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Role of Physical Performance Assessments
and Need for a Standardized Protocol
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The older adult population (65 years or older) with advanced or end-stage kidney disease is steadily

growing, but rates of transplantation within this cohort have not increased in a similar fashion. Physical

deconditioning, resulting in poor post-transplantation outcomes, is a primary concern among older renal

patients. The assessment of physical function often holds more weight in the selection process for older

candidates, despite evidence showing benefits of transplantation to this vulnerable population. Although

several frailty assessment tools are being used increasingly to assess functional status, there is no stan-

dardized selection process for older candidates based on these assessment results. Also, it is unknown if

timely targeted physical therapy interventions in older patients result in significant improvement of

functioning capacity, translating to higher listing and transplantation rates, and improved post-

transplantation outcomes. It is therefore of upmost importance not only to incorporate an effective

objective functional status assessment process into selection and waitlist evaluation protocols, but also to

have targeted interventions in place to maintain and improve physical conditioning among older renal

patients. This paper reviews the commonly utilized assessment tools, and their applicability to older pa-

tients with renal disease. We also propose the need for definitive selection and waitlist management

guidelines to formulate a streamlined assessment of functional capacity and transplant eligibility, as well

as a process to maintain functional status, thereby increasing the access of older patients to renal

transplantation.
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T
he global population is aging. More than 1.5
billion individuals are expected to be 65 years or

older by the year 2050.1 Similar trends are seen in the
end-stage renal disease (ESRD) population, with the
number of individuals 65 years and older needing renal
replacement therapy steadily on the rise.2 The merits of
kidney transplantation among all ages are well known.
Despite this, from 2007 to 2016, the transplantation
rates per 100 dialysis years have remained between 2.4
and 2.6 for patients aged 65–75 years and between 0.3
and 0.4 for patients older than 75 years in the United
States.2

Chronic kidney disease (CKD) accelerates the func-
tional deterioration process through several pathways:
protein energy wasting, oxidative stress, and chronic
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inflammation.3 The greatest hurdle to kidney trans-
plantation is identifying “the suitable candidate”—an
individual likely to benefit from receiving a trans-
plant. Several factors contribute to candidate eligi-
bility. Age alone is no longer a contraindication to
transplantation.4 Yet, kidney transplantation often is
not offered as an option to older renal patients. A
study conducted on older first-time kidney transplant
candidates reported that 76.3% of those with pre-
dicted 3-year post-transplantation survival rates of
87.6% or higher were neither listed for trans-
plantation nor referred for living-donor transplants.5

Many transplant centers are wary of providing
transplants for older candidates given the multiple
coexisting comorbidities and higher risks of early
post-transplantation mortality and morbidity,6 despite
research suggesting that older candidates also derive
benefit from receiving a transplant compared with
remaining dialysis-dependent.7–13

Mounting evidence highlights an association
between impaired physical functioning and poor
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post-transplantation outcomes. As a result, tools that
assess physical functioning and functional limitations
are increasingly being utilized to risk-stratify trans-
plant candidates. However, the lack of biological un-
derstanding of true functional impairment, inability to
distinguish functional impairment from the natural
aging process, lack of clear cut-off values to determine
transplant eligibility, as well as knowledge gaps
regarding effective utilization of tools to improve
candidate selection and post-transplantation outcomes
result in inconsistent use of these tools. The American
Society of Transplantation recently released consensus
guidelines on best practices for assessing frailty risks
for transplantation of various solid organs; however the
ideal method to measure frailty risks has not yet been
identified.14 Currently, the impact of poor assessment
results on transplant eligibility and selection remains at
the discretion of the transplant centers, which have
varied policies on utilizing assessment tools during
their candidate selection process, with no standardi-
zation of the type of tool or the method of adminis-
tration.14 Additionally, functioning capacity
assessments are not routinely performed on kidney
transplant waitlist candidates to determine change in
conditioning and thus eligibility status.

