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in acute calculous cholecystitis
Bader Hamza Shirah1, Hamza Asaad Shirah2, Muhammad Adnan Saleem2,
Mohammad Azam Chughtai3, Mohamed Ali Elraghi3, and Mohamed Elsayed Shams4
1

King Abdullah International Medical Research Center/King Saud Bin Abdulaziz University for Health Sciences, Jeddah,
Departments of 2General Surgery and 3Radiology, Al Ansar General Hospital, 4Department of Surgery, Faculty of
Medicine, Taibah University, Medina, Saudi Arabia
Backgrounds/Aims: Gallbladder gangrene is a grave complication of acute calculous cholecystitis that is difficult to
detect preoperatively. Ultrasound could show a gallbladder wall that is more thickened. In addition, other clinical measures were reported to be possible predictive factors. Therefore, we aim in this study to evaluate the gallbladder wall
thickness measured by ultrasound and other clinical measures as predictive factors for gangrene complication in acute
calculous cholecystitis. Methods: A prospective cohort database analysis of the results of 674 patients diagnosed and
treated for acute calculous cholecystitis between January 2010 and December 2014 was done. Patient’s inclusion criteria were acute calculous cholecystitis in adults who were operated within three days of onset of symptoms. Results:
117 (17.4%) patients had gangrene. Gallbladder sonographic wall thickness 5.1-6 mm, more than 6 mm, male gender,
diabetes mellitus, leukocytosis ˃15,000 cells/ml, and age ≥40 years were found to be factors predisposing to gangrene
complicated acute calculous cholecystitis that represented a statistically significant difference (p≤0.01). Conclusions:
We conclude that gallbladder sonographic wall thickness 5.1-6 mm, more than 6 mm, male gender, diabetes mellitus,
leukocytosis ˃15,000 cells/ml, and age ≥40 years were found to be factors predisposing to gangrene complicated
acute calculous cholecystitis that represented a statistically significant difference. By implementing these risk factors,
patients urgency for surgery can be decided in the emergency department. Other risk factors such as high alanine
aminotransferase, elevated aspartate aminotransferase, and high alkaline phosphatase could be of help in the decision
for early operation. (Ann Hepatobiliary Pancreat Surg 2019;23:228-233)
Key Words: Acute calculous cholecystitis; Complications; Risk factors; Gangrene of the gallbladder; Gallbladder wall
thickness; Ultrasound

INTRODUCTION

(72-96 hours) since the onset of the symptoms had lowered the complication rates, reduced the conversion rates,

The most serious consequence of acute inflammation of

shortened the hospital stays, and avoided complications.

delayed or neglected acute calculous cholecystitis is gan-

To achieve that goal, patient’s priority for surgery for emer-

grene of the gallbladder which shows necrosis and perfo-

gency operation should be done early, even during the

ration of the gallbladder wall as a result of ischemia fol-

preadmission period, in the emergency department.4,5

lowing progressive vascular insufficiency. It has an in-

Diagnosis of gangrenous cholecystitis is quite challeng-

cidence range of 2 to 18% and a mortality rate between

ing in the preoperative period. The advancement in re-

15% and 50%.1-3 Several clinical studies had proven that

al-time ultrasound techniques with an accuracy rate more

early cholecystectomy played a useful role in preventing

than 95% in diagnosing acute calculous cholecystitis had

this complication. A delay in the operative intervention is

facilitated the decision-making process, especially in diffi-

a serious issue. The so-called golden hours of operation

cult cases, and resulted in the prompt initiation of the sup-
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portive medical treatment, and an earlier operation option.

6-8

and were recorded on a computerized database sheet.

