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Liver Injury and Acute Liver Failure After Bariatric Surgery
An Overview of Potential Injury Mechanisms

Laura R. Moolenaar, MD,*† Nadine E. de Waard, MD,*
Michal Heger, PhD,†‡ Lianne R. de Haan, MD,†‡

Caline P.J. Slootmaekers, BSc,§ Willemijn N. Nijboer, MD, PhD,∥
Maarten E. Tushuizen, MD, PhD,* and Rowan F. van Golen, MD, PhD*†

Abstract: The obesity epidemic has caused a surge in the use of
bariatric surgery. Although surgery-induced weight loss is an
effective treatment of nonalcoholic fatty liver disease, it may pre-
cipitate severe hepatic complications under certain circumstances.
Acute liver injury (ALI) and acute liver failure (ALF) following
bariatric surgery have been reported in several case series. Although
rare, ALI and ALF tend to emerge several months after bariatric
surgery. If so, it can result in prolonged hospitalization, may
necessitate liver transplantation, and in some cases prove fatal.
However, little is known about the risk factors for developing ALI
or ALF after bariatric surgery and the mechanisms of liver damage
in this context are poorly defined. This review provides an account
of the available data on ALI and ALF caused by bariatric surgery,
with emphasis on potential injury mechanisms and the outcomes of
liver transplantation for ALF after bariatric surgery.
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KEY POINTS

� Acute liver injury (ALI) and acute liver failure (ALF) are
rare but severe complications of bariatric surgery.

� A disproportionally long alimentary loop and nonadher-
ence to nutritional support are risk factors for post-
operative liver dysfunction.

� Protein-energy malnutrition, lipotoxicity, bacterial over-
growth, and a compromised intestinal barrier may all
trigger hepatic dysfunction after bariatric procedures.

� Prompt initiation of total parenteral nutrition in ALI
(and ALF) cases after bariatric surgery is mandatory.

� Liver transplantation is required for ALF cases or
nonresponders to nutritional therapy.

INTRODUCTION
The obesity epidemic has caused a rise in the use of bari-

atric surgery, with several hundred thousand procedures being
performed worldwide annually.1 It includes various procedures
that can be categorized as causing restrictive, malabsorptive, or
combined effects. Long-term studies show that bariatric surgery
causes significant long-term weight loss, recovery from diabetes,
improvement in cardiovascular risk factors, and a reduction in
mortality.2 However, the changes in intestinal anatomy and
metabolism may precipitate severe hepatic complications under
certain circumstances. Over the last decades, severe ALI and
ALF requiring liver transplantation (LTx) have been reported in
small series after jejunoileal bypass (JIB) or biliopancreatic
diversion (BPD),3–5 which are only indicated in patients with a
body mass index (BMI) of >60 kg/m2.6 However, similar
reports are now surfacing following more contemporary tech-
niques, such as Roux-en-Y gastric bypass (RYGB) and one-
anastomosis (mini) gastric bypass (OAGB).7–9

Although the exact incidence of severe ALI and ALF
after bariatric surgery is unclear, current literature suggests
that it may only affect a handful of patients per year
globally.10 ALI and ALF typically emerge several months
after bariatric surgery. If so, it can result in prolonged hos-
pitalization, may necessitate LTx, and in some cases prove
fatal.10,11 Little is, however, known about the risk factors for
developing ALI and ALF after bariatric surgery and the
mechanisms of liver damage in this context are poorly defined.
This review therefore provides an account of the available
data on ALI and ALF caused by bariatric surgery, with
emphasis on possible injury mechanisms and the outcomes of
LTx for ALF following bariatric surgery. Throughout the
manuscript, severe ALI is defined as the combination of liver
injury (elevated transaminases and jaundice) in conjunction
with coagulopathy (international normalized ratio of > 1.5) in
patients without preexisting liver disease, while ALF applies
to cases where severe ALI occurs in combination with hepatic
encephalopathy.12

BARIATRIC SURGERY

Background
Since conventional approaches such as reducing

calorie intake, increasing physical activity, and/or phar-
macological treatment have yielded unsatisfactory results,
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various surgical interventions to lose weight have been
developed.13 These bariatric techniques have accom-
plished sustainable weight loss, thereby improving car-
diovascular risk profiles and reducing overall mortality.14

As a result, several hundred thousand of procedures are
performed each year.1 Bariatric surgery is currently indi-
cated in patients with severe obesity who fail to lose suf-
ficient weight by nonsurgical means. Severe obesity is
defined as a BMI of > 40 kg/m2 or a BMI between 35 and
40 kg/m2 with concurrent comorbid conditions, including
diabetes, hypertension, and nonalcoholic fatty liver dis-
ease (NAFLD).15