Evidence suggests that the selection process is more
stringent for older candidates compared with that for
their younger counterparts.6 Older renal patients, even
those without significant comorbidities, are at a higher
risk of early mortality and rehospitalizations resulting
in poor quality of life and significant medical and
financial healthcare burdens.15 Not surprisingly, sig-
nificant emphasis is placed on thorough medical and
functional status evaluation during transplant eligi-
bility assessment for older transplant candidates. In
clinical practice, older candidates are more likely to be
perceived as frail without objective assessments of their
functional status, based on their appearance or self-
reports about activity levels. Some transplant centers
have an arbitrary age cut-off for transplantation that
unfairly restricts transplant access for the older ESRD/
CKD population. These subjective disparities inadver-
tently impact transplantation referrals and rates among
older candidates, especially women.4,6,16–18

This paper reviews the commonly used, validated,
performance-capacity assessment tools, with a focus on
the benefits and shortcomings of applying these tools to
older renal patients. Our aim is to promote awareness
regarding the lack of standardized objective selection
guidelines based on functioning capacity, the need for
a multidimensional model including counseling,
assessment recommendations, and targeted preventa-
tive interventions for older renal candidates (including
those on the deceased-donor waitlist), to ensure more
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referrals, objective selection, and maintenance of
continued eligibility for transplantation. Ultimately,
we seek to highlight the need for further research ef-
forts and greater participation from all stakeholders to
create an effective functional model for this cohort
without jeopardizing post-transplantation outcomes.

Physical Function and Physical Activity

Assessment Tools: Applicability and Limitation

for Use in Older Transplant Candidates

Selecting an appropriate older candidate for kidney
transplantation is challenging and complex. The pri-
mary reason for graft loss in an older transplant patient
is death with a functioning graft.19 The natural process
of aging is well known to cause loss of muscle mass,
decreased cardiovascular efficiency resulting in
reduced aerobic capacity, muscle strength, and func-
tional mobility.20 The ideal functional status assess-
ment tool is one that is multidimensional and evaluates
several areas that affect overall physical functioning
and subsequent poor outcomes. Assessment tools
measure functioning abilities in a variety of ways: (i)
physical activity (e.g., self-report, step counters); (ii)
performing capacity (e.g., self-report, timed walk test,
short physical performance battery); and (iii) physio-
logical impairment (e.g., cardiorespiratory fitness,
muscle strength/endurance).21

Which assessment tool best determines functional
abilities in the older CKD/ESRD patient? Are the
various available assessment tools interchangeable and
equal in comparing functional impairment? These
questions are yet to be answered. To be used consis-
tently in the clinical setting, assessment tools need to
be completely objective, easy to administer, repro-
ducible, and without a significant monetary or time
investment requirement.

Today, more than 75 functional status assessment
tools are available, with new assessment tools being
developed on an ongoing basis. Although reviewing all
available tools is beyond the scope of this paper, the
most frequently used tools are discussed in the
following sections (Table 1).

Physical Assessments Questionnaires

The easiest method to assess physical conditioning is
through self-reported ability to perform varied tasks,
through questionnaires such as the Short Form-36
physical function scale, the Katz Independence in
Daily Living, the Instrumental Activities of Daily
Living, or the Physical Activity Scale for the Elderly.
In the older transplant population, studies utilizing
self-reported assessment tools have established an as-
sociation between functional status and patient sur-
vival.22–26 The primary concern with using
questionnaires as assessment tools is their subjective
1667



Table 1. Commonly used functional assessment tools in clinical practice: benefits and limitations when used in older renal transplant
candidates
Functional assessment tools Methods Benefits Limitations

Physical assessment questionnaires Self-reported ability to perform varied tasks
using SF36, IADL, PASE

� Easy to administer � Subjective
� Inaccurate reporting
� Cannot be used as a longitudinal measure

Karnofsky Performance Status Scale Assigned score of 0%–100% based on
reported functional abilities

� Easy to administer
� Quickly identifies sickest group

� Subjective
� Variability in reporting

Fried’s Frailty Phenotype Score Score of 0–5 on domains, namely:
(1) weight loss
(2) exhaustion

(3) physical activity
(4) grip strength
(5) walking speed

Scoring interpretation:
0 ¼ nonfrail
1–2 ¼ prefrail
$3 ¼ frail

� Widely used in research
� Well validated

� Has subjective and
objective components

� In clinical practice not accurately
performed, leading to errors

Frailty Index Index of cumulative deficits
(functional impairments, cognitive impairments,
laboratory findings, disabilities); scored 0–1

Scoring interpretation:
0 ¼ good health status
0.5 ¼ fair health status
1 ¼ poor health status

� Comprehensive
� Sensitive
� Precise
� Well validated in the older

and surgical populations

� Has subjective and objective
components

� Time consuming
� Does not differentiate frailty

from comorbidity or disability
� Not validated in the transplant

population

Physical performance capacity measures Walking speed, grip strength, repeat chair
stands, 6-min walk test, timed up-and-go tests

