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Abstract

Background Endoscopic sphincterotomy is the standard treatment for common bile duct stones.There is
different evidence considering complications specifically biliary pancreatitis and cholangitis with the use
of cholecystectomy after endoscopic sphincterotomy.The purpose of this article is to compare the
positive cholecystectomy after endoscopic treatment of common bile duct stones, whether the incidence
of recurrent pancreatitis cholangitis is reduced, especially in high-risk patients.

Methods We searched Pubmed(1990-2019)0Embase(1990-2019) Cochrane(1990-2019)database for
trials comparing the 2 strategies for gallstones after ES.A related article on the removal of gallbladder
after endoscopic sphincterotomy was collected,followed by analysis of each group using RevMan.

Results We have adopted a total of 8 studies, including 7 randomized controlled trials and 1 retrospective
study. A total of 12718 patients were included in the study, 4922 in the early cholecystectomy group, and
7795 in the gallbladder in situ group.During the follow-up period, 41 patients had pancreatitis after
endoscopic sphincterotomy in the cholecystectomy group, and 177 patients in the wait-and-see group.
The incidence of pancreatitis in the gallbladder in situ group was significantly reduced(RR 0.38, 95%CI
0.27 t0 0.53, P < 0.00001,l 2 =0%).The incidence of cholangitis and jaundice in the removal of the
gallbladder group was also less than that in the preserved gallbladder group(RR 0.31, 95%CI 0.26 to 0.38,
P <0.00001,l 2 =0%).There was no significant difference in mortality between the two groups(RR 0.73,
95%Cl 0.52 t0 1.02, P =0.07,1 2 =14%).There is a significant difference in cholecystitis or biliary colic(RR
0.25,95% C10.21 t0 0.29, P < 0.00001,l 2 =28%).

Conclusions Early endoscopic cholecystectomy after removal of common bile duct stones can effectively
reduce biliary complications such as recurrent pancreatitis, cholangitis and cholecystitis. This is still true
for high-risk patients, and has no significant effect on the mortality of patients. After ES,laparoscopic
cholecystectomy should be recommended.

1. Introduction

Gallstone disease is a common medical condition worldwide, with 10%-20% of patients with
choledocholithiasis developing biliary pancreatitis and cholangitis!"2. Treatment of common bile duct
stones and gallstones includes open biliary exploration + cholecystectomy, laparoscopic
cholecystectomy + biliary exploration, and endoscopic sphincterotomy (ES) + laparoscopic
cholecystectomy4l. Classen first reported ES for the treatment of bile duct stones in 197451 ES

subsequently became the mainstream treatment for common bile duct stones [©7]. For the treatment of
common bile duct stones, multiple guidelines recommend cholecystectomy after endoscopic removal of

bile duct stones!®?]. Some patients choose to preserve the gallbladder in situ because of the associated
risk or an unwillingness to undergo cholecystectomy again. Escourur first reported a case of gallbladder

retention after ES in 1984119 Approximately 22% of patients who retain the gallbladder developed biliary
complications [']. It has been suggested that the gallbladder in situ after endoscopic treatment, and the
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risk of biliary symptoms in patients with asymptomatic stones appears to be equal, without the need to
remove the gallbladder'2. Compared with the preservation of the gallbladder, cholecystectomy after
removal of the bile duct stones, although increased hospital stay, can reduce the recurrence rate of
postoperative biliary complications ['1-13].

Our goal was to perform this systematic assessment of randomized controlled trials and large sample
retrospective studies to elucidate the difference between cholecystectomy and gallbladder in situ after
endoscopic treatment in patients with common bile duct stones.

