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Nonalcoholic fatty liver disease (NAFLD) encompasses a spec-
trum ofmanifestations ranging from simple nonalcoholic fatty
liver to nonalcoholic steatohepatitis (NASH) with progressive
fibrosis and ultimately cirrhosis in a small proportion of
patients. Data from the National Health and Nutrition Exami-
nation Survey suggest that there has been a 2- and 2.5-fold
increase in the overall prevalence of NAFLD-associated
advanced fibrosis and cirrhosis in the last decade alone in the
United States, respectively.1 The frequency of liver transplanta-
tion for NASH cirrhosis has also increased 10-fold in the same
timeperiod.2,3Thesepatients, however, posenewchallenges in
the field of hepatology when compared with other, more
established liver diseases. These challenges include the multi-
modal pathogenesis, variable natural history, diagnostic tools,
lack of pharmaceutical therapies, and the high frequency of
coexistentmetabolic diseases (i.e., diabetes, obesity). The latter,
when severe (i.e., diabetic retinopathy/nephropathy; body
mass index [BMI]>40kg/m2), not only limit the accuracy of
radiological assessment (i.e., transient elastography [TE], ultra-

sound cancer surveillance), but also question the patients’
fitness for surgical procedures and liver transplantation.

This review summarizes specific aspects of cirrhosis due to
NASH and how it differs from other etiologies of cirrhosis
including natural history, noninvasive assessment, and the
challenges inthemanagementof thecomplicationsofcirrhosis,
extrahepatic comorbidities, and liver transplantation (►Fig. 1).

Natural History of Cirrhosis Due to NASH

Long-term prospective natural history data in patients with
NASH cirrhosis are limited. There are several reasons to
account for this. First, NASH as a disease entity has only
gained worldwide recognition in the last couple of decades,
despite the initial reports being as early as 1980 by Ludwig
and his American colleagues.4 Second, many patients with
NASH cirrhosis were historically diagnosed as having cryp-
togenic (“unknown cause”) cirrhosis, which subsequently
questions the validity of grouping these individuals together
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Abstract The prevalence of cirrhosis due to nonalcoholic steatohepatitis (NASH) has increased
2.5-fold in the United States in the last decade. These patients pose new challenges to
hepatologists given their older age and higher frequency of coexisting metabolic
diseases such as obesity and diabetes compared with other etiologies of liver disease.
Patients with NASH cirrhosis are at higher risk for renal and cardiovascular disease, and
the presence of these extrahepatic comorbidities has a significant impact on outcomes
and survival. This review outlines how NASH cirrhosis differs from other etiologies of
cirrhosis including natural history, noninvasive assessment, and the challenges in the
management of the complications of cirrhosis including hepatic encephalopathy and
hepatocellular carcinoma. Nutritional assessment and the impact of sarcopenic obesity
and frailty in this population, and strategies to address the latter, are discussed. This
review also addresses liver transplantation in patients with NASH cirrhosis in relation to
assessment and posttransplant care.
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for retrospective cohort studies. Third, NASH in the majority
of cases is a slowly progressive disease compared with many
other etiologies of liver disease, in that it takes at least 7 years
on average for fibrosis to progress by one stage in NASH.5

Longer follow-up studies are still required to accurately
capture the development of cirrhosis-related complications
in patients with NASH. ►Table 1 summarizes follow-up
studies (five retrospective [n¼18–74]; one randomized
controlled trial [n¼256]) that included patients with com-
pensated NASH cirrhosis at baseline. One of the largest
studies to date is by Hagström et al, consisting of 646
biopsy-proven patients with NAFLD and 20 years’ follow-
up. They consolidated the fact that fibrosis (rather than

NASH) is the best predictor of liver-related mortality and
that of those with cirrhosis (n¼20), almost 50% decompen-
sated in the study timeframe.6 However, these data sets
remain limited by the small numbers of patients with
cirrhosis, the selection bias of cases in tertiary care centers,
the lack of individual patient data during follow-up, as well
as the retrospective design. Bosch et al’s analysis of the phase
2b trial of simtuzumab (monoclonal antibody against lysyl
oxidase-like 2) highlights the potential for future NASH
cirrhosis trials (especially placebo arms or noneffective
intervention arms) to aid with our understanding of disease
progression and predictors of decompensation (i.e., hepatic
venous pressure gradient [HVPG]).7 It is, however, important

Fig. 1 Challenges with cirrhosis secondary to nonalcoholic steatohepatitis (NASH).

