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There is increasingly growing evidence and awareness that prehabilitation in waitlisted
solid organ transplant candidates may benefit clinical transplant outcomes and improve
the patient’s overall health and quality of life. Lifestyle changes, consisting of physical
training, dietary management, and psychosocial interventions, aim to optimize the
patient’s physical and mental health before undergoing surgery, so as to enhance their
ability to overcome procedure-associated stress, reduce complications, and accelerate
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post-operative recovery. Clinical data are promising but few, and evidence-based
recommendations are scarce. To address the need for clinical guidelines, The
European Society of Organ Transplantation (ESOT) convened a dedicated Working
Group “Prehabilitation in Solid Organ Transplant Candidates,” comprising experts in
physical exercise, nutrition and psychosocial interventions, to review the literature on
prehabilitation in this population, and develop recommendations. These were discussed
and voted upon during the Consensus Conference in Prague, 13–15 November 2022. A
high degree of consensus existed amongst all stakeholders including transplant recipients
and their representatives. Ten recommendations were formulated that are a balanced
representation of current published evidence and real-world practice. The findings and
recommendations of the Working Group on Prehabilitation for solid organ transplant
candidates are presented in this article.

Keywords: prehabilitation, solid organ transplant candidates, exercise, nutrition, psychosocial interventions

INTRODUCTION

Patients who need a solid organ transplant often have a
compromised overall condition due to end-stage organ failure,
comorbidities, deconditioning, and treatment-related adverse
effects such as dialysis in end-stage kidney disease (ESKD), left
ventricular assist device (LVAD) in heart failure, and oxygen
therapy in end-stage pulmonary disease (ESPD) [1–3]. Although
considered a frail patient population with malnutrition, low
physical fitness, fatigue, and often secondary psychological
challenges, it is imperative for such patients to attain, and
maintain, their optimal physical and mental wellbeing, as this
will help them tolerate the waiting time and the stress of
transplant surgery and expedite recovery after the transplant.
The time spent on the transplant waitlist provides a window of
opportunity to work towards enhancing the overall condition of
such patients.

Prehabilitation refers to the optimization of patient’s overall
physical and psychological condition before undergoing surgery,
in order to enhance his/hers ability to overcome the stress
associated with the procedure, to reduce the risk of
complications and to accelerate post-operative recovery, with
the ultimate goal to improve survival and quality of life [4].
The approach focuses on achieving lifestyle changes and should
consist of physical training, dietary management, and
psychological interventions [4]. By providing a multimodal
program, the complex interaction between the physical and
psychological health of a patient is addressed, which is
important to maximize the outcomes of the interventions [5].

Prehabilitation has shown promising results in non-transplant
patients undergoing major abdominal or orthopedic procedures
[6–10], with reduced overall post-operative complications and
morbidity, improved aerobic capacity, and improved functional
recovery and shorter length of stay. The conclusions from two
systematic reviews supported the feasibility and safety of such
interventions in waitlisted solid organ transplant candidates [11,
12]. In addition, observed beneficial effects included
improvements in cardiorespiratory function, exercise capacity,
muscular strength, mental/physical composite scores and health-

related quality of life [11, 12]. There is a growing awareness and
evidence that prehabilitation may not only benefit clinical
transplant outcomes, but may also improve the transplant
candidate’s overall health and quality of life, through adoption
of a sustainable, healthy lifestyle. Despite this growing awareness
and promising data, evidence-based recommendations for
physical exercise, nutritional, or psychological prehabilitation
interventions in candidates for solid organ transplants are not
available. With regard to exercise interventions,
recommendations on the role of exercise in solid organ
transplantation were made by Janaudis-Ferreira et al in a
position statement paper in 2019 [13].

The limited clinical guidance on how to implement
prehabilitation for solid organ transplant candidates was
presented as one of the priority themes at the first European
Society of Organ Transplantation (ESOT) consensus conference
in November 2022. Under the oversight of the ESOT guideline
taskforce, and in keeping with the procedures recently established
by the ESOT Consensus Platform for Organ Transplantation,
leading experts presented in-depth literature evidence and
proposed recommendations, which were publicly discussed
and assessed by an independent jury, and consensus was
formed [14]. Participants in the consensus process included
not only transplant, prehabilitation and medical specialists, but
also allied health professionals, patients and patient
representatives.

This document presents the 2022 ESOT consensus findings
and recommendations on implementing prehabilitation in the
care for solid organ transplant candidates. These guidelines and
recommendations undergo continual review and will be updated
to reflect new evidence as it becomes available.

METHODS

The consensus development process was governed by the
dedicated ESOT Guidelines Taskforce and co-organized by the
ESOT sections European Liver and Intestine Transplant
Association, European Kidney Transplant Association,
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European Pancreas and Islet Transplant Association, European
Cardio Thoracic Transplant Association, European Transplant
Allied Healthcare Professionals, the ESOT Education Committee
and Young Professionals in Transplantation.

The consensus development process followed the
methodology stipulated by the ESOT Consensus Platform as
recently published in detail [14]. In brief, the subsequent steps
were as follows:

i) Prehabilitation for solid organ transplant candidates was
selected as a priority topic for the first ESOT Consensus
Conference, as published [14].

ii) A specific steering committee was selected, consisting of
experts in the topic field, members from the Centre for
Evidence in Transplantation, a Young Professional in
Transplantation representative, and a guideline taskforce
member to liaise with ESOT.

iii) The steering committee identified key relevant questions
related to prehabilitation of solid organ transplant
candidates (heart, lung, liver, kidney) using to the
Population, Intervention, Comparator and Outcome
(PICO) methodology [15] (Table 1).

iv) The staff of the Centre for Evidence in Transplantation
performed systematic literature reviews that were informed
by the PICO questions and thus related to exercise,
nutritional and psychological interventions in solid organ
transplant candidates. The search strategy is presented in
Supplementary Table S1. The PRISMA diagrams from the
evidence review are shown in Figures 1–3. As the number of
publications was expected to be limited, selection was not
limited to randomized clinical trials but also included studies
that used a pre/post or case-control design, prospective and
retrospective studies (cohorts or registry), feasibility studies
and pilot studies. Reviews and meta-analyses were included

for hand searching of bibliographies for additional literature.
Studies were included only if a minimum of 80% of study
participants were formally waitlisted for a solid organ
transplant. Case reports on fewer than 10 patients,
conference abstracts, and letters to the editor were
excluded, as was non-English literature. The literature
evidence relating to the PICO questions was summarized,
as shown in Tables 2–4 and Supplementary File S1.

v) The steering committee integrated the literature evidence and
formulated recommendations (Supplementary File S1). When
proposing recommendations for each question, the quality of
evidence was considered as evaluated by the GRADE approach
[16]. This included risk of bias (Figures 4–6), which was
assessed by two independent reviewers, and an additional
third one if disagreement occurred. The strength of the
individual recommendations was rated as strong or weak.

vi) Jury members, who were not part of the steering committee
were selected and vetted by the guideline taskforce and were
comprised of allied health professionals, patients
(representatives), transplant physicians, and transplant
surgeons.

vii) Consensus was generated using discussion within the entire
working group and modified Delphi methodology including
consensus polling, followed by jury voting of the
recommendations during a session at the ESOT
Consensus conference in Prague [17].

viii) A committee of validating experts validated the
recommendations using the AGREE II guidelines [18].

RESULTS

A total of 4 PICO questions were identified, along with key
criteria for analysis, as presented in Table 1. The systematic

TABLE 1 | PICO questions and criteria for analysis.

1 In adult candidates for lung, liver, kidney and heart transplantation: What is the evidence for the effectiveness of pre-
transplant exercise training, nutritional support and psychosocial interventions, as measured by the criteria prehabilitation
efficacy outcomes, clinical outcomes and patient-reported outcomes
Criteria for analysis:
Effectiveness of the prehabilitation program: Maximal exercise capacity, Functional exercise capacity, Muscle strength,
Nutritional status, Body composition, BMI, Cardio metabolic risk profile, Distress (anxiety/depression), Fatigue, Frailty
Clinical outcomes: Mortality (pre-/post-transplant); Hospital (re-)admissions (pre-/post-transplant); Length of hospital stay
(pre-/post-transplant); Complications after transplant surgery; Graft survival; Rejection episodes
Patient reported outcomes: Health related Quality of Life (HRQoL), Activities of daily living

2 In adult candidates for lung, liver, kidney, and heart transplantation: What is the evidence for the type of pre-transplant
exercise, nutritional support and psychosocial interventions?

