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Highlights Impact and implications

� In a low MELD, high access system, frailty assessed

in outpatients with cirrhosis waitlisted for liver
transplantation:

� The potential benefits of strategies aimed at pre-
and/or rehabilitation should be assessed in pro-
spective studies.
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Literature is scarce on the actual impact of physical frailty on
adverse outcomes in the liver transplant scenario outside
North America. Evidence-based justification to extend the
use of objective frailty tools in the decision-making pro-
cesses in other liver transplant settings is needed. This study
is the first to evaluate the predictive value of the liver frailty
index in outpatients in the European liver transplant setting,
showing that in a low MELD, high access system, frailty does
not impact pretransplant mortality and/or delisting but is
predictive of higher complication rates and longer post-
transplant length of stay. In practical ways, physicians
should consider physical frailty as a vital sign to be measured
systematically and routinely during clinic visits; researchers
are encouraged to initiate prospective studies to evaluate the
benefit of applying strategies aimed at pre- and or re-
habilitation in liver transplant settings with short waiting
times.
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Background & Aims: Frailty is prevalent in liver transplant (LT) candidates. It is considered an independent predictor of
adverse outcomes pre- and post-transplant according to data obtained in the United States. We aimed to externally validate
the liver frailty index (LFI) in a multicenter cohort of LT candidates.
Methods: Outpatients with cirrhosis were prospectively recruited from five Spanish centers (2018-2020). Patients were
defined as “frail” by an optimal cut-off of LFI >−4.5. Patients were followed for at least 6 months to study associations of pre-LT
frailty with pre- and post-transplant mortality, length of hospital and intensive care unit (ICU) stays, risk of early (<30 days)
and late (30-90 days) post-transplant complications, retransplantation and cardiovascular events.
Results: Of 212 patients included, 45 patients (21%) were frail pre-LT, and the median LFI was 3.9 (IQR 3.5–4.4). After a median
waiting time of 78 days, 2% died or were delisted for clinical worsening. The LFI at baseline was not predictive of mortality/
delisting in LT candidates in univariable or multivariable analyses after adjusting for age and MELD-Na score (hazard ratio
1.48; p = 0.586). In contrast, compared to non-frail patients, frail LT candidates had a significantly higher length of hospital
stay (9 vs. 13 days; p = 0.001) and rate of early (<30 days) post-transplant complications (55% vs. 100%; p = 0.021).
Conclusions: In the context of a short LT waiting time, frailty does not impact pretransplant mortality and/or delisting. In
contrast, LT frailty is predictive of higher post-transplant complication rates and length of hospital stay. Whether strategies
aimed at pre- and/or re-habilitation are beneficial in settings with short waiting times needs to be confirmed in prospective
studies.
Impact and implications: Literature is scarce on the actual impact of physical frailty on adverse outcomes in the liver
transplant scenario outside North America. Evidence-based justification to extend the use of objective frailty tools in the
decision-making processes in other liver transplant settings is needed. This study is the first to evaluate the predictive value of
the liver frailty index in outpatients in the European liver transplant setting, showing that in a low MELD, high access system,
frailty does not impact pretransplant mortality and/or delisting but is predictive of higher complication rates and longer post-
transplant length of stay. In practical ways, physicians should consider physical frailty as a vital sign to be measured sys-
tematically and routinely during clinic visits; researchers are encouraged to initiate prospective studies to evaluate the benefit
of applying strategies aimed at pre- and or re-habilitation in liver transplant settings with short waiting times.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Physical frailty is a prevalent condition in patients with cirrhosis
and represents a clinical manifestation of muscle wasting,
malnutrition and functional decline.1 In the liver transplant (LT)
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setting, physical frailty has emerged as a risk factor for poor
outcomes both pre- and post-transplant mostly based on large
prospective cohort studies from the United States and Canada.2–7

