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Abstract

Background/Purpose: Patients who undergo gastric surgery are prone to form post-
surgical gallstones. Debates still exist about the need for prevention and the selec-
tion of preventive methods. No studies had been reported comparing the efficacy of
prophylactic ursodeoxycholic acid (UDCA) and prophylactic cholecystectomy (PC)
for lowering postsurgical gallstone formation and subsequent cholecystectomy (SC)
in patients who have undergone gastric surgery.

Methods: We did a systematic review to identify studies from PUBMED, EMBASE,
and the Cochrane database through 30 June 2020. We conducted direct and indirect
comparisons of each prophylaxis using conventional and network meta-analysis.
Studies with patients who have no history of cholecystectomy and who have not had
preoperative gallstone were included.

Results: The excellent preventive effects of PC and UDCA were demonstrated for
gallstone formation (odds ratio [OR] 0.05, [95% CI 0.01, 0.22] and 0.20, [95% CI
0.16, 0.24], respectively) and the need for SC (OR 0.10, [95% CI 0.02, 0.57] and
OR 0.22, [95% CI 0.14, 0.35], respectively) than control group. The UDCA group
showed a tendency to generate more gallstones (OR 3.74, [95% CI 0.88, 15.82]) and
a greater need for SC (OR 2.19, [95% CI 0.47-10.14]) than did the PC group without
statistical significance.

Conclusions: Prophylaxis for gallstone formation may be needed for patients who
undergo gastric surgery to reduce troublesome morbidities. Prophylactic UDCA
seems to be a reasonable preventive method for postsurgical gallstone formation to
ensure clinical benefit while reducing the burden of subsequent cholecystectomy for

the patient as compared to a PC.
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1 | INTRODUCTION

Patients who had received gastric surgery were prone to
form gallstone afterwards, with a reported incidence that
varied from 5.0% to 63.1%." Cholelithiasis is known to
occur mainly because of the rapid weight loss that fol-
lows bariatric surgery, as well as gallbladder hypomotil-
ity secondary to vagal nerve resection during gastrectomy,
decreased cholecystokinin secretion, and nonphysiologi-
cal gastrointestinal reconstruction following gastrectomy
for gastric cancer.”® Three percent to 8.2% of these pa-
tients suffered from symptomatic biliary problems,g’10 and
most needed subsequent invasive management, including
cholecystectomy.

One of the available prophylactic methods for gallstone
formation following gastric surgery is prophylactic chole-
cystectomy (PC). Researchers are still debating the rationale
for a PC. The major advantages of a PC are that it serves
as the most obvious solution to problems originating in the
gallbladder, and the surgeon may be able to avoid the techni-
cal difficulties of performing a subsequent cholecystectomy
(SC) in postgastric surgical patients.”’12 However, the cost-
effectiveness does not seem to be reasonable because the in-
cidence of cases that needed SC is very rare, and a standard
laparoscopic cholecystectomy is often feasible regardless of
other concerns, given the improvements in surgical skills and
technical <3quipment.11’13'15 Therefore, there appears to be a
clear demand for a clinically persuasive, less-invasive pro-
phylaxis, other than a PC, for patients needing gastric surgery.

Various studies have reported on the prophylactic effec-
tiveness of UDCA to reduce gallstone formation following
gastric surgery in obese patients.lé'19 Recently, a randomized
controlled study (RCT) reported that the results of UDCA
administration significantly reduced the incidence of gall-
stones following gastrectomy for gastric cancer.”’ UDCA is
not burdensome to use for prophylactic purpose because it
is a well-known, long-term use drug with few severe adverse
events. But the significant reduction of SC by using of pro-
phylactic UDCA as the definite clinical benefit has not been
sufficiently proven to date.

In this meta-analysis study, we evaluate the efficacy of
the prophylactic use of UDCA for lowering gallstone forma-
tion and SC in patients who had undergone gastric surgery by
comparing them to patients who had undergone a PC, as well
as to patients without any prophylaxis.

