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Frailty and Sarcopenia in
Acute-on-Chronic Liver Failure
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In patients with cirrhosis, sarcopenia is a critical reduction in skeletal muscle mass and frailty represents a status of
global physical dysfunction caused by under nutrition, muscle wasting, and functional impairment. Both are prevalent
conditions in liver transplant candidates and have shown to be independent predictors of adverse outcome. Evidence
supports their incorporation into clinical practice both as a prognostic factor guiding clinical decision making and as
a tool to identify candidates for physical and nutritional interventions. The wide heterogeneity of instruments used for
sarcopenia and frailty measurement, the absence of a single suitable instrument for sarcopenia and frailty assessment in
the outpatient versus inpatient acute-on-chronic clinical scenario, and the lack of strong evidence showing a beneficial
effect of sarcopenia and frailty improvement on outcomes before and after transplantation are some of the questions

that remain unanswered. (Hepatology Communications 2021;5:1333-1347).

ost liver transplant (LT') centers worldwide

currently prioritize organ allocation based

on the Model for End-Stage Liver Disease
(MELD) score with or without the addition of serum
sodium concentration (MELD-Na). This system has
been widely recognized for its objectivity, fairness, and
success in reducing mortality on LT waiting lists.!?
Spain has the highest donation rate in the world,
with waiting times, mortality, and drop-offs from the
lists that are better than in many other countries. Yet,
despite these impressive achievements, out of 1,686
adults in 2019 included in the Spanish LT" wait list,
45 (3%) individuals died and 85 (5%) were delisted
due to worsening of their clinical condition (n = 28)
and/or development of medical contraindications
(n = 57).%) These data suggest that factors other than
MELD should be considered in the decision-making

process regarding transplantation. Indeed, in recent
years we have witnessed a change in the profile of
LT candidates that is characterized by an increase in
both the proportion of elderly patients (between 60
and 69 and over 70 years old) and proportion of those
in whom cirrhosis is secondary to nonalcoholic ste-
atohepatitis (NASH), which is frequently associated
with present or past histories of cardiovascular risk
factors." Altogether, there is an emerging phenotype
of the typical LT candidate, increasingly described as
sicker, medically more complex, and frail.

The aim of this manuscript is to present a compre-
hensive (not systematic) review of currently available
evidence of the implications of sarcopenia and frailty
in patients with cirrhosis evaluated for LT. We con-
ducted an exhaustive search of the PubMed database
from early 2010 to September 2020. Keywords used

Abbreviations: 6MWD, 6-minute walk distance; ACLE, acute-on-chronic liver failure; ADL, activities of daily living; CLIF-C, Chronic Liver
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hospital frailty risk score; ICU; intensive care unit; KPS, Karnofsky scale; LT, liver transplantation; MELD, Model for End-Stage Liver Disease;
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were sarcopenia, frailty, skeletal muscle mass, acute-
on-chronic liver failure (ACLF), cirrhosis, L', and pre-
habilitation. Language was restricted to English. We
included prospective and retrospective observational
studies, clinical trials (randomized controlled trials and
open noncontrolled trials), and expert opinion state-
ments from recognized hepatology/LT international
organizations. A total of 57 studies were included.

Definition of Sarcopenia
and Frailty in Patients With

Cirrhosis

Sarcopenia is a critical reduction in skeletal mus-
cle mass. Initially considered aging related, it was later
described in a wide variety of pathological states out-
side of the elderly population and in association with
clinical negative effects.””)

Frailty was first defined in the field of geriatrics
as “a state of increased vulnerability to physical stress
(i.c., surgery) and decreased physiologic reserve”.®)
The frailty phenotype originally described by Fried
et al.”) included sarcopenia, progressive immobility,
decreased energy expenditure, and malnutrition and
was considered to be a multidimensional concept
that results from the compromise of multiple systems,
including cardiovascular, neurologic, endocrine, and
musculoskeletal as well as psychosocial.(4)

In hepatology, both frailty and sarcopenia are
attracting growing interest due to their high preva-
lence in LT’ candidates and their robust association
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with adverse outcomes in cirrhosis and LT.*) The
need to find an objective measurement of frailty in
patients with cirrhosis has led researchers to focus
on physical frailty related to functional impairment,
that is, loss of the ability to perform everyday activ-
ities and maintain health/wellness, excluding cogni-
tive, social, or emotional factors.? Therefore, while
sarcopenia and physical limitation might be compo-
nents of frailty in LT candidates, they are different
conditions. The frailty syndrome encompasses more
than loss of muscle mass as it integrates the concepts
of functional performance, functional capacity, and
disability and represents a situation of global physical
dysfunction.(s)

In LT candidates, physical frailty and sarcopenia are
partly influenced by liver disease severity because liver
failure itself inevitably leads to this process. Other fac-
tors, such as age, nutritional status, and non-liver related
comorbidities (e.g., diabetes, heart disease, kidney fail-
ure) also contribute to the development of sarcopenia
and the frailty phenotype in patients with cirrhosis®®
(Fig. 1). In some patients, comorbidities, malnutrition,
and sarcopenia have better prognostic value than the
severity of liver disease as measured by the MELD
score.”) Professionals who take care of those with liver
failure have largely noticed that the same MELD score
encompasses a group of patients with highly heteroge-
neous clinical manifestations and outcomes. In fact, the
concept of frailty has always been taken into subjective
consideration in the decision-making process related
to LT} yet, to date its integration into clinical practice
has been anecdotal, hampered by the lack of consensus
on its definition, assessment tools, and implications for
decision making on LT.®)
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FIG. 1. Contributors to sarcopenia and physical frailty in patients with end-stage liver disease.