3 In adult candidates for lung, liver, kidney, and heart transplant candidates: Which relevant outcomes need to be measured to
evaluate the effect of the pre-transplant exercise and physical therapy, nutritional support and psychosocial interventions?

4 In adult candidates for lung, liver, kidney and heart transplantation:What is the evidence for the feasibility of prehabilitation, as
measured by the criteria enrolment, retention, acceptability, fidelity, safety?
Criteria for analysis:
Enrolment: the number of screened patients who met the eligibility criteria (n/%), the number of eligible patients who were
recruited for the study (n/%)
Retention: the number of participants that were retained in the intervention study, drop-out rate (n/%), reasons for drop-out
Acceptability: the perception among professionals and participants that the intervention is agreeable, appropriate, or
satisfactory
Fidelity: the degree to which the intervention was implemented as it was intended, as measured by adherence to the
program protocol by the interventionist and participants, Safety: occurrence of adverse events
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review of literature yielded 34 studies on exercise, 7 on
nutritional, and 10 on psychological interventions (Figures
1–3). Summaries of the literature evidence were generated and
are presented in Tables 2–4 and Supplementary File S1. A total
of 26 recommendations were formulated (Supplementary File
S2). At the Consensus Conference, the literature summaries and
recommendations were presented, discussed, and amended
according to the ESOT consensus-finding process. In response
to the considerations voiced during the discussion, and in an
attempt to avoid overlap, the number and nature of the
recommendations was revised to 10 well-defined
recommendations, i.e., 4 general and 6 specific ones. In a first
voting round, 100% agreement was achieved on 7 out of
10 recommendations, whereas 3 recommendations reached
86% agreement (1.2, 2.4, 2.5) due to being considered as too

exclusive of certain patient groups. Consensus was reached to
amend these recommendations to be more inclusive, and in a
second voting round, 100% agreement was achieved on all
10 recommendations.

RECOMMENDATIONS

PICO Question 1
In adult candidates for lung, liver, kidney, & heart
transplantation: what is the evidence for the effectiveness of
pre-transplant exercise training, nutritional support and
psychosocial interventions as measured by prehabilitation
efficacy outcomes, clinical outcomes and patient-reported
outcomes.

FIGURE 1 | Flow chart of study selection process exercise interventions with reasons for exclusion. Note: n = number of studies. Figure adapted from: Page MJ,
McKenzie JE, Bossuyt PM, Boutron I, Hoffman TC, Mulrow CD, et al. The PRIMSA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;
372:n71, doi:10.1136/bmj.n71. For more information visit http://www.prisma-statement.org/.
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To date, multimodal prehabilitation programs that offer a
combination of exercise, nutritional, and psychosocial
interventions, have not been studied in solid organ transplant
candidates. Rather, literature is limited to studies investigating a
single type of intervention. Based on the committee’s literature
review and analysis of the predefined criteria prehabilitation
effectiveness, clinical and patient-reported outcomes, one
general recommendation and two specific recommendations
were made.

Recommendation 1.1
Studies are needed that evaluate multi-modal prehabilitation
interventions in candidates for all types of solid organ
transplantation and that focus on core outcomes and
implementation. Such studies should be of high quality,
and preferably–but not exclusively–adequately
powered RCTs.

Quality of Evidence: not applicable.
Strength of Recommendation: Strong.
Rationale: Although supportive, the current evidence

(Table 2–4) based on the effectiveness of pre-transplant
exercise, nutritional, and psychosocial interventions is weak
because of the limited number of randomized studies; 8 for
exercise interventions [19–25], 7 for nutritional interventions
[26–32], and 6 for psychosocial interventions [33–38]. In

addition, 25 non-randomized studies regarding exercise
[39–64], and 4 non-randomized studies on psychosocial
interventions [65–68] were retrieved by literature review
(Supplementary File S1). The small sample size per study and
the limited size and heterogeneity of the total populations studied,
the variability in interventions and outcomes measures, the
generally low-to-moderate quality of the methodology, and–as
a result–the inconsistency of findings across studies (Tables 2–4),
warrants high-quality studies on multimodal prehabilitation
before solid organ transplantation.

Recommendation 1.2
It is suggested that exercise-based interventions are included
in the prehabilitation care of solid organ transplant
candidates, with the objective to improve cardiorespiratory
fitness and/or inspiratory muscle strength.

Quality of Evidence: Low.
Strength of Recommendation: Weak.
Rationale: Although the number and size of RCTs is

limited, studies have shown that exercise training was
associated with clinically meaningful improvement in
cardiorespiratory fitness in heart transplant candidates [19,
21, 22, 24] and a clinically meaningful gain in inspiratory
muscle strength in heart and in liver transplant candidates
[19, 23, 24].

FIGURE 2 | Flow chart of study selection process nutritional interventions with reasons for exclusion.
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Recommendation 1.3
It is suggested that probiotic therapy be used in candidates for
liver transplantation to reduce their susceptibility to post-
transplant infections.

Quality of Evidence: Very low.
Strength of Recommendation: Weak.
Rationale: Two studies were identified in which pre-transplant

probiotic and symbiotic therapy were associated with reduced
post-transplant infection rates in recipients of a liver transplant
[26, 28]. However, both studies had small sample sizes (n = 44/n =
50) and used different products.

PICO Question 2
In adult candidates for lung, liver, kidney, & heart transplantation:
which type(s) of exercise, nutritional support and psychosocial
interventions are recommended in the pre-transplant phase?

As there are no established prehabilitation programs for solid
organ transplant candidates, evidence review was focused on studies
that addressed interventions that could be of value in a multimodal
prehabilitation program. One general recommendation and four
specific recommendations were established.

Recommendation 2.1
Studies are needed to identify the optimal component(s) and the
mode of delivery of pre-transplant multimodal prehabilitation

programs in solid organ transplant candidates. Such studies
should be of high quality and be preferably -but not
exclusively-adequately powered RCTs.

Quality of Evidence: not applicable.
Strength of Recommendation: Strong.
Rationale: Because of the heterogeneity in the study

populations and in the nature and delivery mode of the
interventions described in the current literature (Tables 2–4;
Supplementary File S1), it remains unclear which organ
transplant candidates would benefit most from which
intervention program. Most exercise intervention studies used
aerobic training [19–22, 24], peripheral muscle training [41],
inspiratory muscle strength training [25, 51], or a combination of
these training modalities. Nutrition intervention studies mostly
used nutritional support to optimize energy intake and/or obtain
weight loss [29–32, 69, 70]. Whilst psychosocial interventions
predominantly included cognitive behavioral therapy [33, 34, 36,
37, 65, 67], psycho-educational interventions [35, 68] and stress
management and relaxation techniques [38, 67] or a combination
of these interventions. Studies are needed that will help determine
the modalities of the intervention, and for each modality
(exercise, nutrition or psychosocial), the intervention
characteristics (frequency, intensity and timing), the delivery
mode (type of interventionist, level of supervision, home-based
versus in- or outpatient) for each type of donor organ recipient.

FIGURE 3 | Flow chart of study selection process psychosocial interventions with reasons for exclusion.
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TABLE 2 | Summary of RCTs- Exercise interventions.

First author,
year
(country of
origin)

Sample
characteristics
Tx-type, total N,
n per group,
% male, age (y)
(mean (sd) or
median (range))

Intervention(s) and
measurement points

Effectiveness
outcomes

Results – Effectiveness
outcomes
↑ = significant increase
↓ = significant decrease
≈ no difference

Results – Feasibility
outcomes

1 Laoutaris, 2011
(Greece)

HTx candidates with
LVAT or BiVAT
n = 21

All participants were advised to
walk every day for 30–45 min.

