
KidneyTransplantation
The Efficiency of Evaluating Candidates for Living
Kidney Donation: A Scoping Review
Steven Habbous, MSc,1 Justin Woo, BSc,2 Ngan N. Lam, MD, MSc,3 Krista L. Lentine, MD, PhD,4

Matthew Cooper, MD,5 Marian Reich, BA, BEd,6 and Amit X. Garg, MD, PhD1,2,7
Introduction. The process of evaluating candidates for living kidney donation can be inefficient. A structured review of existing
information on this topic can provide a necessary foundation for quality improvement.Methods.Weconducted a scoping review
to map the published literature to different themes related to an efficient donor candidate evaluation. We reviewed the websites of
living donor programs to describe information provided to candidates about the nature and length of the evaluation process.
Results.We reviewed of 273 published articles and 296 websites. Surveys of living donor programs show variability in do-
nor evaluation protocols. Computed tomography (a routinely done test for all successful candidates) may be used to assess
split renal volume instead of nuclear renography when the 2 kidneys differ in size. Depending on the candidate’s estimated
glomerular filtration rate, a nuclear medicine scan for measured glomerular filtration rate may not be needed. When reported,
the time to complete the evaluation varied from 3months to over a year. The potential for undesirable outcomes was reported
in 23 studies, including missed opportunities for living donation and/or preemptive transplants. According to living donor
websites, programs generally evaluate 1 candidate at a time when multiple come forward for assessment, and few programs
describe completing most of the evaluation in a single in-person visit. Conclusions. Data on the efficiency of the living do-
nor evaluation are limited. Future efforts can better define, collect, and report indicators of an efficient living donor evaluation
to promote quality improvement and better patient outcomes.

(Transplantation Direct 2018;4: e394; doi: 10.1097/TXD.0000000000000833. Published online 20 September, 2018.)
An efficient living donor candidate evaluation is completed
in as little time as possible and meets the needs of the

donor candidate, the intended recipient, and the healthcare
system. An inefficient evaluation process can result in missed
Received 14 July 2018.

Accepted 4 August 2018.
1 Department of Epidemiology and Biostatistics, Western University, London,
Ontario, Canada.
2 London Health Sciences Centre, London, Ontario, Canada.
3 University of Alberta, Edmonton, Alberta, Canada.
4 Center for Abdominal Transplantation, Saint Louis University School of Medicine,
St. Louis, MO.
5 MedStar Georgetown Transplant Institute, Washington, DC.
6 Canadians Seeking Solutions and Innovations to Overcome Chronic Kidney
Disease (CAN-SOLVE CKD) Patient Council, Canada.
7 Institute for Clinical Evaluative Sciences, Ontario, Canada.

M.R. is a patient council member-living kidney donor of the Canadians Seeking
Solutions and Innovations to Overcome Chronic Kidney Disease (CAN-SOLVE CKD).

A.X.G. received partnership funding from Astellas for a research grant funded by the
Canadian Institutes of Health Research. The other authors declare no conflicts of interest.

Canadians Seeking Solutions and Innovations to OvercomeChronic Kidney Disease
(CAN-SOLVECKD) is a patient-orientated research network to transform the care of
people affected by kidney disease. It is led by Drs. Adeera Levin and BradenManns.
Patient partnerships in this project were supported by CAN-SOLVE. Steven
Habbous is supported by the Canadian Institutes of Health Research (CIHR)
Frederick Banting and Charles Best Canada Doctoral Scholarship (funding

Transplantation DIRECT ■ 2018
opportunities for preemptive transplants if the intended re-
cipient’s kidney disease progresses.1,2 If an intended recipient
is approved for transplant but the evaluation of their living
donor is delayed because of an inefficient healthcare process,
this may cause anxiety and frustration for the recipient and
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the donor.3 Finally, there may also be missed opportunities
for living donor transplants if the intended recipient receives
a deceased donor kidney transplant while their donor is be-
ing actively evaluated.4

A need to improve the efficiency of the living kidney donor
candidate evaluation is featured in reports from patient advo-
cacy groups, a recent consensus conference in the United
States, the 2017 KidneyDisease ImprovingGlobalOutcomes
international practice guideline, and a report from the National
Health Services in the United Kingdom targeting an 18-week
evaluation, where possible.5-8 However, although advocat-
ing for efficiency, these reports do not provide any recom-
mendations on how efficiency can be achieved.

