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Gallbladder wall thickness adversely impacts  
the surgical outcome
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Original Article

Backgrounds/Aims: To evaluate surgical outcomes of patients with gallbladder wall thickness (GBWT) > 5 mm.
Methods: Patients who underwent cholecystectomy were classified into two groups according to their GBWT status (GBWT+ vs. 
GBWT–).
Results: Among 1,211 patients who underwent cholecystectomy, GBWT+ was seen in 177 (14.6%). The GBWT+ group was significantly 
older with more males, higher ASA score, higher alkaline phosphatase level, higher international normalized ratio, and lower albumin 
level than the GBWT– group. On ultrasound, GBWT+ patients had larger stone size, more pericholecystic fluid, more common bile 
duct  stone, and more biliary pancreatitis. Compared with the GBWT– group, the GBWT+ group had more urgent surgeries (12.4% vs. 
3.2%, p = 0.001), higher conversion rate (4.5% vs. 0.3%, p = 0.001), prolonged operative time (67 ± 38 vs. 54 ± 29 min; p = 0.001), more 
bleeding (3.4% vs. 0.5%, p = 0.002), and more need of drain (21.5% vs. 10.5%, p = 0.001). By multivariate analysis, factors associated 
with increased length of hospital stay were GBWT+ (HR: 1.97, 95% CI: 1.19–3.25, p = 0.008), urgent surgery (HR: 10.2, 95% CI: 4.07–
25.92, p = 0.001), prolonged surgery (HR: 1.01, 95% CI: 1.0–1.02, p = 0.001), and postoperative drain (HR: 11.3, 95% CI: 6.40–20.0, p = 
0.001).
Conclusions: Variables such as GBWT ≥ 5 mm, urgent prolonged operation, and postoperative drains are independent predictors of 
extended hospital stay. GBWT+ patients are twice likely to stay in hospital for more than 72 hours and more prone to develop compli-
cations than GBWT– patients.
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INTRODUCTION

There are many reasons to predict a potentially complicated 
cholecystectomy in a dynamic clinical setting. It is crucial to 
know if a patient is a candidate for a one-day outpatient proce-
dure or if they need to be treated with an inpatient procedure. 
Additionally, the appropriate time and procedure length must 
be determined to avoid overloading the hospital’s infrastruc-

ture. The patient and the surgical team must be prepared for a 
possible conversion and the trainees or senior surgeons must 
consent to perform the procedure. The increased gallbladder 
wall thickness (GBWT) can negatively impact the outcome of 
a cholecystectomy. GBWT is an independent factor associated 
with complex surgeries and is included in many predicting pre-
operative scores. Most researchers use a model where a GBWT 
> 3 mm or > 4 mm is considered a predictor of increased com-
plications [1-7]. We relatively notice, as with other study [8], 
a straightforward cholecystectomy when the wall thickness 
is less than 5 mm. We hypothesized that a GBWT equal to or 
more than 5 mm was associated with a higher likelihood of 
postoperative complications. Our study aims to evaluate the 
surgical outcome in patients with a GBWT > 5 mm, regarding 
operative time, conversion to open, intraoperative, and post-
operative complications. The secondary goal was to assess any 
relation of GBWT to hospitalization time.
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 Table 1. Demographic and clinical features of the study patients according to GBWT status

Variable GBWT (+) (n = 177) GBWT (–) (n = 1,034) p-valuea)