Bariatric procedures are categorized as restrictive,
malabsorptive, or a combination of both. Restrictive pro-
cedures limit gastric volume to reduce food intake. Mal-
absorptive procedures divert food from digestive fluids such
as bile and bypass a portion of the small intestine, thereby
limiting nutrient uptake. Most bariatric procedures combine
both principles.16 The following bariatric procedures have
been developed: (1) BPD with duodenal switch (DS, Sco-
pinaro technique), (2) RYGB, (3) OAGB, and (4) sleeve
gastrectomy (SG). An overview of the aforementioned
techniques is shown in Figure 1. Laparoscopic RYGB has
been considered the gold standard for several decades.15

However, SG has gained popularity in recent years due to
the low complication rate.17 Although RYGB still pre-
dominates in Europe, SG has become the most common
bariatric procedure in the United States.18,19

Metabolic Effects of Bariatric Surgery
Large, randomized trials comparing bariatric surgery

to lifestyle changes and pharmacological interventions
describe postoperative weight loss of 25% to 30% of total
body weight at 1 to 5 years follow-up. In doing so, bariatric
surgery provides better glycemic control than conventional
therapy in patients with type 2 diabetes, while also sig-
nificantly improving blood pressure and lipid profiles.20,21

As bariatric surgery typically leads to sustained weight
loss,22 it improves the 10-year survival rate in obese indi-
viduals when compared with nonsurgical treatment.2,23,24

In addition, weight reduction surgery is safe, with current
mortality rates (ie, < 1%) similar to laparoscopic chol-
ecystectomy or appendectomy.25,26

Bariatric surgery also affects the liver.27 NAFLD is
considered the hepatic manifestation of the metabolic
syndrome and favorable effects in patients with NAFLD
have been noted. In morbidly obese patients with biopsy-
confirmed nonalcoholic steatohepatitis (NASH), a reduction
in the histologic NAFLD activity score was seen in liver
biopsies 1 year after various types of bariatric surgery. These
histologic improvements were accompanied by normal-
ization of liver damage parameters, such as serum alanine
aminotransferase and γ-glutamyl transferase levels.28 The
effect of weight loss surgery on NAFLD is supported by 2
prospective cohort studies investigating obese patients with
biopsy-confirmed NASH or hepatic fibrosis, showing
marked histologic improvement 2 years after laparoscopic
adjustable gastric banding and SG.29,30 Supporting evidence
showed normalization of the international normalized ratio
of coagulopathy and a reduction in transaminase levels in
severely obese individuals with biopsy-confirmed NAFLD
1 year after bariatric surgery, attesting to improved liver
function and reduced liver damage, respectively.31,32 How-
ever, bariatric surgery can also adversely affect the liver
under certain circumstances, which are described next.

POTENTIAL MECHANISMS LEADING
TO LIVER INJURY

Over the last decades, ALI and ALF have been described
as rare postoperative complications after JIB or BPD(-DS).3–5

JIB has therefore been largely (but not completely) abandoned
as a method for weight reduction.33 However, similar com-
plications are now surfacing after RYGB and OAGB.7–9

Although poorly understood, several mechanisms have been
proposed to induce ALI and ALF in patients following bari-
atric surgery, including protein-energy malnutrition, lipolysis
and lipotoxicity, and compromised intestinal barrier function.

Protein-energy Malnutrition
Alterations in gastrointestinal (GI) anatomy and physio-

logy following bariatric surgery can cause nutritional deficien-
cies, such as protein-energy malnutrition.34 Current guidelines
therefore recommend the postoperative use of oral vitamins and
micronutrient supplements.35,36 Several lines of evidence link
amino acid deficiencies to the onset of hepatic steatosis and
consequent liver damage. The most important evidence comes
from 3 fatal cases. Two patients refused nutritional support after
bariatric surgery due to psychiatric comorbidity, while another
patient became vegetarian and withdrew from postoperative
nutritional support after OAGB.37,38

Protein malnutrition can be caused by limited nutrient
intake, a lack of therapy adherence, and/or excessive surgical
limb exclusion, all leading to reduced amino acid
bioavailability.39,40 The most prominent amino acid deficien-
cies noted after RYGB include serine, histidine, phenylalanine,
lysine, glycine, alanine, methionine, and threonine.39 A lack of
amino acids per se is sufficient to trigger hepatocyte trigly-
ceride accumulation in vitro, with most pronounced effects
reported for arginine and threonine.41 In vivo, a methionine-
deficient and choline-deficient diet fed to rats rapidly culmi-
nates in (macrovesicular) steatosis and considerable
hepatopathology,42 which compromises the liver’s resilience
against various forms of injury.42,43 Although reduced con-
centrations of methionine have been observed 12 months after
RYGB,39 rats fed a methionine-deficient diet did not exhibit
hepatic fat accumulation without concomitant choline
deficiency.41 However, replenishing methionine stores pro-
tected mouse livers from apoptosis and oxidative stress under
conditions of protein starvation.44 Also, methionine deficiency
triggered hepatic inflammation and fibrosis in both mice and
rats, suggesting that methionine depletion following bariatric
surgery may be harmful for the liver, even when it does not
directly causes hepatocyte fat loading.41,45,46

