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Background. Measures of exercise capacity, frailty, and physical function are commonly used in lung transplant can-
didates and recipients to evaluate their physical limitations and the effects of exercise training and to select candidates
for transplantation. It is unclear how these measures are related to clinical outcomes and healthcare utilization before
and after lung transplantation. The purpose of this scoping review was to describe how measures of exercise capacity,
physical function, and frailty are related to pre- and posttransplant outcomes. Methods. We considered studies of any
design that included performance-based tests of exercise capacity, physical function, and frailty in adult lung transplant
candidates or recipients. Outcomes of interest were clinical outcomes (eg, mortality, quality of life) and healthcare utiliza-
tion. Results. Seventy-two articles met the inclusion criteria. The 6-min walk test (6BMWT) was shown to be related to
mortality on the waiting list with different distance values as cutoffs points. There were inconsistent results regarding the
relationship of the BMWT with other clinical outcomes. Few studies have examined the relationship between the cardio-
pulmonary exercise test or the short physical performance battery and clinical outcomes, although some studies have
shown relationship with survival posttransplant and quality of life. Few studies examined the relationship between the
tests of interest and healthcare utilization, and the results were inconsistent. Conclusions. Except for the relationship
between the BMWT and mortality on the waiting list, there is limited evidence regarding the relationship of performance-

based measures of exercise capacity, frailty, and physical function with clinical outcomes or healthcare utilization.

(Transplantation Direct 2022;8: e1385; doi: 10.1097/TXD.0000000000001385).

Every year, close to 100800 solid organ transplants are
performed worldwide, of which around 4000 to 4500 are
lung transplants."? Individuals with advanced lung disease

frequently experience severe dyspnea, decreased exercise
capacity, muscle weakness, and frailty, which impact their
capacity to perform activities of daily living and participate
in social and work activities.>* The mechanisms underlying
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reduced exercise capacity and physical function limitations
are multifactorial, including alterations in lung mechanics
and gas exchange, cardiovascular limitations, peripheral
muscle dysfunction, deconditioning, malnutrition, fatigue,
and anemia."® Improvements posttransplant in physical
capacity are observed mainly because of improved organ
function and reduction of disease symptoms.” However,
exercise capacity is still impaired in transplant recipients
with 40% to 70% of age-predicted values.”!'"!> Myopathy
from immunosuppressive medication, reduced proportion
of type I muscle fibers, reduced mitochondrial oxidative
capacity, muscle atrophy, low physical activity levels, pri-
mary graft dysfunction, infections, and healthcare utiliza-
tion outcomes such as prolonged intensive care unit (ICU)
or hospital stay are factors that contribute to physical limi-
tations in the post-lung transplantation period.”*!!

The 6-min walk test (6MWT) is widely used to assess func-
tional status of lung transplant patients and is part of the evalu-
ation criteria for transplantation.’* However, it has recently
been suggested that including assessment of physical function
and physical frailty in the evaluation for lung transplantation
may improve risk stratification and evaluation of prognosis.'*!
In clinical settings, a combination of aerobic capacity, muscle
function, mobility, and physical activity testing can be used in
lung transplant candidates and recipients to evaluate their phys-
ical limitations pre- and posttransplant, select candidates for
transplantation, and evaluate the effects of exercise training.’

As indicated in a recent international consensus document,
poor physical functional status is considered as an absolute con-
traindication for lung transplantation.'® Therefore, it is impor-
tant to understand how physical function is related to outcomes
pre- and posttransplant to ensure that clinical decisions for
transplant candidacy are being made on the basis of current
evidence. To our knowledge, there are no reviews exploring the
relationship between functional measures of exercise capacity,
physical function, and frailty with outcomes before and after
lung transplantation. This topic was identified as a research pri-
ority in a 2014 expert meeting on exercise in transplantation.’

Therefore, the research question for this scoping review is
to describe what is known about the relationship of perfor-
mance-based tests of exercise capacity, physical function, and
frailty with clinical outcomes and healthcare utilization in
lung transplantation. The findings of this scoping review will
inform clinicians and researchers about the available meas-
ures of functional status in lung transplantation, as well as
guide them on the prioritization and assessment for eligibility
of lung transplant candidates and on the optimization of the
management of lung transplant recipients.

MATERIALS AND METHODS

This review was guided by the methodological framework
proposed by Arksey and O’Malley.'” The general pur-
pose of scoping reviews is to identify and map the cur-
rent literature on a topic by identifying key concepts and
sources of evidence that can inform practice in the field.!®
The reporting of this review was guided by the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) Extension for Scoping Reviews!” and by the
PRISMA Extension for Reporting Literature Searches.?

Search Strategy
In collaboration with the research team and a librarian, the
main author (N.B.) performed an electronic literature search of
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MEDLINE (Ovid) from inception until June 2021. The search
strategy used in MEDLINE was then adapted for Embase
(Ovid) and CINAHL (see Strategy S1, SDC, http://links.lww.
com/TXD/A454, for search terms used in MEDLINE). There
were no time limits or language restriction on the search. The
results from the 3 databases were then combined, and dupli-
cates were removed using EndNote 20 (EndNote, Clarivate
Analytics, Boston, MA).