2. Methods

2.1 Data Sources and Search Strategy

Using the PubMed, EMBASE, and Cochrane library databases, we searched for all published studies on
the endoscopic treatment of common bile duct stones with gallstones from January 1990 to April
2019.The following MeSH, Emtree, and keyword search terms were used in various combinations:
“cholelithiasis” OR “bile duct stone” OR “common bile duct stone” OR “gallstone” OR “bile lithiasis” OR
“bile lithogenicity” OR “biliary calculi” OR “biliary lithiasis” OR “biliary tract calculus” OR
“cholecystolithiasis” OR “gallbladder calculus” OR “gallbladder stone” OR “choledochal calculus” OR
“choledocholithiasis” OR “choledochus calculus” OR “choledochus stone” OR “common bile duct calculi”
OR “common bile duct calculus” OR “common biliary duct stone” OR “ductus choledochus stone” AND
“sphincterotomy” OR “endoscopic sphincterotomy” OR “sphincterotomy” AND “cholecystectomy” OR
“gallbladder resection” OR “gall bladder resection.”

2.2 Inclusion and Exclusion Criteria

Two authors (Jie Xu and Chuang Yang) searched for original studies using predetermined inclusion
criteria. Patients who met the following requirements were included in the study: 1) successful
endoscopic removal of common bile duct stones; 2) removal of the gallbladder or retention of the
gallbladder; 3) > 18 years of age; and 4) randomized trials or studies with samples greater than 500. The
exclusion criteria were as follows: case reports; and duplicate reports. Two researchers scrutinized the
titles and abstracts of all identified articles, first excluding unrelated studies, and then reading the full text
to further rule out unqualified studies. If no consensus was reached, the third author intervened.

2.3 Data Extraction and Quality Assessment

Two commentators independently extracted data according to standardized extraction forms. The main
extracts included author, year of publication, country in which the study was conducted, age and gender
of the patient, type of endoscopic technique, intervention (wait-and-see or cholecystectomy), and the
design and follow-up of the trial, including complications, such as cholecystitis, biliary colic, cholangitis,
pancreatitis, and jaundice.
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We used the Cochrane tool for assessing the risk of bias for quality assessment of individual studies.
This tool assesses the presence of selection bias by evaluating the methods of randomization and
allocation concealment; specifically, performance and detection of bias was determined by checking for
blinding of personnel and outcome assessment and attrition, and reporting bias was determined by
evaluating for incomplete and selective data reporting. Quality assessment was independently carried out
by two reviewers (Jie Xu and Chuang Yang); discrepancies were discussed with a third reviewer.

2.4 Data Synthesis and Statistical Analysis

Data analysis was performed in RevManAnalysis5.3. Relative risk (RR) and 95% confidence intervals
(Cls) were calculated with software (RevManAnalysis5.3) using the number of events and the number of
patients in both groups. Our primary outcome of interest was acute pancreatitis between the two groups.
The secondary outcomes included the difference in mortality, biliary colic, cholecystitis, cholangitis,
recurrent jaundice, major adverse events, and length of hospital stay. These secondary outcomes were
pooled using a fixed effects model in the meta-analysis. To estimate statistical heterogeneity, we used the
12 statistic, where an 1% > 50% indicated significant heterogeneity. The fixed effects model was used in the
meta-analysis when the heterogeneity was < 50%, while an 12 > 50% was used in the random effects
model. The exclusion method was used for the sensitivity analysis, but only when the results were
relevant. For primary outcome measures, evidence of publication bias and other biases were assessed
based on a regression analysis of the funnel plot asymmetry. The source of heterogeneity was assessed
by sensitivity and subgroup analyses.

3. Results

3.1 Study Selection and Characteristics

A flow diagram of our systematic review is shown in Figure 1. The initial search identified 4439 potential
studies. After a review of titles and abstracts, 1204 studies were rejected due to data duplication,
irrelevant purpose, or comments. One hundred twenty-nine articles were searched for more detailed
assessments and full-text reviews. Based on randomization and the sample size of the retrospective
study, eight articles were finalized. A total of 12,718 subjects were included, including seven randomized
trials and one retrospective study; the data were collected from 1995-2018.The baseline characteristics
of the included studies are presented in Table 1.

3.2 Risk of bias and quality of evidence

The bias risk of the included studies was critically assessed using the Cochrane Collaboration risk of bias
tool. Seven studies were randomized, and one retrospective study was a large sample study. All of the
studies were unblinded and the remaining bias was low, thus the evidence was considered reliable. The
bias assessment of each methodologic component from the eligible studies is shown in Figure 2.

