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ARTICLE INFO ABSTRACT
Keywords: Background: Frailty, malnutrition and sarcopenia lead to a significant increase in morbidity and mortality before
Liver tfaFSRlaﬂtatiOH and after liver transplantation (LT). Prehabilitation attempts to optimize physical fitness of individuals before
Prehabilitation major surgeries. To date, little is known about its impact on patients awaiting LT.
E::f ie;atlve Aims: The aim of our scoping review was to describe whether prehabilitation in patients awaiting LT is feasible

and safe, and whether it leads to a change in clinical parameters before or after transplantation.

Methods: We performed a systematic review of the literature from 1946 to November 2023 to identify prospective
studies and randomized controlled trials of adult LT candidates who participated in an exercise training program.
Results: Out of 3262 citations initially identified, six studies were included. Studies were heterogeneous in design,
patient selection, intervention, duration, and outcomes assessed. All studies were self-described as pilot or
feasibility studies and had a sample size ranging from 13 to 33. Two studies were randomized controlled trials.
Two study restricted to patients with cirrhosis who were eligible for liver transplantation or on the transplant list.
Exercise programs lasted between 6 and 12 weeks. In terms of feasibility, proportion of eligible patients that were
recruited was between 54 and 100%. Program completion ranged between 38 and 90%. Interventions appeared
safe with 9 (9.2%) adverse events noted. In the intervention group, improvements were generally noted in peak
oxygen consumption and workload, 6-min walking distance, and muscle strength. One study suggested a
decrease in post-transplant hospital length of stay.

Conclusions: Overall, it appears that prehabilitation with exercise training is feasible, and safe in patients
awaiting LT. Higher quality and larger studies are needed to confirm its impact on pre- and post-transplantation-
related outcomes.

List of abbreviations (continued)
LT Liver transplantation
6MWD 6 min walking distance MELD Model for end-stage liver disease
AE Adverse event peakVO, Oxygen consumption at peak exercise
CLDQ Chronic liver disease questionnaire RCT Randomized controlled trial
CPET Cardiopulmonary exercise testing RFH-GA Royal Free Hospital Global Assessment
HADS Hospital anxiety and depression scale SPPB Short physical performance battery
HBEP Home-based exercise program
HCC Hepatocellular carcinoma
HGS Handgrip strength
HIIT High intensity interval training
HRQoL Health-related quality of life 1. Introduction
LFI Liver frailty index

(continued on next column) Liver transplantation (LT) is a life-saving abdominal surgery for
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patients with decompensated liver disease whose survival is only of a
few months [1,2]. Ranking on the waitlist is determined by the model for
end-stage liver disease (MELD) score, which prioritizes patients based on
medical urgency [3]. Despite this, 10-20% of individuals on the LT
waiting list become too sick or die before receiving an organ [4].
Although this can be partly explained by organ shortage, the presence of
frailty, sarcopenia, and malnutrition, which are unaccounted for in the
MELD score, further contribute to patients falling off the waitlist [5-7].
Recent evidence suggests that for the same MELD score, a frail indi-
vidual will have a worse survival than one who is robust [8].

Patients with cirrhosis on the LT list wait a few weeks to months
before receiving an organ. This time window provides a unique oppor-
tunity for interventions targeting frailty and malnutrition. Pre-
habilitation programs aim to improve the physical fitness of patients
awaiting surgery [9]. To achieve its aims, these programs often include a
backbone of exercise training. As highlighted in a recent meta-analysis
of patients awaiting major surgical procedures, these interventions
have shown some benefit, but the quality of the evidence is considered
low [10]. In addition, the interventions are highly heterogeneous, which
limits meaningful comparisons. In the current context, the American and
Canadian transplantation societies have encouraged further studies on
prehabilitation in patients awaiting organ transplantation [11,12].

Although preliminary evidence suggests that exercise training is safe
in patients with cirrhosis, it is unclear if this is the case in patients active
on the LT list [13,14]. Our objective is to assess if prehabilitation pro-
grams with exercise training in patients awaiting LT are feasible, safe,
and effective in improving clinical outcomes. We aim to synthesize the
available literature and highlight existing knowledge gaps. We chose to
perform a scoping review as opposed to a systematic review with meta-
analysis as our objectives are broad and mostly exploratory. We also
expected studies to be heterogeneous in design, intervention, and
outcome measures preventing us from performing a formal meta-
analysis.

2. Methods

To answer the objectives of this review, we focused on interventional
studies where potential candidates or individuals actively listed for LT
participated in an exercise training program. We collected any infor-
mation related to the feasibility, safety, and effectiveness of these
programs.

2.1. Search strategy

We searched the following databases: MEDLINE, EMBASE, ISI Web of
Science and CENTRAL from 1946 to November 2023. The following
systematic search strategy/key words was employed to retrieve poten-
tial studies: ((prehabilitation) OR (((exercis*) OR (physic*)) AND
((train*) OR (interven*) OR (prescrip*)))) AND ((liver transplant*) OR
(cirrhos*) OR (advanced liver diseas*)) AND adult. All results were
compiled using EndNote X9.

