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We surveyed US transplant programs to assess practices used to assess kidney health
in living kidney donor candidates in 2017; the response rate was 31%. In this report,
we focus on the kidney; a companion piece focuses on the metabolic and cardiovascular aspects of candidate evaluation. Compared to 2005, programs have become
more stringent in accepting younger candidates and less stringent in accepting older
candidates. The 24-hour creatinine clearance remains the mainstay for kidney function assessment, with 74% continuing to use a value below 80 mL/min/1.73 m2 for
exclusion and 22% using age-based criteria. ApoL1 genotyping is obtained routinely
or selectively by 45%, half of which use the high-risk genotype as an absolute exclusion criterion. For history of symptomatic stones, 49% accept if there is no current
radiographic evidence of stones and urine profile is low risk, 80%-95% consider candidates with unilateral asymptomatic stones, but only 33%-48% consider if stones
are bilateral. In addition, 14% use the risk assessment tool developed by Grams et
al routinely for decision-making, and 42% use it sometimes. Also, 57% reported not
having yet determined a risk threshold for acceptable postdonation risk above which
candidates are excluded. Contemporary practice variation underscores the need for
better evidence to guide the donor selection process.
KEYWORDS

clinical research/practice, donors and donation: donor evaluation, donors and donation: living,
donors and donation: paired exchange, kidney transplantation/nephrology

Abbreviations: AA, African American; ApoL1, apolipoprotein L1; CrCl, creatinine clearance; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; GFR, glomerular
filtration rate; hpf, high-power field; KDIGO, Kidney Disease Improving Global Outcomes; mGFR, measured glomerular filtration rate; NKR, National Kidney Registry; NSAID,
nonsteroidal anti-inflammatory drug; OPTN, Organ Procurement and Transplantation Network; PKE, paired kidney exchange; TBMD, thin basement membrane disease; UAC, urine
albumin-to-creatinine ratio; UNOS, United Network for Organ Sharing.
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1 | I NTRO D U C TI O N

We retained questions from the previous survey inquiring about
practices in 2005 where possible and expanded on several areas of

Living donor kidney transplant is the best kidney replacement

contemporary interest. 2

therapy option for eligible patients with end-stage kidney disease

This survey project was done in collaboration with the United

(ESKD), offering superior outcomes compared to deceased donor

Network for Organ Sharing (UNOS). The UNOS Survey Review

transplant.1 At the same time, the practice of living donation re-

Group reviewed and approved our questionnaire and created an

quires thorough evaluation of candidates and careful assessment of

electronic survey in REDCap that was first distributed to the medical

short-term and long-term risks, most notably that of ESKD.

directors and surgical directors of all US kidney transplant programs

The last survey of transplant programs in the United States to

via email on June 12, 2018. This was followed by 2 reminder emails

document clinical practices in living donor candidate evaluation was

approximately on June 22, 2018, and July 11, 2018. The survey was

published >10 years ago. 2,3 Since then, there has been significant

closed on July 27, 2018. The responses were deidentified before re-

advancement in our understanding of kidney outcomes in the donor

turn to the investigators for analysis.

population. Two studies published almost simultaneously in 2014,

Data were expressed as means and SDs, medians and ranges, or

one from the US and another from Norway, showed that the relative

percentage of programs with specific responses. A value of P ≤ .05

risk of ESKD in living kidney donors is significantly increased com-

was considered statistically significant. When appropriate, responses

pared with similar healthy controls, but the absolute risk remains less

from the 2005 survey were included for comparison with responses

than 1%.4,5 The lifetime ESKD risk may have been underestimated

from this present survey, and the Fisher exact test was used to test

due to lack of long-term follow-up in these studies. A subsequent

whether the difference was statistically significant. Additionally,

analysis of US donors revealed that the cumulative incidence of

to determine whether practices vary depending on program size,

ESKD increased from 10 events per 10 000 at 10 years to 85 events

survey responses were examined by number of living donor trans-

per 10 000 at 25 years postdonation; notably, this increase in late

plants performed at the responding programs in 2017, divided at the

postdonation risk was mostly attributable to diabetic and hyperten-

median into larger vs smaller programs. Similar analyses were also

sive ESKD.6 Specific to the African American (AA) population, much

performed based on other program characteristics, including UNOS

of the increased ESKD risk has been associated with the high-risk

region, academic vs nonacademic program, pediatric vs adult-only

apolipoprotein L1 (ApoL1) genotype.7,8 Recent studies suggest that

kidney transplants, and nonkidney vs kidney-only transplants.

