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Abstract
Purpose of Review Nonalcoholic steatohepatitis (NASH) is a spectrum of nonalcoholic fatty liver disease (NAFLD). It is defined as
the presence of fatty liver along with inflammation and hepatocyte injury. To date, weight loss achieved via lifestyle intervention
remains themainstay of NASH treatment. However, given the known benefit ofweight loss onNASHand the known effect of bariatric
surgery on weight loss, several studies have explored the potential role of bariatric surgery on the treatment of NASH.
Recent Findings This review article summarizes the evidence on the effect of Roux-en-Y gastric bypass (RYGB), a common
bariatric surgery, on NASH therapy. Specifically, studies show that RYGB is associated with an improvement of all NASH
histologic features at 1 year.
Summary Compared to adjustable gastric band, RYGB appears to be superior at treating NASH. Randomized controlled trials
and long-term studies are underway to better clarify the role of these procedures specifically for NASH therapy.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a growing cause
of chronic liver disease (CLD) worldwide. In the US, NAFLD
is the most common cause of CLD representing greater than
75% of CLD as of 2008 [1]. In 2011, the prevalence of
NAFLD was estimated to range from 6.3 to 33% in the gen-
eral US population depending on the diagnosing modality [2].
In patients with obesity, however, the prevalence of NAFLD is
estimated to be as high as over 90% with up to 5% having
unexpected cirrhosis [2]. With a rise in the obesity pandemic,
it is expected that the prevalence of NAFLD will continue to
increase. By 2020, it is predicted that NAFLD will be the
leading indication for liver transplantation [3].

Compared to the general population, patients with NAFLD
have increased overall mortality with the most common cause
being cardiovascular diseases (CVD) [4, 5]. Other causes of
deaths among patients with NAFLD include liver-related

mortality and cancer-related mortality [6]. In 2016, it was esti-
mated that $103 billion was spent on treating patients with
NAFLD in the U. S [7]. This number is predicted to increase
to $1.005 trillion in 10 years given the increasing burden of
obesity and NAFLD [8].

NAFLD represents a spectrum of liver conditions ranging
from non-alcoholic fatty liver (NAFL) to non-alcoholic
steatohepatitis (NASH) and finally to cirrhosis. Compared to
NAFL, or simple steatosis, NASH is a more aggressive form
of NAFLD with an intermediate risk of progressing to cirrho-
sis. Once developing cirrhosis, approximately 25% will expe-
rience complications of portal hypertension within 3 years [9].

This review article provides an update on the diagnosis and
management of NASH with the focus on the role of bariatric
surgery on NASH therapy. Evidence for each treatment option
is discussed, along with the most updated guidelines from the
major societies. Additionally, a brief discussion on the poten-
tial role of emerging endoscopic therapies for NASH treat-
ment is also reviewed.

Nonalcoholic Steatohepatitis (NASH)

NASH is a spectrum of NAFLD. It is defined as the presence
of at least 5% of fat within hepatocytes with inflammation and
hepatocyte injury with or without fibrosis [10]. Unlike NAFL,

This article is part of the Topical Collection on Stomach and Duodenum

* Christopher C. Thompson
cthompson@hms.harvard.edu

1 Division of Gastroenterology, Hepatology and Endoscopy, Brigham
and Women’s Hospital, 75 Francis Street, Boston, MA 02115, USA

2 Harvard Medical School, Boston, MA, USA

Current Gastroenterology Reports (2018) 20: 49
https://doi.org/10.1007/s11894-018-0653-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s11894-018-0653-6&domain=pdf
mailto:cthompson@hms.harvard.edu


NASH is more aggressive and is associated with a risk of
approximately 10 to 29% of progression to cirrhosis within
10 years [9]. It is approximated that about one third of patients
with NASH will progress to stage 3 or 4 fibrosis (cirrhosis)
over 5 to 10 years [9]. Therefore, early-stage NASH repre-
sents a group of patients that is most likely to benefit from
treatments in order to prevent progression to cirrhosis and its
complications.