2.2. Study selection

We included studies that: i) recruited potential candidates or actively
listed individuals for LT; ii) evaluated a structured exercise training
program. We excluded pediatric (<18 years old) population, non-
English publications, conference abstracts, and studies that evaluated
exercise training following LT. We included only prospective studies,
and randomized controlled trials (RCT). Although this will restrict the
studies included, this decision was meant to support our aims which
evaluate the impact of a structured exercise training program.

2.3. Validity assessment, data abstraction and rating of evidence

Studies were independently assessed for inclusion by two authors
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(AB and MM) with discrepancies resolved after discussion. Studies
included in the final review were thoroughly analyzed and key infor-
mation was retrieved. We extracted information related to study design,
sample size, description of the included participants, description of the
prehabilitation intervention (including duration), and all endpoints
related to feasibility, safety, and effectiveness of the intervention. The
absence of information related to feasibility, safety, or effectiveness of
the intervention did not lead to study exclusion. Examples of data
collected pertaining to feasibility, safety, and effectiveness are summa-
rized in Supplementary Table 1.

Data was entered in a pre-formatted Microsoft Excel sheet. Since we
expected a limited number of publications with methodological het-
erogeneity, we present a detailed description of the included studies.
The Cochrane Risk of bias tool for randomized trials or the Risk of Bias in
Non-randomized Studies of Interventions (ROBINS-I) tool were used to
assess the risk of bias when appropriate [15,16]. We followed the
PRISMA checklist for the reporting of scoping reviews [17].

3. Results

The search strategy retrieved 3262 citations. In the end, six studies
(Debette et al. 2015 [18], Duarte-Rojo et al. 2023 [19], Morkane et al.
2020 [20], Serper et al. 2023 [21], Wallen et al. 2019 [22], Williams
et al. 2019 [23]) were included in the present review (Fig. 1). Although
of interest, the studies by Lai and by Chen were not included as they did
not limit inclusion to patients eligible or actively listed for LT [24,25]. A
summary of our findings are presented in Tables 1, 2 and 3.

3.1. Characteristics of sources of evidence and bias assessment

All six studies were self-described as pilot or feasibility studies
investigating the impact of an exercise program on patients eligible or
actively listed for LT [18-23]. The studies by Serper and Wallen were
RCTs comparing an active exercise arm to a control group [21,22]. The
study by Morkane was a prospective trial which included a non-
randomized control arm [20]. The other 3 studies were single-arm
prospective interventional cohort studies [18,19,23]. Overall, 98 in-
dividuals were enrolled in an exercise program, while 38 individuals
were in a control group. Further details can be found in Table 1.

In the studies by Serper and Wallen, the risk of bias was high for
performance bias and detection bias since blinding is not possible for
this type of intervention [21,22]. The ROBINS-I showed only a moderate
risk of bias due to confounding factors in one study and no information
was available for bias in selection of the reported results since no pro-
tocol were published or available in two studies. All other domains were
at low risk of bias (Supplementary Table 2 and Fig. 1).

3.2. Description of participants' selection criteria

All studies included adult patients eligible or actively listed for LT.
Only the studies by Duarte-Rojo and Morkane restricted inclusion to
patients who also had cirrhosis. Morkane restricted inclusion to those
living near the hospital, and Serper recruited English-speaking in-
dividuals with a smartphone. Only the studies by Duarte-Rojo and
Serper restricted inclusion to patients more likely to be pre-frail, frail or
malnourished. Exclusion criteria were also very different between
studies but were meant to maximize safety. Further details can be found
in Table 1.

In the exercise groups, the average age of participants was between
49 and 60 years, the proportion of female participants was between
12.5% and 71%, and the average MELD was between 12 and 17. The
most common cause of liver disease was related to alcohol or a combi-
nation of alcohol and non-alcoholic fatty liver disease. Studies incon-
sistently described presence of hepatocellular carcinoma (HCC) or
previous hepatic decompensation. The prevalence of HCC in the study
population was between 15 and 43% in the 3 studies where it was
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Fig. 1. Flow chart of included studies.

described [18,21,22].
3.3. Description of the prehabilitation programs and their components

Study duration varied between 6 and 12 weeks. All studies planned 2
to 3 exercise sessions per week. Studies by Debette and Morkane offered
a hospital-based supervised exercise program, Wallen offered combined
hospital- and home-based exercises, while the rest were strictly home-
based exercise programs (HBEP). The hospital-based studies included
aerobic exercises using a cycle ergometer, while HBEP included
increasing step counts. Most studies included a resistance training
component as well. Studies by Morkane and Serper included a nutri-
tional assessment and optimization by a dietician, while the study by
Williams described nutritional optimization as part of their LT program.
The other three (50%) studies did not describe a nutritional
intervention.