� Easy to administer
� Low/no cost
� Not time consuming

� Assesses specific functions and
muscle groups

� Not great stand-alone test

SPPB Measures lower-extremity strength
Score from 0–4 on:
(1) standing balance
(2) walking speed
(3) chair stand tests

Score of <10 ¼ SPPB impaired

� Completely objective
� Well validated in older, chronic

kidney disease, and transplant
populations

� Easy to administer
� Not time-consuming

� Assesses lower extremity only and
cannot be used in those
with lower-extremity amputations or
impairments

Morphometric measurements (i) Sarcopenia diagnosed by muscle mass, measured
by anthropometry, bioelectrical impedance
analysis, dual energy X-ray absorptiometry
scan, computed tomography, or magnetic

resonance imaging
(ii) Morphometric age calculation: using psoas muscle

area, psoas muscle density, and percentage
of aortic wall calcification measured on

abdominal computed tomography
imaging

� Objective
� No additional studies necessary

for transplant population as
imaging studies are done
frequently

� Objective
� No additional studies necessary

for transplant population as
imaging studies are done
frequently

� Expensive
� Requires trained personnel
� No clear diagnosing criteria leads

to underdiagnosis

� Expensive
� Requires trained personnel
� Needs special software

Cardiopulmonary fitness test Tests exercise tolerance by measuring peak oxygen
uptake using incremental treadmill or stationary bike

� Well validated
� Effective predictor of cardiac

mortality

� Not well validated in kidney transplant
� Inadequate results in advanced

renal patients due to early discontinuation
of testing or inability to achieve maximal
exercise capacity

� Expensive
� Needs trained professionals to perform
� Time consuming

IADL, instrumental activities of daily living; PASE, Physical Activity Scale for the Elderly; SF36, Short Form-36 Physical Function Scale; SPPB, Short Physical Performance Battery.
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nature, owing to self-reporting. The possibility of se-
lection bias and inaccurate reporting, and the difficulty
in using them longitudinally to quantify improvement
with interventions, makes them less than ideal for
physical functioning assessment as a means to deter-
mine transplant eligibility.

Karnofsky Performance Scale (KPS)

The KPS is one of the earliest assessment tools27 and has
been in use since 1949. With the KPS, providers (users)
assign individuals a score between 0% (dead) and
100% (active, no limitations), based on their ability to
1668
perform daily activities and the level of assistance they
need to do them. Developed primarily to assess per-
formance status in patients with advanced cancer, it is
now a widely used metric to assess functional abilities
in candidates both pre- and post-transplantation. The
Organ Procurement and Transplantation Network re-
quires reporting of KPS results at the time of trans-
plantation for all adult recipients, as a surrogate for
measuring frailty.

The KPS allows for quick, easy evaluation of a per-
son’s functional abilities. However, assessment of
ability to perform daily activities, and symptoms
Kidney International Reports (2019) 4, 1666–1676
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experienced, is based on an individual’s perception of
their own abilities, which is not always reproducible.
Also, classification of symptoms as mild or more sig-
nificant, and decisions about which symptoms are of
concern, are vaguely described and are determined
primarily by the user assigning a score. This method
raises concerns regarding reliability and validity given
the variability in user reporting.27 The Scientific Reg-
istry of Transplant Recipients highlighted this pitfall in
an analysis of mean KPS results across varied trans-
plantation programs (kidney, liver, and lung) in
different transplant centers countrywide.28 Significant
variations in KPS reporting across centers, which did
not attenuate when adjusted for age, gender, race, or
disease cause, showcased the unreliability of the KPS,
owing to user reporting differences.28 Although less
user-reporting variability is seen when individuals
with good performance status are scored, greater
variability is observed when scoring an individual
whose performance status is on the lower end of the
spectrum.27 This inaccurate determination of perfor-
mance status disproportionately impacts older renal
patients, as they often fall into the lower end of the
performance status range, thereby making the KPS an
inadequate tool for this vulnerable group.

