 5th d after surgery (P > 0.05) (Table 8).

CRP and SAA: On the 1st and 2nd d after surgery, the serum concentrations of CRP and SAA in the three 
groups were higher than that on the 1st d before surgery (P < 0.05). It is notable that on the 5th d after 
surgery, the serum levels of CRP in the control group and SSA in MXD and XD groups were higher than 
that on the 1st d before surgery (P < 0.05). On the 1st d after surgery, the serum levels of CRP and SAA in 
both the MXD group and XD group were lower than that in the control group (P < 0.05), and the serum 
level of SAA in MXD group was significantly lower than that in the XD group (P < 0.05). While on the 
2nd d after surgery, the serum level of CRP in MXD group was lower than that in either the XD group or 
the control group (P < 0.05), while SAA in the MXD group was lower than that in the control group (P < 
0.05). There was no statistically significant difference in the serum levels of CRP and SAA between the 
three groups on the 1st d before surgery and 5th d after surgery (P > 0.05) (Table 8).

Substance P: On the 1st and 2nd d after surgery, the serum concentration of substance P in the MXD 
group was higher than that on the 1st d before surgery (P < 0.05). Our study also found that on the 1st d 
after surgery, the serum level of substance P in the MXD group was higher than that in both the XD and 
control groups (P < 0.05). Moreover, on the 2nd d after surgery, the serum levels of substance P in the 
MXD and XD groups were higher than that in the control group (P < 0.05; Table 8).

Spearman correlation analysis between indicators of the inflammation and GI function
In terms of correlations, bowel sounds at 12 h after surgery were significantly correlated with the levels 
of IL-6, CRP and SAA on the 2nd d after surgery (r = -0.25, -0.22, -0.33; P ≤ 0.001, P ≤ 0.001, and P ≤ 0.001, 
respectively). The occurring time of the first flatus was correlated significantly with the levels of IL-6 
and CRP (r = 0.20, 0.35; P ≤ 0.001, P = 0.01, respectively), While the occurring time of the first defecation 
showed its correlation with CRP and SAA levels on the 2nd d after surgery (r = 0.30, 0.24; P ≤ 0.001, P ≤ 
0.001, respectively). Similarly, the time of the postoperative liquid diet and the postoperative semi-
liquid diet were correlated significantly with CRP levels on the 2nd d after surgery (r = 0.27, 0.29; P ≤ 
0.001, P ≤ 0.001, respectively). In addition, the level of substance P and SAA on the 2nd d after surgery 
showed a significant correlation (r = -0.24; P ≤ 0.001). Bowel sounds at 12 h after surgery, the occurring 
time of first flatus, and that of the first defecation were significantly correlated with substance P (r = 
0.31, -0.23, -025; P ≤ 0.001, P ≤ 0.001, and P ≤ 0.001, respectively). Other correlations were not significant 
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Table 8 Levels of the indicators for acute inflammatory stress response and substance P in the perioperative period of biliary tract 
surgery

Indicators Control (n = 53) XD (n = 54) MXD (n = 55) P value

IL-6 (pg/mL)

  1 d before surgery 4.89 ± 1.24 4.43 ± 1.46 4.26 ± 2.62 0.203

  1 d after surgery 17.42 ± 6.671 10.63 ± 9.991,2 9.08 ± 8.631,2 0.000

  2 d after surgery 11.09 ± 3.571 9.80 ± 6.511 6.13 ± 3.601,2,3 0.000

  5 d after surgery 8.49 ± 2.311 7.22 ± 2.171 7.22 ± 3.391 0.487

IL-10 (pg/mL)

  1 d before surgery 1.29 ± 0.50 1.25 ± 0.46 1.24 ± 0.23 0.798

  1 d after surgery 1.27 ± 0.49 1.20 ± 0.61 1.21 ± 0.50 0.761

  2 d after surgery 1.21 ± 0.51 1.23 ± 0.50 1.19 ± 0.37 0.942

  5 d after surgery 1.33 ± 0.55 1.45 ± 0.53 1.39 ± 0.42 0.865

CRP (ng/mL)

  1 d before surgery 6.19 ± 1.77 5.69 ± 2.40 5.59 ± 1.87 0.273

  1 d after surgery 16.85 ± 7.731 10.84 ± 8.381,2 8.02 ± 3.441,2,3 0.000

  2 d after surgery 17.90 ± 17.361 14.41 ± 11.361 8.83 ± 2.841,2,3 0.001

  5 d after surgery 10.33 ± 3.111 10.49 ± 1.45 8.52 ± 2.68 0.170

SAA (ng/mL)

  1 d before surgery 426.21 ± 48.96 415.64 ± 40.60 411.00 ± 47.39 0.214

  1 d after surgery 9492.64 ± 1738.161 7807.52 ± 936.931,2 6953.98 ± 1228.381,2,3 0.000

  2 d after surgery 14792.13 ± 6501.471 10573.74 ± 4074.711,2 9341.03 ± 1888.411,2 0.000

  5 d after surgery 7817.09 ± 550.521 7396.66 ± 611.021 6911.41 ± 1464.141 0.132

Substance P (pg/mL)

  1 d before surgery 40.73 ± 21.53 35.61 ± 19.79 36.14 ± 31.12 0.501

  1 d after surgery 33.60 ± 16.051 37.30 ± 16.07 49.25 ± 41.491,2,3 0.009

  2 d after surgery 28.23 ± 11.121 45.58 ± 24.071,2 51.73 ± 26.871,2 0.000

  5 d after surgery 28.29 ± 11.90 27.55 ± 23.99 35.48 ± 23.70 0.653

1P < 0.05 vs the same group before surgery.
2P < 0.05 vs the control group.
3P < 0.05 vs Xiao-Cheng-Qi decoction.
XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction; IL: Interleukin; CRP: C-reactive protein; SAA: Serum amyloid A.

(Table 9).

DISCUSSION
In the perioperative period of biliary surgery, various injury factors can activate immune cells through 
different ways, such as damage-associated molecular patterns and pathogen-associated molecular 
patterns, and cause excessive release of pro-inflammatory factors, which then lead to local inflammatory 
response and participate in the body’s defense response[10,11]. Moderate inflammatory response in the 
perioperative period is associated with the defense response and maintenance of homeostasis[30]. 
However, in the case of an excessive inflammatory response, a large number of inflammatory cells are 
activated, resulting in a continuous inflammatory response and immune activation. The associated 
release of a large number of pro-inflammatory mediators[31] and the imbalance between pro-inflam-
matory mediators and anti-inflammatory mediators eventually lead to systemic inflammatory response 
syndrome and GI dysfunction[32-35].
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Table 9 Spearman correlation between indicators of gastrointestinal function and inflammation on the second day after surgery (r, p)

Parameters IL-6 IL-10 CRP SAA Substance P

Bowel sounds at 12 h after surgery (0.25, ≤ 0.001) (-0.03, 0.74) (-0.22, ≤ 0.001) (-0.33, ≤ 0.001) (0.31, ≤ 0.001)

Time of first flatus (0.20, 0.01) (0.05, 0.55) (0.35, ≤ 0.001) (0.16, 0.04) (-0.23, ≤ 0.001)

Time of first defecation (0.14, 0.07) (0.04, 0.59) (0.30, ≤ 0.001) (0.24, ≤ 0.001) (-0.25, ≤ 0.001)

Postoperative liquid diet time (0.19, 0.01) (-0.02, 0.81) (0.27, ≤ 0.001) (0.08, 0.33) (-0.10, 0.23)

Postoperative semi-liquid diet time (0.09, 0.25) (-0.00, 0.98) (0.29, ≤ 0.001) (0.11, 0.15) (-0.15, 0.06)

Substance P (-0.20, 0.01) (-0.15, 0.06) (-0.15, 0.05) (-0.24, ≤ 0.001) (1.00, ≤ 0.001)

XD: Xiao-Cheng-Qi decoction; MXD: Modified Xiao-Cheng-Qi decoction; IL: Interleukin; CRP: C-reactive protein; SAA: Serum amyloid A.

IL-6 is a main postoperative proinflammatory factor and a reliable predictor of systemic inflam-
matory response syndrome[36], which is also positively correlated with the severity of surgical trauma
[37]. In the randomized controlled trials, Wang et al[38] and Chen et al[39] confirmed that IL-6 was 
positively correlated with surgical trauma and acute inflammation, so that IL-6 can be used as a 
predictor of postoperative inflammatory response. Moreover, IL-10 can negatively regulate the inflam-
matory response and contributes to the maintenance of pro-inflammatory and anti-inflammatory 
homeostasis[40]. For example, Rahr et al[41] and Oldenburg et al[42] revealed that IL-10 may maintain 
the balance of inflammatory response. In this study, we found that the decrease of IL-6 after surgery in 
MXD group was more obvious than that in the control group, and the level of IL-10 was more stable 
before and after surgery. To some extent, MXD is helpful to reduce the inflammatory response, in order 
to maintain the balance of pro-inflammatory and anti-inflammatory. Except for the inflammatory 
response during surgical trauma, the body also synthesizes a large number of acute-phase proteins, 
which inhibit the release of proteolytic enzymes, cytokines, vasoactive substances, and repair damaged 
tissues[43]. Among the acute phase proteins, CRP and SAA are mainly regulated by cytokines, and their 
dynamic changes might reflect the degree of trauma and stress response[44,45], so that both of them can 
be used as the main indicators for evaluating postoperative trauma, detecting septic shock and 
predicting organ failure[46]. Actually, Li et al[47] and Jung et al[48] confirmed by randomized controlled 
trials that CRP and SAA are positively correlated with the degree of trauma and stress response. In our 
study, the levels of IL-6, CRP and SAA on the 1st and 2nd d after surgery were significantly higher than 
those before surgery. While their serum level in MXD group was significantly lower than that in the 
control group. Taken together, MXD can reduce the response to postoperative inflammatory stress to 
some extent.

According to historical literature, XD was selected from “Treatise on Febrile and Miscellaneous 
Diseases” written by Zhang Zhong-Jing, a famous TCM doctor of the Han Dynasty in China. The 
composition of XD includes Dahuang (rhubarb), Houbu (Magnolia officinalis) and Zhishi (Immature 
Bitter Orange)[49]. MXD is a modified version of XD, with the addition of three components: 
Astragalus, Frankincense, and Myrrh on the basis of XD. Rhubarb[50-53], Astragalus[54-58], and 
Magnolia officinalis[59-61] have immune protection effects and reduce the inflammatory stress 
response. MXD may improve the recovery of GI function of patients with cholelithiasis in the periop-
erative period under ERAS. All of these results suggested the role of MXD in the improvement of the 
recovery of GI function, as evidenced by a patients’ early exhaust and defecation, early recovery of GI 
peristalsis, early feeding, and reduced incidence of nausea, vomiting, and bloating. Optimized treatment 
accelerates the postoperative recovery, which is consistent with the ERAS concept. In addition, 
regulation of the substance P level by MXD occurs in patients with cholelithiasis during the periop-
erative period, as substance P can increase the calcium transfer of Cajal interstitial cells in the small 
intestine to enhance the excitatory neuron response and promote GI peristalsis[27,62]. The serum level 
of substance P is significantly increased after the application of Betel nut, thereby promoting GI activity
[63]. In our study, the serum level of substance P in the MXD group was significantly higher than that in 
the control group on days 1 and 2 after surgery. Moreover, bowel sounds at 12 h after surgery, the time 
of both first flatus and first defecation was significantly correlated with substance P, suggesting that 
MXD may increase the secretion of substance P, thereby promoting the recovery of GI function. 
Furthermore, on the 1st and 2nd d after surgery, the levels of IL-6, CRP, and SAA in MXD group were 
lower than that in placebo control, but substance P level was higher, compared to control. In addition, 
there are significant correlations between indicators of GI function and inflammation. Therefore, it is 
further confirmed that postoperative inflammatory response may lead to GI dysfunction. Treatment 
with MXD can reduce postoperative inflammatory stress response, and further promote the recovery of 
GI function. Because the specific mechanism related to the improvement of recovery of GI function is 
still not fully clear, further investigation is required. Since this study had some limitations, more 
indicators for detection and data analyses with large samples collected from multicenter studies are also 
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needed and are ongoing from our group.

CONCLUSION
Treatment with MXD can reduce the inflammatory response and improve GI function after surgery. 
Moreover, a close correlation between inflammatory response and GI function was found in our study, 
however, the pathophysiological relationship between them remains unclear. Furthermore, there is no 
serious adverse reactions in MXD treatment. Our observations provide insights into the possible role of 
inflammatory stress response in the pathogenesis of PGID and support the development of novel 
therapeutic strategies for the prevention and treatment of postoperative inflammatory stress response 
and PGID.

ARTICLE HIGHLIGHTS
Research background
In the perioperative period of biliary surgery, various factors can induce the release of a large number of 
inflammatory factors, leading to an imbalance in pro-inflammatory and anti-inflammatory responses 
and resulting in gastrointestinal (GI) dysfunction. It is crucial to reduce the inflammatory response and 
promote the recovery of GI function after biliary surgery, both of which are the basis and key for periop-
erative care and postoperative recovery.

Research motivation
Since lack of effective measures to reduce inflammatory response and promote the recovery of GI 
function after biliary surgery; therefore, it is necessary to develop novel interventions to reduce the 
stress response and accelerate postoperative recovery.

Research objectives
To better understand the effects of Modified Xiao-Cheng-Qi decoction (MXD) on the inflammatory 
response and GI function in perioperative of cholelithiasis, also their correlation, we conducted this 
study.

Research methods
This was a prospective randomized placebo-controlled trial, in which 162 patients who received biliary 
tract surgery, were randomly assigned to three groups: MXD group, XD group, and placebo-control 
group. The parameters included frequency of bowel sounds, time of first flatus and defecation, time of 
diet, and amount of activity after surgery. The serum levels of C-reactive protein (CRP), interleukin-6 
(IL-6), IL-10, serum amyloid A (SAA) protein, and substance P were measured.

Research results
Compared to the placebo-control, improvements in GI function were observed in the MXD groups, such 
as reduced incidence of nausea, vomiting, and bloating, and the earlier first exhaust time, first 
defecation time, and feeding time after surgery (P < 0.05). On the 1st and 2nd d after surgery, serum levels 
of IL-6, CRP, and SAA in MXD group were lower than that in placebo control, but substance P level was 
higher, compared to the control (P < 0.05).

Research conclusions
Treatment with MXD can relieve inflammatory response and improve GI function after surgery. 
Moreover, there are significant correlations between them.

Research perspectives
The future research project will focus on the mechanism of MXD to reduce inflammatory reaction and 
improve GI function.
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Abstract
BACKGROUND 
Viral pleurisy is a viral infected disease with exudative pleural effusions. It is one 
of the causes for pleural effusions. Because of the difficult etiology diagnosis, 
clinically pleural effusions tend to be misdiagnosed as tuberculous pleurisy or 
idiopathic pleural effusion. Here, we report a case of pleural effusion secondary to 
viral pleurisy which is driven by infection with epstein-barr virus. Viral infection 
was identified by metagenomic next-generation sequencing (mNGS).

CASE SUMMARY 
A 40-year-old male with a history of dermatomyositis, rheumatoid arthritis, and 
secondary interstitial pneumonia was administered with long-term oral pred-
nisone. He presented with fever and chest pain after exposure to cold, accom-
panied by generalized sore and weakness, night sweat, occasional cough, and few 
sputums. The computed tomography scan showed bilateral pleural effusions and 
atelectasis of the partial right lower lobe was revealed. The pleural fluids were 
found to be yellow and slightly turbid after pleural catheterization. Thoracoscopy 
showed fibrous adhesion and auto-pleurodesis. Combining the results in pleural 
fluid analysis and mNGS, the patient was diagnosed as viral pleuritis. After 
receiving Aciclovir, the symptoms and signs of the patient were relieved.

CONCLUSION 
Viral infection should be considered in cases of idiopathic pleural effusion unex-
plained by routine examination. mNGS is helpful for diagnosis.

Key Words: Pleural effusions; Viral pleurisy; Metagenomic next-generation sequencing; 
Epstein-barr virus; Infection; Case report
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Core Tip: Pleural effusion is a common clinical symptom, and infectious pleurisy is one of the reasons. Its 
pathogen is difficult to be found by microbiological examination, and the diagnosis of viral pleural 
effusion is particularly difficult. Epstein-barr virus is latent infection in most adults, and it is easy to be 
reactivated in people with immune deficiency, which may cause infection in all parts of the body. When 
idiopathic pleural effusion is not clearly diagnosed through routine examination, the possibility of viral 
infection should be considered, and early improvement of metagenomic next-generation sequencing 
examination is helpful for the diagnosis.

Citation: Liu XP, Mao CX, Wang GS, Zhang MZ. Metagenomic next-generation sequencing for pleural effusions 
induced by viral pleurisy: A case report. World J Clin Cases 2023; 11(4): 844-851
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/844.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.844

INTRODUCTION
Pleural effusion is a relatively common clinical condition. Even after invasive procedures, such as 
thoracoscopy, are used, the cause of the pleural effusion cannot be established in up to 15% of patients
[1]. It has been reported that virus infection is one of the causes of pleural effusion. Due to the difficulty 
in virus separation and culture, clinical diagnosis is challenged. Next-generation sequencing (NGS) 
technology makes it possible to comprehensively analyze the sequence data of nucleic acids in samples 
in a single assay. Therefore, untargeted metagenomic NGS (mNGS) of clinical samples has been applied 
for the comprehensive diagnosis of infections, including viruses, bacteria, fungi, and parasites. To our 
knowledge, this is the first report of diagnosis of pleural effusion induced by viral pleurisy by mNGS.

CASE PRESENTATION
Chief complaints
In May, 2021, a male, 40-year-old was transferred to the Institute of Respiratory Disease of Xinqiao 
Hospital, Third Military Medical University for pleural effusion of unknown etiology.

History of present illness
On May 6, he had fever after exposure to cold, accompanied by generalized sore and weakness, night 
sweats, sometimes cough, and few sputums. He felt chest tightness and shortness of breath after 
exercise. The symptoms were improved after infusion in a local clinic. On May 10, COVID-19 vaccine 
was administered, and he then developed fever with the highest temperature of 38 ℃. In the meantime, 
the above symptoms relapsed, along with the concomitant chest pain. There was no evidence of chills, 
purulent sputum, bloody expectoration, headache, dizziness, abdominal pain or diarrhea.

On May 14, he visited the local hospital. Blood routine tests showed white blood cell (WBC) 9.41 × 109

/L, hemoglobin 146 g/L, platelet 279 × 109/L, neutrophils (NEUT) 92.5%, lymphocytes (LYM) 4.1% and 
eosinophil (EO) 0.2%. Inflammatory indices increased, as demonstrated by C-reactive protein (CRP) 
74.96 mg/L, erythrocyte sedimentation rate (ESR) 64 mm/H and procalcitonin 0.24 ng/mL. On chest 
computed tomography (CT) (plain scan), there was bilateral pleural effusions, with more effusions on 
the right side, and atelectasis of the partial right lower lobe was revealed (Figure 1A and B). Right 
pleural catheterization was performed. Approximately 600 mL effusions were drained, and they were in 
yellow and slightly cloudy with some clots. Pleural fluid routine examination revealed positive Rivalta 
test, red blood cell (RBC) 0, WBC 3292 × 106/L, multinuclear cells 44.7%, monocyte 55.3%, adenosine 
deaminase (ADA) 55 U/L, lactate dehydrogenase (LDH) 1132U/L, carcinoembryonic antigen (CEA) 3.3 
ng/mL, neuron-specificenolase (NSE) 43.39 ng/mL, cytokeratin-19-fragment 56.4 ng/mL, and 
squamous cell carcinoma associated antigen 2.1 ng/mL. Antibody negative for Mycobacterium 
tuberculosis was obtained. The patient was assigned to take symptomatic treatment. Cough remained to 
occur intermittently while the feelings of tired and panting after exercise were milder.

History of past illness
The patient was diagnosed with dermatomyositis, rheumatoid arthritis, and secondary interstitial 
pneumonia one year before and had a long-term history of oral Prednison Tablet (12.5 mg). He was 
diagnosed with hypothyroidism 5 years before and confirmed to have autoimmune thyroiditis 4 years 

https://www.wjgnet.com/2307-8960/full/v11/i4/844.htm
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Figure 1 Chest computed tomography image. A and B: Chest computed tomography (CT) scan performed on May 14; C and D: Chest CT scan performed 
on May 26; E-J: Chest CT scan performed on June 22.

later. Long-term oral Euthyrox at 100 μg once daily was understood. Additionally, he was diagnosed 
with vitiligo 2 mo before the admission.

Personal and family history
He had a 20-year history of smoking (1 packet daily) and had no history of alcohol abuse.

Physical examination
Physical examination was insignificant.

Laboratory examinations
Blood routine presented increasing WBC count (WBC 12.84 × 109/L, NEUT% 90.4%, LYM% 5.5%, and 
EO% 0.1%). Inflammatory indices were CRP 70.4 mg/L and ESR 19 mm/H. Positive Rivalta test was 
obtained in pleural fluid analysis, along with proteins 54.90 g/L, WBC 10141 × 106/L (NEUT% 68.40%, 
LYM% 21.90%, monocyte-macrophage 8.80%, EO% 0.90%), multinuclear cells 54.0%, monocyte 46.0%, 
ADA 53U/L, LDH 1717.4 U/L, and CEA 3.79 ng/mL. Acid-fast staining, bacterial culture and fungal 
culture in pleural fluid were all negative.

Imaging examinations
On May 26, he was transferred to the Respiratory Department of our hospital. Chest CT revealed 
bilateral pleural thickening and adhesion, bilateral pleural effusions while with more effusions on the 
left side (Figure 1C and D). Left pleural catheterization was therefore scheduled to find light yellow and 
slightly cloudy fluid. On the thoracoscopy, the left pleural cavity had more fibrillar adhesion bands, 
extensive auto-pleurodesis, cavity wall pleural surface thickening, and dispersed carbon deposition on 
the visceral pleural surface (Figure 2A and B).
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Figure 2 Thoracoscopy and pathologic image. A and B: Thoracoscopy image performed on May 28; C and D: Pathologic findings of the pleural biopsy on 
May 30.

FURTHER DIAGNOSTIC WORK-UP
The pleural fluid was sent to an independent clinical laboratory (ChongQing KingMed Center for 
Clinical Laboratory) for mNGS analysis using Illumina platform. There was one sequencing read of 
epstein-barr virus (EBV) and one sequencing read of Staphylococcus epidermidis (S. epidermidis) detected.

FINAL DIAGNOSIS
The empyema caused by infection with S. epidermidis was not supported by the patient clinical 
symptoms and thoracoscopic findings. Combining the results in pleural fluid analysis and mNGS, and 
the previous long-term use of prednison which could induce immunosuppression, the patient was 
diagnosed as viral infection-induced pleural effusion.

TREATMENT
Oral routine dose aciclovir tablet was scheduled on May 30.

OUTCOME AND FOLLOW-UP
On May 30, blood routine tests showed WBC 11.16 × 109/L, NEUT% 79.5%, LYM% 10.8%, EO% 0.6%, 
and CRP 50.3 mg/L. On June 1, pleural biopsy was performed and revealed dominant infiltration of 
lymphocytes (major in small B lymphocytes) and tissue cells, slightly increasing CD8+ T lymphocytes 
and no natural killer (NK) cells (Figure 2C and D). Immunohistochemistry for cytomegalovirus and in 
situ hybridization for EBV were negative. Given the remarkably decreasing pleural effusions and the 
self-limited property of viral pleurisy, the patient was allowed to discharge on June 3.
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On June 22, the blood routine examination showed that the WBC decreased: WBC 7.72 × 109/L, 
NEUT% 77.7%, LYM% 13.9%, and EO% 1.4%. On July 20, the blood routine tests showed WBC 8.91 × 109

/L, NEUT% 89.0%, LYM% 6.6%, EO% 0.4%, CRP 2.5 mg/L. Chest CT plain scan showed decreasing 
bilateral pleural effusions and reducing atelectasis of the left lower lobe (Figure 1E-J). The results of 
blood routine examination on August 25 returned to normal levels: WBC 6.69 × 109/L, NEUT% 66.9%, 
LYM% 23.7%, and EO% 1.5% (Figure 3).

DISCUSSION
Pleural effusion is a common clinical manifestation of multiple diseases involved in pleura, the lung and 
the whole body. Predisposing factors mainly include heart failure, infectious causes, malignancy, 
pulmonary embolism, liver cirrhosis, subdiaphragmatic abscess and pancreatitis. Due to the non-
specific symptoms, such as cough, dyspnoea and chest pain, the diagnosis of pleural effusion is required 
by both physical examination and laboratory tests[2]. In most cases, the etiology can be identified by 
clinical information, imaging techniques and pleural fluid analysis[3]. However, there is still a part that 
cannot be explained, despite extensive workup, including thoracoscopy or invasive tests (such as 
pleural biopsy)[1]. Generally, cases which fail to be explained by routine clinical evaluation is defined as 
idiopathic pleural effusions. Infectious pleurisy is the most common cause of exudative pleural effusion, 
while the responsible pathogen might be hard to detect by routine microbiologic test.

The viral infection-associated pleural effusion can be a result of the viral inflammation in adjacent 
tissue which extends to the pleura or the allergic reaction induced by viral infection. In those ways, the 
pleural effusions associated with viral pleurisy can occur independently without intrapulmonary 
infiltrates foci. As viral pleurisy is self-limited, the related pleural effusion can resolve spontaneously 
within two weeks. Additionally, some cases have less effusion, which can be absorbed rapidly, making 
it relatively concealed in clinic. Cohen et al[4] reported that the incidence of pleural effusion after viral 
pneumonia was 18% according to the radiological findings in the lateral recumbent position, while 2%-
9% as recognized.

It has been reported that a variety of viruses could induce viral pleurisy, especially in immunocom-
promised patients, including influenza viruses[5], coxsackievirus, respiratory syncytial virus[6], 
cytomegalovirus[7], herpes simplex virus[8], EBV, adenovirus[9], human herpesvirus-8. In this viral-
infected population of pleural effusion, clinical diagnosis is challenged. Reasons can be the wide variety 
of viruses, and difficulty in virus separation and culture. Under these limitations, only a small number 
of viruses are detectable in specific antibody test and nucleic acid PCR, which, to some extent, makes 
clinical diagnosis harder. In a prospective study[10], the authors reported that the EBV-positive rate was 
40% in the pleural fluid samples of patients with pleural effusions, and the EBV-positive rate reached 
59% among patients with unexplained effusions according to the PCR tests.

EBV is widespread, and more than 90% of the worldwide adult population are infected with EBV
[11]. EBV is mostly transmitted through saliva, and it could establish a lifelong latent infection that 
reactivates intermittently to lytic replication. Infancy and childhood are usually the times when EBV 
primary infections occur subclinically. After primary infection, EBV uses latent infection as an immune 
evasion strategy to prevent cytotoxic T-cell elimination of infected cells[12]. The amount of EBV latently 
infected cells remains stable over years, but may vary depending on the individuals[13]. EBV viral loads 
in normal adults (healthy carriers) are usually undetectable, with 0.1-24.0 Latently infected B-cells per 
million peripheral blood mononuclear cells (PBMC) in the circulation[14] and low numbers of viral 
genomes per infected cell[15].

EBV systemic reactivation is possible when the cellular immune response is compromised, for 
example, in patients who are given bone marrow transplantation[16], patients with solid transplants
[17], patients infected with HIV[18] or patients with chronic active EBV infections[19]. In addition, local 
reactivation of EBV takes place periodically in the oropharynx in EBV-infected healthy individuals[10], 
this is probably due to insufficient T-cell control in the saliva[20]. It is possible for EBV to infect almost 
any organ, and complications may result from infection. EBV infection has been found in the pleural 
space in association with B-cell lymphomas, including primary effusion lymphoma[21,22] and 
phyotorax-associated lymphoma[23]. However, the role of EBV in nonlymphoma pleural effusions has 
not been extensively studied. Interstitial pneumonitis has been associated with chronic active EBV 
infection and primary infection, both in children and in adults, and pleural effusion has been observed 
as a rare complication of EBV infection[24,25].

In the present case, mNGS detected one EBV sequence whereas the in situ hybridization test for EBV 
in pleural tissue was negative. Possible reason might be the low viral load in pleural fluid and the 
limited diagnostic sensitivity of the in situ hybridization test. According to the previous report, the 
majority of EBV-positive pleural fluid has a low viral load[10]. Here, the pleural effusion in the patient 
was gradually resolved in 1 mo, along with recovered WBC and CRP levels, consistent with the self-
limited characteristic of the viral pleurisy.
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Figure 3 Course of some laboratory results of this patient over time. A: The course of white blood cell over time; B: The course of neutrophils % over 
time; C: The course of lymphocytes % over time; D: The course of C-reactive protein over time. WBC: White blood cell; NEUT: Neutrophils; LYM: Lymphocytes; CRP: 
C-reactive protein.

CONCLUSION
Current reports have shown that viral infection might be the main culprit of unexplained pleural 
effusion. Hence, viral infection should be considered in cases of idiopathic pleural effusion unexplained 
by routine examination, so as to prevent misdiagnosis and missed diagnosis, in the meantime, decrease 
repeated pleural fluid analysis and avoid additional invasive tests.
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Abstract
BACKGROUND 
Abdominal Clostridium perfringens (C. perfringens) gas gangrene is a rare infection 
that has been described in the literature as most frequently occurring in posto-
perative patients with open trauma. Intra-abdominal gas gangrene caused by C. 
perfringens infection after closed abdominal injury is extremely rare, difficult to 
diagnose, and progresses rapidly with high mortality risk. Here, we report a case 
of C. perfringens infection caused by closed abdominal injury.

CASE SUMMARY 
A 54-year-old male suffered multiple intestinal tears and necrosis after sustaining 
an injury caused by falling from a high height. These injuries and the subsequent 
necrosis resulted in intra-abdominal C. perfringens infection. In the first operation, 
we removed the necrotic intestinal segment, kept the abdomen open and covered 
the intestine with a Bogota bag. A vacuum sealing drainage system was used to 
cover the outer layer of the Bogota bag, and the drainage was flushed under 
negative pressure. The patient was transferred to the intensive care unit for sup-
portive care and empirical antibiotic treatment. The antibiotics were not changed 
until the results of bacterial culture and drug susceptibility testing were obtained. 
Two consecutive operations were then performed due to secondary intestinal 
necrosis. After three definitive operations, the patient successfully survived the 
perioperative period. Unfortunately, he died of complications related to Guillain-
Barre syndrome 75 d after the first surgery. This paper presents this case of intra-
abdominal gas gangrene infection and analyzes the diagnosis and treatment based 
on a review of current literature.
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CONCLUSION 
When the intestines rupture leading to contamination of the abdominal cavity by intestinal 
contents, C. perfringens bacteria normally present in the intestinal tract may proliferate in large 
numbers and lead to intra-abdominal infection. Prompt surgical intervention, adequate drainage, 
appropriate antibiotic therapy, and intensive supportive care comprise the most effective 
treatment strategy. If the abdominal cavity is heavily contaminated, an open abdominal approach 
may be a beneficial treatment.

Key Words: Clostridium perfringens; Intra-abdominal infection; Gas gangrene; Open abdomen; Case report

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

Core Tip: Intra-abdominal gas gangrene caused by closed abdominal injury is extremely rare. When using 
laparotomy and vacuum sealed drainage combined with intensive care and antibiotic treatment, patients 
passed the perioperative period smoothly. The diagnosis and treatment of this case is of guiding clinical 
significance.

Citation: Li HY, Wang ZX, Wang JC, Zhang XD. Clostridium perfringens gas gangrene caused by closed 
abdominal injury: A case report and review of the literature. World J Clin Cases 2023; 11(4): 852-858
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/852.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.852

INTRODUCTION
Gas gangrene is a serious infection caused by Clostridium spp., which can be divided into Clostridium 
perfringens (C. perfringens), Clostridium sordelli, Clostridium novyi, and Clostridium putrificum. It occurs 
more frequently in skin and soft tissue infections. The first case of gas gangrene in a solid organ was 
reported by Fraenkel in 1881.

Generally, gas gangrene can be classified into three types: Posttraumatic, postoperative, and 
spontaneous[1]. Both in the past and at present, trauma caused by war and natural disasters has been 
the main cause of gas gangrene[2-4]. Postoperative gas gangrene has been reported in hilar cholan-
giocarcinoma, duodenal papillary carcinoma, bladder cancer, cholecystectomy, and even after implant 
removal[1,5-8]. Spontaneous gas gangrene is commonly seen in immunosuppressed patients, including 
those with diabetes, tumors, chemotherapy, and ulcerative colitis[9-14]. Gas gangrene has also been 
observed after colonoscopy, and in the setting of intrapartum drug abuse. Uterine gangrene caused by 
endometrial cancer, gas gangrene after intramuscular injection[15-19], and even spontaneous abdominal 
gas gangrene[20] have also been reported. However, intra-abdominal gas gangrene infection after 
closed abdominal trauma is extremely rare[21].

Cline and Turnbull summarized the symptoms of superficial gas gangrene[3,22], and its diagnosis is 
relatively simple. The symptoms of uterine gas gangrene have also been summarized[5,7,8]. Because 
abdominal gas gangrene is difficult to diagnose due to the lack of specific symptoms, it is rarely 
diagnosed preoperatively and thus carries a high mortality risk. For patients diagnosed with abdominal 
gas gangrene, very few can be treated conservatively, and timely surgical intervention is usually 
necessary to reduce the risk of death[3,22-24].

In the past, an open abdominal approach (open abdomen) has been used to treat severe abdominal 
infection and abdominal compartment syndrome, and vacuum sealing drainage (VSD) was generally 
only used to treat trunk and extremity infections. Here, we present a case of intra-abdominal gas 
gangrene following intestinal laceration caused by closed abdominal injury. In this case, we used open 
abdomen and VSD together as a comprehensive treatment for severe intra-abdominal gas gangrene 
infection.

CASE PRESENTATION
Chief complaints
A 54-year-old male presented to the emergency department with complaints of “lower back pain, 
abdominal pain, and extreme abdominal distension for 24 h after falling from height”.

https://www.wjgnet.com/2307-8960/full/v11/i4/852.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.852
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History of present illness
Twenty-four hours before presenting to the emergency department, the patient fell from a height of 
approximately 3 meters causing lower back pain, and was treated in another hospital. An X-ray showed 
12 thoracic vertebral compression fractures. After hospitalization, the patient experienced unbearable 
severe abdominal distension and abdominal pain and was transferred to our hospital for escalation of 
care.

History of past illness
The patient had no relevant surgical or medical history.

Personal and family history
The patient had no relevant family medical history.

Physical examination
Temperature 36 °C, blood pressure 85/60 mmHg, respiration rate 30 breaths per minute, heart rate 145 
beats per minute, blurred consciousness, flat abdomen, abdominal rigidity, obvious abdominal 
tenderness with rebound, absent liver dullness, and absent bowel sounds.

Laboratory examinations
A complete blood analysis was performed with the following pertinent results: White blood cell count 
4800/mm3; neutrophils 75.3%; hemoglobin 143 g/L; C-reactive protein 130 mg/L; Po2 54.5 mmHg; and 
Pco2 26 mmHg.

Imaging examinations
Abdominal computed tomography (CT) showed pneumoperitoneum, ascites, and portal venous gas 
(Figure 1A and B).

FINAL DIAGNOSIS
A large number of Gram-positive bacilli were found in the abdominal pus smear, and the results of 
bacterial identification by gas chromatography and culture of the pus were consistent with C. perfringens 
infection. The patient was diagnosed with closed abdominal injury complicated by intestinal necrosis 
and gas gangrene.

TREATMENT
After aggressive fluid resuscitation, emergency laparotomy was performed. A large amount of foul-
smelling gas was released during laparotomy, and there were 1.5 L of purulent liquid in the abdominal 
cavity. The jejunum was transected 100 cm away from the ligament of Treitz, and a length of approx-
imately 40 cm from the upper end was necrotic. The remaining intestine demonstrated multiple 
contusions. The left colon showed necrosis and a large amount of gas could be seen in the intestinal 
wall. Crepitus and snowball crepitation were also obvious between the greater omentum layers. The 
necrotic small intestine and left colon were removed, and transverse colostomy and upper jejunostomy 
were performed. The abdomen was kept open, the intestine was covered with a Bogota bag, and a gap 
was left in the middle to facilitate drainage. A VSD device was used to cover the outer layer of the 
Bogota bag and flush the drainage under negative pressure (Figure 1C and D). After the operation, the 
patient was transferred to the ICU negative pressure ward, strictly isolated in a single room, and 
intubated and started on mechanical ventilation. The patient was given 8 million U penicillin, 3 times/d, 
as well as sulperazon as antibiotic treatment. Colonies of C. perfringens were found to be sensitive to 
penicillin G, ampicillin, rifampicin, levofloxacin, linezolid, ceftriaxone, ceftazidime, cefepime, and 
cefazolin and resistant to teicoplanin, vancomycin, erythromycin, and clindamycin.

