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Abstract

Objectives: Although post-cholecystectomy syndrome
(PCS) is a well-recognized complication, there are few
reports arising from KSA. The effect of sleeve gastrec-
tomy or endoscopic retrograde cholangiopancreatog-
raphy (ERCP) stenting on the development of PCS is
unknown. We aimed to measure the possible factors
affecting the development of PCS, such as symptom
duration, comorbidities, previous bariatric surgery,
ERCP stent insertion, surgical intervention, conversion
to open surgery and complication rate.

Methods: This was a prospective cohort and observa-
tional study conducted at a single, private tertiary center.
We included 167 patients who underwent surgery for
gallbladder disease between October 2019 and June 2020.
The patients were classified into two groups according to
their PCS status (PCS+ vs. PCS—).

my of Medicine, University of Jeddah, Jeddah, Saudi Results: Thirty-nine patients were PCS+ (23.3%). There
Arabia was no significant difference between the two groups with
regards to age, gender, BMI, ASA score, smoking,
comorbidities, duration of symptoms, previous bariatric
surgery, ERCP, stent insertion or sphincterotomy.
Chronic cholecystitis was the predominant histopathol-
ogy in 83% (139/167) of patients. The most frequent
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causes of PCS included biliary system dysfunction, bile
salt-induced diarrhea, gastritis, gastroesophageal reflux
disease, and retained stones. Overall, 71.8% (28/39) of
patients had incident PCS; the remaining patients had
persistent PCS.

Conclusions: PCS is a neglected complication that was
observed in 25% of patients mainly in the first year.
Surgeon awareness can assist with patient diagnosis,
preoperative selection and education. Furthermore, the
history of ERCP stenting, sphincterotomy, or sleeve
gastrectomy seems to be wunrelated to PCS
development.

Keywords: Endoscopic retrograde cholangiopancreatography
(ERCP); Gallbladder disease; Laparoscopic cholecystectomy
(LC); Post-cholecystectomy syndrome (PCS); Sleeve
gastrectomy

© 2022 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Laparoscopic cholecystectomy (LC) is the most routine
form of abdominal surgery used to treat symptomatic
gallbladder stones (GBS). Laparoscopic cholecystectomy
can modify the physiological and hormonal response of the
gastrointestinal system in response to eating. Subsequently,
a group of patients can experience symptoms post-
operatively and remain unhappy with regards to the surgi-
cal outcome. Post-cholecystectomy syndrome (PCS)
denotes a group of unrelated symptoms that are not
recognized or unmasked by surgical gallbladder removal.
The causes can be classified as a biliary or non-biliary
source from the stomach, esophagus, pancreas and blood
vessels. Although this syndrome has been described in older
females, is prevalent among young with varied incidence
rates."’ Post-cholecystectomy syndrome differs between
countries; in KSA, the incidence of PCS is 19.8% but in
other countries, can reach 54%, with symptoms that persist
after surgery; alternatively, new symptoms can develop af-
ter surgical intervention.” > The onset of PCS can occur
immediately after the postoperative period and is
classified as early biliary PCS; this is caused by retained
or missed duct stones, biliary injury or leaks. Late biliary
PCS commences months or years after LC and is
triggered by recurrent stones, system dysfunction or
stricture. This disease creates a significant burden on the
health care system; the average treatment costs for one
center is $32,300 + 26,172 per annum.’ However, there
are no data regarding preoperative risk stratification that
can predict PCS.! Furthermore, little is known about the
effect of ERCP stenting, laparoscopic sleeve gastrectomy
(LSG) or conversion to open surgery on emerging PCS.
We hypothesized that prolonged symptom durations,
stent insertion, previous bariatric surgery, and conversion
to open surgery can induce the development of PCS.

Materials and Methods
Patients

Patient evaluation and data collection were prospectively
performed at a single, private tertiary center, Dr. Soliman
Fakeeh Hospital (Jeddah, KSA). We enrolled 167 consecu-
tive patients who underwent an operation for gallbladder
disease in our institution between October 2019 and June
2020. We excluded pediatric patients (aged less than 14 years)
and patients who had undergone cholecystectomy combined
with other surgeries. Data were recorded before surgery and
immediately after surgery and patients were followed up in
the outpatient clinic. The diagnosis of PCS was confirmed by
a clinical examination carried out by a surgeon or gastro-
enterologist after ruling out other pathologies by laboratory
tests, ultrasonography (US), computed tomography (CT),
magnetic resonance cholangiopancreatography (MRCP),
and endoscopy (gastroduodenoscopy or ERCP). According
to the persistence of symptoms, the patients were classified
into two groups: PCS (4) and PCS (-).