The American Societies of Transplantation and Liver Diseases
have recently recommended incorporating frailty assessments in
routine clinical practice in all outpatients with cirrhosis using
one standardized frailty instrument to guide clinical decision
making and to identify candidates for pre- and/or re-habilitation
programs.8,9 Of the many frailty tools available, the liver frailty
index is one with wider applicability in the ambulatory scenario
given its low cost, ease of use, interrater reliability and repeat-
ability.8,10 Results from the multicenter Functional Assessment in
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Liver Transplantation (FrAILT) Study, a large research network
focused on physical frailty in patients with end-stage liver dis-
ease waiting for LT in the United States, highlighted the predic-
tive validity of the liver frailty index both before and after LT. In
the pretransplant setting, a strong association was found be-
tween the liver frailty index and waitlist mortality indepen-
dently of standard markers of liver disease severity such as the
model for end-stage liver disease (MELD) score (with or without
the addition of serum sodium concentration – MELD-Na).5

Moreover, the incorporation of the liver frailty index into the
MELD-Na score predicted waitlist mortality more accurately than
MELD-Na alone, highlighting the complementarity of these two
parameters in LT candidates.5 Recently, data in the post-
transplant setting have been published showing that pretrans-
plant liver frailty index predicts mortality and high health care
utilization in LT recipients.7

Literature is scarce on the actual impact of physical frailty on
adverse outcomes in the LT scenario outside North America.
Particularly, in Europe, the liver frailty index has only been
validated as a risk factor for pretransplant poor outcomes in a
Slovakian single-center prospective cohort study based on an
inpatient cohort of 168 adults with decompensated cirrhosis, not
in an ambulatory population.11 In Spain, every year, 5–10% of
patients included in the Spanish LT wait list, died or are delisted
due to worsening of their clinical condition and frailty seems to
be involved in these bad outcomes.12,13 However, there is a lack
of reliable and objective frailty measurements to support the
decision to list/delist a patient in the LT setting.

In this study we aimed to validate pretransplant liver frailty
index as a predictor of adverse outcomes before and after LT in a
Spanish multicenter cohort of patients with cirrhosis awaiting
and subsequently undergoing LT. We hypothesized that as in
North American studies, pretransplant frailty would be associ-
ated with poor outcomes both while on the LT waitlist and after
transplant.

Patients and methods
Study design
We performed a prospective, longitudinal cohort study involving
five LT centers in Spain. Adult patients with cirrhosis enrolled
from November 7, 2018, to December 22, 2020, who had at least
one frailty assessment by the liver frailty index while on the
waiting list, were assessed.

Study outcomes
The primary outcome was waitlist mortality, which we defined
as a combined outcome of death or delisting for being too sick
for LT.

Secondary outcomes were: (1) post-transplant mortality,
defined as death within 6 months after LT and (2) post-trans-
plant morbidity which included the following metrics of health
resources expenditure: (i) transplant hospitalization length of
stay, defined as the number of days between LT date and the date
of discharge; (ii) intensive care unit (ICU) length of stay, defined
as the number of days in the ICU after LT surgery; (iii) early post-
transplant complications, for adverse events occurring within 30
days after LT, defined and graded according to the Clavien-Dindo
classification (mild: < grade IIIA; severe: >− Grade IIIA);14 (iv)
late post-transplant complications, defined as adverse events
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requiring hospital readmission between 30 and 90 days after LT;
(v) post-transplant cardiovascular events defined as acute coro-
nary syndrome, ischemic/hemorrhagic stroke, heart failure, pe-
ripheral artery disease, arrhythmias (such as atrial fibrillation/
flutter, except if appearing in the setting of sepsis, hemorrhage or
during a surgery) occurring within 6 months after LT; and, (vi)
need for retransplant in the 6 months after LT.
Study population and follow-up
Participants actively listed for LT and seen as outpatients at the
following Spanish institutions were eligible: (i) La Fe University
Hospital of Valencia, (ii) Clinic University Hospital of Barcelona,
(iii) Reina Sofía University Hospital of Córdoba, (iv) Lozano Blesa
University Hospital of Zaragoza and (v) Gregorio Marañón Uni-
versity General Hospital of Madrid. Patients were not enrolled if
they had no underlying cirrhosis, were retransplant or combined
LT candidates or had any acute decompensation of their liver
disease at the time of the outpatient visit which would force
their imminent hospitalization. We excluded patients whose last
frailty assessment was performed more than 8 months prior to
LT given that major changes in physical condition may occur in
patients with end-stage liver disease in only a few months. After
enrolment, patients’ outcomes were obtained prospectively. LT
candidates were followed every 3-6 month while actively listed
until death, delisting or transplant, whichever occurred first.
After LT, each recipient was seen at 3 and 6 months concomi-
tantly with regular clinic visits. Study duration for an individual
patient was up to 32 months (a maximum of 26 months pre-
transplant and 6 months post-transplant).

