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Abstract

Nonalcoholic fatty liver disease (NAFLD) represents the most common liver disease, and it is expected to become the leading
cause of end-stage liver disease in the near future. Bariatric operations have beneficial effects on NAFLD, inducing histological
resolution of liver damage through weight loss-dependent and weight loss-independent mechanisms. Due to lack of randomized
controlled trials, no specific guidelines have been established so far. Yet there is growing evidence that NAFLD will eventually
become a formal indication for metabolic surgery. Data regarding the choice of procedure are conflicting, although gastric bypass
seems to be slightly superior to sleeve gastrectomy. The purpose of this review is to provide an update on the ongoing research
regarding the role of metabolic surgery in NAFLD management.

Keywords Nonalcoholic fatty liver disease - Liver steatosis - Steatohepatitis - Bariatric surgery - Metabolic surgery - Gastric
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Introduction

The term nonalcoholic fatty liver disease (NAFLD) refers to a
broad spectrum of disease characterized of excessive fat de-
position in the liver, in the absence of alcohol abuse, or any
other secondary cause. NAFLD varies from simple steatosis to
steatohepatitis (nonalcoholic steatohepatitis (NASH)) and liv-
er fibrosis, with possible progression to cirrhosis and/or hepa-
tocellular carcinoma [1]. Having a prevalence of more than
20% as well as an incidence of more than 30 new cases per
1000 persons per year, NAFLD has become a worldwide pan-
demic [2, 3]. Not only does NAFLD represent the most
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common liver disease in the western world but, most impor-
tantly, its prevalence continues to rise steadily over time [4, 5].
Even higher prevalence is reported in obese and diabetic pa-
tients, reflecting the close pathogenetic correlation between
NAFLD, obesity, and metabolic syndrome. Indeed, NAFLD
can be regarded as the hepatic manifestation of metabolic
syndrome. More than 80% of morbidly obese patients have
some sort of NAFLD, while the more severe forms (NASH,
fibrosis) affect nearly 15% of obese patients [5]. For the time
being, NAFLD represents the third most common cause of
hepatocellular carcinoma and the second most common cause
of end-stage liver disease and need for liver transplantation,
after hepatitis C. Given the upward trend in its frequency as
well as the production of more effective drugs against hepatitis
C virus, it is estimated that during the following decade,
NAFLD is going to emerge as the leading cause of end-
stage liver disease [1, 6].

The primary hormonal derangement in most NAFLD pa-
tients is insulin resistance. Furthermore, several other fat-
derived hormones, including leptin, adiponectin, and resistin,
contribute to the development of steatosis and fibrosis mainly
rendering hepatocytes more insulin-resistant. Insulin resis-
tance leads to increased lipolysis and increased hepatic uptake
of free fatty acids (FFAs). Through this process, hepatic fat
gradually replaces normal liver tissue but without hepatic
function impairment up to this point. In some patients,
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NAFLD presents with a progressive manner, leading to
NASH, fibrosis, and even cirrhosis. The key in understanding
this progressive biology is systemic inflammatory response,
which is caused by the production of inflammatory cytokines
in excess adipose tissue, the production of hepatotoxic free
oxygen radical species (induced by FFAs), and hepatic release
of inflammatory proteins (induced by oxidative stress).
Specific composition of gut microbiota may also play a role
in both the inflammatory and fibrosis responses in patients
with NAFLD. Suggested mechanisms include the production
of endogenous alcohol and acetaldehyde, endotoxin produc-
tion, deconjugation of bile salts, and inactivation of hepatic
lipotropes such as choline [5].

Apart of environmental etiologic factors, several genetic
factors contribute as well to the pathogenesis of NAFLD.
Multiple genome-wide association and large candidate gene
studies have recently shed light on the genetic basis of
NAFLD. At least four gene loci are associated with NAFLD
susceptibility. The 1148M PNPLA3 variant has been identi-
fied as the major common genetic determinant of NAFLD,
while variants with moderate effect size in TM6SF2,
MBOAT?7, and GCKR have also been shown to have a signif-
icant contribution. Other gene loci are responsible for NAFLD
progression through mechanisms including regulation of lipid
metabolism, inflammation, insulin signaling, oxidative stress,
and fibrogenesis [7].

Weight loss achieved by lifestyle interventions represents
the primary therapy for most patients with NAFLD.
Nevertheless, it is uniformly agreed that bariatric surgery is
the most consistently effective method of sustained weight
reduction [8]. Additionally, bariatric procedures have been
shown to induce biochemical and histologic remission of
NAFLD, through mechanisms of action that are both weight
loss-dependent and weight loss-independent. The latter in-
clude changes in gut hormones, gastrointestinal motility, bile
acids, gut microbiota as well as incomplete nutrient ingestion
and absorption [9]. Taking all these factors into consideration,
bariatric surgery represents a promising option for morbidly
obese patients with NAFLD [5].

Although the aforementioned data stress the need for opti-
mizing treatment strategies against NAFLD, bibliography
lacks high-quality randomized controlled trials (RCTs) which
will provide concrete evidence and support the establishment
of specific guidelines. Main areas of controversy are the opti-
mal procedure and the indications for surgical treatment. The
purpose of this review is to provide an update on the ongoing
research regarding these two questions.

Materials and Methods

A comprehensive literature search was conducted using the
PubMed-NCBI database (MEDLINE) for reports published

until October 1, 2018. English articles containing the terms
“nonalcoholic fatty liver disease” OR “steatosis” OR
“steatohepatitis” AND “surgical treatment” OR “bariatric
surgery” OR “metabolic surgery” OR “gastric bypass” OR
“sleeve gastrectomy” were retrieved for inclusion in this re-
view article. Research was focused on studies dealing with the
effectiveness of metabolic surgery on adults with NAFLD as
well as with the choice of procedure.