Fried’s Frailty Phenotype Score

Frailty is frequently and often wrongly used to describe
a person who appears to be deconditioned. Older can-
didates are often mislabeled as “frail” primarily because
of their advanced age and appearance. Frailty is defined
in 1 of 2 ways: (i) as a syndrome of decreased reserve,
resulting in decreased ability to recover from stressors,
and an increased risk of poor health outcomes29–31; and
(ii) as a cumulative index of deficits.32

The Fried’s frailty phenotype (FFP) score, originally
characterized in community-dwelling elderly adults,
assesses frailty in 5 domains: weight loss, exhaustion,
physical activity, grip strength, and walking speed.
Scores range from 0 to 5; the frailty spectrum ranges
from non-frail (score of 0), to pre-frail (score of 1–2),
and ultimately to frail (score of $3). Multiple factors,
in addition to advancing age, contribute to frailty,
including loss of muscle mass (sarcopenia), low activ-
ity, poor endurance, loss of strength, cognitive status,
socioeconomic influences, and disease state.29 Patients
with advanced CKD or end-stage kidney disease are
known to be frail regardless of their age.33–38 Measured
frailty by FFP scoring has shown significant correlation
with post-transplantation outcomes.39–44 It is associated
with increased risks of drug intolerance, post-
transplantation delirium, delayed graft function, graft
loss, early hospital readmission, and mortality regard-
less of the transplant recipient’s age.39–44 The FFP score
Kidney International Reports (2019) 4, 1666–1676
is the only available tool that is well validated in the
CKD, older, and transplant populations.

In clinical practice, however, frailty typically isn’t
measured, but perceived frailty is used as a surrogate,
despite existing knowledge that measured and
perceived frailty do not necessarily correlate with one
another.16 Results from the American Society of
Transplantation frailty assessment survey across
different solid organ transplants, in the kidney trans-
plant cohort: 31.8% of the survey takers reported
never performing any standardized frailty assessment
when evaluating for transplant candidacy, and the FFP
score was utilized by only 3.6% of the survey takers
who reported assessing frailty for candidacy evalua-
tion.14 Additionally, 2 of the 5 components of the FFP
score—unintentional weight loss and exhaustion—are
subjective and self-reported, and therefore, not quan-
tifiable. For example, one individual might be more
active and report greater exhaustion, whereas another
who has an extremely sedentary lifestyle may deny
feeling exhausted. Measuring unintentional weight loss
in patients with ESRD is also challenging due to the
fluid-weight fluctuations seen in this population.45,46

Using perceived frailty as an assessment tool nega-
tively impacts evaluation of an older transplant candi-
date. Despite knowledge of how to calculate a frailty
score, nephrologists are more likely to perceive and label
older candidates and those with more comorbidities as
frail..16 Nephrologists, nurse practitioners, and candi-
dates themselves often perceive older individuals with
ESRD as frail when they are not frail as measured by the
FFP score.16 Although the FFP is a great tool, its sub-
jective components, the inability to accurately assess
certain components in the older renal cohort, and dis-
crepancies between perceived and objective FFP mea-
surements, make it less suitable for use in the clinical
setting for older kidney transplant candidacy selection.

Frailty Index

The frailty index (FI), developed as part of the Canadian
Study of Health and Aging in older Canadians, measures
frailty as an index of cumulative deficits.31,32 The FI
takes into consideration factors (such as socioeconomic
and cognitive impairments) contributing to frailty that
are not measured by FFP. Approximately 30–70 deficits
(such as functional impairments, cognitive impairments,
laboratory findings, disabilities) can be measured with
this process, and a ratio of the number of deficits to the
total number of items considered can be calculated to
determine the FI score.21 A score of 0 ¼ good health,
0.5 ¼ fair health, and 1 ¼ poor health.

Since the FI incorporates a wider range of factors
affecting frailty than the FFP score, it ismore sensitive and
precise. The FI also exhibits greater ability to identify
1669
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individuals with moderate to severe frailty and to better
assess mortality risk compared with the FFP score.47

One of the primary limitations of utilizing the FI is
its inability to distinguish frailty from disability or
functional dependence.48 The FI is also time-consuming
to administer, making it less appropriate for use in the
clinical setting. Although the FI is well validated in the
older and surgical populations, it still needs research
and validation among the transplant population.49,50

Muscle Function Measurements

Loss of muscle mass and muscle strength is part of the
natural aging process. Starting as early as the fourth
decade of life, and by the eighth decade, individuals
lose almost 50% of their muscle mass.51 Reduced
muscle mass results in reduced muscle strength, power,
and endurance, all of which are essential for physical
fitness.21 Reduced muscle mass and function is
frequently observed in patients with advanced CKD,
especially older adults, who are at the greatest risk.52

However, poor physical performance does not always
equate to loss of muscle mass or strength and often is
reversible with early initiation of strength/muscle-
building activities. Therefore, it is crucial to recog-
nize muscle loss and functioning impairments early, to
identify at-risk older renal patients in whom perfor-
mance capabilities can be improved with interventions.
Physical performance abilities can be measured in
several ways, as detailed below in this section.