Inclusion Criteria

We included studies that examined, as primary or sec-
ondary objective, the relationship of exercise capacity,
physical function, or frailty performance-based tests with
clinical outcomes pre— and post—lung transplantation and
healthcare utilization. We considered studies that included
adult lung transplant candidates (referred or waitlisted)
with any lung disease or lung transplant recipients. We
also included studies that analyzed separately a subgroup
of transplant candidates and studies with chronic lung dis-
ease patients where at least 80% of them were referred or
underwent an eligibility assessment for transplant. We con-
sidered retrospective or prospective studies, cohort stud-
ies, case-control studies, natural events studies, time series,
randomized controlled trials, and sequential or cross-over
designs, as well as congress or conference abstracts and
theses.

The performance-based measures of interest were func-
tional exercise capacity measures defined as field walking-
based tests (eg, 6MWT or endurance shuttle walk test) or
lab-based tests (eg, cardiopulmonary exercise test [CPET]),
physical function, and frailty measures. We used the
International Classification of Functioning, Disability, and
Health?' to determine the type of physical function tests we
would include. We considered tests that used performance-
based mobility as a construct (eg, sitting, standing, maintain-
ing a standing position, walking short distances, and walking
long distances), such as gait speed over 4 m (4MGS), sit-to-
stand (STS) tests, the short physical performance battery
(SPPB), or Timed Up and Go.>*! The SPPB is a physical per-
formance test that measures lower extremity function, but it
has also been considered as a surrogate of physical frailty.?>?3
As we were interested in performance-based measures, frailty
was defined only by the SPPB.

The clinical outcomes of interest were mortality on the
waiting list, hospitalization during the waiting time, survival
or mortality posttransplant, chronic lung allograft dysfunc-
tion (CLAD), and quality of life (QOL) pre- or posttrans-
plant. For healthcare utilization posttransplant, outcomes of
interest were hospital length of stay (LOS), ICU LOS, time on
mechanical ventilation, discharge destination, and rehospitali-
zation posttransplant.

We excluded studies that (1) considered pediatric patients
or heart-lung transplant patients; (2) only examined the effects
of pulmonary rehabilitation in lung transplant candidates or
recipients; (3) included pure measures of balance, measures
of frailty evaluated through a questionnaire or index (eg,
Clinical Frailty Scale, Fried Frailty Index), index measures that
included the 6MWT (eg, Lung Allocation Score), or physical
activity measures (eg, accelerometry); and (4) examined the
psychometric properties of a measure. Finally, we excluded
articles in languages other than English, French, Portuguese,
Spanish, or Swedish and records of reviews, case studies, edi-
torials, and commentaries.
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Screening Process, Data Extraction, and Data
Synthesis

The Rayyan Web Application?* was used for the screening
process. Two authors (N.B. and S.M.S.) screened the titles and
abstracts in the first round of review and then screened full
texts in the second round. All disagreements were resolved
without the need to consult a third reviewer. One author
(N.B.) performed the data extraction, and 2 authors (S.M.S.
and ES.A.) verified the extracted data. Information about
study characteristics (design, type of article, country), popu-
lation, performance-based measures used, relationship with
outcomes of interest (if studied and the absence or presence
of a significant relationship), main findings, conclusions, and
limitations were retrieved. If the information was not clear
or the full text was not available, one attempt was made to
contact the corresponding author via email. The data were
synthesized separately for lung transplant candidates and
lung transplant recipients. If a study included lung trans-
plant recipients, but the data of the physical tests were col-
lected retrospectively and therefore performed pretransplant,
this information will be mentioned in the results section of
lung transplant recipients. As this is a scoping review, which
included studies of different designs where methodological
and statistical approaches were used, a meta-analysis was not
conducted.

RESULTS

Literature Search and Characteristics of Included
Studies

The numbers of records identified through the electronic
databases and of included and excluded studies are shown
in the PRISMA flow diagram (Figure 1). Eighty records (72
unique studies) that provided data from over 45000 partici-
pants met our inclusion criteria. Forty-two studies included
lung transplant candidates and 30 with lung transplant recipi-
ents. Table 1 presents the characteristics of the studies included
in the review. Most studies came from North America, were
published in the last 10 y, and were in English, except for 1
study in Spanish. Many studies were retrospective cohort stud-
ies (47 studies). In studies that included lung transplant can-
didates, chronic obstructive pulmonary disease (COPD) was
the most common diagnosis (13 158 patients in 16 studies),
and idiopathic interstitial pneumonia was the most frequently
studied population (26 studies). In studies that included lung
transplant recipients, restrictive lung disease was the most
common pretransplant diagnosis (6907 patients in 37 studies)
, and idiopathic interstitial pneumonias was also the most fre-
quently studied population (16 studies). The 6MWT was the
most common included measure (58 studies), followed by the
SPPB (12 studies). One study included measures of physical
function (5-time STS [5STS] and 4MGS). The statistical anal-
ysis used in the studies to determine the presence of relation-
ship was the time-to-event regression analysis (Cox regression
model, Kaplan-Meier survival curve) in 44 studies, followed
by linear or logistic regression analysis (16 studies), correla-
tions (7 studies), and between-groups analysis (5 studies).