In contrast to methionine, a choline-deficient diet in
humans induces NAFLD and liver damage,47 meaning that
lack of choline alone is enough to elicit harmful hepatic fat
accumulation.48 Two reports have described decreased choline
levels after bariatric surgery.49,50 A combined lack of methio-
nine and choline leads to impaired β-oxidation and diminished
production of very low-density lipoproteins, while choline defi-
ciency per se impairs very low-density lipoprotein secretion,
resulting in macrovesicular steatosis, oxidative stress, and hep-
atocyte apoptosis,45,51 eventually reducing liver function.52

Shortage of methionine and choline following bariatric
surgery may be explained by a combination of factors.
Methionine and choline are primarily absorbed in the jejunum
and ileum by carrier-mediated transport.53–56 As bariatric
surgery bypasses the duodenum and proximal part of the
jejunum, uptake of methionine and choline is hampered.57

Also, the reduction in gastric volume decreases the pH in the
digestive system. Because methionine is primarily absorbed by
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a pH-dependent transporter, pH changes negatively affect
methionine uptake.58 In addition, the general population does
not even meet the recommend daily choline intake.59 In bari-
atric patients, in which choline uptake is already impaired,
choline bioavailability will likely be even more compromised.

Choline deficiency can also be caused by changes in gut
microbiota following bariatric surgery.60 Some bacterial
strains, which convert choline to trimethylamine, become more
abundant after bariatric surgery.61 Thus, colonization with
trimethylamine-producing bacteria further reduces choline

FIGURE 1. Common types of bariatric surgery. A, Biliopancreatic diversion with duodenal switch. B, Roux-en-Y gastric bypass. C, One-
anastomosis gastric bypass. D, Sleeve gastrectomy.
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bioavailability.62 In addition, folate and vitamin B12 deficien-
cies, which are regularly observed after bariatric surgery,63

increase choline requirements. Since folate and choline both
methylate homocysteine to produce methionine, a folate defi-
ciency leads to a compensatory increase in choline con-
sumption and, thereby, a secondary choline deficiency.64

Compromised Intestinal Barrier Function
Small intestinal bacterial overgrowth (SIBO) is a

common complication of RYGB, occurring in > 70% of
cases.65 SIBO may facilitate hepatic injury by com-
promising the intestinal mucosal barrier. Manipulation of
the GI tract disrupts mechanisms that normally control
enteric bacterial populations.66 When this balance is per-
turbed after bariatric surgery, bacterial dysbiosis results in
the production of inflammatory cytokines and endotoxins,
causing mucosal injury and increased gut permeability.61

Impaired function of the mucosal barrier may subsequently
facilitate translocation of these toxic macromolecules into
the portal venous system, causing liver damage or exacer-
bation of hepatic injury induced by other mechanisms (see
above).3 SIBO can also stimulate the synthesis of inter-
leukin-6, which has shown to induce insulin resistance in
adipocytes.67 Insulin resistance enhances hepatic fat accu-
mulation by no longer suppressing lipolysis, which
increases free fatty acid delivery to the liver, and stim-
ulation of de novo lipogenesis, causing hepatocellular
damage and liver dysfunction.67,68

Several factors may promote SIBO after bariatric sur-
gery, including (disproportional) intestinal limb exclusion,
bowel dysmotility, decreased gastric acidity, intestinal bile
deprivation, and undigested food reaching the colon.69 First,
limb exclusion and decreased motility of the biliopancreatic
limb induce mechanical stasis, providing the ideal environ-
ment for bacterial colonization. Second, intestinal delivery
of gastric acid, which normally inhibits bacterial pro-
liferation in the digestive system, is limited due to surgical
exclusion of the majority of the stomach, allowing bacterial
overgrowth in the alimentary limb.66 Third, bypassing the
duodenum results in the absence of antimicrobial bile acids
in the alimentary limb, such as cholic acid and deoxycholic
acid, promoting colonization of bacterial flora70 and
dysbiosis.60 Last, as digestive enzymes such as bile and
pancreatic secretions do not enter the alimentary limb until
the jejunojenostomy, undigested food can become a sub-
strate for bacterial fermentation, leading to SIBO.71