Diagnosis of NASH

Liver Biopsy

Liver biopsy remains the gold standard for diagnosing and
grading NASH. Specifically, the criteria for the histological
diagnosis of NASH include steatosis and hepatocyte injury,
usually in the form of ballooning and/or lobular inflammation.
Fibrosis is not required to histologically diagnose NASH.
Steatosis in NASH is usually macrovesicular, which refers to
hepatocytes with a single large intracytoplastic fat droplet
displacing the nucleus to the cell periphery. Generally, the
extent of steatosis is assessed using percentage involvement
by steatotic hepatocytes in liver parenchyma and reported as
mild (5–33%), moderate (33–66%), and severe (> 66%) [11,
12]. In addition to steatosis, NASH histological diagnosis re-
quires evidence of hepatocyte injury, which usually takes the
form of ballooning or lobular inflammation. Ballooned hepa-
tocytes are enlarged with swollen pale cytoplasm and a large
hyperchromatic nucleus often with a prominent nucleolus
(Fig. 1a). The presence of ballooning has been shown to be
associated with more aggressive disease and high incidence of
cirrhosis [14]. Lobular inflammation usually consists of mixed
inflammatory cells including lymphocytes, some eosinophils,
and occasionally a few neutrophils (Fig. 1a). In addition to
ballooning and lobular inflammation, other forms of hepato-
cyte injury may be seen such as apoptosis and lytic necrosis.
When fibrosis occurs in NASH, it usually starts in acinar zone
3 (around central veins), which may later progress to bridging
fibrosis and cirrhosis (Fig. 1b).

Currently, there are three main histological scoring systems
to grade and stage NASH. For all systems, grading generally
refers to the amount of necroinflammatory activity, which
include the degree of steatosis, ballooning, and lobular inflam-
mation. Staging, on the other hand, is used to categorize the
extent and location of fibrosis.

The Brunt System was developed in 1999 by Dr. Elizabeth
Brunt and colleagues at Saint Louis University from system-
atic review of liver biopsies of 51 patients with clinically di-
agnosed NASH. The grading system divides NASH into mild
(grade 1), moderate (grade 2), and severe (grade 3) based on
the amount of steatosis, ballooning, and lobular and portal
inflammation. Fibrosis stage ranges from 0 to 4 (0: no fibrosis,
1: perisinusoidal/pericellular fibrosis, 2: periportal fibrosis, 3:

bridging fibrosis, 4: cirrhosis) (Table 1). This method of grad-
ing and staging is to be used once the diagnosis of NASH has
beenmade. In this system, ballooning is themajor determinant
of severity (i.e., increasing severity of ballooning with in-
creased severity of grade), and the amount of steatosis is the
least determinant. While the system has been used widely, it
has never been validated [11].

The NAFLD Activity Score (NAS) was developed in 2005
by the Pathology Committee of the NASH Clinical Research
Network (NASH CRN) for the purpose of clinical trials [12].
The NAS score represents the sum of scores for steatosis (0–
3), ballooning (0–2), and lobular inflammation (0–3) (Table
1). The score ranges from 0 to 8 with the NAS score of 5–8
considered diagnostic of NASH, the NAS score of 3–4 con-
sidered borderline NASH, and the NAS score of 0–2 consid-
ered not diagnostic of NASH. Additionally, there is a separate
fibrosis stage ranging from 0 to 4 (0: no fibrosis, 1:
perisinusoidal or periportal, 2: perisinusoidal and portal/
periportal, 3: bridging fibrosis, 4: cirrhosis).

The Steatosis, Activity and Fibrosis Score (SAF) was de-
veloped in 2012 by the European Fatty Liver Inhibition of
Progression Consortium [16]. It was originally intended for
grading and staging NAFLD in patients with morbid obesity
about to undergo bariatric surgery. The SAF score consists of
the steatosis score (S0–S3), the activity grade (A0–A3), which
combines hepatocyte ballooning (0–2) and lobular inflamma-
tion (0–2), and the fibrosis stage (F0–F4) (Table 1). The activ-
ity grade of the SAF score enables the discrimination of
NASH from NAFL as all patients with NASH have A ≥ 2,
whereas no patients with A < 2 have NASH [16].

Noninvasive Tools for Diagnosing NASH

Given the cost, sampling error, and possible adverse events that
are associated with liver biopsy, there has been a significant
interest in developing clinical prediction tools and noninvasive
methods at diagnosing NASH in patients with NAFLD. These
noninvasive tools may be divided into (1) those that quantify the
amount of hepatic steatosis in patients with NAFLD, (2) those
that predict steatohepatitis in patients with NAFLD, and (3) those
that assess advanced fibrosis in patients with NAFLD.