the high-risk ApoL1 genotype may be associated with worse out-

The institutional review board at the primary institution, the

comes among kidney donors; however, there remains significant

University of Wisconsin-Madison determined this project to be

controversy on how to best use this test for evaluation and deci-

exempt from federal regulations pertaining to human subjects re-

sion-making in AA donor candidates.9

search. Data are available from the corresponding author on reason-

Since the previous survey, there have been 2 major additions to

able request.

policies and guidance pertaining to living donor evaluation. In 2013,
the Organ Procurement and Transplantation Network (OPTN) introduced policies for medical evaluation of living donors in the US.10
The 2017 Kidney Disease: Improving Global Outcomes (KDIGO)
Guideline on the Evaluation and Care of Living Kidney Donors pro-

3 | R E S U LT S
3.1 | Survey responses and program demographics

vided a framework for acceptance of donor candidates according
to their estimated postdonation risk, in relation to the program's
11-13

threshold for acceptable risk.

UNOS distributed the survey via email to 446 program directors
across 223 programs. A total of 71 program directors from 69 pro-

We conducted an updated survey of US transplant programs to

grams responded, yielding a program response rate of 30.9%. Both

document current practices and to assess how these have evolved

medical and surgical directors from 2 programs responded to the

as a result of changes in the living donation landscape. This report

survey. Given the medical director's primary role in the medical

focuses on the kidney aspects of living donor candidate evaluation.

evaluation of donor candidates, his/her responses were used for fur-

A companion report focuses on the metabolic, cardiovascular, and

ther analysis in these cases. Sixty-one percent of the respondents

substance use aspects of the evaluation.14

included in the analysis were medical directors, 38% were surgical
directors, and 1% did not specify their position.

2 | M ATE R I A L S A N D M E TH O DS

Responding programs had a higher total number of transplants,
as well as living donor transplants in 2017, compared with nonresponding programs (total transplants: 104.6 ± 72.9 vs 80.8 ± 77.8;

We designed a 59-question survey (supplement) to query US living

P = .03, and living donor transplants: 35.1 ± 33.8 vs 21.8 ± 26.5;

donor kidney transplant programs regarding practices in the evalu-

P = .0018). Responding programs also had a higher percentage of

ation of donor candidates (kidney, metabolic, cardiovascular, and

programs that performed pediatric transplants (55.1% vs 40.9%;

psychosocial), inclusion and exclusion criteria, and decision-making

P = .05), however, there were no differences in the proportion that

processes. The questions specifically asked about practices in 2017.

performed nonkidney vs kidney-only transplants (79.7% vs 74.7%;

|
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P = .41) and academic vs nonacademic programs (81.2% vs 74.7%;

is 23%, increased from 15% in 2005 (P = .207). Several comments

P = .29).

accompanying answers to this question noted that candidates in
the 18-25 age group require more comprehensive evaluation, sometimes including psychiatric evaluation.

