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onalcoholic fatty liver disease does not predict worse perioperative outcomes in bariatric surgery

 r  t  i  c  l e  i  n  f  o

eywords:
on-alcoholic fatty liver disease
onalcoholic steatohepatitis
besity
ariatric surgery

a  b  s  t  r  a  c  t

Nonalcoholic  fatty  liver  disease  (NAFLD)  occurs  in  84–95%  of obese  individuals.  Bariatric  surgery  (BS)  is
an effective  treatment  of  obesity,  with  a potential  sustained  weight  loss  of 21–45%.  The  safety  and  efficacy
of  BS  among  NAFLD  patients  is  not  well  established.  The  aim  of  this  study  was  to determine  outcomes
for  patients  with  NAFLD  undergoing  BS compared  to  patients  without.
Methods:  All  adults  undergoing  BS were  identified  from  the  National  Inpatient  Sample  2012–2015  and
stratified  based  on  the  presence  of NAFLD  using  ICD-9/CPT  codes.  Primary  outcomes  included  inpatient
mortality,  length  of  stay  (LOS),  and  total  hospital  charges  (THC).  Secondary  outcomes  included  infection,
bleeding,  improper  wound  healing  and  surgical  revision.
Results:  302,306  patients  underwent  BS,  of  which  15,607  had  NAFLD  and  286,699  did  not  (non-NAFLD).
NAFLD  patients  had 35%  lower  inpatient  mortality  and  shorter  LOS,  but  slightly  greater  THC. NAFLD
patients  had  smaller  risk  of  improper  wound  healing  and  post-operative  infection.  There  was  no  differ-
ence in bleeding,  or  incidence  of surgical  revision  between  groups.

Conclusion:  NAFLD  patients  had  lower  mortality  and  complication  rates  following  BS.  A significant  post-
surgical  weight  loss  should  attenuate  liver  inflammation  and  fibrosis,  and  therefore  has  the potential  to
stop  or  even  reverse  progression  of liver  disease.

©  2019  Asia  Oceania  Association  for the  Study  of Obesity.  Published  by  Elsevier  Ltd.  All  rights
reserved.
ntroduction

Currently one third of the US population is obese, with nonalco-
olic steatohepatitis (NASH) and nonalcoholic fatty liver disease
NAFLD) occurring in 25–55% and 84–95% of obese individuals
espectively [1]. Approximately 30% of hepatic steatosis progresses
o NASH and 25% of NASH progresses to cirrhosis [1,2].

The mainstay of treatment for NAFLD is weight loss. Data has
hown that loss of 5% total body weight (TBW) shows histologic
mprovement in hepatic steatosis and loss of 7–10% decreases
nflammation and reverses fibrosis [3,4].

Bariatric surgery (BS) is an effective treatment modality, result-
ng in significant weight loss. In the STAMPEDE trial, comparing 150
bese patients randomized to bariatric surgery plus intensive med-
cal therapy or intensive medical therapy alone, surgically managed
atients lost 21–24% of TBW, [5] thereby far exceeding the 7–10%
eeded to begin reversing liver damage.

Due to the concern for postoperative liver decompensation,

AFLD, and particularly NASH cirrhosis, may  be viewed as a rel-
tive contraindication to BS. However, the safety and efficacy of
S among NAFLD patients is not well established. The aim of our

Abbreviations: NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic
teatohepatitis; TBW, total body weight; BS, bariatric surgery; LOS, length of stay;
IS, National Inpatient Sample.

ttps://doi.org/10.1016/j.orcp.2019.06.006
871-403X/© 2019 Asia Oceania Association for the Study of Obesity. Published by Elsevi
study is to evaluate perioperative outcomes and complications in
patients with NAFLD undergoing BS compared to those without.

Methods

The National Inpatient Sample (NIS) database for 2012–2015,
which accounts for over 7 million discharges across 44 states and
4378 hospitals, was  analyzed. All adult patients with an ICD-9/CPT
code for BS were identified from the NIS for the period of January
1, 2012 to September 30, 2015. Patients were grouped according
to the presence of NAFLD using ICD-9 code 571.8 into NAFLD and
non-NAFLD groups.

