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Abstract

Background With the global pandemic of obesity and nonalcoholic fatty liver disease (NAFLD), the incidence of

cirrhosis associated with nonalcoholic steatohepatitis (NASH) has greatly increased. This study aimed to evaluate the

efficacy and safety of bariatric surgery in obese cirrhotic patients.

Methods PubMed, EMBASE, and the Cochrane Library were searched for relevant studies. Effectiveness outcomes

were weight loss, remission of comorbidities, and improvement in liver function. Safety outcomes were procedural

complications and mortality.

Results A total of 15 studies were included in this meta-analysis. Patients with compensated cirrhosis lost weight

significantly after surgery, and the percentage of excess weight loss was 60.44 (95% CI, 44.34 to 76.55). Bariatric

surgery resulted in remission of NAFLD in 57.9% (95% CI, 27.5% to 88.3%), T2DM in 58.4% (95% CI, 48.4% to

68.4%), hypertension in 53.1% (95% CI, 43% to 63.3%), dyslipidemia in 59.8% (95% CI, 41.1% to 78.5%) of

patients with cirrhosis. Bariatric surgery reduced the levels of alanine aminotransferase and aspartate aminotrans-

ferase. The incidence of surgical complications in patients with cirrhosis was about 19.2% (95% CI, 11.7% to

26.6%), which was higher than that in patients without cirrhosis (OR 2.67 [95% CI, 1.26 to 5.67]). Patients with

cirrhosis had an overall mortality rate of 1.3%, and the mortality rates for compensated cirrhosis and decompensated

cirrhosis were 0.9% and 18.2%, respectively.

Conclusions Bariatric surgery is effective for weight loss, remission of comorbidities, and reversal of liver damage.

Although cirrhotic patients have a higher risk of complications and death, bariatric surgery is relatively safe for well-

compensated cirrhosis.
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Introduction

Obesity is a major public health problem, accompanied by

increasing healthcare and economic burden. The number of

obese adults is projected to rise by 65 million in the USA

and 11 million in the United Kingdom by 2030 [1]. Obesity

is strongly associated with a plethora of chronic diseases,

such as cardiovascular diseases, type 2 diabetes mellitus

(T2DM), dyslipidemia, and nonalcoholic fatty liver disease

(NAFLD). NAFLD is the most common liver disease with

a global prevalence of 25% [2]. Nonalcoholic steatohep-

atitis (NASH) is present in 7–30% of patients with NAFLD

[3]. An estimated 20% of patients with NASH will develop

cirrhosis, and it is expected that NASH will become the

main indication for liver transplantation in the future [4].

Further, patients with NASH are more likely to be obese or

exhibit metabolic derangements than patients with only

NAFLD or the general population.

As people become more aware of the efficacy of treating

obesity and obesity-related comorbidities, bariatric surgery

is increasingly performed worldwide. The prevalence of

NAFLD among patients undergoing bariatric surgery

exceeds 90% [4]. Several studies have shown that bariatric

surgery improves liver function, histology, and alleviate

the progression of NASH patients [5–7]. A recent meta-

analysis indicated that NAFLD completely disappeared in

obese patients after bariatric surgery [8].

The benefit and risks of bariatric surgery in obese

patients with cirrhosis are unclear. Garcı́a-Sesma et al.

demonstrated that bariatric surgery is safe and effective for

decompensated cirrhosis and improves candidacy in mor-

bidly obese patients awaiting transplantation in a short time

[9]. However, it is well known that the morbidity and

mortality of abdominal surgery in patients with cirrhosis

are higher [10]. The same holds true for bariatric surgery.

Liver failure, kidney failure, and postoperative bleeding

due to coagulation dysfunction all increase the risk of

surgery. For a given obese cirrhotic patient, assessing the

benefits and risks of bariatric surgery is extremely chal-

lenging. This systematic review and meta-analysis aimed to

evaluate the efficacy and safety of bariatric surgery in

obese patients with cirrhosis.