Steatosis Some studies have shown a correlation between the
degree of steatosis and severity of NASH. Specifically,
Chalasani and colleagues from the NASH-CRN group dem-
onstrated that increasing levels of steatosis severity were as-
sociated with lobular inflammation, fibrosis, and definite
steatohepatitis [17]. Therefore, noninvasive methods to assess
the amount of steatosis may be used as a surrogate for diag-
nosing NASH. To date, there have been no clinical predictors
for the amount of steatosis. However, there are a few emerging
radiologic techniques to quantify the amount of fat. These
include magnetic resonance spectroscopy (MRS), which
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separates the liver signal into its water and fat components and
calculates a signal fat-fraction [18], and magnetic resonance
imaging-based proton density fat fraction (MRI-PDFF),
which is a more recent MRI technique that eliminates biases
like T1 bias, T2 decay, spectral complexity of fat and noise
bias to allow a more accurate estimation of PDFF [19, 20].
Additionally, transient elastography (TE) with controlled at-
tenuation parameter (CAP) may be used to quantify the degree
of liver steatosis (Fig. 2). The CAP score ranges from 100 to
400 dB/m with a higher number representing a more severe
degree of steatosis [21].

Steatohepatitis The presence of metabolic syndrome is a strong
predictor of steatohepatitis in patients with NAFLD. Specifically,
studies have shown that an increase in the number of metabolic
diseases, such as visceral obesity, dyslipidemia, hypertension,
insulin resistance, and type 2 diabetes, is associated with an in-
creased risk of progressive liver disease [22–24]. Additionally,
recent studies have proposed the use of the biomarker caspase-
generated cytokeratin-18 (CK-18) fragments for the diagnosis
and staging of NASH. Specifically, an increase in hepatocyte cell
apoptosis is typically present in NASH and not NAFL. When
apoptosis occurs, activation of the effector caspases follows to
cleave a number of substrates inside the cell including CK-18,
the major intermediate filament protein in the liver. While many
studies have shown a correlation between CK-18 fragments and
the presence of NASH, this test is currently not available for
clinical use [25, 26].

Fibrosis Noninvasive tools to assess the presence of advanced
fibrosis may be divided into clinical risk scores, serum bio-
markers, and imaging. To date, there are several clinical decision
aids developed to predict advanced fibrosis, such as NAFLD
fibrosis score (NFS), FIB-4 index, aspartate aminotransferase
(AST) to platelet ratio index (APRI), BARD score, and AST/
ALT ratio. The NFS is calculated based on six readily available
parameters (age, BMI, hyperglycemia, platelet count, albumin,

and AST/ALT ratio) [27]. The NFS is then divided into three
groups: less than − 1.455, between − 1.455 and 0.675, and great-
er than 0.675, which represent F0–F2, indeterminate and F3–F4,
respectively. A meta-analysis of 13 studies with 3064 patients
demonstrated that the NFS had an area under the receiver oper-
ating curve (AUROC) of 0.85 for predicting advanced fibrosis,
i.e., bridging fibrosis (F3) and cirrhosis (F4) [28]. FIB-4 uses a
combination of age, AST, ALT, and platelet count and offers dual
cut-off values (score < 1.45 and score > 3.25 representing unlike-
ly and likely advanced fibrosis, respectively) [29]. A recent study
demonstrated that NFS and FIB-4 were better than other risk
scores and were as good as magnetic resonance elastograpy
(MRE) at predicting advanced fibrosis [30]. Regarding serum
biomarkers, there are a few that have been shown to correlate
with the level of liver fibrosis. The enhanced liver fibrosis (ELF)
panel combines three serum markers including hyaluronic acid,
amino-terminal propeptide of type III procollagen, and tissue
inhibitor of metalloproteinase 1. The panel had an AUROC of
0.90 for detecting advanced fibrosis and was recently approved
for clinical use in Europe but not in the USA [27]. Imaging
modalities thatmeasure liver stiffness noninvasively include tran-
sient elastography (TE) and magnetic resonance elastography
(MRE), which were both approved by the Food and Drug
Administration (FDA) for use in patients with liver diseases. In
the study by Imajo et al., AUROC for TE and MRE at diagnos-
ing advanced fibrosis were 0.88 and 0.89, respectively.
Compared to TE, MRE performed better at identifying fibrosis
stage 2 and above, while both performed equally well at identi-
fying fibrosis stage 3 and above [30].