Physical Performance Capacity Measures. Performance
capacity in specific muscle groups can be assessed us-
ing tools such as walking speed, grip strength, repeat
chair stands, the 6-minute walk test, or timed up-and-
go tests. There are several advantages to using these
tools: ease of use in the clinical setting, low or no cost,
and time efficiency. However, each of these tools has
been developed to answer a specific question about
particular muscle groups, and impairment in perform-
ing one particular physical function does not always
imply overall physical dysfunction. Variability in the
choice of tool used makes standardizing and inter-
preting research results difficult. For example, walking
speed, although it is a well validated clinical marker of
survival and functional status in older community
dwellers, has not been well validated amongst cohorts
with comorbid conditions such as CKD.53 Assessment
of grip strength in the older advanced-CKD person also
poses challenges. Grip strength is significantly worse in
an arm that has an arteriovenous dialysis access.47,54

Furthermore, older ESRD patients, frail or not, are
known to have low grip strength.47,54 These factors
imply that grip strength does not accurately represent
functional abilities in older renal patients if used as a
surrogate for performance capacity.
1670
Applicability of walking speed and grip strength as
stand-alone measures, especially when assessing func-
tional status in the older transplant candidate, is
questionable. Of all the performance capacity tools, the
6-minute walk test (6MWT) is the one most frequently
used as a stand-alone test in clinical practice. In small
ESRD cohort studies, better performance on the 6MWT
correlated with improved quality of life.55 However,
using the 6MWT in the dialysis population can be
unreliable due to variability resulting from changes in
fluid volume status (slow walking speed if volume
overloaded) and the timing of test administration
(before or after dialysis)..21 In the pretransplantation
selection process, the 6MWT is often used as both a
surrogate marker of cardiopulmonary fitness and a
predictor of mortality and morbidity.55 However, the
6MWT does not estimate maximal exercise capacity
and cannot be used in lieu of cardiopulmonary fitness
tests.21 Its testing parameter allows patients to walk at
their own pace and to stop and rest when necessary.
Thus, maximal blood pressure, heart rate, or exercise
capacity that represents an individual’s functional
abilities may never be achieved. Additionally, studies
assessing the 6MWT in the older kidney transplant
cohort are currently lacking.

Several challenges exist to using any one particular
physical capacity measuring tool, as noted earlier, and
concurrent use of additional assessment tools is needed
for more-reliable results.

Short Performance Physical Battery. Developed by the
National Institute of Aging, the short performance
physical battery (SPPB) objectively assesses physical
abilities by measuring lower-extremity strength. To
overcome shortcomings of using one particular per-
formance metric, it combines use of 3 physical perfor-
mance measures: standing balance, walking speed, and
chair stand tests. Each area is scored from 0 to 4, for a
composite score of 0–12, with higher scores indicating
better functional status. A composite score of <10 is
considered to indicate impairment and is associated
with loss of mobility, poor quality of life, recurrent
hospitalizations, longer hospitalization lengths, nursing
home admissions, and mortality.19,56–59

The SPPB is not impacted by user variation and has
been extensively researched and validated in older
population groups, making it a great tool for identi-
fying mobility impairments and risk-stratifying older
transplant candidates.19 It also is not laborious,
requiring 5–10 minutes to administer.56 In a prospec-
tive study including 700 kidney transplant patients,
the SPPB was found to be non-inferior to FFP scoring
with regard to strength of association and prediction of
mortality.60 A lower SPPB score was also associated
Kidney International Reports (2019) 4, 1666–1676
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with a 2.3-fold higher risk of post-transplantation
mortality, independent of FFP scores.60 The SPPB is
slowly emerging as a tool that is completely objective,
is not time consuming, requires no personnel training
for testing, and has high reliability. In addition, it is a
perfect alternative for candidates with fistulas or grafts
who have impaired grip strength and thus ideal for
assessing older transplant candidates. Given that the
SPPB measures lower-extremity impairment, alterna-
tive measurement tools are necessary for those with
lower-extremity amputations or lower-extremity defi-
cits due to vascular disease or neurologic issues.