3.4. Description of motivational intervention

The three HBEP provided incentives to improve adherence
[19,21,23]. The study by Duarte-Rojo included a weekly 15-30 min call
with a physical activity coach trained in behavioral counseling and
motivational interviewing. The study by Serper provided financial in-
centives to all participants who enrolled and those that completed exit-

surveys. They also provided financial incentives to increase step counts.
The study by Williams included a supportive health call for the first 6 out
of 12 weeks of intervention. The other three studies did not describe any
specific incentives [18,20,22].

3.5. Results of the intervention

3.5.1. Feasibility

All studies described the percentage of patients who agreed to
participate after being approached, except for the study by Duarte-Rojo.
Recruitment was 100% in the study by Debette, while it was closer to
20-56% in the other five studies. Most common reasons for not
participating included time commitment, travel commitments, and lack
of interest. Proportion of patient who participated in the study after
signing consent was between 68%-100%. Once patients agreed to
participate, most attrition was due to receiving a LT, being removed
from LT waitlist or death. In the study by Duarte-Rojo, 10 (32%) par-
ticipants did not complete the 2-week run-in phase used to prescribe the
HBEP. Study completion was between 38 and 90% depending on the
study duration. Details can be found in Table 2.

3.5.2. Adherence
Although adherence was defined differently in each study, it ranged
between 51%-100%. Studies which included a supervised hospital
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Table 1

Summary of the studies included in the scoping review.
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Author, Sample Study design Inclusion criteria Exclusion criteria Description of Control group, if present Duration of
year, size intervention (n = number of patients) intervention
Country (n = number of
patients)
Debette, 13 Prospective 18-65 years old Contraindication to Supervised hospital- None 12 weeks
2015, cohort study Eligible for LT exercise based (n = 13)
France Prophylaxis against 2 sessions per week, 2
EVB h each
Negative EST Aerobic: cycle
LVEF >45% ergometer at VT
Resistance: weight
bench
Duarte- 31 Prospective 40-70 years old Not described Home-based using El- None 12 weeks
Rojo, cohort study Decompensated Fit app (n = 31)
2023, cirrhosis 2 sessions per week
USA Eligible for LT Aerobic: increasing
MELD-Sodium >10 daily steps
Resistance training
Morkane, 33 Prospective >18 years old LT for Cancer Supervised hospital- SOC with nutrition advice 6 weeks
2020, cohort study Cirrhosis Contraindication to based (n = 16) (n=17)
UK Listed for LT exercise 3 sessions per week,
Living near hospital 40mins each
Aerobic: HIIT on cycle
ergometer
Nutrition advice
Serper, 30 RCT 18 years old MELD >25 Home-based (n = 20) Personalized diet and activity 12 weeks
2023, Eligible for LT SPPB 0-3 recommendations (n = 10)
USA English speaking Recent Aerobic: increasing
Smartphone owner hospitalization daily steps
At-risk patients* High risk of fall Resistance training
Wallen, 21 RCT 18-69 years old Prior LT Home and hospital- SOC (n =11) 8 weeks
2019, Eligible for LT Combined transplant based (n = 10)
Australia Active smoking Home: 1/week;
AE at CPET Hospital: 2/week
Uncontrolled DM Aerobic: cycle
Limitation to exercise ~ ergometer or walking
Resistance training
Williams, 18 Prospective >18 years old CV instability Home-based (n = 18) None 12 weeks
2019 cohort study** Listed for 1st LT Overt HE 2 sessions per week
UK Inpatient Aerobic: increasing
daily steps
Resistance training
Nutritional
optimization
Legend: * = at risk patients as defined by LFI, SPPB, HGS, PG-SGA, ** = CPU random sampling, CPET = cardiopulmonary exercise testing, CPU = central processing

unit, CV = cardiovascular, DM = diabetes mellitus, EST = exercise stress test, EVB = esophageal variceal bleeding, HE = hepatic encephalopathy, HIIT = high intensity
interval training, LFI = liver frailty index, HGS = handgrip strength, LT = liver transplantation, LVEF = left ventricular ejection fraction, PG-SGA = patient generated
subjective global assessment, MELD = model for end-stage liver disease, SOC = standard of care, SPPB = short physical performance battery, VT = ventilator threshold.

based component seemed to have a higher adherence [20,22]. Despite
incentives and motivational interventions, the studies by Serper and
Duarte-Rojo had the lowest adherence at 51% and 57% respectively
[19,21]. Further details about adherence is described in Table 2. Rea-
sons for lack of study completion are detailed in Table 3. The study by
Debette did not describe program adherence.

3.5.3. Safety

Overall, 9 (9.2%) adverse events (AE) were reported in 98 in-
dividuals who participated in an exercise program. Of the 9 events re-
ported, 7 were musculoskeletal in nature, 2 of which led to
discontinuation of the intervention. Of note, in the study by Serper, 33%
noted discomfort with exercise. In the study by Duarte-Rojo, 12 (57%)
participants were hospitalized due to liver disease and portal hyper-
tension. Although hepatic deteriorations were noted in multiple studies,
none appeared related to the intervention. Further details are in Table 2.

