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ABSTRACT
Evaluation of GFR, required in the evaluation of living kidney donor candidates, is
now receiving increasing emphasis because recent data demonstrate increased risk
of kidney disease after donation, including a small increase in the risk of kidney
failure. The international guideline development group, Kidney Disease Improving
Global Outcomes, recently published a comprehensive set of recommendations for
living donor evaluation, with three recommendations regarding GFR. (1) Donor can-
didacy is evaluated in light of long-term risk, in which GFR is one of many factors.
ESRD is considered a central outcome, and amethod for estimating long-term risk of
ESRD in donor candidates is described. (2) Two GFR thresholds are used for de-
cision-making: a high threshold ($90ml/min per 1.73m2) to accept and a low thresh-
old (,60 ml/min per 1.73 m2) to decline, with 60–89 ml/min per 1.73 m2 as an
intermediate range in which the decision to accept or decline is made on the basis
of factors in addition to GFR. (3) GFR is evaluated using several methods available at
the transplant center, including estimating equations and clearance measurements.
We review the rationale for the guideline recommendations, principles of GFRmea-
surement and estimation, and our suggestions for implementation.
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Each year, nearly 5800 living donor kidney
transplants are performed in the United
States.1 Evaluation of GFR is required as
part of the donor evaluation and is now
receiving increasing emphasis, as recent
data from the general population demon-
strate increased risks associated with re-
duced GFR, and data from kidney donors
demonstrate increased risks of kidney dis-
ease after donation, including a small
increase in the risk of kidney failure.2–4

Selecting donors with minimal long-
term risk of kidney failure is important
to safeguard the practice of kidney dona-
tion, regardless of the degree to which it
can be established that donation contrib-
uted to the risk of kidney failure. Equally
important is respecting the donor candi-
dates’ autonomous decisions to seek the
benefit and accept the risk of kidney
donation. Balancing these objectives by
transplant center clinicians requires careful

consideration of multiple measures of
health status of kidney donor candidates
and the long-term consequences of kidney
donation.

The international guideline develop-
ment group, Kidney Disease Improving
Global Outcomes (KDIGO), recently
published a comprehensive set of recom-
mendations for living donor evaluation
on the basis of systematically collected
evidence, where possible.5 The guide-
lines are focused on donor safety, and
exclude consideration of recipient out-
comes on the basis of donor character-
istics or implications for the number of
living donors. The guidelines contain
three recommendations regarding GFR
(Table 1). The purpose of this review is
to discuss the rationale for the guideline
recommendations, principles of GFR
measurement and estimation, and our
suggestions for implementation.

EVALUATION OF DONOR
CANDIDACY

KDIGO Framework for Decision-
Making
TheKDIGO recommendations aremade
on the basis of the principle that the eval-
uation of living donor candidates should
include a comprehensive determina-
tion of risk to the donor, on the basis
of simultaneous consideration of a com-
posite profile of risk factors, rather than
consideration of single risk factors in iso-
lation as recommended in previous
guidelines. Traditionally, donor candi-
dateswere advised that donating a kidney
did not alter the lifetime risk of develop-
ing kidney disease if the remaining kid-
ney was healthy at the time of donation.
Recent data have led to reconsideration
of this traditional advice. Although there
aremany outcomes to consider after kid-
ney donation, KDIGO considered the
long-term risk of developing kidney fail-
ure as central, and proposed a quantita-
tive frameworkformedical evaluationand
acceptance of donor candidates according
to the donor candidate’s estimated post-
donation risk in relationship to the trans-
plant center’s threshold for acceptable risk
(Figure 1). In this framework, the candi-
date’s long-term postdonation risk is
influenced by the combination of risks
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conferred by his or her demographic and
clinical characteristics at the time of eval-
uation plus the risk attributable to dona-
tion. The level of GFR is one of several
clinical characteristics that determine the
donor candidate’s estimated risk.

