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Abstract
Introduction Chronic liver disease is prevalent in obese patients presenting for bariatric surgery and is associated with increased
postoperative morbidity and mortality (M&M). There are no comparative studies on the safety of different types of bariatric
operations in this subset of patients.
Objective The aim of this study is to compare the 30-day postoperative M&M between laparoscopic sleeve gastrectomy (LSG)
and laparoscopic Roux-Y-gastric bypass (LRYGB) in the subset of patients with a model of end-stage liver disease (MELD)
score ≥ 8.
Methods Data for LSG and LRYGB were extracted from the American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) database from years 2012 and 2013. MELD score was calculated using serum creatinine,
bilirubin, INR, and sodium. Postoperative M&M were assessed in patients with a score ≥ 8 and compared for the type of
operation. This was followed by analysis for MELD subcategories. Multiple logistic regression was performed to adjust for
confounders.
Results Out of 34,169, 9.8% of cases had MELD ≥ 8 and were included. Primary endpoint, 30-day M&M, was significantly
lower post-LSG (9.5%) compared to LRYGB (14.7%); [AOR = 0.66(0.53, 0.83)]. Superficial wound infection, prolonged
hospital stay, and unplanned readmission were more common in LRYGB. M&M post-LRYGB (30.6%) was significantly higher
than LSG (15.7%) among MELD15-19 subgroup analysis.
Conclusion LRYGB is associated with a higher postoperative risk than LSG in patients with MELD ≥ 8. The difference in
postoperative complications between procedures was magnified with higher MELD. This suggests that LSG might be a safer
option in morbidly obese patients with higher MELD scores, especially above 15.
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Introduction

The health burden of obesity is on the rise worldwide as
its prevalence in adults has more than doubled since 1980
[1]. Moreover, over two-thirds of the adults in the USA
are overweight, and one third are obese [2]. The increas-
ing trend of metabolic syndrome along with obesity is
associated with a concomitant increase in nonalcoholic
fatty liver disease (NAFLD) [3, 4]. NAFLD, which is
the most common form of liver disease worldwide, is
estimated to be present in more than 90% of patients pre-
senting for bariatric surgery [5]. Small weight reduction
of only 3–5% improves obesity-related steatosis and 7–
10% loss may be sufficient to induce NAFLD remission
[6]. Bariatric surgery, which is the most reliable method
for weight loss, has been recommended for the treatment
of morbidly obese patients with NAFLD and nonalcoholic
steatohepatitis (NASH) [7]. Further, documented histolog-
ical improvement in the liver parenchyma and liver func-
tion tests following bariatric surgery in NAFLD patients
were reported in the literature [8–10].

The model of end-stage liver disease (MELD) is a scoring
system that has primarily been used to select patients with
cirrhosis for liver transplantation. It is calculated using serum
creatinine, bilirubin, and INR. A score less than 9 predicts
1.9% 3-month mortality for liver transplant candidates while
a score more than 40 predicts 71.3% mortality [11]. Median
MELD score for liver transplant candidates ranges from 18 to
28 across different regions in the USA [12]. When sodium is
added to the MELD score to detect patients with
hyponatremia, the efficacy of the score in predicting mortality
improves [13].

The MELD score has been increasingly used for
predicting the risk for non-transplant surgical complica-
tions [14–19]. Every one-unit increase in MELD score
estimates an increase of 7.8 and 11.6% in complication
rates of inguinal hernia repair and colon resection, respec-
tively [18]. In bariatric surgery, Elnahas et al. [19] using a
large cohort of patients from the American College of
Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) database reported increased 30-
day postoperative complications after laparoscopic sleeve
gastrectomy (LSG) and laparoscopic Roux-en Y gastric
bypass (LRYGB) in patients with MELD score ≥ 7.9.

LSG and LRYGB have been shown to be safe and effective
bariatric procedures resulting in significant weight loss and
favorable effects on comorbidities [20–22]. However, there
are no studies, to our knowledge, comparing early postopera-
tive complications between LSG and LRYGB in patients with
liver disease. Therefore, the aim of this study is to compare the
30-day postoperative morbidity and mortality between these
two bariatric procedures in the subset of patients with a
MELD score ≥ 8.