3.5.4. Effectiveness

Outcomes measures of effectiveness described in at least 2 studies
included cardiopulmonary exercise testing (CPET) in 3 studies
[18,20,22], 6 min walking distance (6MWD) in 3 [18,19,22], average

daily step counts in 3 [19,21,23], hand grip strength (HGS) in 2 [20,22],
Liver Frailty Index (LFI) in 2 [19,21], SPPB in 2 [21,23], gait-speed test
in 2 [19,23], and HRQoL in 3 [18,22,23]. Details on effectiveness data
can be found in Table 4. In terms of CPET results, there were improve-
ments in within-group peak VO, and peak workload by the end of the
intervention in the studies by Debette and Morkane. In the RCT by
Wallen, peak VO3 and workload were higher in the intervention arm
compared to the control arm, but this was not statistically significant. In
terms of 6MWD and the average daily step count, there were significant
improvements across all studies both for within-group and between-
group comparisons, except for the Duarte-Rojo study which showed
no within-group difference in average daily step count at end-of-study.
The SPPB improved in the studies by William and Serper, but there
were no between group-differences in the latter study. The LFI improved
in the studies by Duarte-Rojo and Serper, but there were no between-
group differences in the latter study. In terms of HRQoL, although it
was reported in 3 studies, they all used different scales. Overall, there
was a general trend toward improvement in the physical and mental
health domains in the study by Debette, and an improvement in the EQ-
VAS score in the study by Williams. Otherwise, there was no improve-
ment in the HADS scale in the study by William, or the CLDQ in the study
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Table 2
Summary of feasibility, adherence and safety data.

Author Feasibility Adherence Safety

Debette 13/13 accepted to No data on 1 deteriorated due to
participate adherence hepatorenal
8 (62%) completed syndrome
exercise program
(2 moved, 2 No cardiovascular or
transplanted, 1 hepatic
deteriorated) decompensation

Duarte- Approached to Adherence to 3 AEs

Rojo participate: not exercising videos: 1 fall related to
mentioned 11 (52%) intervention
Accepted to participate: ~ Adherence to 1 fracture not
31 walking goals: 7 related to
Started intervention: 21  (33%) intervention
(68%) Overall adherence: 1 vertigo not related
Completed program: 15 12 (57%) to intervention
(48%)

(4 died, 1 transplanted, 12 admitted to
1 other surgery) hospital for liver
diseases

Morkane Approached to In those who No AE related to
participate: 29 completed exercise
Accepted to participate: program:

16 (55%) Adherence to No worsening of
Completed program: 9/  planned exercise liver disease

16 (56%) visits: 94% following exercise
(4 health issues, 2

transplant, 1 knee pain)

Serper Assessed for eligibility: Adherence to daily ~ No serious AE
284 step goals: 51% 3 non-injurious falls
Contacted to 33% noted
participate: 150 discomfort with
Screening visit: 33 exercise
(22%) No deaths
Randomized: 30 (20%)

Completed program: 27
(90%)

(2 unenrolled, 1 lost to
follow-up)

Wallen Assessed for eligibility: At 4 weeks, in the No serious AE
38 8pts who 1 AE from knee
Randomized: 21 (55%) completed the injury
Completed program: 8 program
(38%) Adherence to No worsening of
(8 transplanted, 2 supervised liver disease
severe medical sessions: 95%
condition, 1 personal Adherence to
reasons, 1 traveling, 1 unsupervised
delisted) sessions: 75%

At 8 weeks, in the
4pts who
completed
program
Adherence to
supervised
exercise sessions:
100%
Adherence to
unsupervised
sessions: 88%

Williams Randomly selected for At 6 weeks No AE related to
assessment: 46 (included program
Eligible to participate: motivational calls) 1 tibial fracture
32 (70%) Adherence to daily ~ (unrelated)

Accepted to participate:
18 (56%)

Completed 6 weeks of
program: 12 (67%)
Completed 12 weeks of
program: 9 (50%)

(5 transplanted, 1
palliated, 1 unable to
attend, 1 did not attend,
1 withdrew due to tibial
fracture)

steps: 82%
Adherence to
exercise: 90%

At 12 weeks (no
more motivational
calls)