Quality of Existing Data

The latest guidelines regarding surgical treatment of NAFLD
were published by the American Association for the Study of
Liver Disease in 2018, the Asia-Pacific Working Party on
Nonalcoholic Liver Disease in 2017, and the European
Association for the Study of the Liver in 2016 [1, 2, 10]. All
three expert panels state that surgical treatment is clearly indi-
cated in patients with NAFLD who also meet the criteria for
bariatric surgery. Moreover, it is suggested that, for the time
being, there is not enough evidence to consider surgical treat-
ment in mildly obese patients with NAFLD and that such
patients should be dealt with in a case-by-case basis.

Indeed, there are no high-quality RCTs available so far, and
the existing studies are characterized by significant heteroge-
neity in terms of study design, patient selection criteria, scor-
ing systems, and primary endpoints. Furthermore,
intraobserver and interobserver variability between expert pa-
thologists explains the wide range of rates reported in litera-
ture. These discrepancies among studies render data combin-
ing rather challenging.

One of the most principal differences is the use of various
diagnostic methods, either for the initial diagnosis or for fol-
low-up. The gold standard diagnostic test for NAFLD as well
as the only method capable of distinguishing steatosis from
NASH is liver biopsy [11]. Nevertheless, liver biopsy, either
surgical or percutaneous, represents a costly and invasive pro-
cedure that carries hemorrhagic risks for the patient, especially
an obese one. Obesity after all represents a relative contrain-
dication for percutaneous liver biopsy [12]. Obtaining a liver
biopsy during another operation (e.g., bariatric surgery) is rel-
atively easy and does not increase the operative risk signifi-
cantly. On the other hand, the morbidity of postoperative per-
cutaneous biopsies during follow-up is non-negligible [13].
Another limitation of biopsy is that it does not provide infor-
mation for the whole parenchyma, which is important in cases
of inhomogeneous fat distribution [14]. Furthermore, wedge
liver resection, which is the most familiar biopsy technique to
most surgeons, may be misinterpreted by pathologists as it
may contain subcapsular fibrosis not indicative of NAFLD
[15]. Therefore, utilizing noninvasive modalities to diagnose
NAFLD and follow-up patients is quite tempting, especially in
the context of studies.
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There are two general categories of noninvasive methods
used to detect NAFLD and related liver fibrosis: radiologic
and serologic tests. Imaging methods include ultrasound-
based transient elastography, acoustic radiation force impulse
imaging, controlled attenuation parameter (CAP), and cross-
sectional imaging (CT, MRI, MRS/magnetic resonance spec-
troscopy, MRE/magnetic resonance elastography). Among
them, ultrasound-based transient elastography (Fibroscan) is
the most widely used. Elastography estimates liver stiffness by
applying mechanical waves and measuring their propagation
speed through tissue. Furthermore, a variety of serologic
markers have been evaluated, and panels have been developed
that combine assays of multiple markers to improve predictive
ability. The best-validated scores are the fatty liver index
(FLI), SteatoTest, NAFLD liver fat score, NAFLD fibrosis
score, fibrosis 4 calculator (FIB-4), the aspartate aminotrans-
ferase (AST) to platelet ratio (APRI), FibroTest/FibroSure,
Hepascore, and FibroSpect. The former three are steatosis
scores, whereas the latter six are fibrosis scores. The
NAFLD fibrosis score is based on six readily available vari-
ables (age, BMI, hyperglycemia, platelet count, albumin,
APRI) and is calculated using the published formula (http://
gihep.com/calculators/hepatology/nafld-fibrosis-score/). FIB-
4 index (http://gihep.com/calculators/hepatology/fibrosis-4-
score/) is an algorithm based on platelet count, age, AST,
and ALT that offers dual cutoff values. Combining serologic
panels with radiographic imaging may improve the ability to
correctly assess the degree of a patient’s fibrosis [1, 2, 16].

However, the use of noninvasive methods is subject to sev-
eral limitations. First of all, all noninvasive tests do not diag-
nose NASH. Among imaging methods, ultrasound-based tran-
sient elastography (Fibroscan) has limited sensitivity and does
not reliably detect steatosis when it is less than 20% or in
individuals with BMI>40 kg/m”. Last but not least like all
US techniques, it is observer dependent. Cross-sectional imag-
ing techniques (MRI/CT) are more expensive and less widely
available than Fibroscan. Moreover, serologic tests do not pre-
dict the severity of steatosis and do not reliably distinguish
nonsignificant (F2/F1) fibrosis from no fibrosis [1, 2, 16].

Despite the aforementioned arguments of the proponents of
noninvasive modalities, the employment of diagnostic
methods other than biopsy is constantly reported as a major
limitation of these studies. Therefore, studies regarding the
efficacy of metabolic surgery on NAFLD have been classified
in this review paper into two categories, depending on wheth-
er paired biopsies have been performed or not.

Safety and Efficacy of Metabolic Surgery
in NAFLD Management

Despite the lack of RCTs, the undoubtedly promising results
that have been reported regarding the beneficial effects of both
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gastric bypass and sleeve gastrectomy (SG) on NAFLD have
prompted several authors to suggest that metabolic surgery
should be regarded as an option to treat NAFLD alone, much
like diabetes [4, 5, 17]. Metabolic surgery is nowadays indi-
cated for the treatment of uncontrolled type 2 diabetes mellitus
even in patients with BMI as low as 30 kg/m” (i.e., not eligible
for bariatric surgery) [18]. Similarly, surgery could be offered
to mildly obese patients with NAFLD, who do not fulfill the
criteria for bariatric surgery. Indeed, this is the objective of a
prospective RCT which started recently in Lille, France, orga-
nized by Philippe Mathurin, and that is estimated to be com-
pleted in 2023 (NASHSURG, ClinicalTrials.gov Identifier
NCTO03472157). Only patients with NASH-related advanced
fibrosis and BMI = 30-35 kg/m” will be included in this study.
Patients in the bariatric surgery arm will undergo either RY GB
or SG. The aim of the study is to demonstrate the superiority
of bariatric surgery on the disappearance of NASH without
worsening of fibrosis in comparison to medical standard treat-
ment in these patients.

