Review Article

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

Gallbladder Wall Thickness as a Non-Invasive Marker
for Esophageal Varices: A Systematic Review and
Meta-Analysis
Anas Elgenidy *, Ahmed M. Afifi y, Prasun K. Jalal y
* Cairo University, Cairo, Egypt and y Baylor College of Medicine, Houston, USA

E

sophageal varices (EV) are dilated submucosal veins
in the lower esophagus connecting the portal circulation with the systemic circulation.1 It occurs in patients with chronic liver diseases (CLD) especially those
with liver cirrhosis. As the liver becomes ﬁbrotic, interrupting the blood ﬂow increases the pressure in the portal vein,
leading to portal hypertension. As a compensatory mechanism, portosystemic collaterals develop. These collaterals,
however, cannot tolerate the high portal pressure and
become dilated.2,3 In a former study, EV were found in
71.9% of patients with Child-Pugh class B/C and 42.7%
of patients with Child-Pugh class A.4 The incidence of
EV in patients with cirrhosis at 1 year was 5% and at 3 years
was 28%.5
Once EV develop, there is an increased risk of variceal
bleeding, which is the second most common cause of death
in patients with cirrhosis.6,7 The American Association for
the Study of Liver Diseases and many studies recommend
performing esophagogastroduodenoscopy in all patients
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newly diagnosed with liver cirrhosis, but this technique is
costly and invasive with potential complications.8–11
Therefore, several non-invasive parameters like spleen
and portal vein diameters were tested in the last decade
for early detection of EV; however, these parameters still
had a moderate sensitivity and speciﬁcity.12
The gallbladder venous blood is drained via small veins
that terminate in the portal venous circulation. An additional venous part is drained directly into the liver. Therefore, the gallbladder wall thickness (GBWT) can be affected
by portal hypertension. Due to impaired drainage of the
venous blood, the gallbladder wall becomes thickened.13,14
Herein, we aimed to perform a systematic review and metaanalysis of diagnostic test accuracy studies to evaluate the
predictive ability of GBWT ultrasound measurement for
EV in patients with CLD.

METHODS
The current meta-analysis was reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.15

Search Strategy
A comprehensive systematic search for studies that
measured GBWT in patients with EV was performed in
PubMed, Scopus, Embase, and web of science using the
keywords “varix”, “varices”, “gallbladder”, “gall bladder”
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Background: The early detection of esophageal varices (EV) is important in patients with chronic liver disease
(CLD). Non-invasive diagnostic markers are preferred to avoid the cost and potential complications associated
with endoscopy. The gallbladder venous blood is drained via small veins which terminate in the portal venous
circulation. Therefore, the gallbladder wall thickness (GBWT) can be affected by portal hypertension. We conducted the present study to evaluate the diagnostic and predictive utility of ultrasound GBWT measurement
in patients with EV. Methods: We searched PubMed, Scopus, Web of Science and Embase for relevant studies
up to March 15, 2022, using the keywords “varix”, “varices”, and “gallbladder” to search the databases by title
and abstract. Our meta-analysis was performed using the “meta” package of R software version 4.1.0 and
meta-disc for diagnostic test accuracy (DTA). Results: We included 12 studies in our review (N = 1343 participants). The gallbladder thickness was signiﬁcantly larger in patients with EV compared with the control group
(MD = 1.86 mm; 95% CI, 1.36–2.36). The DTA analysis and summary ROC plot showed an AUC of 86% and
Q* = 0.80. The pooled sensitivity was 73% and the speciﬁcity was 86% Conclusions: Our analysis shows that
GBWT measurement is a promising predictor of esophageal varices in chronic liver disease patients. ( J CLIN
EXP HEPATOL xxxx;xxx:xxx)
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Figure 1 Prisma flow diagram for the included studies. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases
and registers only. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/.

to search the databases by title and abstract. No language
restrictions were imposed.
We included studies published up to March 15, 2021.
Two researchers (A.E and A.A) independently screened
the articles by the titles and abstracts. The full text of
potentially relevant articles was reviewed.
We included articles with the following criteria: studies
that included patients with EV due to CLD and reported
the GBWT. On the other hand, we excluded animal
studies, case reports, studies without sufﬁcient data for
GBWT, duplicates, and conference abstracts. We reviewed
the reference lists of the included studies for possible relevant studies.