Adherence to daily
steps: 53%
Adherence to
exercise: 78%

Legend: AE = adverse events.
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Table 3
Reasons for not completing the intervention.
Number of
patients
(N =98)
Number of participants not completing the intervention 42 (43%)
Receiving a liver transplant 18 (18%)
Clinical deterioration / Death / Palliation 12 (12%)
Issues with follow-up (including non-compliance, unenrolled, 10 (10%)
delisted)
Musculoskeletal injuries 2 (2%)
Table 4
Summary of effectiveness data.
Peak VO, in mL/kg/min
Author Pre-intervention Post-intervention p-value
Debette 21.5+5.9 23.2+5.9 0.008
Morkane 16.2 + 2.4 18.5 + 4.6 0.02
Wallen EMD = 3.2 (95% CI -2.3 - 8.7) 0.10
Peak workload, in watts
Debette 106 + 42 119 + 45 0.02
Morkane 117 + 26 134 + 26 <0.05
Wallen EMD = 41.6 (95% CI 5.9-77.4) 0.12
6 min walking distance, in meters
Debette 481 + 69 521 + 64 0.02
Duarte-Rojo 318 +£73 358 + 64 0.005
Wallen EMD = 103.8 (95% CI 22.3-185.2) 0.054
Average daily steps
Duarte-Rojo 1260 (639-3081) 958 (656-4169) 0.55
Serper Exercise: 1925 + 757 Exercise: 2539 + 1650 0.03
Control: 2632 + 1599 Control: 2150 + 1213
. 4000 (range 6700 (IQR
Williams 700-10,000) 3000-14,000) <0.01
Liver Frailty Index
Duarte-Rojo 3.84 £ 0.71 3.47 £ 0.90 0.03
Serper Exercise: 4.0 + 0.3 Exercise: 3.7 + 0.4 0.96
Control: 4.2 + 0.5 Control: 4.0 + 0.5
Muscle strength, in kg
Morkane (HGS) 26.4 +7.5 29.4 + 6.4 0.05
Wallen (HGS) EMD = 6.3 (95% CI -2.3-14.8) 0.04
Debette (IQS) 30+ 10 37 £13 <0.008
Short Physical Performance Battery
Serper Exercise: 9.5 + 1.3 Exercise: 10.5 + 1.5 0.76
Control: 9.4 + 1.8 Control: 10.1 + 1.7
Williams 9.5 (IQR 6-12) 11.5 (IQR 9-12) 0.02
Health Related Quality of Life
Debette (SF-36) 36% =+ 4% 39% + 3% 0.46
Wallen (CLDQ) EMD = —0.3 (95% -1.3-0.8) 0.18
Williams (HADS) 10 (IQR 1-26) 7 (IQR 0-22) 0.13
Williams (EQ- 63% (IQR 30%-100%)  Median change 18% 0.04

VAS)

Legend: CI = confidence interval, CLDQ = chronic liver disease questionnaire,
EMD = estimated median difference (vs control group), EQ-VAS = EuroQoL
visual analog scale, HADS = hospital anxiety and depression scale, HGS =
handgrip strength, IQR = interquartile range, IQS = isometric quadriceps
strength, SF-36 = short form 36 items.

by Wallen.

Post-transplant outcomes were described in the studies by Morkane,
Serper, Wallen and Williams. In the study by Morkane, they found a
shorter hospital length of stay in those that exercised (13 (IQR6) days vs
30 (IQR13) days, p = 0.02). In the study by Wallen, there were no
between-group differences for intraoperative, perioperative or post-
operative outcomes, including 90-days related mortality in those who
underwent LT. In the study by Serper, there were no differences in death
or LT between study arms at 3 years of follow-up. In the study by Wil-
liams, post-transplantation hospital length of stay is described for those
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who were transplaned within 6 weeks of starting HBEP (9 [7-14] days)
or after completing at least 6 weeks (10 (5-41) days).

4. Discussion

Prehabilitation is an appealing concept in patients awaiting LT. To
date, its feasibility, safety, and effectiveness in this patient population
were largely unknown. Although Jetten et al. recently published a sys-
tematic review on this topic, it mixed patients awaiting LT and those
with advanced liver disease [26]. As patients awaiting LT might be
called for a LT at any time, the feasibility and completion of pre-
habilitation programs are likely different than in those who are not
listed. This key difference can have a downstream impact on the effec-
tiveness of the intervention. Our scoping review focused on patients who
are candidates or are awaiting LT. We identified six studies with het-
erogeneous design, population, interventions, and outcome measures.
The significant heterogeneity between studies precluded us from con-
ducting a meta-analysis, justifying the choice of a scoping review. We
were able to better characterize the feasibility, safety, and effectiveness
of this intervention through qualitative assessments and descriptive
comparisons between studies.

Although prehabilitation programs varied from one study to another,
they appeared safe with a low rate of AEs and the absence of serious
complications. Most common AEs related to intervention were muscu-
loskeletal in nature. There did not appear to be any worsening of liver
disease although this was not formally addressed, except in the study by
Wallen where the MELD score remained stable. The overall safety profile
of exercise training in patients awaiting LT and the absence of serious
complications is in line with exercise training in non-LT listed patients
with advanced liver disease as published in previous systematic reviews
[13,26,27]. Other studies have reported stable MELD score or Child
Pugh score, while one showed reduction in hepatic venous pressure
gradient [13,28]. Identifying patients who are medically unfit to exer-
cise, incorporating a run-in phase, and conducting supervised exercise
sessions with a physical therapist are all possible ways to minimizing
injuries and maximize safety. Impact of exercise on hepatic de-
compensations and broadening safety criteria for exercise remain to be
addressed in future studies.