A review that summarizes existing information on the effi-
ciency of the donor candidate evaluation can provide a necessary
foundation for quality improvement.9 As a multidimensional
construct (including the time to complete the evaluation, pa-
tient outcomes, and resource use), an efficient evaluation
process may not easily be summarized in a single systematic
review of a focused question. Instead, we undertook a scop-
ing review to map the available literature to themes related
to an efficient living kidney donor candidate evaluation. We
also reviewed the websites of living donor programs from 4
countries to describe the information provided to candidates
about the nature and length of the evaluation process.
FIGURE 1. Study selection and inclusion.
METHODS

Literature Review

We followed the recommendations of the Joanna Briggs
Institute for conducting and reporting scoping reviews.10

On September 12, 2017, 1 author (S.H.) searched biblio-
graphic databases using the search terms “living ANDkidney
AND donor AND (assessment OR evaluation OR practice
OR screening OR selection OR efficient OR efficiency)”
[Medline (n = 2801 citations via PubMed), PsychInfo
(n = 58), EMBASE (n = 2899 via OVID), and ABI Inform
Collection (n = 5)]. Search terms were chosen based on terms
associated with known articles of interest. Articles were re-
stricted to human studies published in English from 2000 on-
ward. Conference abstracts were excluded. Studies were not
restricted by age or country. Google searches and reference
lists of relevant articles were screened and manually added
if appropriate, regardless of publication date. The title, ab-
stract, or full-text of an article was used to sort the literature
into themes related to the efficiency of living kidney donor
evaluations. We then summarized the findings within each
theme, focusing on how they could be used to guide future ef-
ficiency improvements. Articles only considering how
accepting donors with certain characteristics influenced their
postdonation outcomes were excluded.

Living Donor Program Websites

From May to August 2017, we searched the websites of
living donor programs in Canada, United States, United
Kingdom, and Australia for information related to an effi-
cient evaluation process.

Statistical Methods

Meta analysis was performed using the metaprop package
in STATA v13.0 using a random-effects model. Confidence
intervals were calculated using exact methods.
RESULTS

A total of 4706 articles were available for screening after
duplicates were deleted. After applying the exclusion criteria,
273 articles were available formapping (Figure 1). Five relevant
themes emerged through the mapping process: (1) surveys of
living donor program practices (8 studies), (2) renal imaging
for the living donor assessment (159 studies), (3) kidney
function assessment (56 studies), (4) the flow of living donor
candidates through the evaluation process (38 studies), and
(5) the living donor experience with the evaluation process
(12 studies).

Studies Surveying Living Donor Programs

Eight surveys ofmultiple transplant programswere conducted
in the United States,11-14 United Kingdom,15,16 France,17 and
Europe18 (Table 1). These surveys revealed not only some
similarities in the evaluation and selection of living donor
candidates but also some notable differences in donor eligibility
criteria and tests preformed to evaluate a candidate.12,19,20

Evaluating the efficiency of the living donor evaluation pro-
cess was not an objective of any of the surveys.

Number of Candidates Evaluated Simultaneously
Several donor candidates may come forward at the same

time for the same recipient. This may increase to dozens of
candidates when recipients share their need for a living donor
on social media, which is often public.21 One survey from the
United Kingdom reported that 50% of centers evaluate 1
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TABLE 1.