Relationship With Clinical Outcomes in Lung
Transplant Candidates

A summary of the relationship of measures of exercise
capacity, frailty, and physical function with clinical outcomes
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in studies that included lung transplant candidates is shown in
Figure 2. Exercise capacity measures were the most common
measure in the included studies. Twenty-six studies examined
the relationship of the 6MWT with mortality or survival on
the waiting list.?>** Of those, 20 studies showed a significant
relationship with mortality on the waiting list, with the vast
majority (14 studies) using a hazard ratio to calculate mortal-
ity risk with the 6MWT distance (6MWD).2** Seven stud-
ies examined the relationship of the 6MWT with mortality
or survival posttransplant,'#273947:5153 with 3 studies showing
that a lower 6MWD is associated with this outcome.?”’1:52
Five studies examined the relationship of the 6MWT with
QOL,*%57 with 3 studies showing some relationship with
QOL pretransplant.*->>°¢ One study?® examined and showed
a relationship between the 6MWT and delisting of transplant
candidates. More information about the direction of these
relationships is presented in Table S1 (SDC, http:/links.Iww.
com/TXD/A454).

Three articles examined the relationship of the CPET with
mortality or survival on the waiting list with all of them
showing a statistically significant relationship.?*35% There
were no studies that examined the relationship between the
CPET and the other outcomes. Only 1 study examined the
relationship of the endurance shuttle walk test with mortality
or survival on the waiting list, with no significant relation-
ship found.* The relationship between SPPB and clinical
outcomes was examined in 6 studies.!®!*5*¢2 One study
showed a significant relationship of the SPPB with mortality
on the waiting list and with delisting pretransplant,® 2 stud-
ies with pretransplant QOL,'*¢! and 1 study with posttrans-
plant QOL.%? Physical function measures (eg, 5STS, 4MGS)
were only used in 1 study that showed no relationship with
mortality posttransplant.’* More information about the
direction of these relationships is presented in Tables S2 and
S3 (SDC, http://links.lww.com/TXD/A454). There were no
studies that examined the relationship of exercise capacity,
physical function, or frailty performance-based measures
with CLAD development posttransplant.

Relationship With Healthcare Utilization in Lung
Transplant Candidates

The relationship of performance-based measures of exer-
cise capacity, physical function, and frailty with healthcare
utilization in lung transplant candidates was studied in 8
studies.10:1445:51,53:60.63.64 Fiye studies examined the relation-
ship of the 6MWT with hospital LOS'"51:53.636% and 3 studies
with ICU LOS.516365 Of those, 2 studies showed a significant
relationship of a higher 6MWD with hospital LOS*¢* and
1 with ICU LOS,*! using similar cutoffs of 346°' and 350
m® for the 6MWD. Three studies examined the relationship
between the SPPB and hospital LOS!%14¢0 and 2 studies with
ICU LOS.'# Of those, only 1 study showed a significant
relationship and hospital LOS."* One study'* examined the
relationship of the 5STS and 4MGS with hospital and ICU
LOS with no significant relationship shown. Three stud-
ies examined the relationship of the 6MWT with time on
mechanical ventilation,'***3 and of those, only 1 study
showed a significant relationship.'* Mayer et al'* also exam-
ined the relationship of SPPB, 5STS, and 4MGS with time on
mechanical ventilation but showed no significant relation-
ship. The relationship between the SPPB and discharge desti-
nation was examined by Wickerson et al,*® but no significant
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FIGURE 1. PRISMA flow chart of the database search to final inclusion of studies. PRISMA, Preferred Reporting ltems for Systematic Reviews

and Meta-analyses.

relationship was shown. Bauldoff et al** examined the rela-
tionship between 6 MWT and rehospitalization posttrans-
plant and have found that patients achieving a 6MWD
<244 m had a higher percentage of in-hospital days in the
first year posttransplant. Finally, no studies have examined
the relationship of the tests of interest and the number of
hospitalizations during the waiting period. A summary of
the number of studies that included lung transplant candi-
dates and examined the relationship of measures of exercise
capacity, frailty, and physical function with healthcare uti-
lization is shown in Figure 3. More information about the
direction of the relationship is presented in Table S4 (SDC,
http://links.lww.com/TXD/A454).

Relationship With Clinical Outcomes in Lung
Transplant Recipients

A summary of the relationship of measures of exercise
capacity, frailty, and physical function with clinical out-
comes in studies that included lung transplant recipients
is shown in Figure 4. Fourteen studies examined the rela-
tionship of pretransplant 6MWT with mortality post-
transplant.®®” Of those, 7 studies showed a significant
relationship with mortality posttransplant.®®”> Three
studies examined the relationship of posttransplant
6MWT with mortality or survival posttransplant®5%8!
with 2 studies showing a significant relationship with
this outcome.®®$® The relationship of the CPET with
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Characteristics of the included studies

Lung transplant  Lung transplant
candidates (n=42) recipients (n=30)

Type of records, n

Full-text articles 312 21
Conference abstracts 10 9
Thesis 1 0
Study design, n
Retrospective cohort study 29 18
Prospective cohort study 11 10
Cross-sectional study 2 2
Year of publication, n
1990-2000 2 0
2001-2010 10 6
2011-2015 11 7
2016-2021 19 17
Continent/region, n
North America 25 18
South America 1 1
Europe 7 10
Asia 5 1
Oceania 4 0
Diagnosis (number of patients/number
of studies)
Restrictive
IIP (IPF, PPFE, NSIP, COP) 2047/26 1147/16
Autoimmune 97/7 33/1
Hypersensitivity pneumonitis 23/7 311
Sarcoidosis 71/6 33/3
Other (LAM, histiocytosis) 10/4 24417
Not specified 6531/10 5419/9
Obstructive
COPD/emphysema 13158/16 450/13
Alpha-1 antitrypsin 56/4 22/3
Cystic fibrosis 1891/16 1451/14
Bronchiectasis 56/3 8/2
Bronchiolitis obliterans syndrome 221 11
Not specified 43171 3617/5
Pulmonary vascular disease 662/10 367/9
Retransplant Yl 5/2
Not specified/not mentioned 2724/15 982/15
Tests included in studies, n
BMWT 36 22
SPPB 6 6
CPET 3 2
ESWT 1 0
5STS 1 0
4MGS 1 0

“One article was a research correspondence.