The measured outcomes included factors that might affect
the development of PCS, such as symptom duration,
comorbidities, previous bariatric surgery, ERCP, stent
insertion, surgical intervention, conversion to open, and
complication rate.

Surgery techniques

Standard laparoscopic cholecystectomy is the procedure
of choice in our institution to manage gallbladder disease.
However, the decision for open surgery or laparoscopy de-
pends on the surgeon’s preference and the patient’s clinical
condition. This study was conducted in a private hospital,
and all surgeries were performed by qualified expert surgeons
at the consultant level.

Statistical analyses

The normality of data was tested by skewness, kurtosis z-
value and the Shapiro—Wilk test. Variables are described by
frequency and percentages if categorical and by means and
standard deviations if continuous. The demographic and
clinical variables of the two groups were compared by the
Fisher’s exact test with two-sided verification and the Pearson’s
Xz test, or an unpaired Student’s t-test, depending on the nature
of the data. A p-value of less than 0.05 was considered statis-
tically significant. A Kaplan—Meier survival estimate plot was
used to show the PCS interval post-LC. Data were analyzed by
SPSS software (version 25, SPSS Inc., Chicago, IL).

Results
Characteristics of the PCS+ and PCS— groups

Of the 167 patients who underwent cholecystectomy, 39
were PCS+ (23.3%); 65% (107/167) of the patients were
female. There was no statistically significant difference be-
tween the two groups in terms of age, sex, body mass index
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Table 1: Demographics and clinical features of the study pa-
tients according to post-cholecystectomy syndrome (PCS)
status.

Values as mean + SD or
No. of patients (%)

Variables

PCS (+) PCS (-) p-value®
(n = 39) (n = 128)
Age at surgery, year  41.5 + 12.7 41.7 £ 13.9 0.927
BMI 29.7 £ 7.0 30.6 + 7.3 0.468
Sex 0.251
Male 11 (28.2) 49 (38.3)
Female 28 (71.8) 79 (61.7)
ASA score 0.766
I+ II + III 39 (100) 127 (99.2)
IV+V 0 (0) 1(0.8)
Diabetes 0.552
Yes 9 (23.1) 24 (18.8)
No 30 (76.9) 104 (81.3)
Comorbidities 0.276
Yes 20 (51.3) 53 (41.4)
No 19 (48.7) 75 (58.6)
Smoking 0.669
Yes 7 (17.9) 27 (21.1)
No 32 (82.1) 101 (78.9)
Biliary pancreatitis 0.986
Yes 4 (10.3) 13 (10.2)
No 35(89.7) 115 (89.8)
Obstructive jaundice 0.958
Yes 5(12.8) 16 (12.5)
No 34 (87.2) 112 (87.5)
WBC (u/L) 7.8 +3.3 8.9 + 6.6 0.333
HB (g/dl) 124 £ 1.5 13.9 £ 9.0 0.363
Albumin (g/dl) 33+0.5 3.6 + 0.6 0.544
Total bilirubin 09 £ 1.5 0.8 + 1.7 0.519
(mg/dl)
Alkaline 106 + 99 103 + 70 0.870
phosphatase
(U/M
SGOT/AST (U/I) 78 £ 71 71 £ 104 0.268
SGPT/ALT (U/I) 111 £ 152 95 + 162 0.875
Creatinine (mg/dl) 1.1 £ 1.9 1.8+ 1.7 0.491
INR 0.9 +£0.6 0.9 +£0.2 0.518

 Pearson’s Y test or Fisher’s exact test and independent t-test;
SD, standard deviation; ASA, American society of anesthesiol-
ogist score.

(BMI), American Society of Anesthesiologists ASA score,
diabetes, comorbidities, smoking, and laboratory findings.
Variables such as symptom duration, previous bariatric
surgery, ERCP, stenting, sphincterotomy, and surgical
outcome were not significantly related to PCS. Thirty-one
patients, 9/39 (23%) in PCS+ group vs 22/128 (17.2%) in
the PCS— group underwent LSG; there was no significant
difference between the two groups with this respect
(p = 0.408), thus implying that LSG has no effect on the
development of PCS. Clinical and demographic data are
demonstrated in Table 1.