The institutional review board from each center approved the
study. Informed consent was obtained from each patient prior to
participation in the study.
Frailty assessments
Our primary predictor was pretransplant frailty. All LT candidates
underwent at least one objective measure of physical frailty
while on the waiting list, using the liver frailty index, a contin-
uous index specific for patients with cirrhosis calculated from
the scores of three simple performance-based tests:

(i) Dominant hand grip strength: the average of three mea-
surements using a hand dynamometer, in kilograms.

(ii) Chair stands: the number of seconds it takes a patient to do
five chair stands with their arms folded across the chest.

(iii) Balance testing: the number of seconds the patient can hold
three positions (side, semi-tandem, and tandem) for a
maximum of 10 s each.

These three tests were administered by trained study in-
vestigators. To calculate the liver frailty index, an online calcu-
lator was available at: http://liverfrailtyindex.ucsf.edu. Patients
with a liver frailty index <3.2 were classified as “robust”, those
with a liver frailty index between 3.2-4.4 were classified as “pre-
frail” and those with a liver frailty index >−4.5 were classified as
“frail”, based on recommended cut-offs from a recently pub-
lished American frailty experts opinion statement.8 Liver frailty
index measurements were repeated every 6 months, coinciding
with an outpatient clinic visit if the patient was still waiting for
LT. For this study, the frailty assessment closest to the transplant
2vol. 5 j 100840
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Fig. 1. Patient flow chart. LT, liver transplant.
date was used as the “pretransplant” frailty measurement for
further analyses.

Additional data collection
Information regarding (i) demographics: age, sex, weight, height
and BMI; (ii) baseline liver condition: etiology of liver disease
(alcohol, non-alcoholic steatohepatitis [NASH], chronic HCV
infection, cholestasic, chronic HBV infection, other), laboratory
tests (creatinine, albumin, international normalized ratio, MELD-
Na, MELD 3.0 and Child-Pugh score), history of ascites, hepatic
encephalopathy and/or presence of hepatocellular carcinoma
(HCC); (iii) cardiovascular comorbidities: history of hypertension,
diabetes (type 1 or type 2) and/or cardiovascular disease, were
extracted by study investigators from the clinic visit note closest
to the liver frailty index assessment. Patients were considered to
have a history of ascites or hepatic encephalopathy if it was re-
ported in the electronic health record by the hepatologist who
provided outpatient care to the patient. Particularly, ascites was
categorized as “absent” if never reported, "mild-moderate" if
controlled both with diuretic treatment or occasional para-
centesis and "severe" if large-volume paracentesis were period-
ically required. Patients were classified as having diabetes or
hypertension if this was listed in their past medical history or
they were prescribed drug(s) to manage these diseases. History
of cardiovascular disease was determined from medical chart
and included coronary artery disease, heart failure, arrhythmias,
peripheral artery disease and ischemic/hemorrhagic stroke.

Pre- and post-transplant outcomeswere also obtained from the
electronic health record. Per transplant protocol, all LT candi-
dates and recipients requiring hospital admission are managed
at the transplant center they belong to. Family and patients are
required to notify the referenced transplant center of any hos-
pitalization or death eventually, facilitating complete data cap-
ture regarding both waitlist mortality and post-transplant
morbi-mortality.