Survey of living donor programs

References Countries No. centers responding
Average number of living donor transplants

per center each year

Bia 199511 United States 173/231 (75%) 13
Lumsdaine 199915 United Kingdom 29/31 (94%) 4.7
Gabolde 200117 France 36/46 (78%) 1.6
Mandelbrot 200712 or Rodrigue 200713 United States 132/205 (64%) 39
Lennerling 201218 Europe 113 programs over 40 countries Median < 50
Brar 201214 United States 72/181 (40%) Median, ~80
Arunachalam 201316 United Kingdom 44/74 (59%) includes transplant and

nontransplant centers
69

Studies surveying living donor programs.
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donor candidate at a time, whereas 20% evaluate 2 or more
simultaneously (although it was not reported what the policy
is among the remaining 30%).16 Detail on the relative rigor
of the evaluations was not reported (eg, 1 candidate evaluated
quicker; full versus partial evaluation for 1 or all candidates).
Further research is needed on the optimal use of resources
in evaluating multiple donor candidates simultaneously ver-
sus sequentially.
Removal From the Deceased Donor Waitlist
Some intended recipients are on a waitlist for a deceased

donor kidney while the evaluation of their living donor can-
didate is underway. In such cases, a prolonged living donor
evaluation may result in a deceased donor transplant and
the loss of a kidney from a potential living donor at that time.
A recent survey of 44 transplant centers from the United
Kingdom reported that recipients are removed from the de-
ceased donor waitlist when the living donor kidney trans-
plant date is scheduled (16 centers), when the candidate is
approved for donation (8 centers), when the final crossmatch
is complete (5 centers), or on the actual day of the living donor
transplant (1 center).16 The US Organ Procurement and
Transplantation Network policy now requires potential re-
cipients of all organ types (living or deceased) to be registered
on the waiting list prior to their transplant, although listing
status may be inactive to prevent offers of a deceased donor
(policy 3 in reference).22
Receipt of a Formal Psychosocial Evaluation
Survey responses suggest a formal psychosocial evaluation

is required for all donor candidates by 74% of programs in
the United States (survey from 2007), 60% in Europe (survey
from 2001), and 53% in France (survey from 2013).13,17,18

Whether these assessments were conducted by a psychiatrist,
psychologist, or social worker varied. Programs that do not
routinely conduct a formal psychosocial evaluation may do
so if underlying problems were identified or suspected during
the evaluation, or if the donor was unrelated to the intended
recipient. The 2017KidneyDisease ImprovingGlobalOutcomes
guideline recommends that all candidates receive an in-person
psychosocial evaluation (an ungraded recommendation due
to insufficient evidence).7 As of 2013, a psychosocial evalua-
tion is required during the assessment of donors (rather than
candidates) in the United States, which can be conducted
by any of the 3 aforementioned professionals (policy 14
in reference).22We are unaware of whether these policies im-
pacted the efficiency of the living donor work-up.

Time for Smoking Cessation or Abstinence
The requirements related to smoking have become less

stringent over time.Most centers do not routinely exclude ac-
tive smokers (36% of French centers exclude only heavy
smokers; only 2% of US centers require documentation of
cessation), but instead urge donors to stop (or reduce)
smoking for some period of time before donation.13,17

Time to Complete Evaluation
The time to complete the donor evaluation was mentioned

briefly in 2 surveys from the United Kingdom. Twenty programs
did not have a targeted time period, but 3 to 6 months was seen
as an appropriate window by 9 programs (although the start
and end dates of the evaluation were not defined).15,16

Renal Imaging Studies

A total of 159 studies reported on renal imagingmodalities
in the candidate evaluation. Most of these studies considered
the accuracy of computed tomography (CT) and magnetic
resonance (MR) angiography to define the renal vasculature
compared with the actual vascular findings observed during
surgery (CT was more common than MR).16,23 Correctly
charting the vascular network and characterizing any abnormal-
ities as benign (ie, cysts, lesions, small excisable tumors, or stones)
is a critical function of CTorMR imaging in the living donor
evaluation and is necessary to ensure donor and recipient
safety.24 Regarding efficiency, CTorMR imaging is generally
performed later in the evaluation because these tests are
costly and expose donor candidates to mild risks related to
contrast media or ionizing radiation.12,16,25,26 In some cen-
ters, there may be a waiting time to receive such testing.