2 | METHODS

2.1 | Search strategy and study selection

This systematic review and meta-analysis conforms to
the Preferred Reporting Items for Systematic reviews and

Meta-analyses (PRISMA).21 We conducted a search of
PUBMED, EMBASE, and the Cochrane Library from their
inception to 30 June 2020. The search terms used in this
search were ursodeoxycholic acid, UDCA, ursodiol, bariat-
ric surgery, bariatric procedures, Roux-en-Y gastric bypass,
RYGB, sleeve gastrectomy, SG, gastroplasty, gastrectomy,
postoperative, surgery, surgical, resection, resected, chol-
ecystectomy, laparoscopic cholecystectomy, prophylactic
cholecystectomy, postcholecystectomy, cholelithiasis, gall-
bladder disease, gallbladder stone, gallstone, black pigment
stone, and cholesterol stone. Supplementary Table S1 shows
our search strategies in each database.

We considered comparison studies that report the out-
comes of prophylactic UDCA or a PC in the prevention of
gallstone formation or SC following gastric surgery in adult
humans. We included studies of patients who have no history
of cholecystectomy and who had not had gallstones prior to
surgery. Full-text articles in English were available.

2.2 | Data identification and extraction

Two independent reviewers (JHC and IRC) performed the
data extraction. They gathered full-text articles of potentially
relevant studies and data on study characteristics, patient fea-
tures, prophylactic strategies, and the results of all included
studies were independently extracted. We accounted for the
number of gallstones formed and any SC subsequent to gas-
tric surgery, according to each study's prophylactic strate-
gies. Any discrepancies between the two investigators were
resolved following discussion with the corresponding author
(SHL).

2.3 | Study outcome and statistical analysis
The outcomes of interest in this study were the rate of gall-
stone formation and SC after gastric surgery. These out-
comes were binary, and the relative treatment effects were
reported as odds ratios with 95% confidence intervals (95%
CI). We conducted conventional meta-analysis for outcomes
of interest for prophylactic methods. We used the random-
effects methods with an estimate of heterogeneity from the
Mantel-Haenszel model to pool the odds ratios (ORs) from
the included studies. We also planned to conduct frequentist
network meta-analyses using the random effects model for
outcomes of interest to evaluate the clinical implications of
UDCA as compared to a PC because there are no studies that
directly compare both strategies.

We performed subgroup analysis according to study
design or indications for surgery to assess the robustness
of the results. We used the /* statistic to assess the het-
erogeneity of the efficacy, and we used the cut-off value
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of 50% to find substantial heterogeneity in the results of
significant differences between the included studies. All
statistical meta-analyses were performed using the “meta”
and “netmeta” packages of R version 3.5.2 (R Core Team,
Vienna, Austria).?*?

2.4 | Quality assessment and publication
bias assessment

We assessed the risk of bias in the included RCTs by using
the Cochrane collaboration tool for randomized trials for
each outcome.** The Newcastle-Ottawa Quality Assessment
Scale was used as an assessment tool to evaluate the non-
RCTs.” The scale's range varies from zero to nine stars, and
studies with a score equal to or higher than five stars were
considered to have an adequate methodological quality to be
included. The certainty of evidence assessment of each com-
parison was evaluated according to the guideline from the
Grading of Recommendations Assessment, Development,
and Evaluation (GRADE).'*?® Two reviewers (JHC, IRC)
rated the studies independently and they reached the final de-
cision of quality by consensus.

We used a funnel plot with visual inspection and the
Egger regression asymmetry test to assess potential publica-
tion bias by using the “metabias” function for conventional
meta-analysis and comparison-adjusted funnel plots for net-
work mf:ta-alnallysis.27’28

3 | RESULTS
3.1 | Study selection and patient
demographics

Supplementary Figure S1 presents this study's flowchart
of search results, done in accordance with the PRISMA.
Our database search identified 7452 articles in PUBMED,
20 629 in EMBASE, and 1521 in the Cochrane library.
After duplicate removal (n = 22 652), we further ex-
cluded those studies that are unrelated to this study topic
(n = 7442), non-English articles (n = 3892) and unoriginal
articles (n = 3251). Among the 8067 original articles, we
further excluded studies that were not related to the proph-
ylaxis or prevention of postgastric surgical cholelithiasis or
subsequent cholecystectomy (n = 7516). Of the remaining
551 articles, we further excluded studies (n = 519) unfit for
this study topic after review of the abstract and the full text.
We further excluded 11 studies after meticulous and de-
tailed review of the full text. Finally, we included 11 RCTs
and 10 non-RCTs, for a total of 5365 patients, in this meta-
analysis. Table 1 summarizes the detailed information of
each included study.3’17'20’29'44