On postoperative day (POD) 6, intestinal contents were found in the abdominal drainage tube. 
Exploratory reoperation revealed ileal necrosis and a perforation 100 cm away from the ileocecal part 
and multiple lamellar necrosis of the transverse colon. However, the colon was not perforated. Because 
the intestinal loop was uncultivated, we repaired the seromuscular layer of the transverse colon at the 
necrotic mucosa. The transverse colon necrosis was repaired and terminal ileostomy was performed. On 
POD 10, jejunal necrosis and perforations were found 150 cm from the ligament of Treitz. Debridement 
and drainage were adopted, and the abdomen was kept open. The bacteria cultured for 3 consecutive 
days were Escherichia coli rather than C. perfringens. Accordingly, the antibiotics were changed, and the 
patient was released from isolation. On POD 12, the patient was removed from the ventilator, and 
enteral nutrition was restored. On POD 20, fascial closure was performed. We summarize the timeline 



Li HY et al. Clostridium perfringens gas gangrene

WJCC https://www.wjgnet.com 855 February 6, 2023 Volume 11 Issue 4

Figure 1 Image examination and treatment. A: Preoperative computed tomography (CT) showing pneumoperitoneum and portal venous gas; B: Coronal view 
of abdominal CT showing extensive portal venous gas; C: Bogota bag before the second surgery; D: Vacuum sealing drainage.

of information from this case report in Table 1.

OUTCOME AND FOLLOW-UP
The patient was able to move with protective gear 30 d after the operation and was discharged after 
recovery. Unfortunately, 3 wk after discharge, the patient developed limb weakness, which worsened 
progressively, and was hospitalized again. After admission, nutrition improved but the patient had 
difficulty breathing. He was transferred to the ICU again and restarted on mechanical ventilation to 
assist breathing. Electromyography demonstrated widespread nerve damage throughout the body. 
Lumbar puncture revealed normal cerebrospinal fluid pressure. Routine tests of cerebrospinal fluid 
showed that the number of cells was 7/L, and biochemical tests showed that the protein level was 2734 
mg/L The department of neurology was consulted to consider Guillain-Barre syndrome after trauma 
and severe infection. The patient’s muscle strength did not recover significantly after methylpred-
nisolone pulse therapy. Seven days later, the patient and his family asked to discontinue treatment. On 
POD 75, he died of respiratory failure.

DISCUSSION
C. perfringens spores are widely distributed in nature, routinely found on clothing, and known to 
colonize the biliary, intestinal, and female reproductive tracts[22]. If there is an appropriate growth 
environment, such as in the settings of closed abdominal trauma or abdominal tissue or organ ischemia 
and necrosis, C. perfringens bacteria in the intestine will multiply in large numbers and may lead to 
intra-abdominal gas gangrene infection.

The diagnosis of abdominal organ gas gangrene is based on the symptoms described in uterine gas 
gangrene; however, in the case of abdominal organ gas gangrene, Gram-positive bacteria would be 
found in peritoneal fluid rather than vaginal secretions. X-ray is useful for the diagnosis of soft tissue 
gas gangrene but is limited to the abdomen[4]; CT and magnetic resonance (MR) methods can clearly 
illustrate the presence of interstitial gas, with MR taking longer[4,11]. Portal venous gas was once an 
indicator of poor prognosis[5,25]. With the advancement of imaging technologies, mortality has 
decreased significantly. In any case, the presence of gas in solid organs and walls of hollow organs is 
abnormal and should be considered red flags[26]. Surgical exploration is the main method for follow-up 
of gas in organs discovered by imaging. If the gas and liquid in the abdominal cavity are foul-smelling 
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Table 1 Timeline of information from this case report

Date Time Major event Treatment

3/31/2017 - Fall from a high height Admitted to another hospital

- Severe abdominal distension and unbearable abdominal pain Transferred to our hospital

14:30 Shock Anti-shock therapy

18:00 Abdominal CT showed pneumoperitoneum, ascites and portal venous gas Emergency laparotomy

4/1/2017

18:00-
23:50

First operation; crepitus and snow-ball crepitation were obvious between the 
greater omentum layers

Intraoperative bacterial smear; ICU life support 
after surgery

1:00 Suspected gas gangrene Antibiotic therapy with penicillin, sulperazon 
and ornidazole

1:20 Critical values in coagulation tests were reported Plasma transfusion

4/2/2017

10:00 A large number of Gram-positive bacilli found in pus smear Open abdomen

4/3/2017 7:30 Critical values in coagulation tests were reported Plasma transfusion

4/4/2017 10:00 Clostridium perfringens cultured in drainage fluid Continued antibiotic therapy

4/7/2017 9:00 Intestinal contents were found in abdominal drainage fluid Second operation

9:00 Multidrug-resistant bacteria were found in sputum culture Added imipenem to antibiotic therapy

10:00 Clostridium perfringens culture negative -

4/11/2017

12:00 Intestinal contents found in abdominal drainage fluid Third operation

4/12/2017 10:00 Clostridium perfringens culture negative; patient regained consciousness -

4/13/2017 10:00 Clostridium perfringens culture negative; restored enteral nutrition; SBT 
experiment implemented

Discontinued penicillin; extubated

4/14/2017 10:00 Enterococcus faecium found in sputum culture Replaced other antibiotics with vancomycin

4/21/2017 15:30 Fascial closure -

4/24/2017 15:00 Patient transferred to general ward Antibiotics downgraded to Cefoxitin

4/27/2017 10:00 Escherichia coli cultured from peritoneal drainage fluid Antibiotics replaced with sulperazon and 
amikacin

5/1/2017 10:00 Patient able to move with protective gear Removed abdominal drainage tube

5/12/2017 10:00 Patient discharged -

5/30/2017 - Patient developed progressive myasthenia Diagnosed with Guillain-Barre syndrome

6/14/2017 - Patient died of respiratory failure -

CT: Computed tomography; ICU: Intensive care unit; SBT: Small bowel transit.

and accompanied by gas accumulation in the tissue space and obvious snowball crepitation, gas 
gangrene infection should be suspected. Bacterial culture of C. perfringens from paracentesis fluid or pus 
is the definitive method of diagnosis, but the positive rate is not high[2,4]. In our case described above, 
C. perfringens was cultured from peritoneal drainage fluid.

For patients who are diagnosed with intra-abdominal gas gangrene, the removal of necrotic tissue 
and effective drainage are both key to successful treatment. Open abdomen, although controversial for 
the treatment of severe abdominal infection, is part of the damage control strategy and is considered 
beneficial[27-29]. Temporary closure of the abdominal cavity and the use of VSD meet the requirements 
of negative pressure therapy[12,19,30] and can be applied to the open abdomen until the requirements 
of abdominal fascia closure are met[28,29,31,32]. Negative pressure drainage in the treatment of soft 
tissue gas gangrene has also been reported[31]. Hyperbaric oxygen therapy is also recommended for the 
treatment of gas gangrene[3,4,22], but was not used in our case. To our knowledge, we are the first to 
successfully apply the open abdominal approach and Bogota bag with VSD in the treatment of intra-
abdominal gas gangrene.

The use of antibiotics is critical, and penicillin is the first choice. Although some experiments have 
proven that clindamycin is more active than penicillin in experimental gas gangrene[3,22,33,34], other 
broad-spectrum antibiotics should be used in combination to treat possible concurrent infections, and 
empirical drugs are also recommended before diagnosis[4,34]. Appropriate antibiotics should not be 
selected until the drug susceptibility results are obtained. In the case above, the patient was resistant to 
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clindamycin.

CONCLUSION
Closed abdominal injury may cause intra-abdominal gas gangrene infection. Timely diagnosis, surgery, 
and appropriate antibiotic therapy are keys to treatment, and intensive care is necessary. If the 
abdominal cavity is heavily contaminated, open abdomen is a beneficial treatment.
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Abstract
BACKGROUND 
A rectal neuroendocrine tumor (rNET) is a malignant tumor originating from 
neuroendocrine cells. Currently, tumor size is the primary basis for assessing 
tumor risk.

CASE SUMMARY 
This article reports the case of a 46-year-old male patient who underwent a 
colonoscopy that found a 3 mm rectal polypoid bulge. The pathological exam-
ination of a sample collected with biopsy forceps revealed a neuroendocrine 
tumor. Further endoscopic submucosal dissection rescue therapy was used. The 
presence of lymphatic vessels indicated that the tumor had infiltrated the negative 
resection margin. The lesion was located in the distal rectum near the anal canal. 
Therefore, to ensure the patient’s quality of life, follow-up observation was 
conducted after full communication with the patient. No tumor recurrence or 
distant metastasis has been found during the 13-mo follow-up after surgery.

CONCLUSION 
Despite the presence of lymphatic invasion and extremely small diameter rNETs 
in our case, this phenomenon may not imply a higher risk of distant lymph node 
and organ metastasis.

Key Words: Rectal neuroendocrine tumor; Tumor size; Lymphatic invasion; Case report
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Core Tip: Due to the heterogeneity and atypical symptoms of rectal neuroendocrine tumors, in the process 
of clinical diagnosis and treatment, it is not sufficient to judge the risk of tumor metastasis based only on 
tumor size and lymphovascular invasion. Therefore, during treatment, it is necessary to formulate an 
individualized plan, undertake close follow-up observation, and try to improve the quality of life and 
disease prognosis of patients while reducing the burden of treatment.

Citation: Ran JX, Xu LB, Chen WW, Yang HY, Weng Y, Peng YM. Is lymphatic invasion of microrectal 
neuroendocrine tumors an incidental event?: A case report. World J Clin Cases 2023; 11(4): 859-865
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/859.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.859

INTRODUCTION
A rectal neuroendocrine tumor (rNET) is a rectal malignancy that originates from neuroendocrine cells 
with an insidious onset and a lack of specific first symptoms[1]. In recent years, with the extensive 
development of colon cancer screening programs and the improvement of endoscopic diagnosis and 
treatment techniques, the incidence of rNET has increased annually[2]. The incidence of rNET has 
increased nearly 10 times in the past 30 years, indicating that this type of tumor may not be uncommon
[3]. Clinically, rNETs are usually found during endoscopy, the vast majority are 10 mm or less in 
diameter[4]. According to the European Neuroendocrine Tumor Society guidelines, tumor size greater 
than 20 mm is a risk factor for tumor invasion and metastasis, but vascular invasion, lymph node 
metastasis, and distant metastasis may also occur in the case of smaller tumors[5,6]. Currently, for 
rNETs with a tumor size of 10 mm or less, existing treatment guidelines recommend radical surgery 
and, in the presence of definite vascular invasion, additional lymph node dissection[7,8]. Here, we 
report a case of a 3 mm rNET located in the distal rectum with lymphatic invasion after endoscopic 
resection.

CASE PRESENTATION
Chief complaints
Polypoid bulge found on colonoscopy.

History of present illness
A 46-year-old male patient underwent colonoscopy and was found to have a 3-mm-sized polypoid 
bulge with a smooth surface in the rectum 3 cm from the anus. After sample collection with biopsy 
forceps, the pathological diagnosis was neuroendocrine tumor (NET) (Figure 1).

History of past illness
No special history of past illness.

Personal and family history
The patient's father had a history of colon cancer. His Personal history has nothing notable.

Physical examination
No special.

Laboratory examinations
No special.

Imaging examinations
Before endoscopic submucosal dissection (ESD), computed tomography (CT) showed no abnormalities 
in the enhancement of the chest and abdomen.

To clarify whether additional surgery was required, further assessment by 68Gallium labeled 
somatostatin analogues-positron emission tomography (68Ga-SSA-PET)/CT was used, but the results 
showed no abnormalities.

Pathological examinations
The pathological diagnosis of the specimen after ESD rescue therapy was rNET G1. The lesion 

https://www.wjgnet.com/2307-8960/full/v11/i4/859.htm
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Figure 1 The endoscopic manifestation of the rectal neuroendocrine tumor. A-C: Rectal neuroendocrine tumor (rNET): under a white light endoscope, 
the surface is smooth, sessile, and the same color as the surrounding mucosa (A); after biopsy forceps (B); the first hematoxylin and eosin (H&E) stained pathological 
smear after the tumor was removed by biopsy forceps (C, × 40). Endoscopic submucosal dissection (ESD) remedial treatment; D-F: Under white light endoscope, 
before ESD (D); after additional ESD (E); HE stained pathological smears of specimens after ESD (F, × 40).

infiltrated into the submucosa. The depth of submucosal infiltration was 1000 μm. The distance between 
the deepest infiltration of the lesion and the basal incision margin was 500 μm. The lesion size was 2550 
μm. The horizontal and vertical resection margins were negative (Figure 1). Immunohistochemical 
(IHC) results were as follows: CK (weak +), Vim (-), Syn (+), CD56 (strong +), CgA (strong +), CK7 (-), 
CK20 (weak +), Villin (+), CEA (focal+), and Ki-67 (2%; Figure 2). The lymphatic invasion was 
confirmed by D2-40 and CD31 staining (Figure 3).

MULTIDISCIPLINARY EXPERT CONSULTATION
After the pathological examination of the biopsy clamped specimen suggested neuroendocrine tumor, 
the patient underwent multidisciplinary consultation with oncology, surgery and nuclear medicine, and 
finally decided to complete 68Ga-SSA-PET/CT, and no distant metastasis was found. Therefore, we 
decided to perform ESD after consulting the patient's consent and followed up regularly after the 
operation.

FINAL DIAGNOSIS
The pathological diagnosis of the specimen after ESD rescue therapy was rNET G1.

TREATMENT
ESD salvage therapy was applied.

OUTCOME AND FOLLOW-UP
No tumor recurrence or distant metastasis was detected at 13 mo postoperative follow-up using 
endoscopy and CT-enhanced scans of the whole abdomen (including the pelvis).
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Figure 2 Pathological smears of tumor tissue after various immunohistochemical staining. A-H: HE (A, × 100; B, × 400); CgA (C, × 100; D, × 400); 
Syn (E, × 100; F, × 400); and ki67 (G, × 100; H, × 400).

Figure 3 The tumor was found to have lymphatic invasion after staining with CD31 (A) and D2-40 (B). A and B: × 200.

DISCUSSION
Gastroenteropancreatic neuroendocrine tumors (GEP-NETs) are the most common type of NETs[9]. The 
rectum is the most common site for GEP-NETs in Asian populations[10]. In recent years, with the 
extensive development of colorectal cancer screening programs and the improvement of endoscopic 
diagnosis and treatment techniques, the incidence of rNET has continued to rise.

Lymphovascular invasion (LVI) refers to the presence of tumor cells in blood vessels and lymphatic 
channels. LVI is closely related to tumor metastasis in distant organs and lymph nodes. A meta-analysis 
found that LVI was associated with an increased risk of distant lymph node metastasis (LNM) after local 
resection of rNETs[11]. Therefore, LVI is a risk factor for LNM. Another meta-analysis found that, for 
small rNETs with a tumor size of 10 mm or less, even in the presence of LVI, the prognosis was good 
after endoscopic resection, with a 5-year follow-up recurrence rate of only 0.3%. In addition, tiny rNETs 
smaller than 5 mm had a lower incidence of LVI than rNETs with a tumor size of 5-10 mm[12].

In recent years, the detection rate of LVI in rNETs has increased significantly due to immunohisto-
chemical detection methods[12-14]. This increasing trend is proportional to tumor size, even in the 
fraction of rNETs less than or equal to 5 mm, the detection rate is still about 50%[13]. One study 
reported that the detection rate of LVI by IHC staining (56.9%) was 6 times higher than that of 
hematoxylin and eosin (HE) staining alone (8.8%)[15]. This result suggests that the possibility of LVI in 
small rNETs was underestimated prior to using IHC staining. Both vascular and lymphatic invasion are 
included in LVI and usually need to be distinguished by IHC detection. Vascular invasion and 
lymphatic invasion have different effects on LNM. In small rNETs, vascular invasion may have a greater 
impact on LNM than lymphatic invasion[11].

In this rNET patient, the endoscopic tumor size was 3 mm with lymphatic invasion, the smallest 
rNET with LVI reporting in all existing research. At the same time, no instances of LNM or distant 
metastasis were found after the enhanced chest and total abdominal CT and 68G-SSA-PET/CT. During 
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the 13-mo follow-up after ESD, we did not find tumor recurrence or distant metastasis using endoscopy 
at the 6-mo and 1-year postoperative follow-up. Whole abdominal CT-enhanced scans did not show 
tumor recurrence or distant metastasis. These findings suggest that, in small (< 10 mm) or even tiny (< 5 
mm) rNETs, although there is lymphatic invasion, lymphatic invasion may not be a determinant of 
LNM.

A cohort study found that after 6 years of follow-up in patients with rNETs who underwent 
endoscopic resection, about 1% of the patients developed LNM or distant metastasis, and the tumor 
grades were G2. In contrast, patients with grade G1 rNETs whose tumor size was less than 20 mm and 
who underwent endoscopic resection did not develop lymph node or distant metastasis[16]. Therefore, 
the risk factors for lymph node and distant metastasis of rNETs with a tumor size less than 20 mm need 
further study.

Although this patient had lymphatic invasion, no lymph node or distant metastasis was found. 
Therefore, in the absence of a well-established correlation between LVI and LNM of rNETs with a tumor 
size less than 20 mm, additional surgery may not benefit all patients with LVI. The tumor grade, tumor 
size, LVI, and depth of invasion may still need to be comprehensively considered to determine whether 
to perform additional surgery. In addition, imaging studies and radionuclide scintigraphy can be 
considered when it is unclear whether additional surgery is required[15].

In this patient, the tumor surface was smooth, and endoscopy showed that the tumor size was small. 
The tumor was misdiagnosed as a hyperplastic polyp and was subjected to examination with biopsy 
forceps. The size of the lesion was 1500 μm. Residual lesions were found after ESD salvage surgery, in 
which the tumor size was found to be 1050 μm. These results indicated that simple biopsy forceps were 
insufficient for such rNETs, and ESD salvage was a suitable option. For hyperplastic polyps of the left 
colon and rectum with a tumor size of 5 mm or less, both the Japanese Society of Gastroenterology and 
the European Society for Gastrointestinal Endoscopy recommend endoscopic follow-up only[17,18]. The 
rectum is a high-incidence site of NETs. Therefore, we suggest that, if the lesions are smooth and 
bulging, especially when the margins of the lesions are not clear, the possibility of NETs should be 
considered. The possibility of NETs should be excluded by forceps and biopsy.

For this patient, to ensure his quality of life, we did not choose to conduct surgical intervention, but 
rather continued with follow-up observation. According to previous literature reports, the metastasis of 
rNETs can occur after more than 10 years[19,20]. Although no LNM and distant metastasis were found 
in the short-term follow-up of this patient, long-term follow-up is extremely important, especially for 
lymph node and liver metastasis. Therefore, this patient’s end point of follow-up should be at least 10 
years. In the subsequent follow-up schedule, we will perform endoscopy and CT-enhanced scans of the 
whole abdomen (including the pelvis) once a year, with an additional 68Ga-SSA-PET/CT if abno-
rmalities are detected during the follow-up.

CONCLUSION
rNETs have heterogeneity and atypical symptoms. Therefore, it is not sufficient to judge the risk of 
tumor metastasis during clinical diagnosis and treatment based only on tumor size and LVI. Instead, 
during treatment, it is necessary to formulate an individualized plan, undertake close follow-up 
observation, and try to improve the quality of life and disease prognosis of patients while reducing the 
burden of treatment.
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Abstract
BACKGROUND 
The advent of molecular targeted agents and immune checkpoint inhibitors has 
greatly improved the treatment of advanced renal cell carcinoma (RCC), thus 
significantly improving patient survival. The incidence of rare drug-related 
adverse events has gained increased attention.

CASE SUMMARY 
We report a patient with advanced RCC treated with multiple lines of molecular 
targeted agents and immune checkpoint inhibitors, who developed a pulmonary 
infection after treatment with everolimus in combination with lenvatinib. Dete-
rmining the pathogenic organism was difficult, but it was eventually identified as 
Pneumocystis jirovecii by next-generation sequencing (NGS) of bronchoscopic 
alveolar lavage fluid (BALF) and successfully treated with trimethoprim-sulfa-
methoxazole.

CONCLUSION 
Rare pulmonary infections caused by molecular targeted agents are not uncom-
mon in clinical practice, but their diagnosis is difficult. Evaluating BALF with 
NGS is a good method for rapid diagnosis of such infections.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i4.866
mailto:zng1120@163.com
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Core Tip: The application of molecular targeted agents and immune checkpoint inhibitors have greatly 
improved the prognosis of advanced renal cell carcinoma (RCC). We report a patient with advanced RCC 
treated with multiple lines of molecular targeted agents, who developed a Pneumocystis jirovecii 
pneumonia after treatment with everolimus in combination with lenvatinib. The pathogenic organism was 
identified by next-generation sequencing (NGS) of bronchoscopic alveolar lavage fluid (BALF) and 
successfully treated with trimethoprim-sulfamethoxazole. Evaluating BALF with NGS technology might 
be used to detect pathogens and determine the correct treatment plan for patients with rare infections 
caused by the use of molecular targeted agents.

Citation: Cheng QW, Shen HL, Dong ZH, Zhang QQ, Wang YF, Yan J, Wang YS, Zhang NG. Pneumocystis 
jirovecii diagnosed by next-generation sequencing of bronchoscopic alveolar lavage fluid: A case report and 
review of literature. World J Clin Cases 2023; 11(4): 866-873
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/866.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.866

INTRODUCTION
Renal cell carcinoma (RCC) is a malignant tumor originating from the renal tubular epithelium and 
accounts for 80% to 90% of renal malignancies[1]. According to GLOBOCAN 2020 global cancer 
statistics, RCC was the 14th most prevalent and the 15th most deadly malignancy[2]. Radical surgical 
resection is the mainstay treatment for localized renal cancer, while a combination of systemic drugs is 
preferred for advanced renal cancer. Sorafenib was first approved for the treatment of metastatic renal 
cancer in 2005[3], followed by the approval of targeted drugs such as pegaptanib, sunitinib, axitinib, 
sorafenib, and everolimus[4-7]; while immune checkpoint inhibitors such as navulizumab, pablizumab, 
and ipilimumab have also been licensed for use[8-10]. The combination of various molecular targeted 
drugs and immune checkpoint inhibitors has resulted in a rise in rare adverse effects.

Herein, we report a case of RCC that progressed after multiple lines of therapy and improved with 
the mammalian target of rapamycin (mTOR) inhibitor, everolimus in combination with lenvatinib; 
however, the patient complained of a dry cough that developed into a lung infection. Due to difficulty 
in identifying the infection, empirical anti-bacterial treatment was initially administered, with unsatis-
factory results. Eventually, this rare case of Pneumocystis jirovecii infection was confirmed using next-
generation sequencing (NGS) of bronchoscopic alveolar lavage fluid (BALF), and the infection improved 
after appropriate treatment.

CASE PRESENTATION
Chief complaints
A 61-year-old man diagnosed with RCC for nearly 3 years presented to our department because of a dry 
cough with occasional expectoration on February 22, 2022.

History of present illness
The patient was admitted to our hospital with “hematuria for 7 d” on August 5, 2019. A computed 
tomography (CT) scan on admission revealed right kidney and right renal pelvis occupancy, suggestive 
of malignancy. In addition, multiple nodules in both lungs were seen, and metastasis was suspected. A 
timeline of the episode of treatment is shown in Figure 1. After consultation and discussion, the patient 
agreed to undergo a laparoscopic radical right nephrectomy. Postoperative pathology revealed clear cell 
RCC of the right kidney. Following surgery, he was treated with oral sunitinib. A follow-up CT scan 
after 9 mo revealed metastases in the right adrenal gland, and axitinib was given to the patient. Three 
months later, CT imaging found that the metastases in the right adrenal gland and both lungs were 
significantly larger than before. He was thus treated with nine cycles of the immune checkpoint 
inhibitor sintilimab. However, a subsequent CT scan showed that the right adrenal metastasis was 
slightly enlarged, with multiple metastases appearing in the abdominal cavity, while the size of the lung 
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Figure 1  Patient treatment timeline.

metastases was unchanged. On July 19, 2021, four cycles of sorafenib in combination with sintilimab 
were administered. CT scanning revealed that the lung and abdominal cavity metastases were slightly 
larger than before, and new subcapsular metastases were detected on the right lobe of the liver. On 
December 14, 2021, he was switched to everolimus 10 mg once daily in combination with lenvatinib 8 
mg once daily. However, on February 22, 2022, the patient developed a dry cough with occasional and 
little sputum, accompanied by mild dyspnea after activity. No fever or other discomfort was observed.

History of past illness
The patient had no past illness.

Personal and family history
The patient had no specific personal and family history.

Physical examination
On physical examination, the patient’s basic vital signs were within normal limits, and his respiratory 
sounds were rough on both lungs, without dry or wet rales.

Laboratory examinations
The initial blood investigations revealed the following: Leukocytes 5.17 × 109/L (reference range: 4.0-
11.0), hemoglobin 121.0 g/L, platelet count 400 × 109/L, lymphocytes 15.9%, monocytes 6.8%, 
neutrophils 76.3%, eosinophils 0.6%, basophils 0.4%, high sensitivity C-reactive protein 37.0 mg/L 
(reference range: 0-5 mg/L), and procalcitonin 0.07 ng/mL (normal value < 0.052 ng/mL). Liver and 
kidney functions were normal, and sputum culture revealed normal oral flora.

Imaging examinations
CT scan on February 23, 2022 (Figure 2A) identified multiple patches and ground glass shadows in both 
lungs and scattered soft tissue nodules of different sizes in both lungs, suggestive of a pulmonary 
infection. The lung and peritoneal metastases were slightly smaller in size. The infection was treated 
with cefuroxime sodium, piperacillin sulbactam, and moxifloxacin injections, but the patient’s condition 
did not improve, and he still had a persistent dry cough. Another CT scan on the March 21, 2022 
(Figure 2B) showed little to no resolution of the lung infection.

FINAL DIAGNOSIS
A bronchoscopy lavage fluid NGS test was performed on March 25, 2022. The patient underwent 
bronchoscopy, and the fiberoptic bronchoscope reached the trachea and bronchi of both lungs. 
Irrigation with sterile saline was performed repeatedly in the left lower lobe bronchus and right lower 
lobe bronchus. The collected samples were then sent to the laboratory for NGS testing and analysis, 
which revealed Pneumocystis jirovecii infection.

TREATMENT
Two cotrimoxazole tablets (sulfamethoxazole 0.4 g, trimethoprim 80 mg/tablet) were given every 6 h 
and 40 mg methylprednisolone succinate was given twice a day for 5 d, followed by 40 mg once daily 
for 5 d.
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Figure 2 Chronological computed tomography of the chest demonstrating changes in the lungs. A: Multiple patches and ground glass shadows in 
both lungs and scattered soft tissue nodules of different sizes in both lungs in February 2022; B: There was no significant change in pulmonary inflammation after 
empirical anti-infective treatment in March 2022; C: Pulmonary infection was significantly improved and resolved in both lungs in April 2022; D: Pulmonary infection 
almost completely disappeared in May 2022.

OUTCOME AND FOLLOW-UP
Following treatment, the patient’s cough disappeared. Cotrimoxazole tablets were continued for 3 wk, 
and the repeat CT on April 1, 2022 (Figure 2C) and May 10, 2022 (Figure 2D) showed significant 
improvement and resolution in both lungs. There were no treatment-related adverse effects. At present, 
the patient is well and has not complained of symptoms such as cough and dyspnea.

DISCUSSION
Kidney cancer is the third most prevalent urogenital tumor in China, accounting for 2%-3% of adult 
malignant tumors, and its incidence is increasing annually[11]. Targeted therapy is the primary 
treatment strategy for advanced renal cancer. According to their targets, these drugs can be divided into 
two main categories: Vascular endothelial growth factor (VEGF)/VEGF receptor inhibitors and mTOR 
inhibitors. VEGF, a major factor in the angiogenesis process in RCC, is a primary target of anti-
angiogenic treatments[12,13]. Additionally, mTOR, which is positioned downstream of phosphoin-
ositide 3-kinase and protein kinase B and is regulated by phosphatase and tensin homolog, is heavily 
involved in RCC development[14]. Inhibition of the mTOR pathway can inhibit both angiogenesis and 
tumor cell proliferation. Everolimus, an mTOR inhibitor, has been found to improve survival in 
metastatic RCC patients after TKI-targeted drug therapy failure[15,16].

Everolimus is not only approved for use in advanced RCC but also for the treatment of advanced 
breast cancer[17], pancreatic neuroendocrine tumor[18], subependymal giant cell astrocytoma 
associated with tuberous sclerosis[19], and other tumors. It can also prevent immunological rejection 
after kidney, liver, or heart transplantation[20]. The adverse reactions of everolimus mainly affect the 
digestive system, respiratory system, endocrine system, and skin mucosa[21,22], with interstitial lung 
disease (ILD) being the most common pulmonary associated toxicity[23-25]. The incidence of non-
infectious pneumonia of metastatic RCC treated with everolimus can reach up to 14%[16]. Following 
everolimus administration, our patient developed a dry cough, with the CT scan revealing a pulmonary 
infection. Repeated sputum culture and sputum smear showed no clear evidence of microbial infection. 
After empirical anti-bacterial treatment, the therapeutic outcome was poor. We thus suspected an 
uncommon bacterial or fungal infection, but identifying the pathogen was challenging. Therefore, we 
resorted to BALF NGS testing and revealed that Pneumocystis jirovecii was the cause of the infection. 
Prior to the lung infection, the patient had been treated with many lines of targeted treatments and 
immune checkpoint inhibitors, and his immune function was compromised. Following treatment with 
everolimus in combination with lenvatinib, he acquired a rare Pneumocystis jirovecii infection. Given that 
lenvatinib is a multi-targeted anti-angiogenic agent, its common adverse effects include hypertension, 
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fatigue, diarrhea, palmoplantar erythroderma syndrome, proteinuria and hemorrhagic events, while 
everolimus is immune-suppressive, making patients susceptible to opportunistic pulmonary infections
[26]. Loron et al[27] found that the use of everolimus in patients with advanced RCC can lead to rare 
pathogenic infections, including Pneumocystis jirovecii infections. As a result, we speculate that the 
Pneumocystis jirovecii infection in this patient was associated with the use of everolimus.

Pneumocystis jirovecii can accumulate on the surface of the respiratory tract of healthy humans and can 
proliferate when the immune system is weakened, leading to opportunistic infections[28]. In the 1980s, 
with the emergence of the human immunodeficiency virus (HIV), Pneumocystis jirovecii pneumonia (PJP) 
became more prevalent in HIV patients[29]. With the increased use of immunosuppressive drugs, the 
incidence of PJP has gradually increased in non-HIV-infected patients, especially in those with 
malignant tumors who are treated with immunosuppressants[30,31]. The early stage of infection in non-
HIV-infected patients is characterized by a repeated low-grade fever and dry cough without charac-
teristic symptoms, and the disease can advance rapidly to fever and respiratory failure. The mortality 
rate of non-HIV patients with PJP is 30% to 50%, higher than that of HIV patients[32].

The clinical features of PJP are not specific, and the diagnosis mainly depends on the detection of 
pathogens. Normal or reduced white blood cells are often seen while serum lactate dehydrogenase and 
blood fungal (1-3)-β-d-glucan are elevated, and the G test is positive; however, these markers have 
limited specificity and clinical translational value[33]. X-ray and CT chest examinations lack specificity 
in the early stage of infection, while after disease progression, CT imaging usually shows diffuse, 
bilateral pulmonary “ground glass” interstitial infiltrates, which may also appear as pulmonary 
nodules. Nonetheless, these imaging changes are not specific, especially as they are identical to the 
presentation of ILD in everolimus-induced interstitial pneumonia, which can easily lead to misdiagnosis
[34]. Unlike bacterial and other fungal infections, most non-HIV individuals have a low PJP load, and 
standard smear microscopy has a low sensitivity; thus, early PJP diagnosis is difficult. Microscopic 
inspection is commonly utilized to confirm PJP, and clinical specimens typically employed include 
induced sputum, bronchoalveolar lavage fluid, and lung tissue biopsy, but induced sputum culture has 
a low positive rate, and lung tissue biopsy is traumatic and difficult to carry out clinically. The BALF 
technique allows targeted sampling of the lower respiratory tract with a diagnostic positivity rate of 
90% to 99% compared to sputum analysis[35]. Polymerase chain reaction (PCR) of alveolar lavage fluid 
samples is a reliable method for diagnosing PJP, with some studies indicating that PCR has a sensitivity 
of ≥ 97% and a negative predictive value of ≥ 99%[36]. If the BALF PCR test is negative, PJP can be ruled 
out, while a positive PCR makes distinguishing between colonization and active infection difficult[37].

Traditional diagnostic methods, such as smear microscopy and induced sputum culture, have a low 
positive rate for the diagnosis of Pneumocystis jirovecii infection. Lung tissue biopsy is a traumatic 
examination. BALF test has a higher positive rate. As a new detection method independent of microbial 
culture, NGS is a second-generation gene sequencing technology with the advantages of high thro-
ughput, wide coverage and high accuracy[38,39]. NGS can directly detect the nucleic acid sequence of 
pathogenic bacteria in the samples and determine their type and proportion[40]. It can be used for the 
detection of not only a variety of pathogens, such as bacteria, fungi, viruses, and parasites, but also a 
variety of specimens, such as sputum, blood, cerebrospinal fluid, alveolar lavage fluid, and tissue. 
Compared with the traditional culture method, NGS has higher detection rate and higher negative 
predictive value. At present, NGS has been successfully used to diagnose and treat difficult and critical 
infectious diseases, identify unknown pathogens, monitor drug-resistant genes, carry out epidemi-
ological follow-up investigations, etc[41,42]. While identifying rare pathogens (e.g., Legionella 
pneumophila, Corynebacterium striatum, Listeria spp., Pneumocystis jirovecii, cryptococcus, Chlamydia 
pinioticus) is challenging clinically, NGS detection of alveolar lavage fluid can offer a rapid diagnosis 
and determine a correct anti-infection treatment. Notably, NGS of BALF is more sensitive and specific 
than the traditional approaches in diagnosing HIV-negative PJP[43]. However, NGS still faces many 
problems with a widespread application. Diagnosis by NGS testing needs to be combined with host 
factors, and chest CT findings. NGS pathogen test can only identify the pathogen, but cannot detect 
antimicrobial susceptibility. In addition, the current research on NGS testing of atypical respiratory 
pathogens is mostly in the form of case reports and clinical studies with a small sample size. Further 
clinical studies with a larger sample size are required to compare its sensitivity and specificity with 
traditional detection methods.

Trimethoprim-sulfamethoxazole (TMP/SMZ) is the preferred drug for the treatment of PJP, and it is 
emphasized that early and adequate dosage yields the best outcome[44], and the standard course to 
treat PJP is 3 wk[45]. The main side effects of TMP/SMZ include skin rash, drug fever, leukopenia, renal 
dysfunction, electrolyte disorder, and hepatotoxicity. Patients with renal insufficiency should lower 
their TMP dosage according to the creatinine clearance rate. For some patients with ineffective 
TMP/SMZ treatment or intolerable side effects, in recent years, caspofungin combined with low-dose 
TMP/SMZ has been used in patients with PJP infection following organ transplant. These two drugs 
have a synergistic effect, achieving satisfactory efficacy and a low incidence of adverse reactions[44,46].
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CONCLUSION
With the widespread use of anti-tumor immunosuppressants, the risks of lung infection with atypical 
bacteria or fungi in cancer patients have increased, and existing traditional diagnostic procedures make 
such infections difficult to diagnose. Therefore, in the event that tumor patients experience lung 
infection after anti-tumor treatment and the effect of conventional diagnosis and treatment are unsatis-
factory, evaluating BALF with NGS technology can be used to detect pathogens and determine the 
correct treatment plan for such patients. Collectively, we believe that this approach is promising in the 
early diagnosis of such infections and deserves more clinical attention.
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Abstract
BACKGROUND 
Copy number variation (CNV) has become widely recognized in recent years due 
to the extensive use of gene screening in developmental disorders and epilepsy 
research. 1q21.1 microduplication syndrome is a rare CNV disease that can 
manifest as multiple congenital developmental disorders, autism spectrum 
disorders, congenital malformations, and congenital heart defects with genetic 
heterogeneity.

CASE SUMMARY 
We reported a pediatric patient with 1q21.1 microduplication syndrome, and 
carried out a literature review to determine the correlation between 1q21.1 
microduplication and its phenotypes. We summarized the patient’s medical 
history and clinical symptoms, and extracted genomic DNA from the patient, her 
parents, elder brother, and sister. The patient was an 8-mo-old girl who was 
hospitalized for recurrent convulsions over a 2-mo period. Whole exon seq-
uencing and whole genome low-depth sequencing (CNV-seq) were then 
performed. Whole exon sequencing detected a 1.58-Mb duplication in the 
CHR1:145883867-147465312 region, which was located in the 1q21.1 region. 
Family analysis showed that the pathogenetic duplication fragment, which was 
also detected in her elder brother’s DNA originated from the mother.

CONCLUSION 
Whole exon sequencing combined with quantitative polymerase chain reaction 
can provide an accurate molecular diagnosis in children with 1q21.1 microdu-
plication syndrome, which is of great significance for genetic counseling and early 
intervention.
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Core Tip: We reported an 8-mo-old girl with 1q21.1 microduplication syndrome, and review the literature 
to determine the correlation between 1q21.1 microduplication and its phenotypes. Whole exon sequencing 
and whole genome low-depth sequencing (Copy number variation -seq) were performed on the patient and 
her family members. This case shows that whole exon sequencing combined with quantitative polymerase 
chain reaction can provide an accurate molecular diagnosis in children with 1q21.1 microduplication 
syndrome, which is important for genetic counseling and early intervention in the patients.