If a clinically important size discrepancy between the left
and right kidney is observed (ie, >1 cm or > 10% difference
from prior imaging), then a nuclear renogram may be per-
formed to assess the relative function of each kidney, called
the “split renal function” (if significantly different then the
donor may be left with the higher-functioning kidney). All
living donors complete a CT or MR scan as part of the eval-
uation (Figure 2A). Because of the expected relationship
between kidney size and function (larger kidney = more
nephrons = higher function), 18 studies assessed whether
the relative kidney volume determined by CT can be used as
a surrogate for relative function as determined by nuclear
renography (Figure 2B). Most authors concluded that CT



FIGURE 2. Improving the efficiency of the evaluation: The use of split
renal volumemeasured byCT to replace split renal functionmeasure-
ment by nuclear renogram. A, The current renal imaging protocol at
many transplant centers, where the CT scan and nuclear renogram
are both performed for donor candidates. Both examinations may
be conducted on the same day, but this is not necessary. B, The pro-
posed renal imaging protocol, where the nuclear renogram is re-
placed by CTscan for some donor candidates.
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volumetry could replace split renal function measurement,
eliminating this test from the evaluation process for some
candidates. Given such consistent reporting, a systematic
review and meta-analysis was conducted separately (including
these studies and more), which reported a moderate correlation
between split renal volume by CT scan and split renal volume
by nuclear renogram (Pearson’s r = 0.74, beta = 0.76 by
linear regression).27 For predicting a clinically significant
size difference between the 2 kidneys, CT had a specificity
of 88% and negative predictive value of 86% (sensitivity
35%; positive predictive value 40%).27

Studies Measuring Predonation Kidney Function

Acceptable living donor candidates must have sufficient
predonation kidney function to minimize the risks associated
FIGURE 3. Algorithm to remove measured GFR by radionuclide for som
the data to permit 100% sensitivity. Algorithm described by Huang et
eGFRCr-Cys, eGFR serum creatinine and Cys. eGFRCr, eGFR estimated
serum creatinine and cystatin C.
with living with 1 kidney. Glomerular filtration rate (GFR)
measured using a radionuclide (mGFR) is the current gold
standard, but is a resource-intensive test, is not always readily
available, exposes donor candidates to potentially harmful
radioisotopes, and may be subject to systematic bias and
measurement error.28 Because of this, GFR is estimated (eGFR)
early in the evaluation using serum creatinine (a biomarker
that can bemeasured from a simple blood test).7,29,30 Confir-
mation using another test can be performed later, including a
second eGFR from creatinine with/without cystatin-c (Cys),
measured creatinine clearance, or mGFR.7,31

Fifty-six studies focused on measuring or estimating GFR
in kidney donor candidates.Most studies compared the accu-
racy of various equations to estimate kidney function or pre-
dict postdonation kidney function. In contrast, 2 studies were
identified that directly addressed the role of GFR in an effi-
cient living donor evaluation.32,33 In the presence of impreci-
sion and biases among existing methods, Huang et al32

developed an algorithm to determine whether mGFR could
be unnecessary for some candidates based on high predictive
value of eGFR, age, sex, and race for measuring kidney
function. The rationale behind this algorithm is presented
in Figure 3. The authors recommend that the second eGFR
(the first confirmatory test, or“posttest probability2” inFigure3)
be performed using both serum creatinine and Cys. How-
ever, 2 validation studies used a second eGFR based only
on serum creatinine since Cys is not routinely available.33,34

Huang et al estimated that at least 53% of donors in the
United States from 2009 to 2015 would not have required
a mGFR based on an eGFR high enough to assure a mGFR
of 90 mL/min per 1.73 m2 or greater. In 1 validation study,
27%of mGFR could have been avoided, but a posttest prob-
ability cutpoint greater than 98% (rather than 95% in the
original study) was required to achieve 100% sensitiv-
ity.33 In a second validation study, 14% of mGFR could
have been avoided, but a posttest probability cutpoint
greater than 99.98% was required to achieve 100% sen-
sitivity.34 More work is needed to advance this prediction
tool to clinical practice.
e donor candidates. Threshold is an arbitrary cut-point generated by
al32 mGFR, measured GFR; eGFRCr, eGFR using serum creatinine;
using serum creatinine only; eGFRCr-Cys, eGFR estimated using both
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Studies Describing The Flow Of Living Donors Through
The Evaluation Process

A total of 38 studies reported on the number of donor can-
didates evaluated by their programs.2,3,35-73 We summarized
these results, tabulating the proportion who donated, the
number of potential donors lost because the intended recipi-
ent either received a transplant from a deceased donor or died
or became too ill to receive a transplant, and the time re-
quired to evaluate candidates.