Using a risk threshold to guidedecision-
making to accept or decline donor can-
didates would ground transplant center
decision-making in an objective, trans-
parent, and defensible policy, and facil-
itate education of donor candidates. A
risk threshold represents a quantitative
expression of the acceptable balance of
the objectives of assuring the safety and
autonomy of living kidney donor candi-
dates. KDIGO recommended that each
transplant center should develop and
communicate a quantitative threshold
of acceptable risk, that this threshold
can be both evidence-based and consen-
sus-based. Once established, ideally the
threshold should be applied consistently
and transparently for all donor candi-
dates evaluated at a center.

Decreased GFR and Risk in the
General Population
It is now well accepted that decreased
GFR in the general population is associ-
ated with a higher risk of complications
of CKD, including death, cardiovascular
disease, and ESRD, and the KDIGO 2012
CKDGuidelines defineGFR,60ml/min
per 1.73 m2 for 3 months or more as
CKD.6 A recent meta-analysis by Grams
et al. estimated lifetime risk for ESRD
in a low-risk subgroup of the general
population similar to donor candidates
on the basis of demographic and clinical
characteristics.7 Lifetime risk estimates

varied by sex and race, but was lower at
older age and higher GFR for all groups
(Figure 2). For example, for eGFR$90
ml/min per 1.73 m2, estimated lifetime
risk for white men and womenwas,1%
at all ages, but exceeded 2% for black
men and women aged,30 and 20 years,
respectively. For eGFR of 60–89 ml/min
per 1.73 m2, estimated lifetime risk was
higher but still,1% for those aged$60
years.

Decreased GFR and Risk after
Kidney Donation
GFR declines after kidney donation be-
cause of the immediate loss of approxi-
mately 50% of renal mass. In the setting
of health, there is rapid compensatory
hyperfiltration leading to a net reduc-
tion in GFR of only 30% (25%–40%)
after donation (decrement in GFR of
25–40 ml/min per 1.73 m2).8,9 Con-
sequently, a person with a predona-
tion GFR of $90 ml/min per 1.73 m2

would be expected to have a 1-year post-
donation GFR of .60 ml/min per
1.73 m2.

With long-termfollow-up,a substantial
proportionofdonorshave larger reduction
in GFR; however, there has been contro-
versy about the clinical implications of de-
creased GFR after kidney donation.10,11

Recent studies show an increased risk of
complications associated with kidney
disease after kidney donation, including
hypertension, preeclampsia, hyperurice-
mia, gout, and hyperparathyroidism.12–15

More importantly, two recent studies
document a small but significant increase
in absolute risk for ESRD within approx-
imately 15 years after kidney donation

compared with healthy nondonors: we
calculated risk differences of 0.44%
(0.5% versus 0.06%) in a Norwegian co-
hort3 and 0.27% (0.31 versus 0.04 per 100
patient-years of follow-up) in a United
States cohort.4 Of note, because of the
low absolute risk in healthy nondonors,
small increases in absolute risk may trans-
late to high relative risks. Grams et al. re-
ported that the observed 15-year risk of
ESRD after donation among kidney do-
nors in the United States was from 3.5 to
5.3 times higher, depending on sex and
race, than the estimated risk from the
low-risk subgroup from the general pop-
ulation in the absence of donation.7

However, all three studies are limited by
selection of the comparison group, ascer-
tainment of long-term follow-up, and
assumptions in computation of risk esti-
mates, and no data are available relating
predonation GFR to long-term risk of
ESRD after kidney donation.16–18

GFR THRESHOLDS

GFR as an Index of Kidney Function
The level of GFR is widely accepted as the
best overall index of kidney function in
health and disease. Normative levels of
GFR are expressed per 1.73 m2 because
GFR is proportional to kidney size,
which is proportional to body size. In-
dexing GFR to body surface area reduces
the variability in GFR in healthy individ-
uals, allowing communication of GFR
thresholds for decision-making that
can be applied to most donors across
the usual distribution of body size; how-
ever, there is uncertainty about the

Table 1. KDIGO recommendations regarding GFR evaluation

Donor candidacy is evaluated in light of long-term risk, in which GFR is one of many factors. Each transplant center determines a threshold for
acceptable risk to be applied to all donor candidates. Donor candidates with risk below the threshold are acceptable. Donor candidates with risk
above the threshold are not acceptable. ESRD is considered a central outcome, and a method for estimating long-term risk of ESRD in donor
candidates is described.