Morphometric Measurements

Morphometric measurements, such as muscle mass,
muscle density, and visceral fat, are known predictors
of cardiovascular and postoperative mortality risks,
including in the transplant population.61,62 Such mea-
surements are completely objective and successfully
predict risk of poor outcomes among kidney transplant
waitlist candidates.62 Imaging studies are necessary to
determine morphometric measurements. In transplant
candidates, abdominal computed tomography (CT)/
magnetic resonance imaging (MRI) is regularly per-
formed as a part of candidacy evaluation; therefore,
taking these measurements may not be associated with
additional cost. Morphometric assessments are commonly
used to measure sarcopenia and morphometric age.

Sarcopenia. Sarcopenia, the involuntary loss of mus-
cle mass and therefore muscle strength, was originally
thought to be a result of aging alone. It has now been
determined to be multifactorial and can result from
ongoing disease processes and malnutrition. Sarcopenia
prevalence increases with worsening renal function
and is associated with poor outcomes, such as physical
disability, poor quality of life, and death.63–65 There-
fore, even a small reduction in sarcopenia prevalence
can significantly reduce healthcare costs.66

For diagnosing sarcopenia, muscle mass can be
measured by anthropometry, bioelectrical impedance
analysis, dual energy X-ray absorptiometry, or CT/
MRI.67 CT and MRI are well validated for diagnosing
sarcopenia but costly, therefore not the first choice to
diagnose sarcopenia in the general population.67 Per
current US guidelines, in the older population, sarco-
penia should be suspected in older adults who are
nonambulatory, have low walking speed, or need
assistance getting up from a chair, and diagnosis of
sarcopenia should be made using a dual energy X-ray
absorptiometry scan.67 These vague criteria for per-
forming objective imaging testing have resulted in
underdiagnosis of sarcopenia in the general popula-
tion.67 In the kidney transplant population, abdominal
CT or MRI is regularly performed as part of the
Kidney International Reports (2019) 4, 1666–1676
evaluation testing. However, sarcopenia assessment via
psoas muscle measurement is not routinely calculated,
resulting in infrequent diagnosis of sarcopenia in the
transplant population as well.

Morphometric Age Analysis. It has been long known
that chronological age is a poor proxy for a person’s
functional status and physiological reserve. Morpho-
metric age is objective, precise, and reproducible, and
it better correlates with outcomes in the transplant
population.68,69 It is calculated by software that com-
putes psoas muscle area, psoas muscle density, and
percentage of aortic wall calcification measured on
abdominal CT imaging. Data show that chronologically
older patients with a low morphologic age have
increased survival compared with those who have a
higher morphologic age.69 Determining morphologic
age, although it is more precise and reliable compared
with taking sarcopenia measurements, is still in the
process of being researched and validated in the
transplant population. Conducting the necessary mea-
surements also requires experienced personnel and
specialized software.

Cardiopulmonary Fitness Test

The association between cardiopulmonary fitness and
overall health is well established.70 Cardiopulmonary
fitness effectively predicts overall mortality and car-
diovascular risks in any population group.71 Limited
data in the kidney transplant cohort also show a cor-
relation between lower peak oxygen uptake and
increased post–kidney transplant hospital readmissions
and mortality.72,73 Exercise tolerance testing, using an
incremental treadmill or stationary bike, allows mea-
surement of peak oxygen uptake, thus assessing
maximal endurance and performance capacity.
Advanced CKD and ESRD candidates have other co-
morbid conditions, and a tendency to be fluid over-
loaded, which negatively impact their aerobic
capacity.21 Therefore, cardiopulmonary testing in this
population can be limited due to early discontinuation
of testing and inability to achieve maximal exercise
capacity, owing to symptom development. Also, car-
diopulmonary tests need to be adjusted for age, gender,
and weight, which is challenging in this cohort, given
the significant fluctuations in weight that occur based
on fluid volume status. Furthermore, the need for
trained personnel as well as significant monetary re-
sources limits their popularity for use in the kidney
transplant population.

