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Abstract

Frailty isincreasingly recognized ageedictor of poor outcomes in solid-organ
transplantation. The most widely utilized frailty tool, the Fried Frailty Index (FFI), inslude
patientreporedexhaustion, weighless, and physical activity as well as measuvatk-speed
and hand=grip=Although hepatic encephalopathy (KEpmmon amongjver transplant
candidatesglata ardackingregarding its impaatn theinterpretation of frailty. We prospectively
enrolled685"patients with cirrhosis during théiansplant evaluation, followingeémuntil death
or transplantation. Our cohort was aged 543 years, 60% male, with an averageL D
score of 14.76.3. A history of HE was present in 39%. Frailtgspresent in 41%, associated
with highetMELD, low albumin, ascites, and HE. HE was asated with frail performance on
3 components:of the FFI — grip (odds ratio 1.41 95%CI[1.03-1.92]), walk-speed (1.56
95%CI[1.14-2.15]), and decreased energy (1.44 95%CI[1.05-1.99]). These 3 compa@rents
associated with transplafiee survival in the wble cohort: energy (hazard ratio 1.67
95%Cl[4:25 = 2.28]), grip (1.63 95%CI[1.24 — 2.16]), and wspked (1.56 95%CI[1.19
2.04]). However, among patients with HE, the FFI wasasebciated with survival. HE plays a
critical role in the frailty phenotygpand the implications of frailty among patients with cirrhosis

evaluated for liver transplantation
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I ntroduction

Frailty is an emergingqhdicator ofpoor outcomes solid organ transplantation. This is
particularly true in the context of liver transplantation where mounting evidescknked
several measures filty with delisting and mortality”” Reflecting factors unaccounted for by
the Model forEnd-Stageliver Disease (MELD)tools that measurailty quantify the patient’s
physiologic.reserve-railty tools measure many features, including disability (i.e. activities of
daily living®®physicalfunction (i.e. handyrip, walk-speed), and muscle bulk / sarcopenia (i.e.
psoas size ormorphomtés?y). The most widely utilized frailty todh solid-organ
transplantationthe Fried Frailty Index (FFlpggregatesultiple domains of frailtyThese
include subjective report of exhaustion, weight loss, and physstiglty as well as objectively
measured walspeed and hand-gripBeyond risk assessment, a diagnosis of frailty should
trigger interventions aimed at restoring functibrdices such as the FFI are helptubwever, to
guide therapy,tiis important to defineach patient’'s uniqudrivers of frailty.

A patient with cirrhosis cahe frail for many reason3hese includaging,
comorbiditiesymalnutrition, deconditioninggvere liver failureand cognitive impairment.
When presentyépaticencephalopathyHE), likely plays a critical role in frailty HE is caused in
part by hyperammonemiaa potent driver of muscle catabolismhich leads to weakness and
sarcopenia®“Further, the symptoms ®fE exacerbate frailtyanorexia compounds
malnutrition and sarcopentapoor coordinatioteads to fallsand hospitalizatiofor HE
worsens physical declinBespite glausiblerelationship between HE and frailtyatd are
limited regarding how HE impacts both the frailty phenotype and the outcomes reported to be
associatedwith frailtyHerein, we assessed the association betweeffr&lEy, and clinical
outcomes in a prospective cohort study of frailty among liver transplantedesl
M ethods

Adult (age_>18 years) patients with cirrhosis were prospectively enrolled in a
observational cohort study from the liver transplant clinic of the University of achiHospital
from 7/24/2009%0 2/15/2015. Informed consent in writing was obtained from eaehtpati
following approval by thénstitutional Review Board of the University of Michigan Medical
School. As reported previously, 31% of patients referred for transplant evaloagiotne study

periodwere included in this studynainly due to variable availability of research
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coordinators)® Of the 830 patients enrolled, our sample for this study includedb&@8Bipants
with only 1 patient losto-follow-up and 143 with missing data (mainly related to completing all
elements of the frailty assessme®gsults of the study were blinded b ttransplant care teams
during the_study period. A baseline evaluation included demographic and clinidal détaa
laboratory assessment to determine the MELD score and serum albumioresence of HE
was defined by a history of overt Hiad/or thecurrent use ofmedical therapyor HE (actulose