Extracted Data
The following data were extracted from each study independently by two authors (A.E and A.A): publication
year, study design, age, sex, the mean GBWT measurement
in each group, the cut-off values, sensitivity, speciﬁcity,
2

positive predictive value (PPV), negative predictive value
(NPV) of GBWT in predicting EV. We also extracted the
type of ultrasound used in the prediction of EV and cause
of the EV as shown in Appendix 1.

Quality Assessment
To evaluate the internal validity of the included studies, we
used the NIH quality assessment tool for cross-sectional
studies and observational cohorts,16 the NewcastleOttawa Scale (NOS)17 for appraisal of case-control studies,
and the QUADAS-2 tool for diagnostic test accuracy
studies.18 Two reviewers (A.E and A.A) evaluated the
included studies independently, and any discrepancy was
resolved by discussion.

Statistical Analysis
Our meta-analysis was performed using the “meta” package19 in R software version 4.1.0.20 We employed the
random-effects model to calculate the pooled GBWT in
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Author (year)

Country

Design

Gender (male/female)
Group with varices

Controls

Age (years)
Group with varices

Controls

Begum 2012

Bangladesh

Cross-sectional study

38/23

Shehata 2021

Egypt

Cross-sectional study

39/21

De Alcantara 2013

Brazil

Cross-sectional study

22/31

Elkerdawy 2021

Egypt

Cross-sectional study

38/32

20/15

Median age 51 years

Ersoz 2021

Turkey

Cross-sectional study

–

–

–

48/32

(46.28  8.74)

Khan 2020

Pakistan

Prospective/observational cohort study

52/28

Petzold 2019

Germany

Retrospective cohort study

61/39

Total number

(34–69)
43/17

61

(40–68)a

(46–70)a

(1–20)a

Patient with EHPVO (11 months 19 y)a

120

–
b

65

(45.84  9.32)

(56.1  12.9)b
a

53
105

b

160
100

a

Richter 1992

Germany

Comparative cross sectional study

34/25

34/25

(10–77)

(11–80)

118

Tsaknakis 2018

Germany

Retrospective cohort study

74%/26%

47%/53%

(57  13)b

(57  14)b

192

MARTINS 2000

Brazil

Cross-sectional study

a

12/10

8/10

(18–44)

Wang 2021

China

Retrospective cohort study

134/61

–

(51.8  10.9)

Aﬁﬁ 2022

Egypt

Cross-sectional study

36/14

23/27

(56.5  8.1)b

EHPVO, extrahepatic portal vein obstruction.
a
Stands for range.
b
Stands for mean and SD.
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a

(18–36)
b

40

–

195

(55.6  8.1)b

100
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Table 1 Characteristics of the Included Studies.
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Table 2 Data for DTA Studies.
study

Cut off value

sensitivity

speciﬁcity

PPV

NPV

Dealcantara2013

$4.35 mm

60%

90%

85.7%

69.2%

Tsaknakis 2018

$4 mm

46%

89%

70%

73%

Petzold 2019

3.07 mm

68.6%

77.6%

80%

70.4%

Elkerdawy 2021

3.1 mm

54.29%

97.14%

97.40%

51.50%

Shehata 2021

4 mm

82%

77%

78%

81%

Wang2021(training cohort)

3.55 mm

88.6%

54.7%

47.7%

91.1%

Wang2021(validation cohort)

3.55 mm

91.7%

37.5%

52.4%

85.7%

Aﬁﬁ 2022

3.95

92

95

86.7

97.1

DTA, diagnostic test accuracy; PPV, positive predictive value; NPV, negative predictive value.