4AMGS, 4-m gait speed; 5STS, 5 times sit-to-stand; 6MWT, 6-min walk test; COP, cryptogenic
organizing pneumonia; COPD, chronic obstructive pulmonary disease; CPET, cardiopulmonary
exercise test; ESWT, endurance shuttle walk test; IIP, idiopathic interstitial pneumonia; IPF, idi-
opathic pulmonary fibrosis; LAM, lymphangioleiomyomatosis; NSIP, nonspecific interstitial pneu-
monia; PPFE, pleuroparenchymal fibroelastosis; SPPB, short physical performance battery.

mortality posttransplant was examined in 2 studies,’>*
in which both have shown a significant relationship.
Three studies examined the relationship between SPPB
and mortality posttransplant; in 1 study, the test was
done pretransplant® and in 2 studies posttransplant.’3:8¢
All these studies showed a significant relationship with
this outcome.
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One study examined the relationship of pretransplant
6MWT with QOL posttransplant with no significant rela-
tionship shown.’” Two studies examined the relationship
of the posttransplant 6MWT with QOL posttransplant.®®
Thle et al®® have shown a relationship with a better QOL for
double-lung transplant than single-lung transplant recipients,
and Gerbase et al®” have only shown a relationship with bilat-
eral transplantation. Three studies examined the relationship
between SPPB and QOL posttransplant; in 1 study, the test
was done pretransplant® and in 2 studies posttransplant,®*°
in which all of them have shown a significant relationship
with this outcome.

Three studies examined the relationship of pretransplant
6MWT with CLAD development, and none of them have
shown a relationship.®®7%?! Three studies examined the
relationship of posttransplant 6MWT with CLAD develop-
ment.**?>% Of those, 2 studies showed a significant relation-
ship with the outcome.’>?> Maheshwari et al** have shown
a significant relationship between posttransplant SPPB and
CLAD development. More information about the direction of
these relationships is presented in Table S5 (SDC, http://links.
Iww.com/TXD/A454). There were no studies that examined
the relationship of pretransplant CPET or any physical func-
tion measures with clinical outcomes.

Relationship With Healthcare Utilization in Lung
Transplant Recipients

Healthcare utilization in lung transplant recipients was
mentioned in only 4 studies.®”-”3$7: Figure 5 presents a sum-
mary of the relationship of measures of exercise capacity,
frailty, and physical function and healthcare utilization in
studies that included lung transplant recipients. Two stud-
ies examined the relationship between the pretransplant
6MWT and hospital LOS.®”7 Of those, 1 study showed a
significant relationship with hospital LOS.®” The relation-
ship between pretransplant 6MWT and discharge destina-
tion was examined in 2 studies, with none of them showing
a relationship.”#” Halpern et al”® have shown no relation-
ship between the pretransplant 6MWT and rehospitaliza-
tion after the transplant. On the contrary, Courtwright
et al”® have shown a significant relationship between the
posttransplant SPPB and rehospitalization. More informa-
tion about the direction of these relationships is presented
in Table S6 (SDC, http://links.lww.com/TXD/A454). There
were no studies that examined the relationship of physical
function tests or CPET with healthcare utilization. There
were no studies that examined the relationship of the meas-
ures of interest and ICU LOS or time on mechanical ventila-
tion posttransplant.

6MWT and Mortality on the Waiting List

The relationship of the 6MWT to mortality or survival on
the waiting list in lung transplant candidates has been well
studied (26 studies; Figure 1). A description of the 20 studies
that have demonstrated a relationship between the 6MWD
and mortality on the waiting list is presented in Table 2. The
walked distance cutoffs used for mortality analyses ranged
from 46 to 470 m. Studies that calculated a hazard ratio (HR)
for mortality with 6MWD reported an HR between 1.79 and
5.1 (Table 2). One study* reported an HR of 0.77 per 61-m
increment and 1 study® an HR of 0.97 per 10-m increase.
These 20 studies included patients who had mostly interstitial
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battery; 55TS,; five times sit-to-stand; 4MGS: four-meter gait speed; QOL: Quality of life; tx: transplant

Note: all significant relationships indicated associations between higher performance-based test measures and improved clinical outcomes
(i.e. decreased mortality, increased survival, better QOL, reduced healthcare utilization)

FIGURE 2. Number of studies with lung transplant candidates examining the relationship with clinical outcomes. Note: All significant
relationships indicated associations between higher performance-based test measures and improved clinical outcomes (ie, decreased mortality,
increased survival, better QOL, reduced healthcare utilization). 4AMGS, 4-m gait speed; 5STS, 5 times sit-to-stand; BMWT, 6-min walk test; CPET,
cardiopulmonary exercise test; ESWT, endurance shuttle walk test; QOL, quality of life; SPPB, short physical performance battery; tx, transplant.
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6MWT: six-minute walk test; CPET: cardiopulmonary exercise test; ESWT: endurance shuttle walk test; SPPB: short physical
performance battery; 55TS; five times sit-to-stand; 4MGS: four-meter gait speed; LOS: Length of stay; ICU: Intensive Care Unit
Note: all significant relationships indicated associations between higher performance-basedtest measures and improved clinical
outcomes (i.e. decreased mortality, increased survival, better QOL, reduced healthcare utilization)