Feasibility and adherence to exercise were not uniformly defined,
making comparisons difficult. Although half of eligible participants
approached seem interested in prehabilitation, the proportion of pa-
tients awaiting LT who agree to participate in prehabilitation needs to be
characterized further. Although this might fluctuate due to regional
variabilities of the transplant list, it would give a more precise estimate
of how many patients could potentially benefit from prehabilitation.
Adherence also varied between studies but seemed lower in the studies
with HBEP. The studies by Serper, which included financial incentives,
and by Duarte-Rojo, which included motivational calls, had the lowest
adherence at 51% and 57% respectively. These studies seemed to
include sicker patients, possibly explaining the lower adherence. The
low adherence to HBEP was also reported in the STRIVE study where
patients with cirrhosis exercised [24]. In this study, adherence was only
14% despite motivational measures. The study by Morkane only
recruited patients living near the hospital favoring high adherence to
their hospital-based program. This is consistent with reasons for refusal
to participate which included time and travel commitments. For future
studies, striking a balance between exercise program and the time and
commitment required by patients will hopefully maximize adherence.

In terms of effectiveness, outcome measures varied from study to
study. Overall, there were within-group improvements in average daily
steps, LFI, 6MWD and CPET after prehabilitation in the non-randomized
studies, regardless of program duration. The two randomized controlled
trials did not find any improvements [21,22]. The lack of benefit could
be due to the small sample size, low adherence to exercise training,
participant selection, and short duration of the intervention. The study
by Morkane showed that patients who did not exercise, or stopped
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exercising had a decline in peak VO2. This suggests that for pre-
habilitation to have a sustained impact on the exercise capacity of in-
dividuals awaiting LT, exercise should be maintained until the surgery.
There also is an important need to harmonize outcomes measured and
reported. As more studies will be conducted on prehabilitation in pa-
tients awaiting LT, we suggest that LFI, HGS (included in LFI), the
6MWD, and CPET variables if available should be included. This is in
line with a recent systematic review which assessed pre-LT tools able to
stratify post-LT outcomes [29]. Authors concluded that LFI, sarcopenia
by computed tomography, and CPET are most useful to stratify recovery
following LT. In addition, when conducting prehabilitation studies, both
within-group and between-group differences should be presented.
Whenever possible, post-transplant outcomes including hospital length
of stay, complications, and mortality should also be captured. A recent
systematic review by attempting to describe post-transplantation impact
of prehabilitation identified only 1 study highlighting the paucity of data
in this field [30]. Future studies should also evaluate the impact of sex
and gender in feasibility, adherence, safety, and effectiveness of
prehabilitation.

Lastly, the impact of prehabilitation on HRQoL is also poorly
described, with studies using different scales. Though many scales are
available, the CLDQ is most specific to patients with liver diseases and it
evaluates multiple domains related HRQoL [31,32]. It could constitute
the ideal scale for prehabilitation studies in patients awaiting LT.
Although exercise itself can reduce psychological distress, adding a
mindfulness intervention targeting anxiety and stress might have a
beneficial impact on the mind-body [9]. Such an intervention might also
improve exercise adherence, but further studies are still needed. In
addition, while most studies focused solely on exercise as main inter-
vention, a multipronged approach combining exercise training, nutri-
tional optimization, and psychological support could lead to more
significant improvements of the participants exercise capacity, nutri-
tional status, and quality of life.

Our scoping review has many strengths. Firstly, we present impor-
tant feasibility, safety and effectiveness of prehabilitation in patients
awaiting LT, including two very recently published studies. The choice
of a scoping review was ideal to conduct a broad assessment of this topic.
Based on our review of the included studies, we also highlight key
knowledge gaps as well as potential paths to maximize feasibility,
adherence, safety, and effectiveness. We hope that our suggestions will
help guide future studies on this important topic.

Our scoping also has limitations we wish to acknowledge. We pur-
posefully limited our review to prospective studies or RCTs which might
have limited the number of studies retrieved. We believe that these
study designs are better suited to assess the impact of an intervention.
Similarly restricting to patients evaluated or listed for LT might have
limited the number of studies retrieved but this was done to focus on this
specific population for reasons explained above. Finally, our results need
to be interpreted in the context of the studies included. Only small sized
single center feasibility studies have been conducted to date, potentially
limiting the generalizability of our observations. Furthermore, the
regional variations in LT waiting dynamics and center expertise are
additional factors that need to be considered.

In conclusion, data on the impact of prehabilitation in patients
awaiting LT is very limited and larger multicenter RCTs are desperately
needed to appreciate whether such an intervention would be feasible,
safe, and effective at improving pre- and post-transplant outcomes.

Assistance with the study
None.
Presentation

None.

Downloaded for Anonymous User (n/a) at Health and Social Services Agency 8 Berica from ClinicalKey.com by Elsevier on
November 08, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.



A. Benmassaoud et al.
Financial support and sponsorship

Amine Benmassaoud is supported by the Department of Medicine,
McGill University and the MUHC Foundation and Montreal General
Hospital Foundations. Stella S Daskalopoulou and Giada Sebastiani are
supported by Senior Salary Awards from the Fonds de Recherche du
Québec — Santé. Amal Bessissow are supported by Junior Salary Awards
from the Fonds de Recherche du Québec — Santé.