The proportion of living donor candidates who ultimately
donated ranged from 8% to 86%, averaging 37% across
studies (Figure 4). Although the definition of the numerator
and denominator varied, no difference was observed when
we excluded any study.

Twenty-four (63%) studies reported a loss of intended re-
cipients due to illness or death (range 1-7%) or receipt of a
deceased donor kidney (1-21%) (Table 2). Although these re-
cipients had a potential living donor, none of these studies
evaluated whether a living donor transplant was feasible
(ie, the donor candidate may have come forward only a few
weeks before, which was not enough time to complete a thor-
ough evaluation). It is possible that up to 21% of potential
FIGURE 4. Forest plot with proportion of donor candidates who donate
nificant variability (I2 = 99.5%, P < 0.0001). ES, effect size (a proportion)
recipients could have received a living donor transplant if
the evaluation was quicker. This is, however, an upper theo-
retical limit and the true loss of potential living donor trans-
plants remains unknown without more data. A recent study
projected that a more efficient living donor evaluation process
(ie, donor evaluation completed 3 months sooner) may result
in a 26% increase in the total number living donor kidney
transplants performed, translating to substantial healthcare
system cost savings through avoided dialysis.4 These findings
are supported by a recent quality improvement project that
reduced the time to complete the living donor assessment
using a 1-day donor assessment model.2

Seventeen studies (45%) reported evaluation times using
various metrics, estimated using data or stated anecdotally.
Common evaluation times included the time until approval
to donate, donation, or rejection, although the definition of
the starting point varied (Table 3).35,47,48,65,72 The time until
donation ranged from 4 to 14 months across studies and
transplant programs. One report described a single recipient
who received a kidney from her father (before) and her
mother (after) the living donor evaluation process was
redesigned to be completed in 1 day.3 The results of this
d. Studies were pooled using a random effects model. There was sig-
; CI, confidence interval.
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TABLE 3.

Summary of studies reporting on the duration of the living donor evaluation

References Transplant center Period Evaluation time

Saunders 200035 Leicester General Hospital, Leicester UK 1994-1998 Time until donation: mean, 9.3 mo
(SD, 6.5 mo)

Trevitt 200137 Barts and The London NHS Trust, London, UK 1997-1999 ~4 mo from the time of initial crossmatch
until donation (estimated from graph)

Calder 200440 St. George’s Hospital, UK 1997-2001 Process designed to take a minimum of 3 mo
(some with <3 mo if coming from abroad
and had testing done elsewhere already)

aWilliams 200745 Edith Cowan University and Sir Charles Gairdner Hospital Not reported Most cases between 1 and 2 y, shortest
was 6 mo

Ferriman 200847 Royal Free Hospital, London UK ~2007-2008 116 d
Larsen 200948 Rigshospitalet, Denmark January 2002 to December 2006 Median, 4 (IQR, 1-24) months time until

approval; median, 3 mo (IQR, 0-9 mo)
from approval to donation; median,
3 (IQR, 0-48) time until rejection

aSanner 201155 Karolinska University Hospital, Stockholm Sweden January 2004 to July 2008 11.0 (SD, 8.6); range, 1-48 mo
Romagnoli 201363 Catholic University, Rome, Italy January 2005 to March 2012 Not reported (but acknowledged it is time

consuming and resource intensive)
Weng 201665 Saint Barnabas Medical Center in Livingston, N.J., USA 2007-2010 163 d (time from referral to donation, but