Two GFR thresholds are used for decision-making: a high threshold ($90 ml/min per 1.73 m2) to accept and a low threshold (,60 ml/min per
1.73m2) to decline, with 60–89ml/min per 1.73m2 as an intermediate range in which the decision to accept or decline is on the basis of factors in
addition to GFR.

GFR is evaluated using a variety of methods available at the transplant center, including estimating equations and clearance measurements. Two-
stage testing is recommended. The initial test is eGFRcr. eGFRcys is an alternative initial test on the basis of an evaluation of likely non-GFR
determinants of creatinine and cystatinC. Confirmatory tests includemGFRusing clearance of exogenous filtrationmarkers,mClcr usingduring a
24-hr urine collection, eGFRcr–cys, or repeat eGFRcr. A method for using eGFR to estimate the probability that mGFR is above or below a
threshold is described.
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appropriateness of indexing by body
surface area, especially at the extremes
of body size.

Mean GFR in healthy young adult
white individuals is approximately 125
ml/min per 1.73 m2, with a wide
range.19 GFR is lower in older people,
but the rate of decline over time is highly
variable and the causes are not known.
There is debate about whether the lower
GFR in older people represents normal
aging or disease.20–23 There is some evi-
dence that the normal level of GFR varies
among ethnic groups.24 Studies of kid-
ney donor candidates report lower mean
GFR, but the interpretation is limited by
selection criteria and differences in GFR
measurement methods25,26

In principle, GFR is the product of the
number of nephrons (N) and the average

single nephron GFR (SNGFR). Neither
can bemeasured directly, but variation in
either can cause variation in GFR. Vari-
ation in N is not well described, but it
appears to be lower in people with CKD,
older age, or a historyof prematurity.27,28

Variation in SNGFR may be affected by
time of day, dietary protein intake, exer-
cise, pregnancy, obesity, hyperglycemia,
use of antihypertensive drugs, and sur-
feit or deficit of extracellular fluid, as
well as chronic and acute kidney disease.

The KDIGO 2012 CKD Guidelines
consider GFR in young men and women
of $90 ml/min per 1.73 m2 as normal
or elevated.6 GFR between 60 and 89
ml/min per 1.73 m2 is considered to be
decreased compared with the usual level
for young adults, but does not meet
the KDIGO criterion for the definition

of CKD of ,60 ml/min per 1.73 m2 for
3 months.

KDIGO Recommendations
KDIGO recommended that GFR$90
ml/min per 1.73m2 is acceptable for kid-
ney donation and GFR,60 ml/min per
1.73 m2 is not acceptable, whereas GFR
of 60–89 ml/min per 1.73 m2 is an in-
termediate range in which the decision
should be individualized on the basis
of age and other clinical factors in rela-
tion to the transplant center’s accep-
tance risk threshold (Figure 3). These
recommendations were not graded be-
cause the rationale is largely on the basis
of extrapolation from studies not con-
ducted in donors.

GFR EVALUATION METHODS

GFR Measurement and Estimation
GFR cannot be measured directly in hu-
mans; thus true GFR cannot be known
with certainty. However, GFR can be as-
sessed fromclearancemeasurements or se-
rum levels offiltrationmarkers, exogenous
or endogenous solutes that are mainly
eliminated by glomerular filtration. Both
measured GFR (mGFR) and eGFR are as-
sociated with error (bias and imprecision)
in their determination (Table 2).

The gold standard for the measure-
ment of GFR is urinary clearance of an
ideal filtration marker, defined as sub-
stance that is freely filtered at the glo-
merulus, neither reabsorbed, secreted,
synthesized, or metabolized by the tu-
bules, and does not alter the function of
the kidney. The classic method of Smith
used urinary clearance of inulin, a 5200-D
polymer of fructose, during a continu-
ous intravenous infusion.29 Inulin is dif-
ficult to use and not available in the
United States, so alternative filtration
markers have been proposed but all
deviate from ideal behavior. Plasma
clearance after a bolus intravenous infu-
sion is simpler to perform, but may dif-
fer from urinary clearance because of
nonequilibration across body fluid
compartments and extrarenal elimina-
tion of the filtration marker. All clear-
ance measurements are difficult to