The most persuasive evidence linking SIBO to post-
bariatric liver damage comes from a trial using the antibiotic
metronidazole. This study demonstrated complete or partial
reversal of biopsy-confirmed, surgery-induced hepatic stea-
tosis in postbariatric patients after treatment with metroni-
dazole. During subsequent periods of alternating antibiotic
therapy with drug-free intervals, hepatic steatosis repeatedly
diminished when metronidazole was administered and
increased when metronidazole was withdrawn.72

Lipolysis and Lipotoxicity
Although a clear linear relation between the speed and/

or extent of weight loss after bariatric surgery and the onset
of liver dysfunction is lacking, one report described that
rapid weight loss of > 1.6 kg/week induces portal inflam-
mation and fibrosis.73 Disproportionate weight loss after
bariatric surgery may induce liver dysfunction by triggering
excessive lipolysis in visceral adipose tissue, leading to
hepatic lipotoxicity.74 In support of this hypothesis, 2

patients with a history of bariatric surgery who experienced
a significant symptom-free period (with a stable weight)
developed ALI directly after suddenly losing an excessive
and unexplained amount of weight.9 Weight loss after
bariatric surgery normally involves a drop in endogenous
insulin production due to improved peripheral insulin sen-
sitivity, which subsequently triggers the release of free fatty
acids stored in adipose tissue.75 However, as excess weight
loss (ie, the amount of weight above the ideal body weight)
equaled ± 110% in these patients, compared to only ± 60%
to 70% after regular RYGB and OAGB, the extent of lip-
olysis was likely substantially higher than commonly
observed after bariatric surgery.9,76 As a result, an excess of
free fatty acids reaches the liver through the portal circu-
lation, exceeding the liver’s capacity to metabolize free fatty
acids through mitochondrial β-oxidation in hepatocytes.74

Disproportionate activation of β-oxidation has shown to
generate toxic reactive oxygen species in mice receiving a
high fat diet.77 Generation of reactive oxygen species may
trigger mitochondrial injury and the production of proin-
flammatory cytokines, such as tumor necrosis factor-α and
interleukin-6, which impede liver function.51,78

Histologic Changes
On a histopathologic level, ALF after bariatric sur-

gery manifests as advanced steatohepatitis, resembling an
aggressive form of NAFLD.7,38,69 Postbariatric steatohe-
patitis is characterized by microvesicular and macro-
vesicular steatosis and is associated with centrizonal
scarring, hepatocellular ballooning, and the presence of
Mallory-Denk bodies.4,7 Hepatic biopsies from patients
with ALF after bariatric surgery also demonstrated focal
ductular reaction and hepatocanalicular cholestasis,
reflecting an inflammatory reaction caused by the release
of endotoxins and cytokines.7,38,79,80 Pericellular fibrosis,
which is typically seen in patients with postbariatric liver
injury, is often accompanied by perivenular fibrosis, rep-
resenting fibrous wall thickening, intimal fibrosis, or total
venous sclerosis with luminal obliteration.4,7 Other histo-
logic features, including confluent bridging necrosis, lym-
phocytic and neutrophilic infiltrates, and cirrhosis have
also been reported in patients with postbariatric
ALF.4,9,79,80

ALI AND ALF AFTER BARIATRIC SURGERY

RYGB
In 1967, Mason and Ito introduced the gastric bypass

for patients with severe obesity as an alternative to JIB, a
technique that completely excluded the small intestine from
the alimentary stream, leading to both unsatisfactory weight
loss and a high complication rate, including 4%
mortality.33,81–84 The original procedure involved segmen-
tation of the stomach to create a small gastric pouch, fol-
lowed by the construction of a loop gastrojejunostomy,
resulting in food bypassing the majority of the stomach,
duodenum, and the first 40 to 50 cm of the jejunum.85 Over
time, the loop gastrojejunostomy was replaced by a Roux-
en-Y configuration to avoid bile reflux.86 Although RYGB
was originally developed as a restrictive procedure, it also
caused malabsorption by bypassing a major part of the GI
tract.57 During the last years, RYGB has been advanced
into its current laparoscopic form, reducing recovery
time and perioperative complications compared to open
RYGB.87
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TABLE 1. Liver Failure After RYGB

Outcome
Patient
No.