3.3 Meta-analysis
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(1) Recurrent acute pancreatitis: There was a total of 12,718 patients in 8 studies (4922 in the
cholecystectomy group). Pancreatitis occurred in 41 patients (0.83%) after ES in the cholecystectomy
group and 177 patients (2.27%) in the wait-and-see group (Figure 3). Recurrent pancreatitis was
compared between the resection and gallbladder groups (RR, 0.38;95% Cl, 0.27-0.53; P < 0.00001;
12=0%). The first subgroup analysis was based on a comparison of the high and low risk groups: low risk
group (RR, 1.26;95% Cl, 0.05-2.1; P = 0.87; 12 = 0%); high risk group (RR, 0.34;95% Cl, 0.08-19.45; P =
0.24; 12 = 0%); and unclear risk group (RR 0.37; 95% Cl, 0.26-0.52; P < 0.00001; I = 0%). Another subgroup
analysis revealed the following: randomized research group (RR, 0.37; 95% Cl, 0.26-0.52; P < 0.00001; I? =
0%); and retrospective study group (RR, 0.37;95% Cl, 0.26—0.52; P < 0.00001; I2 = 0%). Randomized trials
were compared with retrospective studies. The incidence of pancreatitis in the resection group was 0.45%
and 0.83%, respectively. The incidence of pancreatitis in the gallbladder in situ group was 1.07% and
2.27%, respectively. Finally, the sensitivity analysis was performed using the exclusion method one-by-
one. The large sample study was different from the small sample statistical analysis because the
incidence of pancreatitis was low and the difference in large samples was more stable and more
apparent. Small sample results were unstable, which causes deviation in the statistical analysis due to
individual cases.

(2) Cholangitis and recurrent jaundice (Figure 4): Among the 12,718 patients evaluated the rate of the
incidence of cholangitis in the resection group and the gallbladder in situ group (RR, 0.31;95% Cl, 0.26—
0.38; P < 0.00001; 1?>=0%).The incidence of cholangitis and jaundice in the gallbladder group was less
than the preserved gallbladder group.The first subgroup analysis: in low risk group (RR, 0.56; 95% Cl,
0.27-1.16; P < 0.12; 1>=1%), high risk group (RR, 0.28; 95% Cl, 0.09-0.81, P <0.02, 1?=0%), unclear risk
group (RR, 0.31;95% CI, 0.25-0.37; P < 0.00001; 12 = 0%). [?] There was no significant difference in the
low risk group; however, there was a difference between the high risk and unidentified risk groups.
Another subgroup analysis: Randomized experimental group (RR 0.45,95% Cl1 0.25-0.8, P = 0.007, I =
0%), retrospective study group (RR 0.31,95% Cl 0.26 to 0.38, P < 0.00001, 12 = 0%). [?] In the randomized
and retrospective groups, the proportion of cholangitis and recurrent jaundice in the final
cholecystectomy group was lower than the conservative group.

(3) Mortality (Figure 5): A comparison of mortality between the resection and conservative groups in the 8
studies (RR, 0.73;95% Cl, 0.52-1.02; P < 0.07, 12 = 14%) revealed that there was no significant difference
in mortality between the two groups. Subgroup analysis based on risk grading: in the low risk group (RR,
0.68; 95% Cl, 0.37-1.25; P < 0.22; I? = 0%), high risk group (RR, 0.87; 95% Cl, 0.37-2.03; P < 0.74; 1> = 67%),
and unclear risk group (RR, 0.53;95% Cl,0.24-1.17;P < 0.12; 12 = 0%). All groups showed that there was
no significant difference in mortality between the two groups. The high risk group had higher
heterogeneity and adopted a random effect pattern that was mainly caused by the Hammarstrom study
using the excavation method. It may be because the sample size of this study was small, and the data
have certain contingency.
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(4) Biliary colic and cholecystitis (Figure 6): Cholecystitis and biliary colic were compared in the post-
operative resection and wait-and-see groups (RR, 0.25; 95% Cl, 0.21-0.29; P < 0.00007; I> = 28%). The
comparison in the subgroup analysis showed the following: low risk group (RR, 0.06; 95% CI,0.01-0.23; P
< 0.0007; I2 = 0%); high risk group (RR, 0.11; 95% Cl, 0.04-0.32; P < 0.0001; I = 0%); and unclear risk
group (RR, 0.32; 95% Cl, 0.27-0.36; P < 0.00001; I2 = 0%). Subgroup analysis based on research typing:
Randomized research (RR, 0.08; 95% Cl, 0.04-0.19; P < 0.00001; I = 0%) and retrospective study groups
(RR, 0.30;95% Cl, 0.26—-0.34; P < 0.000071; 12 = 0%). In all analyses, the incidence of cholecystitis and
biliary colic in the early resection of the gallbladder group was significantly lower than the gallbladder
group, and the heterogeneity was lower in all subgroups.