Many clinical studies have observed that gangrene com-

Gangrenous gallbladder was detected from the histopath-

plicating acute calculous cholecystitis had a male prepon-

ology report.

derance compared to females with acute cholecystitis. In

The correlation of incidence of acute calculous chol-

addition, ultrasound can show a gallbladder wall more

ecystitis complication gangrene to the sonographic gall-

thickened in these patients, most of them reported more

bladder wall thickness and other clinical factors was test-

than 5 mm thickness, which was considered as a pre-

ed, and data analysis was structured. A digital database

9-12

dictive factor for the diagnosis of these complications.

file was used to document the whole patient’s data. Statis-

Therefore, we aim in this study to evaluate the gallbladder

tical Package for Social Science (SPSS) program (release

wall thickness measured by ultrasound and other clinical

22) was used for data analysis. Results were represented by

measures as predictive factors for gangrene complication

percentages and mean. The variables with a p-value ≤0.01

in acute calculous cholecystitis.

were considered to represent a significant difference statistically.

MATERIALS AND METHODS
RESULTS
A prospective cohort database analysis of the results of
674 patients who were diagnosed and treated for acute

Between January 2010 and December 2014, 674 patients

calculous cholecystitis between January 2010 and Decem-

who were diagnosed and treated for acute calculous chol-

ber 2014 in Al Ansar general public health hospital in

ecystitis were included. 265 (39.3%) were males and 409

Medina, Saudi Arabia was done. The ethical approval was

(60.7%) were females. Complicated acute calculous chol-

granted by Al Ansar general hospital ethical committee

ecystitis data, as evident by histopathology confirmation,

and the clinical management guidelines and the clinical

showed that 117 (17.4%) patients had gangrene. Among

pathway subcommittee of the quality care program at the

them, 74 (63.2%) were males and 43 (36.8%) females.

same hospital.

Male to female ratio was 1.7:1. The incidence of gangrene

Patients inclusion criteria were acute calculous chol-

in our study was 11.5%. Male gender was found statisti-

ecystitis in adults (age 12 years and above as per the na-

cally to represent a significant difference for the associa-

tional health policy), who presented to the emergency de-

tion with gangrene (p=0.04).

partment, diagnosed by ultrasound, and were admitted and

The mean age of the male patients was 42.6±11 years

operated within three days of onset of symptoms. Patients

while it was 39.2±8 years in the female patients. Age ≥40

proven to have had perforated gallbladder due to compli-

years was found statistically to represent a significant dif-

cated acute cholecystitis were excluded from the analysis

ference for both males and females (p=0.04). Right, upper

because of the different ultrasonographic features report-

quadrant pain was the dominant presenting complaints

ed. In addition, cases of chronic and acalculous chol-

(100%), and right upper quadrant tenderness was the dom-

ecystitis were excluded. The ultrasound method used was

inant sign on physical examination (100%) while fever was

unified to all radiologists by a clinical pathway protocol

the dominant recorded vital sign change in 96 (82.1%) pa-

guidelines. A digital structured data file was used to regis-

tients compared to 437 (78.5%) patients in the non-gan-

ter all ultrasound data. The unified protocol included us-

grenous group (Table 1).

ing the same ultrasound machine brand, the same probes

Diabetes mellitus was the dominant comorbid disease

type (linear and curvilinear), the same frequencies, and a

reported in 73 (62.4%) and 287 (51.5%) patients in the non-

unified approach and examination technique.

gangrene group. Diabetes mellitus was found statistically

Presenting symptoms, vital signs, positive abdominal

to represent a significant difference for both males and

signs, ultrasound report, comorbid disease, the interval be-

females (p=0.02). Leukocytosis was the dominant labora-

tween onset of symptoms and operation, gallbladder path-

tory value change in 107 (91.5%) patients and 384 (68.9%)

ology and complications, patient age, gender, and histo-

patients in the non-gangrene group. Leukocytosis ˃15,000

pathological findings were the criteria tested in all patients

cells/ml was found statistically to represent a significant
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Table 1. Personal and clinical data of the patients in the gangrenous compared to non-gangrenous acute calculous cholecystitis groups
Data
Patients No.
Age
20-40
41-60
˃60
Symptoms duration
1 day
2 days
3 days
Presenting symptoms
RUQ pain
Nausea
Vomiting
Physical signs
Fever
RUQ tenderness
+ve Murphy’s sign
Palpable mass