Initial concerns about the safety of bariatric surgery in pa-
tients with advanced NAFLD seem to have been disproved.
Singh et al. reported the results of bariatric surgery in 297
patients with NAFLD and liver fibrosis, concluding that sur-
gery was safe even in patients with advanced fibrosis [19].
Kalinowski et al. have conducted the only RCT so far which
was designed to compare the effect of RYGB and SG on liver
function tests, utilizing liver biopsy only for the initial diag-
nosis. The authors reported early transient negative influence
of RYGB on liver function (1INR, |Alb) without clinical se-
quelae. Similar disturbances in liver biochemistry were not
found after SG [20]. Even patients with compensated NASH
cirthosis (Child-Pugh class A) may represent candidates for
bariatric surgery with slightly higher but acceptable morbidity
and mortality, although this is not a well-established statement
due to lack of relevant data [10, 21]. Rebibo et al. found that
SG can be performed with the same safety in patients with
NASH-related Child A cirrhosis and noncirrhotic patients
[22]. However, a review of 11 studies on bariatric surgery in
cirrhotic patients by Jan et al. indicated that no clear recom-
mendations can be made, despite the fact that several authors
reported encouraging results [21].

Postoperative worsening of liver fibrosis used to be a major
concern after primarily malabsorptive procedures such as
jejunoileal bypass that are no longer performed. In these pro-
cedures, liver fibrosis was possibly related to excessive bacte-
rial overgrowth in the defunctionalized limb which led to liver
damage through portal circulation and not to weight loss [23].
In 2009, Mathurin et al. published a prospective cohort study
of 381 patients who were followed for 5 years. The authors
concluded that postoperative weight loss is associated with
worsening of liver fibrosis although the latter was not clinical-
ly significant. Specifically, 19.8% of patients showed fibrosis
progression at 5 years and 80.2% regressed or remained
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unchanged. Yet, 95.7% of patients at the end of follow-up had
a fibrosis score <F1, and > 90% of patients with fibrosis wors-
ening increased from FO to F1. It has to be stressed though that
56% of patients underwent AGB, 23% biliointestinal bypass,
which was later abandoned, and only 21% gastric bypass [24].
Recently, Schwenger et al. and Garg et al. also reported ap-
proximately 9.5% worsening of fibrosis after bariatric surgery
in NAFLD patients, without clinical implications [15]. Yet,
most relevant studies discussed in this review suggest that
not only metabolic surgery does not worsen liver fibrosis but
it leads to fibrosis resolution as well.

From an economic point of view, the only clinical and cost-
effectiveness analysis by Klebanoff et al. suggested that met-
abolic surgery is cost-effective for both obese patients with
NASH and for overweight patients with NASH-related ad-
vanced fibrosis. According to the authors, metabolic surgery
should be offered as treatment for NASH without the need for
further clinical trials. Patients with simple steatosis were not
included in this study [17].

Several studies have reported significant improvement of
NAFLD after gastric bypass and SG. Biopsy-proven resolu-
tion of NAFLD has been reported in high percentages by
many authors [4, 15, 24-46]. Schwenger et al. found signifi-
cant improvement in NAFLD 12 months after RYGB, includ-
ing steatosis, lobular inflammation, hepatocyte ballooning,
and fibrosis [15]. Esquivel et al. also reported improvement
in steatosis and steatohepatitis, whereas fibrosis group was not
amenable to statistical analysis due to its small size [4].
Aldoheyan et al. reported the phase 1 results of their trial,
according to which significant improvement was noticed fol-
lowing bariatric surgery in steatosis and fibrosis. Lobular in-
flammation and hepatocyte ballooning did not change signif-
icantly during follow-up, which was only 3 months [26]. Garg
et al. found biopsy-proven improvement in steatosis, lobular
inflammation, hepatocyte ballooning, and fibrosis in 76 pa-
tients with NAFLD after bariatric surgery [25]. A large retro-
spective study with paired biopsies by Taitano et al. found
75% resolution of steatosis, 90% resolution of NASH, and
50% resolution of fibrosis [29]. Parker et al. also reported that
RYGB reversed NASH and fibrosis histologically in a large
cohort of 105 patients [28]. Similar results were reported by
Lassailly et al. according to which NASH disappeared in 85%
of the patients and fibrosis was reduced in 34% of patients
[27]. Moretto et al. focused on the effect of RYGB on hepatic
fibrosis, and concluded that weight loss is associated with
reduction in the prevalence of fibrosis [33]. A summary of
studies with results based on paired liver biopsies is presented
in Table 1.

Other studies have shown even greater percentages of
NAFLD resolution following surgery, but in these studies,
the results were not histologically proven as liver biopsy was
not part of their protocol for the initial diagnosis, for follow-
up, or even both. Researchers have utilized instead several

different noninvasive methods, including serologic panels, ra-
diographic tests, and liver function tests [14, 47-56]. The re-
sults of these studies are summarized in Table 2.

More recently, research interests shifted towards a more
targeted approach to NAFLD treatment, based on the patients’
genetic predisposition. Literature indicates a close association
between NAFLD and PNPLA3 polymorphism, with each al-
lele demonstrating different response to various therapies.
Patients with the C allele (148M variant) seem to benefit more
from metabolic surgery, although this genotype is associated
with more severe NAFLD [57, 58]. Consequently, genotype
stratification could further assist patient selection for surgical
treatment of NAFLD.

Given the multifactorial pathogenetic model of NAFLD,
the efficacy of surgery in treating NAFLD could be lessened
by the continued presence of risk factors postoperatively,
some of which are modifiable. All patients should be strongly
advised to refrain from excessive alcohol consumption be-
cause it is associated with disease progression. Vaccination
against hepatitis A and hepatitis B should be undertaken to
patients without serologic evidence of immunity. Continuance
of lifestyle interventions such as dietary therapy and exercise
in the postoperative period is of paramount importance in
order to achieve sustainable results. Finally, risk factors for
cardiovascular disease such as diabetes, hypertension, and hy-
perlipidemia should be identified preoperatively. If present,
these conditions should be treated appropriately as they can
adversely affect the overall outcome. Consequently, any mod-
ifiable risk factor should be identified and modified preoper-
atively in order to maximize the efficacy of bariatric surgery in
NAFLD management [59, 60].