Methods

Data sources, search strategy, and inclusion criteria

We conduct and report the results of this meta-analysis

following the Preferred Reporting Items for Systematic

Reviews and Meta-analyses guidelines 2020 [11, 12]. The

protocol of this study was registered in the Prospective

Register of Systematic Reviews before the start (ID:

CRD42020184985). We searched the database (PUBMED,

EMBASE, and Cochrane Library) for manuscripts pub-

lished from the establishment to April 15, 2020, with the

following keywords: ‘‘Roux-en-Y gastric bypass,’’ ‘‘la-

paroscopic adjustable gastric banding,’’ ‘‘sleeve gastrec-

tomy,’’ ‘‘vertical banded gastroplasty,’’ ‘‘metabolic

surgery,’’ ‘‘bariatric surgery,’’ and ‘‘cirrhosis.’’ We did not

impose any language restriction on our searches. The ref-

erences of identified publications were hand-searched for

further relevant publications. Original articles were eligible

for the present meta-analysis if they assessed the effec-

tiveness and/or safety of bariatric surgery in obese cirrhotic

patients. We included both single-arm studies (evaluating

the effect before and after bariatric surgery and/or surgical

safety in obese cirrhotic patients) or double-arm studies

(comparing the outcome of bariatric surgery in obese

patients with cirrhosis and non-cirrhosis). We excluded

case reports, nonhuman studies, review articles, and those

lacking sufficient data.

Data extraction and study quality assessment

Two investigators independently screened the titles and

abstracts of studies identified by the above searches,

eliminated duplicate studies, and then reviewed the full

texts of articles according to inclusion and exclusion cri-

teria. Appropriate data were extracted and subsequently

assessed by another reviewer. The following basic infor-

mation was extracted from each study: study characteristics

(author, country, year, surgery type, study design, sample

size, and follow-up duration), participant baseline charac-

teristics (mean age, %female, weight, BMI, obese-related

comorbidities, etiology of cirrhosis, portal hypertension,

and Child–Pugh class), outcomes (weight loss, comorbidity

remission rate, and improvement of liver function), com-

plications, and mortality. If there were different extractions

between the 2 reviewers, a third person would make a

decision.

Both single-arm and double-arm studies were included,

so two investigators independently appraised the quality of

included articles by the Risk Of Bias In Non-randomized

Studies-of Interventions (ROBINS-I) assessment tool [13].

Disagreement was resolved through consensus after dis-

cussion in the integrative session.

Outcomes

We evaluated the efficacy of bariatric surgery by changes

and percentage changes in weight, remission rates of
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comorbidities, and improvements in liver function; we

assessed the safety through the incidence of surgical

complications and mortality. The criteria for comorbidities

remission are shown in Table S1.

Data synthesis and statistical analysis

We preferentially extracted data about the mean differ-

ences (MDs; with 95% confidence intervals [CIs] or stan-

dard errors) in weight parameters before and after bariatric

surgery or calculated MDs (with 95% CIs or standard

errors). We also calculated the pooled proportion of

patients with surgical complications and the remission of

comorbidities after bariatric surgery.

All statistical analyses were conducted with STATA,

version 14.0. Random effect model was used for calculat-

ing the pooled estimates. Inconsistency test (I2) was used to

assess heterogeneity among the studies. In cases in which

I2 C 50%, we attempted to identify possible heterogeneity

by subgroup analysis and meta-regression analysis. We

also performed sensitivity analyses to evaluate the consis-

tency and robustness of the results. Publication bias was

assessed by Begg’s test and Egger’s test if needed. A

P value\ 0.05 was indicative of statistical significance.

Results

Study selection and characteristics

A total of 723 articles were obtained through the above

database search. After excluding duplicates and articles

that did not meet the inclusion criteria, we reviewed the full

texts of 44 articles and excluded the following: 9 studies

that did not include patients with cirrhosis, 1 study not for

bariatric surgery, and 19 studies lacking the necessary data

(Fig. 1). Finally, 15 articles met the eligibility criteria. Ten

studies were single-arm studies that evaluated the effect of

bariatric surgery on obese cirrhotic patients before and

after surgery without comparators [9, 14–22]; 5 studies

were double-arm studies comparing the effectiveness and/

or safety of bariatric surgery for obese patients with cir-

rhosis and non-cirrhosis [23–27]. Besides, two studies

included patients with compensated cirrhosis and decom-

pensated cirrhosis [23, 27], while others included patients

with well-compensated cirrhosis. Effective outcomes and

complication analysis included only patients with com-

pensated cirrhosis; mortality analysis included patients

with compensated cirrhosis and decompensated cirrhosis.