3.4 Publishing bias

The funnel plot does not show substantial asymmetry (Figure 2).

4. Discussion

This study compared the effect of cholecystectomy after ES. Specifically, whether or not the recurrence of
pancreatitis and cholangitis can be reduced after cholecystectomy was compared. The main conclusions
of our review were that the wait-and-see procedure versus cholecystectomy resulted in an increased
incidence of pancreatitis, more patients with biliary pain and cholecystitis, and more patients with
recurrent jaundice and cholangitis, but there was no significant difference in mortality between the two
groups. Even in the high risk group, active cholecystectomy can effectively reduce the occurrence of
biliary complications.

This study combined the advantages of both randomized and retrospective studies. The retrospective
study showed the difference in recurrence of pancreatitis due to the large amount of data in addition to
an insufficient number of randomized studies. Randomized studies increase the objectivity of
retrospective studies. The combination of holistic and subgroup analyses compensates for the sample
size gap between randomized and retrospective studies. Through holistic and subgroup analyses, we
comprehensively analyzed the conclusions of randomized and retrospective studies, which affirmed our
findings and increased the credibility of the conclusions. The major limitations of our review were as
follows: one of the studies was a retrospective study; the sample size of the randomized study was small,
the sample size gap between the retrospective study was large; and the number of randomized studies
was small. Some studies have suggested that cholecystectomy after endoscopic treatment of bile duct
stones can effectively reduce the occurrence of biliary complications, especially the incidence of
cholecystitis and cholangitis?223]; however, most studies have concluded that there is no significant
difference in the recurrence rate of pancreatitis. To determine whether or not there was a difference in the
recurrence of pancreatitis, this analysis has added a large sample study[?425. The amount of
retrospective data included in this study was large, and the results of randomized studies did not have an
effective impact. The final analysis results were determined by retrospective studies. Based on the
subgroup analysis, the grouping of large samples was different from the grouping results of small
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samples. The statistical results were not different in the small sample study, but there were differences in
large samples because there were few randomized studies, there were limited experimental data in the
randomized studies, and as the incidence of pancreatitis was low, there was more contingency, which
resulted in unstable results. In contrast, due to the large number of retrospective studies, the difference
was stable, more representative of pancreatitis in both groups, and statistically significant. Large sample
studies amplify the difference in the incidence of pancreatitis in both groups, and the larger sample
results are more reliable than small samples. From the two groups of studies, the incidence of
pancreatitis in the cholecystectomy group was < 1%, and the incidence of the gallbladder in situ group
was < 2.5%. Therefore, it is believed that the early cholecystectomy after endoscopic removal of bile duct
stones reduces the incidence of pancreatitis.

The articles included in this manuscript had no specific reports on the size and quantity of gallstones.
Grouping according to gallstones and re-analysis may yield different conclusions. Single large stones
have a lower risk of recurrence of biliary pancreatitis and cholangitis compared to small stones and
biliary stones < 5 mm in size, but the incidence of cholecystitis in older patients increases with age,
although recurrent pancreatitis is not increased, the risk of cholecystitis increases, and thus it is still

recommended to remove the gallbladder after ES [26-28],

5. Conclusions

This analysis supports the finding that prophylactic cholecystectomy after endoscopic treatment of
common bile duct stones can effectively reduce complications, such as pancreatitis, cholangitis, and
cholecystitis, but there was no significant difference in mortality from all causes in both groups. Even in
the high risk group (ASA grade llI-IV patients), it is recommended that patients undergo surgery to
remove the gallstones after removal of common bile duct stones, thus reducing the possibility of re-
operation.