Medical Management of NASH

To date, weight loss achieved via lifestyle intervention
remains the mainstay of treatment of NASH. A meta-
analysis of 8 randomized controlled trials (RCTs) includ-
ing 373 patients, with 4 studies including post-treatment
histology, showed that although ≥ 5% total weight loss

Fig. 1 Histologic features of nonalcoholic steatohepatitis (a) ballooned hepatocytes (arrow) and inflammatory infiltrate (arrowheads) (b) fibrosis. From
Diehl and Day [13]. Used with permission from the Massachusetts Medical Society
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(TWL) improved hepatic steatosis, a ≥ 7% TWL was re-
quired to improve NAS [31]. These data have been sup-
ported by a recent prospective study, which included 261
paired liver biopsies obtained before and at 12 months
after lifestyle intervention in patients with biopsy-proven
NASH. The study demonstrated that at 12 months, 25%
of patients achieved the primary outcome—NASH resolu-
tion—which was defined as the absence of histologic fea-
tures of steatohepatitis. Additionally, 47% of patients had
reductions in NAS (a decrease of at least 2 points in the
NAS in more than one category), and 19% had regression
of fibrosis (a decrease of at least 1 point in the fibrosis
score). Moreover, the study showed a dose response curve
between the amount of weight loss and the degree of
NASH histological improvement such that ≥ 10% TWL
was associated with improvement of all NASH features,
including portal inflammation and fibrosis. Additionally,
all patients with ≥ 10% TWL had at least a 2-point reduc-
tion in NAS, while only 82 and 32% of those who
achieved 5–10% TBWL and < 5% TBWL experienced
NAS improvement, respectively [32].

Despite the evidence supporting the benefit of weight loss
via lifestyle intervention on NASH, less than one third was
able to achieve significant weight loss of ≥ 5% and less than
10% was able to achieve weight loss of ≥ 10% in this trial
[32].

Other potential medical therapies to treat NASH in-
clude vitamin E, thiazolidinediones, glucagon-like pep-
tide-1 (GLP-1) agonist, and obeticholic acid. Thus far,
the best evidence is for vitamin E in nondiabetic adults
with biopsy-proven NASH and thiazolidinediones in pa-
tients with and without diabetes with biopsy-proven
NASH with other modalities currently undergoing ongo-
ing studies [10]. However, their detailed discussion is be-
yond the scope of this review.

Table 1 Histologic scoring systems for grading and staging
nonalcoholic fatty liver disease (NAFLD). Modified from Brunt [15]

System/
characteristics

Brunt system NASH CRN *SAP/**FLIP
algorithm

Patient
population

Adults only Adults + children Adults

Applicable to NASH All NAFLD All NAFLD

Grade Mild, moderate,
severe; S + LI,
PI + B;
unweighted
but steatosis
does not affect
score; LI + PI,
ballooning
increase
incrementally
with score

NAFLD Activity
Score (NAS):

S + LI + B = 0–8;
unweighted
scores for each
lesion

Steatosis is not a
component of
activity
Activity:

LI + B;
*SAF: steatosis +

activity +
fibrosis = SxA-
xFx;

**FLIP: fatty
liver inhibition
of progression
algorithm for
diagnosis

Details of
scoring

Steatosis Steatosis Steatosis

0: 0 0: < 5% 0: < 5%

1: 0–33% 1: 5–33% 1: 5–33%

2: 34–66% 2: 34–66% 2: 34–66%

3: > 66% 3: > 67% 3: > 67%

LI LI LI

0:0 0:0 0: 0

1: 1–2/20× 1: < 2120× 1: < 2/20×

2: 2–4/20X 2: 2–4/20X 2: 2/20×

3: > 4/20X 3: > 4/20X –

PI: Ballooning: Ballooning: 0–2

0: none 0: None 0: 0

1: mild 1: Few 1: clusters,
reticulated
cytoplasm

2: moderate 2: Many 2: enlarged
hepatocytes

3: severe – –

Ballooning Prominent –

Acinar location – –

Mild – –

Marked – –

Fibrosis stage Fibrosis stage Fibrosis stage

0: none 0: none FO: 0

1: zone 3
perisinusoidal

1a: zone 3
perisinusiodal,
dense

1b: zone 3
perisinusiodal,
dense

1c: portal only

2: 1 + periportal 2: 1a or
1b + periportal

F2: zone
3 + periportal

3: bridging 3: bridging F3: bridging

4: cirrhosis 4: cirrhosis F4: cirrhosis

Table 1 (continued)