or rifaximin)."We also further stratifek by the intensity of therapy at the time of evaluation
(lactulose; rifaximin, or both)lhe presence of ascites was defined by eitietical therapy for
or radiographic evidence of intraperitoneal flutdailty was also assessed using the FFI
performed.in elinic by trained research assistdptaviously validated cutoffs for frailty by each
of the above-numerated components were applied to assign binaeg @l frailty for each
componentOverall frailty was considered as a score of frail for 3 or more compaHents.
Enrolled patients were then followed until the conclusion of data colle&i@f2016) for
outcomes that included liver transplantation and death.

Analysis

The-primary outcome of interest was transplfae¢ survival, usin@ox-proportional
hazards regression and adjusting for MELD score, ascites, and serum albugniminciple
exposure ofiinterest was the FFI and its components in subsatiptdsedby the presence (or
absence) OFE. Sensitivity tests were performed for the varying intensities of HE therapies
the time of enrollment/ariables significantly associated with frailty were further explored using
logistic regression to determine their impact on the FFI components in a logistic regression.
Student #tests-and Wilcoxon rank sum tests were used to compare differences mucositi
variables between groups according to the normality of @é¢égarical variables were compared

using Fisher's exact tes&ignificance was determinedaftwotailed pvalue was < 0.05.

Results
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Table 1 details thesamplecharacteristics overall and according to the presence of frailty.
In general, ousample was aged an average of 55 years, 60% male, and relatively free of
cardiopulmonary comorbidities. By contrast, most patients were decompenghtacistory of
asciteg374/55%)or HE (268/39%), 203 (30%) of whom presented with baththe time of
evaluation; 153 (57%) were actively taking therapy (lactulose or rifaximin) foCH Ehese
patients;, 65'were taking lactulose monotherapy and 57 were taking combinatiwséand
rifaximin. Twelve patients had transjugular intrahepatic portosystemic shuméstimbé of
evaluationClinical characteristics were balanced with respect to the presence of frailty save for
MELD scoress(higher with frailty), albumin concentrations (lower with frailty) and

decompensations (more common with frailty).

The clinical associations with frailgs determined by performance measares
examined further i able 2. MELD, albumin, HE, and ascites were all associated with frail
walk-speedsiwhile only albumin and HE were associated with frail pgpdEach variable with
the exceptionwof ascites was linked to frail energy expenditure while HE was the only variable
not associated with frail activitiscites was the only variable associated wighight lossWe
also repeated these analyses for the subgroups of patients with prior HE basddtengte of
HE therapy at the time of enroliment.éble S1)

In fellow-up, 320 (47%) of patients were waitlisted at our cert8 (33%) patients
died,and 136-patients (20%) received a liver transplant after a median of 76 IQR.989
days. Overall transplatfitee survival was 659 IQR (208-1472) days. The variables associated
with decreasedurvival werehigherMELD, lower albumin, ascitelE, and frailty (FFI_>3).
Placement.on.the waiting list for liver transplantaticas associated with MELD (higher
MELD, higherlikelihood), albumin (lower albumin, lower likelihood), and frailty (lowe
likelihood).

After adjusting for MELD, albumin, anaiscites,lte specific components of the FFI that
were linked withtransplantfree survival were energy (HR 1.67 95%CI[1.25 — 2)28}ip (HR
1.63 95%CI[1.24 — 2.16]), and walk-speed (HR 1.56 95%CI[1.19 —)21@4igure 1, we show
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the impact of eachomponent of frailty as well as the overall frailty score (out of 5) on
transplantfree survival in patients with and without HE. Adjusting for MELD, albumin, and the
presence of ascites, frailty scores were significantly associated with death for petiemis

HE but naotin patientswith HE. In patients without HE, walkpeed, handtip, and energy
expenditure.were the 3 components of frailty associated with mortatgse findings are

present in patients who are on any therapy for HE, however for patients not currentisapy the
there is"a 'notable difference. While frailty overall was not associated with mortality in patients
with prior HE frail walk-speedlid predict increased mortality in the cohort of patients with HE
who were not on therapy dte time of enrollmentiR 1.51 95% CI(1.07 — 2.12)-igure S1)