3.2 | Kidney evaluation
3.2.1 | Age

3.2.2 | GFR and kidney size

Since 2005, transplant programs have tended to become less strict

The proportion of programs obtaining a 24-hour creatinine clear-

in terms of the upper age limit for exclusion (Figure 1A). In 2017, 68%

ance (CrCl) has not changed significantly over the past decade

of responding programs have no upper age limit for donor accept-

(87% in 2017% vs 90% in 2005, P = .658) (Figure 2A). However,

ance, vs 59% in 2005 (P = .240). Among the programs with a limit, the

in one of the most substantial changes in practice over time that

most common exclusion threshold in 2017 is 70 years (used by 18%

we observed, 30% of programs in 2017 routinely obtain a meas-

in 2017% vs 5% in 2005, P = .002), as opposed to 65 years in 2005

ured GFR (mGFR) routinely in all candidates as opposed to only

(used by 7% in 2017% vs 21% in 2005, P = .007). Concordant with

11% in 2005 (P = .001). Among programs that obtain CrCl, a large

the OPTN policy for living donation, all programs in 2017 specify a

majority (92%) assess adequacy of urine collections by compar-

lower age limit (Figure 1B).10 The most common lower age threshold

ing calculated creatinine excretion rate (CER) to expected weight-

remains 18 years, although the proportion of programs using this in

based CER of 20-25 mg/kg in men and 15-20 mg/kg in women.

2017 is 65%, decreased from 77% in 2005 (P = .086). The propor-

Only 75% reported using a size-normalized measure of kidney

tion of programs using 21 years as the lower age threshold in 2017

function. Notably, similar to 2005, most programs continue to use

A

B

FIGURE 1
age limit

A, Upper age limit. B, Lower
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F I G U R E 2 A, Kidney function
tests routinely performed in all donor
candidates. B, Most common practice
regarding exclusion of donor candidates
based on kidney function

A

B

size-normalized CrCl or mGFR less than 80 mL/min/1.73 m2 as

While more programs are using albuminuria-based criteria for selec-

the most common exclusion threshold based on kidney function

tion of donors in 2017, total proteinuria > 300 mg/d and > 150 mg/d

(74% in 2017% vs 67% in 2005, P = .352) (Figure 2B), whereas

are reported as the most common practices for exclusion, by 39%

22% report using 2 SDs below expected for age as their cut-off

and 25% of the programs, respectively; 22% use UAC of 30 mg/d

(22% in 2017% vs 25% in 2005, P = .739). Last, programs are start-

ande 10% use higher UAC thresholds (Figure 3B). The 2005 survey

ing to incorporate cystatin C–based GFR assessments (estimated

did not evaluate exclusion criteria based on UAC.

GFR [eGFR] from cystatin C alone as well as eGFR from serum
creatinine and cystatin C combined) in practice, including 7% that
routinely obtain these in all donor candidates.

3.2.4 | ApoL1 genotyping

For candidates with a significant difference between right and
left kidney size on CT, 67% obtain split kidney function testing using

Thirteen percent of programs routinely perform ApoL1 genotyping

a nuclear scan to determine which kidney should be used for dona-

on all AA donor candidates, another 32% perform this for selected

tion, while 23% procure the smaller kidney.

cases, and the remaining 55% never obtain this test. Some respondents noted that they perform this testing for younger AA candidates

3.2.3 | Proteinuria and albuminuria

only.
Among the programs that obtain this test either routinely or
selectively, 52% report that a high-risk ApoL1 genotype is an ab-

The most notable change in the evaluation of proteinuria among

solute exclusion criterion at their program, and 48% report that

donor candidates is the increasing reliance on albumin-based meas-

the finding of a high-risk ApoL1 genotype factors into their deci-

ures. In 2017, 51% of programs obtain a random spot urine albumin-

sion-making and informed consent process but is not an exclusion

to-creatinine ratio (UAC) vs only 21% in 2005 (P < .001) (Figure 3A).

criterion by itself.

GARG et al.
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A

B

F I G U R E 3 A, Proteinuria tests routinely performed in all donor candidates (n = 69). B, Most common practice regarding exclusion of
donor candidates based on proteinuria

3.2.5 | Hematuria

In 2017, 43% define hematuria by presence of ≥5 red blood cells
(RBCs)/high-power field (hpf), 38% by ≥3 RBCs/hpf and 14% by
≥10 RBCs/hpf. Response options in the current survey are more

Figure 4A shows the variation in practice with regard to how he-

detailed than in the 2005 survey, so we were not able to fully

maturia is defined in the context of donor candidate evaluations.