---

patients with EV and healthy controls. We estimated the
statistical heterogeneity across the studies using the inconsistency (I2) and Chi-squared (X2) test. Substantial heterogeneity was considered if I2 > 50%, and the P-value was
considered statistically signiﬁcant if less than 0.05. We estimated the mean difference with a 95% conﬁdence interval
for the continuous data. A leave-one-out meta-analysis was
conducted to identify the inﬂuential studies and to investigate the inﬂuence of each study on the overall estimate
by excluding one study at a time.
We also performed the DTA meta-analysis using MetaDisc software.21 We calculated the pooled estimates of
sensitivity, speciﬁcity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio
(DOR) and plotted them with 95% conﬁdence interval
(CI). We represented the performance of a diagnostic test
by plotting the summary receiver operating characteristic
(SROC) curve that represents the results for sensitivity
and speciﬁcity. The curve plots the speciﬁcity on the xaxis and the sensitivity on the y-axis. The diagonal stands
for the value of sensitivity and speciﬁcity of the index
test. The better performance of the test, the closer curves
to the top-left corner. For the meta-analysis of DTA, we
evaluated the heterogeneity using Spearman's correlation
coefﬁcient, inconsistency (I2), Chi-square test, and Cochran's Q test. We employed the random-effects model
of Der Simonian–Laird to estimate the overall effect. If a
study reported the GBWT as median (IQR), they were converted to mean  standard deviation (SD) using the
method devised by Hozo et al.22

RESULTS
Search Results
Of 599 articles identiﬁed electronically, 230 were duplicates and 24 were eligible after abstract review. A total of
12 studies were included for systematic review, enrolling
a total of 1343 participants. Nine studies13,14,23–29 were
included in our meta-analysis comparing the GBWT between patients with EV and controls. Seven
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studies13,14,26,28–31 that reported estimates of GBWT in
predicting EV were included in this DTA meta-analysis.
Figure 1 shows the ﬂow diagram for literature search and
study selection.
Characteristics of included studies are summarized in
Table 1. Four studies were conducted in Asia, three in Europe, three in Africa, and two in South America.
The studies were conducted from 1992 to 2022. Seven
studies were comparative cross-sectional studies, three
were retrospective cohort, one was a prospective observational cohort, and one was a case-control study. All the
studies measured the anterior wall of the gallbladder
body. They used different cut-off for GBWT to be considered abnormal as illustrated in Table 2. Among the nine
studies included in the meta-analysis, the control groups
of seven studies were CLD patients without EV, while in
one study, they were healthy controls.23

Quality of Studies
The results of risk of bias assessments are described in
Appendices 2, 3, and 4. Of 11 studies judged by NIH
tool, 4 were of good quality, 5 were of fair quality, and 2
were of poor quality mostly due to unclear deﬁnitions of
exposure and outcome measures, lack of blinding to the
outcome, and non-adjustment or measurement of potential confounders. Following the NOS tool, the single
case-control study was of good quality. Of seven studies
judged by the QUADAS-2 tool, three studies had high
risk of bias in terms of patient selection. Most of the
studies did not provide clear information regarding blinding of the interpreter of the index test to results of the reference standard or blinding of the interpreter of the reference
standard results to results of the index test.

Data Analysis
Gallbladder Thickness in EV Patients vs. Controls
Nine studies with 1092 participants were included; all reported GBWT measurements were signiﬁcantly larger in
EV patients compared with the control group. The mean
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Figure 2 Meta-analysis comparing the mean GBWT between the group with EV and group without EV.

Diagnostic Test Accuracy Meta-analysis for GBWT
Seven studies reported data for the sensitivity and speciﬁcity of GBWT for prediction of EV. The pooled sensitivity
was 0.68 (95% CI, 0.63–0.73), the pooled speciﬁcity was
0.82 (95% CI, 0.78–0.86), the pooled PLR was 4.53 (CI
95% 2.12, 9.67), the pooled NLR was 0.35 (95% CI 0.23,
0.52), and the pooled diagnostic odds ratio was 15.32
(95% CI 6.93, 33.85) as shown in Figure 3. Figure 4 shows
the summary ROC plot that represents the scatterplot of
(1-speciﬁcity) against sensitivity with an AUC of 0.86 and
Q* = 0.80. High heterogeneity was present in the pooled
sensitivity, speciﬁcity, positive LR, and negative LR.