3.2 | Prophylaxis for gallstone
formation and subsequent cholecystectomy
after gastric surgery

3.2.1 | Efficacy of the prophylactic
usage of UDCA

We observed a significant preventive effect of UDCA for
gallstone formation (6.0%; 172 of 2855) in comparison to
the control group (25.7%; 380 of 1481) (Figure 1A, Odds
ratio 0.20 [95% CI 0.16, 0.24]) and a similar efficacy was
revealed in subgroup analysis done according to the study de-
sign (for non-RCTs, OR 0.18 [95% CI 0.11, 0.28]; For RCT,
OR 0.20 [95% C1 0.16, 0.26]) and subgroup analysis accord-
ing to surgical indication (For gastric cancer, OR 0.25 [95%
CI, 0.13-0.49]; for obesity, OR 0.19 [95% CI 0.15, 0.24])
(Supplementary Figure S2A,B).

The need for SC (3.46%, 60 of 1732 in UDCA group;
8.53%, 77 of 902 in control group) was significantly lower
among patients who had been treated with UDCA (Figure 1B,
OR 0.22 [0.14, 0.35]), and a similar efficacy was showed in
subgroup analysis in accordance with the study design (for
non-RCTs, OR 0.23 [95% CI 0.13, 0.40]; for RCT, OR 0.19
[95% CI 0.07, 0.49]), as well as a subgroup analysis accord-
ing to surgical indication (for gastric cancer, OR 0.05 [95%
CI, 0.00-0.96]; for obesity, OR 0.23 [95% CI 0.15, 0.36])
(Supplementary Figure S3A,B).

3.2.2 | Efficacy of prophylactic
cholecystectomy

We observed a significant preventive effect of a PC (0%; 0
of 244) for gallstone formation in comparison to the control
group (17.6%; 82 of 466) (Figure 1A, Odds ratio (OR) 0.05
[95% CI 0.01, 0.22]), and similar efficacy was revealed in
subgroup analysis, according to surgical indication (for gas-
tric cancer, OR 0.08 [95% CI, 0.02-0.42]; for obesity, OR
0.02 [95% CI 0.00, 0.22]) (Supplementary Figure S2D).
A subgroup analysis of non-RCTs showed consistent OR
results (OR 0.04 [95% CI 0.01, 0.22]), but subgroup anal-
ysis of RCTs that include only one RCT showed no statisti-
cally significant OR results (OR 0.10 [95% CI 0.01, 1.98])
(Supplementary Figure S2C).

The need for SC (0%, 0 of 244 in PC group; 11.2%, 52 of
466 in control group) was significantly lower among patients
who had been treated with a PC (Figure 1B, OR 0.10 [0.02,
0.57]), and similar efficacy was shown in subgroup analysis,
according to the surgical indication (for gastric cancer, OR
0.05 [95% CI, 0.00-0.96]; for obesity, OR 0.23 [95% C1 0.15,
0.36]) (Supplementary Figure S3D). Subgroup analysis of
non-RCTs showed consistent OR results (OR 0.08 [95% CI
0.01, 0.59]), but subgroup analysis of RCTs that only included
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FIGURE 1