Table 1 Outcome studies in patients with compensated NASH cirrhosis

Study Follow-up n Study design Diagnosis of
cirrhosis

Outcomes

Hagström et al6 19.9 y
(mean)

20 Retrospective Biopsy Liver decompensation in 45%; 10% developed
decompensation within 5.6 y

Sanyal et al9 �12 y 74 Retrospective Biopsy 10-y mortality rate 4%

Angulo et al84 12.6 y
(median)

18 Retrospective Biopsy Liver decompensation or transplantation in
77.8% (transplant-free survival 22.2%)

Younossi et al85 12.2 y
(median)

22 Retrospective Biopsy Liver-related mortality in 41%; all-cause
mortality 59%

Sebastiani et al86 5 y
(median)

22 Retrospective Biopsy Liver-related mortality in 13.6%

Bosch et al7a 2.2 y
(median)

256 Prospective Phase
2b clinical trial

Biopsy Liver-related events in 19%; 1% mortality in
the follow-up period

Abbreviations: NASH, nonalcoholic steatohepatitis; y, years.
aUnpublished data presented in abstract format.
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to acknowledge that the patient population was selected for
trial purposes only (i.e., bias), follow-upwas only reported at
2.2 years, and the data are published in abstract format only
at present.

Patients with NASH cirrhosis are older than patients with
cirrhosis of other etiologies,8 which is not surprising given
the risk factors for NAFLD (components of metabolic syn-
drome) tend to increase in prevalence with advancing age.
Not only are older patientswith cirrhosismore susceptible to
cancer and death, but their management poses additional
challenges with regards to suitability for transplantation,
tolerance of polypharmacy (i.e., diuretics, antihyperten-
sives), adoption of lifestyle changes (i.e., exercise), and
multiple comorbidities.8 The risk of decompensation, how-
ever, appears to be lower in patients with NASH cirrhosis
compared with non-NASH cirrhosis (mainly viral, alcohol)
patients. Patients with NASH cirrhosis have increased car-
diovascular morbidity and mortality, but lower liver-related
mortality in the compensated state (Child–Pugh A) when
compared with patients with hepatitis C virus (HCV)-related
cirrhosis.9 In fact, cardiovascular disease is themost common
cause of death in patients with compensated cirrhosis due to
NASH. It is only in patients with decompensated NASH
cirrhosis where liver disease overtakes cardiovascular dis-
ease as the leading cause of mortality.10

In the only published prospective data set (abstract only) of
patients with compensated NASH cirrhosis, 19% of patients
experienced liver-related clinical events (ascites, encephalop-
athy, variceal hemorrhage) during a follow-up period of
27 months.7 The biggest predictor of decompensation and
liver-related events was baseline HVPG, with low rates of
decompensation in patients without clinically significant
portal hypertension at baseline (HVPG<10mm Hg).7 Once
decompensation (Child–Pugh B/C) has developed, overall
survival and liver-related mortality appears to be the same
in NASH cirrhosis as in other cirrhosis etiologies.11

There are no longitudinal studies examining the effect of
ongoing alcohol consumption on disease severity or the
natural history of NASH, especially in the presence of cirrho-
sis. There are conflicting data from cross-sectional studies on
the effect of mild to moderate alcohol intake on fibrosis
progression in patients with NASH without cirrhosis.12,13

However, patients with NASH cirrhosis as with all other
cirrhosis etiologies should be advised to completely abstain
from alcohol consumption.

Pharmacotherapy and Clinical Trials for
NASH Cirrhosis

At present, there are no therapies approved by the European
Medicines Agency or the Federal Drug Administration in the
United States for the treatment of compensated NASH cirrho-
sis, although several agents are in phase 2 and 3 development.
The choice of endpoints for these clinical trials has been the
subject ofmuchdebate.14Clinical trialswith hard endpoints of
decompensation, liver transplantation, or other liver-related
events (i.e., variceal hemorrhage, hepatocellular carcinoma
[HCC]) require follow-up periods of many years; especially

in the absence of significant portal hypertension at baseline
(exclusion criteria in most trials). As a result, regulatory
approval frameworks have adopted surrogate endpoints (liver
fibrosis stage on biopsy, magnetic resonance elastography)
that may be achieved within a reasonably short time frame
(i.e., 2 years).