Comparison Between Bypass and Nonbypass
Procedures for NAFLD

The optimal metabolic procedure for the treatment of NAFLD
has not been yet elucidated. Several studies have addressed
this question comparing the effectiveness of different proce-
dures on NAFLD resolution, with conflicting results (Table 3).
Consequently, no specific statement regarding the choice of
procedure has been made in the latest guidelines for the man-
agement of NAFLD [1, 2, 10].

Theoretically, the effectiveness of each procedure in im-
proving weight-related comorbidities mainly depends on its
metabolic actions. Hormonal effects of RYGB are nowadays
recognized as far more important in correcting metabolic dis-
orders than restriction and malabsorption, which were previ-
ously considered as the only mechanisms of action. These
hormonal effects are mediated by changes in the expression
of signaling peptides. The “foregut hypothesis” suggests that
these changes are caused by the bypass of the duodenum,
whereas the “hindgut hypothesis” focuses on the rapid entry
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Table 1 Summary of studies dealing with the impact of metabolic surgery on NAFLD, based on paired biopsies
Author Year Number Type of Outcome
of patients operation
Schwenger et al. [15] 2018 42 RYGB 78% resolution of NAFLD
9.5% worsening of fibrosis
Garg et al. [25] 2018 32 RYGB Improvement of steatosis, inflammation, and fibrosis
SG FibroScan is accurate at diagnosing steatosis and fibrosis in obese patients
OAGB
Esquivel et al. [4] 2018 43 SG 100% improvement of NAFLD
Parker et al. [28] 2017 37 RYGB RYGB reverses NASH and fibrosis (70% normalization, stable or reduced
severity in the remaining patients)
Aldoheyan et al. [26] 2017 27 BPD-DS Improvement of steatosis and fibrosis (not inflammation and hepatocyte ballooning)
RYGB
AGB Phase 1 report—short follow-up (3 months)
SG
Schneck et al. [46] 2016 9 RYGB Improvement of steatosis and NASH
Lassailly et al. [27] 2015 109 BIB NASH disappeared in 85% of patients
AGB Fibrosis was reduced in 34% of patients
RYGB
SG
Taitano et al. [29] 2014 160 RYGB 75% resolution of steatosis
AGB 90% resolution of NASH
50% resolution of fibrosis
Vargas et al. [30] 2012 26 RYGB Improvement of steatosis, NASH, and fibrosis
Tai et al. [39] 2012 21 RYGB Improvement of steatosis, NASH, and fibrosis
Moretto et al. [33] 2012 78 RYGB Improvement of fibrosis (44.8% — 30.8%)
11.6% new-onset fibrosis at follow-up biopsy
Weiner et al. [38] 2010 116 RYGB Complete regression of NAFLD in 82.8%
AGB
BPD-DS
Mathurin et al. [24] 2009 381 BIB 19.8% worsening of fibrosis
AGB Improvement of NASH (27.4% — 14.2%)
RYGB Improvement of steatosis (37.4% — 16%)
Furuya et al. [41] 2007 18 RYGB Improvement of steatosis, NASH, and fibrosis
Liu et al. [40] 2007 39 RYGB Improvement of steatosis and NASH
Fibrosis unchanged
de Almeida et al. [42] 2006 16 RYGB Improvement of steatosis, NASH, and fibrosis
Barker et al. [43] 2006 19 RYGB Improvement of steatosis, NASH, and fibrosis
Csendes et al. [45] 2006 16 RYGB Improvement of steatosis and NASH
Keshishian et al. [34] 2005 78 BPD-DS 60% improvement of steatosis
Improvement of NASH
Mattar et al. [35] 2005 70 RYGB Improvement of steatosis (88% — 8%), NASH (23% — 2%),
SG and fibrosis (31% — 13%)
AGB Overall improvement of 82% in grade and 39% in stage of liver disease
Mottin et al. [36] 2005 90 RYGB 82% improvement of steatosis
Clark et al. [44] 2005 16 RYGB Improvement of steatosis, NASH and fibrosis
Stratopoulos et al. [37] 2005 51 VBG 84% improvement of NASH and 47% improvement of fibrosis
Kral et al. [32] 2004 104 BPD Severe fibrosis decreased in 27%
Mild fibrosis appeared in 40%
Silverman et al. [31] 1995 91 RYGB Steatosis improvement in 91%

AGB adjustable gastric band, BIB biliointestinal bypass, BPD biliary-pancreatic diversion, DS duodenal switch, GP gastroplasty, SG sleeve gastrectomy,
RYGB Roux-en-Y gastric bypass, VBG (Mason’s) vertical banded gastroplasty, OAGB one anastomosis gastric bypass
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Table 2 Summary of studies dealing with the impact of metabolic surgery on NAFLD, utilizing noninvasive diagnostic methods, instead of paired
biopsies
Author Year Number of patients Type of operation Comments—outcome
Jimenez et al. [49] 2018 90 RYGB No biopsy at all (NAFLD fibrosis score)
Significant decrease in NAFLD fibrosis score
Beneficial effect attenuated by weight regain
Luo et al. [56] 2018 49 RYGB No biopsy for follow-up (MRI)
SG 83.7% resolution of steatosis
Decrease in liver volume
No difference between the two procedures
Motamedi et al. [S5] 2018 809 SG No biopsy at all (ultrasonography, liver biochemistry)
RYGB Improvement in liver function parameters
OAGB Superiority of SG
Ruiz-Tovar et al. [48] 2017 50 SG No biopsy at all (ultrasonography)
90% resolution of steatosis
Ooi et al. [47] 2017 84 AGB No biopsy for follow-up (liver function tests)
Decrease in ALT levels precedes metabolic improvement
Hedderich et al. [14] 2017 19 RYGB No biopsy at all (MRI).
SG Significant decrease in liver fat fraction and liver volume
Algooneh et al. [S0] 2015 84 SG No biopsy at all (ultrasonography)
56% complete resolution of NAFLD
Alizai et al. [51] 2015 34 RYGB No biopsy for follow-up (LIMAX test)
SG Significant functional recovery of the liver
Cazzo et al. [52] 2014 63 RYGB No biopsy at all (NAFLD fibrosis score)
55% resolution of advanced fibrosis
Burza et al. [53] 2013 3570 Non-AGB No biopsy at all (AST, ALT)
AGB Comparison of surgery with usual care (Swedish Obese Subjects (SOS) Study)
VBG Bariatric surgery results in sustained reduction in transaminase levels
GB
Karcz et al. [54] 2011 236 SG No biopsy for follow-up (liver biochemistry)