VO2peak ↑ within I; I ≈ C Enrolment: 21/23 (91%) of
eligible patients

I n = 14
100% male
Age 37 (±18)

I: 10 week, homebased
aerobic exercise (45 min,
3–5x/week, intensity
y12–14/20 RPE) and hospital-
based IMT (until exhaustion,
2–3x/week, intensity 60% MIP)

6MWT ↑ within I; I ≈ C Attrition: 15/21 (71%)
completed (I 10/14 (71%);
C 5/7 (71%)), all drop out due
to Tx

C n = 7
80% male
Age 42 (±15)

C: Usual care QOL (MLwHFQ) ↑ within I; I ≈ C Fidelity (participants): NR

Assessments:
- Pre-intervention
- Post-intervention

PIMax and sustained
PImax

↑ within I; I ≈ C Fidelity (interventionist): NR

Lung volumes
(inspiratory capacity)

↑ within I; I ≈ C Acceptability: patients enjoyed
training and seemed more
enthusiastic compared with
patients in the control group

Dyspnea after 6MWT I ≈ C Safety: no adverse events
occurred during the training
period

2 Gloeckl, 2012
(Germany)

LuTx candidates
following COPD
stage IV diagnosis
n = 71

All participants received
strength training (four to six
exercises, 3 sets of 30
repetitions, at maximal
tolerated load), breathing
therapy, education, and
psychological support.

6MWT ≈ increase in I andC Enrolment: 71/97 of eligible
patients

I n = 36
49% male
Age 52 (±6)

I: 3-weeks, hospital-based
high-intensity interval training,
10–36 min per session,
5–6x/week, 1–2 sessions/day,
intensity repeated bouts of 30 s
at 100% Wmax alternated by
30 s rest

QOL (SF-36 PCS
and MCS)

PCS: ≈ within I; ↑ within C; I ≈
C
MCS: ↑ within I; ≈ within C; I
≈ C

Attrition: 60/71 completed
(I 30/36 (83%); C 30/35 (86%)).
Dropout due to: I acute
exacerbation (n = 4), non-
compliance with study
protocol (n = 1), other (n = 1);
C acute exacerbation (n = 3),
Tx (n = 1), other (n = 1)

C n = 35
44% male
Age 55 (±7)

C: 3-weeks, hospital-based,
moderate-intensity aerobic
exercise, 10–30 min/session,
5–6x/week, 1-2 sessions/day,
intensity 60% Wmax

Wmax ≈ increase in I and C Fidelity (participants): no
difference in number of
exercise sessions or total work
performed per group. I: 14.9
(±1.9); C: 14.7 (±1.5)

Assessments:
- Pre-intervention
- Post-intervention

During exercise
- SpO2

- TCPCO2

- Dyspnea
- leg fatigue

I ≈ C
I ≈ C
↓ in I
I ≈ C

Fidelity (interventionist) NR

Unintended breaks
(number and time)
during exercise

↓ number and ↓ duration in I Acceptability: NR

PaO2 and PaCO2 I ≈ C Safety: no serious adverse
events occurred

lung function (DLCO,
FEV1, FEV1/IVC)

I ≈ C

(Continued on following page)
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TABLE 2 | (Continued) Summary of RCTs- Exercise interventions.

First author,
year
(country of
origin)

Sample
characteristics
Tx-type, total N,
n per group,
% male, age (y)
(mean (sd) or
median (range))

Intervention(s) and
measurement points

Effectiveness
outcomes

Results – Effectiveness
outcomes
↑ = significant increase
↓ = significant decrease
≈ no difference

Results – Feasibility
outcomes

3 Hayes, 2012
(Australia)

HTx candidates with
LVAT
n = 14

All participants followed a
progressive walking program:
They were advised to walk a
minimum of 5 days per week at
13 RPE and increased their
walk progressively up to
60 min.

VO2peak ↑ in; I ≈ C Enrolment: 14/18 (78%) of
eligible patients

I n = 7
86% male
Age 48.7 (±14.5)

I: 8-week, gym-based aerobic
and strength training (60 min/
session, 3x/week, intensity
cycling at 50% VO2reserve;
treadmill at 60% of the speed
averaged during the 6MWT;
strength: three upper limb and
three lower limb exercises
using weight machines and free
weights, 2 sets of 10 reps).

6MWT ↑ in I and C; I ≈ C Attrition: 14/14 (100%)
completed

C n = 7
86% male
Age 45.9 (±14.6)

C: Usual care, which included a
walking program.

QOL (SF36) ↑ within I; I ≈ C Fidelity (participants):
I: participation in 21.3 ± 1.5 of
possible 24 sessions. Reasons
for missed sessions: conflicting
medical appointment (79%)
and conflicting family demands
(21%). C: 100% compliance to
the walking program

Assessments:
- Pre-intervention
- Post-intervention

Wmax ↑ in I and C Fidelity (interventionist): NR

Acceptability: NR
Safety: no adverse events
occurred

4 Adamopoulos,
2013 (Greece)

HTx candidates with
LVAT or BiVAT
n = 22

All participants were advised to
walk every day for 30–45 min.

Thyroid hormone
signalling (TRα1,
p/t-AKT and
p/t-JNK)

↑ within I; I ↑ C Enrolment: 22/26 (85%) of
eligible patients

I n = 11
91% male
Age 39.7 (±4.3)

I: 12 weeks, aerobic training
(home-based, 45 min/session,
4x/week, intensity
12-14/20 RPE) and IMT
(hospital-based, until
exhaustion, 3x/week,
intensity 60% PImax

VO2peak ↑ within I; I ↑ C Attrition: 22/22(100%)
completed

C n = 11
82% male
Age 40.9 (±4.9)

C: Usual care NT-proBNP (marker
of heart failure)

↓ within I; I ↓ C Fidelity (participants): NR

Assessments:
- Pre-intervention
- Post-intervention

Fidelity (interventionist): NR

Acceptability: NR
Safety: NR

(Continued on following page)
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TABLE 2 | (Continued) Summary of RCTs- Exercise interventions.

First author,
year
(country of
origin)

Sample
characteristics
Tx-type, total N,
n per group,
% male, age (y)
(mean (sd) or
median (range))

Intervention(s) and
measurement points

Effectiveness
outcomes

Results – Effectiveness
outcomes
↑ = significant increase
↓ = significant decrease
≈ no difference

Results – Feasibility
outcomes

5 Limongi, 2014
and 2016 (Brazil)

LiTx candidates
n = 49

MIP ↑ in I and C Enrolment: 49/49 (100%) of
eligible patients

I n = 22
79% male
Age 55.8 (±5.4)

I: 3-months, home-based, daily
exercises illustrated in a manual
(3 × 15 repetitions of
diaphragmatic breathing
exercises, diaphragmatic
isometric exercise, Threshold
IMT®, lifting upper limbs with a
bat and strengthening the
abdomen). Duration training
sessions varied by patient.
Intensity reported only for
diaphragmatic breathing (1 kg
on the belly). Supervision once
a month at distance.