The Stellar-4 phase 3 trial of selonsertib (an oral inhibitor of
apoptosis signal-regulating kinase 1) in compensated NASH
cirrhosis (biopsy confirmed) utilized a prespecified 48-week
primary endpoint of a�1-stage histologic improvement in
kleiner fibrosis without worsening of NASH. There was no
difference between selonsertib and placebo in this trial.15 As
previously discussed, portal hypertension is an important
predictor of liver-related outcomes in NASH cirrhosis. Emri-
casan, an oral pan-caspase inhibitor, failed tomeet its primary
(24-week endpoint) of reduction in HVPG in patients with
NASH cirrhosis and a baseline HVPG�12mmHg.16 It remains
to be seen as towhether the treatment durationwas too short
to see an effect, as improvements in HVPG were only seen in
studies with direct acting antiviral therapy in viral hepatitis C
after 12 to 24 months of viral suppression.17 However, the
phase 2b study of simtuzumab did not show any significant
effect of simtuzumab on HVPG in patients with compensated
cirrhosis after a longer period 96 weeks’ follow-up.18 Other
therapeutic trials targeting NASH cirrhosis are still ongoing
with drug groups including glucagon-like peptide 1 (GLP-1)
analogs and synthetic bile acid analogues (farnesoid-X recep-
tor agonists).

Noninvasive Assessment of Cirrhosis and
Varices

Transient elastography (Fibroscan; Echosens) for the non-
invasive assessment of liver fibrosis has drastically reduced
the need for liver biopsy.19 However, morbid obesity
(BMI>35kg/m2) and particularly increased waist circumfer-
ence are limitations in obtaining reliable measurements with
TE.20The introductionof FibroscanXLprobe in2009overcame
some of these limitations with a lower failure rate in patients
with BMI�30kg/m2 when compared with the conventional
medium (M) probe.21 TE is an accurate “rule-out” tool (good
negative predictive value>90%) for cirrhosis in patients with
NASH, alcohol-related, and viral B and C hepatitis. However,
unlike viral hepatitis,22 TE has a poor positive predictive value
(< 40%) for the diagnosis of cirrhosis in patientswith NASH.23

As a result, liver biopsy is still widely required to establish the
diagnosis of cirrhosis in patients with NAFLD and liver
stiffness�8 kPa in the absence of other clinical or radiological
signs of cirrhosis/portal hypertension.24 Furthermore, TE is
not widely used in the United states and its practice is largely
confined to European and Asian countries.

A recent advance is that TE can also be used in the risk
stratification of clinically significant portal hypertension
(HVPG� 10mmHg) and thereby guide the need for endoscopy
for varicealassessment inpatientswithcirrhosis. TheBavenoVI
guidelines proposed that patients with compensated cirrhosis
with liver stiffness<20 kPa and a platelet count>150,000/µL
can avoid baseline screening endoscopy.25 The NAFLD cirrhosis
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criteria uses different cut-offs for the M probe (liver stiffness
measurement [LSM]<30 kPa and platelet count>110,000/µL)
andXLprobe (LSM<25kPaandplatelet>110,000/µL) to select
patients that do not require screening endoscopy.26 While
disease-specific criteria improve the negative predictive value
for varices, only a small additional proportionof patientsmight
be spared endoscopy with their use.27 Whether this small
additional number of avoided endoscopies is enough to out-
weigh the simplicity of a single threshold of all patients with
cirrhosis remains a matter of debate.

Prospective studies have also examined the role of spleen
stiffness using elastography for the diagnosis of cirrhosis, but
none of these studies havebeen specific to patientswithNASH
cirrhosis.28 Recent prospective data have also highlighted the
utility of liver-to-spleen stiffness measurements using TE
(n¼274) for variceal screening in compensated cirrhosis
compared with conventional endoscopy (n¼274).29 In doing
so, the group from Hong Kong highlighted that the number of
screening endoscopies could be reduced by 50% using liver-to-
spleen stiffness measurements. However, as 85% of the cohort
had viral hepatitis this would require further validation in
patients with NASH cirrhosis.

Nutrition and Exercise

The importance of nutrition and exercise in liver disease and
cirrhosis is increasingly recognized. Protein energy malnutri-
tion, obesity, and in particular sarcopenic obesity impact on
prognosis in cirrhosis and their presence is associated with
reduced survival in patientswith decompensated disease.30,31

Sarcopenia and obesity have previously been viewed as
separate entities on opposite ends of the spectrum. However,
sarcopenic obesity, defined as the combination of loss of
skeletal muscle mass/function and gain in adipose tissue, is
observed with increasing frequency in patients with cirrho-
sis.32 Patients with NASH cirrhosis are at high risk for sarco-
penic obesity, by the nature of the coexistent metabolic
syndrome. It presents a challenge for the patient in ensuring
adequate nutrition to replenish muscle mass, without increas-
ing excess adipose tissue stores. Paradoxically, patients with
compensated NASH cirrhosis are frequently advised to lose
weight to reduce the riskof disease progression, but in doing so
canexacerbate sarcopenia if undertakenwithout a correspond-
ing calculated increase in protein intake. Irrespective of disease
etiology, obesity is an independent risk factor for disease
progression and decompensation in patients with cirrhosis.33

In addition, patients with obesity and cirrhosis are at high risk
for depletion of various fat-soluble, water-soluble vitamins and
trace elements and should be supplemented appropriately.