Improvement of NASH

AGB adjustable gastric banding, OAGB one anastomosis gastric bypass, SG sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, VBG vertical-banded

gastroplasty, GB gastric bypass, non-AGB nonadjustable gastric banding

of food in the distal small bowel. Implicated signaling pep-
tides include glucagon-like peptide-1 (GLP-1), gastric inhibi-
tory peptide (GIP), peptide Y'Y, cholecystokinin (CCK), and
oxyntomodulin. On the other hand, endocrine actions of SG
include suppression of appetite secondary to decrease in ghrel-
in levels and increase in GLP-1 levels [23]. Therefore, meta-
bolic comorbidity correction rates should be expected to be
higher after RYGB than after SG, although the findings of
several trials come in disagreement with this hypothesis.

In most of these trials, the comparison is made between
“bypass” and “nonbypass” procedures. Although the majority
of them deals with strictly metabolic procedures, some studies
have included patients with adjustable gastric banding (AGB)
in the nonbypass group, which being a purely restrictive op-
eration that cannot be regarded as metabolic procedure [35,
56, 61, 67]. A study by Tan et al. for example suggested that
one anastomosis gastric bypass (OAGB) is superior in NASH

resolution than nonbypass procedures. Yet, the comparison
was practically made between OAGB and AGB as the
nonbypass group was comprised of 19 patients with AGB
and only 3 patients with SG [61]. Of course weight reduction
induced by AGB is likely to have beneficial effects in NAFLD
through weight loss-dependent mechanisms, as shown by
Dixon et al. [68]. However, the aforementioned comparisons
disregard the weight loss-independent mechanisms of action
that characterize metabolic surgery, thus underestimating the
efficacy of nonbypass procedures.

Several reports have failed to show any difference between
gastric bypass and SG in terms of NAFLD resolution. Luo
et al. also included patients with AGB in the nonbypass group,
but these patients represented only 6.1% of the total study
population. The authors found no difference in NAFLD im-
provement between RYGB and SG [56]. Similar results have
been reported by other authors as well [56, 62, 66].
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Table 3 Summary of studies comparing the effectiveness of different metabolic procedures in NAFLD improvement
Author Year Number of patients Type of operation Outcome

Tan et al. [61] 2018 135 OAGB No biopsy for follow-up (highly sensitive CRP)
AGB Superiority of OAGB in NASH resolution
SG Comparison practically made with AGB (very few SG)
Luo et al. [56] 2018 49 RYGB No biopsy for follow-up (MRI)
SG 83.7% resolution of steatosis
AGB Decrease in liver volume
No difference between RYGB and SG (92.3% vs 80%
resolution of steatosis, p = 0.215)
von Schonfels et al. [62] 2018 53 RYGB Significant improvement of NAFLD
SG No difference between the two procedures
Motamedi et al. [55] 2018 809 SG No biopsy at all (ultrasonography, liver biochemistry)
RYGB Improvement of liver function parameters
OAGB Superiority of SG
Nickel et al. [63] 2017 100 RYGB No biopsy at all (transient elastography and laboratory-based fibrosis scores)
SG Superiority of RYGB in reducing liver stiffness
Kalinowski et al. [20] 2017 66 RYGB RCT. No biopsy for follow-up
SG Early transient negative influence of RYGB only on liver function in
patients with NASH (1INR, |Alb) without clinical sequelae
Froylich et al. [64] 2016 23 RYGB Total NAS improved after both
SG Only RYGB improved all baseline characteristics
Billeter et al. [65] 2016 34 RYGB No biopsy at all. NAFLD was defined as ALT > 35 IU/L
SG SG better than in NAFLD improvement, based on liver function tests
Praveen Raj et al. [66] 2015 30 RYGB Improvement of steatosis, inflammation, and fibrosis
SG No difference between the two procedures
Caiazzo et al. [67] 2014 1236 RYGB 578 pts. with paired biopsies at 1 year
AGB 413 pts. with paired biopsies at 5 years
RYGB superior to AGB in NAFLD improvement
The superiority of RYGB was not entirely explained by weight loss
Mattar et al. [35] 2005 70 RYGB Improvement of 82% in grade and 39% in stage of liver disease
SG
AGB Better results with RYGB in liver disease (due to more weight loss)

AGB adjustable gastric banding, SG sleeve gastrectomy, RYGB Roux-en-Y gastric bypass, OAGB one anastomosis gastric bypass, RCT randomized
controlled trial, NAS NAFLD activity score

Nickel et al. on the other hand included 100 patients that
underwent RYGB or SG in their study and reported superior-
ity of RYGB in reducing liver stiffness. Nevertheless, liver
biopsy was not utilized in any stage of their protocol [63].
Froylich et al. also compared 23 patients with NAFLD who
were submitted to RYGB or SG. Although total NAFLD ac-

improving liver function parameters, based on ultrasound
and blood tests [55].