Methods

Using the current procedural terminology (CPT) codes for
LRYGB (43644 and 43645) and LSG (43775), data was ex-
tracted fromACS-NSQIP database from years 2012 and 2013.
The ACS-NSQP is a national database of prospectively col-
lected perioperative data from patients undergoing various
procedures in over 250 academic and community hospitals.
Gathered data represent more than 130 variables that provide
information on patients’ demographics, comorbidities, labora-
tory values, and 30-day postoperative complications. The
ACS-NSQIP data has proven to be highly reliable and repro-
ducible [23].

According to the 2016 United Network for Organ Sharing
(UNOS) policy [24], MELD score was calculated using the
formula MELD = 0.378*LN(Bilirubin) + 1.120*LN(INR) +
0.957*LN(Creatinine) + 0.643. The result was rounded to
the tenth decimal and then multiplied by 10. Bilirubin, INR,
and creatinine values less than one were inputted as one.
Creatinine was inputted as 4 for a creatinine level more than
4. For a score more than 11, MELD was modified for serum
sodium level using formula MELD =MELD + 1.32*(137-
Sodium)–[0.033*MELD*(137-Sodium)].

Morbidly obese patients with a body mass index (BMI) ≥
35 kg/m2 undergoing either procedure were included if they
had a MELD score ≥ 8. A MELD cutoff of eight was used
based on a prior publication using NSQIP data showing that
a MELD score above eight was predictive of post-op compli-
cations following stapled bariatric surgery [19]. Patients on
dialysis or having bleeding disorders were excluded, as these
are factors that may affect MELD score other than liver dis-
ease. Emergency cases and patients with disseminated cancer
were also excluded because they may be confounding factors
in determining postoperative complications. Patients, who
would otherwise have had a MELD ≥ 8 if missing laboratory
tests, were imputed with normal values and were included in
the study (imputed bilirubin in 832/3342 patients = 1 mg/dL,
INR in 1356/3342 = 1, creatinine in 31/3342 = 1 mg/dL, sodi-
um in 49/3342 = 137 mmol/L).

Patients’ demographics, comorbidities, preoperative labo-
ratory values, and postoperative complications were com-
pared between the two procedures. Postoperative complica-
tions include mortality, unplanned readmission, prolonged
hospital stay (≥ 7 days), superficial surgical site infection
(SSI), deep incisional SSI, organ/space SSI, wound disrup-
tion, bleeding necessitating transfusion, neurologic complica-
tions (stroke, coma, and peripheral nerve injury), cardiac com-
plications (cardiac arrest and myocardial infarction), renal
complications (acute renal failure, progressive renal insuffi-
ciency, urinary tract infections), venous thromboembolism
(deep venous thrombosis and pulmonary embolisms), respira-
tory complications (failure to wean from mechanical ventila-
tion, reintubation, pneumonia), and sepsis complications
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(sepsis and septic shock). A cutoff for a prolonged hospital
stay was decided to be 7 days based on the 99th percentile
hospitalization length of the general bariatric population. Our
primary endpoint was overall morbidity and mortality.

Continuous variables were presented by means and stan-
dard deviations, while categorical variables were presented as
frequencies and percentages. ANOVAwas used for the com-
parison of continuous variables, and Pearson χ2 test or
Fisher’s exact test was used for categorical variables. Binary
multiple logistic regression of the main outcome, through the
forward and backward stepwise methods, was used to adjust
for confounders. Variables showing less than 0.1 significance
on univariate analysis were entered in the multiple regression.
Significance was set at the 5% level. Statistical analysis was
performed using IBM SPSS for Windows, version 24 (IBM
Corp., Armonk, NY, USA).

Results

A total of 3342 patients (9.8%) with MELD score ≥ 8 out of
34,169 patients were included in our study. Out of those, 1738
patients had LRYGB (CPT codes 43644 and 43645), while
1604 patients had LSG (CPT code 43775). Baseline charac-
teristics and comorbidities are presented in Table 1. Mean age
and BMI were 49 ± 12 years and 47.4 ± 8.7 kg/m2 in LSG and
52 ± 12 years and 47.5 ± 8.6 kg/m2 in LRYGB, respectively.

