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Abstract While LRYGB has become a cornerstone in the
surgical treatment of morbidly obese patients, concomitant
cholecystectomy during LRYGB remains a matter of debate.
The aim of this meta-analysis was to estimate the rate and
morbidity of subsequent cholecystectomy after laparoscopic
Roux-en-Y gastric bypass (LRYGB) in obese patients. A
meta-analysis was performed analyzing the rate and morbidity
of subsequent cholecystectomy in patients who underwent
LRYGBwithout concomitant cholecystectomy. Thirteen stud-
ies met the inclusion criteria. The rate of subsequent chole-
cystectomy was 6.8 % (95 % CI, 5.0–8.7 %) based on 6,048
obese patients who underwent LRYGB without concomitant
cholecystectomy. The rate of subsequent cholecystectomy due
to biliary colic or gallbladder dyskinesia was 5.3 %; due to
cholecystitis, 1.0 %; choledocholithiasis, 0.2 %; and biliary
pancreatitis, 0.2 %. The mortality after subsequent cholecys-
tectomy was 0 % (95 % CI, 0–0.1 %). The surgery-related
complication rate after subsequent cholecystectomy was
1.8 % (95 % CI, 0.7–3.4 %) resulting in a risk of 0.1 %

(95 % CI, 0.03–0.3 %) to suffer from a cholecystectomy-
related complication in patients undergoing LRYGB without
concomitant cholecystectomy. A prophylactic concomitant
cholecystectomy during LRYGB should be avoided in
patients without cholelithiasis and exclusively be performed
in patients with symptomatic biliary disease.
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Introduction

In recent years, the prevalence of morbid obesity treated with
bariatric surgery was rapidly increasing [1]. Laparoscopic
Roux-en-Y gastric bypass (LRYGB) is currently the standard
bariatric procedure and the number of performed LRYGB
almost tripled from 2003 to 2008 [2]. The gallbladder man-
agement during LRYGB is controversial. Three different
approaches have been proposed: first, prophylactic concomi-
tant cholecystectomy in all obese patients undergoing
LRYGB [3–6]; second, a selective approach, based on which
cholecystectomy is only performed in the presence of gall
stones [7–9] or biliary symptoms [10–16]; third, a wait and
see approach, based on which no concomitant cholecystecto-
my is performed and patients receive prophylactic medication
against biliary disease (ursodeoxycholic acid) [3–5, 7, 9, 12,
16–19]. Recently, Worni et al. [2] demonstrated in a nation-
wide US cohort with 70,287 patients undergoing LRYGB that
a selective approach is favored because of better short-term
outcomes with significantly lower rates of mortality, morbid-
ity, reinterventions, and shorter hospital stay in patients who
did not undergo concomitant cholecystectomy. The authors
of this publication reported a significantly decreased rate
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of concomitant cholecystectomy from 26.3 % in 2001 to
3.7 % in 2008. However, the long-term biliary morbidity
requiring subsequent cholecystectomy was not assessed in
this analysis [2].

Thus, we do not know whether the short-term benefits of
leaving the gallbladder in situ might be offset by an in-
creased long-term biliary morbidity. Therefore, we per-
formed this meta-analysis to estimate the rate and the
morbidity of subsequent cholecystectomy after LRYGB in
obese patients.

Methods

This meta-analysis was conducted according to the consen-
sus statement for meta-analysis of observational studies
(MOOSE statement) [20]. All criteria of the MOOSE check-
list were fulfilled including the structured abstract, introduc-
tion (rational for review), methods (search, study selection,
data extraction, study characteristics, and quantitative data
synthesis), results (trial flow, study characteristics, and
quantitative data synthesis), discussion (summary of key
findings and discussion of validity), and conclusion (alter-
native explanation and generalization).