Clinical Vignette

To better illustrate the issues above mentioned,
the present review will address the case of a 67 years
old Caucasian male with cirrhosis of mixed aetiology
(alcoholic and non-alcoholic steatohepatitis ~ASH/
NASH-) referred for LT evaluation.

OUTPATIENT CLINICAL
SCENARIO

His past medical history revealed moderate alcohol
intake (80g weekly, abstinent for 6 months), obesity
(body mass index 30.2), and long-standing arterial
hypertension and type 2 diabetes without micro or
macrovascular complications.

Regarding the liver disease, the patient had well-
controlled ascites, had never been admitted for any
hepatic decompensation event, had a MELD score
of 15 and a B8 Child-Turcotte-Pugh (CTP) clas-
sification. He lived with his wife, was retired for 2
years, and was currently taking care of his grandchild
on weekdays. The hepatologist’s general impression
about the patient overall health was good but given
his age and extra hepatic comorbidities he/she won-
dered whether to perform a frailty assessment as part
of the pre-transplant protocol.

Tests of physical frailty recommended in the literature
were ordered and the following scores were obtained:

Liver Frailty Index 3.1 (mild frailty); Six-minute walk

test 352 meters (absence of frailty, low limit of normal-
ity); KPS 80 (absence of frailty, low limit of normality)
and no difficulties with ADLs. Once the remaining
pre-transplant tests were completed, the patient was
discussed by the LT Selection Committee and after
ruling out formal contra-indications, he was listed with

a MELD score of 15 and a CTP-BS.

ACUTE ON CHRONIC INPATIENT
CLINICAL SCENARIO

Unfortunately, one month later the patient was
admitted in the Intensive Care Unit (ICU) with
septic shock (mean arterial pressure of 78 mmHg
despite adequate resuscitation and cardiac output)
probably from urinary origin (urine white blood
cell >15/high power field and isolation of extended
spectrum beta-lactamase Escherichia coli in urine
culture). 24h-48h after admission the patient devel-
oped ACLF with jaundice (total bilirubin, 12 mg/dl),
INR of 2.5, MELD score of 36, CTP-C13,
development of West-Haven grade II-III hepatic
encephalopathy and acute kidney injury (creati-
nine, 1.8 mg/dl) without renal replacement therapy
requirement. The patient had 3 organ failures with
an ACLF grade 3 and a CLIF-C ACLF Score of
65 at diagnosis. He was temporally inactive on the
transplant list due to infection.

One week after admission, the urinary tract infec-
tion was controlled with antibiotics but the final ACLF
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grade and CLIF-C ACLF Score at 7 days remained
steady (grade 3 and 64 points, respectively). A TAM
score and a frailty assessment were done to help deter-
mining possible LT futility. The TAM score of 2
points was compatible with low risk. However, as the
patient was still in the ICU, with renal and neurologi-
cal dysfunction, the sole feasible instruments to assess
his frailty status were the KPS (10 to 20 points) and
the SMI measurement on an CT scan (40 cm?/ m?),
both compatible with severe frailty and sarcopenia.

In brief, a 67-years old LT' candidate, with ASH/
NASH cirrhosis, extra-hepatic comorbidities and
mild/absent frailty at baseline is admitted in the ICU
with an infection-related ACLF grade 3 at diagnosis.
One week after the onset of this acute decompensa-
tion, the patient’s clinical course tended to stabiliza-
tion with a persistent ACLF grade 3 with 3 organ
failures, MELD score 36, CTP C13 and sarcopenia.
Ten days after admission, the infectious process was
under control and a decision of whether to proceed
with LT was needed.

Our patient was carefully discussed at the LT
Selection Committee who recommended intensive
nutritional therapy given that the clinical situation did
not allow physical intervention. The patient was main-
tained temporally inactive on the waitlist with close clin-
ical monitoring and frailty severity reassessment every
2-4 weeks. Two weeks after admission clinical improve-
ment was confirmed without the need for hemody-
namic support and the patient was discharged from the
ICU to the hepatology ward with a MELD score of
35, without signs of infection and undergoing intensive
rehabilitation and nutritional therapies (tailored to the
patient’s clinical situation). Due to persistent signs of
hepatic encephalopathy, frailty was reassessed using the
KPS (20-30 points) and the SMI measurement on a
new CT scan with a result of 40 cm?/ m? (as prior),
compatible with severe frailty and sarcopenia.