Figure 1. KDIGOproposed framework for a transplant center to accept or decline a donor
candidate on the basis of a threshold of acceptable postdonation lifetime risk of kidney
failure. A donor candidate’s projected estimated lifetime risk is on the basis of their pre-
donation demographic characteristics (blue bar) and clinical characteristics (orange bar),
and their added risk attributable to donation (brown bar). The decision by the transplant
center whether to accept or decline a donor candidate can be grounded upon on whether
an individual’s estimated projected postdonation lifetime risk is above or below threshold
set by the transplant center (dotted line). Each transplant center may decide on its ac-
ceptable threshold for an important outcome and this thresholdmay vary across transplant
centers, but to be fair, a transplant center should apply their same threshold to all donor
candidates evaluated at that center. For example, candidateAwould be accepted because
the estimated projected postdonation risk for an important outcome is far below the
threshold, candidate B would be accepted with caution because the estimated projected
postdonation risk is close to the threshold, and candidate Cwould be declinedbecause the
estimated postdonation projected risk is far above the threshold. Reproduced from ref-
erence 5, with permission.
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perform, leading to error in mGFR. A
recent systematic review evaluated alter-
native methods in comparison to the clas-
sic procedure of Smith.30 Of note, in this
review, urinary creatinine clearance did

not meet the criteria for accuracy because
of large bias and imprecision.

GFRcanbe estimated from serum lev-
els of endogenous filtration markers
without clearance measurements.31 The

serum level of an endogenous filtration
marker is affected by factors other than
GFR, including generation, renal tubular
secretion and reabsorption, and extra-
renal elimination, collectively known as
non-GFR determinants. Estimating
equations use easily measured clinical
variables as surrogates for these unmea-
sured physiologic processes, and provide
more accurate estimates than the serum
level alone. However, the clinical vari-
ables can capture only the average rela-
tionship of the surrogates to some of
these physiologic processes, leading to
error compared with mGFR.

Figure 2. Estimated lifetime incidence (%) of ESRD in the United States according to baseline eGFR and demographic profile from the
CKD-PC.Thebase-case scenario is the following: age-specificeGFR (114, 106, 98, 90, 82, 74, and66ml/minper 1.73m2 for ages20, 30, 40,
50, 60, 70, and 80 years, respectively), systolic BP 120 mmHg, urine albumin-to-creatinine ratio 4 mg/g [0.4 mg/mmol], body mass index
26 kg/m2, and no diabetes mellitus or antihypertensive medication use. These were selected as being representative of recent living
kidneydonors in theUnited Stateswhere, with the exception of eGFR, therewas little variation in health characteristics by age. Lifetime risk
projections are on the basis of data fromnearly 5million healthy persons identified from sevenNorth American general population cohorts
and a median cohort follow-up of 4–16 years, and calibrated to the incidence of ESRD in the low-risk population, and thus are likely
imprecise. Reproduced from reference 5, on the basis of data from Grams et al.7, with permission.

Figure 3. KDIGO classification of GFR categories and use in decision-making for donor
candidates. Colors are blended together to signify that the threshold for decision-making is
imprecise.
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KDIGO Recommendations
The recommendations are on the basis of
the KDIGO 2012 CKD Guidelines recom-
mendation for general clinical practice,6

because there is no evidence to suggest
that kidney donors differ from other pop-
ulations regarding these recommenda-
tions. The recommendations include
expressing kidney function as GFR and
not as serum creatinine concentration,

and expressing GFR in ml/min per
1.73 m2 rather thanmilliliter per minute.
In addition, they include two-stage test-
ing in all donor candidates (initial testing
followed by confirmatory testing) and
using the best available method at the
transplant center to assess GFR of donor
candidates, recognizing that more than
one method may be available in many
centers. The accuracy of various methods

formeasuring and estimatingGFR are not
known with sufficient certainty to define
separate thresholds for each method.