(a) Gallstone formation

Intervention Control
Study Events Total Events Total Odds Ratio
PC vs Control
Bencini_2019 0 65 4 65
Amstutz_2015 0 26 22 64 ——
Lai_2013 0 19 30 197
Tarantino_2011 0 134 26 140 —————
Random effects model 244 466 -
Heterogeneity: 2= 0%, = 0,p =068
UDCA vs Control
Lee_2020 15 315 25 150 -
Pizza_2020 4 95 24 95 ——
Ozansen_2020 16 152 48 128 -
Vural_2020 11 42 36 66 i
Talha_2020 74 1137 65 295
Nabil_2019 6 100 40 100 ——
Machado_2019 1 69 18 68 —_—
Coupaye_2019 5 143 13 46 —
Abdallah_2017 0 247 8 159 ————F—
Coupaye_ 2017 13 231 36 168 -
Adams_2016 4 28 13 29 ——
Miller_2003 2 64 13 60 —
Wudel_2002 7 15 7 11
Sugerman_1995 14 177 20 56 —a
Williams_1993 0 27 8 34
Worobetz_1993 0 13 6 16
Random effects model 2855 1481 4+
Heterogeneity: 1% = 1%, t° = 0.0027, p = 0.44
Overall
Random effects model 3099 1947 +
Heterogeneity: 1% = 9%, t°> = 0.0242, p = 0.35 ! I !
Residual heterogeneity: /2 = 0%, p = 0.54 0.001 01 1 10
Favours intervention Favours control
(b) Subsequent cholecystectomy
Intervention Control
Study Events Total Events Total Odds Ratio
PC vs Control
Bencini_2019 0 65 1 65
Amstutz_2015 0 26 16 64 -
Lai_2013 0 19 9 197
Tarantino_2011 0 134 26 140 ——=——~
Random effects model 244 466 -
Heterogeneity: 1> = 26%, 1> = 0.7809, p = 0.26 :
UDCA vs Control
Lee_2020 0 315 4 150
Pizza_2020 1 95 2 95 -
Ozansen_2020 5 152 19 128 -
Coupaye_2019 2 143 5 46 ——
Abdallah_2017 0 247 0 159
Coupaye_2017 7 231 25 168 . 3
Swartz_2005 41 295 6 24 i
Miller_2003 3 64 12 60 ——
Sugerman_1995 1 177 2 56 ——
Worobetz_1993 0 13 2 16 —_——
Random effects model 1732 902 >
Heterogeneity: 1% = 0%, ©> =0, p = 0.77
Overall
Random effects model 1976 1368 *>
Heterogeneity: P 0%, A= 0,p=0.58 | J '
Residual heterogeneity: 1> = 0%, p = 0.63 0.001 01 1 10

Favours intervention Favours control

OR 95%-Cl

0.10
0.04

[0.01; 1.98]
[0.00; 0.61]
0.14 [0.01;2.39]
0.02 [0.00;0.27]
0.05 [0.01; 0.22]

0.25
0.13
0.20
0.30
0.25
0.10
0.04
0.09
0.04
0.22
0.21
0.12
0.50
0.15

[0.13; 0.49)]
[0.04; 0.39]
[0.10; 0.37]
[0.13; 0.69)
[0.17; 0.35]
[0.04; 0.24]
[0.01;0.32]
[0.03; 0.28]
[0.00; 0.63]
[0.11; 0.43]
[0.06; 0.74]
[0.03; 0.54]
[0.10; 2.46]
[0.07; 0.33]
0.06 [0.00; 1.03]
0.06 [0.00;1.19)
0.20 [0.16; 0.24]

018 [0.15; 0.23]
1000

OR 95%-Cl

0.33 [0.01;8.21]
0.06 [0.00; 0.96]
051 [0.03;9.08]
0.02 [0.00;0.27]
0.10 [0.02; 0.57]

0.05 [0.00; 0.96]
0.49 [0.04; 5.55]
0.20 [0.07;0.54]
0.12 [0.02;0.62]

0.18 [0.08;0.42]
0.48 [0.18;1.29]
0.20 [0.05;0.74]
0.15 [0.01;1.72]
021 [0.01; 4.89]
0.22 [0.14; 0.35]

1000

Weight

0.6%
0.7%
0.7%
0.7%
2.7%

10.2%
4.3%
11.4%
7.0%
24.9%
6.0%
1.3%
4.3%
0.7%
10.3%
3.2%
2.3%
21%
8.1%
0.7%
0.6%
97.3%

100.0%

Weight

1.8%
2.3%
2.3%
2.4%
8.8%

22%
3.2%
18.3%
6.7%
0.0%
25.3%
19.6%
10.8%
3.2%
1.9%
91.2%

021 [043; 0.32] 100.0%

Comparison of clinical outcomes following gastric surgery according to prophylactic strategies. A, Efficacy for gallstone

formation B, Efficacy for subsequent cholecystectomy. OR, odds ratio; PC, prophylactic cholecystectomy; UDCA, ursodeoxycholic acid
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one RCT showed no statistically significant OR results (OR
0.33 [95% CI1 0.01, 8.21]) (Supplementary Figure S3C).