Citation: Huang TT, Xu HF, Wang SY, Lin WX, Tung YH, Khan KU, Zhang HH, Guo H, Zheng G, Zhang G. 
Identification of 1q21.1 microduplication in a family: A case report. World J Clin Cases 2023; 11(4): 874-882
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/874.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.874

INTRODUCTION
Copy number variation (CNV) has become widely recognized in recent years due to the extensive use of 
gene screening in developmental disorders and epilepsy research[1]. In this study, we performed 
molecular genetic analysis on a child admitted to the hospital in October 2019 with unexplained seizures 
and found approximately 1.58 Mb of duplication in the 1q21.1-1q21.2 (CHR1:145883867-147465312 *3) 
region. Previous literature reported that epilepsy was associated with CNV of region 1q21.1, but it is 
mainly seen in microdeletion syndrome and rarely in microduplication syndrome[2,3]. The existing 
reports show that 1q21.1 microduplication syndrome leads to a phenotype that includes developmental 
delays, autism spectrum disorders, congenital malformations, and congenital heart defects (typically, 
tetralogy of Fallot) along with characteristic facial dysmorphic signs[4-6]. Here, we describe a 1q21.1 
microduplication in a patient with a 1.58 Mb duplication. The patient experienced seizures, develop-
mental delay, and congenital heart disease in the form of ventricular septal defect. In addition, we 
summarized and analyzed the clinical characteristics and CNV regions of children with 1q21.1 microdu-
plication syndrome in order to further illustrate the correlation between the duplication region and 
phenotype.

CASE PRESENTATION
Chief complaints
The patient was an 8-mo-old girl who was hospitalized for recurrent convulsions over a 2-mo period.

History of present illness
She presented with repeated convulsions after admission to the hospital that manifested as upturned 
eyes, followed by involuntary blinking, cyanosis of the lips and hands and confusion. This was not 
considered a tonic seizure, and she had no limb shaking. The convulsions occurred approximately 10 
times a day, each lasting about 30 s; some episodes were self-relieving. The patient did not present with 
fever before the convulsions and there was no history of birth asphyxia or trauma. The convulsions 
were relieved after treatment with sodium valproate. The patient also suffered from developmental 
retardation as she could not lift her head in the prone position until 6 mo old, and was unable to sit 
independently at admission (age: 8 mo). Her gross and fine motor skills were poor, but her language 
and speech skills seemed to be fine. The patient had clear consciousness. Her weight was in the normal 
range, and she did not show macrocephaly or short stature.

History of past illness
Ventricular septal defect (VSD) was found when she was 4 mo old, and she underwent open-heart 
repair of the VSD.

Personal and family history
She delivered naturally at term. There was no hypoxia or suffocation or intraventricular hemorrhage 

https://www.wjgnet.com/2307-8960/full/v11/i4/874.htm
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during birth. Her parents denied any family history of developmental disorders, mental disorders, or 
genetic disorders. Both parents were in good health and are unrelated. The mother claimed that she 
developed a cold in the first 3 mo of the pregnancy. The mother denied any possible exposure to toxic 
substances such as alcohol, drugs, or other harmful environmental factors during the pregnancy and 
perinatal period. The child has a 5-year-old sister in good health and a 2.5-year-old brother who has 
language developmental delay and a two-time history of febrile convulsions. The patient's brother had 
no hypoxia or asphyxia or intraventricular hemorrhage at birth, has poor gross and fine motor skills, 
and he also appeared to have poor speech and language skills. He did not present with macrocephaly or 
short stature.

Physical examination
On physical examination, there was no remarkable dysmorphism in the patient’s appearance. A 6-cm-
long surgical scar was observed on the anterior chest. She had normal limb muscle strength and muscle 
tone, and her physiological reflexes were normal, with no evidence of any pathological signs.

Laboratory examinations
Routine blood, urine, and stool tests showed no abnormalities. Her thyroid hormone and growth 
hormone profiles were normal.

Imaging examinations
Electrocardiography showed sinus rhythm, left atrial burden, and T-wave changes in partial leads (V5). 
Chest radiography revealed increased pulmonary vascular markings, enlarged heart shadow, right 
upper mediastinal widening, and a thymus. Her video electroencephalography (VEEG) detected sharp 
slow wave release in the mid-line CZ (central midline point) and PZ (parietal midline point) zone 
during the sleep course. Cranial magnetic resonance imaging (MRI) showed left lateral ventricle 
enlargement and dysgenesis of the corpus callosum.

Further diagnostic work-up
Genomic DNA extraction: Briefly, 2 mL peripheral blood was drawn from the patient, her parents, and 
siblings, and sent to Kaiumph Medical Diagnosis (Beijing, China) for molecular karyotyping. We used a 
blood genomic DNA extraction kit (QIAamp DNA Blood Mini Kit, Qiagen) to extract genomic DNA.

Chromosome microarray: We first extracted DNA from peripheral blood and then processed the DNA 
samples by CMA using whole-genome bacterial artificial chromosome (BAC) microarrays, in 
accordance with the protocol. Data analysis was performed using algorithm fixed settings. The genomic 
coverage resolution of this microarray platform is up to 1 Mb. There were a minimum of 3 consecutive 
BAC clones used for microarray probes to determine copy number variation. We compared the detected 
CNVs with the known CNVs in the public database, and also classified detected CNVs as “Clinically 
Significant,” “Likely Benign,” or as “Variants Of Uncertain Clinical Significance (VOUS).” The result of 
the chromosome microarray test was negative.

Whole exome sequencing: Genomic DNA was quantified using Nanodrop 2000 (Thermal Fisher 
Scientific, United States). We used the NEXT flex Rapid DNA-Seq Kit to construct a genomic DNA 
library, used xGen Exome Research Panel v2 (IDT, United States) to capture the constructed libraries, 
and then used Novaseq 6000 (Illumina, United States) to sequence for 10–12 GB. We screened for 
variants based on minor allele frequencies in the normal population and performed variant function 
and prediction by Mutation Tester, Polyphen2, and SIFT. The mutant pathogenicity was assessed in 
accordance with guidelines of the American College of Medical Genetics and Genomics. We carried out 
analysis of CNV of patient’s total exome detection results based on Cap CNV (capture copy number 
variation) analysis which was published in previous articles[1]. The results of gene sequencing and 
analysis with seizure-related genes such as AAAS, AARS, AASS, and ABAT, and another 1254 genes 
failed to show any pathogenic variation at the exon region.

Cap CNV analysis: We calculated the depth of each exon using bedtools-2.16.2 coverage for the same 
batch of samples. The sequencing quantity ratio of the sample and the batch mean was calculated to 
obtain the corrected depth in order to correct the bias in the sequencing data quantity. The depth ratio is 
used to determine whether a potential CNV exists in an exonic area, obtained from the corrected sample 
depth over the batch mean depth. A potential deletion is judged by a depth ratio of less than 0.7, and a 
potential duplication is judged by a depth ratio of greater than 1.3. The criterion for judging the low-
quality area is that the rate of abnormal depth ratio in this area exceeds 20% in this batch, and then it is 
filtered.

The criteria for screening candidate CNV regions are as follows: (1) It is required that at least two 
consecutive exons have abnormal depth ratio for OMIM disease-related gene exon regions; and (2) It is 
required that at least ten consecutive exons have abnormal depth ratio for non OMIM disease-related 
gene exon regions. Then the regions of candidate CNV were annotated with Decipher and DGV.



Huang TT et al. 1q21.1 microduplication in a family

WJCC https://www.wjgnet.com 877 February 6, 2023 Volume 11 Issue 4

The analysis of CNVs based on the depth of the exon captured sequence showed that there was a 1.58 
Mb duplication of heterozygosity in the 1q21.1 region, which included the following 11 genes GJA5, 
FMO5, CHD1L, PRKAB2, BCL9, BNBPF11, BNBPF12, BNBPF24, GJA8, GPR89B, GPR89C (Figure 1, 
Table 1).

SYBR green fluorescent quantitative polymerase chain reaction: Primers for fluorescent quantitative 
polymerase chain reaction (qPCR) were designed for FMO5, CHD1L, GJA5, and ABL1 genes in the 
microduplication region. ABL1, as a housekeeping gene, is used as an internal reference. The relative 
quantitative values (RQ values) of FMO5 (forward, GAGCCCCATCCCACTTTCC; reverse, CCAACGC-
CATACCATTCAGG), CHD1L (forward, CCTCCTCAAGACAGCTGGTG; reverse, GCCCACCAG-
ATCCTGATTCC) and GJA5 (forward, CAGAGCCCCGGACCTCTTT; reverse, TCCCCATCTCCCA-
CATTCG) genes were calculated with ABL1 (forward, CTAAAGGTGAAAGCTCCG; reverse, GACTGT-
TGACTGGCGTGAT) as the internal reference gene by an ABI QuantStudioTM 6 Flex fluorescence 
quantitative analyzer for statistical analysis. Fluorescence qPCR was performed to determine the 
expression of related genes in duplicate regions of the genomic DNA from the patient, her parents, and 
normal controls. We purchased the PCR reaction reagents from Cowin Biosciences Company (Beijing, 
China), and the primer sequences were synthesized by Shanghai Sangon Biotech Company (Shanghai, 
China). We randomly selected exons from the FMO5, CHD1L, and GJA5 genes in the 1.58 Mb hetero-
zygous duplication region, which was detected by CNV analysis, according to the results of whole 
exome sequencing (WES) to design the fluorescent quantitative PCR primers with the ABL as the 
internal reference gene. The results showed that the patient and her mother were carriers of a hetero-
zygous duplication in FMO5, CHD1L, and GJA5 genes (the patient’s RQ was approximately 1.5, and the 
mother’s RQ was between 1.4 and 1.8). The father, however, did not show microduplication of FMO5, 
CHD1L, and GJA5 genes (RQ: approximately 1), which indicated that the mutation originated from the 
mother (Figure 2).

Familial analysis of low-depth whole genome sequencing: Low-depth whole genome sequencing 
detected a duplication of 2.096 Mb of heterozygosity in chromosome 1q (CHR1:145828373-147924436). 
The region has not yet been reported in the Decipher database. Low-depth whole genome sequencing, 
which was performed on the DNA of the patient’s mother and brother, also revealed a 2.096 Mb 
duplication of heterozygosity in the CHR1:145828373-147924436 region (as shown in Figure 3). These 
results indicated that the duplicate fragment originated from the mother and was also carried by the 
brother.

The patient’s family tree: The patient, her brother and mother had a duplication of heterozygosity in 
the 1q21.1 region, her father and sister did not (Figure 4).

FINAL DIAGNOSIS
The patient was diagnosed with 1q21.1 microduplication syndrome.

TREATMENT
During the hospital stay, the patient had no epileptic seizures. The convulsions were relieved after 
treatment with sodium valproate.

OUTCOME AND FOLLOW-UP
Detailed history-taking and follow-up examinations showed that the patient and her brother are 
currently lagging behind in motor development and have language developmental delay and are likely 
on the autistic spectrum.

DISCUSSION
The 1q21.1 region is considered the most genetically unstable fragment due to multiple low-copy 
duplication, and one of the largest regions in the human genome that carries repeated duplication, 
thereby making it prone to CNV[2,4]. CNVs in the region are associated with developmental disorders, 
feeding problems, intellectual disability (ID), developmental delays (DD), congenital heart defects, 
behavioral problems (including autistic disorder and attention deficit hyperactivity disorder), and 
various other congenital deformities. There are 20-40 genes in the 1q21.1 region. The CNV of 1q21.1 can 
present as two main types: The one containing only the distal end region of 1q21.1 is called type I 
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Table 1 Genes contained in the 1.58 Mb duplication region and their functions

Gene Phenotype Inheritance Gene function
GJA5 Atrial Fibrillation, Familial, 11; Atrial 

Standstill 1; Tetralogy of Fallot; 
Chromosome 1q21.1 deletion syndrome, 
1.35-MB

AD The GJA5 gene encodes gap junction protein 40 (CX40), a cardiac gap junction 
protein expressed in the right ventricular outflow tract, which plays a key role in 
cell adhesion and intercellular communication 

FMO5 Duodenal Atresia; Jacobsen Syndrome; 
Mowat-Wilson Syndrome

AD The gene acts as Baeyer-Villiger monooxygenase on a broad range of substrates. 
Catalyzes the insertion of an oxygen atom into a carbon-carbon bond adjacent to a 
carbonyl, which converts ketones to esters

CHD1L Postcholecystectomy Syndrome; Prostate 
Calculus; Chromosome 1q21.1 Duplication 
Syndrome

AD DNA helicase which plays a role in chromatin-remodeling following DNA damage, 
targeted to sites of DNA damage through interaction with poly (ADP-ribose) and 
functions to regulate chromatin during DNA repair. Able to catalyze nucleosome 
sliding in an ATP-dependent manner. Helicase activity is strongly stimulated upon 
poly (ADP-ribose)-binding

NBPF12 Amelogenesis Imperfecta, Type Ia; 
Neuroblastoma; Microcephaly; Autism

Unknown No data available for molecular function

NBPF11 Neuroblastoma; Duodenal Atresia Unknown Predicted to be located in the cytoplasm. No data available for molecular function

NBPF24 Also known asNBPF11 Unknown No data available for molecular function

PRKAB2 Chromosome 1q21.1 Duplication 
Syndrome; Type 2 Diabetes Mellitus

Unknown Non-catalytic subunit of AMP-activated protein kinase (AMPK), an energy sensor 
protein kinase that plays a key role in regulating cellular energy metabolism

BCL9 Chromosome 1q21.1 Duplication 
Syndrome; Lymphoma; Leukemia; 
Retinitis Pigmentosa

Unknown Involved in signal transduction through the Wnt pathway. Promotes beta-catenin's 
transcriptional activity. Gene coding for a large proline-rich protein with two 
transcripts, expressed in all tissues and a third expressed only in thymus, spleen, 
small intestine, involved in translocation t(1;14) and t(1;22)

GJA8 Chromosome 1q21.1 Duplication 
Syndrome; Cataract 1, Multiple Types; 
Cataract Microcornea Syndrome; Early-
Onset Sutural Cataract

AD Structural component of eye lens gap junctions. Gap junctions are dodecameric 
channels that connect the cytoplasm of adjoining cells. They are formed by the 
docking of two hexameric hemichannels, one from each cell membrane. Small 
molecules and ions diffuse from one cell to a neighboring cell via the central pore

GPR89B Thrombocytopenia-Absent Radius 
Syndrome; Hypothyroidism, Congenital, 
Nongoitrous, 1

Unknown Voltage dependent anion channel required for acidification and functions of the 
Golgi apparatus that may function in counter-ion conductance. Plays a role in 
lymphocyte development, probably by acting as a RABL3 effector in hematopoietic 
cells

GPR89C Also known as, GPR89B Unknown The function of the gene is the same as GPR89B

ADP: Adenosine diphosphate; AD: Autosomal dominant; AMP: Adenosine monophosphate; DNA: Deoxyribonucleic acid.

(approximately 1.8 Mb), and the one extending proximally to encompass the thrombocytopenia absent 
radius syndrome region is called type 2 (approximately 2.7 Mb)[4,5].

1q21.1 microduplication syndrome is a rare chromosome 1 mutation. It can be an autosomal 
dominant inheritance or a novel mutation. There is no significant difference in the sex ratio. Microdu-
plication of 1q21.1 is observed in approximately 0.03% adults, and the frequency in live births is 
estimated to be 1/6309. It presents with variable and partially explicit phenotypes; the common clinical 
manifestations are multiple congenital developmental disorders, which include DD, autism spectrum 
disorders, congenital malformations, and congenital heart defects, wherein tetralogy of Fallot is the 
most common. It can also be seen in normal individuals[4,6-8]. In 2017, Busè et al[9] expanded the 
phenotype of the 1q21.1 syndrome and suggested that the 1q21.1 microduplication syndrome showed 
special facial features such as macrocephaly or relative macrocephaly, prominent forehead, and 
widening of the eye distance. The relationship between triangular head deformity and 1q21.1 microdu-
plication syndrome was also mentioned[9]. Some researchers believed that it is a predisposing locus 
instead of a clinically distinct syndrome, given its incomplete dominance and variable phenotype[10]. 
With the development of genome microarray and other methods for detecting CNVs, the improved 
accuracy of CNVs detection, and the widespread use of gene screening in the study of DD and epilepsy, 
an increasing number of cases of 1q21.1 microduplication have been reported.

1q21.1 microduplication has been linked to a range of neurodevelopmental disorders, including 
autism spectrum disorders, ID, and even epilepsy, although there is no known gene for neurological 
disorders in this region[11]. The UCSC Genome Browser lists two genes located in the distal microdu-
plication region, CHD1L and PRKAB2, which may be associated with epilepsy[2]. The CHD1L gene is 
also a candidate gene for attention deficit hyperactivity disorder and autism spectrum disorders, and 
the repetition of CHD1L is implicated in delayed language development[10]. The CHD1L gene, which is 
associated with a variety of cancers, encodes a helicase responsible for DNA repair. It comes from the 
same family as CHD2, which is related to epileptic encephalopathy and various generalized epilepsy 
syndromes[2]. PRKAB2 acts as a regulator of cellular responses to numerous stimuli, encodes the β2 
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Figure 1  Patient’s chromosome 1 duplication.

Figure 2 Fluorescent quantitative polymerase chain reaction showed that the patient and her mother were carriers of heterozygous 
duplication in FMO5, CHD1L, and GJA5 genes. A: gDNA level of FMO5 in 1q21 region; B: gDNA level of CHD1L in 1q21 region; C: gDNA level of GJA5 in 
1q21 region. aP ≤ 0.05;  bP ≤ 0.01; cP ≤ 0.001.

subunits of AMP-activated protein kinase, and appears to play an important role in brain function[12]. 
With regard to the previously mentioned macrocephaly, it has been reported that it may be related to 
DUF1220 in this region, because the deletion of DUF1220 was found to be associated with microcephaly 
in 1q21.1 microdeletion syndrome. HYDIN2, in region 1q21.1, is a gene involved in the DUF1220 protein 
domain, and a homolog of the HYDIN gene in region 16q22.2. HYDIN, expressed only in the brain, is 
associated with hydrocephalus, so it may affect head circumference[13-15]. Regarding congenital heart 
defect, the GJA5 gene is believed to play an important role in the heart phenotype in the 1q21.1 region. It 
encodes gap junction protein 40 (CX40), a cardiac gap junction protein expressed through the right 
ventricular outflow tract, which plays a key role in intercellular communication and cellular adhesion 
and makes GJA5 gene a major candidate for congenital heart defect phenotype in this region[5,16-18].

At present, the sample size of 1q21.1 microduplication syndrome is limited, and the reported 
phenotypes are different. Using "1q21.1 microduplication syndrome" as the key word, we searched the 
biomedical literature database (PubMed) for nearly 10 years of literature, and we counted the 1q21.1 
duplication regions and the genes contained in the region (Supplementary Table 1). Therefore, we still 
need more research to clarify the connection between genotype and specific phenotype of 1q21.1 
microduplication syndrome. In our case, the result of the patient's gene analysis detected microdu-
plication which contained both the GJA5 and CHD1L genes in the 1q21.1 region. This might explain her 
seizures and congenital heart disease. In the familial analysis, her mother and brother both carried 
microduplication of the GJA5 and CHD1L genes. However, her brother, who had a heterozygous 

https://f6publishing.blob.core.windows.net/3f9aca30-eb46-48d0-b88c-d4c0fbd46050/WJCC-11-874-supplementary-material.pdf
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Figure 3  The patient’s mother and brother chromosome 1 duplication marked by a red arrow.

Figure 4  The patient’s family tree.

duplication of about 2.096 Mb in the CHR1:145826755-147924436 region, showed symptoms presenting 
with language DD and febrile convulsions, while her mother showed no abnormalities. VEEG and 
cranial MRI of the patient’s mother did not show any abnormalities, and the language ability and 
reading ability of her mother were normal as assessed by the simple Wechsler Adult Intelligence Scale-
Revised in China. In 2015, Judith and Verhagen et al[17] reported a case of 1q21.1 microduplication in a 
family of 11 people over three generations. Their patient suffered from severe learning difficulties and 
was diagnosed with chronic depression and anxiety at the age of 18. All carriers in her family showed 
hypertelorism and other facial dysmorphism but no congenital heart defect. At the first pregnancy of 
the proband, ultrasound examination at 20 wk of gestation revealed excessive fetal growth and a 
complex congenital heart defect, the pregnancy was terminated on the advice of her obstetrician. With 
these two reports of the same genotype but different phenotypes, we could speculate that the same 
genetic changes may result in different phenotypes. The phenotypes of our patient and her relatives still 
require long-term follow-up, for any new potential phenotypes.
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The development of the nervous system is a complex process involving nearly 70% gene expression, 
which may explain why different CNVs have common clinical features. However, there is no 
explanation as to why the same position and CNV would result in a different phenotype[19]. Genes are 
epigenetically inherited and subject to environmental modifications; genetic alterations may make CNV 
carriers more susceptible to environmental influences, which can lead to different phenotypes, 
depending on the severity of the environmental impact[20,21]. Furthermore, the variable expressivity 
and incomplete penetrance suggest that the influence of CNV is modified by other genetic loci or 
environmental factors[22]. Xu et al[23] suggested that women have a higher tolerance for path-
ogenicity/potential CNVs and have an inclination to pass these CNVs on to their offspring of males. At 
present, all CNVs studies of the Chinese population are concentrated on describing the genotype-
phenotype correlation and explaining the mechanism of pathogenesis. Therefore, understanding the 
clinical significance of CNVs or offering optimum treatment options to CNV carriers at prenatal 
consultation continues to remain challenging.

CONCLUSION
1q21.1 microduplication syndrome is a rare CNV disease. This finding has extended our knowledge of 
the clinical manifestations of 1q21.1 microduplication syndrome and enhanced our understanding of 
CNV. However, further research is required to clarify the connection between genotype and specific 
phenotype of 1q21.1 microduplication syndrome. WES combined with qPCR can provide an accurate 
molecular diagnosis for children carrying this genetic mutation, which is of great significance for genetic 
counseling and early intervention.
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Abstract
BACKGROUND 
Implanted intravenous infusion port (TIAP) is mainly used for patients who need 
central venous infusion and poor peripheral vascular conditions. With the 
advantages of easy to carry, long maintenance cycle, few complications and 
excellent quality of life, it has been widely used in the fields of malignant tumor 
chemotherapy, parenteral nutrition support and repeated blood collection. 
Implanted intravenous infusion port (IVAP) dislocation can have significant 
complications if not recognised and reinstated immediately.

CASE SUMMARY 
A 24-year-old man was treated with adjuvant chemotherapy for osteosarcoma. 
Severe displacement of IVAP catheter was found by chest X-ray examination. The 
IVAP cannot be used normally. Therefore, we conducted an emergency procedure 
to reset the catheter through double pigtail catheters, the operation was successful 
and the infusion port was restored.

CONCLUSION 
When IVAP catheter displacement cannot be reset by conventional techniques, 
two pigtail catheters can be successfully used instead.

Key Words: Catheter; Displaced catheter; Implantable; Implanted intravenous infusion 
port; Pigtail catheter; 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.i4.883
mailto:dmdu69@163.com


Liu Y et al. IVAP case report

WJCC https://www.wjgnet.com 884 February 6, 2023 Volume 11 Issue 4

Core Tip: In the face of serious ectopic infusion port, we successfully solved the problem with double pig 
tail catheter.

Citation: Liu Y, Du DM. Double pigtail catheter reduction for seriously displaced intravenous infusion port 
catheter: A case report. World J Clin Cases 2023; 11(4): 883-887
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/883.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.883

INTRODUCTION
Implanted intravenous infusion port (IVAP) catheters are mainly used for patients who need central 
venous infusion therapy and have poor peripheral vascular conditions. It has been widely used in 
malignant tumour chemotherapy, parenteral nutrition support treatment, and repeated blood collection 
in various nations because of the benefits of easy carrying, extended maintenance time, few complic-
ations, and excellent quality of life. Inadequate care can lead to complications such as catheter 
displacement, obstruction, infection, pneumothorax, haemothorax, vascular damage, thrombus, and 
catheter rupture[1-4]. Among them, catheter displacement of the infusion port has become a critical 
complication as it affects the chemotherapy effect on patients and it can be life-threatening if the 
displacement is not recognised and repositioned promptly.

We describe a case with catheter displacement that could not be solved by conventional procedures 
which is a single pig tail catheter reduction or surgical removal of the port. Hence, we used the double 
pigtail catheters to reset the displaced catheter. Such interventional reduction surgery is rarely reported.

CASE PRESENTATION
Chief complaints
Our patient was a 24-year-old male with osteosarcoma at the distal end of the left calf. After the second 
chemotherapy round, the patient developed severe cough and vomiting, and it was difficult to push the 
catheter when using normal saline. Chest X-ray showed that the catheter had been displaced into a loop.

History of present illness
Osteosarcoma following chemotherapy.

History of past illness
On December 23, 2021, the patient experienced resection of a lesion of the distal left fibula, ankle fusion 
and microwave ablation.

Personal and family history
The patient denied having any specific family or personal history of any illnesses.

Physical examination
The patient's vital signs at the point of presentation were 36.4°C for body temperature, 114/73 mmHg 
for blood pressure, 96 beats per minute for pulse, and 20 breaths per minute for respiratory rate. During 
the physical examination, the patient cooperated and was conscious. A 15-cm surgical incision in the left 
leg was visible, skin temperature was normal, the plantar flexion and extension of the left ankle were 
limited, and movement and sensation of the left lower limb were normal.

Laboratory examinations
D-dimer dynamic: 0.57 mg/L.

Imaging examinations
Chest X-ray indicated that the catheter was displaced into a loop (Figure 1A).

FINAL DIAGNOSIS
The final diagnosis result is that ectopic catheter in infusion port.

https://www.wjgnet.com/2307-8960/full/v11/i4/883.htm
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Figure 1 X-ray found severe ectopic infusion port. A: Preoperative examination revealed severe ectopic infusion port; B: Intraoperative film, two 5F pigtail 
catheters used to reposition the ectopic infusion port catheter; C: The ectopic infusion port catheter has been successfully reset, and the end of the catheter in the 
inferior margin of the 5th posterior rib.

TREATMENT
After consulting with the appropriate departments, we prepared to reset the IVAP using an interven-
tional approach. The patient lay flat on the digital subtraction angiography examination bed during the 
procedure. Digital subtraction angiography fluoroscopy showed that the catheter was displaced into a 
loop. We used the modified Seldinger puncture to puncture the right femoral vein, and 5F vascular 
sheath was successfully implanted. Using a long exchange guide wire, we guided the 5F pigtail catheter 
(Yixinda SCW-StraightPigtail-05110) to the right jugular vein, through the natural bending at the front 
end of the catheter, trapped the middle and long section of the infusion port catheter, and reset the 
infusion port catheter by slightly rotating and pulling down[5,6]. Due to the severe displacement of the 
infusion tube, we failed to reset the catheter using one pigtail. Therefore, we used the same method to 
puncture the left femoral vein and successfully reset the displaced infusion port catheter using the 
double pigtail catheter (Figure 1B and C).

OUTCOME AND FOLLOW-UP
Post-operation, the patient did not complain of discomfort and successfully completed the third 
chemotherapy in the ward.

DISCUSSION
IVAP chemotherapy can give patients continuous venous access and shield their peripheral blood 
vessels from harm from irritating medications[7]. Because of the benefits of easy carrying, long 
maintenance period, few complications and high quality of life of patients, it has been widely used in 
malignant tumour chemotherapy, parenteral nutrition support treatment and repeated blood collection. 
Increased attention has been paid to complications related to transfusion port such as thrombosis, 
infection, displacement, pneumothorax and others. Among them, the displacement of transfusion port 
pipeline is a significant complication of transfusion port implantation, as it affects chemotherapy 
effectivity and can be life threatening[8]. Catheter displacement may be caused by: (1) A catheter that is 
too short, and its end position is 1/3 above the superior vena cava; (2) strenuous exercise of the arm or 
shoulder; (3) severe cough; and (4) repeated vomiting. The catheter displacement in our patient may 
have been due to repeated vomiting during the second chemotherapy session[9,10].

CONCLUSION
When the catheter is displaced into a loop, the general interventional reduction surgery may not be 
sufficient to reset the displaced catheter. Thus, we can adopt the method of co-reduction using double 
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pigtails to increase the traction force of the catheter reduction and make the pull-down force stronger.

ACKNOWLEDGEMENTS
We thank the patient for participating in the study and for agreeing to undergo follow-ups.

FOOTNOTES
Author contributions: Liu Y carried out the study, participated in data collection, and drafted the manuscript; Du DM 
performed statistical analysis and participated in study design and participated in the acquisition, analysis, and 
interpretation of the data, and drafted the manuscript; all authors read and approved the final manuscript.

Supported by Shenzhen Key Medical Discipline Construction Fund, No. SZXK052.

Informed consent statement: Informed written consent was obtained from the patient for publication of this report 
and any accompanying images.

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

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-
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: Yu Liu 0000-0001-9528-4728; Duan-Ming Du 0000-0002-3360-9563.

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

REFERENCES
Chou PL, Fu JY, Cheng CH, Chu Y, Wu CF, Ko PJ, Liu YH, Wu CY. Current port maintenance strategies are insufficient: 
View based on actual presentations of implanted ports. Medicine (Baltimore) 2019; 98: e17757 [PMID: 31689833 DOI: 
10.1097/MD.0000000000017757]

1     

Ding X, Ding F, Wang Y, Wang L, Wang J, Xu L, Li W, Yang J, Meng X, Yuan M, Chu J, Ge F, Dong W, Xue M; 
Shanghai Cooperation Group on Central Venous Access Vascular Access Committee of the Solid Tumor Theranostics 
Committee, Shanghai Anti-Cancer Association. Shanghai expert consensus on totally implantable access ports 2019. J 
Interv Med 2019; 2: 141-145 [PMID: 34805890 DOI: 10.1016/j.jimed.2019.10.008]

2     

Xu L, Qin W, Zheng W, Sun X. Ultrasound-guided totally implantable venous access ports via the right innominate vein: a 
new approach for patients with breast cancer. World J Surg Oncol 2019; 17: 196 [PMID: 31767003 DOI: 
10.1186/s12957-019-1727-0]

3     

Marcy PY, Schiappa R, Ferrero JM, Dahlet C, Brenet O, Yazbec G, Dubois PY, Salm B, Fouche Y, Mari V, Montastruc 
M, Lebrec N, Ancel B, Paillocher N, Dupoiron D, Rangeard O, Gal J, Ettaiche M, Chateau Y, Chamorey E. Patient 
satisfaction and acceptance of their totally implanted central venous catheter: a French prospective multicenter study. J 
Vasc Access 2017; 18: 390-395 [PMID: 28731491 DOI: 10.5301/jva.5000744]

4     

Chen GQ, Wu Y, Zhao KF, Shi RS. Removal of "ruptured" pulmonary artery infusion port catheter by pigtail catheter 
combined with gooseneck trap: A case report. World J Clin Cases 2021; 9: 8820-8824 [PMID: 34734061 DOI: 
10.12998/wjcc.v9.i29.8820]

5     

Letachowicz K, Gołębiowski T, Miś M, Wolańczyk M, Zmonarski S, Krajewska M. Partial breakage of a tunneled dialysis 
catheter: An uncommon finding. Hemodial Int 2021; 25: E15-E17 [PMID: 33073510 DOI: 10.1111/hdi.12894]

6     

Nagasawa Y, Shimizu T, Sonoda H, Mekata E, Wakabayashi M, Ohta H, Murata S, Mori T, Naka S, Tani T. A comparison 
of outcomes and complications of totally implantable access port through the internal jugular vein versus the subclavian 
vein. Int Surg 2014; 99: 182-188 [PMID: 24670030 DOI: 10.9738/INTSURG-D-13-00185.1]

7     

Shankar G, Jadhav V, Ravindra S, Babu N, Ramesh S. Totally Implantable Venous Access Devices in Children Requiring 
Long-Term Chemotherapy: Analysis of Outcome in 122 Children from a Single Institution. Indian J Surg Oncol 2016; 7: 
326-331 [PMID: 27651694 DOI: 10.1007/s13193-015-0485-x]

8     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-9528-4728
http://orcid.org/0000-0001-9528-4728
http://orcid.org/0000-0002-3360-9563
http://orcid.org/0000-0002-3360-9563
http://www.ncbi.nlm.nih.gov/pubmed/31689833
https://dx.doi.org/10.1097/MD.0000000000017757
http://www.ncbi.nlm.nih.gov/pubmed/34805890
https://dx.doi.org/10.1016/j.jimed.2019.10.008
http://www.ncbi.nlm.nih.gov/pubmed/31767003
https://dx.doi.org/10.1186/s12957-019-1727-0
http://www.ncbi.nlm.nih.gov/pubmed/28731491
https://dx.doi.org/10.5301/jva.5000744
http://www.ncbi.nlm.nih.gov/pubmed/34734061
https://dx.doi.org/10.12998/wjcc.v9.i29.8820
http://www.ncbi.nlm.nih.gov/pubmed/33073510
https://dx.doi.org/10.1111/hdi.12894
http://www.ncbi.nlm.nih.gov/pubmed/24670030
https://dx.doi.org/10.9738/INTSURG-D-13-00185.1
http://www.ncbi.nlm.nih.gov/pubmed/27651694
https://dx.doi.org/10.1007/s13193-015-0485-x


Liu Y et al. IVAP case report

WJCC https://www.wjgnet.com 887 February 6, 2023 Volume 11 Issue 4

Lv DN, Xu HZ, Zheng LL, Chen LL, Ling Y, Ye AQ. Extravasation of chemotherapeutic drug from an implantable 
intravenous infusion port in a child: A case report. World J Clin Cases 2021; 9: 7840-7844 [PMID: 34621835 DOI: 
10.12998/wjcc.v9.i26.7840]

9     

Miao J, Ji L, Lu J, Chen J. Randomized clinical trial comparing ultrasound-guided procedure with the Seldinger's technique 
for placement of implantable venous ports. Cell Biochem Biophys 2014; 70: 559-563 [PMID: 24748179 DOI: 
10.1007/s12013-014-9956-x]

10     

http://www.ncbi.nlm.nih.gov/pubmed/34621835
https://dx.doi.org/10.12998/wjcc.v9.i26.7840
http://www.ncbi.nlm.nih.gov/pubmed/24748179
https://dx.doi.org/10.1007/s12013-014-9956-x


WJCC https://www.wjgnet.com 888 February 6, 2023 Volume 11 Issue 4

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2023 February 6; 11(4): 888-895

DOI: 10.12998/wjcc.v11.i4.888 ISSN 2307-8960 (online)

CASE REPORT

Thyroid storm in a pregnant woman with COVID-19 infection: A case 
report and review of literatures

Hyo-Eun Kim, Juseok Yang, Ji-Eun Park, Jong-Chul Baek, Hyen-Chul Jo

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): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Freund O, Israel; 
Magalhães JE, Brazil

Received: October 27, 2022 
Peer-review started: October 27, 
2022 
First decision: November 11, 2022 
Revised: November 24, 2022 
Accepted: January 5, 2023 
Article in press: January 5, 2023 
Published online: February 6, 2023

Hyo-Eun Kim, Juseok Yang, Ji-Eun Park, Jong-Chul Baek, Hyen-Chul Jo, Department of 
Obstetrics and Gynecology, Gyeongsang National University Changwon Hospital, Changwon 
51472, South Korea

Corresponding author: Hyen-Chul Jo, MD, PhD, Assistant Professor, Department of Obstetrics 
and Gynecology, Gyeongsang National University Changwon Hospital, Samjunga Street 11, 
Sungsan Gu, Changwon 51472, South Korea. cholida73@naver.com

Abstract
BACKGROUND 
The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has been 
found to be responsible for the recent global pandemic known as coronavirus 
disease 2019 (COVID-19). SARS-CoV-2 infections not only result in significant 
respiratory symptoms but also cause several extrapulmonary manifestations, such 
as thrombotic complications, myocardial dysfunction and arrhythmia, thyroid 
dysfunction, acute kidney injury, gastrointestinal symptoms, neurological 
symptoms, ocular symptoms, and dermatological complications. We present the 
first documented case of thyroid storm in a pregnant woman precipitated by 
SARS-CoV-2.

CASE SUMMARY 
A 42-year-old multiparous woman at 35 + 2 wk of gestation visited the emergency 
room (ER) with altered mentation, seizures, tachycardia, and high fever. The 
patient showed no remarkable events in the prenatal examination, and the 
nasopharyngeal COVID-19 polymerase chain reaction (PCR) test was positive two 
days before the ER visit. The results of laboratory tests, such as liver function test, 
serum electrolytes, blood glucose, blood urea nitrogen, and creatinine, were all 
within the normal ranges. However, the thyroid function test showed hyper-
thyroidism, and the nasopharyngeal COVID-19 PCR test was positive, as 
expected. No specific findings were observed on the brain computed tomography, 
and there were no signs of lateralization on neurological examination. Fetal 
heartbeat and movement were good, and there were no significant uterine 
contractions. The initial impression was atypical eclampsia. However, the 
patient's condition worsened, and a cesarean section was performed under 
general anesthesia; a healthy boy was delivered, and 12 h after delivery, the 
patient's seizures disappeared and consciousness was restored. The patient was 
referred to an endocrinologist for hyperthyroidism, and a thyroid storm with 
Graves' disease was diagnosed. Here, SARS-CoV-2 was believed to be the trigger 
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for the thyroid storm, considering that the patient tested positive for COVID-19 two days before 
the seizures.