Declaration of competing interest

Amine Benmassaoud, Myriam Martel, Franco Carli, Amal Bessissow,
Olivia Geraci: none. Giada Sebastiani has acted as speaker for Merck,
Gilead, Abbvie, Novonordisk, Pfizer, served as an advisory board
member for Pfizer, Merck, Novonordisk, Gilead and Intercept and has
received unrestricted research funding from Theratec.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.trre.2024.100835.

References

[1] D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic indicators of
survival in cirrhosis: a systematic review of 118 studies. J Hepatol 2006;44:
217-31.

[2] YeF, Zhai M, Long J, Gong Y, Ren C, Zhang D, et al. The burden of liver cirrhosis in
mortality: results from the global burden of disease study. Front Public Health
2022;10:909455.

[3] Kamath PS, Kim WR, Advanced Liver Disease Study G. The model for end-stage
liver disease (MELD). Hepatology. 2007;45:797-805.

[4] Burak KW, Meeberg GA, Myers RP, Fick GH, Swain MG, Bain VG, et al. Validation
of the model of end-stage liver disease for liver transplant allocation in Alberta:
implications for future directions in Canada. Can J Gastroenterol Hepatol 2016;
2016:1329532.

[5] Lai JC, Shui AM, Duarte-Rojo A, Ganger DR, Rahimi RS, Huang CY, et al. Frailty,

mortality, and health care utilization after liver transplantation: from the

multicenter functional assessment in liver transplantation (FrAILT) study.

Hepatology. 2022;75:1471-9.

Kalafateli M, Mantzoukis K, Choi Yau Y, Mohammad AO, Arora S, Rodrigues S,

et al. Malnutrition and sarcopenia predict post-liver transplantation outcomes

independently of the model for end-stage liver disease score. J Cachexia Sarcopenia

Muscle 2017;8:113-21.

Montano-Loza AJ, Meza-Junco J, Prado CM, Lieffers JR, Baracos VE, Bain VG, et al.

Muscle wasting is associated with mortality in patients with cirrhosis. Clin

Gastroenterol Hepatol 2012;10. 166-73, 73 el.

[8] Lai JC, Covinsky KE, Dodge JL, Boscardin WJ, Segev DL, Roberts JP, et al.

Development of a novel frailty index to predict mortality in patients with end-stage

liver disease. Hepatology. 2017;66:564-74.

Carli F, Scheede-Bergdahl C. Prehabilitation to enhance perioperative care.

Anesthesiol Clin 2015;33:17-33.

[10] Negm AM, Kennedy CC, Thabane L, Veroniki AA, Adachi JD, Richardson J, et al.
Management of Frailty: a systematic review and network Meta-analysis of
randomized controlled trials. J Am Med Dir Assoc 2019;20:1190-8.

[11] Kobashigawa J, Dadhania D, Bhorade S, Adey D, Berger J, Bhat G, et al. Report
from the American Society of Transplantation on frailty in solid organ
transplantation. Am J Transplant 2019;19:984-94.

[12] Janaudis-Ferreira T, Mathur S, Deliva R, Howes N, Patterson C, Rakel A, et al.
Exercise for solid organ transplant candidates and recipients: a joint position

[6

)

[7

—

[9

—

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Transplantation Reviews 38 (2024) 100835

statement of the Canadian Society of Transplantation and CAN-RESTORE.
Transplantation. 2019;103. e220-e38.

Brustia R, Savier E, Scatton O. Physical exercise in cirrhotic patients: towards
prehabilitation on waiting list for liver transplantation. A systematic review and
meta-analysis. Clin Res Hepatol Gastroenterol 2018;42:205-15.

Williams FR, Berzigotti A, Lord JM, Lai JC, Armstrong MJ. Review article: impact
of exercise on physical frailty in patients with chronic liver disease. Aliment
Pharmacol Ther 2019;50:988-1000.

Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, et al.
ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ. 2016;355:14919.

Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ.
2011;343:d5928.

Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern
Med 2018;169:467-73.

Debette-Gratien M, Tabouret T, Antonini MT, Dalmay F, Carrier P, Legros R, et al.
Personalized adapted physical activity before liver transplantation: acceptability
and results. Transplantation. 2015;99:145-50.

Duarte-Rojo A, Bloomer PM, Grubbs RK, Stine JG, Ladner D, Hughes CB, et al. Use
of a mobile-assisted telehealth regimen to increase exercise (MATRIX) in transplant
candidates - a home-based prehabilitation pilot and feasibility trial. Clin Transl
Gastroenterol 2023;14.

Morkane CM, Kearney O, Bruce DA, Melikian CN, Martin DS. An outpatient
hospital-based exercise training program for patients with cirrhotic liver disease
awaiting transplantation: a feasibility trial. Transplantation. 2020;104:97-103.
Serper M, Jones LS, Clement T, Reddy RK, Reese PP. A randomized, controlled,
prehabilitation intervention to maximize early recovery (PRIMER) in liver
transplantation. Liver Transpl 2024 Jan 1;30(1):10-9.