POST-TRANPLANT CLINICAL
SCENARIO

One month after patient’s admission, the LT
Committee decided to proceed with LT due to clin-
ical improvement and no further deterioration of
frailty status. The postoperative course following LT
from a brain death young donor was uneventful, with
excellent graft function and total recovery of renal
function.
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Twelve months post-transplantation the patient was
in good clinical condition, with normal liver chemis-
try tests yet maintaining impaired frailty status, which
assessed on the last clinic visit, had only improved
modestly with a SMI on a CT abdominal scan of
45 cm?/ m? (still compatible with sarcopenia) and a
Liver Frailty Index of 3,5 (moderate frailty). Of note,

post-transplant rehabilitation was not carried out.

Sarcopenia and Physical
Frailty as Predictors of
Outcome in Outpatient
Versus Inpatient

In the last 5-10 years, multiple publications have
demonstrated an association between sarcopenia/
frailty and adverse outcomes both before and after LT
(Table 1).

Currently, a large portion of the decision to list
a patient for transplant is based largely on subjec-
tive judgement.(9) The clinician assessment (i.e., the
“eye-ball test,” the clinical frailty scale, or the Braden
scale) has been shown to predict wait-list mortality
in patients with cirrhosis. ™ Despite its subjectivity
and interobserver variability, this approach is part of
life and death decisions. Therefore, the need to find
more objective measures of frailty and sarcopenia in
this patient population cannot be overemphasized.
Indeed, the North American expert opinion state-
ments on sarcopenia and frailty in LT recommends
that every patient with cirrhosis waiting for LT
should undergo performance assessments at baseline
and longitudinally to guide clinical decision making
and to identify patients for intervention.™*°
there is significant heterogeneity in the metrics used
to quantify sarcopenia and frailty in the published lit-
erature (Table 2). The great challenges in identifying
a single standard test are many different modalities
available for muscle mass and frailty measurement
and the lack of evidence supporting a single tool as
suitable for frailty and sarcopenia assessment in dif-
ferent clinical settings related to LT, mainly inpatient
versus outpatient. Considering the need for objectiv-
ity, speed, and low cost, the experts selected a battery
of tools of choice depending on the patient’s clinical

) However,
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TABLE 1. ASSOCIATION BETWEEN SARCOPENIA AND FRAILTY AND ADVERSE OUTCOMES BEFORE AND

AFTERLT
Time Outcome Authors Study Design Sample Size (n) ~ PerformanceTool ~ Hazard Ratio (95% Cl)*
Before transplant  Mortality/wait-  Carey et al.’®  Prospective, single n=121 6MWD 0.58 (0.37-0.93); P=0.02
list mortality center (USA)
Lai et al.© Prospective, single  n=294 ADL 1.18 (0.87-1.58); P=0.28
center (USA) per point decrease
Montano-Loza Prospective, single n =669 L3-SMI 0.97 (0.96-0.99);
etal@® center (Canada) P<0.001
Tapper et al.®  Retrospective, single  n =734 ADL 1.83 (1.05-3.20)
center (USA)
Ormanetal.®?  Retrospective, multi-  n=7,9092 KPS Category B (KPS 50%-70%)
center (USA) 1.14(1.11-1.18)
Category C (KPS 10%-40%)
1.63 (1.55-1.72)
Tandon et al.®®  Prospective, mul- n=954 KPS 0.97 (0.96-0.98); P=0.03
ticenter (USA +
Canada)
Kardashian Prospective, single n=1,405 Liver frailty index 0.046 (0.030-0.068)
etal.!® center (USA) wait-list mortality at
3 months
Hospitalization  Praktiknjo Prospective, single n=186 Psoas muscle 0.808 (0.736-0.886);
for ACLF etal.?® center (Germany) thickness P<0.001
Shah et al.®9 Refrospective, multi- ~ n=16,561 HFRS 1.03 (1.02-1.03);
center (USA) P<0.001
per 1-unit increase
After fransplant Overall compli-  Lee et al.?® Refrospective, single  n =325 Dorsal muscle group  0.48 (0.32-0,72);
cations center (USA) ared P=0.001
per 1-unit increase
Valero et al.?®  Refrospective, single  n=96 Psoas area 3.01 (1.19-7.63); P=0.02
center (USA)

Posttransplant  Di Marfini Retrospective, single  n=338 L3-SMmI Men, -0.02; (P<0.00T)
hospital etal® center (USA) Women, -0.01; (P< 0.05)
stay Montano-Loza Refrospective, single  n =248 L3-SMI 40 + 4 days with sarcopeni-

etal@®" center (Canada) avs. 25 + 3 days without
sarcopenia; (P=0.005)

Frailty Lai et al.19 Prospective, single n=214 Liver frailty index Worsened 3 months post-LT,
phenotype center (USA) 3.9 (3.5-4.4); P=0.02

Similar 6 months post-LT,
3.7 (3.2-4.1); P=0.07)

Improved 12 months
post-LT, 3.4 (3.0-3.9);
P<0.001)

*For each frailty measure P value; results adjusted for covariates.
Abbreviation: CI, confidence interval.

scenario, available resources, and the clinical decision
to be made based on the test results>”) (Table 3).