Primary outcomes included inpatient mortality, LOS, and total
hospital charges. Secondary outcomes included postoperative
infection, bleeding, improper wound healing, and surgical revision.

Statistical analysis was performed with SAS
®

statistical pro-
gramming. Multivariate logistic regression models were used to
compare primary and secondary outcomes for each group while
controlling for demographic variables.

Results
A total of 302,306 patients underwent BS. Division of patients
based on the presence of NAFLD yielded 15,607 patients in the
NAFLD group and 286,699 in the non-NAFLD group. Inpatient mor-
tality was  35% less likely in the NAFLD group (OR 0.65, 95% CI
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Table  1
Primary outcomes from multivariate models controlling for patient and hospital characteristics.

NAFLD Non-NAFLD p-value Odds ratio (95% CI)

Inpatient mortality n (%) 55 (0.35%) 1553 (0.54%) 0.001a 0.65 (0.50–0.85)
Mean LOS, days (SE) 3.2 (1.0) 3.7 (1.0) <0.0001b –
Mean total charges, $ (SE) 34,574 (1.0) 27,675 (1.0) <0.0001b –

SE = standard error.
a Multivariate Logistic Regression.
b Multivariate Linear Regression.
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Fig. 1. Postoperative outcomes from multivariate m

.50-0.85). NAFLD patients had shorter LOS but slightly greater total
harges, even when controlling for LOS (Table 1). Secondary out-
omes were also evaluated between the NAFLD and non-NAFLD
roups (Fig. 1). There were no differences in occurrence of surgi-
al revision or bleeding, however NAFLD patients were 56% less
ikely to have improper wound healing (OR 0.44, 95% 0.33–0.60),
nd 60% less likely to have post-operative infection (OR 0.40 95%
I 0.33–0.51). The cumulative complication rate, including all post-
perative outcomes was lower in the NAFLD group (3.98% versus
.05%).

iscussion

The 2018 guidelines from the American Association for the
tudy of Liver Disease recommends that BS can be considered in
bese patients with NAFLD but should not be done to specifically
o treat NAFLD [6]. The guidelines further state that patients with
irrhosis should be evaluated on a case-by-case basis for eligibility
or BS [6]. These recommendations are based on the limited data
n outcomes of BS in NAFLD patients. The results from our study
uggest that NAFLD patients do not have increased perioperative
isk for bariatric surgery.
Due to the significant sustained weight loss effects, BS has the
otential to halt progression of NAFLD by decreasing inflamma-
ion and fibrosis in the liver. A prospective study by Vilar-Gomez
t al suggested that the amount of weight loss is correlated with
 controlling for patient and hospital characteristics.

the degree in histologic improvement of liver disease [3]. They
also reported that patients with ≥10% TBW loss had higher rates
of NASH resolution and regression of fibrosis [3]. Based on these
data, BS should be much more effective in treatment and preven-
tion of NASH given the substantially larger percentage of TBW loss
achieved in surgically managed patients compared to medically
managed. Furthermore, earlier consideration of bariatric surgery
in NAFLD has the potential to decrease the rising number of liver
transplants performed for NASH- related cirrhosis.

The main strength of this study is its size, including all encoun-
ters across the US for bariatric surgery from 2012–2015. Using the
NIS database, we are limited by the fidelity of coding. Data points
are limited to ICD-9 diagnoses and we were unable to account for
coding errors or under-coding. NAFLD is represented by only one
ICD-9 code (571.8), without a means to differentiate hepatic steato-
sis from NASH or NASH-related cirrhosis. Additionally, our data
reflects outcomes that occurred during the initial hospitalization
for bariatric surgery. Any events occurring after discharge from the
index encounter were not captured.

Conclusion
Patients with NAFLD had lower mortality and fewer periopera-
tive complications compared to non-NAFLD patients. This suggests
that BS is safe in patients with NAFLD. Given that benefits of BS
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n this special population likely outweigh the risks, it should be
onsidered in the paradigm for management of NAFLD.
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