ERCP and surgical outcome

ERCP was performed in 13.8% (23/167) of patients. In
the PCS+ and PCS— groups, 17.9% (7/39) and 12.5%

Table 2: The effects of key factors on the development of PCS.

Values as mean + SD or
No. of patients (%)

Variables

PCS (+) PCS (-) p-value®
(n = 39) (n = 128)

Duration of complaint 0.157
Less than 6 weeks 25 (64.1) 66 (51.5)

More than 6 weeks 14 (35.9) 62 (48.5)

Sleeve gastrectomy 0.408
Yes 9(23.1) 22 (17.2)

No 30 (76.9) 106 (82.8)

GB wall thickness (mm) 3.6 £ 1.4 3.6 £2.1 0.974

ERCP 0.387
Yes 7(17.9) 16 (12.5)

No 32 (82.1) 112 (87.5)

Stent insertion 0.374
Yes 6 (15.4) 12 (9.4)

No 33 (84.6) 116 (90.6)

Surgery sitting 0.570
Elective 36 (92.3) 113 (88.3)
Urgent/ER 3(7.7) 15 (11.7)

Operative approach 0.688
Laparoscopy 38 (97.4) 124 (96.9)

Lap. converted to open 1 (2.6) 4(3.1)

Operative time (min) 63 + 30 65 + 38 0.799

Bleeding > 100 ml 0.399
Yes 0 (0) 4(3.2)

No 39 (100) 124 (96.8)

Drain 0.202
Yes 0 (0) 7(5.5)

No 39 (100) 121 (94.5)

Wound infection 0.552
Yes 1(2.6) 2 (1.6)

No 38 (97.4) 126 (98.4)

Collection 0.414
Yes 1(2.6) 1 (0.8)

No 38 (97.4) 127 (99.2)

Stump leak
Yes 0 (0) 0 (0)

No 39 (100) 128 (100)

CBD injury
Yes 0 (0) 0 (0)

No 39 (100) 128 (100)

Pulmonary Embolism 0 1 (0.78)

Chronic cholecystitis 0.467
(histopathology)

Yes 35 (89.7) 109 (85.2)
No 4 (10.3) 19 (14.8)

Re-visit to theater 0 0

Length of stay (days) 25+ 1.7 24+1.5 0.668

30 days readmission 0.625
Yes 2(5.1) 4(3.1)

No 37 (94.9) 124 (96.9)

30 days mortality 0 0

 Pearson’s ° test or Fisher’s exact test and independent t-test;
SD, standard deviation.

(16/112) of patients required ERCP, respectively. Of the 23
patients who underwent ERCP, a stent was inserted in 18
patients (78%); sphincterotomy was performed in the
remaining patients. Urgent cholecystectomies were per-
formed in 10.7% of patients (18/167) and the rate of con-
version to open surgery was 3% (5/167). Surgical parameters
were comparable between the two groups. No significances



386 A.M. Alotaibi

120

100

80

60

Count

40

20

no

histopathology

M acute cholecystitis

m chronic cholecystitis
gangrenous
empyema

M xanthogranuloma

M others

yes

post cholecystectomy syndrome

Figure 1: Histopathology of 167 cholecystectomies.

differences were evident between the two groups in terms of
surgery-related complications, such as wound infection,
collection, bleeding, the need for drains, biliary system injury
or cystic stump leakage (Table 2).

Histopathology results

Chronic cholecystitis was observed in 83% of patients
(139/167); the remaining patients suffered from acute
cholecystitis, adenomyosis, gangrenous, empyema, mucocele

14
12
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N

and xanthogranuloma. Histopathological analysis did not
reveal an incidental finding of malignant tumors or dysplasia
(Figure 1). Since chronic cholecystitis implies prolonged
symptoms, no statistical difference was evident between
specific pathological findings and PCS.

Causes of PCS

Over an average follow-up period of 18 months (2—32
months), 39 patients complained of persistent symptoms.