unclear what referral means)
Alsulaiman 201667 Christchurch Hospital, New Zealand January 2004 to June 2008 3-9 mo
aBailey 20163 Belfast City Hospital, UK Not reported 9-10 mo, down to <3 mo for a healthy willing

donor at the time of writing
Al-Rabadi 201770 King Hussein Medical Center, Jordan January 2008 to June 2016 Process designed to take a minimum of 2 mo,

but not measured
Bailey 201771 Multiple centers in England and Wales August 8, 2014 to January 31, 2016 Median, 308 d for donors; median, 61 d

for nondonors
Graham 20172 Ireland 2010-2015 2-3 mo for work-up
Habbous 201872 Multiple centers in Canada and Australia September 2009 to January 2015 Median, 10.3 mo (total evaluation time),

7.9 mo (time until approval), 0.7 mo
from approval until donation, 4.8 mo
from CT angiogram until donation,
and 3.0 mo for time between consults

Knight 201873 Oxford Transplant Centre January to March 2016 median, 132 d from first contact until
decision; median, 204 d from first
contact until donation

Habbous 2018
(unpublished data)

London Health Sciences Centre, London,
Ontario Canada

January 2013 to December 2016 time from evaluation start until donation
was a median 9.2 (6.1-14.0) months;
time until withdrawal or decline was
a median 4.3 (1.4-9.1) months

a These were studies primarily mapped to the living donor experience with the living donor evaluation.

IQR, interquartile range (25th-75th percentile); SD, standard deviation.
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redesign were highly positive, showing a reduction in the
evaluation time from 2 years to 3 months, an increase in
the number of preemptive transplants from less than 10%
to greater than 50%, a rise in the number of living donor
kidney transplants per million population from less than
5 to greater than 32, and a reduction in the prevalence of pa-
tients on dialysis.2
Studies Describing the Living Donor Experience

Eleven studies asked prior donors about their experience
with donation.3,45,55,74-82 One of the most common com-
ments related to the evaluation process was that the evalua-
tion was lengthy, and a prolonged evaluation was a source
of strain on both the donor and the recipient:
“It just has to be soon as possible because we are not able
to do anything right now. X (the recipient) is so bad that we
never know in advance if we can carry out the plans we’ve
made but have to wait and see on the day.”75

“… it actually disrupted our whole life … I had to keep
taking time off work … like each time we went for tests …
when … they were going to have the first operation, I took
holidays and then it was cancelled and then I tried to ring
my boss and get back to work again so I could save my hol-
idays. It was pretty hard… you sort of have to try and switch
off your family life to get on with the job.”45 (mother donat-
ing to her child)

“At the first appointment, we were told that the process
takes approximately 9 or 10 months, and all I could think
ofwaswhether we had this amount of time, as our daughter’s



TABLE 4.

Representative information from the websites of living kidney donor programs on the time to complete the evaluation process

Country City, province Hospital Example Qualitya

Canada London, Ontario London Health Science Centre 2-3 d for tests; 3-6 mo for results; 6+ mo
total from start to surgery date

Moderate

United States Portland, Oregon Oregon Health and Science University 1 d for evaluation, 2-3 mo plus a few weeks
to schedule surgery

Moderate

United Kingdom Belfast, Ireland Belfast City Hospital 1 d (1 full day, starts at 8:00 AM; the day’s schedule
provided); most results reported within a few days.
While our priority is always to make sure donation is
as safe as possible for the donor, we can actually
complete all of this within 2-3 mo if necessary. There
may be an appropriate delay before you have the 1-d
assessment process if we need additional information
or blood tests. Other times it may be too early for you to
have other investigations depending on the person that
you are hope to give a kidney to

Moderate

Canada Toronto, Ontario Toronto General Hospital 2-3 mo, (3-6 mo before surgery can be scheduled) Low
United States Columbus, Ohio Ohio State University Medical Center 1 d for evaluation, 2 mo from donor approval to surgery Low
Canada Vancouver, British Columbia St. Paul’s Hospital 3+ mo Very low
United States Hershey, Pennsylvania Penn State Milton S Hershey