Wallen MP, Keating SE, Hall A, Hickman 1J, Pavey TG, Woodward AJ, et al.
Exercise training is safe and feasible in patients awaiting liver transplantation: a
pilot randomized controlled trial. Liver Transpl 2019;25:1576-80.

Williams FR, Vallance A, Faulkner T, Towey J, Kyte D, Durman S, et al. Home-
based exercise therapy in patients awaiting liver transplantation: protocol for an
observational feasibility trial. BMJ Open 2018;8:019298.

Lai JC, Dodge JL, Kappus MR, Wong R, Mohamad Y, Segev DL, et al. A multicenter
pilot randomized clinical trial of a home-based exercise program for patients with
cirrhosis: the strength training intervention (STRIVE). Am J Gastroenterol 2021;
116:717-22.

Chen HW, Ferrando A, White MG, Dennis RA, Xie J, Pauly M, et al. Home-based
physical activity and diet intervention to improve physical function in advanced
liver disease: a randomized pilot trial. Dig Dis Sci 2020;65:3350-9.

Jetten WD, Hogenbirk RNM, Van Meeteren NLU, Cuperus FJC, Klaase JM, De
Jong R. Physical effects, safety and feasibility of Prehabilitation in patients
awaiting Orthotopic liver transplantation, a systematic review. Transpl Int 2022;
35:10330.

Jamali T, Raasikh T, Bustamante G, Sisson A, Tandon P, Duarte-Rojo A, et al.
Outcomes of exercise interventions in patients with advanced liver disease: a
systematic review of randomized clinical trials. Am J Gastroenterol 2022;117:
1614-20.

Macias-Rodriguez RU, Ilarraza-Lomeli H, Ruiz-Margain A, Ponce-de-Leon-
Rosales S, Vargas-Vorackova F, Garcia-Flores O, et al. Changes in hepatic venous
pressure gradient induced by physical exercise in cirrhosis: results of a pilot
randomized open clinical trial. Clin Transl Gastroenterol 2016;7:e180.

Crespo G, Hessheimer AJ, Armstrong MJ, Berzigotti A, Monbaliu D, Spiro M, et al.
Which preoperative assessment modalities best identify patients who are suitable
for enhanced recovery after liver transplantation? - a systematic review of the
literature and expert panel recommendations. Clin Transpl 2022 Oct;36(10):
el4644.

Vinaixa C, Martinez Palli G, Milliken D, Sellers D, Dharancy S, Spiro M, et al. The
role of prehabilitation on short-term outcomes after liver transplantation: a review
of the literature and expert panel recommendations. Clin Transpl 2022;36:e14686.
Younossi ZM, Guyatt G, Kiwi M, Boparai N, King D. Development of a disease
specific questionnaire to measure health related quality of life in patients with
chronic liver disease. Gut. 1999;45:295-300.

Sumskiene J, Kupcinskas L, Sumskas L. Health-related quality of life measurement
in chronic liver disease patients. Medicina (Kaunas) 2015;51:201-8.

Downloaded for Anonymous User (n/a) at Health and Social Services Agency 8 Berica from ClinicalKey.com by Elsevier on
November 08, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.trre.2024.100835
https://doi.org/10.1016/j.trre.2024.100835
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0005
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0005
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0005
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0010
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0010
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0010
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0015
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0015
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0020
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0020
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0020
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0020
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0025
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0025
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0025
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0025
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0030
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0030
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0030
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0030
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0035
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0035
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0035
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0040
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0040
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0040
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0045
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0045
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0050
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0050
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0050
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0055
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0055
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0055
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0060
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0060
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0060
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0060
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0065
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0065
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0065
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0070
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0070
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0070
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0075
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0075
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0075
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0080
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0080
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0080
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0085
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0085
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0085
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0090
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0090
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0090
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0095
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0095
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0095
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0095
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0100
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0100
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0100
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0105
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0105
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0105
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0110
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0110
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0110
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0115
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0115
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0115
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0120
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0120
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0120
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0120
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0125
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0125
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0125
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0130
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0130
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0130
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0130
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0135
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0135
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0135
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0135
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0140
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0140
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0140
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0140
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0145
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0145
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0145
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0145
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0145
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0150
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0150
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0150
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0155
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0155
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0155
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0160
http://refhub.elsevier.com/S0955-470X(24)00018-1/rf0160

	Prehabilitation in patients awaiting liver transplantation
	List of abbreviations
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Study selection
	2.3 Validity assessment, data abstraction and rating of evidence

	3 Results
	3.1 Characteristics of sources of evidence and bias assessment
	3.2 Description of participants' selection criteria
	3.3 Description of the prehabilitation programs and their components
	3.4 Description of motivational intervention
	3.5 Results of the intervention
	3.5.1 Feasibility
	3.5.2 Adherence
	3.5.3 Safety
	3.5.4 Effectiveness


	4 Discussion
	Assistance with the study
	Presentation
	Financial support and sponsorship
	Declaration of competing interest
	Appendix A Supplementary data
	References