Study size
An a priori power analysis was conducted for sample size esti-
mation, based on data from the FrAI-LT study originally pub-
lished in 2014.3 In that study, the prevalence of frail and robust
patients among LT candidates was 17% and 83%, respectively.
Waiting list mortality prevalence was 23% among frail patients
and 11% among robust patients. With a significance criterion of
a = 0.05 and power = 0.80, the sample size needed with this
effect size is n = 306. Due to the COVID-19 pandemic, the ob-
tained sample size (n = 212) was lower than initially estimated;
and we performed a post hoc analysis. With the observed sample
size, an 80% statistical power was also achieved for detecting
waiting list mortality rates of 26% among frail patients and 11%
among robust patients (similar effect size to initial calculations),
thus confirming that the obtained sample size of n = 212 is more
than adequate to test the study hypothesis.

Statistical analysis
We reported baseline characteristics of the entire cohort and by
frailty categories using the liver frailty index to facilitate inter-
pretation of characteristics that are generally associated with the
frail phenotype. Continuous distributions were presented as
medians (IQR) and discrete data were presented as frequencies
(percentages). Differences in baseline characteristics by frailty
categories were compared using chi-square or Mann-Whitney/
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Kruskal-Wallis tests for categorical and continuous variables,
respectively.

Pre- and post-transplant outcomes were compared between
frail and non-frail patients using chi-square, Fisher’s exact and
Mann-Whitney tests. The predicted probability of patient sur-
vival on the LT waitlist by pretransplant frailty categories (frail,
pre-frail and robust) was determined with Kaplan-Meier curves.
To precisely quantify the association between pretransplant liver
frailty index (used as a continuous index) and both waitlist
mortality and post-transplant outcomes, we used Cox and linear
regression models, respectively. Then, to control for confounding
factors, we adjusted for covariables associated with frailty in
univariate analysis including MELD at transplant, recipient age,
female sex, and cardiac comorbidities.

A cut-off p value <0.05 was used to determine statistical
significance. SPSS 15.0, IL, USA, was used for all statistical
analyses.

This manuscript adheres to the STROBE statement.15

Results
Participants
Of the 222 patients enrolled in the study during the study period,
10 patients (4.5%) were excluded because their last liver frailty
index measurement was performed more than 8 months prior to
LT. Finally, 212 were eligible for participation (Fig. 1).

Patient characteristics (Table 1)
Baseline characteristics of the 212 patients with cirrhosis
included in this cohort are shown in Table 1. To summarize, 19%
were women, median (IQR) age was 60 years (50-65) and me-
dian BMI was 28 kg/m2. The main etiologies of liver disease were
chronic HCV in 37%, alcohol-related cirrhosis in 35% and NASH in
13%. Median MELD-Na score was 12 (IQR 9-19), MELD 3.0 was 13
(IQR 9-19) and Child-Pugh score was 7 (5-10). Personal history of
3vol. 5 j 100840



Table 1. Baseline characteristics of 212 patients with cirrhosis on the liver transplant waitlist and by frailty category†

Pretransplant characteristics* All (N = 212) Robust
(n = 26; 12%)

Pre-frail
(n = 141; 67%)

Frail
(n = 45; 21%)

p value**

Demographics
Hospitals

La Fe 80 (38%) 15 (58%) 50 (35%) 15 (33%) 0.116
Clínic 83 (39%) 9 (35%) 55 (39%) 19 (42%)
Reina Sofia 21 (10%) 1 (4%) 18 (13%) 2 (4%)
Lozano Blesa 14 (7%) 1 (4%) 7 (5%) 6 (13%)
Gregorio Marañón 14 (7%) 0 11 (8%) 3 (7%)

Age, years 60 (50-65) 58 (55-63) 59 (55-64) 64 (59-68) 0.006
Female sex 40 (19%) 1 (4%) 31 (22%) 8 (18%) 0.092
Body mass index 28 (25-31) 29 (26-31) 28 (25-30) 27 (24-31) 0.269
Baseline liver condition
Etiology of liver disease