Medical Center
4-6 mo Very low

United Kingdom Leeds, England Leeds St James’s University Hospital 3-6 mo Very low
a The quality of reporting was subjective, based on the relative detail of information provided.
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kidney was failing and she was determined not to have dialy-
sis if she could avoid it.”3

“I wish the process could be quicker, there are people dying
and it shouldn’t take so long to get checked out as a donor.”82

The length of time needed to reconsider the act of donation
(the ‘cooling off’ period) varies by donor, but 3 months may
be sufficient for most.76 Some donors have expressed want-
ing less time to think about the decision to donate because
of the additional anxiety it produces: “the longer you wait,
the longer you worry about it”.76 Once the decision is made,
donors oftenwant the surgical procedure as quickly as possible.
Several donors blamed the healthcare system for conducting
an inefficient and poorly executed evaluation process (con-
cerning an evaluation time of 6months or longer).55,74More-
over, the time between donor approval and donor surgery was
prolonged for several donors, which injected an additional
source of anxiety for both the donor and recipient.45,74

Some donors reported being frustrated that a prolonged
evaluation resulted in their intended recipient spending an
unnecessarily longer time on dialysis.55 One study reported
donor responses in favor of preemptive transplant (ie, better
for recipient health), whereas others favored transplant after
some time on dialysis (ie, more likely for the recipient to be
compliant with medications and to better understand the
value of a kidney).76

Information on Living Donor Program Websites

We reviewed the websites for 296 living donor programs in
Canada, United States, United Kingdom, and Australia (SDC,
Materials and Methods, http://links.lww.com/TXD/A151),
focusing on issues related to an efficient living donor evaluation.

Time to Complete the Evaluation
9/296 (3%) of the websites provided information on the

duration of the donor evaluation process, time until results
are obtained, and the time to complete the evaluation (ie,
number of days of testing at the hospital).Most websites only
provided a low level of information, stating either the number
of days of testing required or the total evaluation time. Some
representative examples are listed in Table 4. Twenty-one
programs acknowledged the evaluation may take up to
6 months, sometimes providing very broad ranges (eg, 6-
12 months; 1-6 months; 3-18 months; up to 6 months).
Others described evaluations less than 4 months. Although
some of these may accurately represent the efficiency of the
program, we are only aware of published data from 1 center
(2-3 months in Belfast City Hospital, Ireland, UK).2 One
website stated a time of 2 months from donor approval to
surgery (Ohio State University Medical Center).

Ten transplant programs indicated that evaluation testing
is completed in 1 day formost candidates (depending on the can-
didates’ age; older candidates may require additional testing).
Eleven programs indicated up to 2 days were required, and
6 programs indicated at least 3 days were required.

Medical History Form Online
Seventy-two websites provided their medical history in-

take form online (71 from the United States). Of these, 49
(68%) could be completed and submitted directly to the pro-
gram coordinators online. Twenty-two of these used the
same third-party system (Breeze TransplantTM) to facilitate
collection of the online health history questionnaire.

Number of Candidates Evaluated Simultaneously
Twenty-five websites stated their general procedure for

assessing candidates when more than 1 comes forward at
the same time. Most stated the preferred candidate is the
one who is a better match (although the definition of
“match” was not described), and few programs involve a
joint decision by the healthcare team and the intended

http://links.lww.com/TXD/A151
http://www.transplantationdirect.com
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recipient. Most programs stated only evaluating 1 candidate
at a time, but screened up to 10 candidates at the outset.
DISCUSSION

There are limited data on the efficiency of the living donor
evaluation in the literature and the websites of living donor
programs. Based on available information, we summarized
several areas that have the potential to improve the living do-
nor evaluation process, which may promote better recipient
outcomes, improve donor satisfaction, and reduce costs to
the healthcare system.