3.3 | Indirect comparison of the efficacy of
prophylactic cholecystectomy and UDCA

for gallstone formation and subsequent
cholecystectomy

Figure 2 and supplementary Table S2 show the results of di-
rect and indirect comparison of PC to the control and UDCA
by using network meta-analysis. When we compared the
UDCA group with the PC group, the UDCA group showed a
tendency to generate more gallstones (OR 3.74 [95% CI 0.88,
15.82]) and the need for SC (OR 2.19 [95% CI 0.47, 10.14])
although no statistical significance was observed. Gallstone
formation (OR 18.88 [95% CI 4.53, 78.75]) and the need for
SC (OR 9.86 [95% CI 2.28, 42.65]) occurred more in the con-
trol group on direct comparison than in the PC group.

3.4 | Quality and publication bias
Supplementary Table S3 describes the quality assessment for
each of the RCTSs’ outcomes and those of the non-RCTs, ac-
cording to the Cochrane collaboration tool for randomized
trials and the Newcastle-Ottawa Assessment Scale.
Supplementary Figure S4 shows the results of funnel
plots for evaluating publication bias categorized by study
outcomes such as gallstone formation and cholecystectomy,

(a) Gallstone formation after gastric surgery

Comparison: other vs 'PC'

Treatment  (Random Effects Model) OR 95%-ClI
Control —l— 18.88 [4.53;78.75]
PC 1.00

UDCA 3.74 [0.88; 15.82]

01 0512 10
Less gallstone More gallstone

(b) Subsequent cholecystectomy after gastric surgery

Comparison: other vs 'PC'

Treatment (Random Effects Model) OR 95%-CI
Control —Il—— 9.86 [2.28; 42.65)
PC 1.00

— 2.19 [0.47; 10.14
UDCA [ ]

01 051 2 10
Less cholecystectomy More cholecystectomy

FIGURE 2 Comparison of prophylactic cholecystectomy and
other prophylactic methods for clinical outcomes following gastric
surgery using network meta-analysis. OR, odds ratio; PC, prophylactic
cholecystectomy; UDCA, ursodeoxycholic acid

and methodologies such as conventional meta-analysis and
network meta-analysis. Regardless of study outcomes, there
was no potential publication bias via visual inspection or
Egger's regression test for the funnel plot (Supplementary
Figure S4A.,B) and the comparison specific funnel plot
(Supplementary Figure S4C,D).

4 | DISCUSSION

Patients may suffer from gallstones following gastric surgery,
but there seems to be a dilemma regarding the need for a PC
with its invasiveness, because the incidence of symptomatic
cases needing invasive treatment is quite low.”!° The pro-
phylactic efficacy of UDCA for gallstone formation follow-
ing gastric surgery, which is without severe clinical burden to
the patient, is well-proven to be superior to the control groups
in recent RCTs, regardless of the indication for the gastric
surge:ry.20’39’40 However, no solid evidence has been sug-
gested that might persuade those who insist on the need for a
PC, concomitant with gastric surgery, to use UDCA instead,
despite the poor cost-effectiveness of a PC. We expected that
patients receiving a UDCA in this study would show a clearly
superior outcome over patients without any preventive meth-
ods. We tried to evaluate whether the efficacy of UDCA is
comparable to a PC to arrive at a more convincing clinical
implication.

This meta-analysis study suggested that prophylactic
UDCA might be a reasonable preventive method for postsur-
gical gallstone formation or for SC. The UDCA group also
showed an excellent preventive effect as compared to a PC
done for gallstone formation (OR 0.18). There were many
cases where fewer SCs performed in UDCA group as com-
pared to the control group (OR 0.22). The indirect com-
parison between the PC and the UDCA groups revealed no
statistically significant differences between them, although
the UDCA group showed a greater tendency to develop gall-
stones (OR 3.34) and had a greater need for SC (OR 2.19). To
the best of our knowledge, this is the first time that indirect
comparison results can be interpreted as being fairly mean-
ingful evidence of UDCA’s excellent prophylactic efficacy
for gallstone formation and SC following gastric surgery, as
well as being comparable to a PC, regardless of the indication
for the gastric surgery.