Literature Search

Studies were identified by searching the PubMed database.
The search was performed in March 2012. It was restricted
to publications in English. The following search term was
used: (“concomitant cholecystectomy” AND “gastric by-
pass”) OR (“gastric bypass” [MeSH] OR “laparoscopic
gastric bypass” [TIAB] OR “Roux-en-Y gastric bypass”
[TIAB] OR “gastric bypass”) AND (“cholecystectomy”
[MeSH] OR “gallbladder” [MeSH] OR “cholecystecto-
my”). Two investigators (U.B. and K.U.) independently
performed the literature search. To broaden the search,
the “related article” function of PubMed and the journal
websites was used. Articles referenced in the publica-
tions retrieved were also reviewed to identify additional
relevant studies.

Selection Criteria

Any study reporting the number of patients with the gall-
bladder in situ after LRYGB for obesity and the rate of
subsequent cholecystectomies of these patients was includ-
ed in the present meta-analysis. However, if follow-up was
shorter than 3 months, the study was excluded. Furthermore,
no abstracts were considered. If the outcome was reported
on a cohort with open as well as laparoscopic Roux-en-Y
bypass surgery, a rate of up to 12 % open surgeries was

considered acceptable for inclusion. This cut-off was
chosen to allow the inclusion of two relevant studies in
our meta-analysis [15, 16]. Studies not stating the num-
ber of patients with previous cholecystectomy were ex-
cluded unless the number of patients with the gallbladder
in situ after LRYGB was explicitly reported. Studies
reporting other weight loss operations in addition to
LRYGB were only included if the data for patients
undergoing LRYGB were separately reported. Patients
undergoing a distal variant of the LRYGB in the study
of Tarantino et al. [6] were omitted. If multiple studies
reported on the same patient cohort or a subgroup of the
same patients, the study with the largest cohort reporting
the required data was chosen for the analysis. Authors of
selected studies were not contacted. Each trial was criti-
cally appraised by two investigators (R.W. and U.B.).

Outcome Data Extraction

The data were extracted independently by the same two
reviewers and cross-checked. Any discrepancies between
the two reviewers were resolved by discussion. For con-
tinuous variables, the mean and standard deviation were
extracted when available. Otherwise, they were approxi-
mated from the median and range as described by Hozo
et al. [21]. The primary outcome was the incidence of
subsequent cholecystectomy in patients without concom-
itant cholecystectomy during LRYGB. Secondary out-
comes were the reasons for performing a subsequent
cholecystectomy, the surgical approach (laparoscopic or
open cholecystectomy), the conversion rate, and the intra-
and postoperative morbidity of the subsequent cholecys-
tectomy. The reasons for subsequent cholecystectomy
were grouped according to the following conditions: bil-
iary colic or gallbladder dyskinesia, cholecystitis, chole-
docholithiasis, and biliary pancreatitis, which were
determined from the reported clinical presentation. If the
clinical presentation was not reported, the reason was
assumed from the reported pathology instead.

Quality Assessment

Two reviewers (U.B. and K.U.) independently assessed the
quality of reporting of the included studies using a modified
Newcastle−Ottawa Scale [22]. The Newcastle−Ottawa
Scale was designed to assess the quality of nonrandomized
studies in meta-analysis. This scale was modified for single
cohort studies by omitting all items assessing the quality of
the control group. While the maximum score of the
Newcastle−Ottawa Scale is nine stars, our modified scale
has a maximum score of six. Adequacy of follow-up was
considered for at least 1 year of follow-up, ≥80 % follow-up
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rate, and ≤10 % lost to follow-up rate. Discrepancies were
resolved by consensus in presence of a third investigator
(I.T.). The score was not used for weighting or as inclusion
criterion in the analysis.