Age at surgery (yr) 45 ± 14.6 41 ± 13.5 0.001
Body mass index (kg/m2) 30.7 ± 6.5 30.1 ± 6.5 0.29
Sex 0.013
   Male 69 (39.0) 303 (29.3)
   Female 108 (61.0) 731 (70.7)
ASA score 0.011
   I + II +III 174 (98.3) 1,032 (99.9)
   IV + V 3 (1.7) 1 (0.1)
Diabetes 0.24
   Yes 37 (20.9) 178 (17.2)
   No 140 (79.1) 856 (82.8)
Comorbidity 0.35
   Yes 84 (47.5) 530 (51.3)
   No 93 (52.5) 504 (48.7)
Smoking 0.57
   Yes 37 (20.9) 236 (22.8)
   No 140 (79.1) 798 (77.2)
Weight loss 0.49
   Yes 20 (11.3) 136 (13.2)
   No 157 (88.7) 898 (86.8)
Duration of complaint (wk) 13.5 ± 47 19.7 ± 46 0.14
WBC (µ/L) 8.6 ± 4.2 8.5 ± 16 0.94
HB (g/dL) 12.9. ± 2.7 13.3 ± 5.6 0.45
Albumin (g/dL) 3.2 ± 0.5 3.6 ± 0.6 0.017
Total bilirubin (mg/dL) 0.9 ± 1.1 0.8 ± 1.8 0.56
Alkaline phosphatase (U/I) 120 ± 102 94 ± 57 0.005
SGOT/AST (U/I) 60 ± 117 59 ± 115 0.93
SGPT/ALT (U/I) 89 ± 144 72 ± 147 0.21
Creatinine (mg/dL) 2.4 ± 12.2 1.8 ± 12 0.60
INR 1.3 ± 2.7 0.9 ± 0.2 0.007
Stones size > 5 mm 0.001
   Yes 101 (57.1) 436 (42.1)
   No 53 (29.9) 434 (41.9)
Stone size (mm) 10 ± 8 9 ± 7 0.028
Pericholecystic fluid 0.001
   Yes 23 (13.0) 23 (2.2)
   No 154 (87.0) 931 (90.0)
GB wall thickness (mm) 6.3 ± 2 2.4 ± 0.7 0.001
CBD diameter (mm) 4.9 ± 2.3 4.1 ± 1.5 0.001
CBD stone 0.004
   Yes 16 (9.0) 38 (3.7)
   No 161 (91.0) 996 (96.3)
Biliary pancreatitis 0.001
   Yes 17 (9.6) 35 (3.4)
   No 160 (90.4) 999 (96.6)
Preoperative ERCP 0.001
   Yes 33 (18.6) 76 (7.4)
   No 144 (81.4) 955 (92.6)
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MATERIALS AND METHODS

Patients
Patient evaluation and data collection of GBWT were pro-

spectively performed at a single, private tertiary center, Dr. 
Soliman Fakeeh Hospital (Jeddah, Saudi Arabia). The current 
study investigated the impact of GBWT in 1,211 consecutive 
patients who underwent gallbladder operation in our institu-

 Table 1. Continued

Variable GBWT (+) (n = 177) GBWT (–) (n = 1,034) p-valuea)

Surgery sitting 0.001
   Elective 155 (87.6) 1,001 (96.8)
   Urgent/ER 22 (12.4) 33 (3.2)
Operative approach 0.001
   Open 1 (0.6) 2 (0.2)
   Laparoscopy 168 (94.9) 1,029 (99.5)
   Lap. converted to open 8 (4.5) 3 (0.3)
Operative time (min) 67 ± 38 54 ± 29 0.001
Bleeding > 100 mL 0.002
   Yes 6 (3.4) 5 (0.5)
   No 171 (96.6) 1,029 (99.5)
GB perforation 0.57
   Yes 4 (2.3) 23 (2.2)
   No 173 (97.7) 1,011 (97.8)
Drain 0.001
   Yes 38 (21.5) 109 (10.5)
   No 139 (78.5) 925 (89.5)
Gangrenous GB 0.001
   Yes 10 (5.6) 9 (0.8)
   No 167 (94.4) 1,025 (99.2)
Wound infection 0.68
   Yes 0 (0) 1 (0.1)
   No 177 (100) 4 (99.9)
Collection 0.87
   Yes 1 (0.6) 7 (0.7)
   No 176 (99.4) 1,027 (99.3)
Stump leak 0.70
   Yes 1 (0.6) 12 (1.2)
   No 176 (99.4) 1,022 (98.8)
Re-visit to theater 0.88
   Yes 1 (0.6) 5 (0.5)
   No 176 (99.4) 1,029 (99.5)
Histopathology 0.001
   Chronic cholecystitis 151(85.3) 981 (94.9)
   Others 25 (14.1) 53 (5.1)
Length of stay (day) 2.9 ± 1.6 2.3 ± 0.9 0.001
30-day readmission 0.63
   Yes 4 (2.3) 18 (1.7)
   No 173 (97.7) 1,016 (98.3)
30-day mortality 0 0

Values are presented as mean ± standard deviation or number (%).
GBWT, gallbladder wall thickness; ASA score, American society of anesthesiologist score; WBC, white blood cell; HB, hemoglobin; SGOT, serum glutamic-
oxaloacetic transaminase; AST, aspartate aminotransferase; ALT, alanine transaminase; INR, international normalized ratio; GB, gall bladder; CBD, common 
bile duct; ERCP, endoscopic retrograde choangiopancreatography.
a)Pearson chi-square test or Fisher’s exact test and independent t-test.
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tion between August 2018 and August 2021.
We excluded pediatric patients and patients who had a chole-

cystectomy combined with other surgeries. According to radio-
logical findings on GBWT, the patients were classified into two 
groups, those with wall thickness equal to or more than 5 mm, 
defined as GBWT+ and those with wall thickness less than 5 
mm, GBWT–.