System/
characteristics

Brunt system NASH CRN *SAP/**FLIP
algorithm

Fibrosis
stages

0–4 0–4; # 1a, 1b, 1c 0–4; # 1a, 1b, 1c

Scoring
method
used for
diagnosis

Minimal criteria
for dx

Correlates but
does not
replace; used in
clinical trials
for feature
comparisons

Yes, for diagnosis

Clinical
associa-
tions

Grade: AST ALT, AST AST, ALT

S steatosis amount, LI lobular inflammation, PI portal inflammation, B
ballooning, ALT alanine aminotransferase, AST aspartate aminotransfer-
ase, WC waist circumference, MetSynd metabolic syndrome, TG triglyc-
eride levels
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Treatment of NASH with Gastric Bypass

Given the known beneficial consequence of weight loss on
NASH and the known effect of bariatric surgery on weight
loss, several studies have explored the potential role of bariat-
ric surgery on the treatment of NASH. To date, RYGB re-
mains the most extensively studied bariatric surgery as a po-
tential NASH therapy.

A pioneering study conducted by Silverman et al. in 1995
retrospectively evaluated liver histology in 91 patients before
and at 2 to 61 months after RYGB. Of the 91 patients, 18 had
no steatosis at baseline. Among the 73 remaining patients, 65
experienced reduction in steatosis in follow-up biopsies, 5
with minimal steatosis at baseline showed no change, and 3
had increased steatosis. Thirteen of the 91 patients had
perisinusoidal fibrosis (PSF) at baseline—3 with bridging fi-
brosis, 1 with moderate fibrosis, and 9 with slight fibrosis.
Following RYGB, PSF resolved in 10 patients, decreased in
1 patient and remained the same in 2 patients. One patient
developed PSF after RYGB [33].

Subsequently, there are several retrospective and prospec-
tive observational studies evaluating the effect of RYGB on
NASH histologic features, including the two large, single-
center studies with follow-up liver biopsies. In 2009,
Mathurin et al. conducted a 5-year prospective cohort study
on 381 patients with severe obesity, defined as body mass
index (BMI) of > 40 kg/m2 or > 35 kg/m2 with at least one
obesity-related comorbidity. Liver biopsies were performed
prior to and at 1 and 5 years after bariatric surgery. In this
study, gastric banding, biliointestinal bypass, and RYGBwere
performed in 214 (56.2%), 87 (22.8%), and 80 (21%) patients,
respectively. Compared to baseline, there was a significant
improvement in the prevalence and severity of steatosis (fre-
quency 82 to 37.7%; extent 37.4 to 16%) and ballooning
(NAS ballooning score 0.2 to 0.1) and a significant reduction
in NAS (total NAS 1.9 to 1). Inflammation remained un-
changed, while levels of fibrosis statistically significantly

increased at 5 years (fibrosis stage 0.27 to 0.36). Despite this
increase, 96% of patients had fibrosis score ≤ 1 at 5 years sug-
gesting that there was no clinically significant worsening in
fibrosis. Additionally, the study demonstrated that the percent-
age of patients with probable or definite NASH, defined as
NAS ≥ 3, significantly decreased from 27.4% at the time of
bariatric surgery to 14.2% at 5 years. In this study, refractory
insulin resistance (IR), defined by homeostatic model assess-
ment for insulin resistance (HOMA-IR) at 1 year of > 3.13,
independently predicted the persistence of steatosis and bal-
looning at 5 years, suggesting a possible parallel between the
kinetics of insulin resistance and that of steatosis and balloon-
ing [34].

A follow-up study in 2015 focused on patients with base-
line NASH prior to bariatric surgery. Lassailly et al. conducted
a 1-year prospective cohort study on 109 patients with biopsy-
proven NASH and severe obesity, defined as bodymass index
(BMI) of > 40 or > 35 kg/m2 with at least one obesity-related
comorbidity. Liver biopsies were performed prior to and at
1 year after bariatric surgery. Out of 109 patients, 70
(64.2%), 32 (29.4%), 6 (5.5%), and 1 (0.9%) underwent
RYGB, gastric banding, sleeve gastrectomy, and
biliointestinal bypass, respectively. At 1 year, 85% of patients
had NASH resolution. Compared to baseline, there was a
significant reduction in the prevalence of steatosis from 60
to 10%. Ballooning improved in 84% of cases, and lobular
inflammation in 67%.More importantly, in contrast to the data
from the previous study, fibrosis improved in 34% of the co-
hort at 1 year after RYGB [35••]. The authors therefore pro-
posed that bariatric surgerymay be considered as a therapeutic
option for appropriately morbidly obese patients with NASH
who did not respond to lifestyle intervention.