Males constituted 48.8% of LSG and 46.3% of LRYGB pa-
tients. Mean MELD score was not significantly different in
both LRYGB and LSG (9.7 and 9.8, respectively). Operative
time in the LRYGB (137 min) was significantly higher than
the LSG (99 min). Diabetes and hypertension were signifi-
cantly more prevalent in LRYGB patients. All preoperative
laboratory values were clinically comparable between the
two groups, including creatinine, bilirubin, sodium, and INR
(Table 2). Overall, early morbidity and mortality in LRYGB
(14.7%) were significantly higher than LSG (9.5%) (Table 3).
Mortality, neurologic, cardiac, renal, respiratory, venous
thromboembolic, bleeding necessitating transfusion, and sep-
tic complications were comparable between the two proce-
dures. LRYGB patients were 1.4 and 2.1 times more likely
to have unplanned readmission and prolonged postoperative
hospital stay (≥ 7 days), respectively. Superficial SSI was 3.8
times significantly more prevalent in LRYGB; however, other
surgical site sub-complications were similar between
procedures.

Subgroup analysis of MELD categories (8–14, 15–19, ≥
20) was performed (Table 4). Overall postoperative complica-
tions in LRYGB were markedly high (30.6%) and twice LSG
(15.7%) amongMELD 15–19 group, whileMELD 20+ group
did not show a significant difference in morbidity and mortal-
ity between the two procedures. Additional sensitivity analy-
sis was performed for diabetics and non-diabetics using dif-
ferent MELD categories (Table 4). In non-diabetics, LRYGB

Table 1 Patients’ characteristics
and comorbidities stratified by
procedure

LRYGB (N = 1738) LSG (N = 1604) p value

Age (years) 51.5 ± 11.6 49.0 ± 12.4 < 0.001

BMI (kg/m2) 47.5 ± 8.6 47.4 ± 8.7 0.705

Male 805 (46.3) 782 (48.8) 0.159

White Race 1172 (75.8) 1082 (74.7) 0.471

MELD 9.7 ± 2.8 9.8 ± 3 0.772

ASA class ≥ 3 1477 (85) 1291 (80.5) 0.001

Functional status (dependent) 22 (1.3) 9 (0.6) 0.034

Smoker 160 (9.2) 136 (8.5) 0.46

Dyspnea 328 (18.9) 266 (16.6) 0.084

Ascites 1 (0.1) 1 (0.1) 1

Diabetes 909 (52.3) 569 (35.5) < 0.001

COPD 75 (4.3) 50 (3.1) 0.068

CHF 22 (1.3) 10 (0.6) 0.057

Hypertension 1322 (76.1) 1113 (69.4) < 0.001

Steroid use 46 (2.6) 56 (3.5) 0.156

Acute renal failure 1 (0.1) 4 (0.2) 0.201

Open wound/wound infection 14 (0.8) 14 (0.9) 0.831

Operative time (min) 136.8 ± 55.6 99.3 ± 45.6 < 0.001

Mean ± SD for continuous variables. Frequency (%) for categorical variables

BMI body mass index, ASA American Society of Anesthesiologists, COPD history of severe chronic obstructive
pulmonary disease, CHF congestive heart failure

Significant p values (< 0.05) are in italics
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had higher overall complications compared to LSG at MELD
8–14 (12.2 vs. 6.8%; p = 0.006). While in diabetics, LRYGB
had higher complications at MELD 15–19 (37 vs. 9.5%, p =
0.029) (Reviewer 1; Associate Editor, comment 3). Logistic
multivariate regression of early morbidity and mortality in
patients with MELD ≥ 8 was performed to adjust for con-
founding variables (Table 5). Variables with significance less
than 0.1 on univariate analysis such as age, gender, race, BMI,
functional status, diabetes, hypertension, COPD, CHF, dys-
pnea, steroid use, ASA classification, and the type of

procedure were entered into the multivariate model. LSG in-
dependently imposed 34% less odds of early morbidity and
mortality compared to LRYGB. Increase in BMI, hyperten-
sion, diabetes, COPD, and dependent functional status were
significant risk factors after adjustment. On the contrary, white
race and male gender were associated with less complications.

Discussion

Bariatric surgery, to date, is the only effective long-term treat-
ment for morbid obesity. Both LSG and LRYGB procedures
provide significant postoperative weight loss in the short and
long term [25–27]. The role of bariatric surgery is not limited
to weight loss, as it also aims to improve obesity-related co-
morbidities including NAFLD and NASH [7].