Discussion

Within the field of solid-organ transplantatidghe presence ¢iE raises unique
guestions regarding thieterpretation and managert of frailty specific to patients with
cirrhosis evaluated for liver transplaiihe relative contribution dfiE to the frailty phenotype
with respect to other factors is unclear. These data from a prospective tatipdfs585
patients evaluated for liver transplantation show that altholgymeteases the risk of frailty,
frailty is not.associated with mortality in patients with.HE

There"are principle implications of these finding$-irst, HE isassociated witffrailty.
Frailty — like HE — is a biomarker of diminished physiologic reserve, both of which are lioked
adverse outconseHE and frailty share similar associatiopsior patient reported outcom®s,

817 and hospitalizatior® However, gven that the

sarcopenia®**poor-coordinatiorfand falls)
pathophysielegy of hyperammonemia at cause many of these factors which would be
captured.elinically as frailty, HES a crucial step in the causal pathway of fraltyong patients

with advancediliver disease.

Interventions for frailty should be multimodal with attention paid to enhancediomtrit

physical training, and cognitive functiohln many cases, these modalities are simultaneously
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effective forthe treatment of HE. Althoughuither research is needed to determin¢bfrelated
frailty is reversiblethere is evidence that therapy can impraspects of the HE phenotype that
are consistent with frailty. These include improvemaiftesr HEtherapy of poopatient reported
outcorres? coordination (in a driving simulatof},and, although it has been studied dnly
preclinical modelsammonia lowering therapy may reverse ammamiaced sarcopenid.
Additionally, At/a minimum,owing to the adverse impact of sarcopemdrailty and waitlist
mortality andthe salutargffect ofimproved nutrition on HEproteinintake should be increased
in patients'with"HEo 1.25 g/kg ideal bodyweight Further study ofhe role ofscreening tests
for subclinical HE on longitudinal assessments of frajigtentially by using point-ofare tests
such as the EncephalApp Strddp are warranted.

Second, \we found that the componesftthe FFI that are associated with mortality
(energy, grip, walk-speedye identical to those associated with. MEhereas others have shown
that patients with HE report more subjective disabiikitlyd worse patigrreported outcomes
(including peorbalancey, these data highlight a global impact of HE on frailty meas#étethe
same timeameongpatientsactivelyreceiving therapy for HE, the impact of HE on survival
appears equivalent to frails impact on survival for patients without HEaree large studies
(two from.oneé centér”) have examined and confirmed the predictive value of the FFIl on
mortality in the pretransplant setting?>?®However, hese studies did not evaluate the impact of
HE on FFITo avoid the pitfalls of subjective assessments of frailty, the field of liver
transplantationymay be moving toward the strictly objective measures such asehérdailty
Index (hand-=grip, chaistands, and balancEHowever, our data show that the relative impact of
HE and cognitive dysfunction will not diminish for objective measures and will need to be

addressed even as our frailty indices improve and become more standardized.

These. data must be interpreted in the contestuafy design. Firstye neithedirectly
analyzedweogitive function, nordid we directly measurgarcopenidor correlation with frailty
The specifiacunderlyingmechanism of HE’s impact on frailty this work is therefore
speculative and ought to be evaluated in future studies by testing for sarcopenia angecogniti

dysfunction Further, because we did not evaluate cognitive function at the time of enroliment,
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we cannot know whether patients with prior HE who were not on therapy were more cognitivel
intact than those, for example, on combination therapy. Second, we do not evaluate the duration
or trajectory 6 our patient’s frailty which would speak to physiologic reserve and potential for
reversibility. Worsening frailty may bassociated with increased mortaktyd additional data

are needed.to,determine whether HE is as associated with a specific iyajEutat;

independent of HE, cirrhotic complications can contribute to diminished cognitereveesrthe
ability t6' preserve cognitive function in the context of a neurological insulte@sed cognitive
reserve is"associated with poor heatttated quality of life which could be a driver of the
subjective components of the FEIFourth, though this cohort of 268 paits with HE is the

largest evaluated for the presencérailty to date, we cannot exclude the possibility that an
effect of frailtys=on mortality would be observed in a larger sanipially, we did not evaluate
indices of frailtysother than the FBhd future studies, particularly those that measure cognitive

function directly, should include the liver frailty ind&x.