Declarations

Ethics approval and consent to participate

Not applicable

Consent for publication

The manuscript has been read and approved by all authors.
Availability of data and materials

Not applicable

Funding

Page 7/17



This paper was not funded.
Competing interests

The authors have no relevant affiliations or financial involvement with any organization or entity with a
financial interest in or financial conflict with the subject matter or materials discussed in the manuscript.
This includes employment, consultancies, honoraria, stock ownership or options, expert testimony, grants
or patents received or pending, or royalties.

Authors' contributions

Not applicable

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other relationships to disclose.
Acknowledgements

We deeply appreciate your consideration of our manuscript, and we look forward to receiving comments
from the reviewers.

References

1. Park CH. The Management of Common Bile Duct Stones. Korean J Gastroenterol 2018; 71(5): 260-
263.

2. Mei Lan Cui. Long-term follow-up study of gallbladder in situ after endoscopic common duct stone
removal in Korean patients. Surg Endosc 2013;27: 1711-1716.

3. Reinders JS, Goud A, Timmer R, et al. Early laparoscopic cholecystectomy improves outcomes after
endoscopic sphincterotomy for choledochocystolithiasis. Gastroenterology 2010; 138: 2315-2320.

4. Dasari BVM. surgical versus endoscopic treatment of bile stones. Cochrane Database of Systematic
Reviews 2013; Issue 12. Art. No: CD003327.

5. Classen M, Demling L. Endoscopic sphincterotomy of the papilla of vater and extraction of stones
from the choledochal duct (author’s transl)]. Dtsch Med Wochenschr 1974; 99: 496-497.

6. Park CH, Jung JH, Nam E. Comparative efficacy of various endoscopic techniques for the treatment of
common bile duct stones: a network meta-analysis. Gastrointest Endosc 2018 Jan; 87(1): 43-57.

7. Cotton PB, Geenen JE, Sherman S, et al. Endoscopic sphincterotomy for stones by experts is safe,
even in younger patients with normal ducts. Ann Surg 1998; 227: 201-204.

8. Committee ASGE Standards of Practice Committee, Maple JT, Ikenberry SO, Anderson MA, et al.
Committee ASoP. The role of endoscopy in the management of choledocholithiasis. Gastrointest

Endosc 2011; 74: 731-74A4.
Page 8/17


https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=29791984
https://www.ncbi.nlm.nih.gov/pubmed/29791984
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20CH%5bAuthor%5d&cauthor=true&cauthor_uid=28756105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20JH%5bAuthor%5d&cauthor=true&cauthor_uid=28756105
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nam%20E%5bAuthor%5d&cauthor=true&cauthor_uid=28756105

10.

11.

12.

13.

14.

15.

16

. Internal Clinical Guidelines T. Gallstone Disease: Diagnosis and Management of Cholelithiasis,

Cholecystitis and Choledocholithiasis. National Institute for Health and Care Excellence 2014 Oct.

Escourrou J, Cordova JA, Lazorthes F, et al. Early and late complications after endoscopic
sphincterotomy for biliary lithiasis with and without the gallbladder 'in situ’. Gut 1984; 25: 598-602.

McAlister VC, Davenport E, Renouf E. Cholecystectomy deferral in patients with endoscopic
sphincterotomy. Cochrane Database Syst Rev 2007: CD006233.

W.H. Schreurs. Endoscopic Management of Common Bile Duct Stones Leaving the Gallbladder in
situ. Dig Surg 2004; 21: 60-65.

Chi-Tung Cheng. Effects of cholecystectomy on recurrent biliary complications after endoscopic
treatment of common bile duct stone:a population-based cohort study. Surg Endose 2018; 32(4):
1793-1801.