MEP ↑ in I and C Attrition: 37/49 (76%
completed; I 14/22 (64%); C
23/27 (85%)). Dropouts due to
I: LiTx (n = 2), death (n = 3),
declined to perform exercise
(n = 3), C LiTx (n = 1), death
(n = 3)

C n = 27
78% male
Age 55.4 (±9.9)

C: Usual care Spirometry (FVC,
FEV1)

no changes Fidelity (participants): NR

Assessments:
- Pre-intervention
- Post-intervention

QOL (SF-36) ↑ in I and C on general health
and mental health subscale;
↑ within I on functional
capacity, not in C, but without
between group differences

Fidelity (interventionist): NR

Surface EMG of
diaphragm

I ↓ C Acceptability: NR

Surface EMG of
rectus abdominis

no changes Safety: NR

Ascites presence I ≈ C

6 Forestieri, 2016
(Brazil)

HTx candidates
n = 24

6MWT ↑ within I; I ↑ C Enrolment: 24/27 (89%) of
eligible patients

I n = 12
71% male
Age 48.3 (±10.2)

I: ~22 days, hospital-based,
intermittent aerobic (stationary
cycle ergometer exercise: 5
periods of 3 min cycling and
1 min res, 20 min/session, 2x/
day, intensity 3–4/10 RPE

MIP ↑ within I; I ↑ C Attrition: 18/24 (75%)
completed (I 7/12 (58%); C
11/12 (92%)). Dropouts due to:
I: incapacity to complete the
stationary cycle ergometer
exercise (n = 5); C: acute
severe arrhythmias (n = 1)

C n = 12
82% male
Age 48.0 (±11.2)

C: ~19 days, hospital-based,
breathing exercises and global
active exercises of the upper
and lower limbs in the upright
seated position (2x/day,
intensity: 3–4/10 RPE)

FVC NR Fidelity (participants): 42%
lost for follow-up

Assessments:
- Pre-intervention
- Post-intervention

FEV1 NR Fidelity (interventionist): NR

NT-proBNP NR Acceptability: 42% were
incapable to complete the
intervention program
Safety: NR

(Continued on following page)
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TABLE 2 | (Continued) Summary of RCTs- Exercise interventions.

First author,
year
(country of
origin)

Sample
characteristics
Tx-type, total N,
n per group,
% male, age (y)
(mean (sd) or
median (range))

Intervention(s) and
measurement points

Effectiveness
outcomes

Results – Effectiveness
outcomes
↑ = significant increase
↓ = significant decrease
≈ no difference

Results – Feasibility
outcomes

7 Pehlivan, 2018
(Turkey)

LuTx candidates
n = 34

All participants participated in a
home-based pulmonary
rehabilitation program:
breathing exercises (local
expansion exercises,
diaphragmatic breathing, and
pursed lip breathing), free
walking, and upper and lower
body strengthening with
resistance bands. Participants
completed a weekly chart that
was reviewed by the
physiotherapist.

MIP ↑ within I; I ↑ C Enrolment: 34/38 (89%) of
eligible patients

I n = 17
59% male
Age 36.1 (±15.9)

I: 3-months, 5x/week
(supervised 2x/week; home-
based 3x/week) standard
pulmonary rehabilitation
(aerobic exercises: treadmill,
cycle and arm ergometer,
15 min per exercise modality/
session, intensity: 50%–70% of
HRmax and resistance
exercises: dumbbell and free
weight bags, 8–12 reps, one to
two sets/ session, intensity
20%–40% 1-RM) + IMT with
Powerbreathe device (15 min/
session, 2x/day, 5 days/week,
intensity initial 30% of MIP,
progressed to 60% MIP)

MEP ↑ in I and C Attrition: 34/34 (100%)
completed

C n = 17
65% male
Age 39.0 (±12.4)

C: Usual care, including
standard pulmonary
rehabilitation (see above)

6MWT ↑ in I and C, but greater in I
than C

Fidelity (participants): NR

Assessments:
- Pre-intervention
- Post-intervention

mMRC dyspnea
scale

↓ in I and C Fidelity (interventionist): NR

FVC no changes Acceptability: NR
FEV1 no changes Safety: NR
DLCO no changes
DLCO/VA I ↑ C

8 Manzetti, 1994
(United States)

LuTx candidates
n = 21
22% male
Age 40 (±10)

Wmax no changes Enrolment: 36/91 (40%) eligible
for participation, 15/36 (42%)
of eligible patients declined
participation due to financial
reasons (n = 10) or transport
issues or inability to perform
activities of daily living
independently (n = 5)

I: n = 5
% Male NR
Age NR

I: 6-week, health education
program + supervised aerobic
training (treadmill, bicycle
ergometer, 30 min/session, 2x/
week, around aerobic
threshold or 80% maximal
ventilation) + strength training
of upper extremity (low
intensity)

6MWT ↑ in I and C, I ≈ C Attrition: 9/21 (43%)
completed; drop-outs due to
Tx (n = 9) or hospitalization (n =
3). Number of drop-outs per
group NR

↑ or ≈ I and C, I ≈ C Fidelity (participants): NR
(Continued on following page)
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Recommendation 2.2
Solid organ transplant candidates who are underweight may be
offered nutritional interventions with the aim to achieve optimal
target weight before the transplant.

Quality of Evidence: Very low.
Strength of Recommendation: Weak.
Rationale: Evidence from two intervention studies in lung

transplant candidates [29, 30] have indicated that increased
caloric intake before transplantation may allow solid organ
transplant candidates, especially those who are underweight, to
reach a pre-transplant target weight. However, these studies had a
small sample size and were conducted in different settings
(hospital vs. outpatient clinic).

Recommendation 2.3
Solid organ transplant candidates who are overweight may be
offered nutritional interventions with the aim to achieve optimal
target weight before the transplant.

Quality of Evidence: Very low.
Strength of Recommendation: Weak.
Rationale: One study (n = 43) [32] showed that a weight-loss

program, consisting of bibliotherapy and voice call counselling by
a dietician, was successful in reducing body weight in adult
candidates for heart transplantation.

Recommendation 2.4
It is suggested that cognitive behavioral therapy and
psychoeducational interventions are considered for solid organ
transplant candidates who have symptoms of anxiety and/or
depression.

Quality of Evidence: Very low.
Strength of Recommendation: Weak.

Rationale: Six studies utilized elements of cognitive behavioral
therapy (CBT) and psychoeducational interventions [33, 34, 36, 37,
65, 67] of which five reported a significant decrease in symptoms of
anxiety and depression or mood [33, 34, 36, 37, 65] in lung, liver,
and kidney transplant candidates. However, studies differed
regarding duration (8–12 weeks), modality (group vs. individual;
remote vs. in person), andmost studies had small sample sizes (n =
29 to n = 71) (Table 4). Only the study of Blumenthal et al (2006))
[36] had an adequate sample size (n = 328).

Recommendation 2.5
It is suggested to consider stress-reducing interventions such as
mindfulness-based stress reduction or relaxation techniques in
candidates for solid organ transplantation to reduce anxiety or
stress levels.

Quality of Evidence: Very low.
Strength of Recommendation: Weak.
Rationale: In two studies among kidney and kidney-pancreas

transplant candidates, stress-reducing interventions were
associated with alleviated symptoms of anxiety [65] or
depression [38, 65] directly after the intervention. However,
this effect was not maintained long-term. In addition, sample
sizes were small (n = 41/n = 63) and the intervention differed
regarding content and interventionist.

PICO Question 3
In adult candidates for lung, liver, kidney, & heart
transplantation: what are the outcomes relevant to exercise
and physical activity, nutritional support and psychosocial
interventions that should be measured pre-transplant?

In order to reliably assess the effects of prehabilitation
interventions, it is imperative to standardize outcome

TABLE 2 | (Continued) Summary of RCTs- Exercise interventions.

First author,
year
(country of
origin)

Sample
characteristics
Tx-type, total N,
n per group,
% male, age (y)
(mean (sd) or
median (range))

Intervention(s) and
measurement points

Effectiveness
outcomes

Results – Effectiveness
outcomes
↑ = significant increase
↓ = significant decrease
≈ no difference

Results – Feasibility
outcomes

C: n = 4
% male NR
Age NR

C: 6-week, health education
program

QoL (QWB, QLI,
SFSD)

Assessments:
- Pre-intervention
- Post-intervention

Fidelity (interventionist): NR

Acceptability: NR
Safety: NR

I, Intervention group; C, comparator group; Tx, transplantation; NR, not reported; 1RM, one-repetition maximum; 6MWD, six-minute walking distance; 6MWT, six-minute walking test;
BiVAT, biventricular assist device; COPD, chronic obstructive pulmonary disease; DLCO/VA, alveolar volume ratio of carbon-monoxide diffusion capacity; DLCO, diffusion capacity of the
lung for carbon monoxide; EMG, electromyography; FEV1, forced expiratory volume in 1 second; HRmax, maximal heart rate; HTx, heart transplantation; IMT, inspiratory muscle training;
IVC, inspiratory vital capacity; LiTx, liver transplantation; LuTx, lung transplantation; LVAT, left ventricular assist device; MEP, maximal expiratory pressure; MIP, maximal inspiratory
pressure; MLwHFQ, Minnesota Living with Heart Failure Questionnaire; mMRC dyspnea scale, modified Medical Research Council dyspnea scale; NA, Not applicable; NR, not reported;
NT-proBNP, N-terminal prohormone of brain natriuretic peptide; PaCO2, partial pressure arterial carbon dioxide; PaO2, partial pressure arterial oxygen; PImax, maximal inspiratory
pressure; QOL, quality of life; RPE, rate of perceived exertion; SpO2, saturation of peripheral oxygen; TCPCO2, transcutaneously measured pressure of arterial carbon dioxide; VO2peak,
peak or maximal oxygen consumption; Wmax, peak work rate at the end of a cardiopulmonary exercise test; QWB, Quality of Well-being scale; QLI, Quality of Life Index; SFSD, Symptom
Frequency/Symptom distress scale.
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TABLE 3 | Summary of RCTs- Nutritional interventions.