Statistical Analysis

Statistical analysis was performed using the R environment
version 2.14.2 (http://www.r-project.org). All meta-analyses
were pooled using a random-effects model to adjust for
possible variation in the effects between studies [23].
Additionally, fixed-effect models were conducted as sensitiv-
ity analysis. If a meta-analysis contained a study reporting no
event (rate of 0), the rates were Freeman–Tukey transformed
to avoid continuity corrections [24]. Confidence intervals of
individual studies in the Forest plots are exact binomial
(Clopper–Pearson) intervals. All proportions reported
throughout the manuscript are results of random effect meta-
analysis, which usually differ from the simple proportion of
the sum of all events over the number of patients at risk.
Statistical heterogeneity was quantified using Cochran’s Q
statistic [25] and I2 and was assessed by visual examina-
tion of the forest plot [26]. A funnel plot and the rank
correlation test of funnel plot asymmetry were used to
examine the possibility of publication bias [27]. To further
assess statistical heterogeneity, random effects restricted
maximum likelihood meta-regressions were performed to
analyze potential factors influencing the rate of subsequent
cholecystectomy [28].

Results

Study Selection and Data Extraction

PubMed search identified 133 studies, and 12 studies were
found by cross-references. Of these 145 studies, 13 studies
met the inclusion criteria for this meta-analysis with 6,048
patients without concomitant cholecystectomy during
LRYGB (Fig. 1, Table 1). Two studies were excluded because
of subgroup publication [18, 29]. Quality of reporting was
moderate to high ranging between 4 and 6 on a modified
Newcastle–Ottawa scale (Table 1).

Outcomes Data Extraction

From all 13 studies, follow-up, postoperative intake of urso-
deoxycholic acid, and the therapeutic strategy for performing
a concomitant cholecystectomy (symptomatic versus all
patients with gallstones) could be ascertained. For one study
the raw data were available [6]. The results of the data extrac-
tion for the long-term biliary morbidity in patients without

concomitant cholecystectomy during LRYGB are summa-
rized in Table 2.

Primary Outcome Analyses

The rate of subsequent cholecystectomies was 6.8 %1 (95 %
CI, 5.0–8.7 %) based on 6,048 patients without concomitant
cholecystectomy during LRYGB (398 reported cholecystec-
tomies; Fig. 2). In the fixed-effect model, performed as
sensitivity analysis, the rate of subsequent cholecystecto-
mies was 5.2 %. The forest plot, the I2 value and the
Cochran’s Q statistic indicated statistical heterogeneity.
The funnel plot (Fig. 3) and the rank correlation test did
not show evidence of a publication bias (P=0.272). In a
sensitivity analysis omitting two studies including 4.5 and
11.7 % patients after open RYGB [15, 16], the incidence of
subsequent cholecystectomy did not differ significantly and
was 5.7 % (95 % CI, 4.0–7.5 %).

If the indication for concomitant cholecystectomy during
LRYGB was symptomatic biliary disease, the rate of subse-
quent cholecystectomies was 8.0 % (95 % CI, 6.0–10.0 %, 5
studies [4, 7–9, 30] with 2,323 patients), while if the indi-
cation was cholecystolithiasis, the rate was reduced to 4.8 %
(95 % CI, 1.9–7.7 %, 8 studies [6, 10, 12–17] with 3,725
patients) (P=0.273).

The follow-up time varied considerably between the stud-
ies and thus might influence the observed rates of subsequent
cholecystectomies. To address this issue, a random-effects
meta-regression between the follow-up time and the cholecys-
tectomy rate of each study was performed. Cholecystectomy
rate significantly correlated with the follow-up time (P=
0.001), for every year of follow-up the rate increased by
3.1 % (95 % CI, 1.6–4.6 %) (Fig. 4). No significant influence
on the cholecystectomy rate could be found for postoperative
ursodeoxycholic acid therapy (p=0.814) and for the propor-
tion of patients in each study who had their gallbladder re-
moved before or during LRYGB (P=0.527).