Type of
Procedure Gender Age

Initial BMI
(kg/m2)

Preexisting
Liver
Disease

Liver
Biopsy
Before/

During BS

BMI
Minimum
(kg/m2)

BMI
(kg/m2)

Maximum
Weight
Loss (kg)

Onset
of LF
After

Surgery
Liver Biopsy After

BS

Meeting
ALF

Criteria
Cause of
Death

Recovery with
nutritional
support

17 RYGB Female 37 46 No NA 32 14 40 NA Panacinar steatosis,
ballooned

hepatocytes, Mallory-
Denk bodies

ALI

288 Extended
RYGB

Female 37 61 No NA NA NA 48 7mo Steatosis and mild
fibrosis

ALF

Recovery with
revision* or
conversion† of the
bariatric surgery

39* RYGB NA NA 53.4 No NA 26.6 26.8 NA 24mo Macrovesicular
steatosis

Liver
dysfunction

49* Distal
RYGB

NA NA 50.2 No NA 28.7 21.5 NA 85mo NA ALI

59* Distal
RYGB

NA NA 44.1 No NA 20.3 23.8 NA 12mo NA ALI

69† RYGB NA NA 48.2 No NA 21.9 26.3 NA 84mo Macrovesicular and
microvesicular

steatosis

ALI

Recovery with liver
transplantation

77 RYGB Female 37 59.4 No NA 26.5 32.9 91 NA Micronodular
cirrhosis, azonal

steatosis, ballooned
hepatocytes, Mallory-

Denk bodies

ALI

889 RYGB Female 56 50.9 No NASH 24.5 26.4 65.2 2 y NA ALF
Dead 97 RYGB Female 33 45.3 No Steatosis

and
centrizonal
pericellular
fibrosis

38.4 6.9 18 NA Panacinar steatosis,
ballooned

hepatocytes, Mallory-
Denk bodies, bridging

fibrosis

ALF Unknown

107 RYGB Female 37 55.1 No NA 36.5 22.2 45 NA Azonal steatosis,
ballooned

hepatocytes, Mallory-
Denk bodies

Liver
dysfunction

Unknown

119 RYGB NA NA 58 No NA 28.7 29.3 NA 2mo NA ALF Decompensated
liver disease and
septic shock

1288 Extended
RYGB

Female 54 49 No NA NA NA 35 7mo Steatohepatitis and
cirrhosis

ALF Gastric
carcinoma with

peritoneal
metastases

1390 Distal
RYGB

Male 33 80 No Cirrhosis NA NA NA 9mo NA ALF Hepatic failure
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Although rare, cases of acute liver dysfunction fol-
lowing RYGB have been described in a small case series
(Table 1).7,9,88–90 In total, 15 patients with different stages of
liver dysfunction after RYGB were identified: 2 (13%)
patients with mild liver dysfunction, 6 (40%) patients with
ALI, and 7 (47%) patients with ALF. Eight of 15 (53%)
patients recovered: 2 (13%) with nutritional support, 4 (27%)
after revision or conversion of the RYGB, and 2 (13%) by
means of LTx. Six patients died (40%): 1 (7%) due to septic
shock, 1 (7%) after developing gastric carcinoma with per-
itoneal metastases 6 years after LTx, 2 (13%) due to pro-
gressive hepatic failure without considering LTx, and 2
(13%) as a result of an unspecified cause. One (7%) patient
was still awaiting LTx at the time of publication.

Of all the 15 patients that developed liver dysfunction,
ALI, or ALF after RYGB, 6 (40%) patients underwent a
distal or extended version of the bariatric procedure, sug-
gesting a negative impact of a disproportionally long
alimentary loop on liver function.9,88,90 Accordingly, elon-
gation of the common channel led to significant improve-
ment in laboratory parameters in 2 of these patients.9 This
suggestion is reinforced by 2 patients who developed ALF
after extended or distal RYGB, but in whom lengthening of
the reabsorption limb was not performed due to unspecified
reasons. At the end, both of these cases proved fatal.88,90 It
should however be noted that a gastric carcinoma was
identified on postmortem examination in one of these
patients, which brings into question the causal relationship
between bariatric surgery and death in this case.88

Even though a significant number of patients died,
some of these deaths were probably not related to the pre-
vious bariatric procedure. As an illustration, 2 patients
(13%) showed unspecified manifestations of cirrhosis peri-
operatively, most likely due to severe obesity, increasing the
likelihood of developing acute-on-chronic liver failure after
RYGB. One patient died due to fulminant hepatic failure in
combination with hepatorenal syndrome after developing an
ascitic fluid leak during the early postoperative course.90 As
this patient underwent conversion of a failed horizonal
gastroplasty to RYGB, poor preoperative physical con-
dition may have contributed to the fatal outcome.