First author,
year (country
of origin)

Sample
characteristics
Tx-type,
total N, n per group,
% male, age (y)
(mean (sd) or
median (range))

Intervention(s) and
measurement points

Effectiveness
Outcomes

Results –

Effectiveness
outcomes
↑ = significant
increase
↓ = significant
decrease
≈ no difference

Results – feasibility outcomes

1 Grat, 2017
(Poland)

Liver Tx candidates
N = 55

90-day mortality rate I ≈ C Enrolment: 209/491 (43%) eligible
for participation;
55/209 (26%) of eligible patients
participated. Refusal to participate
probably due to administrational
factors

I n = 26
81% male
Age 52 (47–58)

I: once daily intake of a 4-strain
probiotic preparation before
breakfast (ProBacti 4 Enteric®: 3 ×
109 colony-forming units of
Lactococcus lactis PB411
(50.0%), Lactobacillus casei
PB121 (25.0%), Lactobacillus
acidophilus PB111 (12.5%), and
Bifidobacterium bifidum PB211
(12.5%) from enrolment until
transplantation. Duration of
intervention was <2–>10 weeks
depending upon timing Tx

30-day and 90-day
infection rate

I ↓ C Attrition: 50/55 ((91%) completed
(I 24/26 (92%); C 26/29 (90%)). Dropouts
(n = 5) all discontinued treatment
Post-Tx outcomes available of I: 21/26
(81%) and C: 23/29 (79%)

C n = 29
74% male
Age 50 (35–61)

C: placebo 5-days post-Tx:
- AST
- ALT
- Bilirubin concentration
- INR

I ↑ C
I ↑ C
I ↓ C
I ≈ C

Fidelity (participants): I 2/26 (8%) and
C: 3/29 (10%) discontinued treatment

Assessments:
- Baseline
- Pre-Tx: follow-up with intervals of
10 weeks
- Post-Tx: 90 days follow-up

Pre-transplant:
- Waitlist mortality
- Hospitalizations
- Infections
- Complications

None
I ≈ C
I ≈ C
I ≈ C

Fidelity (interventionist): NR

Post-transplant
- Primary non-function
- Early allograft
dysfunction
- Complications

I ≈ C
I ≈ C

I ≈ C

Acceptability: NR

MELD-score changes I ≈ C Safety: NR
CTP changes I ≈ C

2 Plank, 2015
(New Zealand)

Liver Tx candidates
N = 101

Body composition
- Body weight (kg)
- Total body protein
- Total body fat

I ≈ C
I ≈ C
I ≈ C

Enrolment: NR

I n = 52
Male 63%
Age 53 (25–68)

I: daily intake of immuno-nutrition,
two 74 g sachets per day until the
day of transplant, consisting of
7.5 g arginine, 2 g omega-3 fatty
acids + 0,8g Ribonucleic acid. for
56–65 days (median)

Muscle function
- Hand grip strength
- Respiratory muscle
strength

I ≈ C
I ≈ C

Attrition: 101/120 (84%) completed
(I 52/60 (87%);
C 49/60 (82%)). Dropouts:
I: delisting (n = 8), C: death
(n = 4), delisting (n = 7)

C n = 49
Male 73%
Age 50 (22–59)

C: daily intake with a similar amount
of an isocaloric, but not
isonitrogenous, control product

Plasma phosphatidyl-
choline fatty acids

I ↑ C at pre-Tx and day
10 measurements

Fidelity (participants): NR

Assessments:
- Baseline
- Prior to Tx
- 10, 30, 90, 180, 360 days after Tx

Fatigue (NR) I ≈ C Fidelity (interventionist): NR

Graft rejection I ≈ C Acceptability: NR
Length of stay at ICU I ≈ C Safety: intolerance to immune-nutrition

in four participants
Length of stay at hospital I ≈ C

(Continued on following page)
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TABLE 3 | (Continued) Summary of RCTs- Nutritional interventions.

First author,
year (country
of origin)

Sample
characteristics
Tx-type,
total N, n per group,
% male, age (y)
(mean (sd) or
median (range))

Intervention(s) and
measurement points

Effectiveness
Outcomes

Results –

Effectiveness
outcomes
↑ = significant
increase
↓ = significant
decrease
≈ no difference

Results – feasibility outcomes

3 Eguchi, 2011
(Japan)

Living donor Liver TX
candidates
N = 50

Infectious complications I ↓ C Enrolment: NR

I n = 25
52% male
Age 56 (33–66)

I group 1: 2 days preoperative and
group 2: 2 weeks post-operative
synbiotic therapy (Bifidobacteriu
breve, Lactobacillus casei and
Galactooligosa charides)

Mortality I ≈ C Attrition: NR

C n = 25
64% male
Age 57 (25–68)

C: placebo Length of stay at ICU I ≈ C Fidelity (participants): NR

Assessments:
Not specified

Length of stay at hospital I ≈ C Fidelity (interventionist): NR

Acceptability: NR
Safety: all participants tolerated
synbiotic therapy

4 Park, 2003
(United States)

Heart Tx candidates
with BMI > 25 kg/m2

N = 43

All participants had one consultation
session by a graduate student in
clinical psychology under the
supervision of the study’s registered
dietitian, who provided the
recommendations such as energy
balance

Body weight change I ↑ C Enrolment: 43/54 (80%) of referred
patients

I n = 21
81% male
Age 47.8 (±8.5)

I : 3-months weight-loss program
comprised of bibliotherapy (written,
20-page manual containing brief
lessons about cognitive and
behavioral weight loss strategies),
and telephone-based counseling
(1x/week, 15–20 min) delivered by
a therapist who has a bachelor’s or
master’s degree in psychology.

Attrition: 36/43 (84%) completed
(I 17/21 (81%); C 19/22 (86%)

C n = 22
68% male
Age 48.1 (±9.4)

C: 3-months weight-loss program
comprised of bibliotherapy without
counseling

Fidelity (participants): I returnedmore food
diaries than C, but not significant; I
returned more postcards than C, but not
significant

Assessments:
- Pre-intervention
- Post-intervention

Fidelity (interventionist): NR

Acceptability: NR
Safety: NR

5 Forli, 2001(a)
(Norway)

Lung Tx candidates
N = 65

Change in body weight. I ↑ C1 and C2 Enrolment: 6/71(8%) of eligible patients
excluded for various reasons: refused
intervention (n = 1), dietary wishes (n = 1),
absent during night/weekend (n = 1), short
hospital stay (n = 1), death (n = 1).