CONCLUSION 
In pregnant women presenting with seizures or changes in consciousness, the possibility of a 
thyroid storm should be considered. There are various causes for a thyroid storm, but given the 
recent pandemic, it is necessary to bear in mind that the thyroid storm may be precipitated by 
COVID-19.

Key Words: COVID-19; Hyperthyroidism; Pregnancy; Thyroid storm; Thyrotoxicosis; Case report

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

Core Tip: Coronavirus disease 2019 (COVID-19) is a pandemic disease. For pregnant women presenting 
with emergency symptoms, clinicians should consider the possibility of a thyroid storm caused by 
COVID-19.

Citation: Kim HE, Yang J, Park JE, Baek JC, Jo HC. Thyroid storm in a pregnant woman with COVID-19 
infection: A case report and review of literatures. World J Clin Cases 2023; 11(4): 888-895
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/888.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.888

INTRODUCTION
The incidence of hyperthyroidism in pregnancy is about 0.2% and is mostly subclinical[1]. A thyroid 
storm (TS) is a rare but serious complication in patients with hyperthyroidism (1%-2% of cases of 
hyperthyroidism)[2-4]. The symptoms of a TS are similar to those of hyperthyroidism, but they are more 
sudden, severe, and extreme. We report a case in which a pregnant woman who visited the emergency 
room (ER) with altered mentation, seizures, and high fever was initially misdiagnosed as eclampsia and 
eventually diagnosed to have a TS because of coronavirus disease 2019 (COVID-19) infection.

CASE PRESENTATION
Chief complaints
A 42-year-old multiparous woman with a gestational age of 35 + 2 wk presented to the ER with altered 
mentation, seizures, and a high fever of 38.3 °C.

History of present illness
The patient tested positive for the nasopharyngeal COVID-19 polymerase chain reaction (PCR) test with 
symptoms of throat pain two days before her ER visit. Upon arrival at the ER, endotracheal intubation 
was performed immediately, and an emergency call was made to the obstetrics and gynecology 
department. According to the widely accepted severity scale of COVID-19 (Table 1), illness of severity 
was critical requiring mechanical ventilation[5].

History of past illness
The patient had previously delivered a healthy baby by cesarean section two years ago. According to 
the statements of the guardians obtained in the ER, the patient did not have any specific underlying 
diseases, and there were no remarkable events during the prenatal examinations in the current 
pregnancy.

Personal and family history
The patient had no history of drug abuse, smoking, or drinking. Further, there was no family history of 
genetic, autoimmune, or thyroid diseases.

Physical examination
The seizure was a generalized tonic-clonic type, and the patient presented with drooling and continuous 
upper eyeball deviation. The pupillary reflex was prompt, symmetric, and consensual. Vital signs 

https://www.wjgnet.com/2307-8960/full/v11/i4/888.htm
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Table 1 Illness severity for coronavirus disease 2019

Severity Signs and symptoms

Asymptomatic/presymptomatic Positive for SARS-CoV-2 using a test but no symptoms that are consistent with COVID-19

Mild illness Signs and symptoms of COVID-19 but no shortness of breath, dyspnea, or abnormal chest imaging

Moderate illness Signs and symptoms of lower respiratory disease or abnormal imaging and SpO2 ≥ 94% on room air at sea level

Severe illness SpO2 ≤ 94% on room air at sea level, PaO2/FiO2 < 300 mmHg, respiratory frequency > 30 breaths/min, or lung 
infiltrates > 50%

Critical illness Respiratory failure, septic shock, and/or multiple organ dysfunction

From the American college of emergency physicians field guide. COVID-19: Coronavirus disease 2019; SARS-CoV-2: Severe acute respiratory syndrome 
coronavirus-2.

revealed a blood pressure of 121/71 mmHg and heart rate of 115 beats per minute.

Laboratory examinations
The nasopharyngeal COVID-19 test performed in the ER was positive. Laboratory results at the 
emergency unit showed increased C-reactive protein of 15.7 mg/L [reference range (RR): 0-5 mg/L], 
erythrocyte sedimentation rate of 37 mm/h (RR: 0-20 mm/h), and D-dimer of 2.7 µg/mL (RR: 0.0-0.5 
µg/mL). There was no proteinuria or other abnormality in the urine protein-to-creatinine ratio, which 
could be considered a sign of eclampsia. The results of the laboratory tests, such as liver function test, 
serum electrolytes, blood glucose, blood urea nitrogen, and creatinine, were all normal. The thyroid 
function test showed a thyroid stimulating hormone (TSH) level of < 0.01 mIU/L [3rd trimester-specific 
reference range (3TRR): 0.38-4.04 mIU/L[6]], free T4 level of 1.95 ng/dL (3TRR: 0.5-0.8 ng/dL[6]), and 
total T3 level of 183.9 ng/dL (3TRR: 123-162 ng/dL[6]), which reflect overt hyperthyroidism. According 
to the Burch-Wartofsky Point Scale (BWPS)[2], the score was 65, which was highly suggestive of a TS.

Imaging examinations
Brain computed tomography revealed no acute intracranial hemorrhage, focal parenchymal lesions, or 
visible causes of seizure. In addition, there were no focal neurological signs, and the neurologist 
underestimated the likelihood of seizures owing to the central nervous system lesions.

Further diagnostic work-up
No noteworthy findings were obtained from the chest X-ray and electrocardiogram. On ultrasono-
graphy, the fetal growth was noted to be appropriate for the gestational age, and the fetal heartbeat and 
movements were normal. No significant uterine contractions were observed in the tocomonitor.

Initial diagnosis
The initial impression was eclampsia because of the seizures and altered consciousness. However, there 
were several points that were not suitable for a diagnosis of eclampsia. For example, the maternal blood 
pressure was normal, and there was no proteinuria, fetal growth restriction, thrombocytopenia, kidney 
failure, or hepatic dysfunction. Thus, we arrived at a diagnosis of atypical eclampsia.

FINAL DIAGNOSIS
The final diagnosis was status epilepticus (SE) due to a TS from a preexisting Graves’ disease. Given 
that the patient tested positive for COVID-19 two days before admission to the ER, the trigger for the TS 
is believed to be SARS-CoV-2.

TREATMENT
For the primary treatment of eclampsia, labetalol, magnesium sulfate, and midazolam were used to 
control the seizures. However, the seizures persisted, and consciousness was not restored. Thus, a 
cesarean section was performed under general anesthesia because it was judged that both the mother 
and fetus could be at risk if the seizures continued.
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Figure 1 Thyroid ultrasonography. Diffusely enlarged thyroid gland with rounded lobes showing the diffusely heterogeneous and coarse echotexture of the 
thyroid gland. The isthmus nodule was suspected to be malignant owing to its ill-defined margin. The red dots indicate the isthmus nodule; this nodule was identified 
as a papillary carcinoma by fine-needle aspiration cytology. The yellow dots indicate the trachea.

OUTCOME AND FOLLOW-UP
The seizures continued until general anesthesia was administered, and the cesarean section was 
performed without any special events. The newborn infant weighed 2680 g, with 1 min and 5 min 
Apgar scores of 8 and 8, respectively. After delivery by cesarean section, the intensity of the seizures 
decreased but persisted. Therefore, low-level sedation was maintained with midazolam for about 12 h 
in the intensive care unit. Over time, the intensity of the seizures decreased, and consciousness was 
restored. The newborn's nasopharyngeal COVID-19 PCR test was negative and thyroid function tests 
were within the normal ranges. Magnetic resonance imaging and electroencephalogram were 
performed on the infant in consultation with the neurologist, and no specific findings were observed.

The patient was then referred to an endocrinologist for evaluation and treatment of hyperthyroidism. 
In the serological test, TSH (< 0.01 mIU/L) was suppressed, but the free T4 (1.86 ng/dL), total T3 (175.3 
ng/dL), and TSH receptor antibody (2.44 IU/L; RR: 0.0-1.750 IU/L[6]) were all elevated with respect to 
the reference values. Thyroid ultrasonography showed a diffusely enlarged thyroid gland with round-
shaped lobes as well as diffusely heterogeneous and coarse echotexture (Figure 1). The isthmus nodule 
was suspected to be malignant, and fine-needle aspiration was performed (Figure 1). The cytology result 
showed a papillary carcinoma, and a thyroidectomy was scheduled. The endocrinologist thus 
concluded that a TS may have been a complication of preexisting Graves' disease and prescribed 
methimazole, methylprednisolone, and propranolol. The patient was discharged in a healthy condition 
ten days after the cesarean section. After approximately one month of using methimazole, the thyroid 
function test results were close to normal values.

DISCUSSION
Hyperthyroidism can develop in about 0.2% of pregnant women, and Graves' disease is responsible for 
almost 95% of the cases of hyperthyroidism during pregnancy. A TS is a rare condition that affects 
about 1% of pregnant women with hyperthyroidism. A TS is a severe exacerbation of thyrotoxicosis, 
which is an emergency disease that causes tachycardia, hyperthermia, agitation, and altered mental 
status[2]. It is known that TS has a variety of causes. For example, a TS may occur with an acute disease, 
such as acute myocardial infarction, stroke, congestive heart failure, or trauma[7]. It is also known that 
infection or pregnancy itself can trigger a TS[2]. There are several case reports of TS caused by SARS-
CoV-2 infection[2,3,8,9]. However, this is the first report of a TS in a pregnant woman with a SARS-CoV-
2 infection.

Etiology
How does SARS-CoV-2 trigger a TS? Recent studies have answered this question in two ways. First, 
angiotensin-converting enzyme 2 receptor and transmembrane protease serine 2, which are known to 
play important roles in SARS-CoV-2 invasion of the human host cells, are more highly expressed in 
thyroid cells than in the lungs, oral cavity, pharynx, and larynx, which may cause a TS[10-12]. Second, 
Lania et al[8] suggested that SARS-CoV-2 could affect the thyroid cells indirectly through a cytokine 
storm. This cytokine storm is characterized by hyperactivity of the Th1/Th17 immune response, with 
increased production of several proinflammatory cytokines, including interleukin-6 and tumor necrosis 
factor α[13,14]. Several proinflammatory cytokines can cause excessive and uncontrolled immune 
responses, eventually leading to a TS.
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Pregnancy itself can cause hyperthyroidism, which can eventually lead to a TS. As the circulating 
estrogen increases during pregnancy, the thyroxine-binding globulin (TBG) increases. TBG binds to the 
circulating T4, reducing the free T4 levels. To compensate for this, the size of the thyroid gland 
increases, and the production of T4 and T3 increases by 50%[15-17]. Owing to the homogeneity of 
human chorionic gonadotropin (hCG) and TSH, elevated hCG levels can stimulate the thyroid gland, 
resulting in further elevation of free T4[17,18]. Millar et al[19] reported that patients with hyper-
thyroidism during pregnancy were 10 times more likely to develop a TS than during non-pregnancy.

Symptoms
A TS typically manifests clinically as a combination of the following signs and symptoms: Fever, 
tachycardia, cardiac dysrhythmia, and central nervous system dysfunction[20]. Our patient had a 
generalized tonic-clonic type of seizure, SE. Specifically, recurrent seizures occurred despite the use of 
appropriate doses of midazolam, and these were classified as refractory SE (RSE)[21]. According to 
reports, about 9%-43% of SE cases show a clinical course of RSE[21,22], and the in-hospital mortality of 
RSE has been reported to be about 15%-33%[23-25]. In the present case, the RSE was classified as new-
onset RSE (NORSE) because there were no previous neurological diseases and no preexisting toxic and 
metabolic causes[26]. In the case of our patient, the fever may have been caused by not only COVID-19 
but also by the TS induced by COVID-19. Thus, if SE is caused by the fever of COVID-19, it can also be 
classified as febrile infection-related epilepsy syndrome, which is a subset of NORSE[26].

SARS-CoV-2 can also cause a wide variety of extrapulmonary symptoms owing to its inflammatory 
effects. For example, cardiac (myocarditis, pericardial effusion, shock), renal (glomerulonephritis), 
hematological (thrombocytopenic purpura, anemia), neurological (Guillain–Barré syndrome, meningo-
encephalitis, optic neuritis), and musculoskeletal (myositis, arthritis) complications have been reported
[10,27-31].

Diagnosis
There are studies recommending routine thyroid function tests in patients with SARS-CoV-2 infection[3,
8,32]. In our opinion, if the abovementioned symptoms, namely fever, tachycardia, cardiac dysrhythmia, 
and central nervous system dysfunction, are observed in pregnant women, it is necessary to conduct 
routine thyroid function tests.

Additionally, the BWPS is the most widely used criterion for diagnosing a TS. The BWPS is a score 
that helps to assess the probability of a TS independent of the level of thyroid hormones; it is based 
solely on clinical and physical criteria[2,4]. The BWPS considers body temperature, central nervous 
effects, hepatogastrointestinal symptoms, and cardiovascular dysfunction, along with the patient's prior 
history[33].

There are several neurological diseases that must be differentiated from the perspective of 
accompanying SE with the help of neurologists. In consideration of the patient's condition, neurological 
examinations and brain imaging studies should be performed to differentiate intracranial diseases. 
Among these, the differential diagnoses for cerebral venous sinus thrombosis, meningoencephalitis, and 
posterior reversible encephalopathy syndrome should be included.

Because the pregnant woman had seizures, eclampsia was suspected initially. Therefore, it is 
necessary to identify the symptoms and signs of eclampsia accurately. For example, it is important to 
identify pretibial pitting edema, visual disturbances, and epigastric pain. In our case, the patient showed 
no such signs. In addition, the patient was normotensive, and there was no proteinuria, fetal growth 
restriction, thrombocytopenia, kidney failure, hepatic dysfunction, or liver failure. In conclusion, the 
possibility of eclampsia was judged to be low.

Paraneoplastic neurologic syndrome (PNS) also needs to be differentially diagnosed as an additional 
disease. PNS is an autoimmune disease and may present with several clinical manifestations, such as 
encephalitis, autonomic dysfunction, peripheral neuropathy, cerebellar ataxia, and visual disturbances
[34]. Clinicians should be hence alert to the possibility of PNS if the patient has a past or family history 
of cancer or an autoimmune disease[34].

Treatment
An appropriate treatment plan should be developed by evaluating the symptoms of thyrotoxicosis, 
gestational age, and fetal condition. Treatment of mild thyrotoxicosis in COVID-19 patients without an 
underlying thyroid disease does not necessitate thionamides, and most of these patients will recover 
spontaneously[6]. However, patients with a TS should receive prompt treatment with fluids, antithyroid 
drugs (ATD), steroids, and beta blockers in conjunction with consultation with an endocrinologist.

ATD is the most crucial treatment for TS; it inhibits the synthesis of thyroid hormone by blocking the 
organification of iodine within the thyroid gland and eventually reducing the amount of thyroid 
hormone released into circulation. Pregnant women with hyperthyroidism should also be treated with 
ATD. Either propylthiouracil or methimazole, which are both thionamides, can be used to treat 
pregnant women with hyperthyroidism. However, methimazole is typically avoided in the first 
trimester because it has been associated with rare embryopathy, such as esophageal or choanal atresia 
and aplasia cutis, a congenital skin defect[1]. After the first trimester, either methimazole or propyl-
thiouracil can be used to treat hyperthyroidism. In rare cases, propylthiouracil has been reported to 
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result in clinically significant hepatotoxicity[16]. Therefore, patients should be given information about 
the risks and benefits of ATD. Fortunately, several published articles suggest that antithyroid treatment 
carries minimal risk to the fetus during early pregnancy. This risk is lower than is commonly perceived 
and less than that of untreated thyrotoxicosis[17,18].

However, in our case, it was practically challenging to wait for the effects of ATD to manifest in a 
state where the change of consciousness was accompanied by continued seizures and the fetal well-
being could not be guaranteed. In such cases, if the gestational age is close to term, a cesarean section to 
terminate the pregnancy may be a good solution. Beta blockers can be used as adjunctive therapy for 
symptomatic palpitations. Corticosteroids inhibit the peripheral conversion of T4 to T3 and have been 
shown to improve outcomes in patients with TS[1].

CONCLUSION
Clinicians should always bear in mind that SARS-CoV-2 infections can cause a TS and must routinely 
perform thyroid function tests in the infected patients. When a TS occurs in a pregnant woman infected 
with SARS-CoV-2, a treatment plan should be established in consideration of the symptoms of thyrotox-
icosis, gestational age, and fetal condition. In the case of a TS occurring at an early gestational age, ATD 
can be used, and the progression can be monitored. However, if the woman is near the term of 
gestational age and has multi-organ failure or neurological symptoms, termination of pregnancy by 
cesarean section may be a good choice.

A TS in a pregnant woman is a very serious and life-threatening emergency. Thus, an urgent 
multidisciplinary approach involving collaboration among the emergency physician, endocrinologist, 
obstetrician, neurologist, neonatologist, and anesthesiologist is essential for successful management of 
the patient.
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Abstract
BACKGROUND 
Postpartum ovarian vein thrombophlebitis (POVT) is a rare but serious postpa-
rtum complication that affects mostly postpartum women. A high index of 
suspicion is required when faced with sudden postpartum abdominal pain.

CASE SUMMARY 
A 25-year-old healthy woman who accepted a vaginal delivery procedure 
suffered fever (temperature 39.6℃) one day after delivery, accompanied with left 
lower abdominal pain. Physical examination indicated mild tenderness in the left 
lower abdomen, accompanied with rebound pain. The patient was confirmed to 
have left ovarian venous thrombosis with inflammation after receiving a multi-
detector row computed tomography scan.

CONCLUSION 
POVT is a rare and dangerous postpartum complication. A high index of suspi-
cion is required for the occurrence of ovarian venous thrombosis when faced with 
postpartum abdominal pain and fever. Early application of Doppler ultrasound, 
computed tomography, magnetic resonance imaging and other auxiliary examin-
ations is conducive to timely and accurate diagnosis of POVT, thus reducing 
maternal mortality.

Key Words: Ovarian venous thrombosis; Postpartum; Multi-detector row computed 
tomography; Case report
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Core Tip: Postpartum ovarian vein thrombophlebitis (POVT) is a rare but serious postpartum complication 
that affects mostly postpartum women. POVT is more likely to occur in patients after cesarean section and 
in the right ovarian vein. However, in our case, POVT occurred in the left ovarian vein, which is rare.

Citation: Wang JJ, Hui CC, Ji YD, Xu W. Computed tomography diagnosed left ovarian venous thrombophlebitis 
after vaginal delivery: A case report. World J Clin Cases 2023; 11(4): 896-902
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/896.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.896

INTRODUCTION
Postpartum ovarian vein thrombophlebitis (POVT) is a rare clinical disease with an incidence of only 
about 0.05%-0.18%, which is related to pregnancy, pelvic inflammation, malignant tumors, and pelvic 
surgeries[1]. The clinical manifestations of POVT are non-specific and usually include lower abdominal 
pain, fever, and elevated leukocyte count, which is difficult to distinguish from acute appendicitis, 
pelvic infectious lesions, tubal and ovary abscess, ovarian torsion, abdominal abscess, postpartum 
endometritis, and urinary tract infection[2]. In postpartum patients, any abnormal abdominal pain 
should be highly suspected with POVT when usual causes of abdominal pain are excluded. The 
combination of anticoagulation and intravenous antibiotics is the preferred treatment for POVT. In June 
2019, a 25-year-old woman with natural delivery was admitted to our hospital as she developed fever 
and left lower abdominal pain one day after delivery. She was diagnosed to have left ovarian venous 
thrombosis after accepting a multi-detector computed tomography (MDCT) scan. Here, we report this 
rare case and performed a review of the relevant literature.

CASE PRESENTATION
Chief complaints
A 25-year-old woman presented to our emergency department with left lower abdominal pain 
accompanied by nausea, high fever (39.6℃), and chills for one day. She was postpartum for only 24 h 
and gave birth to a viable full-term male infant (G1P0) via a successful vaginal delivery. During the 
vaginal delivery, the patient vomited a small amount of dark fluid.

History of present illness
A 25-year-old woman presented to our emergency department with left lower abdominal pain 
accompanied by nausea, high fever (39.6℃), and chills for one day.

History of past illness
The patient has no history of smoking or previous thrombotic accidents. She also denied having any 
cardiovascular or haematological disease.

Personal and family history
The patient had no smoking history or any special family history.

Physical examination
The physical examination revealed an obvious tenderness in the left middle and lower abdomen, 
accompanied by rebound pain, while with no swelling in both lower limbs and no massive vaginal 
bleeding.

Laboratory examinations
Laboratory examinations showed an elevated white blood cell (WBC) count at 14.25 × 109/L with 
significantly increased C-reactive protein (CRP; 98.01 mg/L). The WBC count increased to 24.75 × 109/L 
and CRP rose to 166 mg/L 12 h later.

Imaging examinations
We arranged an emergency MDCT scan for the patient, which showed a tubular high density shadow 
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on the left side of the abdomen from the left ovary zone to the left renal hulum. Ureteral stone or 
swelling of the change on the left side of the intestinal wall was not presented in the CT scan (Figure 1A 
and B). An enhanced CT scan (ioversol 80 mL, injection at 3.5 mL/s via the left elbow vein) was 
performed immediately and showed an enlarged left ovary with a low density shadow in the left 
ovarian vein extending to the left renal vein. Fortunately, the left renal vein was not invaded (Figure 1C 
and D).

FINAL DIAGNOSIS
The patient was confirmed to have left ovarian venous embolism.

TREATMENT
The patient underwent anticoagulation (low molecular weight heparin 4100 IU HD qd) and anti-
infection (cefoperazone sodium and sulbactam sodium 3.0 g ivd q8h) therapy for 10 d, followed by oral 
anticoagulant therapy with rivaroxaban (20 mg qd for 6 mo). After 14 d of hospitalization, the patient 
recovered and was discharged without any uncomfortable feeling.

OUTCOME AND FOLLOW-UP
The patient underwent a B-ultrasound scan one month postpartum with no abnormalities in bilateral 
ovaries and uterus (Figure 2). In the outpatient follow-up at 3 mo postpartum, the patient had no 
recurrent abdominal pain and fever, and no abnormal oral mucosa, nosebleed, vaginal bleeding, chest 
tightness, hemoptysis, or other manifestations during the administration of anticoagulants. A plain CT 
scan of the whole abdomen was reexamined 6 mo postpartum, which showed that the left renal vein 
developed well without thickening or exudation (Figure 3).

DISCUSSION
POVT is very rare and was first reported by Al-toma et al[3] in 1956. Less than 200 cases have been 
reported globally so far, and 90% occurred within 10 d after delivery. This case also developed within 24 
h after vaginal delivery. Research by Jenayah et al[4] found that the incidence of POVT in cesarean 
section women is higher than that in women with a natural vaginal delivery, while the incidence in twin 
pregnancy is higher than that in singleton pregnancy. In addition, studies have shown that POVT is 
closely related to maternal hypercoagulability and venous congestion. The risk of venous thrombosis 
during pregnancy and puerperium is 5 times that in non-pregnant women of the same age. However, 
the real cause of the disease is still unknown[5,6]. Several scholars believe that POVT is also related to 
the increase in venous pressure during pregnancy. The increase in blood volume and endocrine changes 
during pregnancy lead to increased pressure on the blood vessel wall and venous valve, which in turn 
leads to insufficiency of venous valve function and pelvic venous stasis, finally promoting the formation 
of thrombus[7]. Relevant studies have shown that POVT occurred in the right ovarian vein in about 90% 
of cases, which may result from the compression and expansion of the right ovarian vein and fallopian 
tube due to dextrorotation of the uterus during pregnancy. Meanwhile, the right ovarian vein flows 
downstream, which is more likely to be infected than the left ovarian vein with venous reflux[8]. 
Furthermore, the small angle between the right ovarian vein and the inferior vena cava makes it more 
easily affected by changes in blood pressure[9]. In this case, the left ovarian vein thrombosis occurred, 
which is also rare in POVT cases.

The clinical symptoms of POVT are not specific, generally manifesting as localized abdominal pain 
and nausea or vomiting in the right lower abdomen, with or without fever. There are no obvious 
specific changes in laboratory tests[1,3,5]. Our patient was characterized by high fever, chills, and 
tenderness in the left lower abdomen. Combined with the results of abdominal CT scan, ovarian vein 
thrombophlebitis can be diagnosed. Relevant data show that POVT can spread and involve the inferior 
vena cava, and in severe cases, it can lead to life-threatening pulmonary embolism. However, the 
incidence of this disease is extremely low, with no specific clinical manifestations and sensitive 
laboratory tests, and clinicians often lack the knowledge of the disease. Therefore, in daily clinical work, 
it is necessary to suspect this disease for women who have recurrent high fever and abdominal pain 
after delivery.

Nowadays, non-invasive examinations such as Doppler ultrasound, magnetic resonance imaging 
(MRI), or enhanced MDCT are the main methods for diagnosing POVT, with a sensitivity of 52%, 92%, 
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Figure 1 Computed tomography images. A and B: Plain computed tomography images; C and D: Enhanced computed tomography images.

Figure 2 B-ultrasound performed at one month postpartum showed no abnormalities in bilateral ovaries and uterus. A: Sagittal view 1; B: 
Sagittal view 2.

and 100%, respectively[5,6,10-13]. Ultrasound is considered to be the preferred method of obstetric 
examination due to its flexible and real-time characteristics; however, its accuracy often depends on the 
operator's experience and operating skills[13,14]. With the development of ultrasound technology and 
the improvement of the diagnostic level of sonographers, reports of ultrasound diagnosis of POVT have 
appeared one after another. POVT appears on ultrasound as an abnormal echo between the ovarian 
venous plexus and the inferior vena cava[15]. However, abdominal ultrasound is easily affected by 
intestinal gas, and is difficult to distinguish it from enlarged appendix or hydroureter, making it limited 
in the diagnosis of POVT[16]. On the other hand, color Doppler ultrasound is still considered as one of 
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Figure 3 Plain computed tomography images six months postpartum. A: Coronal view; B: Sagittal view.

the best choices for monitoring the blood flow of the inferior vena cava and ovarian vein in the follow-
up procedure of PVOT. With the advancement of science and technology, MRI is increasingly used in 
clinical diagnosis and treatment. Advantages of MRI have been recognized in diagnosing vascular 
thrombosis, while certain limitations were also confirmed. Its advantages include that: The airflow effect 
of blood vessels in both the T2WI sequence and the DWI sequence of MRI can show the thrombus 
without contrast medium; MRI can protect the patients from X-ray radiation exposure; MRI scans can 
provide better and more reliable visualization and multi-plane display images. One of the limitations of 
MRI is that it is not available 24 h in most hospitals. The scanning range of a single procedure is also 
limited with a long scanning time. Furthermore, the pictures of MRI are greatly affected by the patient's 
breathing and bowel movements. Some patients are also not suitable for MRI examination (metal 
implantation in the body, patients with claustrophobia, etc.).

CT examination is mostly used when the ultrasound examination gives a negative result while the 
clinician highly suspects this disease. A whole abdomen CT scan can efficiently detect abnormal 
conditions specially. In this case, the MDCT scan revealed that a long tubular high-density shadow in 
the front of the left renal hilus, which extended to the left appendage with exudation around the tube 
wall. A wide range of tubular high-density shadow in the non-aortic region with or without an uneven 
density of the surrounding fat gap, suggested the formation of fresh intravenous thrombus. A dilated 
left ovarian vein and the ascending lumbar vein without contrast agent on the image of a dynamic-
enhanced CT scan was usually considered to be the most important evidence for the diagnosis of POVT. 
Most cases of ovarian vein thrombophlebitis are diagnosed by CT scans. The increased density of fat 
spaces around the blood vessel wall as well as the blood vessel cavity in CT images reminds the 
diagnostician to determine the location of the lesion quickly and accurately. MDCT scanning is fast and 
less affected by breathing. The visualized image of MDCT scan can be post-processed in multiple 
planes, and abdominal pain in postpartum patients resulting from other diseases can be excluded (such 
as urinary calculi, appendicitis, gastrointestinal perforation, endometritis, etc.) by CT scanning. In 
addition, when POVT is suspected or the cause of postpartum abdominal pain is identified, the 
specificity and sensitivity of enhanced CT scans could be almost 100%[17]. Therefore, we believe that the 
high efficiency and convenience of CT make it the most preferred non-invasive inspection method for 
POVT. Indeed, we recommend that clinicians choose enhanced CT scan when POVT is suspected. The 
DWI sequence and T2WI sequence of MRI can be used as one of the methods of follow-up examinations 
for patients to avoid multiple X-rays exposure.

Once POVT has been diagnosed, patients need to be given active treatments as soon as possible in 
case of systemic sepsis caused by ovarian vein thrombosis. Pulmonary embolism is the most severe 
complication of ovarian thrombosis. In POVT patients, the incidence of pulmonary embolism is about 
13.2%, while the mortality rate of POVT is less than 5%, which is mostly caused by pulmonary 
embolism. A venous filter can usually prevent the pulmonary embolism clinically[13]. Due to the scarce 
incidence of POVT, there has been no standard treatment for POVT, and treatment for deep vein 
thrombosis is often adopted. At present, heparin anticoagulation and intravenous antibiotics are the 
main non-invasive treatments for POVT in clinical practice. However, domestic and foreign experts still 
have disputes about whether POVT needs anticoagulation therapy or not. Most experts advocate antico-
agulation to prevent the further formation and spreading of thrombus[7]. There is no recommended 
standard for the duration of anticoagulation so far. It depends on the changes in the patient’s condition 
during follow-up. Some scholars believe that anticoagulation is required for 3 mo, while others 
considered that it should be maintained for at least 2 wk. For those with extensive pelvic thrombosis, the 
anticoagulation procedure should be administered for at least 6 wk, and whether to continue anticoagu-
lation is based on subsequent imaging evaluation. The treatment time of broad-spectrum antibiotics is 



Wang JJ et al. Left ovarian venous thrombophlebitis

WJCC https://www.wjgnet.com 901 February 6, 2023 Volume 11 Issue 4

generally recommended to be 7 to 10 d, and it is usually recommended to use it until the infection 
indicators return to normal and the fever is cured for 48 to 72 h[12]. Moreover, Salomon et al[1] reported 
that for some POVT patients without fever, elevated WBC count, and other infection symptoms, 
antibiotics could not be used. Our patient was treated with heparin anticoagulation for 2 wk and then it 
was switched to rivaroxaban to continue anticoagulation for 6 mo. During the hospitalization, she 
accepted cefoperazone sodium and sulbactam sodium for 10 d. The patient did not have abnormal 
bleeding in the oral mucosa or other locations, and the reexamination CT indicated that the thrombus 
disappeared. Brown et al[18] found that when compared to combined use of heparin and antibiotics, no 
significant difference in fever and hospital stay could be found in the group of patients using antibiotics 
alone. However, they only assessed the cure time of fever but did not assess the risk of thrombosis, 
pulmonary embolism, etc. The serious consequences are mostly caused by its complications, therefore, 
we believe that anticoagulation therapy is still necessary. The anticoagulants such as heparin, warfarin, 
and rivaroxaban are safe in the postpartum period, but their application in patients with postpartum 
POVT should be studied further. Furthermore, the choice of antibiotics should cover both aerobes and 
anaerobes. In addition, there are very few reports on the surgical treatment of POVT. Shi et al[19] 
reported a 35-year-old G3P2 woman who suffered high fever after C-section, and anti-inflammatory 
treatment was not effective within one week. An abdominal wall incision haematoma was found, and a 
second surgery was performed later. The patient was ultimately diagnosed with abdominal incision 
haematoma and right ovarian vein infectious thrombophlebitis after C-section. They used imipenem 
and tigecycline to strengthen the anti-inflammatory effects, simultaneously administrating low-
molecular-weight heparin and warfarin as anticoagulant therapy. On the 30th day after C-section, the 
right ovarian vein thrombus disappeared. Some surgical options used in the past, including ligation of 
the ovarian vein or inferior vena cava and even removal of the uterus, have been abandoned[10,16,17,
20].

CONCLUSION
POVT is a rare complication after delivery without typical clinical manifestation or any specific 
laboratory examination results. Early and accurate diagnosis of POVT is particularly important since it 
may result in life-threatening pulmonary embolism. Even in patients with a low risk of deep vein 
thrombosis, POVT should be considered when faced with postpartum fever and abdominal pain. To 
conclude, we recommend MDCT scan as the preferred noninvasive method for the clinical diagnosis of 
POVT.
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Abstract
BACKGROUND 
Duodenum-preserving pancreatic head resection (DPPHR) is the choice of 
surgery for benign or low-grade malignant tumors of the pancreatic head. Laparo-
scopic DPPHR (LDPPHR) procedure can be improved by preoperative 3D model 
reconstruction and the use of intravenous indocyanine green fluorescent before 
surgery for real-time navigation with fluorescent display to guide the surgical 
dissection and prevention of from injury to vessels and biliary tract.

CASE SUMMARY 
Here we report the successful short- and long-term outcomes after one year 
following LDPPHR for a 60-year lady who had an uneventful recovery and was 
discharged home one week after the surgery.

CONCLUSION 
There was no bile leakage or pancreatic leakage or delayed gastric emptying. The 
histopathology report showed multiple cysts in the pancreatic head and localized 
pancreatic intraepithelial tumor lesions. The resected margin was free of tumor.

Key Words: Duodenum-preserving pancreatic head resection; Fluorescent navigation; 
Laparoscopic 3D model reconstruction; Case report
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Core Tip: Duodenum-preserving pancreatic head resection (DPPHR) is the choice of surgery for benign or 
low-grade malignant tumors of the pancreatic head. Laparoscopic DPPHR (LDPPHR) procedure can be 
improved by preoperative 3D model reconstruction and the use of intravenous indocyanine green 
fluorescent before surgery for real-time navigation with fluorescent display to guide the surgical dissection 
and prevention of from injury to vessels and biliary tract. Here we report the successful short- and long-
term outcomes after one year following LDPPHR for a 60-year lady who had an uneventful recovery and 
was discharged home one week after the surgery. There was no bile leakage or pancreatic leakage or 
delayed gastric emptying. The histopathology report showed multiple cysts in the pancreatic head and 
localized pancreatic intraepithelial tumor lesions. The resected margin was free of tumor.

Citation: Li XL, Gong LS. Preoperative 3D reconstruction and fluorescent indocyanine green for laparoscopic 
duodenum preserving pancreatic head resection: A case report. World J Clin Cases 2023; 11(4): 903-908
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/903.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.903

INTRODUCTION
Duodenum-preserving pancreatic head resection (DPPHR) is the choice of surgery for benign or low-
grade malignant tumors of the pancreatic head. The most common benign and borderline pancreatic 
neoplastic lesions include Cystic Tumor, Neuroendocrine Tumor, Solid Pseudopapillary Tumor and 
Intraductal Papillary Mucinous Neoplasm (IPMN). The DPPHR was first reported in 1972 by Beger for 
the treatment of the inflammatory mass caused by chronic pancreatitis[1]. Compared with traditional 
pancreatic surgery, this procedure retains the gastroduodenal continuity, reduces the extent of 
pancreatic resection, retains the pancreatic intestinal axis, and help preserve normal anatomical and 
physiological structures with good short- and long-term outcome. A variety of modifications in surgical 
techniques have been proposed, such as Frey's operation, Berne's operation, Takada's operation, etc[2-5].

With the development of minimally invasive and precision medicine, laparoscopic DPPHR 
(LDPPHR) has become a better option, but it is less practiced and rarely reported because of the 
complexity of the operation. Combined with fluorescence technology and preoperative 3D model 
reconstruction, the LDPPHR under fluorescence navigation is beneficial. The fluorescence dye, 
indocyanine green (ICG) used intravenously during surgery is excreted through the bile, showing green 
fluorescence under near-infrared light excitation[6]. The use of fluorescence navigation technology 
greatly improves the visualization of biliary anatomy for accurate planning and resection and prevents 
intraoperative bile duct injury. In extrahepatic biliary fluorescence imaging, Vlek et al[7] used the 
method of injecting ICG through peripheral vein 15~60 min before operation. After ICG was injected 
into peripheral vein, the liver could fluoresce within 2-5 min, and the biliary tract could fluoresce within 
8-10 min. The concentration in bile reached its peak 30 min to 2 h after ICG intravenous injection.

CASE PRESENTATION
Chief complaints
A female patient, aged 60 years, was admitted with a pancreatic head mass found during the physical 
check-up.

History of present illness
A female patient, aged 60 years, was admitted with a pancreatic head mass found during the physical 
check-up. The blood routine, coagulation profile, liver function, renal function, serum electrolyte, the 
markers of HBV, and tumor antigen screening tests were normal. Endoscopic ultrasonography showed 
multiple mixed-echo nodules in the head and neck of the pancreas, with irregular shape and clear 
boundary, and mainly a hypoechoic parenchyma. The computed tomography (CT) scan showed cystic 
lesions in the head and neck of the pancreas. Some lesions were connected to the main pancreatic duct, 
suspicious of IPMN. The CT angiography (CTA) and venous-phase imaging (CTV) of peripancreatic 
vessels were normal (Figure 1A).

Laboratory examinations
The blood routine, coagulation profile, liver function, renal function, serum electrolyte, the markers of 
HBV, and tumor antigen screening tests were normal.

https://www.wjgnet.com/2307-8960/full/v11/i4/903.htm
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Figure 1 Preoperative examination and surgical planning. A: Multiple cystic lesions with septum seen in the head and neck of the pancreas. The computer 
tomography value is 20 Hu. The lesions are connected to the main pancreatic duct; B: preoperative 3D reconstruction; C: plan of surgical resection with postoperative 
pancreatic changes are visualized in 3D reconstruction.