eGFR on the basis of serum creatinine
(eGFRcr) is the initial test. eGFRcr can be
biased in people with very large or very
small muscle mass, very high or very low
meat intake, or race/ethnicity other than
black (American or European) or white.
In such candidates, eGFR on the basis of

Table 2. GFR evaluation and assessment of living donor candidates

Tests Use Sources of Error

Estimates
eGFRcr Initial test Nonsteady state (acute kidney disease)

Use standardized assays Non-GFR determinants of serum creatinine
(variation in muscle mass or diet), drug-
induced inhibition of creatinine secretion
(trimethoprim, cimetidine), extrarenal
elimination

Use the CKD-EPI 2009 creatinine equation in
North America, Europe, and Australia and
other equations elsewhere if they aremore
accurate than CKD-EPI equation

Interference with creatinine assay
eGFRcys Alternative initial test (can be obtained at the

same time as eGFRcr)
Nonsteady state (acute kidney disease)

Use standardized assays and CKD-EPI 2012
cystatin C equation

Non-GFR determinants of serum cystatin C
(poorly understood)

May be more accurate than eGFRcr in races
other than black or white or in persons with
alterations in muscle or diet

Incomplete standardization of assays

eGFRcr–cys Confirmatory test (can be obtained at the
same time as eGFRcr)

Sources of error for eGFRcr and eGFRcys

More accurate than eGFRcr or eGFRcys
Use standardized assays and CKD-EPI 2012

creatinine–cystatin C equation
Clearance measurements
mGFR Confirmatory test Physiologic variation in SNGFR

Most accuratea Nonideal behavior of filtration markers
Methods not standardized and variation

among methods
Difficulty in performing clearance
measurements

Index to 1.73 m2 body surface area
Measured creatinine clearance

(mClcr)
Confirmatory test Overestimation of mGFR (creatinine

secretion)Index to 1.73 m2 body surface area
Incorrect timing or collection of urine

Assessments
Assessment of GFR range (,60,

60–89, $90 ml/min per
1.73 m2)

Use all measures and post-test probabilities
to determine range rather than a single
value

Selection of pretest probabilities

Down-weight test results more likely to have
error

Assessment of postdonation
ESRD risk

Use numeric value for GFR in the risk
calculator to obtain predonation risk of
ESRD

Uncertainty in risk estimates

Add risk attributable to kidney donation
Compare with transplant center threshold
Be cautious with risk estimates near the

transplant center threshold
aPreferred: Urinary or plasma clearance of inulin, urinary or plasma clearance of iothalamate, urinary or plasma clearance of 51Cr-EDTA, urinary or plasma clearance
of iohexol, and urinary clearance of 99mTc-DTPA are preferred. Other methods, including imaging, are less accurate.31 EDTA, ethylenediaminetetraacetic acid;
DTPA, diethylenetriaminepentaacetic acid.
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Figure 4. Implementation. Initial test: eGFRcr is the initial test inmost candidates. eGFRcysmay be the preferred initial test for candidates
with variations in non-GFR determinants of serum creatinine, for example, variation in muscle mass or diet (Table 2). However, non GFR
determinants of cystatin C are not as well understood as of creatinine. If differences between eGFRcr and eGFRcys are observed, the
variation might be due to nonGFR determinants of either marker. Interpretation of eGFR should include consideration of the probability
that mGFR is above or below threshold for decision-making (http://ckdepi.org/equations/donor-candidate-gfr-calculator/). Very high
likelihood that mGFR is,60 ml/min per 1.73 m2 is justification for a decision to decline without further consideration. Confirmatory tests:
mGFR or mClcr are required in the United States. Elsewhere, eGFRcr–cys can be acceptable if mGFR or mClcr are not available and
eGFRcys was not used as the initial test. Repeat eGFRcr can be acceptable if none of the other confirmatory tests are available, but is not
preferred. Inconsistent test results suggest inaccuracy of one or more tests, which should be discarded or repeated. Very high likelihood
that mGFR is,60 ml/min per 1.73 m2 is justification for a decision to decline without further consideration. Using GFR to estimate long-
term ESRD risk: Long-term estimated risk of ESRD is compared with the transplant center threshold for acceptable risk. Long-term risk in
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serum cystatin C (eGFRcys) may be an al-
ternative initial test. Serum creatinine and
cystatin C assays should be traceable to in-
ternational reference standards, and
the CKD Epidemiology Collaboration
(CKD-EPI) 2009 creatinine equation and
2012 cystatin C equation should be used
unless other equations have been shown to
be more accurate. (Table 2). Both eGFRcr
and eGFRcys are imprecise at high levels of
GFR, so confirmatory testing is recom-
mended for all donor candidates (Table 2).