I n = 18
44% male
Age 49 (44–53)

I: intensified nutritional support
comprised of energy-rich diet and
supplements, provided by a
dietician during hospital stay

BMI (kg/m2) C1 ↓ I and C2 Attrition: 49/65 (75%) completed. Drop-
outs due to: not willing to record data
(n = 1), missing data (n = 3), oedema
(n = 2), death (n = 1)

C1 n = 19
53% male
Age 48 (44–52)

C1: normal hospital diet Total energy intake/kg C2 ↓ I and C1 Fidelity (participants): NR

C2 n = 28
43% male
Age 51 (48–55)

C2: normal weight lung Tx
candidates

Total energy intake/REE
predicted

I ↑ C1 and C2, C1 ↑ C2 Fidelity (interventionist): NR

Assessments:
- During hospitalization for lung Tx
screening, exact moments NR

Acceptability: NR

Safety: NR

(Continued on following page)
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TABLE 3 | (Continued) Summary of RCTs- Nutritional interventions.

First author,
year (country
of origin)

Sample
characteristics
Tx-type,
total N, n per group,
% male, age (y)
(mean (sd) or
median (range))

Intervention(s) and
measurement points

Effectiveness
Outcomes

Results –

Effectiveness
outcomes
↑ = significant
increase
↓ = significant
decrease
≈ no difference

Results – feasibility outcomes

6 Forli, 2001(b)
(Norway)

Lung Tx candidates
with underweight
N = 71

Body composition
- Change in body weight

- Change in Fat mass
- Change in Fat free mass

↑ in I (+2.9 kg) and C1
(+2.3 kg) group, not in
C2 group
I ↑ C1 ≈ C2
C1 ↑I ≈ C2

Enrolment: NR

I n = 21
48% male
Age 47 (28–59)

I: intensified sessions dietary
counselling with suggestions for
individual meal plans facilitating
weight gain, booklet with dietary
information and recipes,
supplements, and support by
telephone by the dietitian each
month after hospital discharge.
Mean intervention time was
22 weeks.

Blood samples
- Albumin concentration
- Phosphate
concentration

I ≈ C1 ≈ C2
I ≈ C1 ≈ C2

Attrition: 54/71 (76%) completed (1 18/21
(86%); C1 13/21 (62%); C2 23/29 (79%)).
Dropouts: I and C1 death (n = 8), Tx
(n = 3), infection (n = 14); C2 death (n = 2),
Tx (n = 4), infection (n = 7)

C1 n = 21
48% male
Age 46 (25–60)

C1: one session of individual
dietary counselling with the
dietitian. No follow-ups.
The mean intervention time was
20 weeks.

Lung function test:
- PaO2

- PaCO2

- FVC
- FEV1
- TLCO

I ↓ C1 ≈ C2
I ≈ C1 ≈ C2
I ≈ C1 ≈ C2
I ≈ C1 ≈ C2
I ≈ C1 ≈ C2

Fidelity (participants): NR

C2 n = 29
41% male
Age 52 (26–60)

C2: normal weight Lung Tx
candidates

Exercise testing:
- handgrip strength
- 6MWT

I ≈ C1 ≈ C2
I ≈ C1 ≈ C2

Fidelity (interventionist): NR

Assessments:
- Pre-intervention
- 4–5 months after discharge

Acceptability: NR

Safety: NR

7 Le Cornu,
2000 (United
Kingdom)

Liver Tx candidates
N = 82

No information who provided the
advice in both groups nor the
number of sessions

Biochemical parameters
- Bilirubin
- Creatinine
- Urea
- Alkaline phosphatase
- Aspartate transaminase
- INR

≈ within
≈ within I and C
↑ within I; ≈ within C
≈ within I; ↓ within C
≈ within I and C
≈ within I; ↑ within C

Enrolment: 116/328 (35%) patients were
eligible, 82/116 (71%) of eligible patients
consented

I n = 42
69% male
Age 52 (27–67)

I: Standard dietary advice to
increase energy intake on top of the
dietary recommendations they
already had to follow for underlying
medical conditions and daily
enteral supplementation (750
calories out of 20 g protein and
33.5 g fat).

Anthropometric
measurements:
- Mid-arm circumference
- Triceps skinfold
thickness

I ≈ C
I ≈ C

Attrition: 80-28 (98%) completed (I 41/42
(98%); C 39/40 (98%)). Dropouts due to I:
lost to follow-up n = 1); C: delisted (n = 1)

C n = 40
79% male
Age 50 (24–68)

C: Standard dietary advice to
increase energy intake on top of the
dietary recommendations they
already had to follow for underlying
medical conditions.

Handgrip strength I ≈ C Fidelity (participants): NR

Assessments:
- Screening
- Monthly follow-up until Tx or
death

Energy Intake I ≈ C Fidelity (interventionist): NR

Survival (pre-transplant) I ≈ C Acceptability: NR
Days on ventilatory
support

I ≈ C Safety: NR

Length of ICU stay I ≈ C
Length of Hospital stay I ≈ C

I, Intervention group; C, comparator group; Tx, transplantation; NR, not reported; AST, asparate; ALT, alanine aminotransferase; INR, Internationalized Normalized Ratio; MELD, Model for
End-stage Liver Disease; CTP, Chil-Turcotte-Pugh; ICU, Intensive Care Unit; BMI, Body Mass Index; PaO2, Arterial O2; PaCO2, Arterial CO2; FVC, Forced Vital Capacity; FEV1, Forced
Expiratory Volume/1s; TLCO, Lung transfer factor carbon monoxide; 6MWT, six Minutes Walking Test.
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TABLE 4 | Summary of RCTs - Psychosocial interventions.

First author,
year (country
of origin)

Sample
characteristics
Tx-type, total N, n
per group, % male,
age (y) (mean (sd)
or median (range))

Intervention(s) and
measurement points

Effectiveness Outcomes Results –

Effectiveness
outcomes
↑ = significant
increase
↓ = significant
decrease
≈ no difference

Results – feasibility
outcomes

1 Napolitano,
2002 (United
States)

Lung Tx candidates
N = 71

Health-related quality of life
(SF36, PQLS)

SF36: I ↑ C on overall
quality of life, mental
health, role limitations
due to emotional
functioning, and vitality
score
PQLS: I ↑ C on overall
score and subscales
psychological
functioning and
physical functioning

Enrolment: 81/91 (89%) of
eligible patients

I n = 36
31% male
Age 44.2 (±12.7)

I: 8-weeks, weekly, telephone-
based psychological treatment
comprised of supportive
counselling and CBT, delivered
by clinical psychology graduate

Anxiety (GHQ)
Depression (GHQ)

I ↓C on total score and
subscales scores
(anxiety, depression,
social dysfunction, and
somatic symptoms)

Attrition: 71/81 (88%) completed
baseline (n = 2 delisted, n = 1 Tx,
n = 6 withdrew consent, n = 1
died). 66/71 (93%) completed
follow-up (I 34/36 (94%), missing
data due to Tx (n = 2); C 32/35
(91%), missing data due to loss
to follow-up (n = 3))

C n = 35
31% male
Age 46.6 (±12.4)

C: care as usual Social support (PSSTx) I ↑ C Fidelity (participants): all
participants received all sessions

Assessments:
- Pre-intervention
- Post-intervention

Distress (PSTx) I ≈ C Fidelity (interventionist): NR

Acceptability: NR
Safety: NR

2 Rodrigue,
2005 (United
States)

Lung Tx candidates
N = 35

Quality of Life (QOLI) I ↑ C at 1 and 3-month
follow-up

Enrolment: 35/58 (60%) of
eligible patients

I n = 17
35% male
Age 48.8 (±10.0)

I: 8–12-weeks, weekly,
telephone-based CBT delivered
by clinical psychology graduate
students and interns

Mood (POMS) I ↓ C at 3 month
follow-up

Attrition: 35/35 (100%) at
baseline, 31/35 (89%)
completed all assessments

C n = 18
33% male
Age 49.0 (±11.3)

C: supportive treatment,
delivery NR

Social intimacy (MSIS) I ↑ C at 1 month
follow-up

Fidelity (participants): I: 88% full
treatment, C: 89% full treatment

Assessments:
- Pre-intervention
- 1 month post-intervention
- 3 month post-intervention

FEV1 I ≈ C Fidelity (interventionist): NR

Physical functioning (6MWT) I ≈ C Acceptability: I: high levels of
comfort, rapport, helpfulness
and convenience, low levels of
distraction. 87% would
participate again, 32%
preference telephone
counselling
Safety: NR

(Continued on following page)
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TABLE 4 | (Continued) Summary of RCTs - Psychosocial interventions.