FIGURE 3. Number of studies with lung transplant candidates examining the relationship with healthcare utilization. Note: All significant
relationships indicated associations between higher performance-based test measures and improved clinical outcomes (ie, decreased mortality,
increased survival, better quality of life, reduced healthcare utilization). 4AMGS, 4-m gait speed; 5STS, 5 times sit-to-stand; BMWT, 6-min walk
test; ICU, intensive care unit; LOS, length of stay; SPPB, short physical performance battery.
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FIGURE 4. Number of studies with lung transplant recipients that have shown a relationship with clinical outcomes. BMWT, 6-min walk
test; CLAD, chronic lung allograft dysfunction; CPET, cardiopulmonary exercise test; QOL, quality of life; SPPB, short physical performance
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FIGURE 5. Number of studies with lung transplant recipients that have shown a relationship with healthcare utilization outcomes. BMWT, 6-min

walk test; LOS, length of stay; SPPB, short physical performance battery.

lung diseases (n=16), but studies also included patients with
COPD (n=7), cystic fibrosis (n=35), or pulmonary arterial
hypertension (n=3).

This study reviewed information about the relationship of
performance-based tests of exercise capacity, physical func-
tion, and frailty with clinical outcomes and healthcare utili-
zation in lung transplantation. Most of the evidence in the

literature lies in the relationship between the 6MWT and mor-
tality on the waiting list. The studies showed that functional
exercise capacity measured by the 6MWT is inversely related
to mortality on the waiting list in lung transplant candidates.
Few studies included other measures of exercise capacity (eg,
CPET) or physical function and frailty measures, and there-
fore, the relationship of these tests with clinical outcomes is
unclear. A limited number of studies examined the relation-
ship of the tests of interest with healthcare utilization, and the
results were inconsistent.



8 Transplantation DIRECT m 2022

www.transplantationdirect.com

Cutoffs used for the 6MWD in relationship with mortality or survival during transplantation waiting time

First author, year Lung diseases

Distance, m

Analysis 6MWD

Main findings

Thabut, 2008* COPD

Lotshaw, 2006*' -

Castleberry, 20174 COPD-ILD-CF-PAH

Timofte, 2020° COPD-ILD-CF-PAH

Lederer, 2006% IPF

Timofte, 2016% COPD

lkezoe, 2017% ILD

Oshima, 2019% ILD

Martinu, 2008% COPD-ILD-CF

Tuppin, 2008* COPD-ILD-CF

Kawut, 2005%' ILD

Jastrzebski, 2005% ILD

46

46

168-198

200

207

229

250

250

274

315

350

350

Continuous

Per 61-m increment

Continuous

Continuous

Continuous

Per 10-m increment

Continuous

Per 152-m increment

Continuous

Continuous

Parameters associated with survival:

Age, alpha 1-antitrypsin deficiency, functional status, oxygen requirement, MWD,
continuous mechanical ventilation, FEV, systolic pulmonary artery pressure, and BMI.

HR mortality.

6MWD <150 ft

HR=1.79 (1.46-2.20)

6MWD of 46 m had a high specificity to predict death, but poor sensitivity

Likelihood ratios to predict survival (sensitivity/specificity):

6MWD of 46 m=5 (0.05/0.99)

6MWD of 152 m=2.3 (0.33/0.86)

6MWD of 305 m=4.9 (0.83/0.29)

Discrimination distance for

30-d mortality: 168 m

6-mo mortality: 198 m

HR mortality.

6MWD per 61 m increment

HR=0.77 (0.75-0.79)

Distance walked and percent of predicted distance were associated inversely with mortality

HR mortality.

6MWD <200 m

HR=2.1 (1.1-4.0)

B6MWD <45% of predicted walk distance

HR=2.7 (1.2-5.7)

Patients with a lower BMWD had an increased mortality rate

Cutoff with 74% sensitivity and 73% specificity for death within 6 mo

HR mortality.

6MWD <207 m

HR=5.1 (3.0-8.8)

Lower median survival days for patients with 6BMWD <750 ft and low FVC (<50%)

HR mortality.

B6MWD <229 m+FVC <50%

HR=3.07 (2.31-4.07)

Associations with mortality.

BMI, % predicted FVC, % predicted Dico, MWD, oxygen flow >2 L/min at BMWT, GAP
stage Il

Cutoff at 250 m:

Patients with a 6BMWD <250 m had significantly shorter survival times than those with a
6MWD >250 m

HR mortality.

6MWD Per 10 m increment

HR=0.97 (0.95-0.99)

Parameters associated with survival:

TTR (serum transthyretin) and 6MWD

Hazard ratio mortality.

6MWD <207 m

HR=5.1 (3.0-8.9)

HR mortality.

6MWD per 152 m increment

HR=0.57 (0.43-0.77)

Protective effect for each 1-m increase in walk distance

Risk ratio mortality.