The main mechanism of UDCA to inhibit cholelithiasis
is to suppress the secretion of cholesterol and mucin to bile
resulting in increasing bile acid concentration and decreasing
bile saturation.*> This clearly explains the preventive effect
of UDCA on inhibition or dissolution of cholesterol stone by
rapid body weight change and altered diet following bariatric
surgery and gastrectomy. In addition, the other main culprit
behind gallstone formation after gastrectomy seems to be the
deterioration of gallbladder motility and cholestasis, which
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were known to cause pigment stones.***® Some additional
physiological effects of UDCA such as intensification of
gallbladder contractility49’50 and improvement of bile secre-
tion to relieve cholestasis would explain the preventive effect
for cholelithiasis following gastectomy.”’ Also, UDCA pro-
tects damaged cholangiocytes and stimulates detoxification
of hydrophobic bile acids.”? Based on these physiological
mechanisms including dissolution effect and improvement of
cholestasis, UDCA seems to prevent cholelithiasis regardless
of the type of gallstones following gastric surgeries.20

A recent RCT of PC for gastric cancer patients showed
that a concomitant PC done during gastric surgery for ma-
lignancies is safe and without technical difficulties.'”™* But
the overall postsurgical morbidities of laparoscopic chole-
cystectomy, including wound infection, bile duct injury, bile
leakage, and open conversion are still not negligible.54 The
history of upper abdominal surgery is known as being a risk
factor for open conversion of cholecystectomy,” although
abdominal surgical history is not a risk factor for difficult
laparoscopic cholecystectomy for the experienced surgeon.56
Moreover, a result from a large-scale study raises great con-
cern that the mortality of patients who undergo a PC with
bariatric surgery is nearly twice (OR 2.16) as high.57 The
less-invasive nature of prophylactic UDCA greatly compen-
sates for several concerns about doing a PC. Such concerns
are poor cost-effectiveness, postsurgical morbidity, and the
medico-economic burden.'>® The considerably smaller
number of patients needing an SC with a prophylactic UDCA
may mean patients who suffer from cholecystectomy-related
adverse events may become extremely rare, because UDCA
efficacy seems to be close to that of a PC, according to the
result of this study. Furthermore, contrary to the concerns
of physicians who support a PC approach, a recent meta-
analysis showed that the overall surgery-related complication
rate following an SC was only 1.8%.%° 1t seems quite rea-
sonable to give UDCA for prophylactic purposes following a
gastric surgery instead of doing a PC during gastric surgery,
which seems to be selectively performed in patients with
symptomatic biliary disease.

Our study has several limitations. First, several potential
heterogeneities may exist, according to unspecified details
such as type of surgery, indications for surgery, and the dos-
age of UDCA. Although it can be considered that integration
without detailed classification can cause bias, no signifi-
cant differences have been reported by type of surgerylg’32
or by different dosage of UDCA.?® We found no statistical
heterogeneity and no prominent significant differences in
the results of subgroup analysis by study design and surgical
indication in this study. Second, the included studies’ obser-
vation periods were diverse and relatively short. Most studies
evaluated outcomes at 12 months, which might not be consid-
ered to be a long enough period to evaluate de novo gallstone
formation or SC for symptomatic cholelithiasis as outcomes.

Cholelithiasis has been reported to occur mostly within the
2 years following surgery,13 but it is hard to predict a suffi-
cient duration of observation for occurrences of symptomatic
cholelithiasis because of its inconsistency.61 Nevertheless,
it is meaningful to synthesize the evidence given so far and
to provide a basis for the better management of the patient
through such indirect comparisons, especially those hard-to-
compare outcomes in RCTs because of ethical aspects such
as comparing a PC with other prophylactic strategies.

In conclusion, prophylactic UDCA has been shown to sig-
nificantly reduce the incidence of gallstones and SC following
gastric surgery. Prophylaxis with UDCA for patients follow-
ing gastric surgery seems to be a reasonable, less-invasive
preventive method to ensure clinical benefit while reducing
the burden on the patient as compared to a PC. In the fu-
ture, large-scale long-term follow-up studies will be needed
to provide more solid evidence on the long-term effect and
appropriate administration strategies of prophylactic UDCA.
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