W gastric (ulcer, H.pylori, gastritis)
® GERD
bile acid diarrhea
biliary dysfunction (dilated system)

M retained stone (obestructive jaundice,
pancreatitis)

post cholecystectomy syndrome PCS causes

Figure 2: Causes of post-cholecystectomy syndrome in 39 patients.
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Figure 3: Kaplan—Meier survival estimate plot; 90% of PCS occurred in 10 months post-LC.

The interval between cholecystectomy and the development
of PCS varied between 2 days and 24 months. The most
frequent causes were biliary system dysfunction, bile salt-
induced diarrhea (BSID), stomach-related factors (gastritis,
peptic ulcer, and Helicobacter pylori infection) or gastro-
esophageal reflux disease. Three patients with retained stones
required postoperative ERCP (Figure 2). Early biliary PCS
secondary to LC was observed in 14 out of 39 patients
(36%); these patients presented with BSID and retained
biliary duct stones. Incident PCS was evident in 71.8% of
patients (28/39), while the remaining patients had persistent
PCS. The Kaplan—Meier survival estimate plot showed
that 90% of PCS cases were triggered 10 months post-LC
(Figure 3).

Discussion

During the initial ultrasound investigation by a gastro-
enterologist, a patient showing abdominal pain and gall-
bladder stones will be referred to a surgeon for LC without
further workup. Post-cholecystectomy syndrome encom-
passes a range of GIT symptoms, such as abdominal pain,
dyspepsia, flatulence, vomiting, jaundice and diarrhea that

are either persistent or represent new incidents after surgery.
Early biliary PCS can arise from a complication after cho-
lecystectomy and is considered an incident rather than a
persistent symptom, such as biliary duct injury or leakage,
retained cystic or common bile duct stones, or BSID.” In our
data, there was no evidence of inadvertent injury to the
biliary system nor any postoperative stump leak. Early
PCS presented with BSID in 11 patients and retained
stones in three patients. Diarrhea was reported as early as
day 2 post-cholecystectomy; this was similar to previous
ﬁndings.2 Incident symptoms were documented in 71.8% of
PCS cases, thus indicating the need to thoroughly investigate
the remaining 29.2% of cases, to diminish symptom
persistence and achieve maximum benefits from LC.

Other treatable causes of PCS include the remnant gall-
bladder, a large cystic stump() or a stump mucocele.” Such
findings on ERCP or images require referral of the patient
to a skilled surgeon for completion of cholecystectomy.
Laparoscopic cholecystectomy for remnant stumps is
common, but we did not encounter this in our patients. A
detailed study must confirm the absence of a lethal
underlying disease such as malignancy, vascular pathology
or anomaly. For example, a splenic or gastroduodenal
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artery aneurysmx’() or a choledochal Cystm can be masked by

PCS. Such rare cases can be fixed by surgical, endoscopic, or
endovascular intervention.

Late biliary PCS is due to recurrent stones, biliary system
stricture or dysfunction of the sphincter of Oddi. Dysfunc-
tion of the biliary system with duct dilation was observed in
30% (12/39) of our patients, while concurrent primary stones
were not reported. Saleem et al. previously reviewed 275
patients; of these patients, 219 had no apparent cause, biliary
dysfunction was evident in 20 patients, peptic ulcer disease in
11 patients and biliary obstruction in 8 patients.2
Dysfunction of the sphincter of Oddi is classified by three
Milwaukee grades and is diagnosed clinically by persistent
biliary pain, altered liver function tests, and >6 mm dilated
duct on ultrasound. Furthermore, dysfunction of the
sphincter of Oddi can be categorized into dyskinesia
(spasm) possibly due to hormones, or stenosis (stricture)
secondary to LC, passed stones, pancreatitis and trauma
from ERCP.'! Sphincter of Oddi dysfunction manometry
is the standard gold test to differentiate these groups with
duct pressure measurement in response to muscle
relaxants.!' Disease-free survival analysis by the Kaplan—
Meier plot indicated that 90% of PCS occurs in the first 10
months after surgery. Frequent patient visits to the emer-
gency room or clinic in the first year raises a query regarding
the incidence of PCS; the underlying causes must be pursued.