NAFLD is highly prevalent in bariatric surgery populations
and one of the most responsive comorbidities postoperatively.
A meta-analysis conducted by Mummadi et al. [28] reported
an improvement or resolution of steatosis, steatohepatitis, and
fibrosis after bariatric surgery by 91.6, 81.3, and 65.5%, re-
spectively. Moreover, several studies have looked into the
safety of bariatric surgery in patients with liver disease.
Mosko et al. [29] reported increased postoperative mortality
of patients with cirrhosis undergoing bariatric surgery. Odds
for mortality were as high as 21 times in patients with uncom-
pensated cirrhosis [29]. Dallal et al. [30] reported a third of
patients with cirrhosis having early complications after
LRYGB. Other small sample studies reported acceptable rates
of complications and excellent weight loss outcomes in

Table 2 Preoperative laboratory values stratified by procedure

LRYGB (N = 1738) LSG (N = 1604) p value

Creatinine 1.3 ± 0.9 1.3 ± 1 0.669

WBC 8 ± 2.5 7.8 ± 2.2 0.012

Hematocrit 40.4 ± 4.4 40.7 ± 4.6 0.055

Albumin 4.07 ± 0.40 4.11 ± 0.44 0.016

Sodium 139.1 ± 2.8 139.1 ± 2.6 0.715

BUN 22.3 ± 12.7 21.1 ± 13.2 0.006

Total bilirubin 0.7 ± 0.9 0.8 ± 0.9 0.071

SGOT 27.3 ± 17.8 27.4 ± 18 0.873

Alkaline phosphatase 81.2 ± 28.5 79.3 ± 34.7 0.143

Platelet count 252.4 ± 67 253.8 ± 69.9 0.561

PTT 30.2 ± 5.8 30.7 ± 5.1 0.050

INR 1.1 ± 0.3 1.2 ± 0.5 0.040

Mean ± SD for continuous variables

WBCwhite blood count,BUN blood urea nitrogen, SGOTserum glutamic
oxaloacetic transaminase, PTT partial thromboplastin time

Significant p values (< 0.05) are in italics

Table 3 Postoperative
complications stratified by
procedure

LRYGB (N = 1738) LSG (N = 1604) p value

Morbidity and mortality 255 (14.7) 153 (9.5) < 0.001

Mortality 7 (0.4) 4 (0.2) 0.439

Prolonged hospital stay 66 (3.8) 29 (1.8) 0.001

Unplanned readmission 137 (7.9) 88 (5.5) 0.006

Superficial SSI 29 (1.7) 7 (0.4) 0.001

Deep SSI 1 (0.1) 1 (0.1) 1

Organ/space SSI 14 (0.8) 9 (0.6) 0.393

Wound disruption 2 (0.1) 0 (0) 0.501

Sepsis 18 (1) 8 (0.5) 0.078

Transfusion 39 (2.2) 25 (1.6) 0.149

Cardiac complications 9 (0.5) 5 (0.3) 0.357

Renal complications 28 (1.6) 20 (1.2) 0.377

Venous thromboembolism 9 (0.5) 6 (0.4) 0.534

Respiratory complications 22 (1.3) 11 (0.7) 0.090

Neurologic complications 1 (0.1) 0 (0) 1.000

Frequency (%) for categorical variables

SSI surgical site infection

Significant p values (< 0.05) are in italics
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patients with cirrhosis undergoing LSG and LRYGB [31, 32].
Complication rates were similar among bariatric surgery pa-
tients with normal liver histology, minimal, or advanced
NASH on intraoperative liver biopsy [33, 34]. Previous
NSQIP studies have shown that a MELD score above 8 inde-
pendently increases the odds of adverse events by 22% after
bariatric surgery [19].

Since obese patients with comorbid fatty liver disease
would benefit from either procedure, weighing the benefits
and the risks of each operation becomes essential in the deci-
sion making to choose the best surgical option. The aim of our
study was to compare post-operative complications of
LRYGB and LSG in patients with liver disease, and we chose
the population of bariatric patients with a high liver MELD
score (≥ 8).