Conclusion

tivity score (NAS) improved after both procedures, only
RYGB significantly improved all baseline characteristics
[64]. Billeter et al. compared SG and RYGB in 34
obese patients with NAFLD and T2DM. The authors
suggested that SG may have a better effect on NAFLD than
RYGB in metabolically sick obese patients. However, the di-
agnosis of NAFLD was made based on elevated transaminase
levels instead of biopsy [65]. Similarly, Motamedi et al. re-
cently found advantage of SG over bypass procedures in
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In 2010, a Cochrane Database systematic review regarding the
effect of bariatric surgery on NASH in obese patients was
unable to draw any unbiased conclusion due to lack of ran-
domized clinical trials [69]. Eight years later, it is still prema-
ture to consider metabolic surgery as an established treatment
for NAFLD. However, there is growing evidence from pro-
spective and retrospective observational cohort studies regard-
ing the beneficial effects of metabolic operations on NAFLD.
According to literature, gastric bypass seems to be slightly
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superior to sleeve gastrectomy in improving NAFLD.
Moreover, studies have shown that the mortality and morbid-
ity of laparoscopic RYGB are similar to that of common op-
erations such as laparoscopic cholecystectomy, laparoscopic
appendectomy, and knee arthroplasty [70]. It is the authors’
opinion that the combination of this data cannot be
disregarded, although there is still a need for RCTs. In mor-
bidly obese patients with any stage of NAFLD, the benefit
from metabolic/bariatric surgery is clear. The unanswered
question is whether the presence of advanced NAFLD in class
I obese patients, that are not candidates for bariatric surgery,
should lower the BMI threshold for metabolic surgery. The
NASHSURRG trial which will be completed in 2023 is expect-
ed to shed light on this question. Until then, the decision for
surgical treatment in these patients should be taken in a case-
by-case basis, as specific guidelines are not available.

Compliance with Ethical Standards

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

Ethical Statement  This article does not contain any studies with human
participants or animals performed by authors.

Consent Statement For this type of study, formal consent is not
required.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and man-
agement of nonalcoholic fatty liver disease: practice guidance from
the American Association for the Study of Liver Diseases.
Hepatology. 2018;67:328-57.

2. European Association for the Study of the L, European Association
for the Study of D and European Association for the Study of O.
EASL-EASD-EASO clinical practice guidelines for the manage-
ment of non-alcoholic fatty liver disease. J Hepatol. 2016;64:
1388-402.

3. Younossi Z, Henry L. Contribution of alcoholic and nonalcoholic
fatty liver disease to the burden of liver-related morbidity and mor-
tality. Gastroenterology. 2016;150:1778-85.

4. Esquivel CM, Garcia M, Armando L, et al. Laparoscopic sleeve
gastrectomy resolves NAFLD: another formal indication for bariat-
ric surgery? Obes Surg. 2018;28:4022-33.

5. Clanton J, Subichin M. The effects of metabolic surgery on fatty
liver disease and nonalcoholic steatohepatitis. Surg Clin North Am.
2016;96:703—15.

6. Younossi Z, Stepanova M, Ong JP, et al. Nonalcoholic
steatohepatitis is the fastest growing cause of hepatocellular carci-
noma in liver transplant candidates. Clin Gastroenterol Hepatol.
2018;S1542-3565(18)30611-6. https://doi.org/10.1016/j.cgh.
2018.05.057.

7. Eslam M, Valenti L, Romeo S. Genetics and epigenetics of NAFLD
and NASH: clinical impact. J Hepatol. 2018;68:268—79.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fried M, Yumuk V, Oppert JM, et al. Interdisciplinary European
guidelines on metabolic and bariatric surgery. Obes Facts. 2013;6:
449-68.

Aguilar-Olivos NE, Almeda-Valdes P, Aguilar-Salinas CA, et al.
The role of bariatric surgery in the management of nonalcoholic
fatty liver disease and metabolic syndrome. Metabolism. 2016;65:
1196-207.

Chitturi S, Wong VW, Chan WK, et al. The Asia-Pacific working
party on non-alcoholic fatty liver disease guidelines 2017-part 2:
management and special groups. J Gastroenterol Hepatol. 2018;33:
86-98.

Neuschwander-Tetri BA, Clark JM, Bass NM, et al. Clinical, labo-
ratory and histological associations in adults with nonalcoholic fatty
liver disease. Hepatology. 2010;52:913-24.

Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med.
2001;344:495-500.

Boyum JH, Atwell TD, Schmit GD, et al. Incidence and risk factors
for adverse events related to image-guided liver biopsy. Mayo Clin
Proc. 2016;91:329-35.

Hedderich DM, Hasenberg T, Haneder S, et al. Effects of bariatric
surgery on non-alcoholic fatty liver disease: magnetic resonance
imaging is an effective, non-invasive method to evaluate changes
in the liver fat fraction. Obes Surg. 2017;27:1755-62.

Schwenger KJP, Fischer SE, Jackson T, et al. In nonalcoholic fatty
liver disease, Roux-en-Y gastric bypass improves liver histology
while persistent disease is associated with lower improvements in
waist circumference and glycemic control. Surg Obes Relat Dis.
2018;14(9):1233-1239. https://doi.org/10.1016/j.s0ard.2018.06.
007.

Chou R, Wasson N. Blood tests to diagnose fibrosis or cirrhosis in
patients with chronic hepatitis C virus infection: a systematic re-
view. Ann Intern Med. 2013;158:807-20.

Klebanoff MJ, Corey KE, Chhatwal J, et al. Bariatric surgery for
nonalcoholic steatohepatitis: a clinical and cost-effectiveness anal-
ysis. Hepatology. 2017;65:1156—64.

Rubino F, Nathan DM, Eckel RH, et al. Metabolic surgery in the
treatment algorithm for type 2 diabetes: a joint statement by inter-
national diabetes organizations. Diabetes Care. 2016;39:861-77.
Singh T, Kochhar GS, Goh GB, et al. Safety and efficacy of bariat-
ric surgery in patients with advanced fibrosis. Int J Obes. 2017;41:
443-9.

Kalinowski P, Paluszkiewicz R, Ziarkiewicz-Wroblewska B, et al.
Liver function in patients with nonalcoholic fatty liver disease ran-
domized to Roux-en-Y gastric bypass versus sleeve gastrectomy: a
secondary analysis of a randomized clinical trial. Ann Surg.
2017;266:738-45.

Jan A, Narwaria M, Mahawar KK. A systematic review of bariatric
surgery in patients with liver cirrhosis. Obes Surg. 2015;25:1518—
26.