Non-specific symptoms and patient awareness were
implied as risk factors for PCS; however, certain factors have
yet to be investigated.” Patient smoking history and obesity
are not apparent risk factors for PCS. Smoking habits
existed in 18% of our patients with a BMI of 29.7
(overweight). Conversely, young females appeared to be at
high risk for PCS post-LC.2 The duration of preoperative
complaints has been related to PCS, as reported in some
previous reviews.'” When we divided our patients into two
categories  based on  symptom  duration and
histopathological findings, there was no statistically
significant association, as evidenced by Pearson’s X2 test.
The same results were observed for urgent surgery and
operative complications, which were reported by others as
risk factors for PCS. 1713

Although some authors linked ERCP choledochotomy in
20% of PCS cases,12 most did not elucidate the effect of
ERCP stenting, bariatric surgery or conversion to open
surgery on evolving PCS. Instrumentation of the biliary
duct with a stent can induce Sphincter of Oddi dysfunction
SOD and stenosis, thus directly influencing the incidence of
PCS''; on the other hand, LSG is not precisely related to
PCS but has theoretically unforeseen effects. Laparoscopic
sleeve gastrectomy is associated with surgical adhesion and
can increase the chance of symptomatic and complicated
GBS, such as choledocholithiasis, cholangitis and
pancreatitis.14 These complications are considered causes
of PCS if patients undergo LC as part of their treatment.
However, no previous study has attempted to investigate
whether LSG is related to PCS. A variety of bariatric
surgeries are performed in our center; however, in our
study, 18.5% of patients (31/167) had undergone LSG. In
addition, conversion to open surgery can trigger chronic
pain in the right upper quadrant.l Our data revealed a 3%
(5/167) conversion rate mainly due to intraoperative
bleeding. There was no significant relationship between

ERCP stenting, LSG or conversion to open surgery and
PCS. This can be explained by sample size versus the
reality of no relationship.

The symptoms of PCS can be significant and disturb the
quality of life, or they can be minor and be ignored by the
patient and physician. The pathophysiological changes noted
in PCS are related to duodenogastric and gastroesophageal
reflux, SOD and surgical adhesions.! Recent studies
emphasized the role of the gut microbiome in triggering
PCS as the intestinal flora can be altered due to the lack of
bile after LC. Gut microbiota dysbiosis refers to an
imbalance or lack of healthy microorganisms in the GIT."”
The abundance of proteobacteria in the stools of patients
post-LC might act as a risk factor for chronic pain and
diarrhea in individuals with PCS.'® Whether this dysbiosis
specifically results from LC or the antibiotics the patient
receives is unclear.! Restoring the normal flora with a
probiotic regimen is suggested for treating PCS."” The
treatment of PCS varies and depends on the underlying
findings. Many protocols and algorithms have been
designed to solve this problem; these begin with dietary
modification and medication to improve the quality of life.

Antispasmodic, anticholinergic sedatives, proton pump
inhibitors, cholestyramine, and antidiarrheal agents are used
for symptomatic control. In addition, some patients require
non-invasive radiological drainage or invasive intervention
by ERCP stenting for biliary injury or leaks or papillotomy
for SOD type I or II, but not type r.'"'>® Remnant
gallbladder stumps necessitate the completion of
cholecystectomy. In addition, one systemic review
previously concluded that acupuncture therapy is useful
and safe for treating PCS."”

Although LC may improve the symptoms of GBS, asso-
ciated metabolic syndromes might persist; appropriate pa-
tient selection is the key.”” Two current prospective trials
[(Dutch Trial Register: NTR7307) and (NTR7267)] aim to
answer queries regarding gastrointestinal function related
to gallstones and to minimize the wrong surgical
indications of LC.”

The limitations of our study include the observational
nature and the sample sizes used. In addition, we did not
focus on PCS treatment but on assessing specific predispos-
ing factors. Here, we provide an analysis of a relationship
that exists between PCS and stenting. We also estimated PCS
disease-free survival post-LC. In conclusion, PCS is an
overlooked complication that is observed in 25% of all
cholecystectomy patients. Physician awareness is necessary,
and clinical management should be aimed towards appro-
priate preoperative patient selection, postoperative correc-
tion of the underlying cause and symptom control. Patient
education regarding physiological changes can help in future
treatment once PCS is diagnosed. History of previous ERCP
stenting, sphincterotomy or sleeve gastrectomy seems to be
unrelated to the development of PCS. Close patient moni-
toring in the first year is necessary for the early detection and
management of PCS.
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