OUTPATIENT PROGNOSTIC
TOOLS

From a functional point of view, frailty can be mea-
sured as the impaired capacity for physical performance

by performance-based tests (Fried frailty instrument,
short physical performance battery, 6-minute walk
distance [6MWD], and liver frailty index), which
have mostly been originally used in the field of geriat-
rics; they have been investigated in the outpatient liver
disease setting where patients are in a relatively stable
clinical situation and have been useful in predicting
mortality in LT candidates.'?
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TABLE 2. INSTRUMENTS USED TO MEASURE SARCOPENIA AND PHYSICAL FRAILTY

Measure Type of Measurement Frailty Tools Characteristics
Anatomical Muscle mass Anthropometry® Size, weight, BMI, tricipital fold, mid-arm and calf
measures (sarcopenia) circumference
Bioimpedonce(s) Lean mass + fat mass + fat BMI + phase angle
Densitometry® Lean and fat mass indices
Cross-sectional imaging ~ Psoas muscle Sum of the areas of the two psoas af the level of the
tests (CT/MRI) area® third or fourth lumboar vertebra

Psoas thickness®”  Transversal diameter measured at the level of the
umbilicus

SMI728) Sum of the area of all skeletal muscles at the level of the
third or fourth vertebra

Functional Capagcity for physical Self-reporfed tests ADLD Daily self-care activities (feeding, showering, personal
measures performance and toilet hygiene, dressing, grooming, transferring)

Instrumental Activities that let an individual live independently (e.g.,

ADL{STD homemaking, cooking, shopping, taking medications,
using felephone)

KPS Functional scale running from 100 to 0in 10 by 10
intervals. 100, perfect health; 90, minor signs and
symptoms; 80, some signs or symptoms; 70, unable
fo work; 60, occasional assistance; 50, considerable
assistance; 40, disabled; 30, hospitalization indicated;
20, hospitalization necessary; 10, moribund

Performance-based tests  Fried frailty Physical inactivity + weakness + slowness + exhaustion
instrument?"'? +weight loss

Short physical perfor-  Balance + chair stand + gait speed

mance battery""
MWD Distance covered by walk in 6 minutes
Liver frailty Grip strength + chair stands + balance. Specific for
index(219) cirrhosis.
Clinical Hospital admissions Administrative data HFRS®® From the International Classification of Diseases coding
measures system; not specifically validated in patients with cir-

Abbreviations: BMI, body mass index; MRI, magnetic resonance imaging.

rhosis. Research studies.

TABLE 3. SELECTION OF SARCOPENIA/FRAILTY INSTRUMENTS AND SARCOPENIA/FRAILTY STAGING

CRITERIA DEPENDING ON CLINICAL SETTING IN PATIENTS WITH CIRRHOSIS*

Stages of Sarcopenia/Frailty

Patient Type Sarcopenio/Frailty Tools Severe Moderate Mild/Absent
Outpatient Performance-based tests (frailty Liver frailty index >4.2 3.2-4.1 <3.2
fools) 6MWD <250m 250-350 m >350 m
Inpatient Self-reported tests (frailty tools) ADL Difficulty with =2 ADL Difficulty with T ABVD  No difficulty with ABVD
KPS 0-40 50-60 >80

Abdominal CT scan (sarcopenia tool) ~ SMI

*Adapted from Lai et al®

To date, the liver frailty index and the 6MWD are
the frailty instruments with the wider applicability in
the outpatient clinical scenario given their objectivity
and ease of use at baseline and longitudinally.(4)The
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Men >50 cm%/m?
Women >39 cm%/m?

6MWD is the maximum distance (in meters) covered
by walking on a flat and straight surface in 6 min-
utes," and the recently published liver frailty index
is a continuous index that is specific for patients with
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cirrhosis. The liver frailty index consists of three
simple performance-based tests: (i) dominant grip
strength, measured by a dynamometer (in kilograms);
(i1) chair stands (time in seconds) that it takes for a
patient to stand up and sit down in a chair 5 times
without using the arms; (iii) balance, which is the
patient’s ability of balancing while holding three posi-
tions (side, semitandem, and tandem) for 10 seconds
each."? An online calculator is available (https://liver
frailtyindex.ucsf.edu/) to facilitate its determination.
Results from two large prospective cohort studies
have contributed to the emergence of these constructs
of frailty as important drivers of mortality in patients
with end-stage liver disease. In an American single-
center study that included 121 patients waiting for
LT, a 6MWD <250 m was identified as a risk factor
for mortality on the wait list independent of liver dis-
ease severity.m) The ongoing Functional Assessment
in Liver Transplantation (FrAILT) Study, from which
the liver frailty index was derived, includes outpa-
tients with cirrhosis listed for LT at nine LT cen-
ters in the United States. Subjects enrolled undergo
frailty assessments using performance-based and
self-reported tests previously employed in the field of
geriatrics.'? Results from a subset of patients in the
FrAILT cohort robustly showed that the liver frailty
index predicts wait-list mortality independently of
liver disease severity, ascites, and hepatic encepha-
lopathy.®™ Optimal liver frailty index cutoffs have
been established to identify “frail” LI'T' candidates
with increased risk for LT wait-list mortality (4.4 for
3-month mortality prediction and 4.2 for prognosti-
cation at 6 and 12 months), and the addition of the
liver frailty index to the MELD-Na score has been
found to more accurately predict wait-list mortality
over MELD-Na alone.™ However, studies are scarce
in the posttransplant setting. Unlike the liver frailty
index, there is no evidence proving the 6MWD pre-
dictive validity for posttransplant outcomes.””) Data
from 214 LT recipients included in the FrAILT Study
who had serial liver frailty index testing (pretransplant
and at 3, 6, or 12 months posttransplant) and were
stratified at each time point as being robust, pre-
frail, and frail showed that LI'T' candidates who were
frail had longer lengths of hospitalizations after LI
Unexpectedly, frailty scores in all groups worsened
at 3 months posttransplant, and less than 40% of
patients (even those deemed robust pretransplant) had
achieved robustness by 1 year.'® The results of this