Imaging examinations
Endoscopic ultrasonography showed multiple mixed-echo nodules in the head and neck of the 
pancreas, with irregular shape and clear boundary, and mainly a hypoechoic parenchyma. The CT scan 
showed cystic lesions in the head and neck of the pancreas. Some lesions were connected to the main 
pancreatic duct, suspicious of IPMN. The CTA and CTV of peripancreatic vessels were normal 
(Figure 1A).

The 3D reconstruction preoperatively (Figure 1B), and plan of surgical resection with postoperative 
pancreatic changes are visualized (Figure 1C).

FINAL DIAGNOSIS
Multiple cysts in pancreatic head and localized pancreatic intraepithelial tumor lesions (PanIN-2).

TREATMENT
15 min Before operation, one ml (2.5 mg) ICG was injected into the peripheral vein (if the biliary tract 
development is not satisfactory during operation, the additional dose can be continued). The gastro-
colonic ligament was dissected with an ultrasonic knife under laparoscopy, multiple cystic tumors in the 
pancreatic head were noted. The ultrasonic knife was used for dissection of duodenum and pancreatic 
head. The superior mesenteric vein was dissected at the lower edge of the pancreas. The tunnel behind 
the pancreatic neck was established. The pancreatic neck was taped and transected. The bile duct was 
evaluated in fluorescence laparoscopic mode (Figure 2A). Under fluorescent navigation, dissection of 
the uncinate process of the pancreas was continued from the lower border and upward under the 
postpancreatic head capsule. The anterior and posterior inferior pancreaticoduodenal vessels were 
exposed, and the branches of vessels entering the pancreas were severed keeping the integrity of the 
posterior fascia of the pancreas. Gastroduodenal artery was dissected. The superior anterior pancre-
aticoduodenal artery branches entering the pancreatic head were cut, retaining the blood supply of the 
duodenum. With fluorescent display, the pancreatic tissue was dissected off along the posterior fascial 
plane of the pancreatic head, protect the common bile duct, duodenum and its blood supply. There was 
no bile leakage and bleeding detected under fluorescent laparoscopy (Figure 2B and C). For digestive 
tract reconstruction, the jejunum was severed at 15 cm from the Treitz ligament, the distal jejunum was 
pulled out from behind the colon, the pancreatic duct was cannulated with a silicone tube, and end-to-
side pancreatojejunostomy was performed using continuous 3-0 absorbable suture (Vicryl®). Roux-Y 
jejuno-jejunostomy was performed about 45 cm away from the pancreatojejunostomy. There was no 
bleeding, bile leakage and pancreatic leakage. An abdominal drainage tube was placed behind the 
pancreatojejunostomy (Video).

OUTCOME AND FOLLOW-UP
Results
Post-operative recovery was uneventful. On the 4th day white blood cell: 7.7 x 109 /L. Percentage of 
neutrophils: 82%, hemoglobin: 114 g/L. Serum albumin: 34 g/L, Serum total bilirubin: 10.3 μmol/L, 
Serum direct bilirubin: 5.2 μmol/L, ascites amylase: 149 U/L. Postoperative pathological report showed 

https://f6publishing.blob.core.windows.net/a00414a2-8b65-4303-8ad5-52ae3742c7c5/WJCC-11-903-video%20core%20tip.mp4
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Figure 2 Intraoperative operation and postoperative pathological examination. A: Bile duct display after 40 min of fluorescence injection; B: Surgical 
wound after complete resection of pancreatic head tissue under fluorescence laparoscopy; C: Surgical wound after laparoscopic complete resection of pancreatic 
head; D: Postoperative pathological 1; E: Postoperative pathological 2.

multiple cysts in pancreatic head and localized pancreatic intraepithelial tumor lesions (PanIN-2). 
Resected margin was free of tumor (Figure 2D and E).

Follow-ups
Follow up CT after 5 mo (Figure 3A), 11 mo (Figure 3B) and 17 mo (Figure 3C) were normal. The follow-
up hepatorenal function and blood sugar were normal.

DISCUSSION
In our case the outcome of LDPPHR was satisfactory without biliary or pancreatic leakage, and at one-
year follow-up the CT scan, liver function and blood sugar tests were normal. The preoperative 3D 
reconstruction and intraoperative use of ICG fluorescent was helpful in anatomical dissection, avoiding 
injury to important vessels and biliary tract.

The traditional pancreaticoduodenectomy (PD) for benign or low-grade malignant tumors of the head 
of the pancreas, is now performed by laparoscopic PD (LPD) with overall mortality reduced to about 1% 
in large volume centers. However, postoperative morbidity and complications is still as high as 40%-
60%, including malnutrition and pancreatic dysfunction[8]. Patients with benign tumors or low-grade 
malignant tumors of the pancreatic head will survive for a long time after surgical treatment, If LPD is 
performed, it may seriously affect the safety and quality of life of the patients after operation. DPPHR 
with various modifications is a more reasonable procedure for patients with benign and low-grade 
malignant tumors of the pancreatic head removes the tumor of the pancreatic head, retaining the 
continuity of gastro-duodenum and biliary tract anatomy and physiological functions. The minimally 
invasive laparoscopy resection LDPPHR has gained acceptance[9,10].

Intraoperative use of ICG fluorescent has added advantage in dissection and preservation of 
important vessels, for example, the blood supply of the duodenal papilla and the intrapancreatic part of 
the bile duct mainly comes from the supply of the posterior pancreaticoduodenal artery arch[11,12], the 
duodenal papilla is mainly supplied by the papillary artery from the superior posterior pancre-
aticoduodenal artery, protecting the posterior pancreaticoduodenal artery arch is particularly important 
for maintaining a good blood supply to the duodenum, the intrapancreatic part of the bile duct and the 
duodenal papilla. During the LDPPHR procedure in our case, the posterior fascia of the pancreatic head 
was preserved to avoid damaging the posterior pancreaticoduodenal artery arch, and the anterior 
pancreaticoduodenal artery arch was preserved as much as possible.

The application of 3D visualization technology combined with 3D printing technology in liver cancer 
and hilar cholangiocarcinoma has been reported in the literature. The variation of bile duct and blood 
vessel and the transverse and longitudinal infiltration of tumor can be observed clearly and stereoscop-
ically from multiple dimensions to judge whether the tumor invades blood vessels and the resectability 
of the tumor. Preoperative 3D model reconstruction can plan different surgical approaches and 
resection ranges, select the best individualized surgical scheme, and achieve the purpose of accurate 
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Figure 3 Postoperative follow-up. A: Follow-up computer tomography (CT) after 5 mo; B: Follow-up CT after 11 mo; C: Follow-up CT after 17 mo.

lesion resection [13,14]. In this case, the application of 3D visualization technology to LDPPHR has 
achieved satisfactory results in preoperative diagnosis, surgical planning and intraoperative real-time 
navigation. By constructing a 3D model before operation, we can more intuitively observe the scope of 
pancreatic lesions, observe that there is no vascular anatomical variation in this case, and preserve the 
anterior and posterior pancreaticoduodenal arterial arches to the greatest extent during the operation. In 
this way, we can "have a clear mind" before operation and “skill and ease" during operation. It laid the 
foundation for the success of the operation.

ICG, as a water-soluble dye for intravenous injection, can be selectively absorbed by the liver and 
excreted through the bile. After binding with mucin in the bile, ICG presents green fluorescence under 
near-infrared light excitation, which provides the possibility for fluorescence visualization of bile duct
[15]. In a study by Wikner et al[16], it is easier to expose the common bile duct in ICG fluorescence mode 
than in traditional mode. The exposure of the intrapancreatic part of the bile duct and blood supply 
protection are a major difficulty in this operation. If the intrapancreatic part of the bile duct was difficult 
to be exposed due to inflammation or other factors, ICG fluorescence technology could achieve accurate 
navigation, and greatly reduces the difficulty of common bile duct exposure.

CONCLUSION
Use of preoperative 3D was helpful in precise planning, and the intraoperative fluorescent navigation 
aided in the surgical dissection, preserving the important vessels and biliary anatomy during LDPPHR. 
This procedure is worthy of promotion hospitals with such facilities.
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Abstract
BACKGROUND 
Hemophagocytic lymphohistiocytosis (HLH) is a rare life-threatening disorder, 
often resulting in the immune-mediated injury of multiple organ systems, 
including primary HLH and secondary HLH (sHLH). Among them, sHLH results 
from infections, malignant, or autoimmune conditions, which have quite poor 
outcomes even with aggressive management and are more common in adults.

CASE SUMMARY 
We report a rare case of a 36-year-old female manifested with sHLH on backgr-
ound with systemic lupus erythematosus (SLE). During hospitalization, the 
patient was characterized by recurrent high-grade fever, petechiae and 
ecchymoses of abdominal skin, and pulmonary infection. Whole exon gene 
sequencing revealed decreased activity of natural killer cells. She received 
systematic treatment with Methylprednisolone, Etoposide, and anti-infective 
drugs. Intravenous immunoglobulin and plasmapheresis were applied when the 
condition was extremely acute and progressive. The patient recovered and did not 
present any relapse of the HLH for one year of follow-up.

CONCLUSION 
The case showed sHLH, thrombotic microvascular, and infection in the whole 
course of the disease, which was rarely reported by now. The treatment of the 
patient emphasizes that early recognition and treatment of sHLH in SLE patients 
was of utmost importance to improve the prognosis and survival rate of patients.

https://www.f6publishing.com
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Core Tip: Hemophagocytic lymphohistiocytosis (HLH) is a rare life-threatening disorder, including 
primary HLH and secondary HLH (sHLH). We report a rare case of a 36-year-old female manifested with 
sHLH on background with systemic lupus erythematosus (SLE) and related with decreased activity of 
natural killer cells according to whole exon gene sequencing. Our study expanded the thoughts on the 
diagnosis and treatment of HLH in SLE patients.

Citation: Peng LY, Liu JB, Zuo HJ, Shen GF. Unusual presentation of systemic lupus erythematosus as 
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INTRODUCTION
Hemophagocytic lymphohistiocytosis (HLH) is a rare potentially life-threatening disorder, resulting in 
pathologic immune activation mediated multi-organ dysfunction[1,2]. It can be divided into primary 
HLH and secondary HLH. Primary HLH is an inherited autosomal recessive disorder that often 
manifests in the pediatric population[2]. Secondary HLH (sHLH) results from infections, malignancy, or 
autoimmune condition, and more commonly manifests among adults[3]. The clinical characteristics of 
HLH vary, but can include prolonged fever, lymphadenopathy, hepatosplenomegaly, and elevated 
levels of alanine aminotransferase, aspartate aminotransferase, triglyceride, and ferritin[4,5].

Systemic lupus erythematosus (SLE) is an autoimmune condition that is strongly associated with 
HLH[6]. In SLE patients, the estimated prevalence of co-occurrence of sHLH has been reported to be 
0.9%-4.6%[7,8]. Here, we report a rare case of a young female with SLE accompanied by HLH. The 
patient’s symptoms and laboratory abnormalities improved dramatically after two hospital admissions 
to our department, and no relapse of HLH symptoms was detected during the 1-year follow-up.

CASE PRESENTATION
Chief complaints
The 36-year-old Han Chinese woman was admitted to our hospital following two-month recurrent 
high-grade fever (> 39°C).

History of present illness
The patient initially presented to our hospital with Intermittent high-grade fever on January 4, 2021. The 
fever lasted for more than 20 d peaking at 40.4°C. She previously visited a local hospital and the 
laboratory results showed a reduced total white blood cells (WBC) count (1.8 × 109/L), and reduced 
counts of lymphocytes (0.4 × 109/L) and neutrophils (1.24 × 109/L). Dramatically increased C-reactive 
protein (CRP) levels (54.4 mg/L) were also detected. The patient was treated with broad-spectrum 
antibiotics (detailed drug names, duration, and dosages were not known). However, after the symptoms 
did not improve, the patient was finally admitted to our hospital for further treatment.

History of past illness
The patient had been diagnosed with SLE for more than 9 years and was treated with prednisone (10 
mg per day). She did not report any history of chronic respiratory disease or surgical procedures. No 
travel history, infectious exposure was reported. She was allergic to quinolones.

Personal and family history
There was nothing of note in the patient’s personal or family history.

Physical examination
Upon admission, the patient was conscious and her temperature was 39.5°C, her heart rate was 119 
beats/min, and her blood pressure was 111/86 mmHg. No enlarged lymph nodes were found. Systemic 
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examination found no signs of hepatosplenomegaly, abdominal tenderness, or rebound pain.

Laboratory examinations
Laboratory results on admission revealed decreased levels of WBCs (2.41× 109/L), neutrophils (1.68 × 
109/L), red blood cells (RBCs, 2.71 × 1012/L), hemoglobin (Hb, 80 g/L), and serum calcium (CA, 2.00 
mmol/L), and increased levels of ferritin (1835.3 µg/L), CRP (62.04 mg/L), procalcitonin (0.71 ng/mL), 
erythrocyte sedimentation rate (138 mm/h), interleukin (IL)-10 (5.9 pg/mL), IL-6 (328.56 pg/mL), IL-2R 
(1060 U/mL), and interferon (IFN)-γ (65.29 pg/mL). The patient tested positive for anti-nuclear 
antibody (ANA) (titer > 1:1000) and anti-SSA antibody (> 400.00 RU/mL), but negative for other 
antibodies including anti-dsDNA antibody, anti-Smith antibody, and antiphospholipid antibody. 
Hypertriglyceridemia was also detected in the patient. The results of other investigations are shown in 
Figure 1A-D.

Imaging examinations
Computed tomography (CT) of the chest revealed patchy shadows in the lower lobe of the left lung 
(Figure 2B). Ultrasound of the abdomen and pelvis showed no sign of hepatosplenomegaly.

Further diagnostic work-up
After 3-d of anti-infective treatment (injection of dexamethasone and cefoperazone sodium), the 
patient’s temperature decreased to 37.4°C. To investigate the cause of the persistent high fever in this 
patient, bone marrow aspiration was performed three days after admission (day 3) and showed normal 
with no significant hemophagocytosis (Supplementary Figure 1A). Examination of the peripheral blood 
revealed an increased proportion of neutrophils, toxic particles within the cytoplasm, variation in the 
size of mature red blood cells, with some arranged in straight lines, and clearly visible platelets that 
appeared both scattered and aggregated (Supplementary Figure 1B).

In addition, we performed the whole exon gene sequencing to screen for genetic diseases and 
revealed missense mutations in the LYST gene [c.910G>A (p.D304N)], ATM gene [c.8071C>T 
(p.R2691C)], and FERMT1 gene [c.1590A>T (p.K530N)]. Among them, LYST gene is involved in 
lysosomal transport regulation. The abnormality mutation in LYST gene may cause lysosomal 
membrane fusion disorder, deposition of giant cytoplasmic particles, inducing immunodeficiency 
syndrome-related HLH. ATM gene encodes a key kinase of cell cycle checkpoint, which plays an 
important role in cell cycle regulation and DNA damage response. Abnormality of ATM gene may lead 
to Ataxia-telangiectasia (A-T), which is characterized by immune deficiency, ataxia, telangiectasia, 
chromosome instability, tumor susceptibility. The protein encoded by FERMT1 gene is involved in 
integrin signal transmission and the linkage between actin skeleton and outer matrix. Genetic 
abnormalities of FERMT1 can lead to FERMT1-related immunodeficiency characterized by skin 
diseases, photosensitivity, and autoimmune diseases. Next-generation sequencing of microorganism 
infection in peripheral blood also showed negative results.

FINAL DIAGNOSIS
The patient was diagnosed with SLE according to clinical guidelines[9], with an SLE Disease Activity 
Score (SLE- DAS) of 55[10] indicating that she was in the active stage of SLE after a 9-year disease 
duration. On evaluation, altogether four of the eight diagnostic criteria of HLH were fulfilled[11], 
although her bone marrow biopsy showed no hemophagocytosis. A diagnosis of HLH secondary to SLE 
was made (Table 1). The diagnosis of the patient also included thrombotic microangiopathy and severe 
pulmonary infection. Thrombotic microangiopathy was diagnosed according to a combination of 
symptoms and signs, including scattered petechiae and ecchymoses over her abdomen and extremities. 
Severe pulmonary infection was diagnosed based on uncontrolled recurrent fever and chest CT 
findings. Recovered infection foci in the lungs after continuous antimicrobial treatment also aided the 
diagnosis of severe pulmonary infection.

TREATMENT
Control of sHLH caused by SLE
Initially, the patient received broad-spectrum antimicrobial treatment at a local hospital with no 
significant improvement in symptom. Then, the patient was admitted to our hospital and after an 
extensive medical examination diagnosed with systemic autoimmune abnormalities induced by sHLH. 
She was treated with methylprednisolone (6 d), immunosuppressants (tacrolimus), and antimicrobial 
therapy. Plasmapheresis and etoposide were applied when the condition was extremely acute and 
progressive. Along with gamma globulin and leukocyte raising therapy, the patient’s temperature 
returned to normal. Then methylprednisolone was maintained at 50 mg/d (Figure 1E).

https://f6publishing.blob.core.windows.net/63693fa9-168a-489d-ac74-9c90bedc28f7/WJCC-11-909-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/63693fa9-168a-489d-ac74-9c90bedc28f7/WJCC-11-909-supplementary-material.pdf
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Table 1 Baseline characteristics and hemophagocytic lymphohistiocytosis diagnosis of patient

Variables Patient

Baseline characteristics

Age (yr) 36

Etiology/Trigger SLE and multiple infections

HLH- directed therapies VP16 and methylprednisolone

HLH- 2004 criteria at diagnosis (ref.: Henter-2007)

Fever Y

Splenomegaly N

Cytopenia, affecting 2 of 3 lineages in the peripheral blood

Hemoglobin concentration < 9 g/dL Y

Neutrophil count < 1.0 × 109/L Y

Platelet count < 100 × 109/L Y

Hypertriglyceridemia (fasting ≥ 3.0 mmol/L) and/or hypofibrinogenemia (≤ 150 mg/dL) Y

Hemophagocytosis in bone marrow or spleen or lymph nodes (no evidence of malignancy) N

Low or absent natural killer cell activity N/A

Ferritin ≥ 500 ng/mL Y

Soluble cluster of differentiation 25 (i.e. soluble interleukin 2 receptor) ≥ 2400 U/mL N

HLH: Hemophagocytic lymphohistiocytosis; N/A: Not applicable; Y: Yes; N: No; ref.: References.

Thrombotic microvascular disease
As the disease rapidly progressed, several scattered petechiae and ecchymoses were detected over the 
patient’s abdomen and extremities (Figure 2A). Besides, patient showed decrease levels of platelet and 
hemoglobin, and severe abdominal pain. Platelet and plasma transfusions were performed in response 
to coagulation dysfunction.

Anti-infective therapy
Because of methylprednisolone and immunosuppressant treatment, the patient presented with 

infection. As a result of granulocyte deficiency and the absence of a definite etiological diagnosis, the 
infection was difficult to control and, following recurrent episodes of fever, the patient was re-admitted 
to our hospital. After continuous antimicrobial treatment, infection foci in the lungs were eventually 
confined (Figure 2B-E).

OUTCOME AND FOLLOW-UP
The patient was discharged after her temperature normalized for 6 d and laboratory abnormalities and 
the patient’s condition had improved. After 1 year of follow-up, no episodes of fever were reported, and 
laboratory findings were normal. Chest CT showed that the shadow on the lungs had diminished 
(Figure 2F).

DISCUSSION
In this study, we report a case of a young female SLE patient who developed sHLH, thrombotic 
microvascular disease, and infection of the lungs during the course of the disease. As far as we know, 
this is the first case of an SLE patient with a disease course accompanied by sHLH, thrombotic 
microvascular disease, and infection. As a rare case of a young female with SLE accompanied by HLH. 
The patient presented with thrombotic microangiopathy (TMA) and infection on second admission to 
our hospital, which was an essential reminder for clinicians during treatment of SLE patients 
complicated with HLH. Besides, we also did whole exon gene sequencing to screen for genetic diseases.

Primary HLH is generated from genetic mutations disrupting cytotoxic effects such as the normal 
assembly of perforins and granzymes, proper trafficking and targeting of cells, and the timely cessation 
of the immune response. sHLH results from a malignant, infectious, or autoimmune stimulus. The 
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Figure 1 Inflammatory and hematologic results during hospitalization. A: Body temperature of the patients; B-C: the count of blood cells, including red 
blood cells (RBC), white blood cells (WBC), lymphocyte and monocyte; D: The concentration of hemoglobin and ferritin; E: Treatment schedule, lines and arrows 
represent continuous therapy. RBC: Red blood cell; WBC: White blood cell; Hb: Hemoglobin; PLT: Platelet; ANC: Absolute neutrophilic count.

pathophysiology of HLH is characterized by abnormal reciprocal activation of cytotoxic T lymphocytes, 
natural killer cells, and macrophages, and dramatic elevations in cytokine levels. sHLH is also referred 
to as macrophage activation syndrome (MAS) or more recently MAS-HLH[12]. Nearly 25% of SLE-
associated MAS-HLH cases occurred when the rst manifestation of the underlying disease was 
detected with no identifiable trigger[12]. The patient in our study had been diagnosed with SLE for 9 
years and had no obvious causes for MAS-HLH, indicating that sHLH may not only accompany the first 
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Figure 2 Abdominal skin and scan of chest computed tomography. A: Scattered petechiae and ecchymoses were detected over the patient’s abdomen 
and extremities during hospitalization; B-F: Chest computed tomography showed the recovery of infection foci in the lungs.

manifestation of symptoms but may also arise after long-term SLE. Clinicians should therefore be 
vigilant with patients suffering from intermittent fever regarding infections, malignant lymphoid 
tumors, and febrile recessive diseases[11]. Tuberculosis, for which there are more than 10 million new 
cases each year, should be ruled out as almost half of the patients present exclusively with extrapul-
monary disease[13]. Our patient received empirical treatment for tuberculosis after several negative 
attempts to gain laboratory evidence. However, no clinical improvement was observed. Bone marrow 
biopsy was also performed and showed no involvement of the marrow due to lymphoma.

The previous study systematically reviewed the characteristics of patients with SLE and MAS[14]. 
Aziz et al[14] demonstrated that MAS development in SLE patients led to highly intensive care unit 
admissions and in-hospital mortalities with the presence of infection, and thrombocytopenia. Similar to 
the review, the patient in our case report showed dramatically increased levels of ferritin, which formed 
an important part of the diagnostic criteria[14]. Despite MAS-HLH being a life-threatening disorder, the 
complexity of the underlying diseases, triggers, and associated symptoms means that there is currently 
no standardized treatment protocol for HLH in adults[15]. Patients have shown the beneficial effects of 
treatment with a combination of corticosteroids with other immunosuppressive medications compared 
with corticosteroids alone[8,16]. In our case study, we used a combination treatment strategy and 
received a satisfactory therapeutic effect. However, there is no clear conclusion on which immunosup-
pressant is preferable for MAS-HLH in SLE patients[8]. Further studies are needed to investigate the 
detailed treatment strategies for MAS-HLH secondary to SLE.

TMA is a rare and fatal complication in SLE patients[17], occurring in 3%-9% cases of SLE cases[18]. 
The pathology of TMA in SLE patients is that endothelial injury results in thrombosis in capillaries and 
arterioles[19]. The trigger factors of TMA in SLE patients included lupus flare, infection, pregnancy, and 
medication non-compliance[17]. TMA has been divided into thrombotic thrombocytopenic purpura 
(TTP) and hemolytic uremic syndrome. The triggering factor in our case was severe infection. TTP has 
been associated with more deleterious outcomes in patients with SLE[17]. Importantly, no standardized 
clinical treatment guideline has been reported for TMA secondary to SLE[17]. The basic treatment 
strategies currently employed, which include glucocorticoids, immunosuppressive therapy, anticoagu-
lation, anti-platelet agents, and plasmapheresis, result in treatment failure in half of all patients[20]. Our 
patient was treated on coagulation dysfunction and a positive therapeutic effect was observed. A 
combination of multiple treatment strategies, including basic treatment and supportive treatment, 
would maximize the therapeutic effect and improve the prognosis of patients.
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Pulmonary manifestations of SLE normally include disorders of the lung parenchyma, pleura, and 
pulmonary vasculature[21]. Furthermore, immunosuppressive treatment, which is routinely used 
during SLE management, predisposes to an increased risk of respiratory infections[22]. Respiratory 
infection often mimics acute pulmonary manifestations secondary to SLE[21]. Pulmonary infection in 
SLE patients presents with a wide array of symptoms and is difficult to differentiate from other 
pulmonary disorders related to SLE[23]. Our patient presented with infection foci in the lungs. After 
timely anti-infection treatment, her body temperature returned to normal, and the lung infection foci 
were absorbed. Careful screening of complications in SLE patients should be undertaken by clinicians to 
improve the prognosis of patients.

Our study had some limitations. We did not check nature killer cell activity. These are not routine 
tests, and it is difficult to rely on such test results to determine HLH diagnosis, as this condition occurs 
at such low incidence rate. Furthermore, our patient did not have continuous clinical examination data 
because she was admitted to hospital on two separate occasions.

CONCLUSION
This case study examines the characteristics of sHLH, infection, and the thrombotic microvascular 
during the course of sHLH disease in an SLE patient, which has rarely been reported to date. Our 
findings highlight the importance of the early recognition and treatment of sHLH in SLE cases to 
improve the prognosis and survival rate of MAS-HLH patients.

This case report also highlights that fever and pancytopenia acted as important clinical features of 
SLE and sHLH. The features that prompted consideration of sHLH in this patient were fever, 
pancytopenia, hypertriglyceridemia, and hyperferritinemia coupled with her 9-year history of SLE. 
Timely recognition, early and effective interventions to treat the triggers and pathological processes, 
and systematic symptomatic treatment are crucial in curbing the rapid progressive disease course. 
Although significant advances have been made, much work is still needed in the HLH field to deepen 
our understanding of this condition and improve patient outcomes.
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Abstract
BACKGROUND 
Although fluorodeoxyglucose-positron emission tomography/computed 
tomography (FDG-PET/CT) is widely used for diagnosis and follow-up of large 
sized vessel vasculitis, it is still not widely used for small to medium sized vessel 
vasculitis.

CASE SUMMARY 
This is the case of a 68-year-old male who presented at the emergency department 
complaining of fever, myalgia, and bilateral leg pain of over two weeks duration, 
with elevated levels of C-reactive protein. He was subsequently admitted and 
despite the absence of clinically significant findings, the patient continued to 
exhibit recurrent fever. A fever of unknown origin workup, which included 
imaging studies using FDG-PET/CT, revealed vasculitis involving small to 
medium-sized vessels of both lower extremities, demonstrated by linear 
hypermetabolism throughout the leg muscles. The patient was treated with 
methylprednisolone and methotrexate after diagnosis leading to the gradual 
resolution of the patient’s symptoms. Three weeks later, a follow-up FDG-
PET/CT was performed. Previously hypermetabolic vessels were markedly 
improved.

CONCLUSION 
Our case report demonstrated that FDG-PET/CT has tremendous potential to 
detect medium-sized vessel inflammation; it can also play a crucial role in 
prognosticating outcomes and monitoring therapeutic efficacy.

Key Words: Positron emission tomography-computed tomography; Polyarteritis nodosa; 
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Core Tip: The fluorodeoxyglucose-positron emission tomography/computed tomography can be an option 
to diagnose small to medium-sized vessel vasculitis and follow-up to assess on the extent and 
improvement of inflammation in patients with polyarteritis nodosa.
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INTRODUCTION
Polyarteritis nodosa (PAN) is characterized by systemic necrotizing vasculitis which can involve 
medium-sized vessels. This vasculitis is usually difficult to diagnose, thus, imaging study including 
fluorodeoxyglucose-positron emission tomography/ computed tomography (FDG-PET/CT) would be a 
possible role to identify this disease.

CASE PRESENTATION
Chief complaints
A 68-year-old male visited to emergency department complaining fever, myalgia, and both leg pain 
during more than two weeks.

History of present illness
Although he was treated with administered ceftriaxone and metronidazole in other hospital for a week.

History of past illness
There was no specific past illness.

Personal and family history
There was no specific personal and family history.

Physical examination
However, his C-reactive protein (CRP) was still high (37.71 mg/dL) and complaining symptoms such as 
fever, both leg pain was still remained. Therefore, he was admitted to our hospital for further 
assessment.

Laboratory examinations
His blood, urine culture findings were all negative. And his serologic results such as hepatitis viral 
marker, rheumatoid factor, anti-cyclic citrullinated peptide antibody, antineutrophil cytoplasmic 
antibody and anti-nuclear antibody were negative. Because he complained daily fever after admission, 
fever of unknown origin work up was needed.

Imaging examinations
There were no clinically significant findings without two small hemangiomas in the liver on contrast 
enhanced computed tomography in whole body including neck, chest, and abdomen-pelvic cavity. 
FDG-PET/CT on day 5 showed vasculitis involving small to medium vessels of both lower extremities 
by showing somewhat linear hypermetabolism through the muscles (Figure 1).

FINAL DIAGNOSIS
Finally, he was diagnosed PAN according to criteria by showing satisfied with unexplained more than 4 
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Figure 1 Fluorodeoxyglucose-positron emission tomography/computed tomography. A: Fluorodeoxyglucose-positron emission tomo-
graphy/computed tomography image showed hypermetabolism in both lower extremities; B: After treatment 3 wk later, lesion was markedly improved.

kg of weight loss, myalgia, new onset more than 90 mmHg of diastolic blood pressure and elevated of 
blood urea nitrogen > 40mg/dL according to the American College of Rheumatology proposed classi-
fication criteria for PAN in 1990[1].

TREATMENT
The patient was treated with more than 1mg/kg dosage of methylprednisolone intravenously and 
immunosuppressants. The patient was treated with high dosage of prednisolone, and methotrexate after 
diagnosis.
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OUTCOME AND FOLLOW-UP
Then, his symptoms were resolved, and his CRP level was 1.19 mg/dL. After 3 wk later, he was 
performed FDG-PET/CT again to identify his vasculitis state. As a result, previous hypermetabolism of 
vessels were markedly improved. After resolution of his symptoms, the patient was tapered glucocor-
ticoids and methotrexate and maintained improved status in outpatient clinic.

DISCUSSION
It is already known that FDG-PET/CT has new diagnostic tool to detect large vessel vasculitis, with its 
high sensitivity for vessel inflammation[2]. And FDG-PET/CT was shown possibility as a promising 
prognostic marker by identification of patients having risk of vascular complications. In addition, prior 
report suggests that FDG-PET/CT can be a role of showing therapeutic efficacy[3].

CONCLUSION
This patient’s finding indicates that FDG-PET/CT can be an option to diagnose small to medium vessels 
vasculitis and follow-up to evaluated on the extent and improvement of vessel inflammation in patients 
with PAN to show therapeutic effects.
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Abstract
BACKGROUND 
Klippel-Trenaunay syndrome (KTS) is a congenital vascular malformation with a 
complicated etiology. It is sporadic and clinically rare in occurrence. The typical 
characteristics are capillary malformation (also known as port-wine stain), 
varicose veins and malformations, and bony and/or soft tissue hypertrophy with 
or without lymphatic malformation, which are known as the “classic clinical 
triad”. Herein, a rare case of KTS characterized by crossed-bilateral limb hyp-
ertrophy accompanied by intermittent hematochezia and hematuria is reported.

CASE SUMMARY 
We described a 37-year-old female with KTS. She was admitted to our hospital 
owing to the gradual enlargement of the left lower extremity along with 
intermittent hematochezia and hematuria. The patient was diagnosed to have 
hemorrhoid bleeding by other hospitals and treated with conventional hemostatic 
drugs, but continued to have intermittent gastrointestinal bleeding and 
hematuria. Therefore, she visited our hospital to seek further treatment. During 
hospitalization, relevant imaging and laboratory examinations and colonoscopy 
were performed. In combination with the patient’s history and relevant examin-
ations, we considered that the patient had a complex form of KTS. We recom-
mended a combined diagnosis and treatment from the vascular, interventional, 
anorectal, and other departments, although she declined any further treatment for 
financial reasons.

CONCLUSION 
The clinical manifestations of KTS are extensive and diverse and chiefly include 
the typical triad. However, Vascular malformations of KTS can also involve 
several parts and systems such as digestive and urogenital systems. Therefore, the 
atypical manifestations and rare complications necessitate the clinician’s attention 
and are not to be ignored.

https://www.f6publishing.com
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Core Tip: Klippel-Trenaunay syndrome (KTS) is a complicated, mixed, low-flow vascular malformation 
syndrome. Vessels that show abnormalities include skin capillaries, veins, and lymphatic vessels. Vascular 
malformation can lead to soft tissue and/or bony hypertrophy and, hence, KTS is also known as venous 
malformation and bone hypertrophy syndrome. However, Vascular malformations of KTS can also 
involve several parts and systems such as digestive and urogenital systems. KTS is a rare congenital 
disease and the clinical manifestations of it are extensive and diverse. This patient that we reported was 
initially misdiagnosed to have filariasis and hemorrhoid bleeding. Therefore, the atypical manifestations 
and rare complications necessitate the clinician’s attention and are not to be ignored.

Citation: Li LL, Xie R, Li FQ, Huang C, Tuo BG, Wu HC. Easily misdiagnosed complex Klippel-Trenaunay 
syndrome: A case report. World J Clin Cases 2023; 11(4): 922-930
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/922.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.922

INTRODUCTION
First described by the French physicians Klippel and Trénaunay in 1900, Klippel-Trenaunay syndrome 
(KTS) is also known as congenital venous malformation and bone hypertrophy syndrome. KTS is a rare 
disease with an incidence rate of 2-5/100000[1], involving multiple factors and its pathogenesis is not 
well understood. It exhibits a series of clinical symptoms and complications, including capillary 
malformation, varicose veins and malformations, and bony and/or soft tissue hypertrophy with or 
without lymphatic malformation, which often affects only one lower extremity. These symptoms are 
denoted as the “classic clinical triad”[2]. The clinical diagnosis of KTS is based on the presence of two of 
these features[3]. Moreover, some atypical KTS cases need to be diagnosed based on a detailed medical 
history combined with physical and imaging examinations. The disease is sporadic and rare and lacks 
any obvious aggregation tendencies of family, sex, and race[1,4]. In addition, the clinical manifestations 
are extensive and vary immensely. Therefore, there is no standard treatment for KTS. Because the 
syndrome often presents with swelling and varicose veins in the lower extremities, it is imperative to 
distinguish it from non-gene related diseases, such as filariasis and varicose veins that are not induced 
by vascular malformations, to avoid misdiagnosis. Vascular malformations associated with KTS can 
affect the extremities, particularly one lower extremity and, rarely, bilateral or upper extremities. In 
addition to the extremities, the splanchnic system can be involved. The involvement of the 
gastrointestinal tract may appear in the form of intermittent or continuous bleeding in the digestive 
tract, whereas the involvement of the urogenital system may appear in the form of life-threatening 
hematuria with massive bleeding[5]. According to the literature, KTS marked by the involvement of 
both the gastrointestinal and urogenital systems is rare (about 1%) and only one case of KTS with 
crossed-bilateral extremity involvement has been reported[6]. Herein, we have reported a case of KTS 
characterized by crossed-bilateral extremity involvement combined with lower gastrointestinal 
hemorrhage and hematuria. Based on our literature search, we could not find any other similar case. 
This patient was initially misdiagnosed in other hospitals to have filariasis and hemorrhoid bleeding.

CASE PRESENTATION
Chief complaints
A 37-year-old female presented to the gastroenterology clinic because of the gradual enlargement of the 
left lower extremity along with intermittent hematochezia and hematuria for 5 mo.

History of present illness
The patient had repeated hematochezia with intermittent gross hematuria for 5 mo, and the symptoms 
gradually worsened.

https://www.wjgnet.com/2307-8960/full/v11/i4/922.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.922
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History of past illness
The female patient was found to have several port wine stains on the skin of her left lower extremity 
and hip after birth. In addition, her left lower extremity was found to be larger than the right lower 
extremity since childhood, which gradually increased with age and was accompanied with pain and 
heaviness. At the age of 14 years, she was diagnosed with “filariasis” by other hospitals; however, no 
improvement was noted after the anti-filarial treatment. Repeated hematochezia began to appear at the 
age of 7 years. The bleeding frequency was low (3-5 times/mo), and the amount was small. As the 
problem was self-limiting and did not affect her normal life, the patient did not undergo enteroscopy or 
professional treatment. However, the hematochezia gradually worsened and intermittent gross 
hematuria appeared. She was admitted to another hospital and was diagnosed to have hemorrhoid 
bleeding. She was treated with conventional hemostatic drugs, but continued to have intermittent 
gastrointestinal bleeding and hematuria.

Personal and family history
Her parents did not have a consanguineous marriage, and nobody else in the family had a similar 
medical history.

Physical examination
The patient walked with asymmetry in both lower extremities and mild claudication. Her skin and 
sclera were pale. There was a mild enlargement in the right arm, and her fingers were thickened. There 
was a small piece of port-wine stain on the back of her hand (Figure 1A and B), and the varicose veins 
were seen on the forearm (black arrows in Figure 1C). Furthermore, there were several map-like port 
wine stains on the left lower extremity, hip, and trunk (Figure 1D-H). The left hip and the left extremity 
were obviously enlarged, with giant deformed toes (Figure 1E-H) and atypical varicose veins on the 
outside of the leg (black arrows in Figure 1G).