HCV 79 (37%) 16 (62%) 54 (38%) 9 (20%) 0.041
Alcohol 74 (35%) 7 (27%) 46 (33%) 21 (47%)
NASH 27 (13%) 0 20 (14%) 7 (16%)
HBV 14 (7%) 3 (12%) 8 (6%) 3 (7%)
Cholestasic 2 (1%) 0 2 (1%) 0
Other 16 (8%) 0 11 (8%) 5 (11%)

HIV infection 2 (8%) 7 (5%) 0 0.232
HCC 121 (57%) 24 (92%) 83 (59%) 14 (31%) <0.001
Laboratory tests

MELD 12 (9-18) 8 (7-10) 12 (9-17) 16 (12-23) <0.001
MELD-Na 12 (9-19) 8 (7-10) 12 (9-19) 19 (12-27) <0.001
MELD 3.0 13 (9-19) 7 (6-11) 12 (9-18) 18 (13-25) <0.001
Albumin, g/dl 3.7 (3.2-4.2) 4.5 (4.1-4.8) 3.7 (3.2-4.2) 3.2 (3.0-3.9) <0.001

Ascites
Absent 87 (41%) 20 (77%) 61 (43%) 6 (13%) <0.001
Mild-moderate 86 (41%) 6 (23%) 53 (38%) 27 (60%)
Severe 39 (18%) 0 27 (19%) 12 (27%)

Hepatic encephalopathy 74 (35%) 2 (8%) 41 (29%) 31 (69%) <0.001
Child-Pugh score 7 (5-10) 5 (5-6) 7 (5-9) 10 (7-11) <0.001
Cardiovascular comorbidities
Arterial hypertension 72 (34%) 6 (23%) 49 (35%) 17 (38%) 0.426
Dyslipidemia 46 (22%) 4 (15%) 32 (23%) 10 (22%) 0.705
Diabetes (type 1 or type 2) 68 (32%) 4 (15%) 49 (35%) 15 (33%) 0.148
History of cardiovascular disease 22 (10%) 2 (8%) 13 (9%) 7 (16%) 0.427
Pretransplant frailty
Liver frailty index 3.9 (3.5-4.4) 2.9 (2.6-3.0) 3.7 (3.5-3.9) 4.8 (4.6-5.1) <0.001
Days between frailty assessment and transplant date 41 (14-99) 50 (20-129) 46 (16-99) 22 (6-65) 0.199

Values in bold denote statistically significant results (p <0.05). HCC, hepatocellular carcinoma; MELD, model for end-stage liver disease; MELD-Na, MELD-sodium; NASH, non-
alcoholic steatohepatitis.
† Defined by the liver frailty index as “Robust” if score <3.2, “Pre-frail” if score between 3.2-4.4 and “Frail” if score >−4.5.
* Median (interquartile range) or n (%).
** Results of the Chi-square or Kruskal-Wallis tests.

Research article
hepatic encephalopathy was present in 35% of the cohort and
59% had ascites. Of LT candidates, 57% had a diagnosis of HCC
prior to LT. Rates of hypertension, diabetes, dyslipidemia, and
cardiovascular disease were 34%, 32%, 22% and 10%, respectively.
Median follow-up time from enrolment was 8 months (IQR 6-
10). Median LT waiting time was 78 (IQR 30-153) days and me-
dian (IQR) time from pretransplant liver frailty index measure-
ment to transplant was 41 (14-99) days.

Pretransplant median liver frailty index score was 3.9 (IQR
3.5–4.4). Using cut-offs of <3.2, 3.2-4.4 and >−4.5 for robust, pre-
frail and frail patients, respectively, 26 (12%) LT candidates were
robust, 141 (67%) were pre-frail and 45 (21%) were frail. Baseline
patient characteristics by frailty categories are shown in Table 1.
Compared to “pre-frail” and “robust” patients, patients classified
as “frail” were significantly older, had higher Child-Pugh and
MELD scores (in all its versions) and higher rates of personal
history of ascites and hepatic encephalopathy (p <0.05). Frail
patients were also more likely to have alcohol-related and NASH
JHEP Reports 2023
cirrhosis but less likely to have HCC than pre-frail or robust pa-
tients (p <0.05). The three groups were similar with respect to
sex, body size, cardiovascular comorbidities and time between
frailty assessment and LT (p >0.05).