Boerma D, Rauws EA, Keulemans YC, et al. Wait-and-see policy or laparoscopic cholecystectomy
after endoscopic sphincterotomy for bile-duct stones: a randomised trial. Lancet 2002; 360: 761-
765.

Elmunzer BJ. The Impact of Cholecystectomy After Endoscopic Sphincterotomy for Complicated
Gallstone Disease. Am J Gastroenterol 2017; 112(10): 1596-1602.

Hammarstrom LE, Holmin T, Stridbeck H, et al. Long-term follow-up of a prospective randomized

study of endoscopic versus surgical treatment of bile duct calculi in patients with gallbladder in situ. Br J
Surg 1995; 82: 1516—-1521.

17.

18.

19.

20.

21.

22.

Heo J, Jung MK, Cho CM. Should prophylactic cholecystectomy be performed in patients with
concomitant gallstones after endoscopic sphincterotomy for bile duct stones? Surg Endosc 2015;
29: 1574-1579.

Lau JY, Leow CK, Fung TM, et al. Cholecystectomy or gallbladder in situ after endoscopic
sphincterotomy and bile duct stone removal in Chinese patients. Gastroenterology 2006; 130: 96—
103.

Suc B, Escat J, Cherqui D, et al. Surgery vs endoscopy as primary treatment in symptomatic patients
with suspected common bile duct stones: a multicenter randomized trial. French Associations for
Surgical Research. Arch Surg 1998; 133: 702-708.

Targarona EM, Ayuso RM, Bordas JM, et al. Randomised trial of endoscopic sphincterotomy with
gallbladder left in situ versus open surgery for common bileduct calculi in high-risk patients. Lancet
1996; 347: 926-929.

Zargar SA Mushtag M, BegMA, et al. Wait-and-see policy versus cholecystectomy after endoscopic
sphincterotomy for bile-duct stones in high-risk patients with co-existing gallbladder stones: a
prospective randomised trial. Arab J Gastroenterol 2014; 15: 24-26.

Li S, Su B, Chen P,et al. Risk factors for recurrence of common bile duct stones after endoscopic

biliary sphincterotomy. J Int Med Res 2018 Jul; 46(7): 2595-2605.

Page 9/17


https://www.ncbi.nlm.nih.gov/pubmed/?term=Elmunzer%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=28809384
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5bAuthor%5d&cauthor=true&cauthor_uid=29865913
https://www.ncbi.nlm.nih.gov/pubmed/?term=Su%20B%5bAuthor%5d&cauthor=true&cauthor_uid=29865913
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20P%5bAuthor%5d&cauthor=true&cauthor_uid=29865913

23. Mattila AMrena J,Kellokumpu I.Expectant management of gallbladder stones after
endoscopic removal of common bile ductstones. Int J Surg 2017 Jul; 43: 107-11.

24. El-Dhuwaib Y, Deakin M, David GG, et al. Definitive management of gallstone pancreatitis in England.
Ann R Coll Surg Engl 2012; 94: 402-406.

25. Da Costa DW, Schepers NJ, Romkens TE, et al. Endoscopic sphincterotomy and cholecystectomy in
acute biliary pancreatitis. Surgeon 2016; 14: 99-108.

26. Shah AP. Acute pancreatitis: current perspectives on diagnosis and management. J Inflamm Res
2018 Mar9; 11: 77-85.

27. Hu YR. Efficacy and safety of B-mode ultrasound-guided percutaneous transhepatic gallbladder
drainage combined with laparoscopic cholecystectomy for acute cholecystitis in elderly and high-risk
patients. BMC Gastroenterol 2015 Jul 9; 15: 81.

28. Portincasa P, Di Ciaula A, de Bari O, et al. Expert Rev Gastroenterol Hepatol. 2016; 10: 93-112.

Table

Due to technical limitations, the table could not be displayed here. Please see the supplementary files
section to access the table.