Creating a Better Paradigm for Older Transplant

Candidates

The older renal cohort is significantly different from
other populations. Research suggests that older adults
1671



REVIEW A Basu: Functional Assessment and Older Transplant Candidate
with advanced CKD/ESRD have more disabilities
compared with older chronic obstructive pulmonary
disease or heart failure patients.74 Prehabilitation with
pretransplant physical activity regimens is not the
usual practice, despite strong evidence showing exer-
cise training benefits to ESRD patients and kidney
transplant recipients.75–79 Prehabilitation data in the
transplant population are limited, but evidence in
surgical populations shows significant improvement in
short- and long-term outcomes with prehabilitation.80–83

In the older population, it is of utmost importance to
carefully consider the ethical, financial, and medical
implications of offering kidney transplantation.
Although selection decisions for candidates on either
end of the spectrum (not impaired or with severely
impaired functional abilities) are relatively straight-
forward, eligibility decisions for candidates who are
moderately impaired at the time of initial evaluation, or
who become severely deconditioned while on the
waitlist, are more challenging. The upper age limit and
extent of functional impairment at which trans-
plantation ceases to offer a benefit are still unknown.
Therefore, denying transplantation to an older indi-
vidual solely on the basis of poor functioning capacity
raises ethical concerns of bias. Additionally, no
consensus or guidelines have been established on how
to manage candidates with poor functional reserve. At
what point does the risk of transplantation outweigh
the benefits? How would transplantation affect overall
quality of life? Can targeted exercise paradigms slow,
halt, or reverse functional deconditioning sufficiently
to minimize peritransplantation risk without affecting
outcomes? When does functional impairment become
significantly advanced or irreversible? These are
crucial questions to address during the transplant
decision-making process for older adults.

There is need for a multidimensional paradigm that
incorporates counseling, objective functional assess-
ment, and prehabilitation into the transplantation se-
lection process of the older CKD and ESRD cohort from
the time of referral from a nephrologist until post-
transplantation. This paradigm is important for (i)
risk stratification, (ii) identification of candidates likely
to benefit from preventative interventions, and (iii)
monitoring response to targeted interventions. Ap-
proaches and tools that can be used include those
described in the following 2 sections.

At the Nephrologist’s Office

Current evidence identifies poor counseling by ne-
phrologists and other medical staff, as well as insuffi-
cient encouragement to engage in physical activities, as
barriers to patient participation in exercise pro-
grams.84–87 Training of general nephrologists and
1672
dialysis staff is crucial for honing their skills to counsel
older renal patients regarding kidney transplantation,
provide timely transplant referrals, and educate pa-
tients early regarding the need for physical activity to
maintain good functional abilities.

Self-report questionnaires are great tools for coun-
seling older candidates about their transplant eligibility
and the probability of poor post-transplantation out-
comes.88 Simple objective clinical tools, such as the
SPPB, chair stands, and the 6MWT, can be used to
identify the highest-risk older renal patients who are
unlikely to benefit from transplantation and also to
measure performance improvement with physical ac-
tivity interventions. These tools are easy to administer
and can rule out the sickest candidates while allowing
other older candidates an opportunity to undergo a
more thorough evaluation at a transplant center. Albeit
that training of personnel is pivotal for accurately
administering tests such as the SPPB, free training
materials and other helpful tools are easily accessible at
no cost, from the National Institute of Aging’s website,
and these can assist immensely with the personnel
training process.

At the Transplant Center: Initial Candidacy

Evaluation and Waitlist Management

Defined thresholds can help identify older candidates
in whom the transplant risks outweigh the benefits,
and those who should be eligible to receive only living-
donor transplants to minimize time to transplantation,
as well as the rates of further deconditioning and death
while on the waiting list. These cutoff criteria need to
be defined using objective, well validated, and reliable
measures. Also, ongoing physical training in-
terventions need to be incorporated once patients are
approved for transplantation, to maintain and improve
functionality.

Of all the above-mentioned functional-capacity assess-
ment tools, the SPPB and morphometric measurements are
the most objective and validated tests currently available.
The SPPB is a great tool for use during the evaluation
process and can also be used to monitor progress following
targeted physical therapy interventions. Abdominal CT
imaging and/or MRI are routinely obtained during the
transplant candidacy evaluation, and they are often
repeated during waitlist re-evaluations. Therefore, diag-
nosing sarcopenia by psoas muscle measurements and
determining morphometric age in this cohort are not
associated with additional cost and can assist in early
diagnosis of muscle mass loss.