compare responses. However, the 2005 survey reported that

3384
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F I G U R E 4 A, Definition of hematuria
in the context of donor candidate
evaluation. B, Practices regarding
evaluation of donor candidates with
persistent isolated hematuria

A

B

64% used ≥10 RBCs/hpf for decision-making, suggesting that

Similar to 2005, the most common practice in 2017, as reported

programs have become stricter with regard to hematuria defini-

by 49% of transplant programs for candidates with prior history of

tion (P < .001).

symptomatic stones, is to continue with evaluation if there are no

Programs are also now more willing to evaluate candidates with

current stones detected on imaging and if the 24-hour urine stone

persistent isolated hematuria (Figure 4B). This was an exclusionary

profile is low risk (P = .671) (Figure 5B). Additionally, 23% of pro-

criterion at 21% of programs in 2005, but in 2017 only 1 (1%) re-

grams require a 5-year symptom free period and 9% require a 10-

sponding program reports this practice (P < .001). Nearly half of the

year symptom-free period. Notably, in 2017, only 10% of programs

programs now require both urologic evaluation and kidney biopsy as

routinely exclude donor candidates with history of symptomatic

part of the evaluation of these candidates.

stones, as opposed to almost a quarter in 2005 (P = .02).

In addition, 43% report that donor candidates with a diagnosis

In addition to these questions regarding symptomatic stones,

of thin basement membrane disease (TBMD) are routinely excluded,

our survey included 4 questions regarding asymptomatic stones,

whereas the remaining 57% consider these candidates for kidney

specifically whether programs would accept candidates with in-

donation.

cidental findings of small stones on imaging done as part of donor
evaluation (Table 1). In 2017, 95% accept a candidate with a single

3.2.6 | Nephrolithiasis

small stone on one side and a normal 24-hour urine stone risk profile, and 80% accept a candidate with a single stone on one side and
an easily correctible factor on the 24-hour urine stone risk profile,

Figure 5A shows the distribution of indications for 24-hour urine

such as low urine volume or hypocitraturia. Several programs noted

stone risk profile assessment. Almost all programs perform this test-

in comments that they favor removal of the kidney with the stone. A

ing if there is history of symptomatic stones, or asymptomatic stones

substantially lower proportion of programs consider candidates with

are detected on imaging.

stones bilaterally.

|
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A

B

F I G U R E 5 A, 24-h urine stone risk profile is performed for donor candidates with …. B, Practices regarding evaluation of donor
candidates with prior symptomatic nephrolithiasis

3.2.7 | Nonsteroidal anti-inflammatory drug use

avoidance after donation, whereas 30% consider infrequent
NSAID use acceptable. Of those programs, the most commonly

Sixty-four percent of programs require candidates to completely

reported acceptable frequency of NSAID use is once every

stop NSAID use before donation and recommend complete

2 weeks.
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TA B L E 1 Program practices regarding donor candidates with
small asymptomatic nephrolithiasis
Would
exclude

Would
accept

An asymptomatic donor candidate with one
small (eg <4 mm) stone in one kidney and a
normal 24 h urine stone risk profile (n = 69)

6%

95%

An asymptomatic donor with one small (eg
<4 mm) stone in one kidney and the 24-h
urine stone profile has an easily correctable
risk factor, such as low citrate or urine
volume (n = 69)

20%

An asymptomatic donor candidate with one
small (eg <4 mm) stone in each kidney and a
normal 24 h urine stone risk profile (n = 69)

52%

48%

An asymptomatic donor with one small (eg
<4 mm) stone in each kidney and the 24-h
urine stone profile has an easily correctable
risk factor, such as low citrate or urine
volume (n = 69)

67%

33%

3.4 | Types of living kidney donations
Of the responding programs, 97% evaluate nondirected donors. The
median number of nondirected donations per program in 2017 was
2 (range 0-25).
Ninety-seven percent offer ABO-incompatible or positive
crossmatch donor-recipient pairs the opportunity to participate