Laboratory examinations
Blood routine: Hemoglobin 88g/L. Liver function was normal.

Imaging examinations
Abdominal computed tomography (CT)-plain scan + enhancement: The spleen was large, with multiple 
low-density shadows, which were considered to be vascular lesions (hemangioma). The rectal wall was 
unevenly thickened, and the enhancement was not uniform. The left ovarian vein was thickened, with a 
filling-defect area. The left iliac vein and pelvic floor vein were slightly thickened and tortuous. Multiple 
speckled calcium density shadows were observed in the pelvic cavity. The bladder wall was slightly 
thickened, and venous stones were detected (Figure 2). Left lower extremity magnetic resonance 
imaging (MRI)-plain scan + enhancement: There was an obvious enlargement in the left lower 
extremity, with multiple tortuous strip long T1/T2 and enhanced signals in the subcutaneous soft 
tissues, muscle space, and the muscle soft tissue area. Subcutaneous varicose veins were prominent on 
the left leg, with an obvious enhancement. Multiple reticular long T2WI signal shadows were observed 
in the surrounding muscles and soft tissues, with mild enhancement (Figure 3). X-ray of both lower 
extremities: The spine exhibited a slight compensatory deviation to the left. The soft tissue of the left 
lower extremity was thickened, with nonuniform density and a normal bone structure (Figure 4).

FINAL DIAGNOSIS
Based on the patient’s medical history and the various clinical presentation and related examinations 
and tests, she was diagnosed with a complex form of KTS.

TREATMENT
As the patient was currently not showing any symptoms of hematuria and no active colonic bleeding 
was observed in the colonoscopy, no other drug or treatment was administered. However, in order to 
prevent the aggravation of the patient’s condition and avoid gastrointestinal rebleeding, we 
recommended a combined diagnosis and treatment from the vascular, interventional, anorectal, and 
other departments, although she declined any further treatment for financial reasons. Presently, the 
patient is on conventional hemostatic drugs and iron treatment.
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Figure 1 Physical examination. A and B: There was a mild enlargement in the right arm and the right fingers; C: Varicose veins was observed on the right 
forearm (black arrows); D-H: There were several map-like port wine stains on the left lower extremity, hip, and trunk (E); there was an obvious enlargement in the left 
hip (F-H); there was an obvious enlargement in the left extremity with atypical varicose (Servelle veins) veins outside the leg (G, black arrows); the left toe was 
extremely enlarged and deformed (H).

OUTCOME AND FOLLOW-UP
The patient continues to experience intermittent and a small amount of hematochezia (similar to 
hemorrhoid bleeding), which is not life-threatening. The patient has accordingly been advised regular 
medical consultation. If the bleeding worsens, surgery can be considered.

DISCUSSION
KTS is a complicated, mixed, and low-flow vascular malformation syndrome. The vessels that displayed 
abnormalities include skin capillaries, veins, and lymphatic vessels. Vascular malformation can lead to 
soft tissues and/or bony hypertrophy; hence, KTS is also known as venous malformation and bone 
hypertrophy syndrome[7]. The etiology of KTS is complex and controversial. The somatic PIK3CA 
mutation is believed to cause abnormal hyperplasia of the blood vessels, bone, and soft tissues[6-8]. 
Furthermore, chromosome translocation may be involved[9]. A recent theory suggested that this disease 
is related to mesodermal dysplasia acting on angiogenesis[10].

The clinical manifestations of KTS are extensive and diverse and chiefly include the typical triad 
(port-wine stains, varicose veins with or without venous malformations, and bony and/or soft tissue 
hypertrophy). The complete triad occurs in 63% of the patients and is either found at birth or develops 
during infancy and becomes more and more evident with age[11,12]. The patient reported in this study 
also exhibited similar findings. Port-wine stain is considered to be caused by skin capillary 
malformation, while some scholars claim that it is related to lymphoid malformation[13]. The stain has a 
map-like, segmental distribution.

Sreekar et al[14] demonstrated that venous malformations in patients with KTS can involve multiple 
parts and systems. Nonetheless, most of the extremity involvement is unilateral (approximately 85%)
[15], especially unilateral lower extremity. In rare cases, the upper extremities, trunk, head, and neck can 
be involved and is usually manifested as varicose veins. Two persistent embryonic veins are common in 
the abnormal veins of patients with KTS: The lateral marginal vein (or the Servelle vein) and the sciatic 
vein. The servelle vein is present on the outside of the thigh and displays obvious varicose and 
malformations. There is a controversy regarding whether patients with KTS exhibit deep venous 



Li LL et al. Easily misdiagnosed complex KTS

WJCC https://www.wjgnet.com 926 February 6, 2023 Volume 11 Issue 4

Figure 2 Abdominal computed tomography plain scan + enhancement. A: The spleen is large with multiple low-density shadows (hemangioma); B: The 
left iliac vein is thickened; C: The left ovarian vein is thickened with a filling defect area (thrombosis); D: The rectal wall is unevenly thickened. The bladder wall is 
slightly thickened and venous stones can be observed.

Figure 3 Left lower extremity magnetic resonance imaging plain scan + enhancement. A-C: Obvious enlargement, swelling, and extensive reticular 
signal abnormality can be seen in the left lower extremity (Lymphadenopathy). The subcutaneous varicose veins can be noted on the left leg.

abnormalities. In this case, Port-wine stain was observed in the trunk, left lower extremity, hip, and the 
back of the right hand (Figure 1). Mild varicose veins were observed on the right arm (Figure 1C). 
Obvious varicose Servelle veins were detected on the outside of the left lower extremity (Figure 1G). 
The right hip was more hypertrophic than the left one. This case demonstrated cross bilateral 
hypertrophy of the left lower and right upper extremities (Figure 1), which is quite rare and has only 
been reported once[6]. In addition, the patient’s left toe was giant and deformed (Figure 1H), possibly 
related to KTS[16]. Meanwhile, the MRI of the lower extremity demonstrated significant enlargement, 
varicose veins and malformations, and lymphatic abnormality in the left lower extremity (Figure 3), 
which is consistent with the clinical characteristics of KTS. In addition to the extremity involvement, the 
splanchnic system can be rarely involved in patients with KTS, including the gastrointestinal tract, 
urogenital tract, liver, and spleen. In this case, the patient displayed intermittent hematochezia and 
hematuria. The relevant examination, that is, abdominal CT splenomegaly, exhibited splenic 
hemangioma, thickened rectal wall, thickened bladder wall, venous stone, and thickened iliac vein and 
ovarian vein (Figure 2). Colonoscopy revealed extensive varicose vein malformations of the intestinal 
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Figure 4 X-ray of both the lower extremities. The spine showing a compensatory slight deviation to the left. The soft tissues of the left lower extremity were 
thickened with a nonuniform density.

wall (Figure 5). All these findings proved that the patient had involvement of the intestine, urogenital 
tract, and spleen as well as a wide range of vascular lesions. Therefore, her condition was complex and 
serious, for which she needed active treatment. Intestinal involvements are mostly observed in the 
sigmoid colon and rectum, and only a few were recorded in the entire intestine. This problem is often 
manifested as asymptomatic-repeated hematochezia, which can, occasionally, be life-threatening and 
cause massive bleeding. In case of no bleeding, the intestinal involvement may be ignored. Bleeding 
often occurs in the first 10 years of life[5,17]. As for the involvement of the genitourinary system, it is 
often manifested in the form of bleeding, such as hematuria, increased menstruation, and massive 
uterine bleeding during childbirth. However, the splenic involvement may be more serious because the 
spontaneous rupture of splenic hemangioma is life-threatening and requires emergency surgery[18,19]. 
Although our patient showed abnormal blood vessels in the spleen, no such acute bleeding occurred.

The most common symptoms of KTS are swelling and pain in the extremity, accompanied by obvious 
heaviness caused by venous disfunction and abnormal lymphatic drainage[20,21]. Other atypical 
manifestations include infectious cellulitis, extremity ulcer, headache, intracerebral hemorrhage, 
hydrocephalus, seizures[14,22,23], and even poor vision when the eyes are involved[24]. In addition, 
other rare complications, such as deep venous thrombosis, venous thromboembolism, pulmonary 
embolism, thrombophlebitis, and gangrene, may occur in the patients[25]. The abovementioned atypical 
manifestations and rare complications necessitate the clinician’s attention and are not to be ignored.

Being a rare disease with a complex etiology, KTS can only be diagnosed clinically as no universal 
diagnostic criteria have been reported and pathological diagnosis is barely possible. When the patients 
display some atypical symptoms, the diagnosis is made based on medical history and related examin-
ations. Based on the clinical characteristics of KTS, noninvasive imaging is the first choice to facilitate 
the diagnosis. Lower extremity ultrasound is the preferred modality as it can clearly display the blood 
flow characteristics as well as venous malformations and exhibits high sensitivity and specificity[7]. 
Moreover, X-ray can judge the length of bones as well as bony hypertrophy and reveal the hypertrophy 
of the soft tissues. CT venography or magnetic resonance venography was performed when deep vein 
abnormalities were considered. Most scholars believe that MRI is necessary for the diagnosis of KTS 
owing to its high resolution for the soft tissues and its ability to demonstrate abnormalities in the 
lymphatic vessels. CT can also be employed for the diagnosis of KTS, albeit it is not the first choice and 
not employed in routine examination. The method should be avoided in children and patients with KTS 
who exhibited renal disfunction because of radiation hazard and possible renal damage. When 
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Figure 5 Colonoscopy. A and B: The intestinal mucosal veins are displayed and varicosed. The intestinal wall can be observed in cyan.

considering KTS combined with pulmonary embolism, pulmonary CT angiography is preferred. If the 
gastrointestinal tract is involved or if the patient has hemochezia, endoscopy is essential because it can 
help directly visualize the blood vessels of the digestive tract and judge the bleeding site. If necessary, 
local hemostasis can also be performed and is of a high diagnostic value. In the present case, the patient 
underwent colonoscopy, which exhibited clustered abnormal expansion of the blood vessels in the 
intestinal wall below the descending colon (Figure 5). This finding suggested unique vascular manifest-
ations and helped avoid misdiagnosis.

The mutations of somatic PIK3CA are considered to be one of the causes of vascular malformation 
and limb hypertrophy of KTS. Therefore, KTS is included in the PIK3CA-related overgrowth spectrum 
(PROS)[26]. PROS is defined as a series of rare congenital disease syndromes due to mutations in 
PIK3CA. PROS is one of the subcategories in the latest (2018) ISSVA classification, which, in addition, to 
including KTS, it also includes fibroadipose hyperplasia or overgrowth; congenital lipomatous 
overgrowth, vascular malformations, epidermal nevi, scoliosis/skeletal and spinal (CLOVES) syn-
drome; fibroadipose infiltrating lipomatosis/facial infiltrative lipomatosis; hemihyperplasia multiple 
lipomatosis; macrodactyly; megalencephaly-capillary malformation (MCAP/M-CM); fibro-adipose 
vascular anomaly (FAVA); capillary, lymphatic, and venous malformations and lymphatic 
malformation (LM). These diseases are characterized by vascular malformations and tissue overgrowth. 
Because KTS has several overlapping clinical features with other syndromes such as CLOVES syndrome 
and FAVA[27], it needs to be distinguished from these diseases. Meanwhile, according to the ISSVA 
classification, the clinical features of Parkes-Weber Syndrome are the same as those of KTS; the 
difference is that Parkes-Weber syndrome also includes arterial malformations, which are manifested as 
arteriovenous fistula. Moreover, while the vascular malformation is high flow in the Parkes-Weber 
Syndrome, it is low flow in KTS. Furthermore, KTS needs to be differentiated from non-gene related 
diseases, such as common pressure varicose veins and late filariasis. Filariasis is caused by the 
parasitism of adults in the lymphatic vessels, which blocks lymphatic circulation and results in 
subcutaneous tissue swelling, hypertrophy, and deformity without vascular malformation. The patient 
reported in this study was once misdiagnosed to have filariasis. In addition, the patients with 
gastrointestinal bleeding or hematuria should be distinguished from bleeding caused by simple 
hemorrhoids or other gastrointestinal diseases or urinary diseases with hematuria. Overall, the 
clinicians should bear in mind the characteristics of KTS.

Until date, there is no consensus available on the treatment of KTS. The syndrome cannot be 
completely cured, and symptomatic treatment is mostly given. The disease is characterized by multiple 
involvements, which have enormous physical and mental impacts. Lameness due to limb deformity and 
hypertrophy poses inconvenience in daily living and mars the appearance, which may cause psycho-
logical disorders accompanied by long-term recurrent pain[26]. Therefore, multidisciplinary cooperative 
treatment aimed at alleviating the symptoms, delaying disease progression as well as treatment 
complications, and improving the quality of life of the patients is essential in managing KTS[3,25,28]. 
Varicose veins can be treated by methods such as compression with elastic socks, raising the affected 
extremity, and other physical therapies as well as changing the lifestyle and keeping the affected 
extremity clean. Port-wine stain can be treated with a laser. Infectious cellulitis and thrombophlebitis are 
usually treated with antibiotics and symptomatic analgesic treatment in case of pain. Anticoagulant 
therapy is used to treat acute thrombosis, and prophylactic medications are given before operation[29]. 
In some cases, surgery is needed; for instance, surgical treatment is required in case of life-threatening 
gastrointestinal and urogenital bleeding or splenic rupture and bleeding. To manage hypertrophy of the 
extremity, it is possible to reduce weight via surgery. Nevertheless, symptomatic treatment combined 
with psychotherapy is the best approach for KTS[30].
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CONCLUSION
KTS is a congenital vascular malformation with a complicated etiology. The somatic PIK3CA mutation is 
believed to cause abnormal hypertrophy of the blood vessels, bone, and soft tissues. The clinical 
manifestations of KTS are extensive and diverse and chiefly include the typical triad. However, vascular 
malformations of KTS can also involve several parts and systems such as digestive and urogenital 
systems, which increases the complexity and severity of the disease. Therefore, the atypical manifest-
ations and rare complications necessitate the clinician’s attention and are not to be ignored.
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Abstract
BACKGROUND 
Benign lymphoepithelial cyst (BLEC) of the parotid gland is a rare benign 
embryonic-dysplastic cystic tumor in the anterolateral neck that occurs most 
commonly in human immunodeficiency virus (HIV)-positive adults and rarely in 
non-acquired immune deficiency syndrome patients. The main presentation is a 
slow-growing, painless mass, and secondary infection may cause acute inflam-
matory symptoms.

CASE SUMMARY 
A 44-year-old Chinese male patient presented with a 1-year history of a mass in 
the left side of the neck. On physical examination, a mass similar in size and shape 
to a quail egg was found in the left parotid gland. The mass was tough, without 
tenderness, and easily moveable. The results of HIV tests, including antibody and 
nucleic acid tests and CD4+ T cell examination, were negative. Imaging exam-
ination revealed a left parotid gland mass. The patient underwent surgical 
treatment, and BLEC was diagnosed based on postoperative pathology. After 2 
years of follow-up, the patient survived well without related discomfort.

CONCLUSION 
The detailed characteristics of a BLEC in a patient without HIV infection contri-
bute to an improved understanding of this rare disease.

Key Words: Benign lymphoepithelial cyst; Parotid gland; Human immunodeficiency virus; 
Case report
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Core Tip: Benign lymphoepithelial cyst (BLEC) of the parotid gland is a rare lesion seldom found in non-
acquired immune deficiency syndrome patients. BLECs are benign embryonic dysplastic cystic tumors 
that typically occur in the anterolateral part of the neck. We present a case of BLEC of the parotid gland in 
a non-human immunodeficiency virus -infected patient in order to improve clinicians’ understanding of 
the disease.

Citation: Liao Y, Li YJ, Hu XW, Wen R, Wang P. Benign lymphoepithelial cyst of parotid gland without human 
immunodeficiency virus infection: A case report. World J Clin Cases 2023; 11(4): 931-937
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/931.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.931

INTRODUCTION
Benign lymphoepithelial cyst (BLEC) of the parotid gland, which is also known as branchial cleft cyst, is 
a rare benign cystic neoplasm of embryonic dysplasia. It usually occurs in the anterolateral region of the 
neck but has been reported in the oral cavity or parotid gland in rare cases[1,2]. This disease mainly 
presents as a slow-growing tumor and is not associated with recurrence or metastasis. These tumors 
usually occur in patients with human immunodeficiency virus (HIV) infection and are rarely 
encountered in non-HIV-infected patients[3]. To improve clinicians’ understanding of this rare disease, 
the present report describes the imaging, histopathological, and diagnostic characteristics of a parotid 
gland BLEC found in a 44-year-old, non-HIV-infected patient. The case description is followed by a 
review of the relevant literature.

CASE PRESENTATION
Chief complaints
A 44-year-old Chinese man was admitted to the hospital on September 1, 2020, due to a painless mass 
on the left side of the neck that had been present for 1 year.

History of present illness
One year previously, the patient incidentally noticed a painless mass on the left side of his neck approx-
imately 2.0 cm × 2.0 cm in size. The patient had neck swelling occasionally, and the severity of these 
symptoms gradually increased over the course of the disease. The patient reported no tenderness, 
redness, swelling, or heat pain at the mass; no earache, swelling, or pain around the ear; and no cheek 
pain, numbness or difficulty when opening the mouth.

History of past illness
The patient had a history of hypertension for 1 month and was regularly taking nifedipine sustained 
release tablets and Irbesartan tablets as antihypertensive treatment.

Personal and family history
The patient had no personal or family history of benign or malignant tumors.

Physical examination
Physical examination on admission revealed a temperature of 36.5°C, resting respiratory rate of 20 
breaths/min, heart rate of 80 bpm, and blood pressure of 117/70 mmHg. On physical examination, a 
mass similar in size and shape to a quail egg was found in the left parotid gland, measuring about 2.0 
cm × 2.0 cm in size. The mass felt tough, without tenderness and was easily movable with no local 
redness, swelling, heat or pain. No abnormalities were observed in the contralateral parotid gland.

Laboratory examinations
The laboratory test results showed a white blood cell count of 6.16 × 109/L, with 74% neutrophils, 135 
g/L hemoglobin, and a platelet count of 277 × 109/L. The erythrocyte sedimentation rate was 2 mm/h, 
and all results for routine urine, stool, liver and kidney function tests as well as electrolyte and blood 
biochemical index levels were within normal ranges. The results of HIV tests, including antibody and 
nucleic acid tests as well as CD4+ T cell examination, were negative. Furthermore, all results of testing 
for carcinoembryonic antigen, neuron-specific enolase, cytokeratin 19 fragment, squamous cell 
carcinoma antigen, blood coagulation, and immune indexes were negative.

https://www.wjgnet.com/2307-8960/full/v11/i4/931.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.931
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Imaging examinations
On August 31, 2020, ultrasound of the neck recognized a 2.2 cm × 2.2 cm hypoechoic mass in the left 
parotid gland, with a clear boundary, coarse calcification foci, and no blood flow signal (Figure 1). On 
September 2, 2020, neck computed tomography (CT) showed a round cystic lesion in the left parotid 
gland, with a maximum cross-sectional area of approximately 2.3 cm × 2.2 cm, uneven density, small 
patches with slightly high-density shadows, and clear boundaries (Figure 2A). On contrast-enhanced 
CT, the cyst wall was slightly enhanced in the arterial phase, but no obvious enhancement was observed 
in the cyst (Figure 2B). The enhancement degree in the venous phase was similar to that in the arterial 
phase (Figure 2C). No abnormality was found in the right parotid gland.

PATHOLOGY
In general, the lesion was a pale round nodule with a complete capsule and small volume, accompanied 
by a small amount of parotid tissue attachment. The size was about 2.2 cm × 2.0 cm × 1.8 cm. The 
surface of the tumor was smooth and soft, and the surface skin mucosa was not abnormal, and the color 
was not special. The section was cystic, and the cyst was soybean dreg-like material with a wall 
thickness of 0.1 cm. Under light microscopy, the cyst wall was laminated squamous epithelium without 
epithelial nail process and the surface layer was mostly incomplete keratosis. The epithelium was 
surrounded by a large number of lymphoid stromata with lymphoid follicular formation and a center of 
occurrence (Figure 3). The histological features of the tumor were consistent with a diagnose of BLEC. 
The clinical and pathological data of this case are presented in Table 1.

FINAL DIAGNOSIS
The patient was diagnosed with a non-HIV-infected BLEC of the parotid gland on the basis of history, 
clinical features, and ancillary examination (imaging and histopathology).

TREATMENT
Because BLECs are benign, most cases of BLEC have a good prognosis. The principles of treatment are 
early diagnosis, infection control, and complete resection of the lesion without facial nerve injury. 
Treatment options include observation, repeat aspiration, sclerotherapy, radiotherapy, and surgery.

During the treatment period, the patient in the present case did not stop Nifedipine and Irbesartan for 
treatment of hypertension. Blood pressure and electrocardiography were normal at admission, and 
surgical treatment was possible under close monitoring of blood pressure. During surgery, care must be 
taken to identify the internal and external carotid arteries and vagus nerve, hypoglossal nerve, 
glossopharyngeal nerve, and superior laryngeal nerve to avoid injury to these structures. Finally, the 
patient and his family members chose surgical treatment (the specific surgical method was termed left 
parotid gland tumor + partial superficial lobectomy + facial nerve exploration and protection + fascia 
flap plasty). The operation was successful, and the patient returned to the ward safely after surgery.

OUTCOME AND FOLLOW-UP
The patient was followed up for 2 years. CT/magnetic resonance imaging (MRI) and color ultrasound 
were not performed during follow-up, because the patient felt no obvious symptoms.

DISCUSSION
BLEC is a rare cystic neoplasm with benign embryonic dysplasia. The first case of BLEC was reported 
by Hildebrandt in 1895, but only 21 cases were published by researchers through 1981. With the 
emergence of the HIV epidemic, the incidence of BLEC in the parotid gland gradually increased, and 
researchers found that BLECs were closely related to HIV infection in most cases, with BLEC as one of 
the early clinical manifestations. Around 3%-6% of HIV-positive adults and 1%-10% of HIV-positive 
children experience BLEC symptoms. In sharp contrast, BLECs are rarely found in non-HIV-infected 
patients, and the exact prevalence of BLEC in this population has not been reported[1-4]. In the present 
case, the results of HIV tests, including antibody and nucleic acid tests as well as CD4+ T cell 
examination, were negative. In previous reports, the disease was also known as branchial cleft cyst and 
usually observed in either the mandibular angle at the bottom of the outer regions or in the anterior 
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Table 1 Clinical and pathological data of this case of benign lymphoepithelial cyst of the parotid gland

Finding

Age, sex 44 years, male

Family history None

Personal history None

Chief complaint Left neck painless mass present for 1 year

Physical 
examination

A quail egg-shaped mass on the left parotid gland, about 2.0 cm × 2.0 cm in size, tough, without tenderness, easily moveable, no local 
redness, swelling, heat or pain, and no abnormalities in the contralateral parotid gland

Laboratory 
examinations

HIV tests, including antibody and nucleic acid tests and CD4+ T cell examination, were negative

Ultrasound of 
the neck

A 2.2 cm × 2.2 cm hypoechoic mass in the left parotid gland, with a clear boundary, coarse calcification foci, and no blood flow signal 
(Figure 1)

Neck CT A round cystic lesion in the left parotid gland, with a maximum cross-sectional area of 2.3 cm × 2.2 cm, uneven density, small patches 
with slightly high-density shadows, and clear boundaries (Figure 2A). On enhanced scanning, the cyst wall was slightly enhanced in 
the arterial phase, but no obvious enhancement was observed in the cyst (Figure 2B). The enhancement degree in the venous phase was 
similar to that in the arterial phase (Figure 2C)

Pathology The cyst wall was laminated squamous epithelium without epithelial nail process and the surface layer was mostly incomplete keratosis 
(Figure 3A); The epithelium was surrounded by a large number of lymphoid stromata with lymphoid follicular formation and a center 
of occurrence (Figure 3B)

Final diagnosis Non-HIV-infected BLEC of parotid gland

Treatment Surgical treatment (specific surgical method was termed left parotid gland tumor + partial superficial lobectomy + facial nerve 
exploration and protection + fascia flap plasty)

Follow-up No recurrence of symptoms in 2-year clinical follow-up

HIV: Human immunodeficiency virus; CT: Computed tomography; BLEC: Benign lymphoepithelial cyst.

Figure 1 Color ultrasound of the neck. It reveals a 2.2 cm × 2.2 cm hypoechoic mass in the left parotid gland, with a clear boundary, coarse calcification foci, 
and no blood flow signal.

portion of the sternocleidomastoid. It was found to occur less frequently in the mouth or parotid gland. 
In addition, its distribution in men and women is uniform. Although catheter jam seems to be a cause, 
the source of the blockage is often not obvious. Furthermore, its pathogenesis remains unclear. 
Currently, the majority of researchers believe that extraglandular lymphoid infiltration and/or intra-
glandular lymphoid hyperplasia with duct obstruction and/or epithelial embedding is the main cause.

BLEC is a slow-growing tumor not associated with recurrence or metastasis[5-8]. The main symptom 
of this disease is a slowly growing, painless swollen mass, often combined with local symptoms such as 
dysphagia, dysphagia, dyspnea and stridor, and secondary infection can manifest as acute inflam-
matory symptoms, such as redness, swelling and fever[3,8]. The diagnosis of BLEC mainly depends on 
history, clinical manifestations, and preoperative auxiliary examination. Preoperative auxiliary 
diagnostic procedures include CT, MRI, ultrasound and fine needle aspiration (FNA)[9]. To date, 
imaging characteristics of this disease have been rarely reported. By reviewing the relevant literature[1,
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Figure 2 Neck computed tomography. A: Plain computed tomography scan. A round cystic lesion was seen in the left parotid gland, with a maximum cross-
sectional area of about 2.3 cm × 2.2 cm, uneven density, small patches with slightly high-density shadow, and clear boundary; B: Arterial phase. On enhanced 
scanning, the cyst wall was slightly enhanced in the arterial phase, but no obvious enhancement was observed in the cyst; C: Venous phase. The enhancement 
degree in the venous phase was similar to that in the arterial phase (orange arrows).

Figure 3 Histopathology of benign lymphoepithelial cyst of the parotid gland. A: The cyst wall was laminated squamous epithelium without epithelial 
nail process and the surface layer was mostly incomplete keratosis; B: The epithelium was surrounded by a large number of lymphoid stromata with lymphoid 
follicular formation and a center of occurrence (hematoxylin–eosin staining, magnification × 200).

9], we found that the CT manifestations of a typical BLEC are a single, thin-walled round or oval cystic 
foci in the parotid gland, with clear boundaries and low density in the cyst. On enhanced scanning, only 
the cyst wall shows mild to moderate enhancement, and no enhancement is seen in the cyst. In the 
present case, CT showed that the small patches with slightly high-density in the parotid gland were 
caused by viscous fluid in the capsule or lesions complicated with infection. MRI mainly showed a 
single thin-walled cystic lesion in the parotid gland, which was round or oval in shape, with a clear 
boundary, and the cyst wall showed a low signal. Intracystic T1 weighted imaging showed low signal, 
while T2 weighted imaging showed high signal. Moreover, the cyst wall was significantly enhanced on 
enhanced scanning, but no enhancement was found in the cyst[2]. Ultrasonic features of the lesions 
included a circular shape with a complete capsule and smooth lining, and cystic wall blood flow signals 
were not rich. The epithelial cells in a BLEC may contain keratin, and shed inflammatory cells can form 
a viscous gel-like yellowish-white liquid[10,11]. The internal echo of the cyst can generally appear as 
one of three types, including coarse granular hyperecho and cloud weak echo mixed signal, clear cystic 
echo through sound, and cluster weak echo and cystic echo mixed. In this case, ultrasound showed 
typical mixed signals including coarse granular hyperechoic signal and cloud weak echo signal. FNA 
can be used as an important auxiliary method for the clinical diagnosis of lateral cervical lesions. The 
criteria for FNA cytological diagnosis of BLEC include thick, yellow, pustular fluid; non-nucleated cells; 
keratinocytes; and squamous epithelial cells of varying maturity[1]. Histologically, the walls of BLEC 
cysts are usually covered with squamous epithelium and/or, in some cases, columnar or cuboidal cells. 
Lymphoid tissue with or without germinal centers in subepithelial connective tissue is the most 
prominent morphological feature[12]. Histological examination of the mass case showed that the cyst 
wall was laminated squamous epithelium without epithelial nail process and the surface layer was 
mostly incomplete keratosis, surrounded by a large number of lymphoid stromata with lymphoid 
follicular formation and a center of occurrence. Differential diagnoses include: (1) Warthin tumor[2], 
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which is more common in middle-aged and elderly patients and more likely to occur in the posterior 
lower pole of the parotid gland, with uneven internal density; (2) Intramuscular benign hemangioma
[13], which is a fast-flowing intramuscular mass with uneven density and visible fat density in children 
that requires pathological examination for diagnosis; (3) Lymphoma[14], which is more common in men 
over 50 years old and appears as irregular soft tissue masses with a large range and uniform density on 
CT, without obvious calcification, cystic degeneration or necrosis, with diffuse growth to the 
surrounding area and mostly without adjacent bone destruction, and mild to moderate enhancement on 
enhanced scanning; (4) Thyroglossal duct cysts[15], which present as a painless mass in the front of the 
neck and are usually dumbbell shaped and movable when the tongue is extended or swallowed; CT 
shows a low-density, usually monocular parenchyma lesion during embryonic thyroid migration, 
mostly located in the midline and associated with the hyoid bone; (5) Lymphocele[16], which typically 
manifest as a cystic density focus with uniform density, clear boundary, thin cyst wall, no obvious 
exudation and calcification, and after enhancement, the cyst wall can present slightly uniform 
enhancement, with no enhancement in the cyst; (6) Metastatic lymph nodes[17], which are accompanied 
by a history of primary tumor, and on CT exhibit uneven density, calcification, cystic or necrotizing 
changes, uneven edges, adhesion to surrounding tissues, and obvious annular or peripheral 
enhancement; and (7) Lymphadenitis[18], which is more common in children and present with local 
redness, swelling, heat and pain while appearing mostly oval with a thick wall and ring and uniform 
enhancement without obvious wall nodules and calcification, but with a blurred surrounding fat space. 
The current treatment principles for this disease include early diagnosis, infection control, and cyst 
removal, and the treatment options include observation, repeated aspiration, sclerotherapy, 
radiotherapy, and surgical treatment[4]. Observation in asymptomatic patients shows that repeated 
aspiration therapy is generally ineffective, and cysts will recur within weeks to months. Sclerotherapy is 
limited in scope and is generally only used for cases in which the cystic fluid can be aspirated, while 
radiotherapy is mostly used for HIV-infected BLEC[3]. For our patient, surgery was the best treatment 
at present, and attention was paid to identify and avoid injury to adjacent blood vessels and nerves 
during surgery. In this case, surgical treatment was chosen by the patient, and the specific surgical 
procedure was termed left parotid gland tumor + partial superficial lobectomy + facial nerve 
exploration and protection + fascia flap plasty. The potential complications of surgical treatment include 
recurrence, the formation of persistent fistula, and cranial nerve injury, which require close follow-up. 
In this case, the patient survived well with no related discomfort after 2 years of follow-up.

CONCLUSION
BLEC in the absence of HIV infection is a rare benign cystic tumor of embryonic dysplasia, known as a 
branchial cleft cyst. The disease progresses slowly. Because the imaging, histopathology, and diagnosis 
and treatment characteristics of non-HIV-infected BLEC are poorly understood, the present case is 
reported to increase readers’ awareness of the disease.
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Abstract
BACKGROUND 
Epithelioid trophoblastic tumor (ETT) is the rarest type of gestational tropho-
blastic tumor (GTT). It has been reported that more than 50% of ETTs arise in the 
uterine cervix or the lower uterine segment. Here, we report a case of ETT within 
the lower uterine segment and cervical canal and discuss its manifestations, 
possible causes, and related influencing factors.

CASE SUMMARY 
A 35-year-old woman (gravida 7, miscarriage 3, induction 2 with 1 being twins, 
para 2 of cesarean section, live 2), who had amenorrhea for 9 mo after breast-
feeding for 22 mo after the last cesarean section, was diagnosed with ETT. The 
lesion was present in the lower uterine segment and endocervical canal with 
severe involvement of the anterior wall of the lower uterine segment and the front 
wall of the lower uterine segment where the cesarean incisions were made. 
Laboratory tests showed slight elevation of serum beta-human chorionic gonado-
tropin. Intraoperative exploration showed the presence of a normal-sized uterus 
body with an enlarged tumor in the lower uterine segment. The surface of the 
lower uterine segment was light blue, the entire lesion was approximately about 8 
cm × 8 cm × 9 cm, with compression and displacement of the surrounding tissue. 
Histological examination diagnosed ETT. Immunohistochemical analysis showed 
positive expression of p63, with a Ki-67 proliferation index of 40%.

CONCLUSION 
A search of the PubMed database using the search terms "cesarean section" and 
"epithelioid trophoblastic tumor" retrieved nine articles, including 13 cases of ETT 
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and ETT-related lesions, all 13 cases had a history of cesarean section, and the lesions were all 
located at the cesarean section incision on the anterior wall of the lower uterine segment. The 
present case is the 14th reported case of ETT after cesarean section. Therefore, we deduced that 
cesarean section trauma had an important effect on the occurrence of ETT at this site.

Key Words: Epithelioid trophoblastic tumor; Lower uterine segment; Cervical canal; p63; Gestational 
trophoblastic tumor; Case report

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

Core Tip: Epithelioid trophoblastic tumor (ETT) is rare clinically. we describe a case of ETT in the lower 
uterine segment and cervical canal. The lesion was present in the lower uterine segment and endocervical 
canal where the cesarean incisions were made. A search of the PubMed database using the search terms 
"cesarean section" and "ETT" retrieved 13 cases of ETT, all of which had a history of cesarean section, 
and the lesions were located in the cesarean incision of the uterus. Therefore, we deduced that cesarean 
section trauma had an important effect on the occurrence of ETT at this site.

Citation: Yuan LQ, Hao T, Pan GY, Guo H, Li DP, Liu NF. Epithelioid trophoblastic tumor of the lower uterine 
segment and cervical canal: A case report. World J Clin Cases 2023; 11(4): 938-944
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/938.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.938

INTRODUCTION
Epithelioid trophoblastic tumor (ETT) is a rare form of gestational trophoblastic tumor (GTT) and is 
clinically uncommon. It arises from the malignant transformation of intermediate trophoblastic cells at 
the chorionic leave. Transformation of placental site nodules to ETT has been observed on histological 
examination of surgical specimens[1]. ETT tends to be diagnosed after pathological assessment of 
curettage or surgical specimens. There are no specific symptoms or signs and the reported interval 
between the antecedent pregnancy and the clinical manifestation ranges from 1 to 15 years, with an 
average of 6.2 years. Specifically, over 50% of ETTs arise in the cervix or low uterine segment[2]. Here, 
we report a case of ETT within the lower uterine segment and cervical canal and discuss its manifest-
ations, possible causes, and related influencing factors.

CASE PRESENTATION
Chief complaints
A 35-year-old woman presented to our hospital after 9 mo of amenorrhea and 10 d after hysteroscopy.

History of present illness
She went to the local county hospital because after 22 mo of breastfeeding, she had amenorrhea for 2 
mo. She had experienced no discomfort. She was scheduled for an ultrasound that showed a suspected 2 
cm uterine fibroid or uterine cyst and was followed up regularly. Seven months later, menstruation had 
still not commenced. During the follow-up consultation, a 5.0 cm x 4.5 cm x 3.1 cm inhomogeneous echo 
was observed in the lower uterine cavity and cervix, adjacent to a 2.9 cm x 1.7 cm liquid dark area with 
poor sound transmission. A hysteroscopy was performed with the removal of a large amount of blood 
clot-like tissue. The histochemical and immunohistochemical (IHC) pathological diagnosis was ETT.

History of past illness
The patient had no past illness. In terms of her pregnancy history, she had a total of seven pregnancies, 
of which three were miscarriages, two midterm induction, one resulted in twins, and two full-term 
cesarean sections for the first and last pregnancies.

Personal and family history
No other special circumstances.

https://www.wjgnet.com/2307-8960/full/v11/i4/938.htm
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Physical examination
Specialist examination on admission showed a small amount of dark red bloody fluid in the vagina and 
no purplish-blue nodules in the vulva, vagina, or cervix. The appearance of the cervix was normal. The 
uterus was the size of a uterus at 12 wk of pregnancy and was irregular in shape, slightly soft in texture, 
movable, and slightly tender. No obvious mass was found in the bilateral adnexal areas.

Laboratory examinations
The laboratory investigations showed beta-human chorionic gonadotropin (βHCG) levels of 64.30 
mIU/mL [normal range (NR): 0-3] and cytokeratin 19 fragment levels of 3.94 ng/mL (NR: 0-3.3). No 
abnormalities in other tumor markers were seen: Squamous-cell carcinoma, 0.33 ng/mL (NR: 0-2.7); 
carcinoembryonic antigen, 0.61 ng/mL (NR: 0-3.4); carbohydrate antigen (CA) 125, 22.60 U/mL (NR: 0-
35); CA 19-9, 13.70 U/mL (NR: 0-39); CA 15-3, 11.10 U/mL (NR: 0-25); CA 72-4, 3.0 U/mL (NR: 0-6.9); 
neuron-specific enolase, 12.3 ng/mL (NR: 0-17); human epididymal protein 4, 28.8 pmol/L (NR: 0-140).