Rebibo L, Gerin O, Verhaeghe P, et al. Laparoscopic sleeve gastrec-
tomy in patients with NASH-related cirrhosis: a case-matched
study. Surg Obes Relat Dis. 2014;10:405-10. quiz 565

Alli V, Rogers AM. Gastric bypass and influence on improvement
of NAFLD. Curr Gastroenterol Rep. 2017;19:25.

Mathurin P, Hollebecque A, Amalsteen L, et al. Prospective study
of the long-term effects of bariatric surgery on liver injury in pa-
tients without advanced disease. Gastroenterology. 2009;137:532—
40.

Garg H, Aggarwal S, Shalimar YR, et al. Utility of transient
elastography (fibroscan) and impact of bariatric surgery on nonal-
coholic fatty liver disease (NAFLD) in morbidly obese patients.
Surg Obes Relat Dis. 2018;14:81-91.

Aldoheyan T, Hassanain M, Al-Mulhim A, et al. The effects of
bariatric surgeries on nonalcoholic fatty liver disease. Surg
Endosc. 2017;31:1142-7.

@ Springer


https://doi.org/10.1016/j.cgh.2018.05.057
https://doi.org/10.1016/j.cgh.2018.05.057
https://doi.org/10.1016/j.soard.2018.06.007
https://doi.org/10.1016/j.soard.2018.06.007

1066 OBES SURG (2019) 29:1058-1067
27. Lassailly G, Caiazzo R, Buob D, et al. Bariatric surgery reduces 49. Jimenez LS, Mendonca Chaim FH, Mendonca Chaim FD, et al.
features of nonalcoholic steatohepatitis in morbidly obese patients. Impact of weight regain on the evolution of non-alcoholic fatty liver
Gastroenterology. 2015;149:379-88. quiz e315-376 disease after Roux-en-Y gastric bypass: a 3-year follow-up. Obes

28. Parker BM, Wu J, You J, et al. Reversal of fibrosis in patients with Surg. 2018;28:3131-5.
nonalcoholic steatohepatosis after gastric bypass surgery. BMC 50. Algooneh A, Almazeedi S, Al-Sabah S, et al. Non-alcoholic fatty
Obes. 2017;4:32. liver disease resolution following sleeve gastrectomy. Surg Endosc.

29. Taitano AA, Markow M, Finan JE, et al. Bariatric surgery improves 2016;30:1983-7.
histological features of nonalcoholic fatty liver disease and liver 51.  Alizai PH, Wendl J, Roeth AA, et al. Functional liver recovery after
fibrosis. J Gastrointest Surg. 2015;19:429-36. discussion 436-427 bariatric surgery—a prospective cohort study with the LIMAX test.

30. Vargas V, Allende H, Lecube A, et al. Surgically induced weight Obes Surg. 2015;25:2047-53.
loss by gastric bypass improves non alcoholic fatty liver disease in 52. Cazzo E, Jimenez LS, Pareja JC, et al. Effect of Roux-en-Y gastric
morbid obese patients. World J Hepatol. 2012;4:382-8. bypass on nonalcoholic fatty liver disease evaluated through

31. Silverman EM, Sapala JA, Appelman HD. Regression of hepatic NAFLD fibrosis score: a prospective study. Obes Surg. 2015;25:
steatosis in morbidly obese persons after gastric bypass. Am J Clin 982-5.

Pathol. 1995;104:23-31. 53. Burza MA, Romeo S, Kotronen A, et al. Long-term effect of bar-

32. Kral JG, Thung SN, Biron S, et al. Effects of surgical treatment of iatric surgery on liver enzymes in the Swedish obese subjects (SOS)
the metabolic syndrome on liver fibrosis and cirrhosis. Surgery. study. PLoS One. 2013;8:e60495.
2004;135:48-58. ) o 54. Karcz WK, Krawczykowski D, Kuesters S, et al. Influence of

33. Mor.etto M, KltlpSkl C, da Silva VD, et al. Effect of bariatric surgery sleeve gastrectomy on NASH and type 2 diabetes mellitus. J
on hxfer ﬁbrosm. Obf:s Surg. 2012;22: 1044-9. . Obes. 2011:2011:765473.

34. Keshlshlan A, Zahriya K, W¥lles EB. .Duodenalv switch has no dgt— 55. Motamedi MAK, Khalaj A, Mahdavi M, et al. Longitudinal com-
rimental e.f'fects on hepatic function and improves hepatic parison of the effect of gastric bypass to sleeve gastrectomy on liver
steatohepatitis after 6 months: Ob?s Surg. 2005;15 :1_418_2_3 : function in a bariatric cohort: Tehran obesity treatment study

35, Mattar SG, Veleu LM, Rabinovitz M, et al. Surgically-induced (TOTS). Obes Surg. 2018. https://doi.org/10.1007/511695-018-
weight loss significantly improves nonalcoholic fatty liver disease 3537.9.
apd the metabolic syndrome. Ann Surg. 2005;242:610-7. discus- 56. Luo RB, Suzuki T, Hooker JC, et al. How bariatric surgery affects
ston ,618'620 . . . . liver volume and fat density in NAFLD patients. Surg Endosc.

36. Mottlp CC, M(?re'tto M, P?.dOln AV, et a?. HlStOlOglCIﬂ. behav10r'0f 2018:32:1675-82.
hepatic steat(.)51s. in morbidly obese patients after weight loss in- 57. Wang JZ, Cao HX, Chen IN, et al. PNPLA3 rs738409 underlics
duced by bariatric surgery. Obes Surg. 2005;15:788-93. . . . . .

. . - treatment response in nonalcoholic fatty liver disease. World J Clin

37. S'tratopoulos C, Papak.onstantn'lou A, Temls I, etal. Changes in liver Cases. 2018:6:167-75.
histology accompanying massive weight loss after gastroplasty for - g¢ = ool M Jimenez-Aguero R, Alustiza JM, et al. PNPLA3
morbid obesity. Obes Surg. 2005;15:1154-60. o . . . .