The baseline characteristics of the studies are shown in

Table 1. A total of 1,233,602 obese patients undergoing

bariatric surgery were included, of which 7424 were cir-

rhotic patients and 1,226,178 were non-cirrhotic patients.

The mean age of the patients was about 50 years old, and

the proportion of women was 80.5% (992,542/1,233,300).

At baseline, the patients’ average weight and BMI were

116–149 kg and 39–54 kg/m2, respectively. More than half

of the participants suffered from obesity comorbidities,

including NAFLD/NASH, type 2 diabetes (T2DM),

hypertension, dyslipidemia, and obstructive sleep apnea

hypopnea syndrome (OSAHS) (Table S2). The most

common cause of liver cirrhosis was NASH, followed by

hepatitis C virus. Portal hypertension was present in 19.3%

(33/171) of cirrhotic patients. The most common procedure

is laparoscopic sleeve gastrectomy (LSG). The follow-up

period ranged from hospitalization to 9 years. With the

ROBINS-I tool, we found that the overall risk of bias for 3

studies was identified as ‘‘serious’’ and for 12 studies as

‘‘moderate’’ (Table S3). Except for complications, neither

Begg’s test nor Egger’s test showed publication bias for the

primary outcomes (Table S4).

Weight loss

In total, ten studies reported data regarding weight loss. For

patients with compensated cirrhosis, bariatric surgery eli-

cited the following changes in weight (MD -35.11 [95%

CI, -45.42 to -24.79]; P = 0.000; I2 = 88%), and BMI

(MD -12.93 [95% CI, -15.91 to -9.96]; P = 0.000;

I2 = 76.6%), respectively (Fig. 2a, b). Specifically, the

percentage of weight loss in patients with compensated

cirrhosis was also significant after bariatric surgery. The

results of percentage of total weight loss (%TWL) and

Fig. 1 Preferred reporting items for systematic reviews and meta-

analyses (PRISMA) flow diagram
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percentage of excess weight loss (%EWL) were 26.45

(95% CI, 21.59 to 31.31; P = 0.000; I2 = 88.7%) and 60.44

(95% CI, 44.34 to 76.55; P = 0.000; I2 = 96.9%) (Fig. 2c,

d). A case-matched study compared the weight change

parameters of bariatric surgery for obese patients with

cirrhosis and non-cirrhosis and showed similar changes in

BMI, %TWL and %EWL in both groups after 12 months

of follow-up (P[ 0.05) [26].

Analysis of all weight change parameters showed sig-

nificant heterogeneity among studies (I2 C 50%); there-

fore, a random-effect model was used. We performed

subgroup analysis and found that different follow-up

duration may lead to heterogeneity (Fig. S1). However,

neither meta-regression analysis nor sensitivity analysis

identified the source of heterogeneity (data not shown).

Remission of comorbidities

Of the 15 studies included, 5 provided data on NAFLD

remission [14, 17–19, 22]. Our results indicated that 57.9%

(95% CI, 27.5% to 88.3%; P = 0.000; I2 = 95.1%) obese

patients with cirrhosis achieved NAFLD remission

(Fig. 3a). Further, a meta-analysis of the proportions

showed that 58.4% of patients with cirrhosis had remission

of T2DM (95% CI, 48.4% to 68.4%; P = 0.000;

I2 = 0.0%), 53.1% had remission of hypertension (95% CI,

40.6% to 65.0%; P = 0.000; I2 = 26.8%), and 59.8% had

remission of dyslipidemia (95% CI, 41.1% to 78.5%;

P = 0.000; I2 = 56.3%) (Fig. 3b, d). Only one study

reported OSAHS remission data, of which 83.3% (10/12)

showed OSAHS remission after bariatric surgery [16].

Because of the small number of studies included in each

analysis, we did not conduct subgroup analyses. Sensitivity

analyses did not find any single study that altered the

consistency and robustness of the results.

Liver function improvement

Seven studies were included in the analysis of liver func-

tion improvement [14–19, 22]. Bariatric surgery elicited

the following decreases in alanine aminotransferase (ALT)

(MD -17.68 [95% CI, -24.11 to -11.24]; P = 0.000;

I2 = 67.9%), and aspartate aminotransferase (AST) (MD

-10.38 [95% CI, -15.44 to -5.32]; P = 0.000;

I2 = 64.1%) for patients with compensated cirrhosis,

respectively. Sensitivity analyses did not identify any sin-

gle study to change the consistency and robustness of any

results.