Based on the currently available clinical data, uti-
lizing both the SPPB and imaging studies for the
detection of sarcopenia appears to be the preferred
option for the initial evaluation and waitlist
Kidney International Reports (2019) 4, 1666–1676



CKD/ESRD patients > 65 years of age

SPPB at time of referral—done at
nephrologist office/dialysis unit

SPPB not impaired (score > 10)

Transplant center referral

Initiate physical therapy

Annual relisting
evaluation

Low risk

SPPB > 10 and MA > CA

List for DD and LD
txp

List for DD and LD
txp

List for LD txp only Not eligible for txp

Yearly relisting evaluation

Initiate physical therapy

SPPB > 10 and MA < CA

SPPB < 10 and MA = CA

High risk

SPPB < 10 and MA < CA

SPPB not impaired (score < 10)

Initiate physical therapy

Repeat SPPB and calculate MA

Moderate risk

SPPB > 10 and MA = CA

SPPB < 10 and MA > CA

Moderate-high risk

Figure 1. Model for selection of older transplant candidates incorporating targeted intervention and allocation to a type of transplant. CA,
chronological age; CKD, chronic kidney disease; DD, deceased donor; ESRD, end-stage renal disease; LD, living donor; MA, morphologic age;
SPPB, Short Performance Physical Battery; Txp, transplant.
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management of the physical functional status of older
patients with CKD and ESRD.

To simulate a potential objective assessment strat-
egy, we propose a model utilizing these 2 tools to
stratify older candidates into 4 risk groups (low,
moderate, moderate-high, high) based on their physical
functional capacity. Determination of transplant eligi-
bility and exercise interventions can be made based on
this stratification (Figure 1). We selected morphologic
age rather than sarcopenia because it is more precise
and has no variability in its definition. We acknowl-
edge that the proposed model is a suggestion that re-
quires testing and that other alternate integrative
models using objective measurements also need to be
researched and compared in order to eventually create
a customized toolset for functional assessment, progress
tracking, and provision of recommendations for exer-
cise interventions.
Kidney International Reports (2019) 4, 1666–1676
In the current setting, there exists a great need for
tailored selection criteria among the older advanced
CKD and ESRD populations, for referral to trans-
plantation and beyond. Development of such criteria
ultimately will lead to increased transplant access and
improvements in outcomes for this cohort.

Future Directions

Throughout this review, the lack of definite selection
strategies and the utilization of arbitrary methods to
assess functional status have been highlighted as limi-
tations when assessing kidney transplant candidacy in
older adults. Undoubtedly, a multidimensional
approach is needed to create an effective strategy for
improved transplant candidacy determination. Such an
approach has not yet been developed, but the Frailty
Committee of the American Society of Transplantation
is actively working to develop recommendations for
1673
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better assessment of functional status, and to propose
necessary interventions, in different solid organ
groups. Provider education is crucial to minimize
perception biases, increase early transplant center re-
ferrals, and ensure timely counseling on exercise in-
terventions. Involvement of dialysis unit and
transplant center non-physician staff for exercise
counseling, and incorporation of physical therapy and
nutritional experts into the selection paradigm, is vital
to an effective and sustainable model. Significant pro-
spective research is necessary to assess whether early
identification of functional impairment and timely,
targeted physical therapy would lead to more trans-
plantation and improved outcomes in this population.
A clinical trial is currently underway to determine if
exercise interventions would improve functional status
in frail or pre-frail kidney transplant candidates.89 The
role of barriers (such as having multiple comorbidities,
fatigue, depression) to participation in exercise regi-
mens also needs further investigation so that sustain-
able therapy plans can be developed. Exercise
programs in varied settings (at dialysis, in-center on
non-dialysis days, or home-based regimens) need to be
developed, compared, and stratified to provide
maximum benefit to this particular group.

Access to physical therapy, duration of therapy
approval, and costs covered for staff as well as facility
use, are in large part dictated by insurance companies
and policymakers. Elimination by the US Congress of a
yearly payment maximum for physical therapy for
Medicare clients in 2018 is a step toward achieving
better physical functioning, especially in the older
advanced CKD cohort.90 More policies are necessary to
better provide for sustainable prehabilitation programs
for all older advanced CKD and ESRD candidates.

Ultimately, standardized assessment techniques,
guidelines at a national level, targeted interventions,
research, and buy-in from all stakeholders are vital for
developing a selection process model specifically
designed for older potential transplant candidates.
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