PUCHADES RENAU ET AL.

well-designed prospective study underscore the need
to incorporate measures to prevent frailty before LT
to achieve full recovery potential posttransplant.

A limitation of these physical tests is the fact that
they may be affected by specific situations that may
not reflect the functional reality of the patient. For
example, a patient with a large volume of ascites may
have greater difficulty in performing the tests and may
obtain different measurements of frailty before and
after paracentesis. However, published studies that
include patients with refractory ascites suggest that
the lower scores obtained in the frailty tests actually
reflect their scarce muscle mass and deficient nutri-
tional status rather than an inability to follow test

instructions. 1'%

INPATIENT PROGNOSTIC TOOLS

During hospital admission, patients usually present
transient alterations in their physical and cognitive
function, limiting the ability of the previously men-
tioned performance-based frailty assessments to esti-
mate their physiological reserve. Sarcopenia metrics
and several scales of physical frailty have been evalu-
ated in the inpatient context (Table 3).

In the last decade, strong evidence has demon-
strated that the measurement of sarcopenia is asso-
ciated with poor outcomes in hepatology/LT and is
useful in the hospital setting given the low likelihood
of being affected by acute changes in functional per-
formance.”) In patients with cirrhosis waiting for
LT, sarcopenia is associated with decreased quality of
life,"” increased rate of liver-related complications,(lg)
and length of hospital stay.(lg) Indeed, skeletal muscle
plays an integral role in ammonium detoxification, and
sarcopenia has been identified as an independent risk
factor for hepatic encephalopathy in patients with cir-
rhosis.*” Other complications, such as ascites, infec-
tions, and ACLE, are also more frequent in patients
with cirrhosis with sarcopenia than in patients with
cirrhosis without sarcopenia.?*?!) A Canadian single-
center study that included more than 600 patients
waiting for LT showed that the inclusion of sarco-
penia (defined from specific cutoffs of the skeletal
muscle index [SMI] at the third lumbar vertebra in
a computed tomography [CT] scan) within MELD
(MELD-sarcopenia score) enhanced the prediction
of mortality in patients with cirrhosis, especially in

LT candidates with low MELD scores.?? After LT,
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sarcopenia is associated with a higher probability of
death,?® a longer duration of hospital stay,<24) and
overall increased rate of complications.(zs’%) Another
study from Canada that enrolled 248 patients with cir-
rhosis who had a CT scan before L'T" and defined sar-
copenia from specific cutoffs of the SMI at the third
lumbar vertebra confirmed that sarcopenia increases
the risk of perioperative bacterial infections."

The North American group of experts in sarcope-
nia advocates for the use of CT-based skeletal mus-
cle area measured at the third lumbar vertebra on an
abdominal CT scan using body segmentation software
(e.g., Image], sliceOmatic)**” and sex-specific cut-
off values (SMI <50 cm?/m? in men and <39 cm?/m?
in women) to standardize sarcopenia measurement in
LT candidates.®?® Reasons presented by this consor-
tium are (i) SMI appears to be a better measurement
than the individual measure of the psoas muscle or the
psoas muscle index, especially in men with cirrhosis©”;
(i) cross-sectional imaging tests are routinely used in
most L'T" centers as part of the pretransplant protocol
(to assess both biliary and vascular anatomy) and to
monitor LI candidates with hepatocellular carcinoma;
(iii) preliminary studies with magnetic resonance
imaging-based images have found similar results to
those based on a CT scan,(30) but the latter is cheaper,
more widely available, and faster to perform in clini-
cal practice. Notwithstanding, measurement of SMI on
an abdominal CT scan has some limitations, includ-
ing that the need to add specific software to the CT
imaging in updated equipment may result in centers
doing an SMI assessment with standard CT scanners
and that simply determining the SMI does not equate
to a full evaluation of frailty. In addition, some import-
ant aspects remain unclear regarding the use of a CT-
based estimation of skeletal muscle mass, such as (i)
the validity of the measure of only the psoas muscle
versus the total muscle area; (ii) the utility of values
below some specific percentiles (i.e., fifth percentile);
and (iii) the sensitivity of change in values over time.*