The GBWT was confirmed by ultrasonography (US), com-
puted tomography (CT), magnetic resonance cholangiopan-
creatography (MRCP), and diagnostic laparoscopy. Since 
there was no significant difference between the US, pathology 
measurement of GBWT, and evidence of tissue shrinkage 
post-resection in formalin, we used the preoperative clinical 
evaluation rather than the histopathology [9-11]. The measured 
outcome included surgical intervention, conversion to open, 
complication rate, and additional assessment of the factors that 
prolonged inpatient hospital stay postoperatively.

The Institutional Review Board of Dr. Soliman Fakeeh Hos-
pital approved the study protocol; approval No. 228/IRB/2021. 
The informed consent was waived by instituitonal ethical com-
mittee.

Surgery techniques
Standard laparoscopic cholecystectomy is the procedure of 

choice in our institution to manage gallbladder disease. How-
ever, the surgeons' preference and clinical state determine 
whether to perform an open approach or convert from laparos-
copy. Since the study was conducted in a private hospital, all 
surgeries were performed by qualified expert consultant-level 
surgeons.

Statistical analyses
The demographic and clinical variables of the two groups 

were compared using Fisher’s exact test with two-sided veri-
fication and Pearson’s χ2 test or an unpaired Student’s t-test, 
depending on the nature of the data. In addition, a linear re-
gression model was created with a backward stepwise approach 
to select the factors that independently affected the length of 
the stay, followed by multivariate logistic regression and mea-
suring the odds ratio (OR) with a 95% confidence interval (CI). 

A p-value of less than 0.05 was considered statistically signifi-
cant. Data were analyzed using SPSS software (version 25; IBM 
Corp., Armonk, NY, USA).

RESULTS

Characteristics of GBWT+ and GBWT– groups
Of the 1,211 patients who underwent cholecystectomy, 177 

were GBWT+ (14.6%). The GBWT+ group was older than the 
GBWT– with a mean age of 45 ± 14.6 years vs. 41 ± 13.5 years, 
respectively (p = 0.001). Compared to the GBWT–, GBWT+ 
patients were mostly male (39.0% vs. 29.3%, p = 0.013), with a 
high American society of anesthesiologists score (1.7% vs. 0.1%, 
p = 0.011), high alkaline phosphatase U/I 120 ± 102 vs. 94 ± 57 
(p = 0.005), high international normalized ratio (INR) (1.3 ± 2.7 
vs. 0.9 ± 0.2; p = 0.007), and a low preoperative albumin level 
(3.2 ± 0.5 g/dL vs. 3.6 ± 0.6 g/dL; p = 0.017). On radiological 
investigation, GBWT+ had significant association, in contrast 
to GBWT–, with stone size > 5 mm (57.1% vs. 42.1%; p = 0.001), 
pericholecystic f luid (13.0% vs. 2.2%; p = 0.001), and common 
bile duct (CBD) stones (9.0% vs. 3.7%, p = 0.004). It was sig-
nificantly more probable for the GBWT+ group to require 
preoperative endoscopic retrograde cholangiopancreatography 
(ERCP) and experience biliary pancreatitis. GBWT+ group was 
statistically more likely to need preoperative ERCP and suffer 
from biliary pancreatitis.

There was no statistically significant difference between both 
groups concerning body mass index body mass index (BMI), 
diabetes mellitus, comorbidities, smoking, weight loss, dura-
tion of symptoms, leukocyte, liver function test, total bilirubin, 
and serum creatinine (Table 1).

Operative result
Urgent surgery was more common with GBWT+ than with 

GBWT– patients (12.4% vs. 3.2%; p = 0.001). GBWT+ patients 
had a higher conversion rate (4.5% vs. 0.3%; p = 0.001), longer 
operative times (67 ± 38 vs. 54 ± 29 min; p = 0.001), intraoper-
ative bleeding >100 mL (3.4% vs. 0.5%; p = 0.002), gangrenous 

85.14%

Acute cholecystitis
Adenomyosis
Chronic cholecystitis
Gangrenous or emphysematous
Mucocele
Xanthogranuloma
Others

5.6%5.6%

3.43%3.43%

Fig. 2. Histopathology of 117 patients with gall bladder wall thickness 
more than 5 mm.