Reason for Subsequent Cholecystectomy

The rate of subsequent cholecystectomies due to biliary
colic or dyskinesia was 5.3 % (95 % CI, 3.2–7.9 %)
(Fig. 5) and due to cholecystitis 1.0 % (95 % CI, 0.7–
1.4 %) (Fig. 6) based on 9 studies with 3,349 patients. The
rate of cholecystectomy due choledocholithiasis was 0.2 %
(95 % CI, 0.07–0.4 %; 10 studies, 4,333 patients) (Fig. 7),
and due to biliary pancreatitis was 0.2 % (95 % CI, 0.1–
0.4 %; 9 studies, 4,100 patients) (Fig. 8).

1 All proportions throughout the manuscript are results of random
effect meta-analysis. Therefore, they may differ from plain numerical
proportions.
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Mortality and Morbidity of Subsequent Cholecystectomy

No deaths were reported for the 398 patients undergoing
subsequent cholecystectomy (0 %; 95 % CI, 0–0.1 %).
Subsequent cholecystectomies were performed laparoscopi-
cally in 95.6 % (95 % CI, 90.9–98.7 %) (9 studies [4, 6, 8, 9,
12–14, 16, 17] with 4,045 patients and 259 subsequent cho-
lecystectomies). The conversion rate to open cholecystectomy
was 1.2 % (95 % CI, 0.2–2.9 %). For all patients without
concomitant cholecystectomy during LRYGB, the risk of an
open operation was 0.4 % (95 % CI, 0.1–0.8 %).

The complication rate of the subsequent cholecystectomy
was 1.8 % (95 % CI, 0.7–3.4 %, 9 studies [6, 8, 9, 12–17]
including 4,796 patients with 336 subsequent cholecystecto-
mies) (Table 2). This corresponds to a risk of 0.1 % (95 % CI,
0.03–0.3 %) for all LRYGB patients with gallbladder in situ to
suffer a complication during a subsequent cholecystectomy.

Eight studies [6, 8, 9, 12–14, 16, 17] reported additional
procedures to treat subsequent biliary disease beyond cho-
lecystectomy with a total rate of 0.3 % (95 % CI, 0.1–0.6 %,
3,812 patients) (Table 2).

Discussion

The present meta-analysis based on 13 studies including
6,048 patients provides profound evidence that a prophylac-
tic concomitant cholecystectomy during LRYGB should be
avoided in patients without cholelithiasis and exclusively be
performed in patients with symptomatic biliary disease. This
is based on several important findings of this meta-analysis:
First, the rate of subsequent cholecystectomy after LRYGB is

low (6.8 %); second, the main cause for the subsequent
cholecystectomy was uncomplicated biliary disease; while
choledocholithiasis and biliary pancreatitis occurred very rare-
ly, third, about 95 % of the subsequent cholecystectomies
were performed laparoscopically with a very low conversation
rate, and finally, the risk to suffer a complication from a
subsequent cholecystectomy was extremely low (0.1 %) for
all patients without concomitant cholecystectomy during
LRYGB. Therefore, a routine concomitant cholecystectomy
cannot be recommended when weighting the observed low
long-term morbidity against the known potential detrimental
effect on the short-term outcome [2].

A recent review indicated a high prevalence of gallstone
disease of 10–20 % in the general population in industrialized
nations [31–34]. However, only 1–5 % of the patients will
progress to a symptomatic disease necessitating a cholecys-
tectomy [31]. In patients after bariatric surgery, the incidence
of gallstones or sludge is clearly higher compared to the
overall population, ranging from 28 to 71 %. Rapid weight
loss and altered gallbladder function increase the risk of
biliary stone formation [35–41]. This meta-analysis demon-
strated that only 6.8 % of the patients without concomitant
cholecystectomy during LRYGB progress to symptomatic
disease requiring a cholecystectomy. The progression to
symptomatic biliary disease in bariatric patients seems there-
fore comparable to the general population and hence should
not be treated differently.