First author,
year (country
of origin)

Sample
characteristics
Tx-type, total N, n
per group, % male,
age (y) (mean (sd)
or median (range))

Intervention(s) and
measurement points

Effectiveness Outcomes Results –

Effectiveness
outcomes
↑ = significant
increase
↓ = significant
decrease
≈ no difference

Results – feasibility
outcomes

3 Sharif, 2005
(Iran)

Liver Tx candidates
N = 110

Health-related Quality of life
(CLDQoL)

I ↑ scores on domains
fatigue, emotional
function, and total
QOL score at 1-month
follow-up.
I ↑ on all domains of
QoL at 3-month
follow-up

Enrolment: NR

I n = 55
76% male
Age NR

I: 4-weeks, three individual
sessions and one group session,
90 min/week, psycho-
educational treatment, mode of
delivery NR

Comparison with
control group not
reported

Attrition: NR

C n = 55
75% male
Age NR

C: educational booklet Fidelity (participants): NR

Assessments:
- Pre-intervention
- Post-intervention

Fidelity (interventionist): NR

Acceptability: NR
Safety: NR

4 Blumenthal,
2006 (United
States)

Lung Tx candidates
N = 328

Health-related Quality of life
(PQLS, SF36, GHQ)

PQLS: I ≈ C
SF36: I ↑ C on PSC
and subscales mental
health and vitality; I ≈ C
on subscales general
health, physical
functioning, pain,
physical role
GHQ: I ↑ C

Enrolment: 389/625 (62%) of
eligible patients. Drop out after
randomization
I: 34/200 (17%); C 27/189 (14%)
due to death, Tx or delisting

I n = 166
45% male
Age 50 (±11)

I: 12-weeks, telephone-based,
30 min/week, supportive
counseling and training in
cognitive-behavioral coping skills
coping skills delivered by trained
social worker or psychologists

Anxiety (STAI) I ↓ C Attrition: I: 126/166 (76%) and C:
147/162 (91%) completed all
assessments

C n = 162
43% male
Age 50 (±12)

C: care as usual Depression (BDI) I ↓ C Fidelity (participants): 10.6 out of
12 sessions, 77% completed all
sessions

Assessments:
- Pre-intervention
- Post-intervention

Perceived stress (PSS) I ≈ C Fidelity (interventionist): 97.6%
adhered to the protocol

Life-orientation (LOT-R) I ↑ C Acceptability: NR
Social Support (PSSC) I ≈ C Safety: no adverse events
Shortness of breath
(SDS-BQ)

I ≈ C

Survival pre-transplant I ≈ C

(Continued on following page)
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TABLE 4 | (Continued) Summary of RCTs - Psychosocial interventions.

First author,
year (country
of origin)

Sample
characteristics
Tx-type, total N, n
per group, % male,
age (y) (mean (sd)
or median (range))

Intervention(s) and
measurement points

Effectiveness Outcomes Results –

Effectiveness
outcomes
↑ = significant
increase
↓ = significant
decrease
≈ no difference

Results – feasibility
outcomes

5 Rodrigue,
2011 (United
States)

Kidney Tx
candidates
N = 62

Health-related Quality of life
(QoLI, SF-36)

QoLI: I1 ↑ (clinical
relevant) C, I2 ≈ C
SF36: I1 ↑ (clinical
relevant) C, I2 ≈ C

Enrolment: 65/110 (59%) of
eligible patients (n = 18
excluded, n = 27 refused)

I1 n = 22
64% male
Age 53.2 (±11.1)

I1: 8-weeks,in person, 50 min/
week, QoL-therapy, delivered by
trained social workers or
psychologists

Mood (POMS) I1 ↑ (clinical relevant) C,
I2 ≈ C

Attrition: 62/65 (95%) completed
baseline, 51/62 (82%)
completed all assessments

I2 n = 20
40% male
Age 48.6 (±11.9)

I2: 8-weeks, in person, 50 min/
week, supportive care, delivered
by trained social workers or
psychologists

Distress (HSCL) I1+ I2 Fidelity (participants): I1 17/22
(77%) and I2 17/20 (85%)
received full treatment

C n = 20
45% male
Age 52.7 (±12.7)

C: care as usual Social Intimacy (MSIS) I1 ↑ (clinical relevant) C,
I2 ≈ C

Fidelity (interventionist): NR

Assessments:
- Pre-intervention
- 1-week post-intervention
- 12-week post-intervention

No mental unhealthy days I1 ≈ I2 ≈ C Acceptability: high level of
comfort, rapport,
supportiveness and overall
helpfulness
Safety: NR

6 Gross, 2017
(United
States)

Kidney and kidney
pancreas Tx
candidates
N = 63

Health-related quality of life
(SF36)

I ↑ C on MCS at 6-
month follow-up
I ↑ within group PCS
score at 2-month
follow-up

Enrolment: 63/388 (16%) of
eligible patients

I n = 32
43% male
Age 50 (±12)

I: 8-weeks, group-based,
combined in-person and
telephone-based, mindfulness
stress reduction training,
delivered by a certified
mindfulness-based stress
reduction teacher

Anxiety (STAI) I ≈ C Attrition: 51/63 (81%) completed
assessment at 2 months after
baseline (I 27/32 (84%); C 24/31
(77%)). 42/63 (67%) completed
all assessments (I 22/32 (69%);
C 20/31(65%))

C n = 31
43% male
Age 50 (±12)

C: 8-week, group based,
combined in-person and
telephone-based, weekly,
structured support group,
delivered by a group facilitator

Depression (CES-D) I ↑ C at 2-month
follow-up
I ≈ C at 6-month
follow-up

Fidelity (participants):
attendance seven out of eight
sessions; in both groups; n = 4
never attended

Assessments:
- Baseline
- 2 months after baseline
- 6 months after baseline

Sleep quality (PSQI) I ≈ C Fidelity (interventionist): no
treatment contamination found

Pain (SF12 pain item) I ≈ C Acceptability: 90% reported
continuing meditation practices,
67%–80% indicated that MBSR
was helpful

Fatigue (PROMIS-
Fatigue SF)

I ≈ C Safety: No intervention-related
adverse events occurred

Tx, transplant; I, intervention group; C, comparator group; NR, Not reported; CBT, cognitive behavioural therapy; SF-36, short form 36 questionnaire; GHQ, general health questionnaire;
PQLS, pulmonary-specific quality-of-life-scale; PSSTx, perceived social support related to transplantation; PSTx, perceived stress related to transplantation QOLI, quality of life inventory;
POMS, Profile of Mood States Short-Form; MSIS, 17-item Miller Social Intimacy Scale; FEV1, Forced expiratory volume; 6MWT, six minute walk test; CLDQoL, Chronic Liver Disease
Quality of Life; PQLS, pulmonary specific Quality of Life Scale; STAI, State-Trait Anxiety Inventory- State form; BDI, Beck Depression Inventory; PSS, perceived stress scale; LOT-R, life
orientation test- revised; PSSC, Perceived social support scale; SDS-BQ, University of California San Diego Shortness of breath Questionnaire; COPE Inventory; POMS, Profile of Mood
States-Short Form; HSCL, Hopkins Symptom Checklist-25; No of unhealthy mental health days in the past month, subjective reporting of number of days experiencing stress; depression
or anxiety in the past month; CES-D, The Centre for Epidemiologic Studies Depression Scale; PSQI, The Pittsburg Sleep Quality Index; SF-12, Short-Form 12 questionnaire; MCS, Mental
Composite Score of the SF-12; PCS, Physical Composite Score of the SF-12; PROMIS-Fatigue, PROMIS-Fatigue Short Form v1.
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measures, their definitions, and the tools to measure them.
Literature was reviewed with respect to the outcomes
evaluated as well as the tools to measure them. One general
recommendation was formulated.

Recommendation 3.1
It is strongly recommended that a core outcome measurement set
is defined for future multimodal prehabilitation studies in solid
organ transplant candidates.