Gangrenous
group

Non-gangrenous
group

117 (100%)

557 (100%)

11 (9.4%)
71 (60.7%)*
35 (29.9%)*

231 (41.5%)
272 (48.8%)
54 (9.7%)

2 (1.7%)
89 (76.1%)
26 (22.2%)

85 (15.3%)
281 (50.4%)
191 (34.3%)

117 (100%)
74 (63.2%)
94 (80.3%)

557 (100%)
300 (53.9%)
416 (74.7%)

96
117
110
19

365
420
386
77

(82.1%)
(100%)
(94%)
(16.2%)

(65.5%)
(75.4%)
(69.3%)
(13.8%)

RUQ, right upper quadrant
*Factors predisposing to gangrene complicated acute calculous cholecystitis that represented a statistically significant
difference
Table 2. Comorbidity data of the patients in the gangrenous
compared to non-gangrenous acute calculous cholecystitis groups
Disease
Diabetes mellitus
Bronchial asthma
Hypertension
Ischemic heart dis.
Hypercholesterolemia
Thyroid diseases
Anemia

Gangrenous
group
73
20
37
11
41
3
25

(62.4%)*
(17.1%)
(30.8%)
(9.4%)
(35%)
(2.6%)
(21.4%)

Non-gangrenous
group
157
78
192
43
245
23
148

(28.2%)
(14%)
(34.5%)
(7.75%)
(44%)
(4.1%)
(26.6%)

*Factors predisposing to gangrene complicated acute calculus
cholecystitis that represented a statistically significant difference

Table 3. Laboratory data of the patients in the gangrenous compared to non-gangrenous acute calculous cholecystitis groups
Laboratory test

Gangrenous Non-gangrenous
group
group

High WBC
107 (91.5%)*
＞15,000 cells/ml
High ALT ≥50 U/L
89 (76.1%)
High AST ≥43 U/L
86 (73.5%)
High ALK.P ≥200 U/L
67 (57.3%)
High Amylase ≥140 U/L 21 (17.9%)
High total bilirubin
28 (23.9%)
≥1.2 mg/dl

384 (68.9%)
357
346
329
64
91

(64.1%)
(62.1%)
(59.1%)
(11.5%)
(16.3%)

WBC, white blood cell; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALK.P, alkaline phosphatase
*Factors predisposing to gangrene complicated acute calculus
cholecystitis that represented a statistically significant difference
Table 4. Ultrasound data of the patients in the gangrenous
compared to non-gangrenous acute calculous cholecystitis groups
Ultrasound finding
Gallstone
Single small
Multiple small
Single large
Distended gallbladder
(＞5 cm in diameter)
Gallbladder wall
thickness (3-4 mm)
(4.1-5 mm)
(5.1-6 mm)
(More than 6 mm)
Pericholecystic fluid

Gangrenous
group
117
22
69
26
112

(100%)
(18.8%)
(58.9%)
(22.2%)
(95.7%)
0

2
94
21
111

(1.7%)
(80.3%)*
(17.9%)*
(94.8%)

Non-gangrenous
group
557
66
326
165
482

(100%)
(11.8%)
(58.5%)
(29.6%)
(86.5%)

376 (67.5%)
131 (23.5%)
44 (7.9%)
0
433 (77.7%)

*Factors predisposing to gangrene complicated acute calculus
cholecystitis that represented a statistically significant difference

127 (18.8%) had sonographic wall thickness more than 6
mm. Among them, 21 (3.1%) had gangrene. The results
showed significant correlation for wall thickness 5.1-6
mm (p=0.01), and more than 6 mm (p=0.01) (Table 4).

difference for both males and females (p=0.03) (Tables 2, 3).