Patients undergoing LRYGB were older (51.5 years) com-
pared to LSG (49 years). Both means of age were greater than
the reported means of the general bariatric population (43.8
and 43.7 years, LRYGB and LSG) [35]. Patients undergoing
LRYGB had more comorbidities and had higher ASA classi-
fication, diabetes, hypertension, CHF, and COPD. About half
of patients who underwent LRYGB (52.3%) had diabetes
compared to one third (35.5%) in LSG. Comorbidity rates in
MELD ≥ 8 were higher than reported rates in the general bar-
iatric population [36].

Our results show that early 30-day overall complications in
patients with MELD ≥ 8 were higher in LRYGB (14.7%)
compared to LSG (9.5%). Previous studies done on the gen-
eral bariatric population without liver disease have shown
similar results [27, 36–39]. For MELD score 15–19, the over-
all rate of complications in patients undergoing LRYGB be-
comes markedly high (30.7%) and twice LSG complication
rate (15.7%). These results show a trend of increasing overall
early complications with higherMELD scores (15–19), which
was more pronounced post-LRYGB. However, for MELD ≥
20, procedures were comparable regarding complications
most likely due to small sample size of this population (N =
80). Because of the marked difference in the prevalence of
diabetes between LSG and LRYGB, we did sensitivity anal-
ysis on diabetics and non-diabetics which showed no distinct
pattern linking diabetes and MELD scores. We think that di-
abetes is more common in the LRYGB group mainly because
of selection bias due to the presumed superiority of diabetes
resolution (Reviewer 1; Associate Editor, comment 3).

Elnahas et al. [19] reported that mortality of both bariatric
procedures in patients with MELD score more than eight
(0.53%) was significantly higher thanmortality rate in patients
with MELD less than eight (0.09%). In our population with
MELD ≥ 8, 30-day mortality of the two procedures was com-
parable (0.4 and 0.25%, LRYGB vs. LSG, p = 0.439), though
this observation is limited by the rarity of the outcome as only
13 patients out of 3342 have died in the early postoperative
period. These are greater than mortality rates in the general
bariatric population (0.15 and 0.10%, LRYGB and LSG) [36],
but lower than the elderly’s population (> 65 years) (0.6% in
each) [40]. Unplanned readmission rate following LRYGB
(7.9%) was significantly higher than LSG (5.5%) which is
similar to reported results by Sippey et al. [41]. Furthermore,
prolonged hospital stay (≥ 7 days) was twice as common in
LRYGB (3.8 and 1.8%, LRYGB and LSG, p = 0.001).

There are also some presumed benefits of LSG over
LRYGB in patients with advanced liver disease and liver
transplant. Endoscopy might be needed for the management
of a biliary leak or stenosis post-liver transplant or for control
of portal hypertension induced gastric bleeding [42].
However, i t would be difficult to endoscope the
biliopancreatic limb of LRYGB patients, unlike LSG.

Table 4 Overall morbidity and mortality stratified by procedure, MELD categories, and diabetes (Reviewer 1; Associate Editor, comment 3)

MELD All patients (N = 3342) Non-diabetics (N = 1864) Diabetics (N = 1478)

LRYGB LSG p value LRYGB LSG p value LRYGB LSG p value

8–14 (N = 3094) 224 (13.8) 133 (9.0) < 0.001 49 (12.2) 34 (6.8) 0.006 56 (16.8) 33 (14.9) 0.554

15–19 (N = 168) 26 (30.6) 13 (15.7) 0.022 6 (54.5) 6 (28.6) 0.25 10 (37.0) 2 (9.5) 0.029

20+ (N = 80) 5 (15.7) 7 (14.9) 1 1 (12.5) 1 (8.3) 1 2 (25.0) 1 (12.5) 1

Frequency (%) for categorical variables

Significant p values (< 0.05) are in italics

Table 5 Results of the multivariate analysis of the morbidity and
mortality of LSG and LRYGB patients with MELD ≥ 8 (NSQIP: 2012–
2013)

Variable Unadjusted OR Adjusted OR

LSG vs. LRYGB 0.61 (0.5, 0.76) 0.66 (0.53, 0.83)

BMI 1.02 (1.01, 1.03) 1.02 (1.01, 1.03)