Threshold and Meta-regression Analysis
We performed threshold analysis to evaluate the source of
heterogeneity if it was due to different cut-off values. The
Spearman correlation coefﬁcient was 0.595 (P-value = 0.120),
indicating insigniﬁcant correlation, and the threshold effect
could not play a role in the heterogeneity of estimates.
Further, we conducted a regression analysis to address the
source of the heterogeneity that showed signiﬁcant correlation with the study design (coefﬁcient 1.126; P-value = 0.04).

Sensitivity and Leave One Out Meta-analysis
Sensitivity and leave one out meta-analyses were done for
all conducted meta-analyses to evaluate the effect of each
study on pooled results. It showed that no single study
inﬂuenced the pooled results, and the heterogeneity did
not change signiﬁcantly as shown in Figure 5.

Figure 3 Sensitivity, specificity, NLR, and PLR of GBWT for prediction of EV.
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difference between the two groups was 1.86 mm (95% CI
1.36–2.36; I2 98%; P-value <0.01) with high heterogeneity
between the studies, as shown in Figure 2.
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Figure 4 DOR and sROC of GBWT for prediction of EV.

Studies Included in the Systematic Review

---

The study by Martins et al.32 had no healthy controls but
divided the patients diagnosed with Schistosomiasis and
EV into two groups according to previous history of variceal bleeding (total 40 patients, 18 in group 1 and 22 in
group 2). The mean GBWT was 6.9 mm (3) in patients
without history of variceal bleeding (group 1) and
6.2 mm (3) in patients with history of variceal bleeding
(group 2).
Previous study30 created a nomogram based on routine
tests to detect EV in compensated advanced CLD patients;
the median GBWT was 4 mm (IQR 2.50–5.60) in a total of
168 patients. We summarized the comparative tabulated
data with other non-invasive tests that predict EV33 in
Appendix 5.
Two studies30,32 excluded patients with ascites, and two
studies23,24 reported that the presence of ascites was not
correlated to GBWT. While two studies14,29 reported that
ascites can be independent predictor for EV and GBWT,
respectively, as shown in Appendix 6.

A previous study26 reported no signiﬁcant difference between compensated and decompensated chronic liver disease among EV patients; however, many studies reported
that GBWT positively correlated with varices
size.13,25,29 In addition, they reported a signiﬁcant
increased GBWT was associated with advanced varices
(grades III and IV) when compared with nonadvanced varices (grades I and II).

DISCUSSION
Chronic liver disease is the 11th driving cause of death in
adults in the United States. The development of EV and
variceal hemorrhage is a common complication in CLD
patients and is associated with higher mortality and
morbidity.34 This indicates the importance of primary
prevention by screening for the EV presence. The current
guidelines recommend EGD for the screening and diagnosis of EV.11 However, the EGD is costly and invasive
with potential complications.8,35 In the present meta-

Figure 5 Leave-one-out meta-analysis for meta-analysis comparing the mean GBWT.
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for the diagnosis of portal hypertension-induced ascites.
In a study by Mohammadi et al.,45 the GBWT in those
with known ascites was signiﬁcantly higher in those with
portal hypertension compared with those with peritoneal
carcinomatosis which conﬁrm that development of ascites
and GBWT are associated with a higher portal hypertension. While Colli et al.46 suggested that the gallbladder
wall thickening should be considered a valuable sign of
transudative ascites and of portal hypertension whatever
its cause.
Previously, hypoalbuminemia was thought to be the
only mechanism for the increase of GBWT in CLD patients, but the increase of GBWT can occur in the absence
of hypoalbuminemia or ascites. It can also be explained by
portal hypertension causing congestion in the gallbladder
wall. Therefore, many studies that explored the role of portal hypertension in GBWT excluded patients with hypoalbuminemia or divided them into subgroups according to
albumin levels24,28 or performed a comparison between patients with equal albumin level.13