One of the reasons to routinely perform a concomitant
cholecystectomy with LRYGB is the concern of later severe
biliary complications such as choledocholithiasis or biliary
pancreatitis, particularly since endoscopic retrograde chol-
angiopancreatography (ERCP) is difficult if not impossible

Fig. 1 Flow chart for data
inclusion
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to perform after LRYGB. Although there are reports about
transgastric or retrograde ERCP through the biliopancreatic
limb, these procedures are difficult to perform and often
unsuccessful [42–44]. However, the existing data for the
general population in industrialized nations indicate that the
majority of patients rarely develop complications without first
having at least one previous episode of biliary colic [31, 34].
In analogy, in this meta-analysis choledocholithiasis and biliary

pancreatitis were very rare complications occurring in only
0.2 % of the patients after LRYGB. Therefore, this rare phe-
nomenon does certainly not justify a concomitant cholecystec-
tomy as a routine procedure during LRYGB for obese patients.

Some surgeons may argue that routine concomitant chole-
cystectomy performed by an experienced laparoscopic
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surgeon puts no or so little extra burden on the patient that the
additional procedure might be justified even if only a minority
of the patients will benefit from it. However, a recent study by
Worni et al. including 70,287 patients reported that laparo-
scopic gastric bypass surgery with concomitant cholecystec-
tomy had a significantly higher mortality rate compared to
gastric bypass surgery alone (0.2 % versus 0.1 %, p=0.012),
albeit the mortality of this procedure in absolute terms is low

[2]. More importantly, however, the concomitant cholecystec-
tomy increased the overall perioperative complication rate by
1.1 % (6.2 % with concomitant cholecystectomy versus 5.1 %
without concomitant cholecystectomy). For comparison, this
meta-analysis showed that the risk to suffer a complication
during subsequent cholecystectomy is only 0.1 %. A possible
explanation for the rather low morbidity might be the change
in body habitus during the time between LRYGB and
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subsequent gallbladder removal enabling the use of standard
laparoscopic port placements during cholecystectomy [11].
Furthermore, since only laparoscopic gastric bypass proce-
dures were considered for this meta-analysis, little adhesions
are to be expected during subsequent cholecystectomy [10].
Finally, not a single death occurred after subsequent cholecys-
tectomy in the present meta-analysis, putting the upper 95 %

confidence limit to 0.1 %, which is similar to the actually
observed increase in mortality for concomitant cholecystecto-
my in the study by Worni et al. [2].

Often patients with an intact gallbladder after LRYGB
are prescribed a prophylactic ursodeoxycholic acid therapy
[3–5, 7, 9, 12, 16–18]. This study could not show a positive
effect of this treatment on the rate of subsequent
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Trial

Fixed effect model
Random effects model

Hamad GG 2003
Villegas L 2004
Swartz DE 2005
Patel KR 2006
Papasavas PK 2006
Fuller W 2007
Portenier DD 2007
Tucker ON 2008
Tarantino I 2011

At risk

354
151
319
193
469
13
984
1545
72

Events

0
0
0
2
3
0
1
3
0

0 0.5 1 1.5 2 2.5 3
Rate of subsequent cholecystectomy (%)

CCE (%)

0.2
0.2

0.0
0.0
0.0
1.0
0.6
0.0
0.1
0.2
0.0

95% CI

 [0.1;  0.4]
 [0.1;  0.4]

 [0.0;  1.0]
 [0.0;  2.4]
 [0.0;  1.1]
 [0.1;  3.7]
 [0.1;  1.9]
 [0.0; 24.7]
 [0.0;  0.6]
 [0.0;  0.6]
 [0.0;  5.0]

Weight

−−
100%

 8.7%
 3.7%
 7.8%
 4.7%

11.5%
 0.3%

24.0%
37.6%
 1.8%

Heterogeneity: I2 = 0.1%, Q = 8.0, df = 8, P = 0.433

CCE − subsequent cholecystectomy for biliary pancreatitis

Fig. 8 Meta-analysis of subsequent cholecystectomy for biliary pancreatitis

OBES SURG (2013) 23:397–407 405



cholecystectomies. However, most studies clearly indicated
very poor compliance of the patients to take this medication
[9, 12, 16]. Thus, the results of this meta-analysis do not
provide any evidence against or in favor of this treatment.