6MWD for each 1-m increase

RR=0.994 (0.990-0.997)

Parameters associated with survival:

Ethnicity, lower Dico% predicted, pulmonary hypertension, and 6MWD

Oxygen saturation, peak VO,/kg, and peak oxygen pulse during CPET

HR mortality.

6MWD <350 m

HR=4.6 (1.5-14.2)

Parameters associated with survival.

patient with left ventricular ejection fraction >50% and 6MWD >350 m

Continued next page
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Cutoffs used for the 6MWD in relationship with mortality or survival during transplantation waiting time

First author, year Lung diseases  Distance,m  Analysis 6MWD

Main findings

Ochman, 2020%" IPF 350 -

Kadikar, 19974 COPD-ILD-CF-PAH
Leuchte, 2015% IPF

400 -
470 Continuous

Zhu, 2021% ILD NM Per 50-m decrease

Yu, 2018% IPF NM Continuous

Layton, 20172 ILD NM Continuous

Higo, 20174 ILD NM Continuous

Klooster, 2015% IPF NM Continuous

Risk of death.

10x more for BMWD <72 m vs 6MWD >350 m

3x more for 6MWD of 253-350 m vs 6MWD >350 m

Increased risk of death for patients with 6GMWD <400 m

Parameters associated with survival:

B6MWD and daily activity class (AC>Il)

HR mortality.

6MWD <470 m

HR=1.8 (1.1-4.0)

Predictors of mortality.

Blood group O vs A, shorter height, need for hospitalization at listing, and reduced
6MWD

HR mortality.

6MWD per 50 m decrease

HR=1.28 (1.10-1.49)

Predictors of mortality.

Serum carcinoembryonic antigen, LAS, and 6MWD

HR mortality.

6MWD (m)

HR=0.992 (0.987-0.998)

Parameters associated with survival:

All CPET parameters and 6MWD

Risk of mortality.

11 min 6MWD is reducing the risk by 1%

Early death group vs long wait group:

6MWD: 119+118 vs 200+ 91 m (P=0.04)

Parameters associated with survival:

Use of supplemental oxygen and 6MWD

HR mortality.

6MWD (m)

HR=0.996 (0.994-0.999)

6MWD, 6-min walk distance; BMI, body mass index; CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease; CPET, cardiopulmonary exercise testing; Dico, diffusing capacity for carbon
monoxide; FEV,, forced expiratory volume in the first second; FVC, functional vital capacity; GAP, gender-age-physiology index; HR, hazard ratio; ILD, interstitial lung disease; IPF, idiopathic pulmonary

fibrosis; LAS, lung allocation score; NM, not mentioned; PAH, pulmonary arterial hypertension.

The large number of studies including the 6MWT as a
measure of functional exercise capacity in lung transplant
candidates was expected because this test has been recom-
mended as part of the selection process for lung transplanta-
tion by the Pulmonary Scientific Council of the International
Society for Heart and Lung Transplantation since 2006.%° The
inverse relationship between the 6MWT and mortality has
also been observed in other populations such as liver trans-
plant candidates’” and individuals with chronic kidney dis-
ease.” The 6MWT has been shown to be correlated with lung
function and disease severity in different lung diseases,”!%?
but it actually evaluates the global response of all body sys-
tems (eg, pulmonary, cardiovascular, circulatory, musculoskel-
etal, metabolic) involved during exercise or activities of daily
living.'% For this reason, the 6MWT is an important test to be
included in the listing criterion for lung transplantation.

Functional exercise capacity measured by the 6MWT has
been shown to improve after a pulmonary rehabilitation pro-
gram in lung transplant candidates.!*!% The average increase
in 6MWT distance in these studies has shown an increase of
58,10472.105 and 62 m,'% which are all greater than the mini-
mal important difference of 30 m for the 6MWT in chronic
respiratory disease.'”” It remains to be studied whether an
improvement in 6MWT during the waitlist time can impact

mortality during this period.’” In addition, as many differ-
ent 6MWD cutoffs were used for the 6MWT to examine the
relationship of this test with waitlist mortality, more research
is needed to define specific cutoffs points to help with risk
stratification in this population.

Although our review identified a limited number of stud-
ies that have shown a relationship of the CPET with clinical
outcomes or healthcare utilization, this relationship has been
studied in other populations. The CPET has been shown to
be related to survival in COPD,"®!% in primary pulmonary
hypertension,'® and in cystic fibrosis.''! It is considered a
gold-standard test for detecting adverse events such as car-
diovascular events in heart failure patients!!> and for differ-
ential diagnosis of cardiovascular or respiratory diseases.!!?
The CPET is recommended by the International Society of
Heart and Lung Transplant for assessment for heart trans-
plantation,'** and it has been shown to be related to mortality
and increased hospitalization time in end-stage liver disease,’”
as well as to survival in individuals with chronic kidney dis-
ease.” As the predictive value of CPET in lung transplantation
is unclear and considering that the CPET is not a simple test
to conduct, more research is needed to justify the utilization
of the CPET over the 6MWT in addition to that of detecting
adverse events during exercise.
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Our findings revealed that some studies have shown a
significant relationship between the SPPB and clinical out-
comes; however, the conclusion about these relationships is
unclear because of the limited number of studies. This may
be explained by the fact that we only included performance-
based tests of frailty, excluding studies with other measures of
frailty such as the Fried Frailty Index and Cumulative Deficits
Frailty Index. Another explanation could be that, although the
importance of frailty in transplantation has grown recently,
the assessment of frailty is not being performed routinely pre-
or posttransplant in the clinics or research studies. One recent
narrative review!'!’ presented information on the relationship
of the SPPB, Fried Frailty Phenotype, and Cumulative Deficits
Frailty Index with pre- and posttransplant outcomes in lung
transplantation. The authors concluded that frailty was
associated with a poorer health-related QOL, pretransplant
delisting, and pre- and posttransplant mortality.'"> Aligned
with these findings, our review identified some relationship
of the SPPB with survival posttransplant and QOL but only
in a limited number of studies. In other solid organ trans-
plant groups, frailty, measured by the SPPB and Fried Frailty
Index, has been shown to be related to waitlist mortality in
liver''® and lung'!” transplant candidates and to post—kidney
transplant mortality.''® Nevertheless, further investigation is
needed in lung transplant patients to determine the relation-
ship between frailty measures and clinical outcomes.