All patients were operated within three days of the on-

Gallbladder stone was the dominant reported ultrasound

set of symptoms with an average time of 2.1±0.6 days for

feature in (100%) patients. Gallbladder wall thickness of

patients in the gangrene group and 2.1±0.2 days for the

acute calculous cholecystitis cases data showed that 54

patients in the non-gangrene group.

(8%) had sonographic wall thickness between 3-4 mm.

Gallbladder sonographic wall thickness 5.1-6 mm, more

Among them, 0 (0%) had gangrene. 124 (18.4%) had so-

than 6 mm, male gender, diabetes mellitus, leukocytosis

nographic wall thickness 4.1-5 mm. Among them, 2 (0.3%)

˃15,000 cells/ml, and age ≥40 years were found to be

had gangrene. 389 (57.7%) had sonographic wall thick-

factors predisposing to gangrene complicated acute calcu-

ness 5.1-6 mm. Among them, 94 (13.9%) had gangrene.

lous cholecystitis that represented a statistically significant
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difference. Other predisposing factors (high alanine ami-

performed to about 6-12 operations per week. As a con-

notransferase, elevated aspartate aminotransferase, and

sequence, a series of research studies and clinical pathway

high alkaline phosphatase) were also found to be possible

guidelines to improve the treatment outcome were initi-

predictors for a complicated acute calculous cholecystitis

ated. That was the main reason behind this study which

but not representing a statistically significant difference

changed our protocol and clinical pathway in dealing with

(Table 5).

both elective and emergency acute cholecystitis cases.
In our study, 117 (17.4%) patients with acute calculous

DISCUSSION

cholecystitis had related complications in the form of gangrene. Nevertheless, all patients were safely and efficient-

In the last few years, the average annual number of

ly managed by laparoscopic cholecystectomy during the

gallbladder diseases patients attending the emergency de-

72 golden hours with no intraoperative complications re-

partment in our hospital was 400-600 per year. According-

corded, 0% convergence rate, all discharged home on the

ly, it resulted in an increase in the surgical procedures

first postoperative day, and none had postoperative complications. Moreover, a literature review of clinical studies

Table 5. Comparison between our study and other studies regarding predictive factors to gangrene complicated acute calculous cholecystitis
Factors
Male gender
Age ≥40 years
Diabetes mellitus
Leukocytosis ˃15,000 cells/ml
Wall thickness 5.1-6 mm
Wall thickness more than 6 mm
Heart rate
Pericholecystic fluid
American Society of
Anesthesiology score of ＞2
*Positive factor, -not included

Yacoub Wu
Our study
14
et al.18
et al.
(p-value)
study study
(p=0.04)
(p=0.04)
(p=0.02)
(p=0.03)
(p=0.01)
(p=0.01)
-

*
*
*
*
*
-

*
*
*
*
*
*

evaluating laparoscopic cholecystectomy during initial hospitalization for acute calculous cholecystitis revealed that
it was associated with reduced hospital stays, lower morbidity and mortality rates.4-6 In addition, laparoscopic cholecystectomy was reported to be an efficient surgical option to treat gangrenous cholecystitis with low conversion
rate (8.7%) and a decrease in mortality and morbidity
rates.13 On the other hand, the delay in admission and treatment was reported to be a considerable factor in the subsequent development of gangrenous cholecystitis.8
The results of gangrenous cholecystitis also showed that
74 (63.2%) male patients developed gangrene of the gallbladder compared to only 43 (36.8%) female patients. Consequently, it showed a significant association of the male

Fig. 1. Ultrasound of the abdomen showing a large gall stone
measuring 25 mm impacted at
the gallbladder neck with moderate dilatation of the gallbladder. The wall of the gallbladder
is markedly thickened measuring
8.8 mm. The mucosa of the gallbladder is echogenic and hypervascular.
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gender (p=0.04). Many published papers reported similar
1,3,14

association.

gangrenous cholecystitis probability by using clinical and

Another predictive factor in our study re-

laboratory variables like age, gender, heart rate, white blood

sults which was found statistically to be associated with

cell count, and gallbladder wall thickness. Wu et al. test-

gangrene is leukocytosis ˃15,000 cells/ml (p=0.03). One

ed Yacoub’s variables and proposed a 5-point scoring sys-

of the first studies to report the association between leuko-

tem depending on variables like age, white blood cell

1

cytosis and gallbladder gangrene was Merriam et al. in
3

1999 (17,000/mm ). In addition, Fagan et al.
15

et al.