78%

in paired kidney exchange (PKE) programs. The median number of
PKE transplants performed at responding centers in 2017 was 4
(range 0-70). Additionally, 76% of programs offer immunologically
compatible donor–recipient pairs the opportunity to participate
in PKE; the median number of transplants involving compatible
exchanges performed in 2017 was 1 (range 0-15). Sixty-four percent of programs have an internal exchange program (Figure 6)
and 52% participate in both internal and external exchange programs. The most commonly used external exchange program is
the National Kidney Registry (NKR), with participation by 54% of
all responding transplant centers, followed by the UNOS PKE and
the Alliance for Paired Kidney Donation used by 46% and 19%,

3.3 | Decision-making regarding donor selection

respectively.
The Advanced Donation Program is an option available via
NKR whereby the donor desires to donate by a specific date,

At the time of our survey, 43% programs report never using for

before the paired recipient has been matched to a specific

decision-making the ESKD risk prediction tool provided by the

donor.14 Fifty-six percent of the programs participating in NKR

2017 KDIGO Guideline on the Evaluation and Care of Living Kidney

considered requests for advanced donation. Median number of

Donors, 42% report using it sometimes but not always, and only

advanced donations facilitated by this program in 2017 was 1

14% use it routinely for all donor candidates.13 Regarding the use

(range 0-7).

of the risk tool to educate donor candidates, 26% report using it
for education, whereas the other 74% do not. Use of the tool specifically for 15-year vs lifetime risk was not explored. Concerns re-

3.5 | Survey responses by program characteristics

ported among the comments include derivation from the nondonor
population, concern for accuracy, and not taking family history into

There were no statistically significant differences in practices or ex-

account. More than half the programs in 2017 report not having yet

clusion criteria based on program characteristics including program

determined a risk threshold for acceptable postdonation ESKD risk

size, UNOS region, academic vs nonacademic status, performance of

above which candidates are not accepted, whereas 16%, 13%, and

pediatric vs adult-only kidney transplants, and nonkidney vs kidney-

14% report setting risk thresholds of 1%, 3%, and 5%, respectively.

only transplants.

F I G U R E 6 Paired kidney exchange
programs used by transplant programs

|

GARG et al.

4 | D I S CU S S I O N

3387

Using 2 SDs below the mean for age has been used as an
exclusion criterion.19 However, the roughly one quarter of pro-

Our study provides an overview of the current state of practices

grams that currently use this approach is unchanged compared

pertaining to the kidney evaluation of donor candidates, as well as

to 2005. We were surprised that such a large majority of pro-

how these practices have changed over the last decade in light of

grams still use a fixed size-normalized GFR cut-off of 80 mL/

the new data and recent policies and guidelines. These findings are

min/1.73 m 2 . Several studies have documented that a lower pre-

of relevance to transplant professionals seeking to learn about kid-

donation eGFR is a risk factor for subsequent ESKD. 20,21 A CrCl

ney function practices across the country and bring to light topics of

of 85 mL/min/1.73 m 2 is well below 2 SDs the mean for age for a

interest where evidence is lacking.

30-year-old22,23 and portends a much higher risk of ESKD post-

One important finding is that programs have become less strict

donation compared to a CrCl of 120 min/1.73 m 2 for the same

in terms of the upper age limit for exclusion. There was also a trend

age. The same CrCl of 85 mL/min/1.73 m 2 would be well within

towards having become stricter with regards to the exclusionary

2 SDs of mean for age for a 65-year-old and clearly would not be

lower age limit. The difficulty in predicting risk of ESKD over re-

used to rule out a candidate.

maining lifespan, which may be as long as 60-70 years for younger

We also found that urine albumin excretion is now more com-

donors, as well as potential lack of emotional and intellectual matu-

monly assessed and used for decision-making than in 2005, pre-

rity in very young donors, may explain the reluctance in accepting

sumably because in recent decades assays for albuminuria have

them. The average follow-up in most studies evaluating ESKD risk

improved and it has become clear that albuminuria is a better

is <10 years. Primary glomerulonephritides that progress quickly

measure of kidney damage than proteinuria.18 However, nearly

reach the ESKD endpoint in these studies.