We found only 1 study (single center with 25 subjects) that
included physical function tests (5STS and 4MGS). This study
did not show a relationship of these tests with survival post-
transplant or healthcare utilization (hospital LOS, ICU LOS,
or time on mechanical ventilation). Physical function meas-
ures have been shown to be associated with clinical outcomes
and healthcare utilization in populations that may be listed for
transplant.!’*!22 A recent systematic review!!” examined the
prognostic value of measures of physical function and mus-
cle strength in relation to exacerbations, hospitalizations, and
mortality in individuals with COPD. The review included 7
articles and revealed that the 1-min STS, 5STS, and Timed Up
and Go have shown some relationship with survival.!'* The
1-min STS test has been recently used as an alternative exer-
cise capacity test for the 6MWT in chronic lung diseases!?*!?!
including lung transplant candidates and recipients'?>!?* and
was shown to be associated with mortality at 5 y in COPD.!?
Other studies have shown that gait speed was associated with
delisting in liver transplant candidates’” and with mortality
in individuals with chronic kidney disease.”® These physical
function tests are more feasible to be performed in clinical
practice,'?® as well as remotely.'?® The evidence for the rela-
tionship between physical function measures and clinical out-
comes in lung transplant patients is limited; however, given
the simplicity and practicality of these tests and the emerging
evidence in terms of validity in lung transplant patients, these
tests may be used more often in the future, and consequently,
more evidence in terms of relationship with clinical outcomes
may become available.

There was only a limited number of studies examining
healthcare utilization outcomes and the performance-based
tests of interest. Surprisingly, no study has examined the
relationship between performance-based tests done after the
surgery in lung transplant recipients and discharge destina-
tion. A possible explanation could be that some performance-
based tests are difficult to be executed in the acute phase
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posttransplantation because of the presence of equipment
on the patient, such as mechanical ventilation or chest tubes
and instability postsurgery. As lung transplantation surgery is
expensive,'?” reducing the duration of the hospitalization is
of interest to reduce healthcare costs. Unfortunately, we have
found a very limited number of studies that included hospital
or ICU LOS as outcomes. The most studied relationship was
between the 6MWT and hospital LOS; however, the results
were inconsistent among the 4 studies included in our review.
Interestingly, Li et al'?® have shown that the 6MWD before
transplant was related to a shorter hospital LOS but was
not included in this review because they included heart-lung
transplant candidates in their analysis. Still, more research on
this relationship is needed because it was only examined in a
limited number of studies.

The scoping review design allows a comprehensive,
broad review of the literature and the identification of
research gaps.'? The strength of this review is that it is the
first to compile the evidence regarding performance-based
tests of exercise capacity, physical function, and frailty
used in lung transplantation in relation to important out-
comes such as mortality, survival, QOL, and hospital LOS.
It also raises the awareness on the utility of these tests in
lung transplantation. As the decision of listing a patient
for lung transplantation is influenced by risk factors for
poor posttransplant outcomes such as functional status,'
there is a need to know which tests could be used to assess
these patients that could possibly influence the outcomes
of transplantation. Our goal was to inform clinicians and
researchers about the relationship between functional sta-
tus measures and outcomes in lung transplantation, which
may guide them on the assessment of lung transplant can-
didates, and management of lung transplant recipients.
This review revealed that, apart from the 6MWT, there
is not enough evidence on the other performance-based
tests of interest to suggest their use to predict outcomes.
Additionally, this review showed the existing gaps in the
literature regarding the use of different measures in lung
transplantation, which can inform future research. A sum-
mary of recommendations for clinical practice and research
is summarized in Table 3.