Self-reported tests (Karnofsky performance status
[KPS], activities of daily living [ADL]) are provid-
er- and patient-assessed frailty instruments that were
initially used in the geriatric population but have also
been evaluated in the context of liver disease. They are
functional scales that are simple and quick to perform
systematically in the inpatient setting. For frailty clas-
sifications, established cutoffs are used to define robust

(KPS 280; no difficulty with ADL), prefrail (KPS
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between 50 and 60; difficulty with one ADL), and
frail (KPS =40; difficulty with two or more ADL)®
(Table 3). KPS and ADL have been demonstrated
to predict nontransplant-related mortality,*>* re-
admissions,*** and mortality after LT®? in both
large prospective and retrospective studies; yet, these
self-reported tests include subjective aspects and thus
may differ between operators and be insensitive to sub-
tle but prognostic increments of the frailty spectrum.

Finally, in the research domain, the hospital frailty
risk score (HFRS) has been developed using the
International Classification of Diseases coding, a sys-
tem largely implemented in administrative hospital
databases. This score was recently used to evaluate
frailty in patients with ACLF but remains to be vali-
dated specifically for patients with cirrhosis.*>3%

Prognostic tools have been developed to improve
outcome prediction in patients with ACLE. 37-41)
According to the large observational study car-
ried out by the European Association for the Study
of the Liver—Chronic Liver Failure (EASL-CLIF)
Consortium and called the EASL-CLIF Acute-on
Chronic Liver Failure in Cirrhosis (CANONIC) study,
the initial grade of ACLF coupled with disease severity
and a specifically developed score (CLIF-Consortium
[CLIF-C] ACLF score [with web calculator at http://
www.efclif.com]) seem to better predict short (28-day)
and medium-term (90-day) mortality when compared
to the classical scores (MELD, MELD-Na, and CTP)
in this patient population.(38) Of note, the grade of
ACLEF is defined by the number of organ failures (liver,
kidney, brain, coagulation, circulatory, respiratory), while
the CLIF-C ACLF score and probability of dying is
calculated by adding age and white cell count.”

In the absence of multiple organ failures (four or more
organ failures), posttransplant survival in patients with
ACLF is good.*? A recent multicenter study validated
a prognostic model as a predictor of posttransplant sur-
vival in patients with ACLF grade 3, the transplantation
for ACLF-3 model (TAM) score. It is based on four
independent pre-LT" risk factors (age 253 years, arte-
rial lactate level 24 mml/L,, mechanical ventilation with
the ratio of arterial oxygen partial pressure to fractional
inspired oxygen <200 mm Hg, and white cell count
<10 g/L) and distinguishes a high-risk from a low-risk
group of individuals, identifying an optimal window
for transplantation.(41) Of note, sarcopenia and func-
tional status likely play an additional role in determin-
ing outcome in ACLF. To date, only two retrospective


http://www.efclif.com
http://www.efclif.com
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cohort studies have evaluated the importance of frailty/
sarcopenia in the context of ACLE®%%9 Recent
research that included 16,561 hospitalized patients with
cirrhosis found that frailty (ascertained using the HFRS,
based on population-level data) was significantly asso-
ciated with a higher risk of ACLF-related hospitaliza-
tions and that this risk increased with frailty severity.
Surprisingly, frailty did not impact short-term ACLF
mortality despite predicting poorer survival among all
cirrhosis hospitalizations.®® In a recent multicenter
study that enrolled 186 patients with decompensated
cirrhosis during the first year following transjugular
intrahepatic portosystemic shunt, sarcopenia (defined
using sex-specific cutoffs of the psoas muscle thickness)
was associated with an increased risk of developing
ACLE, especially fatal ACLF ending with death (50%
in patients with sarcopenia vs. 11% in patients without
sarcopenia).(zo) Given that disbalanced inflammation
has been identified as central to the pathogenesis and
outcome of ACLEF, the authors suggested that sarcope-
nia could be considered a clinical manifestation of an
underlying chronic systemic inflammation.*?)

To sum up, the overarching conclusion emerging
from the literature is that sarcopenia and physical
frailty are key determinants of adverse outcomes in
the LT setting and strongly predict pretransplant mor-
tality independent of liver disease severity (Table 1).
The results were mostly derived from large prospective
studies. Conversely, data in the posttransplant popula-
tion are less robust and mostly based on retrospective
investigations (Table 1). The main limitation of pub-
lished studies is the vast heterogeneity of instruments
used to assess sarcopenia and physical frailty. Moreover,
most of the studies are North American single-center
studies, which jeopardize the generalization of results.
There is lack of consensus on a single index to unify
decision making and to allow an equitable evaluation of
outcomes for all patients with cirrhosis across all trans-
plant centers.® The liver frailty index and the 6MWD
seem to be the more suitable instruments to use in the
outpatient context; yet, there are no convincing data
on their performance for inpatients.(4) Measurement
of SMI on an abdominal CT scan and self-reported
tests (KPS, ADL) have a key utility in the inpatient
ACLF clinical scenario where performance-based
frailty assessments may be compromised due to acute
changes in functional performance and therefore may
not appropriately reflect the patient’s underlying phys-
iological reserve in a clinical stable situation (Table 3).