93.5%

Acute cholecystitis
Chronic cholecystitis
Adenomyosis
Gangrenous, emphysematous
Mucocele
Empyema
Xanthogranuloma
Others

Fig. 1. Histopathology of 1,211 cholecystectomies.
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gallbladder (5.6% vs. 0.8%; p = 0.001), and need for drain (21.5% 
vs. 10.5%; p = 0.001). The postoperative collection, stump leak, 
wound infection, and the need for reoperation were not statis-
tically different between the two groups. One GBWT– patient 
had a CBD injury (1/1,211, 0.082%), which required hepaticoje-
junostomy reconstruction (Table 1).

Histopathology result
Most of the specimens were chronic or acute on top of chron-

ic cholecystitis (93.5%); the remaining were acute cholecystitis, 
adenomyosis, gangrenous, mucocele, xanthogranuloma, and 
lymphoma. None of the histopathologies revealed an inci-
dental finding of a malignant tumor or dysplasia (Fig. 1). The 
GBWT+ group had more findings of acute cholecystitis (3.4% 
vs. 1.5%), gangrenous gallbladder (5.7% vs. 0.8%, mucocele 1.1% 
vs 0.1%, xanthogranuloma 2.3% vs. 0.6%). On the other hand, 
the GBWT– group had more findings of chronic cholecystitis 
(94.9% vs. 85.9%). After histopathology was categorized into 
two tiers, chronic cholecystitis versus others, the GBWT+ pa-
tients had significantly more of other histopathology findings 
(14.1% vs. 5.1%; p = 0.001) (Fig. 2).

Factors that increase hospitalization time
After building the linear regression model, the statistically 

significant predictors of increased length of stay of more than 
72 hours were age, duration of symptoms, INR, GBWT+, ur-
gent surgery, prolonged operative time, postoperative drain, 

and collection. The significant independent predictors of 
prolonged hospitalization on binary logistic regression were 
GBWT+ (hazard ratio [HR] = 1.97, 95% CI = 1.19–3.25, p 
= 0.008), urgent surgery (HR = 10.2, 95% CI = 4.07–25.92; p = 
0.001), operative time > 60 min (HR = 1.01, 95% CI = 1.0–1.02, 
p = 0.001), and postoperative drain (HR = 11.3, 95% CI = 6.40–
20.0, p = 0.001) (Table 2, Fig. 3).

Table 2. Univariate and multivariate analysis of variables associated with long hospitalization

Variable
Univariate Multivariate

p-valuea) HR 95% CI p-valueb)

Age (yr) 0.001
Duration of complain 0.035
INR 0.004
GBWT 0.031 0.008
   GBWT (–) 1
   GBWT (+) 1.97 (1.19–3.25)
Surgery sitting 0.001 0.001
   Elective 1
   Urgent/ER 10.2 (4.07–25.92)
Operative time 0.04 0.001
   < 60 minutes 1
   > 60 minutes 1.01 (1.0–1.02)
Postoperative drain 0.001 0.001
   No 1
   Yes 11.3 (6.40–20.0)
Postoperative collection 0.04
   No
   Yes

HR, hazard ratio; CI, confidence interval; INR, international normalized ratio; GBWT, gallbladder wall thickness.
a)Linear regression models; b)Binary logistic regression.

0 2.5 5.0 7.5 10.0 12.5

20

10

15

5

Length of stay (days), the B coffiecient is 0.308, = 0.001p

GB wall thickness (mm)
Observed
Linear

Fig. 3. Regression estimation curve of hospital length of stay. GB, gall 
bladder.
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DISCUSSION

GBWT increases in many diseases, such as nonalcoholic fat-
ty liver, sclerosing cholangitis, autoimmune pancreatitis, and 
incidental gallbladder cancer (GBC) [12,13]. GBWT increases 
is an independent predictor of GBC (OR = 4.39, p = 0.0003), 
and should be carefully interpreted [14-17]. Studies suggested 
that using GBWT as a noninvasive predictor of gastroesopha-
geal varices in cirrhotic and portal hypertension patients [18]. 