Figures

Page 10/17


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mattila%20A%5bAuthor%5d&cauthor=true&cauthor_uid=28578081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mrena%20J%5bAuthor%5d&cauthor=true&cauthor_uid=28578081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kellokumpu%20I%5bAuthor%5d&cauthor=true&cauthor_uid=28578081
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=29563826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20YR%5BAuthor%5D&cauthor=true&cauthor_uid=26156691
https://www.ncbi.nlm.nih.gov/pubmed/?term=Portincasa%20P%5bAuthor%5d&cauthor=true&cauthor_uid=26560258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Ciaula%20A%5bAuthor%5d&cauthor=true&cauthor_uid=26560258
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Bari%20O%5bAuthor%5d&cauthor=true&cauthor_uid=26560258
https://www.ncbi.nlm.nih.gov/pubmed/26560258

1649 of records
identified through
database

2790 of additional
records identified
through aother
saurces

searching

!

1333 of records after
duplicates remaved

Figure 1

129 af recards
screened

1204 of recards
excluded after title
and abstract

129 of full-text
articles assessed
for eligibility

121 of full-text
articles excluded,

observational
comparative
studies and
sample size < 500
=34

single arm
retrospective
studius =31

review articles =37

case series =19

8 of studies
included in
qualitative
synthesis

8 of studies
included in
quantitative
synthesis
(meta-analysis)

Flow diagram of studies included in the meta-analysis.

Page 11/17



1
1]

SEIG 8L

(se1q Buodas) Bulodal anjaalag

{se1q uonLYE) elep BWON0 ajajdwody|

{1 UDIEIAR) JUBLUSSASSE AWDANG J0 Buipug

(sey aaueunopad) (auuosiad pue sjuediped jo Guipug
(eI U0NIa|AS) JUBLIEBI0I UOREIO|Y

(se10 uonaa|as) uonesaual ajuanhas wopuey

Boerma 2002 . . . . . . .
Elmunzer 2017 . . . . . . .
Hammarstrom 1995 . . . . . . .

Heo2014 | D (D | O | @ ® & @
L (@ @00 S S @
suc199: (D | D O O O D O
Targarona 1996 . . . . . . .

Zargar 2014 . . . . . . .

B:funnel plot of pancreatitis

A: Risk of bias summary

Figure 2

A:Risk of bias summary: review authors' judgments about each risk of bias item for each included study.

B:funnel plot of pancreatitis.

Page 12/17



A

Cholecystectomy  Walt and watch Risk Ratio Risk Ratio

—Studyor Subgroup _ Events  Total Events  Total Weight M-H. Fixed 95%C1  M-H. Fixged. 95%C1

Boerma 2002 0 48 o 59 Not estimable

Elmunzer 2017 39 4478 172 7330 953% 0.37 [0.26, 0.52) .

Hammarstrom 1995 0 “ 1 39 1% e3ponTs T |

Heo 2014 1 3 1 49 06%  1.26(0.08, 19.45] -

LAU 2006 0 82 0 aa Not estimable

Suc 1888 1 105 1 97  08% 092([0.06, 1457

Targarona 1996 0 48 1 S0 1.1%  0.35[0.01,831] —

Zargar 2014 0 80 1 82 1.1%  0.34[0.01,8.26] —

Total (95% CI) 4922 7795 100.0%  0.38 [0.27, 0.53] L 4

Total avents 41 177

Heterogeneity: Chi* = 1,17, df = 5 (P = 0.85); F = 0% ' g 22 n
Test for overall effect: Z = 5,68 (P < 0.00001) i o I i L il

B
Exporimental  Control Risk Ratio Risk Ratio

or Subgroup Evants o Yy o1 Woig H.EB bom., 95% N Random, 95% C
2.1.1 Low-risk
Boorma 2002 [ 4 [ Mot astemablo
Heo 2014 1 39 1 48 1.5% 1.26 [0.08, 19.45) P
LAU 2006 0 &2 o 8 Nat estimablo
Suc 1998 ] o o 0 Nat estmabio
Subtotal (35% CI) 170 19 L% 1.26 [0.08, 19.45] ————
Tatal avents 1 1
Hatarogenaity: Not applicable
Test for overall effect: Z = 0.16 (P = 0.67)
2.1.2 High-risk
Hammarstram 1 0 41 13 L% 0.32 [0.01, 7.57) —————
Targarcna 1566 L] 48 1 50 1% 035001, B31] — 1
Zargar 2014 0 80 1 B2 1% 0.34 [0.01, B.26} - [
Subtotal (95% C1) 168 7 1% 0.34 [0.08, 2.10] i
Total ovents (] 3