Pretransplant outcomes
By the end of follow-up, only 5/212 patients (2%) had the pri-
mary outcome of death or delisting for being too sick for LT; 12/
212 patients (6%) were removed from the waiting list for other
reasons (improvement, tumor progression, social reasons and/or
substance abuse), 180/212 (85%) underwent deceased donor LT,
and 15/212 (7%) were actively waiting on the list at the end of the
study period. There was a non-significant trend for higher mor-
tality/waitlist removal in frail vs. non-frail patients (3/45 (7%) vs.
2/167 (2%), respectively, p = 0.056). No association was found
between pretransplant frailty category (robust, pre-frail, frail)
and patient probability of survival on the LT waitlist (log-rank p =
0.388 according to the Kaplan-Meier curve; Fig. 2). Univariate
4vol. 5 j 100840
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Fig. 2. Kaplan-Meier survival curves of 212 liver transplant candidates by frailty category. Frailty category defined by the pretransplant liver frailty index as
“Robust” if score <3.2, “Pre-frail” if score between 3.2-4.4 and “Frail” if score >−4.5). LT, liver transplant.
Cox regression models did not find an association between
pretransplant liver frailty index (used as a continuous index) and
waitlist mortality either (hazard ratio [HR] 1.66; p = 0.4819).
Results did not change substantially after multivariable adjust-
ment for age and MELD-Na score (HR 1.48; p = 0.586) (Table 2).

Post-transplant outcomes
For the entire cohort, median (IQR) length of stay for the LT
hospitalization was 97–14 days and median (IQR) time in the ICU
was 3 (3-5) days. Compared to non-frail patients, frail LT candi-
dates had significantly higher transplant length of stay (9 vs. 13
days; p = 0.001) and rates of early (<30 days) post-transplant
complications (55% vs. 100%; p = 0.021). There was a trend to-
ward greater time in the ICU during LT hospitalization among the
frail vs. non-frail LT candidates (3 vs. 4 days; p = 0.082). No dif-
ferences were found regarding the severity of early post-
transplant complications and the rate of late complications (p
>0.05). The two groups were similar with respect to the risk of
retransplant, cardiovascular events, and death within 6 months
following LT (p >0.05).

In univariable analysis, each 0.1 increase in the pretransplant
liver frailty index (defining higher frailty) increased transplant
hospitalization and ICU lengths of stay by 1.69 (p = 0.007) and
1.24 (p <0.001) days, respectively; and significantly increased the
risk of early (odds ratio [OR] 2.05; p = 0.002) and late (OR 1.85;
p = 0.014) post-transplant complications. No associations were
found between pretransplant liver frailty index and the severity
of early post-transplant complications (OR 1.38; p = 0.251) or
with retransplant risk (OR 1.96; p = 0.095), cardiovascular events
(OR 1.69; p = 0.243), or death (HR 1.14; p = 0.730) within 6
months after LT. The results remained similar after multivariable
JHEP Reports 2023
adjustment with covariables associated with frailty status in
univariable analysis (Table 2).
Discussion
In the last decade, a new phenotype of the typical LT candidate
has emerged consisting of a “frail” patient who is sicker, medi-
cally more complex and frequently presents with metabolic
comorbidities, possibly related to the rising prevalence of
obesity-related diseases and the greater proportion of elderly
(between 60 and 69 and over 70 years old) candidates.8 Strong
evidence from prospective, multicenter North American studies
links frailty to poor pre- and post-transplant outcomes.2,4,5,7

However, well-designed studies validating the predictive utility
of frailty in LT scenarios outside the United States are scarce.