mGFR using an exogenous filtration
marker is the most accurate confirmatory
test. These methods are not standardized,
however, and there is variationacross them.
Furthermore, mGFR is not available in all
centers, so alternatives are acceptable.Mea-
sured creatinine clearance (mClcr) is not as
accurate as mGFR. It overestimates mGFR
because of creatinine secretion, with the
magnitude of overestimation exceeding
15% at normal GFR, and is prone to error
because of inaccurate urine collections.
In principle, all transplant centers can per-
form mClcr, however, it may be difficult
in some donor candidates because of logis-
tical difficulties in collecting or transport-
ing a timed urine collection. eGFR on the
basis of serum creatinine and cystatin C
(eGFRcr–cys) using the CKD-EPI 2012
creatinine–cystatin C equation can be
used as a confirmatory test. In general,
using two filtration markers improves
precision of GFR estimates compared
with using either marker alone; thus
eGFRcr–cys is generally recommended
over eGFRcr or eGFRcys.32,33 Repeat
eGFRcr can be used if no other confirma-
tory tests are available, but this is not our
preference (Table 2).

COMPARISON TO PREVIOUS
GUIDELINES

Some previous guidelines recommend a
GFR threshold of $80 ml/min (not

adjusted for body surface area), on the basis
of the level of GFR in the donor that was
associated with the best outcomes in the re-
cipient, not the donor.34 Other guidelines
recommend a GFR threshold within two
SDs of normal for age and sex, although
standardized reference values have not
been developed.35 In general, the guidelines
do not specify the GFR measurement
method tobeusedorwhether the threshold
value should be adjusted for body surface
area. A 2007 survey of practices by trans-
plant centers in the United States revealed
that approximately 90% of centers used
mClcr, whereas the other 10% of centers
used the clearance of an exogenous filtra-
tionmarker, and that approximately 67%of
transplant centers used a threshold of$80
ml/min to accept donors, whereas 25%
used a threshold on the basis of age and
sex.36 In contrast, the KDIGO recommen-
dations are more consistent with accepted
measurementmethods and thresholds used
in general clinical practice, and acknowl-
edge that there is variation inGFRmeasure-
ment methods and uncertainty in the
appropriate threshold for decision-making
to accept or decline donor candidates. Al-
though the recommended threshold values
for decision-making (mGFR$90 and,60
ml/min per 1.73 m2) are probably higher
and lower, respectively, than used by most
centers at this time, the intermediate range
(mGFR of 60–89 ml/min per 1.73 m2)
would generally include a mClcr of 80
ml/min as well as previously recom-
mended age and sex thresholds for mGFR.

IMPLEMENTATION

The purpose ofGFRevaluation in kidney
donor candidates is to detect chronic or
acute kidney disease. In patients with
kidney disease, reduction in N is hypoth-
esized to be the cause of reduction in true
GFR. Because donor candidates are
selected by the absence of self-reported

disease, factors other than kidney disease
are more likely causes of reduced GFR,
such as physiologic variation in SNGFR,
GFR measurement error, and deviation
innon-GFRdeterminants of serum levels
of endogenous filtration markers (Table
2). Because all measures are accompa-
nied by error, results from estimates
and clearance measures may not be con-
cordant for assessment of the GFR com-
pared with the threshold. Our approach
is to use the information from all mea-
sures to determine a likely range for true
GFR for decision-making (Figure 4).