Imaging examinations
On admission, 16 d after her previous hysteroscopy, ultrasonography revealed a 7.1 cm × 6.3 cm 
anechoic mass in the lower segment of the uterus, with blurred margins, solid cyst-like appearance, and 
reduced blood flow signals. Computerized tomography (CT) imaging of the chest, abdomen, and pelvis 
showed significant enlargement of the uterine cavity, with a large-scale high-density shadow with 
punctate gas and unclear edges visible in the plain scan. The enhancement was not significant after 
application of contrast agent, and the muscle layer was compressed and thinned. No other 
abnormalities were seen. The CT imaging findings indicated that, after hysteroscopy, part of the 
hematoma should be considered in the operation area (Figure 1).

FINAL DIAGNOSIS
Postoperative histological examination of the tumor showed that it was composed of mononuclear 
intermediate trophoblast cells with vacuoles and prominent nucleoli and “geographic” necrosis 
(Figure 2A and B). IHC analysis showed positive expression of HCG, epithelial membrane antigen 
(EMA), inhibin-alpha, p63, and human placental alkaline phosphatase (PLAP), with a Ki-67 prolif-
eration index of 40% (Figure 3A-F). The final diagnosis was lower uterine segment and cervical canal 
ETT.

TREATMENT
On March 11, a total abdominal hysterectomy and bilateral salpingectomy were performed. During the 
operation, a normal-sized uterus was seen with an enlarged tumor in the lower uterine segment, 
together with severe involvement of the anterior wall of the lower uterine segment. The surface of the 
anterior wall of the lower uterine segment was light blue and thin, the entire enlarged lower uterine 
segment with the cervical canal was about 8 cm × 8 cm × 9 cm in size, with compression and 
displacement of the surrounding tissues (Figure 4A and B). Other organs and tissues were normal. 
Postoperatively, the uterus was dissected through an anterior wall incision, showing that the walls of 
the lower uterine segment and cervical canal were 2 mm in thickness, with black blood clot-like tissue 
visible inside (Figure 4C).

OUTCOME AND FOLLOW-UP
The patient recovered smoothly after surgery. After three days, the βHCG level had decreased to 5.53 
mIU/mL and the cytokeratin 19 fragments had returned to the normal range of 1.22 ng/mL, while after 
another seven days, the βHCG level returned to the normal range of 0.48 mIU/mL.

DISCUSSION
ETT is the rarest form of GTT and was previously known as atypical choriocarcinoma. It was first 
described by Mazur in 1989, and the term “ETT” has become widely used since the detailed 
documentation of its clinicopathological and IHC features by Shih and Kurman in 1998[3-6]. It primarily 
affects women of reproductive age, although there have been reported cases of postmenopausal 
patients, with a reported age range from 15 to 66 years[7,8].
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Figure 1 Computerized tomography imaging. A: Uterine body; B: Lower uterine segment and cervical canal lesion.

Figure 2 Histological analysis: Hematoxylin-eosin stain. A: Geographical necrosis of tumors (×40); B: Mononuclear intermediate trophoblast cells with 
vacuoles and prominent nucleoli (×100).

ETT mostly arises within the uterine cavity, although this may vary. Stănculescu et al[9] reported 
cervical occurrence of ETT in 31% of cases, while Hui et al[2] reported that 50% of ETTs arise within the 
uterine cervix or lower uterine segment. The lower uterine segment is derived from the extension of the 
uterine isthmus during pregnancy, that is, the junction between the uterus and the cervix. The incision 
for cesarean section is in the lower uterine segment. The present case had had seven pregnancies, three 
miscarriages: Two midterm inductions, one for twins, and two term cesarean sections. The final 
diagnosis was lower uterine segment and cervical canal ETT. Her last pregnancy had resulted in a full-
term cesarean section 31 mo previously. The tumor made a large, tree stump-like swelling in the lower 
uterine segment and cervical canal, while the uterus was normal-sized and rested on top of the swelling 
(Figure 4A). Trauma to the continuity and integrity of the uterine tissue after surgical incision and 
wound healing in the lower uterine segment may be associated with the development of ETT, and this 
may be part of the reason why ETTs appear in the lower uterine segment and cervical canal. There have 
been reports of ETT occurring at and around the uterine incision scar[10,11]. A search of the PubMed 
database using the search terms "cesarean section" and "epithelioid trophoblastic tumor" retrieved nine 
articles, including 13 cases of ETT and ETT-related lesions[12]. All 13 cases had a history of cesarean 
section, and the lesions were all located at the cesarean section incision on the anterior wall of the lower 
uterine segment. The present case is the 14th reported case of ETT after cesarean section. Therefore, we 
deduced that cesarean section trauma was an important influencing factor of ETT at this site.

ETT is usually associated with a prior gestational event. The antecedent gestations can be term 
pregnancy, abortion, hydatidiform mole, and ectopic pregnancy. Phippen et al[13] reported a case of 
ETT that occurred in the cervix after an ectopic pregnancy. There are even reported cases of isolated 
lung ETT, where microsatellite genotyping of the tumor cells at informative microsatellite loci revealed 
the biparental origin of the tumors, with the presence of paternal alleles at each locus, and confirmed 
their placental origin[14]. Thus, a history of pregnancy is a prerequisite for ETT, although the preceding 
gestation may be sometimes remote. Vaginal bleeding or menometrorrhagia is the most common 
symptom but amenorrhea can also occur, and in our case, amenorrhea was the only presenting 
complaint. The patient had experienced amenorrhea for nine months before her second visit to the local 
hospital for hysteroscopy. It was after the hysteroscopy that the patient developed vaginal bleeding. 
ETT tumor cells express both HCG and keratin, and laboratory tests showed that the serum βHCG 
levels were slightly elevated to 64.30 mIU/mL, while the cytokeratin 19 fragment was 3.94 ng/mL, 
which is consistent with literature reports[2,4,6]. The cytokeratin level decreased to the normal range 
three days postoperatively, and the βHCG returned to the normal range 10 d postoperatively.

Immunohistochemistry, in this case, showed that the ETT tumor cells typically expressed HCG, 
inhibin-alpha, EMA, and p63, with locally expressed PLAP and a Ki-67 nuclear labeling index of 40%; 
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Figure 3 Immunohistochemistry assay (×40). A: Human chorionic gonadotropin -positive; B: Epithelial membrane antigen -positive; C: Inhibin-alpha-positive; 
D: p63-positive; E: Placental alkaline phosphatase -positive; F: Ki-67 proliferation index of 40%.

Figure 4 Surgical specimen. A: Front view; B: Rear view; C: Anterior wall section.

this is consistent with literature reports. The expression of p63 is helpful for the differential diagnosis of 
ETT and placental site reaction and placental site trophoblastic tumor, as the latter two are negative and 
ETT is positive[15]. Most reports have found a Ki-67 nuclear labeling index of approximately 17%, with 
a few reports describing significant elevation[2,14,16].

ETT is a relatively indolent malignancy that, in our case, persisted for seven months without 
extrauterine invasion and metastasis. Clinicians tend to be unaware of the existence of this lesion. It can 
occur many years after the previous pregnancy; Keser et al[4] reported a case of ETT that occurred 16 
years after the previous pregnancy, and Hsiue et al[17] reported a case of ETT that occurred 23 years 
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after the previous pregnancy. For uncertain uterine and extrauterine lesions that do not conform to the 
general rules, low blood βHCG levels combined with histopathology, immunohistochemistry, and 
genetic testing of the diseased tissue are of great significance for the diagnosis and treatment of the 
disease.

CONCLUSION
ETT is not benign, but it is an indolent tumor. ETT patients do not present any specific symptoms or 
signs. A commonly used treatment strategy is surgical resection, which is effective when there is no 
extrauterine spread or metastasis of the tumor cells. The ETT case discussed in the present report would 
help enhance the understanding of the disease from a clinician’s perspective. Importantly, the present 
report identified cesarean section trauma was an important influencing factor of ETT that occurred in 
the patient’s cervical canal and lower uterine segment.
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Abstract
BACKGROUND 
Hyperammonemia and hepatic encephalopathy are common in patients with 
portosystemic shunts. Surgical shunt occlusion has been standard treatment, 
although recently the less invasive balloon-occluded retrograde transvenous 
obliteration (B-RTO) has gained increasing attention. Thus far, there have been no 
reports on the treatment of portosystemic shunts with B-RTO in patients aged 
over 90 years. In this study, we present a case of hepatic encephalopathy caused 
by shunting of the left common iliac and inferior mesenteric veins, successfully 
treated with B-RTO.

CASE SUMMARY 
A 97-year-old woman with no history of liver disease was admitted to our 
hospital because of disturbance of consciousness. She had no jaundice, spider 
angioma, palmar erythema, hepatosplenomegaly, or asterixis. Her blood tests 
showed hyperammonemia, and abdominal contrast-enhanced computed to-
mography revealed a portosystemic shunt running between the left common iliac 
vein and the inferior mesenteric vein. She was diagnosed with hepatic enceph-
alopathy secondary to a portosystemic shunt. The patient did not improve with 
conservative treatment: Lactulose, rifaximin, and a low-protein diet. B-RTO was 
performed, which resulted in shunt closure and improvement in hyperam-
monemia and disturbance of consciousness. Moreover, there was no abdominal 
pain or elevated levels of liver enzymes due to complications. The patient was 
discharged without further consciousness disturbance.

https://www.f6publishing.com
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CONCLUSION 
Portosystemic shunt-borne hepatic encephalopathy must be considered in the differential 
diagnosis for consciousness disturbance, including abnormal behavior and speech.

Key Words: Hepatic encephalopathy; Hyperammonemia; Portosystemic shunt; Balloon-occluded retrograde 
transvenous obliteration; Elderly; Case report

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

Core Tip: Hyperammonemia and hepatic encephalopathy are common with portosystemic shunts. In this 
case, hepatic encephalopathy caused by shunting of the left common iliac and inferior mesenteric veins 
was successfully treated with balloon-occluded retrograde transvenous obliteration (B-RTO). A 97-year-
old woman was diagnosed with hepatic encephalopathy secondary to a portosystemic shunt. The patient 
did not improve with conservative treatment: Lactulose, rifaximin, and a low-protein diet. B-RTO was 
performed, resulting in shunt closure and improvement in hyperammonemia and disturbance of 
consciousness. The patient was discharged without further consciousness disturbance.Portosystemic shunt-
borne hepatic encephalopathy must be considered in the differential diagnosis for consciousness 
disturbance, including abnormal behavior and speech.

Citation: Nishi A, Kenzaka T, Sogi M, Nakaminato S, Suzuki T. Treatment of portosystemic shunt-borne hepatic 
encephalopathy in a 97-year-old woman using balloon-occluded retrograde transvenous obliteration: A case report. 
World J Clin Cases 2023; 11(4): 945-951
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/945.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.945

INTRODUCTION
Hepatic encephalopathy is defined as impaired brain function caused by liver insufficiency and/or 
portosystemic shunt[1]. Portosystemic shunts are known to cause hyperammonemia without liver 
dysfunction[2]. A portosystemic shunt is a condition in which portal blood flows directly into the 
systemic circulatory system. In such a condition, ammonia produced in the digestive tract is not 
metabolized in the liver, resulting in hyperammonemia and hepatic encephalopathy. Treatment 
methods include medical therapy, surgical shunt occlusion, and shunt embolization with interventional 
radiology (IVR)[2]. Surgical shunt occlusion or IVR is the treatment of choice when there is no 
improvement with medical treatment, or when complete cure is desired. In recent years, balloon-
occluded retrograde transvenous obliteration (B-RTO) has attracted attention owing to its less invasive 
nature. However, thus far, there have been no reports of B-RTO treatment for cases of portosystemic 
shunts in very elderly patients, i.e., those aged above 90 years.

In this study, we report a case of hepatic encephalopathy caused by shunting of the left common iliac 
and inferior mesenteric veins in a 97-year-old patient whose condition improved after B-RTO treatment.

CASE PRESENTATION
Chief complaints
A 97-year-old Japanese woman exhibited abnormal behavior and disorganized speech for 10 d before 
admission.

History of present illness
Ten days prior to admission, the patient was agitated and spoke incomprehensible words to a neighbor. 
Her family met her 6 d prior to admission but noticed no unusual behavior or speech. Four days prior to 
admission, she exhibited strange behavior, saying that she did not know how to eat eggs and walking 
out with an egg clutched in her hand. Two days prior to admission, she lost spontaneity and had 
urinary incontinence, which she normally does not have. On the day of admission, her speech was 
impaired, and her family admitted her to the emergency room of our hospital.

History of past illness
She had a medical history of cholecystectomy and distal gastrectomy for gastric cancer, with no history 
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of liver disease or cognitive dysfunction.

Personal and family history
She did not take any medications or consume alcohol. She lived alone and had independent activities of 
daily living; her food intake and defecation status were unknown.

Physical examination
Upon examination, she was disorientated, only answered “yes” to questions, and could not follow 
directions. Her vital signs were as follows: Glasgow Coma Scale score, 13 (E4V4M5); blood pressure, 
157/111 mmHg; body temperature, 36.6 °C; pulse rate, 100 beats/min; respiratory rate, 20 breaths/min; 
and oxygen saturation, 99% on ambient air. Physical examination revealed no jaundice, spider angioma, 
palmar erythema, hepatosplenomegaly, or asterixis.

Laboratory examinations
Blood test results showed elevated serum ammonia levels at 125 μg/dL (normal range: 12-66 μg/dL) 
(Table 1). Cerebrospinal fluid examination results were normal, and blood cultures were negative.

Imaging examinations
Computed tomography (CT) of the head and magnetic resonance imaging showed no abnormalities.

FURTHER DIAGNOSTIC WORK-UP
On day 2 after admission, her serum ammonia levels were further elevated to 251 μg/dL and electroen-
cephalography showed triphasic waves. On day 3, an abdominal contrast-enhanced CT scan revealed 
shunting between the left common iliac vein and the inferior mesenteric vein (Figure 1).

FINAL DIAGNOSIS
Based on the extent of hyperammonemia and abdominal contrast-enhanced CT findings, a diagnosis of 
hepatic encephalopathy due to an extrahepatic portosystemic shunt was made.

TREATMENT
As conservative therapy, 39 g/d oral lactulose was started on day 4, and 1200 mg/d oral rifaximin and a 
low-protein diet were started on day 13. Her serum ammonia levels decreased to 80 μg/dL on day 14. 
However, there was little improvement in the patient’s level of consciousness. Therefore, B-RTO was 
performed under local anesthesia on day 20, and coils were placed in the shunts between the left 
common iliac vein and the inferior mesenteric vein (Figure 2). On day 21, contrast-enhanced CT 
confirmed no coil displacement, and shunt closure was achieved. By contrast, mild edematous changes 
were observed in the descending and sigmoid colons. Moreover, there was a partial thrombus in the 
inferior mesenteric vein; however, anticoagulants were not administered because of the patient's 
advanced age. We followed the patient carefully, noting abdominal pain and elevated liver enzymes.

OUTCOME AND FOLLOW-UP
Her level of consciousness improved on day 21 (the day after B-RTO). Her serum ammonia levels were 
21 μg/dL on day 28 and remained within the normal range throughout subsequent hospitalizations. 
There was no abdominal pain or elevated levels of liver enzymes due to complications. The patient was 
discharged on day 65 without any further disturbance of consciousness.

DISCUSSION
We report the case of a 97-year-old patient with hepatic encephalopathy due to shunting of the left 
common iliac and inferior mesenteric veins. To the best of our knowledge, this is the first case in which 
B-RTO was performed for a portosystemic shunt in a very elderly patient aged above 90 years.

On the basis of physical examination, hematology, and imaging findings, this case had no liver 
dysfunction or cirrhosis. The imaging findings showed shunting of the left common iliac vein and the 
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Table 1 Laboratory data on admission

Parameter Recorded value Standard value

White blood cell count 8500/µL 3500-8500/µL

Hemoglobin 14.5 g/dL 12-16 g/dL

Platelet count 16.5 × 104/µL 12-28 × 104/µL

Prothrombin time 15.2 s 10-13 s

Prothrombin time 60.8% 70-130%

Activated partial thromboplastin time 30.8 s 25.3-37.6 s

C-reactive protein 0.1 mg/L ≤ 0.5 mg/dL

Total protein 7.1 g/dL 6.5-8.3 g/dL

Albumin 4.2 g/dL 3.8-5.3 g/dL

Total bilirubin 1.4 mg/dL 0.2-1.2 mg/dL

Aspartate aminotransferase 35 U/L 7-34 U/L

Alanine aminotransferase 22 U/L 4-43 U/L

Lactase dehydrogenase 299 U/L 119-229 U/L

Alkaline phosphatase 128 U/L 38-113 U/L

γ-Glutamyl transpeptidase 16 U/L 6-30 U/L

Blood urea nitrogen 24 mg/dL 8-20 mg/dL

Creatinine 0.66 mg/dL ≤ 0.80 mg/dL

Sodium 145 mEq/L 139-146 mEq/L

Potassium 4.1 mEq/L 3.7-4.8 mEq/L

Chloride 109 mEq/L 101-109 mEq/L

Calcium 9.3 mg/dL 8.6-10.2 mg/dL

Glucose 102 mg/dL 70-109 mg/dL

TSH 1.06 μIU/mL 0.35-4.94 μIU/mL

Free T4 1.24 ng/dL 0.70-1.48 ng/dL

Cortisol 20.8 μg/dL 5.6-21.3 μg/dL

Vitamin B1 3.0 μg/dL 2.6-5.8 μg/dL

Ammonia 125 μg/dL 12-66 μg/dL

HBs-Ag (-)

HCV-Ab (-)

TSH: Thyroid-stimulating hormone; HBs-Ag: Hepatitis B virus surface antigen; HCV-Ab: Hepatitis C virus antibody.

inferior mesenteric vein, suggesting that the portosystemic shunt was the cause of hepatic enceph-
alopathy. Portosystemic shunts are classified according to their location as type I (intrahepatic), type II 
(intrahepatic and extrahepatic), type III (extrahepatic), type IV (extrahepatic, portal hypertension), and 
type V (extrahepatic, absence of the portal vein)[2]. A type III (extrahepatic) portosystemic shunt, to 
which this case belongs, is the most frequent, accounting for 48.9% of all types, with an average age of 
onset of 57.4 years[2]. There are congenital and acquired causes of this type of shunt formation, with 
congenital causes being malformations or retained embryonal vascular vessels and the acquired causes 
being complications related to abdominal surgery[2]. The patient in this case had a history of 
cholecystectomy and distal gastrectomy, which may have resulted in the formation of an acquired 
shunt; however, the cause was difficult to determine because of the lack of comparative images from the 
past.

Surgical shunt occlusion is the curative treatment for portosystemic shunts; however, it is generally 
invasive and does not necessarily provide good outcomes[1]. In our case, complications and prolonged 
hospitalization were concerning. In such cases, IVR is an alternative treatment, and recently cases 
wherein patients were treated with B-RTO have been reported[3-6]. B-RTO is considered less invasive 
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Figure 1 Abdominal computed tomography scan with contrast enhancement. A-C: Images showing a portosystemic shunt (orange arrow) running 
between the left common iliac vein (white arrow) and the inferior mesenteric vein (arrowhead).

Figure 2 Angiography images before and after embolization. A: A balloon catheter is advanced into the portosystemic shunt through the left femoral vein; 
B: The shunt is filled with the coil; C: The shunt is completely obliterated.

than surgical treatment, although it may cause complications, such as pleural effusion, ascites, 
thrombosis, pulmonary embolism, and worsening of esophageal varices[2,7-9]. Anticoagulant adminis-
tration to elderly patients is particularly challenging owing to the risk of bleeding, and indications 
should be carefully considered. To the best of our knowledge, the oldest patient who underwent B-RTO 
for a portosystemic shunt was 86 years old[5]. B-RTO has no age-related restrictions on its indications 
and does not require special treatment on account of patients’ advanced age[10]. Although this patient 
was 97 years old, she had no serious comorbidities and was able to perform her daily activities. 
Therefore, we thought that there was great merit in performing curative treatment and B-RTO.

Hepatic encephalopathy is one of the differential diagnoses of disturbance of consciousness, and it is 
common to measure serum ammonia levels when there is a history of liver disease or physical findings 
suggestive of liver dysfunction[11]. By contrast, shock, gastrointestinal bleeding, vesicorectal fistulas, 
drugs such as valproic acid, and obstructive urinary tract infections caused by urease-producing 
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bacteria may lead to hyperammonemia, even in the absence of liver diseases[12,13]. Portosystemic 
shunts also cause hyperammonemia[14].

Although there was no history of liver disease or findings suggestive of liver dysfunction in this case, 
measurement of serum ammonia levels led to diagnosis and subsequent treatment.

CONCLUSION
This is the first report of B-RTO performed in a patient aged > 90 years with a portosystemic shunt. It is 
important to consider hepatic encephalopathy due to a portosystemic shunt as a differential diagnosis of 
disturbance of consciousness, including abnormal behavior and disorganized speech.
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Abstract
BACKGROUND 
The incidence of pulmonary embolism (PE) in children is low, but its mortality is 
high. Hypereosinophilic syndrome (HES) is a group of diseases caused by an 
abnormal increase in eosinophilic granulocytes resulting in multiple-organ 
dysfunction. The urgent event of thromboembolism in the pulmonary region 
provoked by eosinophils in idiopathic HES (IHES) is relatively unusual. This 
article reports a case of IHES with multiple PEs and left leg venous thrombosis as 
the first manifestation. One month later, the patient developed Henoch-Schonlein 
purpura (HSP), which is very rare.

CASE SUMMARY 
We report the case of a 12-year-old boy who was admitted to the hospital with 
dyspnea, left leg pain, and aggravation. He had bilateral PE and left leg venous 
embolism with mild eosinophilia. Low-molecular-weight heparin and urokinase 
were given. At the same time, the interventional department was contacted about 
filter implantation, followed by urokinase thrombolysis. The left leg thrombus 
was aspirated under ultrasound guidance. He was discharged from the hospital 
on rivaroxaban. One month later, he developed a rash on both legs and ankle pain 
consistent with HSP, with severe eosinophilia and motor and sensory distu-
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rbances. The patient was diagnosed with IHES with multiple embolisms complicated by HSP after 
excluding other causes of the eosinophil elevation. After glucocorticoid treatment, the symptoms 
were relieved, but the patient later developed purpura nephritis.

CONCLUSION 
We report a rare and life-threatening case of IHES with multiple embolisms associated with HSP. 
A mild elevation of eosinophils early in the disease leads to difficulties in diagnosis and delayed 
treatment.

Key Words: Eosinophil; Hypereosinophilic syndrome; Henoch-Schoenlein purpura; Thrombosis; Case report

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

Core Tip: Pulmonary embolism (PE) in children usually occurs in the presence of an underlying condition, 
systemic disease, or other risk factors. Idiopathic PE accounts for less than 4% of these. The child has no 
risk factors for thrombosis other than obesity at the first hospitalization. A month later, he developed a 
purpuric rash on both legs, and pain in his ankles consistent with Henoch-Schönlein purpura (HSP) was 
accompanied by severe eosinophilia and motor and sensory impairments. Persistent eosinophilia in 
peripheral blood can lead to tissue infiltration and even organ damage. If end-organ damage occurs, 
hypereosinophilic syndrome (HES) can be diagnosed immediately. According to monist principles, 
patients are diagnosed with idiopathic HES with multiple embolisms complicated by HSP. After glucocor-
ticoids, eosinophils quickly return to normal, neurological symptoms gradually improve, and the rash 
disappears. Eosinophils are only mildly elevated in PE, making clinical diagnosis more difficult.

Citation: Xu YY, Huang XB, Wang YG, Zheng LY, Li M, Dai Y, Zhao S. Development of Henoch-Schoenlein 
purpura in a child with idiopathic hypereosinophilia syndrome with multiple thrombotic onset: A case report. 
World J Clin Cases 2023; 11(4): 952-961
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/952.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.952

INTRODUCTION
Hypereosinophilic syndrome (HES) is a group of clinical syndromes characterized by a persistent and 
significant increase in eosinophilic granulocytes in the peripheral blood and surrounding tissues, 
resulting in organ dysfunction. This condition, which has an unknown cause, is called idiopathic HES 
(IHES). This disease mostly occurs in people between 20 years and 50 years of age, with an incidence 
rate of 0.04/100000 and a mortality rate of 9.3%[1]. It is rare in children, in whom its incidence is 
unknown. Pulmonary embolism (PE) caused by IHES is even rarer. Patients with HES also have 
autoimmune diseases such as ulcerative colitis, autoimmune hepatitis, autoimmune thyroiditis, multiple 
sclerosis, systemic lupus erythematosus, antiphospholipid syndrome, myasthenia gravis, and 
rheumatoid arthritis[2-4]. Henoch-Schoenlein purpura (HSP) is a common vasculitis in school-aged 
children that can affect the skin, joints, kidneys, and other organs. Children diagnosed with IHES with 
multiple embolisms complicated by HSP are very rare. This case extends the list of HES patients with 
autoimmune diseases. To improve the understanding of this disease among pediatric clinicians, a case 
of IHES with dyspnea and leg pain as the initial presentation and subsequent concomitant HSP was 
reported in our hospital.

CASE PRESENTATION
Chief complaints
A 12-year-old boy was admitted to our hospital for the first time on January 11, 2021 because of dyspnea 
for 2 wk, left leg pain for 1 wk, and aggravation for 3 d. He also had a fever and occasional cough. On 
February 24 and April 2, 2021, the patient was admitted to the hospital with a symmetrical, dark red 
rash on both legs that did not face when pressed, accompanied by ankle swelling and pain.

History of present illness
The child had a history of respiratory infections prior to labored breathing.

https://www.wjgnet.com/2307-8960/full/v11/i4/952.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.952
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History of past illness
The child was previously healthy.

Physical examination
First hospital admission: The patient was 168 cm tall, weighed 76 kg, and had a body mass index (BMI) 
of 26.9 kg/m2. His vital signs were as follows: Body temperature, 37.4 °C; blood pressure 128/81 mmHg; 
heart rate, 104 beats per min; respiratory rate 32/min; and SpO2 92% (room air). The patient’s skin was 
normal, but he displayed slight shortness and exertion of breath. The circumference of his left leg was 
39.5 cm and right leg 37.5 cm, and his limb muscle tension was normal.

Second and third admissions: His legs showed a scattered, symmetrical, pressing dark red rash that 
did not fade, and both ankles were swollen and painful. On April 4, 2021, the child had decreased pain 
and temperature sensation in the right plantar, the toe could not bend to the ventral side, and the skin 
temperature of the right plantar was higher than that of the opposite side.

Laboratory examinations
His platelet count was 50 × 109/L, and his eosinophil count (EC) was slightly high at 0.63 × 109/L 
(Figure 1). On the other hand, his D-dimer level was 11.12 μg/mL (Figure 2). Serum potassium was 3.32 
mmol/L. On day 8, blood tests showed normal levels of potassium. C4 was slightly high at 0.46 g/L 
(normal: 0-0.4). Protein C was 50.2% (normal: 75-130). Neuronal enolase was slightly high at 21.96 μg/L 
(normal: 0-16.3). N-terminal pro-brain natriuretic peptide (NT-proBNP) and troponin I (TnI) were high 
at 3116 pg/mL and 0.145 ng/mL, respectively, on January 11, 2021. No abnormalities were found in TnI 
on January 16, 2021 or in NT-proBNP on January 19, 2021. On February 24, 2021, the patient’s IgE level 
was significantly high at 531 IU/mL (normal: 0-52). No abnormalities were found in hemoglobin, 
glucose, lipid, liver function, renal function parameters, C-reactive protein, activated partial 
thromboplastin time, or protein C. Anti-neutrophil cytoplasmic antibody, antinuclear antibodies, 
anticardiolipin antibody, HIV tests, hepatitis B, hepatitis C, mycoplasma pneumonia antibody, borrelia, 
and treponema pallidum were negative. Chlamydia pneumoniae IgG was positive. Human chorionic 
gonadotropin, alpha-fetoprotein, carcinoembryonic antigen, ferritin, and C3 were within the reference 
ranges. Allergen IgE detection, food intolerance, stool for Giardia lamblia, cryptosporidium, pinworm, 
and genetics were negative. On February 26, 2021, the microalbumin level in urine was 13.01 mg/L, but 
total urinary protein was not found due to the problem of specimen retention. The 24-h urinary total 
protein and microalbumin levels reviewed at later stages are shown in Figure 3.

Imaging examinations
On January 11, 2021, color Doppler echocardiography revealed right atria and ventricle enlargement, 
mild tricuspid regurgitation with insufficiency, and pulmonary hypertension. Color Doppler ultrasono-
graphy of the blood vessels of the legs showed thrombosis of the superficial femoral vein, popliteal vein, 
and posterior tibial vein of the left leg (Figure 4A). The lung computed tomography (CT) showed 
scattered wedge-shaped consolidation of both lungs with an outward-facing base and apex pointing to 
the hilum, a relatively widened pulmonary artery, and pulmonary infarction cannot be excluded. CT 
angiography of the pulmonary artery showed extensive embolization of both pulmonary arteries with 
enlargement of the pulmonary artery and the right heart (Figure 4B). On February 4, 2021, color Doppler 
ultrasound of the left lower extremity vein showed patency of blood flow. On April 6, 2021, color 
Doppler echocardiography showed a plump right atrium, mild tricuspid regurgitation with 
regurgitation insufficiency, and mild pulmonary hypertension. Bone marrow puncture and cranial and 
spinal MRI were not performed.

MULTIDISCIPLINARY EXPERT CONSULTATION
HSP was diagnosed given the child's typical symmetry of the two legs, nonfading compression, dark-
red rash, and ankle swelling and pain. Symptomatic treatment was recommended, and glucocorticoids 
were added when necessary.

FINAL DIAGNOSIS
The patient was diagnosed with IHES with multiple embolisms complicated by HSP.

TREATMENT
First hospital admission: Immediately afterward, he was given low-molecular-weight heparin and 
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Figure 1 Changes in platelet and eosinophil count from the first hospitalization to the end of follow-up.

Figure 2 D dimer changes during the child's first hospitalization.

urokinase. At the same time, the interventional department was contacted for inferior vena cava filter 
implantation followed by urokinase thrombolysis. Angiography showed a marked reduction in filling 
defects. Rivaroxaban tablets were taken orally after the operation. On January 15, 2021, the left leg 
thrombus was aspirated under ultrasound guidance, and numerous long strips of thrombus were 
extracted (Figure 4C). Postoperative angiography showed that the filling defect had disappeared. On 
January 21, 2021, the filter was removed, and a thrombosis was attached to the filter (Figure 4D). He was 
discharged from the hospital on rivaroxaban.

Second hospital admission: He was given anti-anaphylactic treatment while rivaroxaban was 
continued orally.

Third hospital admission: Methylprednisolone sodium succinate (2.0 mg/kg/d) was administered. 
Prednisone (0.5 mg/kg/d) and rivaroxaban were administered orally at discharge. Prednisone and 
rivaroxaban were gradually discontinued over 3 mo.

OUTCOME AND FOLLOW-UP
After methylprednisolone sodium succinate treatment was administered, EC decreased significantly, 
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Figure 3 The 24-h urinary total protein and microalbumin levels reviewed at later stages.

Figure 4 The 24-h urinary total protein and microalbumin levels reviewed at later stages. A: The arrow in the figure indicates the superficial femoral 
vein of the left lower extremity, through which no blood flow passes. The color flow is the superficial femoral artery of the left lower extremity; B: The arrows in the 
figure indicate multiple filling defects in the main pulmonary arteries of both lobes and segments; C: Many long thrombi aspirated from the left leg; D: When the filter 
was removed, a thrombosis was attached to the filter.

and the patient’s skin rash, arthralgia, pain, temperature sensation, and toe activity gradually recovered. 
After following the child for one year, on November 8, 2021, the child showed signs of respiratory tract 
infection, skin rash in the legs again, and ankle pain. On November 10, 2021, purpura nephritis was 
diagnosed, and prednisone was given (0.2 mg/kg/d). The child has no symptoms at present, and his EC 
has decreased. His total urinary protein and micro urinary albumin levels gradually returned to normal. 
Presently, prednisone is being gradually reduced.



Xu YY et al. IHES, HSP, and multiple thrombosis

WJCC https://www.wjgnet.com 957 February 6, 2023 Volume 11 Issue 4

DISCUSSION
A 30% mortality rate in patients with PE was reported in some studies that included autopsy-based PE 
diagnosis[5]. PE in children is associated with central venous catheterization, malignancy, congenital 
heart disease, systemic lupus erythematosus, trauma, surgery, long-term total parenteral nutrition, 
dehydration, infection, hospitalization with a state of acquired or congenital hypercoagulability, oral 
contraceptive usage, and inactivity. There were no risk factors in our patient. One month later, the child 
had significantly elevated eosinophils (EOSs) and a symmetrical, dark-red rash on both legs that did not 
fade when pressed, accompanied by ankle swelling and pain. The rash was diagnosed as HSP after 
consultation with the nephrology department. HES can cause thrombi. A retrospective review of the 
English literature (Table 1) found 16 articles[6-21], a total of 21 patients were diagnosed with HES and 
complicated with thrombotic events, of which deep venous thrombosis accounted for 38%, and PE 33%. 
The mortality rate was 19%. HES is characterized by a consistently elevated EC of 1.5 × 109/L or more 
that lasts for at least 6 mo or across 2 examinations (≥ 1 mo between tests) and can be diagnosed 
immediately in the event of life-threatening end-organ injuries, such as PE and cerebrovascular 
thromboembolism, to avoid delayed treatment[22]. HES is more common in men than in women, and 
fever is the most common symptom, which can cause functional impairment of the skin, heart, nerves, 
lungs, digestive tract, and other organs. Thrombotic events are rare. The patient reported here presented 
with PE and left leg venous thrombosis as the first manifestation, and the peripheral blood eosinophil 
level was only slightly elevated at this time. Rato reported a case of IHES with a maximum peripheral 
eosinophil count of 0.83 × 109/L, but the pleural pathological examination was consistent with 
eosinophil pleurisy. Bronchoalveolar lavage revealed EOSs with a large pericardial effusion and left 
ventricular perforation. A pericardial biopsy indicated the presence of many EOSs[23]. According to the 
principles of monism, HES was considered likely in this case. HES has a complex etiology and can be 
divided into primary (mainly hematological tumors), secondary (allergic diseases such as asthma, 
parasitic or fungal infections, drugs, and rheumatic diseases), and idiopathic[24]. Our patient was 
negative for HES-related etiology and screening indicators, including infection, allergens, rheumatic 
diseases, immune deficiency, and tumors. The child was healthy and showed normal growth and 
development. He denied a history of rhinitis, asthma, intractable eczema, or repeated bacterial 
infections. He did not lose weight recently, nor did he have an enlargement of the liver, spleen, or 
lymph nodes, so primary HES was not supported. The onset age was young, there was no history of 
thrombotic disease in his lineal or collateral relatives, and no positive results were found in the genetic 
test. The diagnosis was IHES with multiple embolisms associated with HSP.

In most cases, PE originates from deep vein thrombosis of the legs. The child first had dyspnea, 
followed by left leg pain. PE may come from in situ thrombosis. In HES, symptoms similar to PE are 
usually caused by a large increase in EOSs in the pulmonary vasculature. Thus, this “thrombus” that is 
subsequently detected clinically is not a true thrombus but rather an accumulation of EOSs[25]. This 
pulmonary accumulation leaves fewer EOSs in peripheral blood, which may explain the EOS reduction 
in the PE with leg thrombosis in the present case. Furthermore, EOS release eosinophilic cationic protein 
(ECP), EOS peroxidase (EPO), major basic protein (MBP), and EOS-derived neurotoxin (EDN) to 
damage vascular endothelial cells through degranulation. MBP, ECP, and EPO can also improve the 
activity of tissue factors. Coagulation factors VI and X activate the endogenous coagulation pathway, 
inhibit the production of activated protein C, and cause hypercoagulability. In addition, EOSs can 
directly activate tissue factor, platelet-activating factor, and leukotriene; activate the exogenous 
coagulation pathway; activate and aggregate platelets; and promote thrombosis, while direct EC infilt-
ration leads to vascular endothelial cell injury[26]. These mechanisms suggest that IHES may involve 
blood vessels and cause thrombi. The child's EC fluctuated between 2.63 × 109/L-7.85 × 109/L in the late 
stage, and neurological damage occurred. EOS particles contain EDN and MBP, which may be 
associated with neurological damage[27].