Limitation
The main challenge in our study is the presence of high
heterogeneity which may be explained by different ultrasound devices, causes of EV and CLD, different populations, and variability in the study designs. However, to
overcome this limitation, we used random effect models
which consider the level of heterogeneity on pooling the
overall effect, and we performed a leave-one-out meta-analysis to show the effect of every single study; we did not ﬁnd
a single study inﬂuencing the heterogeneity nor the pooled
results, and threshold analysis which did not show the
contribution of the different cut-off values to the heterogeneity; this is consistent with previous DTA meta-analysis
used to predict the EV.37 Following strategies suggested
by Cochrane book part two 9.5.3 to explore the heterogeneity, we performed a meta-regression analysis for potential
covariates with available data that can be source of heterogeneity like: year of publication, country, and design of the
included studies; we found signiﬁcant correlation with the
design of the studies (coefﬁcient 1.126; P-value = 0.04);
however, there was no signiﬁcant correlation with other covariates.

Recommendation for Future Research
The present meta-analysis showed that GBWT is a valid
non-invasive screening tool for the prediction of EV.
More high-quality studies are needed with a large sample
size to indicate the diagnostic performance as it is a simple, widely available parameter. Building a new model for
the prediction of EV and risk of hemorrhage using a simple non-invasive parameters such as GBWT would be
helpful.
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analysis, we evaluated GBWT utility as a non-invasive tool
in the prediction of EV in CLD patients. Previous studies
evaluated the predictive value of different non-endoscopic
parameters for EV.36–38 This is the ﬁrst meta-analysis to
study the predictive value of GBWT by ultrasound for
the diagnosis of EV among CLD patients. Measurement
of GBWT in clinical practice is cheap and non-invasive
in clinical practice. Previous studies showed that the
GBWT is correlated with the portal hemodynamics parameters and positive correlation with portal vein diameter.39 This observation indicates the ability to predict
the EV by GBWT and is consistent with our data that
showed the pooled sensitivity is 0.73 (95% CI, 0.69–
0.77), the pooled speciﬁcity is 0.71 (95% CI, 0.68–0.75),
and an AUC of 0.86. The development of GBWT is similarly correlated with serum-ascites albumin gradient
(SAAG).40 Wang et al. (8) discussed the multi factors
affecting the development of GBWT in CLD patients,
and they suggested portal hypertension played a role in
the GBWT. This can be explained by that the gallbladder
venous blood is drained via small veins that terminate in
the portal venous circulation. Furthermore, several disorders cause thickening of the gallbladder wall including
cholecystitis.41,42 In comparison to previous studies, the
current meta-analysis shows GBWT had higher accuracy
values than those observed for liver stiffness in diagnosis
of EV the AUC for the liver stiffness is 0.81 in any varices
and 0.72 in the prediction of large varices. Moreover, the
spleen stiffness was 0.75 in the prediction of severe
varices.16 A previous meta-analysis also showed evidence,
supporting the utilization of spleen stiffness and LSspleen diameter to platelet ratio score in the prediction
of EV in CLD patients.12 Deng et al. discussed the diagnostic value of computed tomography (CT), which had
the highest sensitivity, speciﬁcity, and AUC. However,
the risk of radiation, risk of allergic reactions from the
contrast, and contraindication in patients with hyperthyroidism and renal insufﬁciency limit its use.43 Moreover,
previous study discussed the limitation of CT due to the
low quality of CT images; this limits the diagnosis of
EV.44 This present study showed a difference between
the cut-off values across the studies that need independent validation in prospective studies for the threshold
3.1 mm the higher AUC across studies. We performed
the Spearman correlation of sensitivity and speciﬁcity to
measure the threshold analysis of the different cut-off
values and the effects on the heterogeneity of the included
studies. The correlation coefﬁcient was: 0.595; Pvalue = 0.121, which indicated the different cut-off values
were not one of the sources of the heterogeneity in the
analysis.
It is also worth mentioning that the thickened gallbladder wall in patients with ascites is highly predictive
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