Waist circumference (and waist-to-hip ratio), as measures
of abdominal obesity, have repeatedly been shown to be a
better predictor of NAFLD and severe liver disease than BMI.
There remains, however, a paucity of data of the accuracy of
waist circumference inpredicting clinical outcomes inpatients
with compensated NASH cirrhosis. Accurately defining waist
circumference and BMI remains a challenge inmore advanced
cirrhosis due to ascites, peripheral edema, and hepatic hydro-
thoraces. International guidelines recommend calculating dry

BMI bymeans of postparacentesisweight (which does not rule
out peripheral edema) or the more subjective calculation of
subtracting a percentage of weight based upon the severity of
ascites (mild 5%; moderate 10%; severe 15%), with an addi-
tional 5% subtracted if bilateral pedal edema is present.34 This
is still not validated and the accuracy of BMI is repeatedly
questioned when analyzing outcomes pre- and post-liver
transplantation.35 Furthermore, the presence of sarcopenia
in the setting of NASH cirrhosis, obesity, and/or fluid retention
is often overlooked and therefore routinely all patients with
NASH cirrhosis should undergo a functional assessment for
sarcopenia. Hand grip strength (HGS) is an easy to perform,
replicable, and reproducible screening test formuscle function
and correlates with clinical outcome. HGS, together with
measures of balance and chair stands, contribute to the overall
liver frailty index.30 Even though this relatively new index of
physical frailty correlates with hospital admissions, length of
hospital stay, andmortality, ithasnotbeenvalidatedoutsideof
the United States or in specific diseases like NASH cirrhosis.
Physical activity levels measured by average daily step counts
are lower in patients with cirrhosis than in healthy controls,
and low levels of physical activity in this group are associated
with increased insulin resistance.36 This is particularly impor-
tant in patients with NASH cirrhosis, who often have accom-
panying type 2 diabetes (T2D) and sedentary lifestyles, which
have been the driving factors in the development of their
disease for many years.

PatientswithNASHcirrhosis require early involvementwith
clinical nutritionists with appropriate dietary expertise in
managing patients with chronic liver disease. Weight loss of
greater than 5%, using a combination of hypocaloric diet and
exercise has been shown to be an effective and safe treatment
for NAFLD,37 with likely paralleled reduction in cardiovascular
risk as seen in overweight and obese patients with T2D.38 The
additional benefits of hypocaloric diet (500–1,000 calories/day)
and exercise on reducing portal hypertension, as measured
intricately by HVPG, has been recently reported in 50 obese
patients (predominantly Child–Pugh A; 24% NASH cirrhosis).
Even though the intervention was only 16 weeks, the weight
loss was maintained for 6 months with no detrimental effects
on theliverdiseaseseverity (i.e., nodecompensations,Model for
End-Stage Liver Disease [MELD] stable).39 It remains to be seen
whether exercise alone, in the absence of restrictive diets and
weight loss, directly improves portal hypertension. Whether a
hypocaloric diet and exercise is safe or efficacious in patients
with decompensatedNASHcirrhosis remains untested, butdue
to the higher rates of protein catabolism and poor glycogen
storage, such calorific restriction in the community is likely to
be harmful. In addition, the lifestyle changes required are not
easy to implement without regular motivation and guidance
from a health care professional. Patients with NASH cirrhosis
are oftenolder, and frequently haveother comorbidities such as
osteoarthritis and obesity that further limits their physical
activity and ability to engage in aerobic cardiopulmonary
exercises such as jogging and cycling. Advice alone to increase
physical activity levels without an easy-to-follow plan with
regular psychological re-enforcement is unlikely to be of
benefit.
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There remainsa lackof robustdataavailablewith regards to
the best types of physical exercise (aerobic vs. anaerobic;
endurance vs. resistance/strength training) and its duration
in patients with compensated and decompensated NASH
cirrhosis.Withoutdoubt though, exercise and lifestyle changes
need to be tailored to the patient’s own ability/competence
and confidence, beginning withmoderate intensity andmain-
tained for the long term. Simple home-based exercises, using
the patient’s own body weight for resistance and modified
simple aerobic exercises, have recently been shown to be safe
and effective in improving physical function and markers of
frailty in patients with decompensated cirrhosis.40,41 These
studies are small, uncontrolled, and not specific to NAFLD, but
highlight feasibility in what is a largely neglected field in
decompensated cirrhosis.