To date, there have been no randomized controlled trials
(RCTs) evaluating the effect of RYGB or other bariatric sur-
geries on NASH. A meta-analysis in 2008 including 15 stud-
ies and 766 paired liver biopsies evaluated the effect of bar-
iatric surgery on NAFLD histology. RYGB was the most

Fig. 2 Controlled attenuation
parameter (CAP) assessment
using transient elastrography.
From Sasso et al. [21]
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common bariatric surgery performed, i.e., in 9 out of 15 in-
cluded studies. The duration between the pre- and post-
bariatric surgery biopsies ranged from 2 to 111 months. At
follow-up, the pooled proportion of patients with improve-
ment or resolution in steatosis, steatohepatitis, and fibrosis
was 91.6% (15 studies), 81.3% (9 studies), and 65.5% (5
studies), respectively (Fig. 3a–c). In 69.5%, there was com-
plete resolution of NASH, defined as complete disappearance
of all NASH histopathologic components of interest (nine
studies) (Fig. 3d) [36].

A follow-up meta-analysis in 2015 assessed the effect of
bariatric surgery on NAFLD liver histology and/or liver bio-
chemistry. Specifically, the analysis pooled 29 studies and
demonstrated a significant reduction in the incidence of all
NAFLD histologic features following bariatric surgery:
steatosis (16 studies: reduction in the incidence by 50.2%),
ballooning (8 studies: 67.7%), lobular inflammation (7 stud-
ies: 50.7%), portal inflammation (4 studies: 13.1%), and fibro-
sis (12 studies: 11.9%) (Fig. 4a) [37••]. Additionally, there
were statistically significant reductions in alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), and gamma-glutamyl transpeptidase
(GGT) after bariatric surgery (Fig. 4b). Nevertheless, due to
the lack of RCTs and quasi-randomized clinical studies, the
Cochrane review concluded that no definite benefits or harms
could be made regarding the role of bariatric surgery as a

therapeutic approach for NASH. The review suggested that
the current studies were too heterogenous with a small number
of patients, which limited any unbiased conclusion on bariat-
ric surgery for treatment of NASH [38].

Comparison of Gastric Bypass to Other
Bariatric Surgeries as a Therapy for NASH

In addition to RYGB, there have been a few studies
assessing the effect of other bariatric surgeries on NASH
therapy. Caiazzo et al. conducted a 5-year prospective,
non-randomized longitudinal study comparing the effect
of RYGB and adjustable gastric banding (AGB) on
NASH. The study included 1236 patients with obesity
who underwent RYGB (n = 681) or AGB (n = 555). Liver
biopsies were available on 1201 patients (97.2% of those at
risk) at baseline, 578 patients (47.2%) at 1 year, and 413
patients (68.9%) at 5 years. At baseline, NAFLD was pres-
ent in 86% of patients (defined as steatosis ≥ 5%) and cat-
egorized as severe in 22% of patients (defined as NAS ≥ 3).
RYGB was associated with significantly greater improve-
ment in the amount of steatosis and NAS at 1 and 5 years
compared to AGB (steatosis (%): 1 year: 17.9 versus 7.9/
5 years: 14.5 versus 8.7; NAS: 1 year: 1.1 versus 0.7/
5 years: 1.0 versus 0.7). At baseline, the proportion of

Fig. 3 Forest plots demonstrating the effect of bariatric surgery on the improvement of a steatosis, b steatohepatitis, c fibrosis, and on d complete
resolution of steatohepatitis. Taken from Mummadi et al. [36]. Used with permission from Elsevier
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Fig. 4 Forest plots demonstrating the effect of bariatric surgery on the improvement of a liver histology for steatosis and b liver biochemistry for alanine
aminotransferase (ALT). Taken from Bower et al. [37]. Used with permission from Springer Nature
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patients with severe NAFLD was similar in both groups.
However, at 1 and 5 years, a significantly lower proportion
of patients in the RYGB remained in the severe NAFLD
category compared to AGB. The study therefore concluded
that the improvement of NAFLD was superior after RYGB
when compared to AGB [39].