PUCHADES RENAU ET AL.

Utility of Sarcopenia and
Physical Frailty in Clinical
Practice

PROGNOSTIC FACTORS GUIDING
CLINICAL DECISION MAKING

The MELD score can accurately predict 90-day
wait-list mortality for most patients with cirrhosis, and
because it has widespread implementation, reductions in
the number of patients listed for LI; wait-list time, and
deaths on the wait list have been widely proven.(43’44)
Nevertheless, one of the major limitations of the MELD
score is that it does not include an assessment of the
nutritional and functional status of LT candidates.*?
Serum creatinine values (included into the MELD score
calculation formula) depend on both renal function and
muscle mass; thus, frailty/sarcopenia might potentially
penalize patients while hindering their access to LT
with the current prioritization system.

Data on the ability of the MELD score to pre-
dict survival following LT are also conflicting.*” The
advantages of using a frailty-based score are that it
incorporates the extrahepatic manifestations of cir-
rhosis (malnutrition and functional decline) as well
as comorbidities not related to liver disease (e.g., age,
diabetes, heart disease), thus becoming a useful pre-
dictor of outcome both before and after L'T. Of note,
the experts on sarcopenia and frailty emphasize that
a single assessment should never be the only reason
for not including or removing a patient from the LT
wait list because there is no evidence to support a spe-
cific sarcopenia or frailty cutoff beyond which a per-
son should not undergo LT.** The patient’s frailty/
sarcopenia status should be handled as one of many
objective criteria (medical, functional, or psychoso-
cial) routinely considered when determining trans-
plant candidacy. Given that patients with sarcopenia
and frailty waiting for L'T" have a higher risk of death
than predicted by their MELD score and an increased
risk of ACLF requiring hospitalization, sarcopenia
and physical frailty could be incorporated into clinical
practice as a predictor of outcome complementary to
the MELD score. In fact, it has been proven that add-
ing frailty/sarcopenia to the MELD score improves
the prediction of mortality in patients with cirrhosis,
mainly in patients with low MELD scores who are
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TABLE 4. RECOMMENDATIONS FOR FRAILTY ASSESSMENT AND PREHABILITATION BASED ON FRAILTY
STATUS IN LT CANDIDATES*

Frailty Assessment

Type Severe

Moderate Mild/Absent

Type of prehabilitation Intensive inpatient prehabilitation

(2-4 weeks)
Consider femporal wait-list inactivation
Frailty reassessment (every 2-4 weeks)
LT LT if frailty reverses

Posttransplant Yes Yes
rehabilitation

Wait list follow-up

*Adapted from Lai et al®

the most disadvantaged by the current prioritization
system."®?? The recent expert frailty consensus state-
ment recommends serial frailty assessments in all LT
candidates every 2 to 12 weeks while on the wait list,
and the implications regarding L'’ will depend on the
severity of frailty (Table 4).¢ Early identification of
frail patients might prompt shorter follow-up peri-
ods to better monitor health status, possibly expedite
transplant evaluation, and start strategies to mitigate
the risk, if needed.?**® Studies investigating modifi-
cations of the MELD score where serum creatinine is
replaced by a parameter not influenced by the patient’s
muscle mass should also be promoted.

INTERVENTION

Sarcopenia and frailty are risk factors for patients
with cirrhosis that differ from other more traditional
risk factors, such as age, sex, or the MELD score, in
that they are potentially modifiable with nutritional
interventions and exercise. ")

Objective tools to measure physical frailty can iden-
tify the best timing to refer a patient before frailty to
a specific physical and nutritional intervention as well
as to access the benefits of a specific program.(11’48)

In recent years, there has been a growing interest in
the concept of “prehabilitation”in the field of surgery.*”
This term refers to multidisciplinary training focused
on physical and nutritional status aimed at enhancing a
patient’s physiological reserve before surgery.”) The lit-
erature regarding major abdominal surgeries has shown
that prehabilitation programs (such as comprehensive
physical activity programs, home-based supervised
exercises, educational and lifestyle interventions, and/or
nutritional advice) improve results and decrease the cost
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Supervised home-based exercise programs
(4-12 weeks)

Close monitoring
Frailty reassessment (every 4-12 weeks)
LT if frailty stabilizes