Based on this meta-analysis, we clearly recommend
against performing a routine concomitant cholecystectomy
during LRYGB in patients without gallstones. The question
that remains to be answered is how to proceed with patients
with asymptomatic cholelithiasis. While this meta-analysis
showed a reduced rate of subsequent cholecystectomies
when concomitant cholecystectomy was performed even
for asymptomatic disease compared to only symptomatic
disease, this difference was not statistically significant.
Considering the known higher morbidity when performing
a concomitant cholecystectomy in bariatric patients [2], it is
questionable to adhere to the recommendations for the gen-
eral population. In the general population, relative indica-
tions for prophylactic cholecystectomy include calculi
smaller than 3 mm or larger than 2 cm, life expectancy over
20 years, or diabetes mellitus [31]. Patients with these
indications are at greater risk to develop symptomatic dis-
ease or complications [31]. The relative indications for the
general population concern the majority of patients under-
going LRYGB. However, the available evidence is not suffi-
cient to answer the question if watchful waiting, a staged
procedure for cholecystectomy after weight loss, or a concom-
itant cholecystectomy is the optimal treatment for patients
with asymptomatic cholelithiasis undergoing LRYGB.

We would like to acknowledge the limitations of the
present meta-analysis. All data were derived from cohort
studies with the exception of one randomized controlled trial
comparing open with laparoscopic gastric bypass. The in-
cluded studies differed considerably in their study design,
particularly in the indication for concomitant LRYGB, the
postoperative ursodeoxycholic acid therapy, and the primary
study outcome. Two studies even included some patients
after open RYGB [15, 16] possibly biasing the final result.
However, a sensitivity analysis for the rate of subsequent
cholecystectomy omitting these two studies did not differ
significantly from the main result. The statistical heteroge-
neity observed in the meta-analyses reflects the differing
study designs. Although the statistical heterogeneity seems
high, this is probably of no clinical relevance. Perhaps with
the exception of one study reporting a rate of 30 % subsequent
cholecystectomies [30], none of the included studies reported
an outcome that would contradict the conclusions of this meta-
analysis. A major concern of this meta-analysis is the varying
time of follow-up in the studies and the increasing rate of
subsequent cholecystectomies over the follow-up time in the
meta-regression. The main outcome that we report is the rate
of subsequent cholecystectomies in all studies independent of
the follow-up time, which varied between 8 and 51 months.
Ideally, one should report the annual incidence of subsequent

cholecystectomies for each of the 5 years following surgery.
However, for such an analysis, time to event data would be
required, which were only reported by two studies [6, 12].
Both studies indicated that, after 5 years, about 20 % of the
patients at risk had subsequent cholecystectomy in a Kaplan–
Meier analysis. However, one of these studies included a rele-
vant part of patients undergoing a distal variant of LRYGB
(excluded from this meta-analysis), which is associated with
an increased risk for subsequent cholecystectomy [6]. In the
other study, this rate applied only to patients without preopera-
tive ultrasound [12]. To further increase the evidence about the
true incidence of subsequent cholecystectomy, a large prospec-
tive trial including a time-to-event analysis is warranted.

Conclusion

In summary, this meta-analysis provides compelling evi-
dence that prophylactic cholecystectomy in the absence of
biliary disease at the time of LRYGB should be avoided.
The risk to develop choledocholithiasis or biliary pancreati-
tis is very low in patients without undergoing a concomitant
cholecystectomy during LRYGB. Moreover, the vast major-
ity of subsequent cholecystectomies can safely be performed
laparoscopically. Further studies should evaluate how to
treat patients with asymptomatic cholelithiasis.

Conflicts of Interest The authors declare that they have no conflict
of interest.
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