= Taw* = 0.00; Chi* = 0.00, ¢f = 2 (P = 1.00); 1" = 0%
Taat for cvorall aMect: Z = 1.17 (P = 0.24)

2.1.3 Unclear

Elmunzer 2017 U 172 7330 929% 0.37 |0.26. 0.52] -

Suc 1098 1 105 4 7 2.3% 0.23 |0.03, 2.03) T
Sublotal (35% CIj 4583 42T  O52% 0.37 [0.28, 0.52) *>
Total ovents

40 176
Tau* = 0.00; Chi* =0.18, &f = 1 (P = 0.67) 1" = 0%
Tes! for overall effect: Z = 5.76 (P < 0.00001)

Total (95% €1} 4922 7795 100.0% 0.37 [0.27, 0.52] *
Total avents a1 180

- Tau = 0.00: ChP* = 0.96, df = § (P = 0.97); 1" = 0%
Test for averall atiect: Z = 581 (P < 0,00001)

0.001

X 10 1000
Favours [experimental]  Favours [cantral)

Tast for subaroun dfferences: Chi* = 078, df = 2 (P = 0681 1 = 0%

c
Experimental Control Risk Ratio Risk Ratio

3.4.1 RCT
Boerma 2002 0 49 0 s Not astimablo
Hammarstrom 1995 0 4 13 11%  032[001,757
Heo 2014 1 % 1 49 08%  1.26[0.08,19.45]
LA 2006 o 82 o0 &g Mot estimabie
Suc 1998 1108 197 08% 092[0.06,1457] =
Targarona 1996 0 48 150 11%  035[001,831]

2014 0 8 182 11%  034[0.01,8.26
Subtotal (95% CI) 444 465  4T%  0.56 [[I'I]JS. 1u1|I el
Total ovents 2 5
Huterogeneity: Chi* = 0.76, di = 4 (P = 0.94). F = 0%
Tost for overall effoct: Z = 0.89 (P = 0.37)
34.2 NOT RCT
Elmunzer 2017 3 w78 172 730 953%  037[0.26.052) !
Subtotal (95% CI) 4478 7330 953%  0.37[0.26,0.52)
Total events 39 172
Heterogenaity: Not a)
Test for overall effect: Z = 5,62 (P < 0.00001)
Total (95% CI) 4922 7795 100.0%  0.38(0.27,0.53] >
Total events a“ 177
Heterogenaity: Chi* = 1.17, df = 5 (P = 0.85); F = 0" 'n.m D:l 1‘0 YDDI

Test for overall effect: Z = 5,69 (P < 0.00001)

Fi imental] Favour
Tast for suboroun differences: Chi* =038 df = 1 (P = 0554 F=0% L I * [cantrol]

Figure 3

Pancreatitis between the wait-and-see group and cholecystectmy group. (A) Pancreatitis in two group
people, (B) subgroup analysis of pancreatitis in low and high risk patients, (C) subgroup analysis of
pancreatitis in rct and not rct research.
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Figure 4

Cholangitis between the wait-and-see group and cholecystectmy group. (A) Cholangitis in two group
people, (B) subgroup analysis of cholangitis in low and high risk patients, (C) subgroup analysis of
cholangitis in rct and not rct research.
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Figure 5

Deaths between the wait-and-see group and cholecystectmy group. (A) Deaths in two group people, (B)
subgroup analysis of deaths in low and high risk patients, (C) subgroup analysis of deaths in rct and not

rct research.
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Figure 6

Biliary colic and cholecystitis between the wait-and-see group and cholecystectmy group. (A) Biliary colic
and cholecystitis in two group people, (B) subgroup analysis of biliary colic and cholecystitis in low and
high risk patients, (C) subgroup analysis of biliary colic and cholecystitis in rct and not rct research.
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