. . . .. p-I1148M variant is associated with greater reduction of liver fat

38.  Weiner RA. Surgical treatment of non-alcoholic steatohepatitis and fier bariatri roery. Sure Obes Relat Dis. 2016:12:
non-alcoholic fatty liver disease. Dig Dis. 2010;28:274-9. T;g;ej 6a er banatnc surgery. surg Lbes Be s T

39 ;Fal CM’ Hu?.n 8CK, Hwang J-C’ ctal. ImProvem§nt ofnonalcobollc 59. Ekstedt M, Franzen LE, Holmqvist M, et al. Alcohol con-

atty liver disease after bariatric surgery in morbidly obese Chinese .. . . . . Co.
patients. Obes Surg. 2012:22:1016-21. sumption is .assoc1ated. with progression of hepatic fibrosis in

40. LiuX, Lazenby AJ, Clements RH, et al. Resolution of nonalcoholic non-alcoholic fatty liver disease. Scand J Gastroenterol.
steatohepatits after gastric bypass surgery. Obes Surg. 2007;17: 2009;44:366-74. .

486-92. 60. Musso G, Cassader M, Rosina F, et al. Impact of current treatments

41. FuruyaJr CK, de Oliveira CP, de Mello ES, et al. Effects of bariatric on liver.disease, Slucos_e metabolism and cardiovascu!ar risl§ in non-
surgery on nonalcoholic fatty liver disease: preliminary findings alcoholic faﬁy liver dlsee}se (NAFLD)‘: a systematic review and
after 2 years. J Gastroenterol Hepatol. 2007;22:510-4. meta-analysis of randomised trials. Diabetologia. 2012;55:885—

42. de Almeida SR, Rocha PR, Sanches MD, et al. Roux-en-Y gastric 904. .
bypass improves the nonalcoholic steatohepatitis (NASH) of mor- 61. Tan CH’ Al—Kallfah N, Lee WJ, et al.. HSCRP as surrogate marker
bid obesity. Obes Surg. 2006;16:270-8. in predicting long term effect of bariatric surgery on resolution of

43. Barker KB, Palekar NA, Bowers SP, et al. Non-alcoholic non-alcoholic steatohepatitis. Asian J Surg. 2018;42(1):203-208.
steatohepatitis: effect of Roux-en-Y gastric bypass surgery. Am J 62. von Schonfels W, Beckmann JH, Ahrens M, et al. Histologic
Gastroenterol. 2006:101:368—73. improvement of NAFLD in patients with obesity after bar-

44.  Clark M, Alkhuraishi AR, Solga SF, et al. Roux-en-Y gastric by- iatric surgery based on standardized NAS (NAFLD activity
pass improves liver histology in patients with non-alcoholic fatty score). Surg Obes Relat Dis. 2018:14(10):1607-1616.
liver disease. Obes Res. 2005:13:1180-6. 63. Nickel F, Tapking C, Benner L, et al. Bariatric surgery as an effi-

45. Csendes A, Smok G, Burgos AM. Histological findings in the liver cient treatment for non-alcoholic fatty liver disease in a prospective
before and after gastric bypass. Obes Surg. 2006;16:607—11. study with 1-year follow-up : BariScan study. Obes Surg. 2018;28:

46. Schneck AS, Anty R, Patouraux S, et al. Roux-en-Y gastric bypass 1342-50.
results in long-term remission of hepatocyte apoptosis and hepatic =~ 64. Froylich D, Corcelles R, Daigle C, et al. Effect of Roux-en-
histological features of non-alcoholic steatohepatitis. Front Physiol. Y gastric bypass and sleeve gastrectomy on nonalcoholic
2016;7:344. fatty liver disease: a comparative study. Surg Obes Relat

47.  Ooi GIJ, Burton PR, Doyle L, et al. Effects of bariatric surgery on Dis. 2016;12:127-31.
liver function tests in patients with nonalcoholic fatty liver disease. 65. Billeter AT, Senft J, Gotthardt D, et al. Combined non-alcoholic
Obes Surg. 2017;27:1533-42. fatty liver disease and type 2 diabetes mellitus: sleeve gastrectomy

48. Ruiz-Tovar J, Alsina ME, Alpera MR, et al. Improvement of non- or gastric bypass?-a controlled matched pair study of 34 patients.
alcoholic fatty liver disease in morbidly obese patients after sleeve Obes Surg. 2016;26:1867-74.
gastrectomy: association of ultrasonographic findings with lipid 66. Praveen Raj P, Gomes RM, Kumar S, et al. The effect of surgically

profile and liver enzymes. Acta Chir Belg. 2017;117:363-9.

@ Springer

induced weight loss on nonalcoholic fatty liver disease in morbidly


https://doi.org/10.1007/s11695-018-3537-9
https://doi.org/10.1007/s11695-018-3537-9

OBES SURG (2019) 29:1058-1067

1067

67.

68.

obese Indians: “NASHOST” prospective observational trial. Surg
Obes Relat Dis. 2015;11:1315-22.

Caiazzo R, Lassailly G, Leteurtre E, et al. Roux-en-Y gastric bypass
versus adjustable gastric banding to reduce nonalcoholic fatty liver
disease: a 5-year controlled longitudinal study. Ann Surg.
2014;260:893-8. discussion 898-899

Dixon JB, Bhathal PS, O’Brien PE. Weight loss and non-alcoholic
fatty liver disease: falls in gamma-glutamyl transferase

69.

70.

concentrations are associated with histologic improvement. Obes
Surg. 2006;16:1278-86.

Chavez-Tapia NC, Tellez-Avila FI, Barrientos-Gutierrez T, et al.
Bariatric surgery for non-alcoholic steatohepatitis in obese patients.
Cochrane Database Syst Rev. 2010;(1):CD007340.

Aminian A, Brethauer SA, Kirwan JP, et al. How safe is metabolic/
diabetes surgery? Diabetes Obes Metab. 2015;17:198-201.

@ Springer



	Current Controversies in Metabolic Surgery for Nonalcoholic Fatty Liver Disease
	Abstract
	Introduction
	Materials and Methods
	Quality of Existing Data
	Safety and Efficacy of Metabolic Surgery in NAFLD Management
	Comparison Between Bypass and Nonbypass Procedures for NAFLD
	Conclusion
	References