4-6,15

Candidates with

two-thirds of the programs still primarily base exclusion crite-

diabetes, or those with hypertension and evidence of end-organ

ria on urine protein excretion. Among the programs that report

damage, are routinely excluded from kidney donation. As a result,

using UAC-based thresholds as their most common practice for

the follow-up in these studies may not be long enough to capture

donor candidate exclusion, 30 mg/d was the most commonly

donors who go on to develop diabetic or hypertensive kidney dis-

reported.

ease and subsequently ESKD. Furthermore, the lifetime ESKD risk

The ApoL1 high-risk genotype is associated with increased sus-

projections in the aforementioned ESKD risk prediction provided in

ceptibility to nondiabetic CKD and ESKD in the AA population.7,8

the 2017 KDIGO guideline are exponentially higher in younger age

Forty percent of AAs on dialysis carry the high-risk genotype, and

groups even in the absence of donation.13 Conversely, many older

81.5% of AA donors are first-degree relatives of their recipients. 24,25

individuals have a low lifetime risk of ESKD, even in the presence of

These statistics have generated an interest in the role of ApoL1

certain risk factors such as low GFR or mild hypertension.13 These

genotyping in AA candidates. One recent study documented that

observations are consistent with the 2005-2017 US data that shows

high-risk genotype donors had a faster decline in kidney function

a decline in related donation across race, most notable in younger

compared with the low-risk genotype donors; however, an acceler-

age groups, and an increase in unrelated donation, most notable in

ation of the decline attributable to the donation process was not

the ≥50-year-old group.16

observed.9 Our study documents that few programs are routinely

Over the past decade, there have been relatively few changes in

performing ApoL1 testing in all their AA candidates. Also, programs

practices pertaining to kidney function evaluation and assessment.

are evenly split between whether they use the high-risk genotype as

There has been an almost 3-fold increase in the number of programs

an absolute exclusion criterion.

using a direct measure of GFR. But, despite its limitations, an over-

Programs are generally more willing now to evaluate donor

whelming majority of responding US programs continue to obtain

candidates with hematuria than in 2005, the workup of which fre-

24-hour urine CrCl in all donor candidates. Adjusting any GFR mea-

quently includes urologic evaluation and kidney biopsy. TBMD is a

sure for body surface area allows using the same GFR thresholds

common cause of persistent glomerular hematuria and occurs in at

across the range of body size for decision-making regarding donor

least 1% of the population. 26 Our survey showed that a little less

12

Therefore, we found it surprising that a quarter of the

than half the programs routinely exclude candidates with this diag-

programs do not routinely make this adjustment. This may in part

nosis. This is likely explained by the uncertainty regarding whether

be related to an older study of recipient outcomes that suggested

TBMD leads to progressive glomerular injury or represents an inci-

using an unadjusted GFR threshold of 80 mL/min as acceptable for

dental finding in patients with underlying FSGS. 27 Also, it is difficult

selection.

17

donation.

However, there is an important distinction to be made

to differentiate TBMD from Alport's carrier state in women, which

between donor safety vs adequacy of nephron mass for a recipi-

has been associated with an 8%-30% risk of ESKD. 28,29 Programs

ent. The assessment of donor safety should be based on a size-nor-

are also more willing to evaluate candidates with history of symp-

malized GFR or CrCl, as has been recommended for many years in

tomatic stones. Nephrolithiasis is very common but is an uncom-

11,12,18

guidelines.

In contrast, the adequacy of a particular kidney for

mon cause of ESKD. History of nephrolithiasis, especially small

a particular recipient should be based on the absolute GFR, since

asymptomatic nephrolithiasis, has not been found to be a predictor

that recipient will receive roughly half of the absolute kidney mass

of ESKD.13 Programs are still reluctant to accept donors with small

of the donor.

asymptomatic stones and normal or low-risk urine risk profiles,
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especially if the stones are bilateral or the kidney with the stone
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