Surprisingly, in our Spanish cohort of 212 outpatients with
cirrhosis waiting for LT, the liver frailty index was not predictive
of death/delisting in LT candidates both in univariate and
multivariate analyses after adjusting for age and liver disease
severity. In contrast, pretransplant frailty had an impact after
transplantation, particularly in terms of health costs as it was
associated with an increased rate of early and late post-
transplant complications, as well as with prolonged transplant
hospitalization and ICU stay.

It is likely that, in our setting, the lack of impact of frailty on
pre-LT mortality is related to the short waiting time and low rate
of pretransplant adverse events compared to studies performed
in the United States, especially since 2014, coinciding with the
introduction of the new direct-acting antivirals against HCV in
our country.16 In fact, data from national transplant organizations
show that both duration and waitlist outcomes are worse in the
5vol. 5 j 100840



Table 2. Pre- and post-transplant outcomes associated with pretransplant liver frailty index

Pretransplant liver frailty index

Variables HR/b-coefficient/OR 95% CI p value

Pretransplant
Death/delisting for sickness

Univariable HR = 1.66 0.49-5.68 0.419
Multivariable* HR = 1.48 0.36-6.00 0.586

Post-transplant
Length of intensive care unit stay

Univariable b = 1.24 0.70-1.78 <0.001
Multivariable* b = 0.85 0.26-1.44 0.005

Length of transplant hospitalization
Univariable b = 1.69 0.47-2.91 0.007
Multivariable** — — —

Early (<30 days) post-transplant complications
Univariable OR = 2.05 1.29-3.26 0.002
Multivariable* — — —

Severe (>− grade IIIA) early post-transplant complications14

Univariable OR = 1.38 0.80-2.38 0.251
Multivariable* OR = 1.31 0.75-2.31 0.345

Late (30-90days) post-transplant complications
Univariable OR = 1.85 1.13-3.03 0.014
Multivariable* OR = 2.60 1.47-4.59 0.001

Retransplant within 6 months post-transplant
Univariable OR = 1.96 0.89-4.31 0.095
Multivariable** — — —

Cardiovascular events within 6 months post-transplant
Univariable OR = 1.69 0.70-4.10 0.243
Multivariable** — —

Death within 6 months post-transplant
Univariable HR = 1.14 0.54-2.42 0.730
Multivariable** — — —

Results from Cox regression (HR), linear regression (b coefficient) and logistic regression (OR), 95% CI and p value. Values in bold denote statistically significant results (p
<0.05). HR, hazard ratio; OR, odds ratio.
* Multivariable adjustment for covariables associated with frailty status in univariable analysis.
** Results from univariable models concluded there were no significant variables to adjust for in multivariable analysis.
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United States than in Spain. Particularly, in 2019, while the
proportion of patients who died or were delisted for being too
sick for LT in Spain was 8% and median (IQR) time on the waitlist
was 42 (38-47) days;12 in the United States, the death/delisting
rate was 18% and median time waiting for LT was 5.6 months (for
patients with MELD scores between 15 and 34).17 Furthermore,
in 2020, despite an 80% increase in median time on the LT
waiting list in Spain, owing to the COVID-19 pandemic, waiting
times in Spain continued to be significantly lower than else-
where, e.g. in the United States (76 days vs. 4.2 months).18,19 In
the present study, only 5/212 patients (2%) died or were delisted
for being too sick for transplant after a median (IQR) LT waiting
time of only 78 (30-153) days, which is consistent with data from
the Spanish Transplant Organisation, and confirms better waitlist
times and outcomes than in the American FrAILT cohort, where
waitlist mortality was 17% (232/1405) and median (IQR) follow-
up time was 245 (100-498) days.5 Therefore, in our Spanish
cohort, the low number of pretransplant adverse events due to
the short waiting time reduced the possibility of observing a
statistically significant association between the liver frailty index
and waitlist mortality (with HRs >1, therefore trending in the
logical direction) and precluded the validation of the liver frailty
index as a pretransplant prognostic tool complementary to the
MELD score in our setting.