It must be acknowledged that access to clinical nutritionists
orexercisephysiotherapistswithexpertise in themanagement
of patients with chronic liver disease is not universal. There is
no structured service provision or reimbursement in place in
mosthealthcaresystemsfor theseservices. Inareaswhere they
do not exist, it falls on the hepatologist/gastroenterologist to
advise patients based on the best available guidelines,34 but
also to advocate for the services to be provided by health care
payers given their real impact on patient outcomes.

Complications of Cirrhosis in Patients with
NAFLD

The development of ascites or encephalopathy in a patient
with NASH cirrhosis has major prognostic implications as
with other forms of liver disease. Median transplant-free
survival in decompensated NASH cirrhosis is �2 years.2

Physicians should be aware of several distinct challenges
in the management of patients with the complications of
cirrhosis due to NASH.

Hepatocellular Carcinoma
The incidence of HCC has increased in the western world over
the last two decades.42 The increasing prevalence of obesity
and T2D have contributed to this rise in patients without
NAFLD,43 but there is growing evidence of the risk of HCC in
NASH cirrhosis. Even though the incidence of HCC in patients
with NASH cirrhosis remains lower than in patients with HCV
cirrhosis (2.6 vs. 4% in a prospective 4-year follow-up study),44

in countries where the prevalence of viral hepatitis is lower
almost 60%ofHCCdiagnoses are inpatientswith adiagnosis of
NAFLD.45 Indeed, there was a greater than 10-fold observed
increase in the HCC diagnoses in patients with NAFLD in a
population-based study in England between 2000 and 2010.42

It is therefore not surprising that recent data from the large
European Liver Transplant Registry highlighted that HCC was
more common in patients transplanted for NASH than in any
otherdisease type.3OnceHCC is established inNASHcirrhosis,
survival appears to be shorter than their viral hepatitis coun-
terparts.46 This may be due to patients with NASH cirrhosis
being older, having larger tumors, and being less likely to be
diagnosed by surveillance compared with the leaner patients
with viral hepatitis.47

Ultrasound is the recommended cost-effectivemodality for
HCC screening inpatients inwith cirrhosis ofall etiologies.48,49

However, ultrasound has clear limitations for the detection of
HCC in patients with elevated BMI and in particular central
adiposity. The increased echogenicity of the background liver
on ultrasound in patients with NAFLD increases the likelihood
in missing smaller lesions. The sensitivity of ultrasound to
detect tumors<3 cm is substantially reduced in patients with
BMI>35kg/m2 (odds ratio of 0.28 fordetection).50 In contrast,
the sensitivity of magnetic resonance imaging (MRI) to detect
curable HCC lesions (i.e., amenable to locoregional treatments,
such as resection, radiofrequency ablation, microwave abla-
tion, and cryotherapy) is significantly higher than that of
ultrasonography. Despite the limitation of body habitus in a
large proportion of patients with NASH, international guide-
lines still recommend liver ultrasound every 6 months as part
of HCC screening by an experienced ultrasonographer.48,49

Whether or not (bi-) annual MRI scans (vs. the current ultra-
sound standard) should be utilized inmorbidly obese patients
with NASH cirrhosis, who would be suitable for curative
locoregional treatments (i.e., Child–PughA, good performance
status), requires further study and cost-effective analysis.

Portal Vein Thrombosis
Portal vein thrombosis (PVT) is a common and important
complication in patients with cirrhosis. NASH is a prothrom-
botic condition, as are obesity and diabetes, and the risk of
PVT development is higher in NASH cirrhosis (10%) com-
paredwith other causes of cirrhosis (vs. 6%) in patients listed
for liver transplantation in the United States.51 The strongest
risk factor independently associated with a diagnosis of PVT
in over 2,000 patients awaiting liver transplantation was
NASH cirrhosis, with an odds ratio of 1.55. Even though the
data to support the prophylactic use of lowmolecular weight
heparin (LMWH) in patients with compensated cirrhosis
remains controversial, patients with NASH cirrhosis (and
no varices) may offer a high-risk group for further clinical
studies on anticoagulation and PVT. PVT should be excluded
in patients with previously compensated NASH cirrhosis
who have a variceal hemorrhage or newly decompensate.
A new finding of PVT in this setting will undoubtedly
increase the surgical risk of future liver transplantation in
cases of NASH cirrhosis, which may already be burdened by
heightened cardiovascular and perioperative risk.