In conclusionas data on frailty accrues, eff@tb understand the underlying mechanisms
of frailty are essentidbr the interpretation of its impact atalinform therapeutic strategieg3ur
data suggests thhiE appears to ban important determinant of both the frailty phenotype and
adverse health outcomes associated with fraBiyen that HE is responsive thi@macological
and nutritional therapy, prospective study of HiEected treatment for frail patients with

cirrhosis isindicated.
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Table 1. Demographics and Clinical Characteristics

Overall (N = 685)| Non-frail (n = 406)| Frail (n =279) | P value

Age 54.5+10.3 54.2+10.5 54.8+10.0 0.42
Male 409 (60%) 247 (61%) 162 (59%) 0.58
Non-white 96 (14%) 55 (14%) 41 (15%) 0.65
Major Etiologies

Hepatitis C 156 (23%) 97 (24%) 59 (21%) 007

Alcohol 166 (24%) 92 (23%) 74 (27%)

NASH 157 (23%) 90 (229%) 67 (24%)
Body mass index 29.6+7.1 29.6+6.5 29.6+7.9 0.88
Congestive Heart 14 (2%) 9 (2%) 5 (2%) 0.79
Failure
Chronic obstructive 32 (5%) 14 (3%) 18 (7%) 0.10
pulmonary disease
DiabetegVlellitus 199 (29%) 111 (28%) 88 (32%) 0.23
Coronary Artery 32 (5%) 17 (4%) 15 (5%) 0.47
Disease
Dialysis 17 (2%) 9 (2%) 8 (3%) 0.62
MELD 14.7+ 6.3 13.4+5.2 16.5+ 7.3 | <0.0001
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Albumin (g/dL) 3.2+0.7 3.3+0.7 3.0+ 0.7 ] <0.0001
Hepatic 268 (39%) 144 (35%) 124 (44%) 0.02
encephalopathy

Ascites 374 (55%) 204 (50%) 170 (61%)|  0.006

dL = deciliter. MELD =Model for Endstagel iver Disease, NASH = nonalcoholic
steatohepatitis. Frailty is defined by a Fried Frailty Index of 3 or greater. Contivaivaisies

are presented as meastandard deviation.

Table 2: The lmpact of Clinical Predictorson Frailty Determination

Grip Walk speed | Weight loss Energy Activity
Odds ratio of being classified as frail (95% CI)
MELD
_ 1.01 (0.991.04) | 1.08 (1.06-1.11) 1.02 (0.991.05) | 1.07 (1.041.10) 1.07 (.051.10)

(per unit)
Albumin

1.29 (1.031.61) | 2.0(1.562.57)| 0.98(0.77-1.25) 1.95 (1.532.49) 1.59 (1.262.02)
(per g/dl)
Hepatic

1.41 (1.031.92) | 1.56 (1.142.15) | 0.94(0.681.32) | 1.44 (1.051.99) 1.13 (0.83- 1.56)
encephalopathy
Ascites 1.18 (0.871.60) | 1.53 (1.122.11) | 1.40(1.011.95)| 1.29 (0.951.75) 1.52 (1.112.07)

CI = confidence interval. dL = deciliter. MELDModel for Endstageliver Disease
The association of clinical variablesdgmerformance scored as fréar each component of the
Fried Index Is presentexs the results of a logistic regression. A confodeimterval that does not

cross 1.0 Is our criterion fatatistical significance.

Figure 1: Frailty isNot Predictive of Transplant-Free Survival in Patientswith Hepatic
Encephalopathy
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Figure 1 delineates the association of frailty with transplant-free survival in patients without (panel A)
and with (panel B) hepatic encephalopathy. While 3 components of the Fried Frailty Index are
significantly predictive of survival in patients without encephalopathy, none are for patients with
encephalopathy. Hazard ratios are presented with 95% confidence intervals (Cl) with a dashed-line to
indicate 1.07intervals‘that cross 1.0 are not significant. All estimates are adjusted for Model for

Endstage Liver Disease Score, albumin concentration, and the presence of ascites.
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