Glucocorticoids (0.5-1.0 mg/kg/d) are currently recommended as the mainstream treatment for 
IHES. It has been reported all patients’ EC decreased, and 98.3% achieved complete remission after 
treatment with glucocorticoids. Standard anticoagulation treatments also effectively prevented the 
recurrence of venous thromboembolism, and no severe bleeding events were observed during the short-
term follow-up. There is no published information about the long-term outcomes of glucocorticoids and 
anticoagulant therapy in patients with idiopathic eosinophilia (including HES) and venous thromboem-
bolism[28]. Glucocorticoids inhibit EOS maturation and the production of cytokines and chemokines, 
induce EOS apoptosis, and reduce tissue and organ damage. Interferon-α, imatinib, hydroxyurea, or 
mepolizumab is recommended for glucocorticoid deficiency, intolerance, or long-term maintenance 
therapy[24]. In the case of thrombosis, anticoagulation, catheter interventional thrombolytic therapy, 
and surgical treatment can be selected, according to the location of the thrombosis, the time of 
embolization, and the specific situation of the patient[29]. The first symptom in the present child was 
multiple systemic embolisms. After the elimination of anticoagulant contraindications, anticoagulant 
and thrombolytic therapy were administered, and catheter interventional thrombolytic therapy was 
performed simultaneously. When IHES was combined with HSP, there was no recurrence of the rash 
after glucocorticoid administration. With anticoagulant therapy, the neurological damage gradually 
recovered, and the EOSs quickly returned to normal.
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Table 1 Before and after are different patients

No. Ref. Number 
of cases Symptom Thrombotic events Treat Prognosis

1 [6] 2 Papules/multiple painful, 
papules and; plaques over 
both legs

DVT of the lower extremities, PE, left 
renal vein thrombosis/dermal 
microthrombi

Prednisolone and 
anticoagulants/unknown

Died/unknown

2 [7] 1 Pain and swelling of both legs 
accompanied with fever

DVT of the lower extremities, PE, 
portal thrombosis, mesenteric venous 
thrombosis

Prednisone, coumadin Improved

3 [8] 2 Progressive chest pain, cough, 
hemoptysis, painless right leg 
swelling and 10 d history of 
intermittent diarrhea/pain 
and swelling of right leg, 
hemoptysis

DVT of the right lower extremity, PE Anticoagulant, corticosteroids Improved

4 [9] 1 Shortness of breath, chest 
pain, digital ischaemia

DVT of the lower extremities, PE, 
portal vein; thrombus, vena cava 
thrombus

Inferior vena cava filter insertion, 
thrombolysis, prednisolone, antico-
agulation

Improved

5 [10] 1 Distal lower extremity 
paresthesias and fatigue

Cerebral arteriolar thromboembolism Methylprednisolone Died

6 [11] 1 Headaches, vomiting, a rise in 
blood pressure

Sagittal sinus vein thrombosis Anticoagulation Died

7 [12] 1 Fever, respiratory distress Right atrial and ventricular 
thrombosis

Anticoagulation Improved

8 [13] 2 Pain in the left inguinal 
region/palsy and pain in the 
right middle finger

Thrombus formation from the trunk of 
the portalvein, superior mesenteric 
vein, splenic vein, and right hepatic 
vein to deep veins in the lower 
extremities/A thrombus of the 
muscular artery in the subcutaneous 
region

Splenectomy, prednisolone, anticoagu-
lation/prednisolone, cyclosporin A, 
prostaglandin E1, the finger was 
amputated

Improved

9 [14] 1 Left upper abdominal pain, 
dry cough, a painful, swollen 
left leg

DVT of the left lower extremity Prednisolone, anticoagulation Improved

10 [15] 1 Headache, vomiting Superior sagittal sinus thrombosis Anticoagulation Improved

11 [16] 1 Fever Portal vein thrombosis Corticosteroids, anticoagulation Improved

12 [17] 1 Disorientation, decreased 
muscle strength in the upper 
limbs, nonspecific chest pain

Arch of the aorta thrombus Corticosteroids, anticoagulation Aggravation

13 [18] 1 Cough, malaise, loss of 
appetite, and fever

DVT of the lower extremities, PE, and 
both right and left biventricular mural 
thrombi

Glucocorticoids Improved

14 [19] 1 Swelling in the right parotid 
gland

Transverse and sigmoid sinuses 
thrombosis

Methylprednisolone Died

15 [20] 1 Fever, hemoptysis, and chest 
pain

DVT of the lower extremities, PE Dexamethasone, anticoagulation Improved

16 [21] 3 Unknown Superficial venous thrombophlebitis 
of the lower extremities

Prednisone, anticoagulation Improved

DVT: Deep venous thrombosis; PE: Pulmonary embolism.

HSP, also known as IgA vasculitis, is the most common small vasculitis in childhood. It may affect the 
skin, joints, gastrointestinal tract, and kidneys. HSP can be complicated by venous thrombosis[30,31], 
but there was no evidence of HSP before the occurrence of thrombosis in this child. It is not clear 
whether IHES and HSP have a common pathogenesis. Interleukin-4 (IL-4) and IL-5 are cytokines 
secreted by Th2 cells. IL-5 specifically promotes terminal differentiation and proliferation of EOSs and is 
an important chemokine in EOSs. When inflammation occurs, EOSs aggregate and become activated, 
and a large amount of IL-5 is secreted, which leads to increased EOS proliferation and infiltration and 
leukotriene synthesis, resulting in a self-amplification effect and aggravation of the inflammatory 
response[32,33]. IL-5 and IL-4 can promote the expression of vascular endothelial cell adhesion 
molecules, thereby enhancing EOS, basophil, and endothelial cell binding and causing inflammatory 
cells to infiltrate local tissues. IL-5 not only activates EOSs but can also recruit transforming growth 
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factor β and various cytokines to promote IgA production in B lymphocytes, all of which play an 
important role in the pathogenesis of HSP[34]. IL-5 and ECP-activated EOSs may be factors in the 
pathogenesis of purpura nephritis[35]. The serum ECP of children with HSP during the acute episode 
was significantly higher than that of healthy children and children in remission with hormone therapy. 
The serum ECP of those with kidney involvement was significantly higher than that of those without 
kidney involvement. Late respiratory tract infection in children leads to recurrent rash, joint pain, 
increased urinary protein, and EC. This leads to the progression of purpura nephritis, in which IL-5, 
ECP, and mast cells also play a certain role[36]. The current case was isolated, and whether there are 
other pathways between eosinophilia and HSP needs to be further investigated.

CONCLUSION
In this case, a 12-year-old boy diagnosed with IHES presented with dyspnea and lower limb pain as the 
first presentation, with only mild eosinophilia, and later developed HSP. Respiratory infections can 
cause recurrence of HSP and an increase in eosinophils. For atypical rare diseases with multidisciplinary 
treatment and poor prognosis, clinical expertise should be paid more attention.
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Abstract
BACKGROUND 
In patients with obscure gastrointestinal bleeding, re-examination with standard 
upper endoscopes by experienced physicians will identify culprit lesions in a 
substantial proportion of patients. A common practice is to insert an adult-sized 
forward-viewing endoscope into the second part of the duodenum. When the 
endoscope tip enters after the papilla, which is a marker for the descending part of 
the duodenum, it is difficult to endoscopically judge how far the duodenum has 
been traversed beyond the second part.

CASE SUMMARY 
We experienced three cases of proximal jejunal masses that were diagnosed by 
standard upper gastrointestinal endoscopy and confirmed with surgery. The 
patients visited the hospital with a history of melena; during the initial upper 
gastrointestinal endoscopy and colonoscopy, the bleeding site was not confirmed. 
Upper gastrointestinal bleeding was suspected; thus, according to guidelines, 
upper endoscopy was performed again. A hemorrhagic mass was discovered in 
the small intestine. The lesion of the first patient was thought to be located in the 
duodenum when considering the general insertion depth of a typical upper 
gastrointestinal endoscope; however, during surgery, it was confirmed that it was 
in the jejunum. After the first case, lesions in the second and third patients were 
detected at the jejunum by inserting the standard upper endoscope as deep as 
possible.

CONCLUSION 
The deep insertion of standard endoscopes is useful for the diagnosis of obscure 
gastrointestinal bleeding.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v11.i4.962
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Core Tip: In obscure gastrointestinal bleeding, guidelines recommend a second-look endoscopy. If there 
are negative results, enteroscopy is necessary. However, enteroscope is less commonly used than other 
endoscopes, and diagnosis may be delayed. We report cases of gastrointestinal stromal tumors in the 
jejunum diagnosed with standard upper endoscopy and confirmed by surgery. In many cases, we do not 
know how deep the endoscope was inserted; however, we found the tip of the upper endoscope reached 
the jejunum and confirmed it through surgery. We recommend inserting an upper gastrointestinal 
endoscope deeply when performing second-look endoscopy for obscure upper gastrointestinal bleeding.

Citation: Lee J, Kim S, Kim D, Lee S, Ryu K. Three cases of jejunal tumors detected by standard upper 
gastrointestinal endoscopy: A case series. World J Clin Cases 2023; 11(4): 962-971
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/962.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.962

INTRODUCTION
In clinical practice, many bleeding points can be initially identified by upper gastrointestinal endoscopy 
and colonoscopy. The small intestine is frequently difficult to approach because of its anatomical 
structure and location, leading to delayed diagnosis and treatment. Although many types of entero-
scopes have been developed, they have difficulty in diagnosing and treating patients with active 
bleeding, especially regarding cost limitations. Considering the maintenance costs and frequency of use, 
many centers do not have enteroscopes. However, in clinical settings, since a several cases of small 
bowel bleeding occur at the proximal jejunum, those cases can be diagnosed and treated by colonoscopy 
or push enteroscopy[1]. Herein, we report three cases of obscure gastrointestinal bleeding from 
gastrointestinal stromal tumors in jejunum diagnosed by standard upper gastrointestinal endoscopy.

CASE PRESENTATION
Chief complaints
Case 1: A 55-year-old man presented with a 3 d history of melena.

Case 2: A 74-year-old woman presented with a 3 d history of melena.

Case 3: A 77-year-old woman presented with a 2 d history of melena.

History of present illness
Case 1: The patient visited a regional hospital because of black stools and underwent upper 
gastrointestinal endoscopy, colonoscopy, and abdominal computed tomography. However, the exact 
bleeding point was not identified; thus, he was referred to our clinic for further evaluation.

Case 2: The patient visited our emergency center because of black stools. She also presented epigastric 
pain and general weakness.

Case 3: The patient was referred to our hospital after visiting a regional hospital for black stools. She 
also presented general weakness.

History of past illness
Case 1: None.

Case 2: The patient was diagnosed with cerebrovascular accident accompanied by hypertension 17 
years ago.

Case 3: The patient had been treated for cerebrovascular accidents 6 and 10 years ago.

Personal and family history
Case 1: None.

https://www.wjgnet.com/2307-8960/full/v11/i4/962.htm
https://dx.doi.org/10.12998/wjcc.v11.i4.962
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Case 2: The patient was on antihypertensive drug therapy including aspirin and had gait disturbance 
because of weakness in the right upper and lower extremities.

Case 3: The patient was on antihypertensive drug therapy including aspirin. She was under rehabil-
itation for gait disturbance and mostly remained in the lying position.

Physical examination
Case 1: Vital signs were normal. The bowel sounds increased.

Case 2: Vital signs were normal. No abdominal tenderness, rebound tenderness, and palpable mass 
were noted.

Case 3: Vital signs were normal. The bowel sounds increased.

Laboratory examinations
Case 1: Hemoglobin concentration dropped to 9.6 g/dL. Other results were within normal limits.

Case 2: Hemoglobin concentration dropped to 4.4 g/dL. Biochemical tests revealed blood urea nitrogen, 
22.0 mg/dL; serum creatinine, 0.73 mg/dL; total bilirubin, 1.5 mg/dL, and other results were within 
normal limits.

Case 3: Hemoglobin concentration decreased to 6.0 g/dL, and other laboratory results were relatively in 
the normal range.

Imaging examinations
Case 1: The bleeding point was evaluated again by upper gastrointestinal endoscopy before the 
assessment of the small intestine. We used a video Gastroscope GIF-Q260 (working distance, 103 cm; 
Olympus Corp., Tokyo, Japan). Endoscopy was performed without sedation. After the stomach and the 
descending(second) part of the duodenum were thoroughly examined, the endoscope was maximally 
inserted using the axis-maintaining and bowel-shortening method as in the colonoscopy. While 
inserting the endoscope tip deeper from the third part of the duodenum, the color of the mucosal 
surface suddenly changed to dark. At that time, a 2.5 cm protruding mass of black mucosa was 
identified on the transitional area (Figure 1). The surface of the mass was smooth, the center was 
depressed, and its distal part had exposed blood vessels. Active bleeding was not noted at that time. 
Secondary reading of abdominal computed tomography from an outside hospital was made by a 
radiologist who was a subspecialist of gastrointestinal system in our hospital. According to the 
radiology report, intraluminal mass was noted at the proximal jejunum (Figure 2).

Case 2: Upper gastrointestinal endoscopy was performed to find the bleeding points, but neither active 
bleeding nor a suspicious lesion was identified. On the following day, colonoscopy was performed, 
which revealed large amounts of black stools without suspicious bleeding points. Since black blood clots 
were observed in the terminal portion of the ileum, the patient was scheduled for enteroscopy. Before 
enteroscopy, upper gastrointestinal endoscopy was performed again without sedation. The stomach and 
descending part of the duodenum were thoroughly examined with the same endoscope that was used 
in case 1, but no suspicious bleeding points were identified. The endoscope tip was maximally inserted 
deeper than the descending part of the duodenum using the axis-maintaining and bowel-shortening 
method with abdominal compression. During the insertion, the arrangement of the mucosal fold was 
altered, and a 1.5 cm protruding mass was seen at what appeared to be the jejunum (Figure 3). 
Abdominal computed tomography detected a 2.0 cm enhanced mass at what appeared to be the 
proximal jejunum (Figure 4).

Case 3: We performed upper gastrointestinal endoscopy and colonoscopy, but could not find any 
bleeding points. Abdominal computed tomography revealed a 3.8 cm dumbbell-shaped enhancing mass 
in the proximal jejunum (Figure 5). To check for active bleeding and perform biopsy, endoscopic 
examination was decided, and previously described (as in cases 1 and 2) standard upper gastrointestinal 
endoscopy was performed without sedation. The endoscope was inserted by the technique used in the 
previous cases. The mass covered with normal mucosa of approximately 3 cm in size was noted at the 
structure suspected as the proximal jejunum, nearly filling the lumen (Figure 6). Simultaneously with 
endoscopy, fluoroscopy was performed to confirm the location of the tip of the scope (Figure 7). A small 
bowel series was conducted to determine the exact location. On small bowel series, a 2.0 cm ellipsoid 
filling defect lesion was observed in the proximal jejunal loops at a distance of approximately 20 cm 
from the Treitz ligament (Figure 5).
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Figure 1 Conventional upper gastrointestinal endoscopy findings. A and B: A dark discoloration is seen in the area which suspected to the third part of 
the duodenum; C: There is an approximately 2.5 cm central depressed mass in the transitional zone with mucosal color; D: The mass shows a smooth surface and 
focal bleeding with exposed vessels.

FINAL DIAGNOSIS
Case 1: The tumor measured 2.7 cm × 2 cm, and the mitotic count was low (< 1/50 high-power fields).

Case 2: The tumor measured 3.9 cm × 2.2 cm, and the mitotic count was low (< 1/50 high-power fields).

Case 3: The tumor measured 2.5 cm × 1.6 cm, and the mitotic count was low (< 1/50 high-power fields).
Immunohistochemical studies of all cases showed positive staining for CD 117 (c-kit) in the tumor 

cells (Figure 8). These findings supported a diagnosis of a gastrointestinal stromal tumor (GIST) having 
a low risk.

TREATMENT
Case 1: According to the imaging study, the mass was thought to be a submucosal tumor located in the 
duodenum or jejunum because it is thought that forward-viewing standard upper gastrointestinal 
endoscopes commonly cannot reach over the distal part of the duodenum. Thus, the tumor location was 
not accurate, and the patient was scheduled for elective operation, with various possibilities of tumor 
location. For instance, if the location is retroperitoneal, pancreaticoduodenectomy (Whipple’s operation) 
should be performed, which needs substantial time and skilled surgeons. While waiting for the surgery 
date, hematochezia suddenly developed, and emergency exploratory laparotomy was performed 
because of changes in the vital signs while preparing for surgery. The mass was found in the jejunum, 
20 cm distal to the Treitz ligament, and segmental resection with end-to-end anastomosis was 
performed.

Case 2: Laparoscopic segmental small bowel resection was performed, and a protruding tumor in the 
proximal jejunum was identified.

Case 3: The patient underwent laparoscopic segmental small bowel resection.
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Figure 2 Abdominal computed tomography with contrast enhancement. It shows an enhancing mass (arrow) with central depression and luminal 
narrowing at proximal jejunum. A: Axial view; B: Coronal view.

Figure 3 Conventional upper gastrointestinal endoscopy findings. A: The tip of an endoscope is inserted into the area suspected to the fourth part of the 
duodenum; B: A 1.5 cm sized irregular-shaped protruding mass is seen in the area suspected to the fourth part of the duodenum.

OUTCOME AND FOLLOW-UP
This part is not available.

DISCUSSION
Obscure gastrointestinal bleeding is a case in which bleeding points cannot be identified by initial upper 
gastrointestinal endoscopy and colonoscopy[2]. Causes of obscure gastrointestinal bleeding include 
bleeding tumors, such as malignant tumors or large adenomas, inflammatory diseases, vascular 
diseases, parasitic infestations, pancreaticobiliary tract diseases, and diverticula. Obscure 
gastrointestinal bleeding occurs mostly in the small intestine; thus, methods for the diagnosis of small 
intestinal diseases have been extensively studied so far[2].
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Figure 4 Abdominal computed tomography and small bowel series with barium findings. A: Abdominal computed tomography with contrast 
enhancement. It shows an enhanced mass(arrow) with luminal narrowing at the proximal jejunum; B: An intraluminal protruding mass is seen in the small bowel 
series with barium.

Figure 5 Abdominal computed tomography and small bowel series with barium findings. A and B: Abdominal computed tomography with contrast 
enhancement. They show a 3.8 cm sized dumbbell-shaped enhanced mass in the proximal jejunum (arrow). A: Coronal view; B: Axial view; C: A 2.0 cm sized filling 
defect lesion is seen in the small bowel series with barium.

Figure 6 Conventional upper gastrointestinal endoscopy findings. A and B: A 3 cm sized mass covered with normal mucosa was nearly filling the lumen 
at proximal jejunum.

Numerous small bowel tests are available, and each has its advantages and disadvantages. Video 
capsule endoscopy has been widely used in clinical practice and has played a crucial role in the 
evaluation of obscure gastrointestinal bleeding. However, this endoscopy does not allow for tissue 
biopsy or endoscopic treatment, and some lesions could be missed because it passed through the 
duodenum and proximal jejunum too rapidly[3]. Thus, enteroscopy is superior to video capsule 
endoscopy. Enteroscopy includes push enteroscopy that can examine up to 70-150 cm distal to the Treitz 
ligament and deep enteroscopy. Currently, several techniques of deep enteroscopy that can examine 
almost the entire small intestine have been developed, such as double-balloon enteroscopy, single-
balloon enteroscopy, and spiral enteroscopy[4]. However, these enteroscopic procedures have some 
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Figure 7 Fluoroscopy findings. The largest image shows that the tip of the endoscope is located at proximal jejunum (beyond the Treitz ligament). 
Counterclockwise from the top left image: The tip of the endoscope is located at the cardia, angle, proximal antrum, distal antrum, bulb, ampulla of Vater, and distal 
duodenum.

disadvantages because they are expensive, and in some cases, enteroscopic treatment is not feasible. 
Hemostasis through angiography is necessary when patients’ vital signs are unstable or massive active 
bleeding is suspected, but if there are no overt bleeding, the diagnostic yield is low[5]. Bleeding lesions 
are most frequently detected immediately after bleeding onset[6]. Bleeding lesions were found within 
the reach of standard endoscopy in 5%-25% of patients with obscure gastrointestinal bleeding, while 
bleeding points were not discovered on the first endoscopy[7-9]. Thus, many guidelines, especially the 
American Society for Gastrointestinal Endoscopy guideline[10] and the American College of Gastroen-
terology clinical guideline, recommend repeating gastrointestinal endoscopy in patients whose cause is 
not initially determined[11]. In cases where the aforementioned endoscopic procedures were performed 
again under the suspicion of upper gastrointestinal bleeding, experienced endoscopists can detect the 
culprit lesion[12]. Fry et al[13] detected potential and definitive bleeding lesions by re-examination 
within the reach of conventional upper and lower endoscopes in 47.6% and 24.3% of the patients with 
obscure gastrointestinal bleeding, respectively.

GISTs are rare forms of mesenchymal tumors in the gastrointestinal tract and are commonly 
discovered in the stomach (50%-60%) and small intestine (30%-35%) and less frequently in the colorectal 
area (5%) and esophagus (< 1%)[14]. In various studies of small bowel GISTs, tumors were often located 
in the jejunum[15-17]. Symptoms of GISTs are non-specific and vary in size and location. Small tumors 
(<2 cm) are mostly asymptomatic, and the most common symptom in symptomatic cases is 
gastrointestinal bleeding in 50% of the patients, followed by abdominal pain (20%-50%) and 
gastrointestinal obstruction (10%-30%)[18]. They account for 27% of the causes of small bowel bleeding
[19]. According to Sass et al[20], gastrointestinal bleeding occurs in 87% of stromal tumors of the 
duodenum, 64% of stromal tumors of the small bowel except the duodenum, and 45% of stromal tumors 
of the stomach and colon including the rectum.

Byeon et al[21]. reported that double-balloon enteroscopy detected bleeding lesions in the jejunum in 
18 of 30 patients with suspected gastrointestinal bleeding. They stated that the incidence of angiodys-
plasia was not significantly different between the jejunum and ileum (the small bowel distal to the 
jejunum) and that most of the erosive or ulcerative lesions and stromal tumors were found in the 
jejunum. In another study, in nine cases of Dieulafoy’s lesion-induced small bowel bleeding, most of the 
lesions were located in the proximal jejunum[22]. Another study showed that stromal tumors were 
found more frequently in the jejunum than in the ileum (n = 264 vs n = 161) [23]. Therefore, meticulous 
examination of the jejunum is extremely important in patients with obscure gastrointestinal bleeding.
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Figure 8 Macroscopic and microscopic examination. A: Macroscopic cross section shows a gray-white solid tumor; B: Macroscopic examination shows a 2 
cm (longest diameter) encapsulated lobulating mass; C: Macroscopic examination shows a 2.5 cm sized encapsulated round mass; D-F: Microscopic examinations 
show that the tumors are composed of spindle cells having high cellularity (hematoxylin-eosin staining, × 100); G-I: Immunohistochemically, these tumors are positive 
for CD117 (c-kit stain, × 200). (A, D, and G: Patient 1; B, E, and H: Patient 2; C, F, and I: Patient 3).

Conventional forward-viewing upper gastrointestinal endoscopy, which is also called esophago-
gastroduodenoscopy, has been widely used to observe the small intestine up to the descending part of 
the duodenum. Brady et al[24] investigated the maximum reach of a flexible GIF-K2 upper endoscope 
(working distance, 113 cm; Olympus, Tokyo, Japan) and a TX-8 upper endoscope (working distance, 110 
cm; ACMI, Southborough, MA, United States) using X-rays. They stated that the endoscopes reached 
the second part of the duodenum in 96% of the endoscopic procedures, the third part in 51%, and the 
small intestine distal to the fourth part in 38%. Moreover, although none of the endoscopists recognized 
that the endoscope tip had reached the jejunum, X-ray imaging revealed that the endoscope tip had, in 
fact, reached the jejunum in 6 of 55 (10.9%) patients. This result implies that conventional upper 
gastrointestinal endoscopy has potential in finding lesions located in the proximal part of the jejunum.

We re-examined three patients with obscure gastrointestinal bleeding by upper gastrointestinal 
endoscopy using the axis-maintaining and bowel-shortening method as in colonoscopy and detected the 
bleeding lesions in the proximal part of the jejunum. In case 1, a bleeding lesion was identified by 
endoscopy, and computed tomography found it in the proximal part of the jejunum. However, 
considering that the maximum reach of upper gastrointestinal endoscopes is the duodenum, the patient 
was scheduled for elective operation including Whipple’s operation. If partial resection or end-to-end 
anastomosis of the jejunum had been more quickly performed instead of a relatively invasive retroperi-
toneal surgery after confirmation of the tumor location in the jejunum, additional interventions, 
including massive blood transfusion, would not have been required, and the patient’s clinical outcome 
would have become better. Based on this experience, in cases 2 and 3, tumors were detected in the 
jejunum by second-look upper gastrointestinal endoscopy, and surgery was performed after confirming 
their location. In case 3, we could intuitively check the location of endoscope tip in real time by 
performing fluoroscopy simultaneously with endoscopy. Many endoscopists wonder how far the 
endoscope tip extends during an upper gastrointestinal endoscopy, and our experience provide 
information.
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Standard upper gastrointestinal endoscopy may not be needed in cases where enteroscopic 
procedures, such as push enteroscopy, are available immediately. In some reports, lesions of the small 
intestine have been diagnosed through an oral approach using a colonoscope or pediatric colonoscope
[25,26]. However, pediatric colonoscopes are often not available in hospitals that do not perform 
endoscopy frequently for pediatric patients, and an oral approach using a conventional colonoscope can 
cause discomfort to patients. In a previous report, there were no adverse effects when the upper 
gastrointestinal endoscope was inserted deep into the duodenum to the fourth part compared with 
insertion to the second part, and in our case, there were no adverse effects related to deep insertion[27]. 
Meticulous re-examination by standard upper gastrointestinal endoscopy is usually recommended in 
patients with obscure gastrointestinal bleeding. In some cases, efforts to maximally insert an endoscope 
during re-examination by standard upper gastrointestinal endoscopy may be safe and effective for the 
detection of lesions in the proximal part of the jejunum. As advantages, this standard endoscopy could 
enable collection of biopsy specimens and perform immediate treatment of bleeding lesions; thus, it 
should be conducted before small bowel examinations.

CONCLUSION
Inserting a standard upper endoscope into the deeper part of the duodenum than the second part can 
help diagnose some cases of obscure gastrointestinal bleeding.
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Abstract
BACKGROUND 
Omental infarction (OI) is a surgical abdominal disease that is not common in 
adults and is very rare in children. Similar to various acute abdominal pain 
diseases including appendicitis, diagnosis was previously achieved by diagnostic 
laparotomy but more recently, ultrasonography or computed tomography (CT) 
examination has been used.

CASE SUMMARY 
A 6-year-old healthy boy with no specific medical history visited the emergency 
room with right lower abdominal pain. He underwent abdominal ultrasono-
graphy by a radiologist to rule out acute appendicitis. He was discharged with no 
significant sonographic finding and symptom relief. However, the symptoms 
persisted for 2 more days and an outpatient visit was made. An outpatient 
abdominal CT was used to make a diagnosis of OI. After laparoscopic operation, 
his symptoms resolved.
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CONCLUSION 
In children’s acute abdominal pain, imaging studies should be performed for appendicitis and OI.

Key Words: Omental infarction; Children; Ultrasonography; Computed tomography; Case report

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

Core Tip: We report the case of a 6-year-old boy with omental infarction (OI) diagnosed by computed 
tomography (CT) and missed by ultrasonography. The patient who complained of right abdominal pain 
underwent a laboratory test and ultrasound examination in the emergency room. However, there were no 
specific findings, so he was discharged. However, the abdominal pain persisted, so a CT scan was 
performed at the outpatient clinic. Then, OI was diagnosed, and he underwent laparoscopic operation and 
was discharged after hospitalization. Even if there are no specific findings by ultrasonography, CT 
examination should be carefully considered.

Citation: Hwang JK, Cho YJ, Kang BS, Min KW, Cho YS, Kim YJ, Lee KS. Omental infarction diagnosed by 
computed tomography, missed with ultrasonography: A case report. World J Clin Cases 2023; 11(4): 972-978
URL: https://www.wjgnet.com/2307-8960/full/v11/i4/972.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i4.972

INTRODUCTION
Omental infarction (OI) is a rare disease of acute abdominal pain in children[1]. Abdominal pain is a 
common cause of emergency department visits and appendicitis is the most common cause of abdomen 
surgery in children[2]. OI was reported in about 0.1% to 0.5% of children undergoing surgery for 
appendicitis[3]. Therefore, it is common for many doctors to initially suspect OI as appendicitis or other 
diseases, and many cases have been diagnosed intraoperatively[2]. Currently, because of advances in 
imaging technologies, the number of cases diagnosed by abdominal ultrasound and computed 
tomography (CT), rather than surgery, is increasing[3-5]. Although abdominal ultrasound and CT have 
high accuracy, CT has higher sensitivity for OI diagnosis[6].

This case was suspected of appendicitis in the emergency department, and an ultrasound 
examination was performed, but no singularity was found. The patient was discharged but diagnosed 
by an outpatient CT scan two days later.

CASE PRESENTATION
Chief complaints
A 6-year-old healthy boy with no specific medical history visited the emergency room with right lower 
abdominal pain that started two days before the visit.

History of present illness
The day before the visit, he received a prescription from the local clinic, but there was no improvement, 
so he went to the emergency room.

History of past illness
A history of abdominal pain was not presented.

Personal and family history
No family history of abdominal disease.

Physical examination
The patient’s height and weight were 115 cm and 29 kg, respectively. His vital signs in the emergency 
room were as follows: Body temperature, 37 °C; heart rate, 110 beats/min; and respiratory rate, 22 
breaths/min. Tenderness of the right lower quadrant (RLQ) was observed, but rebound tenderness, 
muscle guarding, and rigid abdomen were not observed.

https://www.wjgnet.com/2307-8960/full/v11/i4/972.htm
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Laboratory examinations
Not performed, because radiological findings were not significantly abnormal and the patient’s 
symptoms were relieved.

Imaging examinations
Abdominal X-ray examination was performed, and gaseous distension was observed (Figure 1A and B). 
Abdominal ultrasound was performed after being referred to a radiologist to rule out acute 
appendicitis. Ultrasonography showed the appendix had collapsed and tenderness was not present. In 
addition, there was no significant wall thickening or tenderness in the scanned bowel loop, and no 
abnormal fluid collection or enlarged lymph node was seen in the abdominal cavity. There were no 
abnormal findings on ultrasonography.

Initial diagnosis
Gastrointestinal disease; abdominal pain, right lower quadrant.

Initial treatment
The symptoms improved spontaneously and the patient was discharged.

Clinical course
The patient visited the pediatric outpatient department two days later due to aggravated abdominal 
pain. At the visit, he had a limp, severe pain around the periumbilical area, no fever, and no symptoms 
such as nausea, vomiting, or anorexia. On physical examination, tenderness of the RLQ remained. A 
glycerin enema was performed under the suspicion of fecal impaction on initial X-ray, but there were no 
feces and no palpable stool by digital rectal examination. An additional physical examination showed 
rebound tenderness and a laboratory exam was performed. Inflammatory findings were as follows: 
white blood cell (WBC) 13200/mm3, absolute neutrophil count (ANC) 9540/mm3, erythrocyte 
sedimentation rate 40 mm/hr, and C-reactive protein (CRP) 1.2 mg/dL, but no electrolyte imbalance 
was observed. The calculated pediatric appendicitis score was 7, which was likely appendicitis, and 
contrast enhanced abdomen CT scan was examined. The appendix was collapsed, and no evidence of 
acute appendicitis was found. Abdominal CT scan showed approximately 4 cm of fat lobule below the 
umbilical ligament of the liver left lobe. A hyperdense halo and surrounding fat stranding were detected 
in the periphery of the fat lobule. The vessel of the upper portion inside the fat lobule showed a whirling 
sign. These abdominal CT findings were consistent with OI, and surgery was performed on the same 
day in consultation with the pediatric surgeon.

FINAL DIAGNOSIS
The final diagnosis was OI.

TREATMENT
The patient underwent laparoscopic surgery (Figure 2) and OI was confirmed by histological 
examination (Figure 3).

OUTCOME AND FOLLOW-UP
After laparoscopic surgery, the patient's pain improved and he was discharged at POD 5 without any 
complications.

DISCUSSION
An OI usually affects only one part of the omentum and is commonly seen on the right side[7]. 
Therefore, it is often necessary to differentiate OI from appendicitis because the side of the abdominal 
pain is similar[2]. The cause of OI was unclear. Explanations might include abnormal arterial supply to 
the omentum, torsion around the omental pedicle, or venous torsion usually involving the right epiploic 
vessels[1,8]. There are several risk factors for OI such as obesity, trauma, coughing, and overeating and 
such factors can cause thrombosis or infarction[8]. The patient reported that he had recently gained 
weight rapidly and was obese with a Body Mass Index of 21.9 kg/m2 (99.5 percentile).
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Figure 1 Radiologic study. A and B: Simple abdomen; C and D: Computed tomography. On erect (A) and supine (B) plain radiography, feces and gas are found 
inside the large bowel, and no other specific findings are shown. Axial (C) and coronal (D) scan of abdominal computed tomography show a fat lobule below the 
umbilical ligament of the liver left lobe. A hyperdense halo and surrounding fat stranding are in the periphery of the fat lobule (arrow). The vessel of the upper portion 
inside the fat lobule shows a whirling sign.

Figure 2 Intraoperative photography demonstrating an infarcted omentum adherent to the anterior abdominal wall. The white arrow shows the 
falciform ligament.

OI occurs in approximately 0.1% to 0.5% of children evaluated for acute appendicitis[3]. The male to 
female ratio is usually 2:1[9]. OI was reported in 15% of children and 85% of adults, so it is very rare in 
children and very difficult to diagnose at first examination[10]. Abdominal pain is common in children 
and most are non-surgical diseases such as constipation and enteritis. Appendicitis is the most common 
pediatric surgical abdominal disease in children, and it accounts for 20%-30% of children's colic[11,12]. 
Other surgical abdominal diseases of children are intussusception, Meckel’s diverticulum, and so on. 
Intussusception mainly occurs from 6 mo to 2 years old, and Meckel’s diverticulum represents an 
intestinal obstruction and/or painless gastrointestinal hemorrhage[11,13]. In our patient, considering his 
age and symptoms, the likelihood of intussusception and Meckel’s diverticulum was low, and 
appendicitis was evaluated. When the patient visited the emergency room, small bowel and appendix 
ultrasonography were performed by an expert radiologist. The patient, who had no significant 
abnormal findings by ultrasonography, was discharged.

When he came to the outpatient clinic two days later, an enema was administered first because 
constipation was suspected by simple abdomen X-ray examination. Because there were no abnormal 
findings by enema and rectal examination, it was necessary to differentiate other abdominal diseases. 
Therefore, we performed a laboratory study. Then, we calculated the pediatric appendicitis score as 7 
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Figure 3 Representative microscopic features. A: Omentum is consistent with a hemorrhagic infarction [Hematoxylin & Eosin staining (HE), original 
magnification × 40]; B: Microorganisms were not identified by Gram staining (HE, original magnification × 40); C: The Ki-67 proliferative index was 5% (HE, original 
magnification × 40).

points (likely appendicitis), so it was necessary to differentiate other abdominal diseases by CT[14,15]. 
Previous studies revealed that leukocytosis and fever are minor symptoms of OI[6]. A previous study 
compared OI and acute appendicitis in children and suggested that OI should be considered in patients 
with lower right abdominal pain with a neutrophil fraction < 77%[16]. The results showed that WBCs 
(11928 ± 1042 and 16207 ± 857; P value 0.024), neutrophils (8080 ± 832 and 14057 ± 781; P value 0.001), 
and CRP (3.349 ± 1.155 and 9.082 ± 1.659 mg/dL; P value 0.008) were significantly different between OI 
and acute appendicitis[16]. These findings were consistent with our case. Our patient had leukocytosis 
(WBC > 10000) and neutrophilia (ANC > 7500). In children and adolescents, ultrasonography is 
preferred over CT because of the risk of exposure to radiation[3]. On ultrasonography, OI shows 
increased echogenicity of noncompressible omental fat in a painful area[17,18]. In children, OI is 
difficult to diagnose via ultrasound when communication or symptoms are unclear. In this case, the 
patient was considered to have a negative ultrasound finding because the symptom was unclear and the 
presentation of abdominal pain was not localized. Clinically, OI is difficult to distinguish from acute 
appendicitis and often misdiagnosed as acute appendicitis, leading to surgery[19]. Although abdominal 
ultrasonography is a safe diagnostic method, CT is the gold standard for the diagnosis of OI due to its 
high specificity and sensitivity[3,20]. Therefore, CT may be considered if acute appendicitis is not clearly 
ruled out or if abdominal pain persists even after acute appendicitis is excluded. The CT findings of 
acute appendicitis, which is the most common cause requiring surgery for RLQ pain, include a 
distended appendix with a diameter of more than 6 mm, wall thickening of more than 3 mm, and 
secondary inflammatory periappendiceal chances. The sensitivity and specificity of CT for the diagnosis 
of acute appendicitis are within the range of 94%-98%[21]. However, because children are vulnerable to 
radiation, the same dose of radiation is more harmful to them than to adults. The abdominal CT scan 
was examined with a tube voltage of 100 kVp, and the dose length product was 166 mGycm, which was 
much lesser than the abdominal CT dose for adults. Nevertheless, additional efforts should be devoted 
to reducing the radiation dose as much as possible in the abdominal CT examination for children. 
Ultrasonography is more useful for follow-up to check whether OI has resolved after conservative 
treatment without radiation exposure[3].

As for OI treatment, it has not yet been precisely determined whether surgical or conservative 
treatment is better[6]. Some recommend conservative treatment because OI is a self-limiting disease that 
occurs over 10 to 15 days, whereas others insist on surgical treatment for quick recovery and prevention 
of a secondary abscess[22,23]. This patient complained of severe pain, and with the consent of his 
parents, the OI was treated with surgery.
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CONCLUSION
In conclusion, if a case has right abdominal pain and no specific findings on ultrasonography, a CT 
examination should be carefully considered if symptoms do not improve by follow-up or other diseases 
are suspected. However, because there is a risk of radiation exposure, its implementation should be 
minimized.
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