In contrast, we confirm that in the Spanish LT setting, the liver
frailty index is associated with increased morbidity but not
mortality within 6 months following LT. Particularly, the liver
frailty index was useful to predict increased transplant
JHEP Reports 2023
hospitalization and ICU length of stay. A higher frailty was also
associated with greater rates of early (<30 days) and late (30-90
days) post-transplant complications even though it did not
predict greater severity of these post-surgical complications. Our
findings are in line with those of the FrAILT study recently
published by Lai JC et al. which included 1,166 adult LT recipients
from eight centers in the United States with a pretransplant
frailty assessment performed in the ambulatory setting using the
liver frailty index. After a median follow-up of 36 months, the
authors found that “frail” patients (defined by a liver frailty index
>−4.5) had prolonged transplant length of stay, ICU days, inpatient
days within 3 months post-transplant and a higher rate of non-
home discharge compared to non-frail patients.7 Thus, we both
demonstrate a robust association between pretransplant frailty
and greater health care utilization after LT. Moreover, both
studies also agree that pretransplant frailty is not a reliable tool
to predict short-term post-transplant mortality: in our Spanish
cohort no association was found between pretransplant liver
frailty index and death within 6 months after LT (HR 1.14; p =
0.730); in the FrAILT cohort, survival probability was significantly
lower for “frail” than for “non-frail” LT recipients at 1, 3 and 5
years (log-rank p = 0.02) but the rate of death during LT hospi-
talization was similar in the two groups (3.2% vs. 1.8%; p = 0.16).

We would like to acknowledge the following limitations of
our study. First, only outpatients were enrolled in this study with
a median MELD-Na and MELD 3.0 of 12 and 13, respectively,
lower than MELD-Na/MELD 3.0 scores on the LT list in many
other studies or areas. The fact that only ambulatory patients
6vol. 5 j 100840



were eligible for enrolment probably favored the selection of
patients listed with HCC with low MELD scores and thus low risk
of waitlist mortality. Indeed, in our cohort, 57% of patients had
concomitant HCC at the time of LT. Therefore, as in the North
American setting, the utility of pretransplant liver frailty index in
hospitalized patients with cirrhosis and very high MELD scores is
still unknown. Second, we only considered the liver frailty index
measurement closest to the transplant date. While the extent of
frailty may have changed between the liver frailty index mea-
surement and the transplant date, the time between frailty
assessment and LT was only 41 (14-99) days. Moreover, patients
with a pretransplant frailty assessment performed more than 8
months prior to LT were excluded and we did not observe any
significant difference in the median time between transplant
date and frailty measurement by frailty category; overall, we do
not believe that changes in liver frailty index while waitlisted
could have substantially biased our results. Lastly, our study was
conducted in five tertiary centers highly specialized in the care of
patients with cirrhosis awaiting LT, potentially limiting the
generalization of our results to the overall population of patients
with end-stage liver disease.
JHEP Reports 2023
Despite these limitations, our study is the first to evaluate the
predictive value of the liver frailty index in outpatients in the
European LT setting. Our research has picked up the lead from
American Societies of Transplantation and Liver Disease by
assessing physical frailty in Spanish outpatients with end-stage
liver disease, with the aim of validating its utility in LT sce-
narios outside the United States. Data from our large, prospec-
tive, and multicenter study show that, in our setting, frailty does
not impact pre- and post-transplant mortality and thus, should
never be the only reason to deny a patient a LT. However, given
that frailty does have an impact on post-transplant morbidity
and health care utilization, our data should be read as an op-
portunity for programs to optimize the physical condition of frail
patients.

To conclude, physical frailty should be considered as a vital
sign and measured systematically and routinely during clinic
visits. Our research provides the justification to initiate pro-
spective studies to evaluate the benefit of applying strategies
aimed at pre- and/or re-habilitation in settings where the wait-
ing time for LT is not as long as that reported in previous studies
from the United States.
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