Low molecular weight heparin and warfarin are the stan-
dard-of-care anticoagulants with the most data to support
their use in the treatmentof PVT inpatientswith compensated
cirrhosis. Newer direct-acting anticoagulants have not been
extensively studied in patients with cirrhosis, but there are
numerous case studies that have emerged highlighting their
safe use in patients with cirrhosis and PVT.52

Ascites and Paracentesis
Bedside nonultrasound-guided paracentesis or diagnostic
taps can bemore challenging in patientswith NASH cirrhosis
and elevated BMI, especially as increased abdominal girth
may limit the success of the needle communicating with the
peritoneal cavity. At present, there are no data to suggest that
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patients with NASH cirrhosis have more complications after
diagnostic or therapeutic paracentesis than other disease
types.53

Vasoactive Drugs for Variceal Hemorrhage and
Hepatorenal Syndrome
Terlipressin is licensed in Asia, Australasia, and Europe for the
management of variceal hemorrhage and hepatorenal syn-
drome (HRS). It acts as a potent vasoconstrictor to counteract
the splanchnic arterial vasodilatation and thereby reduce
portal pressures and redirect blood flow (i.e., to the kidneys)
in patients with complications of portal hypertension. There
are numerous case reports of ischemic complications of
terlipressin in the literature, including bowel and peripheral
ischemiawith skin necrosis.54,55 Furthermore, two large trials
of bolus terlipressin (doses 8–12mg per day) in patients with
type 1HRS have reported serious adverse events in 9 to 43% of
patients, with the majority being cardiovascular events.56,57

The fact that preexisting coronary artery and peripheral
vascular disease increases terlipressin intolerance and adverse
events, implies that patients with NASH cirrhosis who have a
higher cardiovascular risk profile (vs. other types of cirrhosis)
are more susceptible. Interestingly, a recent randomized con-
trolled trial from Italy of 78 patients with type 1 HRS and
decompensated cirrhosis highlighted that terlipressin givenby
continuous infusion is better tolerated and equally efficacious
(at lower doses, average 2mg/day) as intravenous boluses.58

Furthermore, in a ratheruniqueoutpatient setting inAustralia,
researchers have shown that continuous infusions of terlipres-
sin for HRS in the community resulted in significant improve-
ments in muscle function and nutritional status, in patients
who otherwise would have been expected to decline.59 Even
though this studywas single-center, small (n¼19), andhadno
control arm, itdoesadd to thegrowingevidenceof thebenefits
of terlipressin by continuous infusion. Together, these studies
question whether patients with cirrhosis, HRS, and increased
cardiovascular risk, namely those with NASH, should be
considered for terlipressin via continuous infusion rather
than the current standard of bolus delivery.

Hepatic Encephalopathy
Patients with NASH cirrhosis are susceptible to hepatic
encephalopathy (HE) due to their typically older age than
other liver diseases60 and slow progressive nature of the
disease, thereby enabling revascularization and the develop-
ment of large portosystemic shunts. Early studies from the
1990s suggested that HE may be more common in patients
with NASH cirrhosis (vs. non-NASH) who undergo trans-
jugular intrahepatic portosystemic shunts (TIPS) for variceal
bleeding or refractory ascites.61 However, this has not been
replicated in the past 20 years, with the main predictors of
HE post-TIPS being preexisting HE, age, disease severity
(i.e., MELD), and most recently sarcopenia.62 The presence
of HE in patients with NASH cirrhosis often precipitates a
vicious cycle of physical frailty (due to poor functional status,
poor sleep patterns), unintentional poor compliance with
nutritional/dietary advice (due to poor memory), and higher
risk of recurrent admissions to hospital. It is not surprising

that previous studies have reported that malnutrition, low
sodium, and cryptogenic cirrhosis (whichmay be “burnt out”
NASH) are associated with increased mortality on the trans-
plant waiting list.63 Actively screening for minimal HE and
prompt management (lactulose, rifaximin, nutrition) in
patients with NASH cirrhosis is critical in maintaining their
performance status and preventing further frailty.

Extrahepatic Comorbidities

Metabolic comorbidities are common in patients with NAFLD
and tend to correlate with disease severity. The gamut of these
manifestations that drive insulin resistance and NAFLD disease
severity include obesity and visceral adiposity, T2D mellitus
(T2DM), sleep apnea, polycystic ovarian syndrome, and
other endocrine disorders (such as hypogonadism,
hypopituitarism).64–66