OAGB (Mini/Omega Loop)
OAGB, also known as mini-gastric bypass or omega

loop gastric bypass, was first described by Rutledge.91 The
procedure, which was initially proposed as an alternative to
RYGB, consists of a single gastrojejunal anastomosis
between a long gastric pouch and a jejunal omega loop
∼200 cm distal from the ligament of Treitz.92,93 This surgical
procedure provides similar results as RYGB but is techni-
cally less demanding and easier to revise.94 OAGB causes
weight loss by both restriction and malabsorption and car-
ries the same characteristics as RYGB.95 Although OAGB
raised severe criticism due to controversial aspects of this
procedure,96 several studies reported favorable outcomes
concerning weight loss and obesity-related comorbidities,
such as diabetes and hypertension.76,91,94 Nevertheless,
OAGB is still disputed since bile is brought into direct
contact with the gastric mucosa, theoretically creating bili-
ary reflux and possibly increasing the risk of gastric and
esophageal cancers.97

Despite its recent introduction, several stages of liver
dysfunction, including ALF, have been reported after
OAGB (Table 2).9,38,93,98 One case series and 3 case reports
described 8 patients suffering from impaired liver functionTA
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TABLE 2. Liver Failure After OAGB

Outcome
Patient
No.

Type of
Procedure Gender Age

Initial BMI
(kg/m2)

Preexisting
Liver
Disease

Liver
Biopsy
Before/

During BS

BMI
Minimum
(kg/m2)

BMI
(kg/m2)

Maximum
Weight
Loss (kg)

Onset of
LF After
Surgery
(mo)

Liver Biopsy
After BS

Meeting
ALF

Criteria
Cause of
Death

Recovery with
revision* or
conversion†
of bariatric
surgery

19† OAGB (BPL
370 cm, CL
320 cm)

NA NA 42.9 No NA 20.8 22.1 NA 12 Cirrhosis Liver
dysfunction

29† OAGB (BPL
265 cm, CL
395 cm)

NA NA 40.8 No NA 21.7 19.1 NA 35 Cirrhosis ALI

39† OAGB (BPL
200 cm, CL
375 cm)

NA NA 57.6 No NA 22.40 35.2 NA 36 Macrovesicular
and
microvesicu-
lar steatosis

ALF

49† OAGB (BPL
95 cm, CL
275 cm)

NA NA 64 No NA 30.5 33.5 NA 20 Macrovesicular
steatosis

ALI

593* OAGB Female 57 42.8 No Ballooning
and mild
steatosis

25.7 17.1 NA 8 Prominent
ballooning,
steatosis, and
neutrophilic
satellitosis

Liver
dysfunction

Recovery with
liver
transplanta-
tion

69 OAGB (BPL
175 cm, CL
500 cm)

NA NA 33.3 No NA 22.03 11.3 NA 5 Cirrhosis ALF

Death 798 OAGB Female 37 44 NA NA 24 20 52,5 12 Nonspecific
inflammation
in portal
spaces and
fatty change

ALF Multiorgan
failure after
gastrogas-
trostomy

838 OAGB Female 29 55.7 NA NA NA NA NA 8 Steatohepatitis,
intracellular
cholestasis,
and
multifocal
lobular and
periportal
fibrosis

ALF Hepatic
failure (died

on list)

*Recovery after revision.
†Recovery after conversion.
ALF indicates acute liver failure; ALI, acute liver injury; BMI, body mass index; BPL, biliopancreatic limb; CL, common limb; NA, not available; OAGB, one-anastomosis gastric bypass.
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TABLE 3. Liver Failure After BPD and DS (Scopinaro)

Outcome
Patient
No.

Type of
Procedure Gender Age

Initial BMI
(kg/m2)

Preexisting
Liver
Disease

Liver Biopsy
Before/

During BS

BMI
Minimum
(kg/m2)

BMI
(kg/m2)

Maximum
Weight
Loss (kg)

Onset
of LF
After

Surgery
Liver Biopsy
After BS

Meeting
ALF

Criteria Cause of Death

Recovery
with
nutritional
support

1102 BPD-DS Female 31 41 NA NASH NA NA NA 2wk NA Liver
dysfunction

2102 BPD-DS Female 43 61 NA NA NA NA NA 6mo Steatosis Liver
dysfunction

3102 BPD-DS Female 45 40 NA NA NA NA NA 1mo NA Live
dysfunction

4102 BPD-DS Female 26 44 NA NASH NA NA NA 3.5 mo NA Live
dysfunction

5102 BPD-DS Female 20 60 NA NA NA NA NA 1mo NA Liver
dysfunction

6102 BPD-DS Male 34 45 NA Steatosis NA NA NA 1wk NA Liver
dysfunction

7102 BPD-DS Male 25 47 NA NA NA NA NA 1mo NA ALI
8102 BPD-DS Female 42 49 NA NA NA NA NA NA NA ALI
9102 BPD-DS Female 50 61 NA NASH NA NA NA NA NA Liver

dysfunction
10103 BPD-DS Female 41 57 NA NA 24 33 NA 11mo Steatosis,

fibrosis, liver
cirrhosis

ALF

Recovery
with liver
transplan-
tation and
revision* or
conver-
sion† of the
bariatric
procedure