A prolonged living donor evaluation may cause anxiety
for donor candidates who want to minimize the dialysis time
for the intended recipient (including avoiding dialysis alto-
gether).55,76 There is a paucity of information on the dura-
tion of the living donor evaluation, but existing studies
report evaluation times that are often long, used different def-
initions of the evaluation start and end date, and rarely report
more than 1 indicator. For example, the time between donor
approval and actual donation can take weeks in some pro-
grams andmonths in others.48,72 Together with the time until
approval, this can explain some of the differences between
the total time until donation between different programs or
can reveal hidden differences between programs who have
similar total evaluation times.72 Thus, more accurate estimates
of the time to complete an evaluation (using multiple metrics)
are needed to facilitate quality improvement. Moreover, the
potential implications of a prolonged evaluation on recipient
outcomes were infrequently reported or were reported with
insufficient detail to draw conclusions or use as a reliable in-
dicator for benchmarking. As a result, it remains only specu-
lative whether the loss of potential living donor kidney
transplants due to recipient illness or death, due to receipt
of a deceased donor kidney transplant, or due to donor can-
didate withdrawal could have been avoided if the evaluation
was completed earlier.4 According to the websites of living
donor programs, many programs can conduct the evaluation
in a single visit to the transplant center. However, whether
they can do so and whether they actually do so is uncertain.

The necessity of measuring GFR in donor candidates with
a radionuclide has been debated. By eliminating unnecessary
tests, the burden on candidates, the cost to the healthcare sys-
tem, and the timeliness of the evaluation process can all be
improved. Nuclear renography is useful to measure the split
(left vs right) renal function. However, CT volumetry can
conceivably replace nuclear renography to measure the rela-
tive function.27 Moreover, nuclear renography can be used
to measure the GFR, which may be unnecessary if the candi-
date has an eGFR associated with a high posttest probability
of having a level of GFR that permits or precludes dona-
tion.32 In the case where a radionuclide is used to measure
the total renal function, the split renal function can be mea-
sured with little additional effort and cost. However, for pro-
grams that use different contrast media for these 2 related
tests, this may provide one strategy for improvement.83,84

Better prediction of postdonation kidney function from
predonation eGFR is needed, which may be enhanced by in-
corporating variables like predonation kidney volume.85,86

This scoping review has 2 main strengths. First, it high-
lights gaps in knowledge that require further research, includ-
ing the potential implications of an inefficient evaluation
process on health and cost outcomes. Second, it identifies
areas for potential improvement that warrant additional test-
ing. However, there are a few limitations that must be recog-
nized. First, given the difficulty in performing a targeted
search on this topic, wemay havemissed relevant studies that
were not captured by the search terms chosen, or excluded
some efficiency indicators. Future work is needed to establish
important and actionable metrics for quality improvement.
Second, we did not assess the quality of the included studies,
as few studies had the primary objective of evaluating the ef-
ficiency of the living donor evaluation. Third, wewere unable
to estimate the true cost of an inefficient living donor evalua-
tion on transplant activity. Althoughwe found an upper limit
of 21% lost opportunities for transplant, this represents an
upper limit because we could never know if donor candi-
dates: (1) would have completed their evaluation, (2) would
have been deemed eligible for donation, and (3) would have
donated. Finally, the cost of a more efficient living donor
evaluationwas unavailable. One study projected the cost sav-
ings associated with a shorter time until living donor kidney
transplantation, but was based on hypothetical scenarios
and only the costs due to recipient dialysis were modeled.4

A second study used regression-based models to estimate
the true cost of living kidney donation to the healthcare sys-
tem for donors and potential candidates.87 However, the cost
of the living donor evaluation due to real-world efficiency im-
provements remains to be estimated.

In conclusion, there are promising opportunities to im-
prove the efficiency of the living donor evaluation process.
Better efforts are needed to define, collect, and report indica-
tors of an efficient living donor evaluation for accountability,
benchmarking, quality improvement, and research.9 Individual
programs can learn from the processes used by other programs
to improve their own practices (eg, enable a 1-day evaluation),
but this requires individual programs to be more transparent on
their evaluation procedures. The evaluation should continue to
focus on ensuring donor safety, including completing tests that
are costly or time-consuming if they are necessary to complete a
thorough evaluation for donor candidacy.
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