Standard physical exercise
recommendations

Regular follow-up

Frailty reassessment (every 12 weeks)
LT as usual

No

of the procedure.(4) In the LT setting, published data
on the impact of prehabilitation are limited to small
single-center cohorts, but results point to a slowdown
in progression and even a potential reversibility of sar-
copenia and physical frailty(so'57) (Table 5). A Spanish
study investigated changes in maximal strength, aerobic
capacity, and health-related quality of life in L'T" recip-
ients after a combination of supervised resistance and
aerobic training and observed a significant improve-
ment in physical condition.®® More recently, in a
British pilot study, patients with cirrhosis waiting for
LT were involved in an intensive aerobic exercise pro-
gram highlighting that these types of programs are also
teasible and possibly beneficial at improving fitness in
patients with advanced liver disease.®” Likewise, there
are several ongoing prospective studies aimed at assess-
ing the effects of different prehabilitation programs on
outcomes in LT candidates and recipients (i.e., trial
code NCT02367092). Expert groups currently rec-
ommend including sarcopenia and frailty measures in
clinical practice to identify patients who are candidates
for prehabilitation programs focused on nutritional
(45,58) Expert
consensus documents emphasize that all I'T" candidates
should be provided with recommendations on exer-
cise and nutrition. Overall, therapeutic interventions
to target sarcopenia and frailty include (i) nutritional
counseling with a caloric intake based on an ideal body
weight that favors protein containing key amino acids
and avoids starvation; (ii) combination in a 3:2 ratio of
aerobic and resistance training; and (iii) pharmacologic
treatment with vitamin D3 as vitamin D deficiency is a
well-known sarcopenia driver; L-carnitine to suppress
muscle loss; and/or testosterone replacement for male
patients with hypogonadal cirrhosis to preserve muscle

status and physical activity optimization.


https://clinicaltrials.gov/ct2/show/NCT02367092
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mass and function.*” The effects of L-carnitine and
testosterone supplementation on muscle mass have
not been widely assessed in patients with cirrhosis,
but recent evidence has shown their potential utility
to treat and/or prevent sarcopenia in this population.
A retrospective case-control study from Japan enrolled
35 patients with cirrhosis who received L-carnitine
supplementation during at least 6 months and 35 pro-
pensity score-matched patients who did not receive the
study drug. Authors demonstrated L-carnitine had a
preventive effect on skeletal muscle depletion (assessed
by the psoas muscle mass index on CT images) with-
out significant adverse events reported.®” Similarly,
one randomized, double-blinded, placebo-controlled
clinical trial of intramuscular testosterone undecanoate
in 101 men with cirrhosis and low baseline testoster-
one showed testosterone safely increased muscle mass,
as evaluated by measurement of both appendicular and
total lean body mass using dual energy X-ray absorp-
tiometry.®” However, given the scarcity of health
resources, an algorithm to tailor prehabilitation inten-
sity to the sarcopenia and frailty status of the L'T' candi-
date has been developed to benefit the most vulnerable
patients (Table 4). Of note, there is a need to further
assess the impact of frailty improvement following pre-
habilitation programs on outcomes before and after L'T.

Research Needed

Important research questions regarding sarcopenia
and frailty assessment in patients with cirrhosis eval-
uated for LT remain unsolved. These include (i) the
impact of sarcopenia and frailty status on mortality
following LT, particularly in the inpatient ACLF set-
ting; (ii) the impact of longitudinal changes in sar-
copenia and frailty status in LT outcomes; and (iii)
the relationship between sarcopenia/frailty and liver
disease progression. Further research in this field is
greatly needed, particularly large multicenter studies.

Conclusion

While sarcopenia is an excessive loss of muscle
mass, frailty in patients with cirrhosis results from
malnutrition, muscle wasting, and functional decline.

Sarcopenia and frailty are predictors of adverse out-
come in the LT setting, and there is robust evidence

PUCHADES RENAU ET AL.

they both predict the risk of pretransplant mortality
independent of the severity of liver disease. Data are
less robust in the posttransplant setting where there is a
need for well-designed, prospective, multicenter studies.

One of the challenges in incorporating sarcope-
nia and frailty in clinical practice is the wide hetero-
geneity of instruments used for their measurement.
Considering different patient clinical settings and the
need for high-speed, low-cost, and objectivity in the
LT field, the liver frailty index and the 6MWD in out-
patients and self-reported tests (KPS, ADL) and the
SMI measurement on an abdominal CT scan in hos-
pitalized patients (particularly those with ACLF) have
the broadest applicability among the performance tools.

In summary, sarcopenia and frailty metrics should be
incorporated into clinical practice as prognostic factors
guiding clinical decision making and intervention tools
to identify candidates for prehabilitation programs and to
establish nutrition and physical status optimization before
L'T. A single sarcopenia and/or frailty assessment should
never be the only criteria for not including or removing
a patient from the LT wait list but should be handled as
one of many objective criteria routinely considered when
determining transplant candidacy. Standardized sarcope-
nia and frailty measures could be used to guide the type
and intensity of physical and nutritional interventions in
LT candidates and recipients; they should be contem-
plated as a vital sign and measured systematically and
routinely during clinic visits.

The understanding of the relevance of sarcopenia
and frailty in the L' setting is growing rapidly; however,
some important questions require further investigation.
The potential to modify and even to reverse some of
the components of the frailty status could result in
improved transplant outcomes and better patient care.

Acknowledgment: We would like to thank hepatol-
ogist Ester Coelho Little (MD) from the University
of Arizona, College of Medicine, USA for her help in

English proofreading.
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