114* BPD Female 29 63 No NA 26 37 NA 10mo Cholestatic
hepatitis and
macrovesicular

steatosis

ALF

123* BPD Details could not be extracted
from the original report

ALF

133* BPD Details could not be extracted
from the original report

ALF

143* BPD Details could not be extracted
from the original report

ALF

153* after
8 wk+
retrans-

plantation

BPD Male 19 41 No NA 20 21 40 62mo Steatosis and
necrosis

ALF

1679† BPD Female 41 46 No Mild
macrovesicu-
lar steatosis

26.3 19.7 NA 8mo Necrosis,
cholestasis, and

steatosis

ALF

17104† BPD-DS Female 33 49 NA NA 23 26 NA 20mo Disappearance
of hepatocytes,
cholangiolar

metaplasia, and
bile stasis

ALF
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1880 BPD-DS Female 37 54 No NA 30 24 NA 8mo Acute hepatitis
with confluent

bridging
necrosis, mixed
inflammatory
infiltrates, and

ductular
reaction

ALF

Dead 194 BPD Female 38 56 No NA 29.9 26.1 NA 7mo Necrosis ALF Pulmonary
infection, sepsis,
and multiorgan
failure after LTx
without revision
or conversion of
the bariatric
procedure

204 BPD Female 29 60 No Mild hepatic
steatosis and

fibrosis

35 25 NA 6mo Cirrhosis and
necrosis

ALF Hepatic failure
(died on list)

213 BPD Male 38 40 No NA 22 18 53 21mo NA ALF Hepatic failure
(died on list)

223 BPD Male 40 47 No NA 25 22 50 14mo NA ALF Hepatic failure
(died on list)

233 BPD Details could not be extracted
from the original report

ALF Multiorgan
failure after LTx
with revision of
the bariatric
procedure

243 BPD Details could not be extracted
from the original report

ALF Lung carcinoma
6 y after LTx

with revision of
the bariatric
procedure

25102 BPD-DS Female 41 64 NA Steatosis NA NA NA 2mo NASH ALF Hepatic failure
(died on list)

26104 BPD-DS Female 41 58 NA NA 39 19 NA 6mo NASH ALF Hepatic failure
(died on list)

27105 BPD Female 49 53.3 No NA 28.7 24.6 NA 3mo NA ALF Multidrug
resistant sepsis,
septic shock

28106 BPD Male 35 NA NA NA 18 NA NA 12mo Hepatic
necrosis,

macrovesicular
and

microvesicular
steatosis

ALF Multidrug
resistant

refractory septic
shock after LTx
and revision of

BPD
29107 BPD Female 53 NA NA NA NA NA NA 3 y Steatosis ALF Hepatic failure

after refusing
surgical

intervention
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after OAGB: 2 (25%) patients with mild liver dysfunction, 2
(25%) patients with ALI, and 4 (50%) patients with ALF.
Six (75%) patients recovered: 5 (63%) after revision or
conversion of the bariatric procedure and 1 (13%) following
LTx. Two (25%) patients died due to fulminant hepatic
failure, one in which technically successful revision surgery
failed to improve liver function. Both patients were not
eligible for LTx due to hemodynamic instability.

Four (50%) patients showed clinical stabilization or
even full recovery after conversion of OAGB to RYGB
combined with elongation of the common channel.9 Since
only one of these patients suffered from ALF, the question
remains whether revision surgery is able to relieve ALF in
this patient category. As described for RYGB, the onset of
liver dysfunction after OAGB seems related to the length of
the excluded bowel segment. Yet, due to the limited number
of described cases, firm conclusions are difficult to draw.

SG
To our knowledge, no cases of ALI or ALF following

SG have been reported. Considering that SG reduces gastric
volume without bypassing intestinal segments, it is expected
that hepatic ramifications of this technique will remain
limited. Similarly, hepatic complications of endoscopic
bariatric techniques such as gastric balloons or endoscopic
sleeve gastroplasty have not been reported and will most
likely remain rare.