To date, there have been no studies that evaluate the effect
of sleeve gastrectomy (SG) on the changes in histologic fea-
tures of NASH. Nevertheless, a recent study conducted by
Kalinowski et al. in 2017 attempted to answer this question
by using liver function tests as a primary outcome.
Specifically, the study was an analysis of prospectively select-
ed endpoints of a randomized trial comparing outcomes of
RYGB and SG [40, 41]. The study randomized 66 patients
with morbid obesity to RYGB (n = 33) or SG (n = 33).
Intraoperative liver biopsy was performed at the time of the
bariatric surgery, and liver function tests were measured prior
to and at 1, 6, and 12 months after surgery. At baseline, the
proportions of patients who had NASH (defined as NAS ≥ 5)
were similar between the two groups (54.5% in RYGB and
51.5% in SG groups, respectively). Similarly, there was no
difference in baseline liver function tests between the two
surgical groups, including ALT, AST, GGT, and lactate dehy-
drogenase (LDH). At 12 months, significant improvement in
liver function tests was observed only in NASH patients who
underwent SG (ALT 23.8 vs. 39.9, AST 21.5 vs. 32.4, GGT
24.5 vs. 34.3, LDH 292.4 vs. 510.8). In contrast to the find-
ings of some of the previous studies, liver function tests did
not significantly change after RYGB [42].

Future long-term head-to-head controlled trials focusing on
analysis of liver pathology in patients with biopsy proven
NASH are needed before any conclusion can be made regard-
ing which bariatric surgery should be offered to patients with
NASH with or without obesity.

Emerging Endoscopic Therapies for NASH

Endoscopic bariatric and metabolic therapies (EBMTs) are
emerging therapies for obesity and its related comorbidities. To
date, there are three types of EBMTs that are approved by the
U.S. Food and Drug Administration (FDA) for the treatment of
obesity. These include intragastric balloons (IGBs), endoscopic
sleeve gastroplasty (ESG), and aspiration therapy (AT) [43, 44].
Data on the efficacy of EBMTs at treatingNASH remain limited.
In 2012, Lee et al. conducted a randomized controlled pilot study
to evaluate the effect of the Bioenterics intragastric balloon (BIB)
at improving histology of NASH in patients with obesity and
biopsy-proven NASH. The study randomized 18 patients to re-
ceive BIB placement plus the American Heart Association
(AHA) diet and exercise (n = 8) versus shamBIB placement plus
the AHA diet and exercise (n= 10). At 6 months, total NASwas
significantly lower in the BIB group compared to the sham group

(2 vs. 4). There was a trend towards improvement in the median
steatosis scores in the BIB group. However, there was no change
in the median ballooning, lobular inflammation or fibrosis scores
in either group [45]. A recent meta-analysis was conducted to
assess the effect of IGB on obesity-related comorbidities. While
there were not enough studies to pool the effect of IGB on
changes in NASH histologic features, the study showed a signif-
icant decrease in ALT (−9 U/l, 10 studies) and AST (−3 U/l, 7
studies) [46]. Data on the effect of other EBMTs, including ESG
or AT, are lacking and eagerly awaited.

Current Guidelines

According to The American Association for the Study of
Liver Diseases (AASLD), bariatric surgery can be considered
in otherwise eligible patients with obesity and concomitant
NAFLD or NASH. However, the 2018 AASLD guidance
states that “it is premature to consider bariatric surgery as an
established option to specifically treat NASH” [10]. The
European Association for the Study of the Liver (EASL),
along with the European Association for the Study of
Diabetes (EASD) and the European Association for the
Study of Obesity (EASO), provides level B1 grading (strong
recommendation with moderate quality of evidence) for bar-
iatric surgery as a treatment for NASH. Specifically, the 2016
EASL-EASD-EASO guideline states that “by improving obe-
sity and diabetes, bariatric (metabolic) surgery reduces liver
fat and is likely to reduce NASH progression; prospective data
have shown an improvement in all histologic lesions of
NASH, including fibrosis” [47].

Summary

There is emerging evidence that bariatric surgery, in particular
RYGB, is effective at treating NASH with improvement in
histological features in the short term. Current guidelines sug-
gest that it is premature for bariatric surgery to be considered
an established treatment specifically for NASH alone, without
concomitant obesity. Randomized controlled trials and long-
term studies are underway to better clarify the role of these
procedures specifically for NASH therapy.
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