Male 0.77 (0.62, 0.94) 0.76 (0.61, 0.94)

White Race 0.71 (0.56, 0.9) 0.75 (0.59, 0.95)

Functional status (dependent) 4.04 (1.92, 8.49) 2.82 (1.31, 6.08)

Hypertension 1.82 (1.4, 2.38) 1.57 (1.18, 2.08)

Diabetes 1.54 (1.25, 1.9) 1.28 (1.02, 1.61)

COPD 2.05 (1.32, 3.18) 1.74 (1.11, 2.74)

OR odds ratio (confidence interval),BMI bodymass index,COPD history
of severe chronic obstructive pulmonary disease
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LRYGB also changes the pharmacokinetics of immunosup-
pressive agents that might be needed in transplant setting [43]
(Reviewer 2, comment 3). On the contrary, LRYGB was re-
ported to be superior in weight loss and improving liver fibro-
sis as well as other obesity-related metabolic diseases such as
diabetes, hypertension, dyslipidemia, and gastroesophageal
reflux disease [44–46] (Reviewer 2, comment 2).

Obesity is an independent risk factor for surgical site infec-
tion (SSI) 2–3 weeks post-operation, that has been associated
with increased risk of mortality, post-operative ICU admis-
sion, and incisional hernia [47]. The incidence of superficial
SSI in patients with MELD ≥ 8 was more common post-
LRYGB (1.7%) compared to LSG (0.4%), which is compati-
ble with previously published studies [35].

Typical bariatric literature reports a female predominance
of patients (78.7% LRYGB and 75.7% LSG) [36]. In our
population, males represented about half of the patients
(46.3% LRYGB and 48.8% LSG) which is unusual.
Interestingly, we found that male gender in patients with
MELD ≥ 8 was associated with decreased overall morbidity
and mortality. This is contradictory to the reported literature
on the general bariatric population where male gender was
associated with increased complications [48]. Thus, we did
further subgroup analysis to investigate the relation of gender
to different individual outcomes, and we found that male gen-
der was only associated with lower rates of unplanned read-
mission. This finding is first to be described in this bariatric
subpopulation and might be worth future research
investigation.

Utilizing the ACS-NSQIP database provides strength to
our study as it allowed us to analyze a large cohort of patients
with higher MELD score suggesting a higher risk for liver
disease. MELD score can be a simple and non-invasive solu-
tion for operative risk stratification which can be readily avail-
able to most bariatric patients and surgeons during preopera-
tive counseling.

The main limitation of our study was basing our analysis
on a liver scoring tool rather than more specific methods such
as imaging or histologic diagnoses. MELD score is a well-
recognized tool that has been used in stratifying liver disease
patients [11, 15]; however, scores do not always correlate with
a diagnosis of liver disease (Reviewer 2, comment 1;
Associate Editor, comment 2). Moreover, missing laboratory
values were imputed with normal reference values which
might underestimate calculated MELD score. However, this
would not change our primary outcome as all included pa-
tients have a MELD ≥ 8 regardless of the imputation of miss-
ing values. Other limitations are inherent to the ACS-NSQIP
since it is not a bariatric-specific database and lacks several
important preoperative parameters such as diagnosis of liver
disease, obstructive sleep apnea, deep vein thrombosis, pul-
monary hypertension, and surgeon’s experience. Additionally,
it lacks data on weight loss outcomes, morbidity and mortality

beyond 30 days, patient’s satisfaction, and comorbidity reso-
lution. Moreover, the surgical technique for both procedures
has not been standardized among different surgeons and hos-
pitals; hence, the outcomes may not be generalizable. Despite
these limitations, this study emphasizes the importance of
stratifying bariatric surgery candidates according to the risk
of liver disease. This might have a direct impact on surgical
decision making and preoperative counseling.

Conclusion

LRYGB imposed more postoperative risk than LSG in pa-
tients with MELD score above eight. The difference in post-
operative complications between procedures was magnified
with higher MELD score. This suggests that laparoscopic
sleeve gastrectomy might be a safer option in morbidly obese
patients with higher MELD scores, especially above 15.
MELD scoring can be a useful and practical tool for preoper-
ative bariatric surgery risk estimation and might help in pre-
operative counseling and surgical decision making in patients
with liver disease.
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