Quality of Evidence: not applicable.
Strength of Recommendation: Strong.
Rationale: The studies retrieved during this review varied

widely with respect to the clinical and patient-reported

outcomes that were utilized, and the methods to assess them
(Tables 2–4). Most exercise intervention studies included
cardiorespiratory fitness including peak or maximal oxygen
consumption (VO2peak) and/or six-minute walking distance
(6MWD)], Health-related Quality of Life (HRQoL), dyspnea, or
maximal inspiratory pressures outcome measures. Nutritional
intervention studies mostly monitored weight changes,
infection rates, body composition and survival as either
primary or secondary outcomes. The outcomes in studies
that used psychosocial interventions included mostly HRQoL
as well as parameters of mood, social intimacy and coping, while
the use of clinical outcomes was rare. All stakeholders including
solid organ transplant candidates and recipients, transplant

FIGURE 4 | Risk of Bias assessment RCTs exercise intervention studies.

FIGURE 5 | Risk of Bias assessment RCTs nutritional intervention studies.
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professionals, and researchers in the field of transplantation
strongly supported that a core outcome set be defined to facilitate
comparative studies and give impetus to the field. A core
outcomes set refers to a minimum set of outcome measures
that are critical to patients, caregivers, and health professionals
for decision making [71]. Selected outcomes that have so far not
been considered but do carry clinical relevance during the pre-
transplant waiting time are health-related physical fitness
parameters such as muscular fitness, motor fitness, body
composition and (cardio)metabolic health, as well as patient-
reported outcomes such as fatigue, medication adherence and
lifestyle, and clinical outcomes such as duration of intensive care
stay, hospitalization, (re-)admissions, complications, graft
function and survival, and waitlist and post-transplant
mortality.

PICO Question 4
In adult candidates for lung, liver, kidney, & heart
transplantation: what is the evidence for the feasibility
(enrolment, retention, acceptability, fidelity, safety) of
prehabilitation?

Implementation of prehabilitation in clinical practice of solid
organ transplantation should be supported by evidence of
feasibility. Two systematic reviews have previously concluded
that exercise prehabilitation is feasible and safe for solid organ
transplant candidates [11, 12]. The review by Wallen et al was
performed with focus on the feasibility outcomes enrolment,
retention, acceptability, fidelity and safety [11]. One general
recommendation was made.

Recommendation 4.1
It is strongly recommended that future studies on multimodal
prehabilitation in solid organ transplant candidates include the
specific assessment of feasibility.

Quality of Evidence: Moderate.
Strength of Recommendation: Strong.
Rationale: One study was identified that was specifically

designed to assess the feasibility of delivering a psychosocial
prehabilitation in solid organ transplant candidates. This study
showed that a stress management and relaxation training
program in liver transplant candidates was efficiently
deliverable and considered acceptable and tolerable by the
patients [67]. However, the enrolment rate was low, (29%) and
the attrition rate was moderate (68%). Amongst the remainder of
the literature, most studies reported on some aspect(s) of
feasibility as a secondary outcome, mainly regarding
enrolment and attrition (Tables 2–4). The feasibility measures
fidelity of participants and/or interventionist and safety were less
reported (Tables 2–4). For the exercise intervention studies, the
enrolment rate was approximately 86%, while the average
attrition rate ranged between 71% and 100% [19–25].
However, drop-outs were often due to transplant surgery. In
the studies on nutritional interventions, feasibility measures were
poorly reported. If reported, the enrolment rate was found to be
low to moderate [26, 31, 32]. Attrition rates ranged between 62%
and 98% [26, 27, 29–32]. In the psychosocial intervention studies,
enrolment rates ranged between 24% and 59%, attrition rates
between 69% and 88%, and acceptability of the intervention was
high [33, 34, 36–38]. Only two studies reported the occurrence of
adverse events [27, 65], but no serious adverse events occurred.

Overall, the consensus was that these studies do support the
notion that it is feasible, acceptable and safe for adults to
participate in exercise, nutritional, and psychosocial
interventions during the waiting-list period (Tables 2–4).
Although enrolment in studies differed significantly across
studies, the overall willingness to participate in studies was
found to be good and the attrition rates are adequate, and few
adverse events are reported. Fidelity of participants as well as the

FIGURE 6 | Risk of Bias assessment RCTs psychosocial intervention studies.
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interventionist and acceptability of the intervention are less
reported. Nonetheless, implementation of prehabilitation in a
clinical practice has not been established so far. Future dedicated
studies should focus on the feasibility of implementation in
clinical practice by assessing factors related to potential
implementation strategy effects (e.g., adoption, fidelity, reach,
sustainability) and factors to inform the design or development of
the implementation strategy (e.g., acceptability, adaptability,
feasibility, compatibility, complexity, self-efficacy, context,
costs) [72].

DISCUSSION AND FUTURE
PERSPECTIVES

The newly established ESOT consensus platform has proven
successful in supporting the development of evidence-based
consensus recommendations for prehabilitation in candidates for
solid organ transplantation. Ten recommendations were formulated
for which full consensus was reached within two voting rounds. This
indicated that a high degree of consensus existed amongst all
stakeholders from the prehabilitation, rehabilitation and
transplantation fields, including transplant recipients and their
representatives, and that the recommendations are a balanced
representation of current published evidence and expert opinion.

Published evidence on prehabilitation before solid organ
transplantation was found to be limited and consisted of
studies addressing unimodal prehabilitation interventions with
heterogeneous design, methodology and relatively small sample
sizes. Nevertheless, by consensus and expert opinion, the
available evidence on effects of prehabilitation on physical
functioning, nutritional status, and psychosocial wellbeing and
the evidence on safety of prehabilitation interventions was felt
sufficiently strong to recommend that multimodal, patient-
tailored prehabilitation should be offered as standard of care
to patients awaiting solid organ transplantation. Specific
recommendations included exercise-based intervention as well
as psychological and stress management support for all solid
organ transplant candidates, nutritional intervention for those
who are over- or underweight, and probiotic supplementation for
candidates for liver transplantation.

Because of the shortage in clinical evidence, however,
particularly strong recommendations were formulated
regarding the urgent need for high quality, but not exclusively,
randomized controlled trials and implementation research
studies that address the feasibility and effectiveness of pre-
transplant multimodal prehabilitation. Two RCTs on
multimodal prehabilitation interventions in kidney transplant
candidates are currently underway: the FRAIL-MAR-study
(NCT04701398) [73] and the PreCareTx-study (NCT05489432).

In addition, it was strongly recommended that priority should
be given to the definition and consistent use of a Core Outcome
Set to be measured by all future trials modalities, timing, duration
and delivery modes of an optimal prehabilitation program.

From the in-person public discussions during the Consensus
ESOT Conference, additional constructive perspectives emerged. It
was advocated that clinical guidelines should be broadly applicable to

transplant candidates irrespective of organ type, while leaving room
for organ-specific recommendations, such as probiotics for liver
transplant candidates. It was noted that intoxication-related
interventions are not included in the recommendations, as
intoxication (i.e., tobacco smoking or alcohol abuse) is typically
addressed prior to patients joining the waitlist. The suggestion was
made to formulate recommendations regarding pre-transplant peer
support, however, suchwas considered premature as no evidence base
could be found in the literature review. Lastly, the consideration was
made that the designing of future studies or the future revisiting of the
new guidelines may benefit of being informed by the prehabilitation
literature in the broader field of surgery. However, unlike elective
surgery, the waiting time is often unpredictably long while physical
and mental condition may deteriorate due to the underlying disease.
Therefore, prehabilitation should be offered throughout the waiting
period from the moment of listing until transplantation.

These new evidence-based recommendations on prehabilitation
serve to support best clinical practice in solid organ transplantation
and help identify priorities for future research, thus optimizing
patient health and post-transplant clinical outcome. The final
recommendations will be included in the ESOT guidelines for
transplant management, and under the auspices of the ESOT
consensus development platform, will undergo continuous review
and updating as new evidence becomes available.
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