Complications and mortality

In this systematic review, 12 articles discussed surgical

complications. As shown in Fig. 4, the incidence of

surgical complications in obese patients with compensated

cirrhosis is 19.2% (95% CI, 11.7% to 26.6%; P = 0.000;

I2 = 65.0%). Sensitivity analysis suggested that the results

may be unstable due to Pestana’s study [17]. After dis-

carding this article, the pooled complication rate was

20.8%, and heterogeneity dropped (95% CI, 14.9% to

26.7%; P = 0.000; I2 = 28.1%) (Fig. S2). Three studies

reported the complications of bariatric surgery for obese

patients with and without cirrhosis [24–26]. The meta-

analysis revealed that cirrhotic patients had a higher

complication rate than non-cirrhotic patients (OR 2.67

[95% CI, 1.26 to 5.67]; P = 0.011; I2 = 0%).

The mortality analysis included 12 articles. Mortality

and causes of death are summarized in Table 2. The overall

mortality rate was 1.3% (94/7360) in obese cirrhotic

patients, with 0.9% (62/7195) in compensated cirrhosis and

18.2% (30/165) in decompensated cirrhosis, respectively.

As shown in Table 2, causes of death included multiple

organ failure caused by infectious colitis, hepatocellular

carcinoma, esophageal cancer, postoperative pulmonary

embolism, and hepatic failure [15, 18, 19, 21, 22].

Postoperative complications and mortality for the dif-

ferent procedures are shown in Table S5. The complication

rate was 17.1% (22/129), 33.9% (21/62), 20% (3/15), and

14.3% (2/14) with sleeve gastrectomy (SG), Roux-en-Y

gastric bypass (RYGB), adjustable gastric banding (AGB),

and biliopancreatic diversion (BPD), respectively. In

addition, the SG group had the lowest rate of Clavien–

Dindo grade C III complications at 3.9% (5/129). Surgery-

related mortality was seen in SG, RYGB, AGB and BPD

group at 0.8% (1/129), 1.6% (1/62), 6.7% (1/15), and

21.4% (3/14), respectively.

Discussion

This comprehensive meta-analysis suggests that for obese

patients with compensated cirrhosis, bariatric surgery can

significantly reduce weight and improve obesity comor-

bidities and liver function. Although patients with cirrho-

sis, especially those with decompensated cirrhosis, have

increased postoperative complications and mortality. In the

present review, a relatively satisfactory safety profile after

bariatric surgery is observed in patients with compensated

cirrhosis. To our knowledge, this is the first meta-analysis

to report the effectiveness and safety of bariatric surgery

for obese patients with cirrhosis.

As bariatric surgery is increasingly performed world-

wide, bariatric surgeons are likely to encounter patients

with cirrhosis, especially NASH-related cirrhosis. A sys-

tematic review showed that about 1.0–4.0% of patients

undergoing bariatric surgery were diagnosed with inci-

dental cirrhosis [28]. Therefore, both patients with cirrhosis
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and surgeons often face the dilemma of whether to perform

surgery or not. Our review of 15 studies provides evidence

that bariatric surgery is effective in reducing the weight of

patients with compensated cirrhosis. After bariatric sur-

gery, cirrhotic patients had obvious weight loss and

reduction in BMI and achieved significant TWL% and

EWL%. And one of the included studies by Rebibo

reported that bariatric surgery had no difference in weight

loss between cirrhotic and non-cirrhotic patients [26]. Our

results demonstrate significant heterogeneity between

studies. Such heterogeneity may be due to differences in

follow-up periods between studies. Other factors that may

explain the observed heterogeneity include the diversity of

surgical procedures and differences in population baseline

characteristics, such as the severity of cirrhosis and

comorbidities.

Obesity-related comorbidities are well known to

increase long-term medication usage, cardiovascular risk,

and the rate of psychosocial disabilities. Our systematic

review shows that cirrhosis may not be an adverse factor

for the remission of comorbidities after bariatric surgery.

We found remission of NAFLD in 57.9%, T2DM in 58.4%,

hypertension in 53.1%, dyslipidemia in 59.8%, and

OSAHS in 83.3% of patients with cirrhosis after bariatric

surgery. These data are similar to the previously reported

remission rates of obesity comorbidities with metabolic

surgery (regardless of whether the patient is cirrhotic).