Type 2 Diabetes
Type 2 diabetes mellitus is common in patients with cirrhosis
irrespectiveofetiologyandisan independent risk factor forHCC
development.67,68 All patients with NASH cirrhosis should be
screened for T2DM by fasting or random blood glucose or the
oralglucose tolerance test.69Glycated hemoglobinA1c (HBA1c)
is a reliable test to assess chronic glycemia in patients with
T2DM, but has suboptimal performance in patients with cir-
rhosis.70Anormal HbA1cmay not necessarily rule out T2DM in
the setting of cirrhosis and in patients with decompensated
cirrhosis.70 Fructosamine may be a better marker to assess
glycemic control in patients with cirrhosis and T2DM,71 but
validated laboratories cut-offs do not exist at present. With the
exception of metformin, most of the established, older anti-
glycemic medications are weight-promoting (i.e., glicazides,
thiazolidinediones, insulin), whichmay in turnworsen adipos-
ityandpotentiallyportal hypertension inNASHcirrhosis.GLP-1
agonists, dipeptidylpeptidase-4 inhibitors, andsodium-glucose
cotransporter-2 inhibitors represent promising groups of
agents to manage T2DM in NASH as they promote weight
loss or are weight-neutral, respectively. There remains a lack
of long-term safety and efficacy data of these drugs in patients
with cirrhosis though,with future randomized controlled trials
ongoing. However, for patients with poorly controlled T2DM
and decompensated cirrhosis secondary to NASH, insulin
remains the mainstay of therapy.

Renal Disease
The presence and severity of NASH are associated with an
increased risk and severity of chronic kidney disease (CKD),
with advanced fibrosis/cirrhosis associated with higher
prevalence (odds ratio, 5).72 This is largely due to the
coexistence of hypertension and T2DM, even though a 53-
study sized meta-analysis highlighted that the magnitude of
the risk of CKD with NASH-advanced fibrosis/cirrhosis was
maintained after controlling for all other renal risk factors.
This emphasizes the importance of the need for lifestyle
interventions, the pursuit of smoking cessation, the use of
statins, and possible angiotensin receptor blockers (ARBs)
(especially in the presence of proteinuria) in patients with
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NASH cirrhosis. It is important to highlight, however, that the
use of statins and ARBs in patients who progress to decom-
pensated disease may cause more harm (vs. benefit) and
should be stopped immediately.

Cardiovascular Disease
Patients with NASH cirrhosis are at increased risk of cardio-
vascular disease and cardiac events. A recent meta-analysis
suggested thatNAFLDwasassociatedwitha65% increased risk
of developing fatal and nonfatal cardiac events over a median
follow-up period of 7 years, and this risk was higher with
increased severity of liver disease.73 There are conflicting data
onwhether NASH is an independent risk factor for cardiovas-
cular disease, or if the increased risk is related to themetabolic
comorbidities in these patients alone. The spectrum of cardio-
vascular disease associated with NAFLD includes coronary
artery disease, left ventricular dysfunction/hypertrophy, dia-
stolic dysfunction, heart failure, atrial fibrillation, and QTc
prolongation.74 The implications of such in the transplant
work-up are discussed below.

Extrahepatic Malignancy
Patients with NAFLD are at increased risk for extrahepatic
malignancies. Uterine (relative risk [RR], 2.39), gastric (RR,
2.34), pancreatic (RR, 2.09), and colon cancer (RR, 1.76) are
more common in patients with NAFLD compared with an
age- and sex-matched population over amedian follow-up of
8 years.75 Due to the majority of the evidence being collated
from retrospective cohort studies, a causative effect of NASH
cirrhosis and extrahepatic malignancy cannot be deter-
mined. This results in heterogeneity in management; an
example of such is the high nonselective uptake and absence
of colonoscopy screening in the transplant assessment in the
United States and Europe, respectively. The combination of
NASH cirrhosis (plus accompanying metabolic risks) and a
new diagnosis of intra-abdominal malignancy often results
in limited therapeutic options. Calculators, such as the Mayo
postoperative mortality risk prediction model, have been
developed to aid clinicianswith the risk assessment of cancer
surgery. However, in general only those patients with com-
pensatedChild–PughA cirrhosis, absent portal hypertension,
and controlled metabolic risk factors are likely to survive
general anesthesia and subsequent surgery.

Liver Transplantation for NASH

NASH cirrhosis is now the second most common indication
for liver transplant listing in the United States, and the
proportion of liver transplants for NASH cirrhosis is only
likely to further increase.2

Liver Transplant Assessment
NASH patients referred for transplantation tend to be older
than patients with HCV cirrhosis with more comorbidities
despite similar MELD scores.11,76 Analysis from the United
Network for Organ Sharing (UNOS) database suggests that
NASH patients are not disadvantaged by higher waitlist mor-
tality or lower transplantation rates once listed for liver

transplantation. However, there is a reported bias toward
patients with NASH cirrhosis when it comes to listing for
transplantation. Patients with NASH cirrhosis are nearly three
times more likely to be turned down for transplant listing due
to comorbid conditions than patients with viral hepatitis.77