This review has some limitations. Because this is a scoping
review with the goal of providing an overview of the evidence
for the relationships of measures with outcomes, the method-
ological quality and appropriateness of the statistical analysis
of the included studies were not assessed. This is not manda-
tory for a scoping review'?; however, it can still affect our
conclusions because some methodological flaws could influ-
ence results of the included studies. In addition, because of
the nature of a scoping review, there was methodological and
statistical analysis heterogeneity in the included studies, and
therefore, a meta-analysis was not conducted. Another limita-
tion of our review is the limited number of studies related
to all performance-based tests except for the 6MWT. This
limited us from drawing more robust conclusions about the
relationship of these tests with outcomes. In addition, we had
to exclude studies that combined the results of lung trans-
plant patients with other types of diagnoses such as heart-
lung transplantation or chronic lung diseases. Nevertheless,
this scoping review is a mapping of the literature and provides
important information such as the most common tests used in
research and the number of published studies in this field, as
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Summary of the recommendations for clinical practice and research

Main findings Recommendations for clinical practice Recommendations for research

Most of the studies included the GMWT. The 6MWT has been recommended as part of selection process It remains to be studied whether an improvement in

6MWT is inversely related to mortality on for lung transplantation by the Pulmonary Scientific Council of B6MWT during the waitlist time can impact mortality
the waiting list in lung transplant the International Society for Heart and Lung Transplantation. during this period.
candidates. The 6MWT evaluates the global response of all body systems and More research is needed to define specific cutoffs

Many different 6BMWD cutoffs were used should be used in clinical practice. points to help with risk stratification in this
for the BMWT to examine the relationship population.
of this test with waitlist mortality.

There was a limited number of studies that  To date, there is no evidence that the CPET should be routinely As the predictive value of CPET in lung transplant is
have shown a relationship between used in the selection process of lung transplantation or unclear and considering that the CPET is not a
the CPET and clinical outcomes or posttransplant. simple test to conduct, more research would be
healthcare utilization. needed to justify the utilization of the CPET over

the BMWT.

There was a limited number of studies that  The SPPB is a relatively simple test to be conducted and is Further investigation is needed in lung transplant
have shown a relationship of the SPPB considered a surrogate measure for frailty. Considering the recent patients to determine the relationship of frailty
and clinical outcomes. clinical importance of frailty, we recommend including it in clinical measures and clinical outcomes.

practice.

Only 1 study included physical function Physical function measures have been shown to be associated More research is needed to establish the relationship
tests (5STS and 4MGS), which did not with outcomes and healthcare utilization in populations that of physical function tests and clinical outcomes and
show a relationship between these tests may be listed for transplant (eg, COPD and ILD). healthcare utilization.
and survival posttransplant or healthcare The 1-min STS test has been recently used as an alternative
utilization. exercise capacity test for the 6MWT in chronic lung diseases

including lung transplant candidates and recipients.

These physical function tests are more feasible to be performed in
clinical practice and remotely and may be considered in
clinical practice for transplant patients.

There was a limited number of studies As lung transplantation surgery is expensive, reducing the duration ~ More research is needed to determine the association
examining healthcare utilization of hospitalization is of interest to reduce healthcare costs. between performance-based tests and healthcare
outcomes and the performance-based  To date, there is no evidence that improving physical function of utilization such as hospital length of stay or
tests of interest. lung transplant candidates or recipients will reduce healthcare rehospitalization in lung transplantation.

utilization.

4AMGS, 4-m gait speed test; 5STS, 5 times sit-to-stand test; 6BMWD, 6-min walk distance; 6MWT, 6-min walk test; COPD, chronic obstructive pulmonary disease; CPET, cardiopulmonary exercise test;
ILD, interstitial lung disease; SPPB, short physical performance battery.

well as the available evidence for the relationships of the tests 3. Johnson JL, Campbell AC, Bowers M, et al. Understanding the social

of interest with clinical outcomes and healthcare utilization. consequences of chronic obstructive pulmonary disease: the effects
of stigma and gender. Proc Am Thorac Soc. 2007;4:680-682.

4. Spruit MA, Singh SJ, Garvey C, et al; ATS/ERS Task Force on

CONCLUSION Pulmonary Rehabilitation. An official American Thoracic Society/
o ) ) ) European Respiratory Society statement: key concepts and
The majority of the studies that have examined the relation- advances in pulmonary rehabilitation. Am J Respir Crit Care Med.
ship between the 6MWT and mortality on the lung transplant 2013;188:¢13-e64. _ . .
waiting list have shown a significant association with mortal- 5. Wickerson L, Rozenberg D, Janaudis-Ferreira T, et al. Physical reha-
. ine diff £ 6MWD values as cutoffs. To date. there is bilitation for lung transplant candidates and recipients: an evidence-
{ty usmg 1 e.ren Ya u u‘ . ’ 1 informed clinical approach. World J Transplant. 2016;6:517-531.
insufficient evidence regarding the relationship between other 6. Langer D. Rehabilitation in patients before and after lung transplanta-
tests and clinical outcomes. It remains unclear if performance- tion. Respiration. 2015;89:353-362.
based tests of exercise capacity, physical function, and frailty 7. Janaudis-Ferreira T, Mathur S, Deliva R, et al. Exercise for solid
. . . organ transplant candidates and recipients: a joint position state-
could be associated with outcomes such as hospital LOS or ‘ , ,
RO R . . ment of the Canadian society of transplantation and CAN-RESTORE.
number' of hosplt.ahzatlons. Further evidence on .relatlonshlps Transplantation. 2019:103:6220-6238.
of physical function tests (eg, SPPB, STS tests) with outcomes 8. Martelli V, Mathur S, Wickerson L, et al. Impaired cardiac autonomic
would help clinicians make better decisions on the selection response in lung transplant patients: a retrospective cohort study. Clin

Transplant. 2019;33:e13612.

9. Mathur S, Janaudis-Ferreira T, Wickerson L, et al. Meeting report:
consensus recommendations for a research agenda in exercise in
solid organ transplantation. Am J Transplant. 2014;14:2235-2245.

of lung transplant candidates and management of lung trans-
plant recipients.
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