[29, 30].

In this meta-analysis, bariatric surgery shows the

potential to halt or even reverse liver damage. The sus-

tained and stable decline in transaminases and remission of

NAFLD all suggest that bariatric surgery has a protective

effect on the liver. Younus et al. found a significant

improvement in Model for End-Stage Liver Disease

(MELD) score of patients with cirrhosis [24]. A 16-month

follow-up cohort of cirrhotic patients revealed that

decompensated cirrhosis-related complications such as

ascites, encephalopathy, bleeding, infections, or docu-

mented progression of liver dysfunction did not occur after

bariatric surgery [21]. Two of these studies reported that

bariatric surgery also improved eligibility and candidacy in

morbidly obese patients awaiting liver transplantation

[9, 20]. In contrast, Miñambres et al. demonstrated that

20% of Child–Pugh A patients showed a deterioration [16].

This may be due to higher BMI and bilirubin at baseline

and during follow-up, which exacerbates the negative

impact of obesity on the prognosis of cirrhosis. The study

also showed that during the 5 years of follow-up, the

MELD score progressed slowly (P[ 0.05), and only 5

patients developed decompensated cirrhosis, suggesting

that bariatric surgery slowed down the progression of liver

disease [16]. Except for the biliopancreatic diversion and

Roux-en-Y gastric bypass, there is less evidence of liverT
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harm after other bariatric procedures [31]. However, bar-

iatric surgery is associated with varying degrees of nutri-

tional deficiency, of which protein deficiency is a major

issue [32]. Importantly, patients with cirrhosis often suffer

from malnutrition, sarcopenia, and impaired protein

metabolism [33]. The long-term effects of bariatric surgery

on protein metabolism and nutrition status in patients with

cirrhosis need further exploration. Furthermore, there are

little data on the efficacy of bariatric surgery on patients

with decompensated cirrhosis. Therefore, this study does

not discuss the benefits of bariatric surgery for patients

with decompensated cirrhosis.

It is known that patients with cirrhosis have an increased

risk of abdominal and non-abdominal surgery. Therefore,

the risk of undergoing bariatric surgery in the cirrhotic

population is of great concern. Our results confirm the

higher morbidity and mortality of cirrhotic patients, espe-

cially in those with decompensated cirrhosis. In this

review, the overall incidence of complications in patients

with cirrhosis is about 19%, which is 2.67 times that of

patients without cirrhosis. Moreover, the total mortality of

patients with cirrhosis is 1.3%; the mortality rates of

patients with compensated cirrhosis and compensated

cirrhosis were 0.9% and 18.2%, respectively. Two factors

could explain these results. The first one is the increased

risk and technical difficulties associated with cirrhosis-re-

lated complications (including portal hypertension), such

as ascites, malnutrition, abnormal blood coagulation, and

liver failure [24, 31]. The second reason is malnutrition in

cirrhotic patients, which is significantly related to the

increased risk of postoperative morbidity and mortality

after abdominal surgery [23, 24]. Large sample studies

based on the NIS database also showed that the in-hospital

mortality rate of patients with compensated cirrhosis is

significantly lower than that of patients with decompen-

sated cirrhosis, comparable to that in non-cirrhotic patients

(decompensated cirrhosis: 16.3%–19.4%, compensated

cirrhosis: 0.6%-0.9%, no cirrhosis: 0.1%-0.3%), and the

mortality rate is low in centers that perform large amounts

of bariatric surgery [23, 27]. This suggested that bariatric

surgery is relatively safe for patients with well-compen-

sated Child–Pugh class A cirrhosis. Now, the rapid

development and evolution of surgical procedures have

greatly improved the safety of bariatric surgery. Overall,

better outcomes are observed with laparoscopic surgery

over open surgery [31]. And compared with other surgical

Fig. 2 Forest plots depicting the effect of bariatric surgery on weight loss in patients with cirrhosis. a. weight change; b. BMI change;

c. %TWL; d. %EWL. %TWL, percentage of total weight loss; %EWL, percentage of excess weight loss; ES, effect size; CI, confidence

interval
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procedures, sleeve gastrectomy had the lowest complica-

tion rate, Clavien–Dindo grade C III complication rate,

and mortality, suggesting that sleeve gastrectomy is the

safest for obese patients with cirrhosis. Multidisciplinary

cooperation and appropriate perioperative care can further

guarantee surgical safety.