Another single-center study reported that patientswithNASH
cirrhosis were more likely to be declined for transplant even
when controlling for comorbidities. Patients with NASH cir-
rhosis declined for liver transplantation are more likely to die
from their liver disease and not their comorbid conditions.11

Cardiovasculardisease remainsa leading causeofposttrans-
plant death in patients with NASH cirrhosis. The decision
making regarding transplant listing in patients with NASH
cirrhosis is complicated by the lack of consensus regarding
the optimal pretransplant cardiovascular assessment for
patients with NASH cirrhosis. Consensus guidelines do not
recommend a specific cardiovascular disease risk evaluation
for NASH patients which is generally determined by local
expertise.78 It is standard practice that all patients being
assessed for transplant undergo noninvasive assessment with
electrocardiography and echocardiography. If these are abnor-
mal, further investigations are recommended and a cardiology
review. These further investigations are patient- and center-
specific, and may include cardiopulmonary exercise testing,
stress echocardiogram,myocardial perfusion imaging by single
photon emission tomography, or cardiac computed tomogra-
phy. Invasive investigations such as coronary angiographymay
bewarrantedona case-by-casebasis inpatientswith abnormal
noninvasive assessments. Several centers perform coronary
angiography as a primary investigation in transplant assess-
ment,79 but studies using this strategy are generally retrospec-
tive in nature and may be subject to selection bias. The aim of
cardiacassessment is todiagnosepatientswithsevere coronary
artery disease that clearly precludes transplantation. Patients
with established coronary artery disease who require revascu-
larizationwithcoronary stentingorbypass should bediscussed
on a case-by-case basis with the involvement of cardiologists
and anesthetics with expertise in the high-risk patients.

Significant obesity has previously been considered as a
contraindication to transplantation, with studies from the
pre-MELDsuggestingpoorer transplantoutcomes in thisgroup
of patients.80 BMI>40kg/m2 alone is not a contraindication,
but the UNOS data demonstrate noninferior posttransplant
outcomes in highly selectedpatientswith BMI>40kg/m2who
undergo transplant, but thisgroupdidhavehighermortalityon
thewaiting list.81Therefore, patientswithBMI>40kg/m2with
comorbidities, particularly concurrent diabetes, should under-
go careful assessment by a multidisciplinary transplant team
withexpertise in transplanting patientswithmorbidobesity.79

The optimal timing for bariatric surgery (at the time of
transplant or deferred) is still unknown, but should not be
considered in patientswithNASH cirrhosis who have clinically
significant portal hypertension prior to transplantation.

Postliver Transplant care
Patients transplanted for NASH cirrhosis have similar post-
transplant survival comparedwith other etiologies of cirrhosis
undergoing transplant.79 Data from the Scientific Registry of
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Transplant Recipients estimated 1- and 3-year posttransplant
survival for NASH cirrhosis as 84 and 78%, respectively.82

Cardiovascular disease contributes to a higher proportion of
posttransplant deaths in patients transplanted for NASH cir-
rhosis comparedwith non-NASHpatientswho undergo trans-
plant.83 However, patients with NASH cirrhosis are at a lower
risk of graft failure following liver transplantation.

Immunosuppression with calcineurin inhibitors and ste-
roids may result in worsening of glycemic control in the
posttransplant period in NASH patients with or without
concomitant diabetes. These agents also promote weight
gain which may increase the risk of recurrent NASH in the
liver allograft. It may be prudent to rationalize and individu-
alize immunosuppression in patients with NASH cirrhosis to
mitigate these effects, while being vigilant to the riskof acute
cellular rejection in the posttransplant period. The optimal
immunosuppressive strategy in these patients is yet to be
defined, and requires further prospective research studies.

Proactive management of cardiovascular risk factors is
important in the posttransplant setting (good glycemic, blood
pressure control, and statin therapy for hyperlipidemia) to
reduce the risk of cardiovascular events posttransplant.

Conclusion

Patients with NASH cirrhosis require a multidisciplinary ap-
proach to management with close involvement of clinical
nutritionists, exercise physiotherapists, metabolic/endocrine
specialists, and hepatologists/gastroenterologists. This is best
achieved in specialist settings that address not only the
management of liver disease, but their wider metabolic risk
factors given the higher risk of cardiovascular disease and
malignancy in these groups of patients. It is no longer best
practice to simply monitor for the progression of liver disease
alone. Patients with NASH cirrhosis should be considered for
early referral for liver transplant assessment especially if they
exhibit early signs of clinically significant portal hypertension
(varices or ascites) or decompensation, as their outcomes post
liver transplant are on par with other forms of liver disease if
appropriately selected for transplant.
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