10

18

count, gallbladder wall thickness, pericholecystic fluid,

and Aydin

and American Society of Anesthesiology score of ＞2 in

3

which 0 points result in a 2% probability of gangrenous

reported that WBC count ＞15,000/mm predicted

the development of gangrenous cholecystitis.

cholecystitis and 5 points indicates a 63% probability. Our

Ultrasound of the gallbladder is the radiological method

study also identified variables like age, gender, wall thick-

of choice for detecting acute calculous cholecystitis. The

ness, leukocytosis in addition to diabetes mellitus to be

sonographic criteria includes thickening of the gallbladder

strong predictors of gangrenous cholecystitis. Though we

walls more than 3 mm, ultrasonographic Murphy’s sign,

did not propose any scoring system, we noticed that in

“railway” signs on the gallbladder wall, and distension of

our series, 4 (3.4%) patients had two variable as positive

16

the gallbladder more than 5 cm on its transversal diameter.

predictors at emergency presentation, 14 (12%) had three

In our study, ultrasound was the only imaging technique

variables, 29 (24.8%) had four variables, and the majority

used as an emergency diagnostic tool. Consequently, our

70 (59.8%) had all five variables. A single variable was

study results pointed out that sonographic gallbladder wall

not scored at all.

thickness 5.1-6 mm (p=0.01) and more than 6 mm (p=0.01)

We believe that the current trends in developing evi-

showed a significant relation to gangrene of the gallblad-

dence-based predicting factors, scoring systems, and diag-

der. Many other studies also reported the significance of

nostic help tools are of great value in the quest to provide

sonographic gallbladder wall thickness as a major sign for

the best possible medical care to the patients including the

14,17,18

accuracy of diagnostic help tools, the urgency to operate,

gangrenous gallbladder in acute cholecystitis (Fig. 1).

In our study, age ≥40 years was found statistically to

precautions to be considered in the operating theater, and

be a predictive value for gangrene gallbladder for both

the need for intensive care postoperatively. We recom-

males and females (p=0.04). Other studies reported that

mend for more scientific studies to be encouraged to look

old age (˃40 and ˃50) is an independent risk factors pre-

for other factors and tools.

2,3,9,10

dicting development of gangrenous cholecystitis.

In

We conclude that gallbladder sonographic wall thick-

addition, diabetes mellitus was found statistically to be a

ness 5.1-6 mm, more than 6 mm, male gender, diabetes

predictive value for gangrene gallbladder for both males

mellitus, leukocytosis ˃15,000 cells/ml, and age ≥40 years

and females (p=0.02). It has been postulated that the cyst-

were found to be factors predisposing to gangrene compli-

ic artery pathologies resulting from atherosclerosis or mi-

cated acute calculous cholecystitis that represented a stat-

crovascular diseases could lead to vascular insufficiency,

istically significant difference. By implementing these risk

thus, predisposing factor such as diabetes mellitus could

factors, patients urgency for surgery can be decided in the

be considered as a risk factor in the development of gan-

emergency department. Other risk factors like high ala-

10,19

grenous cholecystitis.

In fact, we observed in our ser-

nine aminotransferase, elevated aspartate aminotransferase,

ies that patients with diabetes mellitus who developed

and high alkaline phosphatase could be of help in the de-

gangrene as a complication of acute calculous cholecys-

cision-making for early operation.

titis had a worse clinical course in the form of aggressive
presentation, difficult surgery, and more complicated post-
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