The key strength of our review is a comprehensive

assessment of the effectiveness and risks of bariatric sur-

gery in patients with liver cirrhosis, including weight loss,

remission of comorbidities, improvement in liver function,

complications, and mortality. This review also compares

the effect of bariatric surgery in patients with cirrhosis and

non-cirrhosis, focusing on the outcomes commonly

described in individual studies. However, our systematic

review has some limitations. First, there was obvious

heterogeneity in some of the results. We conducted sub-

group analyses, sensitivity analyses, and meta-regression

analyses to identify the sources of heterogeneity and found

that a wide range of follow-up duration may contribute to

heterogeneity. Other factors, such as diversity in surgical

procedures and different baseline characteristics among

populations, may also lead to heterogeneity. Second, the

sample size varied greatly. Of these 15 articles, 3 reported

on less than 100 cirrhotic patients who underwent bariatric

surgery, whereas the other two database-based studies

included thousands of cirrhotic patients. Third, most stud-

ies were retrospective observational design, ultimately

Fig. 3 Forest plots depicting the effect of bariatric surgery on the remission of comorbidities in patients with cirrhosis. a. NAFLD; b. T2DM;

c. hypertension; d. dyslipidemia. NAFLD, non-alcoholic fatty liver disease; T2DM, type 2 diabetes; ES, effect size; CI, confidence interval

Fig. 4 Forest plots depicting the complications of bariatric surgery

in patients with cirrhosis. ES, effect size; CI, confidence interval
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leading to relatively low certainty in the body of evidence.

As blinded RCTs face ethical issues related to equipoise

and sham procedures, to date there are no RCTs available

for this research question. Forth, due to the high prevalence

of NAFLD and NASH, the cirrhosis of most patients

included in this study is attributed to NAFLD/NASH. The

safety and effectiveness of surgery in patients with liver

cirrhosis caused by other reasons need to be further

explored.

Conclusions

Bariatric surgery is effective for weight loss, alleviating

comorbidities, and reversing liver damage. Bariatric sur-

gery is relatively safe for compensated cirrhosis, although

the risk of complications and death is higher in patients

with cirrhosis. The long-term effects of bariatric surgery in

obese cirrhotic patients need to be further explored.
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Table 2 The mortality rate and causes of death in patients with cirrhosis following bariatric surgery

Study Surgery type Mortality

(%)

Cause of deaths

Mumtaz (2020)

[23]

RYGB, VSG 40/3189

(1.3)

In-hospital mortality without a clear reason

Younus (2020)

[24]

LGB, LSG, LRYGB,

RYGB

0/26 (0) –

Salman (2020)

[14]

LSG 0/71 (0) –

Hanipah (2018)

[15]

LRYGB, LSG 1/13 (7.7) Septicemia with multiorgan failure secondary to infective colitis at 8 months after

bariatric surgery

Miñambres (2018)

[16]

SG, GB, BPD 0/41 (0) –

Pestana (2015)

[17]

LRYGB, LSG 0/14 (0) –

Woodford (2015)

[18]

LAGB 1/14 (7.1) Hepatocellular carcinoma at 11 years after LAGB surgery

Shimizu (2013)

[19]

LRYGB, LSG, LAGB 1/23 (4.3) Unknown cause occurred 9 months after LSG

Rebibo (2013) [26] LSG 0/13 (0) –

Mosko (2011) [27] NA 47/3950

(1.2)

NA

Takata (2008) [20] LSG 0/6 (0) –

Dallal (2003) [21] LRYGB, LSG 1/30 (3.3) Esophageal cancer diagnosed 1 year after gastric bypass surgery

Kral (2003) [22] BPD 3/14 (21.4) Postoperative pulmonary embolism, and late hepatic failure

Total – 94/7360

(1.3)

BPD biliopancreatic diversion, GB gastric bypass, LAGB laparoscopic adjustable gastric banding, LGB laparoscopic gastric band, LRYGB
laparoscopic Roux-en-Y gastric bypass, LSG laparoscopic sleeve gastrectomy, NA data not available, RYGB Roux-en-Y gastric bypass, SG sleeve

gastrectomy, VSG vertical sleeve gastrectomy
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