BPD (Scopinaro) and DS
BPD, also eponymously known as the Scopinaro

technique, was developed in 1979 and has 4 components: (1)
partial distal gastrectomy, (2) transection of the small bowel,
(3) Roux-en-Y gastroenterostomy creating an alimentary
limb, and (4) an anastomosis between the biliopancreatic
limb and the alimentary limb approximately 50 cm before
the ileocecal junction.82 However, due to side effects, 2
modifications were introduced: (1) the DS, which preserves
the lesser curvature, antrum, pylorus, and first part of the
duodenum, and (2) an ileoileal anastomosis, which doubles
the length of the common channel.99 Since BPD-DS
involves removal of the stomach in combination with
bypassing a large part of the small intestine, it provides both
malabsorptive and restrictive effects.100 Given the relatively
high risk for postoperative complications, BPD(-DS) is
currently only utilized in patients with a BMI > 60 kg/
m2.6,101

Cases of acute liver dysfunction following BPD(-DS)
have been described in a small series (Table 3).3,4,69,79,102–107

Eleven studies describing 31 cases of acute liver dysfunction
after BPD(-DS) were retrieved: 7 (23%) patients with mild
liver dysfunction, 2 (6%) patients with ALI, and 22 (71%)
patients with ALF. Eighteen of 31 (58%) patients recovered:
10 (32%) with nutritional support and 8 (26%) by means of
LTx. Seven (23%) patients that recovered with LTx also
underwent revision or conversion of the bariatric procedure:
6 (19%) simultaneous with LTx and 1 (3%) 8 weeks post-
LTx. Twelve (39%) patients died: 5 (16%) following LTx, 5
(16%) due to progressive hepatic failure while awaiting a
donor liver, 1 (3%) as a result of ALF after refusing any
surgical intervention, and 1 (3%) due to a hospital-asso-
ciated complication. Of the patients who died following
LTx, 3 (10%) died after developing sepsis-induced multi-
organ failure in the direct postoperative period, 1 (3%) after
developing lung carcinoma 6 years post-LTx, and 1 (3%)TA
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after undergoing 3 LTx and revision of the BPD 8 weeks
after the initial transplantation.

In the latter case, a liver biopsy excluded rejection as a
potential cause of recurrent graft failure.69 Late dismantling
of the BPD could also be eliminated, as steatohepatitis
recurred after the second and third LTx, while intestinal
anatomy had already been restored following the first LTx.
Although unlikely in the aforementioned patient, late revi-
sion or conversion of the BPD may have caused ALF in
other patients. As an illustration, 1 patient needed retrans-
plantation owing to rapid redevelopment of ALF due to late
revision of the BPD 8 weeks post-LTx.3

These statistics suggest that nutritional support is
able to restore liver function, but only in certain
patients.102,103 To illustrate this, 9 of 10 patients that
recovered with nutritional support showed signs of liver
damage, but without coagulopathy or hepatic encephal-
opathy, suggesting only mild liver dysfunction.102 To date,
only 1 case with ALF has been successfully resolved with
total parenteral nutrition.103 In that respect, therapy
response seems inversely correlated to the severity of
hepatic dysfunction.

Several factors have to be taken into consideration
when interpreting these findings. Since a liver biopsy was
not routinely performed, the extent of hepatic parenchymal
injury at the time of bariatric surgery could not be deter-
mined. This hampers the assessment of the true etiology of
liver dysfunction after bariatric surgery. For cases of ALI
or ALF that did not respond to nutritional support or that
occurred many years after the index procedure, the onset of
ALI or ALF could not be unequivocally linked to previous
weight loss surgery. In that respect, several reports also
lack information about alcohol and drug use or whether
other causes of ALI or ALF such as viral hepatitis were
excluded.

In conclusion, both aggressive nutritional support and
revision of the bariatric procedure seem justified in patients
with ALI caused by bariatric surgery. Patients with ALF
should be managed in liver transplant centers and consid-
ered for LTx, as the chance of recovery with nutritional
support only are slim, based on currently available data.

FUTURE PERSPECTIVES
ALI and ALF are rare complications of bariatric

surgery and because of the low incidence, little evidence-
based guidance is available. Based on the available data,
the following points seem important to consider. To miti-
gate the risk of ALI and ALF after bariatric surgery,
procedures that feature the most extreme alterations in GI
anatomy, such as JIB and BPD, should be avoided when
possible. Bariatric surgery should be very carefully con-
sidered in patients with preexisting liver disease such as
cirrhosis, although it is not an absolute contra-indica-
tion.108 When performing a RYGB, the main precipitant
for postoperative liver injury seems to be a dispropor-
tionally long alimentary limb, which should obviously be
avoided. In the postoperative period, patients with psy-
chiatric comorbidity and/or poor therapy adherence seem
to have an increased risk for liver-related sequelae. When
managing patients with severe ALI related to bariatric
surgery, early recognition and aggressive nutritional sup-
port are mandatory, while cases of ALF should be man-
aged in liver transplant centers.

Risk stratification is an important goal for future
research, in particular to distinguish patients that benefit
from nutritional support only from patients that require
LTx to recover. Identifying biomarkers that accurately
reflect nutritional status would be helpful in this respect. In
addition, defining preoperative risk factors for developing
liver injury after bariatric surgery would enable the selection
of patients best treated with a technique with less hepatic
complications, such as SG.
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