Other reports investigate GBWT as a marker of bleeding risk 
in patients with dengue fever [19]. The surgeon has a 14.6% 
chance, based on our data, of operating a patient with a GBWT 
> 5 mm. In a recent metanalysis that included 4,194 patients, 
GBWT predicted failure of outpatient surgery (OR, 2.89; 95% 
CI, 1.34–4.04; p = 0.003) [20]. In the literature, a group of vari-
ables was consistently seen as predictors for increased conver-
sion rate, intraoperative events, postoperative complications, 
and extended hospital stay. These variables included age, male 
patients, BMI, American society of anesthesiologist score, 
GBWT, operative time, CBD stones, preoperative ERCP, and 
urgent surgery [1-5,7,20]. In line with Kokoroskos et al. [21], the 
length of symptoms in our group did not predict GBWT, sur-
gical difficulties, or length of stay; as a result, GBWT can take 
the place of the conventional complaint time to predict surgi-
cal outcome. Our analysis showed a significant association of 
GBWT > 5 mm with increased age, male gender, high ASA, 
INR, and alkaline phosphatase.

We noticed, as in other studies [22], that low preoperative 
albumin levels in the GBWT+ group could play a role in post-
operative morbidity in surgical patients. On the contrary, 
some studies found no correlation between wall thickness and 
albumin level [23,24]. The GBWT+ group had a higher tenden-
cy to bleed intraoperatively. A potential explanation could be 
this group's high INR level or the companion's thickened wall 
hyperemia, but further evidence is needed. However, there was 
no difference in the liver enzymes between both groups; hypo-
albuminemia, high INR, and alkaline phosphatase could result 
from hepatic dysfunction in GBWT+ patients.

The conversion rate in this review was 0.9% (11/1,211) with 
GBWT+ vs. GBWT– rate of 4.5% vs. 0.3%, p = 0.001, which is 
low compared to 8.2% and 7.8% in other reports [21,25]. The 
reason for the relatively low conversion rate and major events, 
such as CBD injury, was justified by the surgeon’s high level of 
experience. Our institution is a private sector and senior sur-
geons perform the procedures. In cases of acute cholecystitis, 
postoperative drain insertion was not part of our standard 
procedure. One-fifth of the GBWT+ group required a drain, 
which negatively reflected the length of hospitalization in con-
cordance with what was concluded in a systemic review of 1,274 
patients [26]. Despite the adverse effect of GBWT+ on the dis-
charge plan, other factors also play a role. The urgency of sur-
gery and postoperative drain were the leading cause of delayed 
discharge of more than 72 hours in our cohort.

It was unclear why some patients were GBWT+ compared to 
others. In our final histopathology, chronic cholecystitis repre-
sented 93% of the sample; only 14.7% of patients were GBWT+. 
The theory of genetic variation between patients can explain 
such phenomena. There is a report linking GBWT+ in Mexican 
Americans to markers D11S912 and D11S968 on chromosome 
11q24-q25 [27]. More evidence is required before using such a 
finding in clinical practice.

It was unusual that we did not record any incidental cancer 
cases. The incidental GBC in the literature was 0.36% (0.19%–
1.65%) based on a systemic review of ten studies [14]. Holanda 
et al. [28] reported six patients of GBC (0.5%) in a sample of 
1,251 cholecystectomies, which was similar to our sample size. 
The relatively young population in our study can be the reason. 
One specimen was detected to have a lymphoid follicle with a 
positive BCL2, CD3, and CD20 immunohistochemistry stain, 
and diagnosis of BCL lymphoma was confirmed incidentally 
from gallbladder tissue.

In our cohort of 1,211 cholecystectomies, 98.8% (1,197) were 
laparoscopically performed. Our study had no variability 
among surgeons since all were qualified at the consultant level. 
Our institution plans to start a training program for residents 
in the coming few years. Another point was the young average 
age of the samples, which ref lects our country's population's 
youth. A potential limitation could be the lack of randomiza-
tion and the subjective assessment of GBWT by radiologists.

In conclusion, GBWT unfavorably affects the surgical out-
come. Variables such as GBWT ≥ 5 mm, urgent prolonged 
operation, and postoperative drains are independent predictors 
of an extended hospital stay. Patients with GBWT+ were more 
likely to experience complications and have a higher likelihood 
of spending more than 72 hours in the hospital. Therefore, 
allocating an expert team to operate on patients with GBWT+ 
was warranted. GBWT+ might indicate the patient or the 
healthcare provider to consider extra hospitalization time.
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