Assessment of GFR Range
In the United States, performance of a
clearance measurement is required for
GFR evaluation. In our experience, it is
helpful to interpret clearance measure-
ments in light of eGFR. Despite the well
recognized imprecision of eGFR at
higher levels, it can provide substantial
information to estimate the probability
that mGFR is above or below the thresh-
olds for decision-making.37 For exam-
ple, the pretest probabilities (without
knowledge of eGFRcr) for mGFR
thresholds of interest can be computed
using data from National Health and
Nutrition Examination Surveys, and
the post-test probabilities (with knowl-
edge of eGFRcr) can be computed using
categorical likelihood ratios for eGFRcr
using the CKD-EPI equation. Very high
post-test probabilities provide reassur-
ance that mGFR is above the threshold,
whereas very low post-test probabilities
provide reassurance that mGFR is below
the threshold. If serum cystatin C is
available, eGFRcr–cys can be computed,
and post-test probabilities for mGFR
thresholds can be recomputed by
substituting post-test probabilities from
eGFRcr as pretest probabilities and
substituting categorical likelihood ratios
for eGFRcr–cys to compute post-test
probabilities. A web-based calculator

the absence of donation can be computed from demographic and clinical characteristics, including GFR (http://www.transplantmodels.
com/esrdrisk/). Additional risk attributable to donation is likely to be 3.5–5.2 times higher than risk in the absence of donation depending
on sex and race, but there is substantial uncertainty, especially in younger donor candidates, and we suggest caution in decision-making.
Postdonation risk above the threshold is justification for a decision to decline. Candidates with risk below the threshold canmake their own
decision whether to donate. Colors are blended together to signify that the threshold for decision-making is imprecise.
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has been developed to compute post-test
probabilities for mGFR above or below
various threshold probabilities (http://
ckdepi.org/equations/donor-candidate-
gfr-calculator/).38

Consistency among measures pro-
vides confidence that true GFR is above or
below the mGFR thresholds for decision-
making. If measures are not consistent,
an evaluation of the likely sources of er-
ror can suggest which measure is more
likely to be correct. For example, a lower
eGFRcr and eGFRcr–cys but higher
eGFRcys, mClcr, andmGFR suggests in-
creased creatinine generation rather
than low true GFR. A higher eGFRcr,
eGFRcr–cys, and mGFR but lower mClcr
suggests an incomplete 24-hour urine col-
lection. A higher eGFRcr, eGFRcr–cys,
and mClcr but lower mGFR suggests a
GFR measurement error.

In some patients, it may be difficult to
perform a clearance measurement. A re-
cent study suggested that eGFR may be
sufficiently accurate for decision-making
without the need for mGFR or mClcr in
many donor candidates.36 In that study,
53% of recent donors in the United
States had eGFR sufficiently high to
provide a $95% post-test probability
that mGFR was $90 ml/min per 1.73 m2.
Another study confirming this finding
in donor candidates has been reported.39

Future studies should address predic-
tion accuracy among racial and ethnic
groups for whom the accuracy of eGFR
is less certain (e.g., nonblack, nonwhite
persons).

Assessment of ESRD Risk
Our approach to assessmentofESRDrisk
is to first estimate the long-term risk in
the absence of donation using demo-
graphic and clinical characteristics of
the donor, including GFR, and then to
estimate the additional risk attributable
to donation. Grams et al. developed a
web-based calculator to estimate the
15-year and lifetime risks of ESRD on
the basis of these characteristics in the
absence of kidney donation (http://
www.transplantmodels.com/esrdrisk/).40

The risk attributable to kidney dona-
tion is not well defined. KDIGO suggests
multiplying the estimated risk by the

observed relative risk of kidney failure
attributable to donation (3.5–5.3, de-
pending on sex and race) to estimate
the risk after donation. As an example,
if the transplant center’s accepted thresh-
old for lifetime risk of ESRD is ,5%,
then a donor candidate with a lifetime
estimated risk of .1% in the absence of
donation would have an estimated life-
time risk as high as 3.5%–5.3%, which
is near or above the threshold and would
not be accepted, whereas a donor candi-
date with a lower risk would be accepted.
There are several limitations of this ap-
proach, including lack of inclusion of bi-
ologic and household relatedness with
ESRD as possible prediction variables.16

In addition, as described in the KDIGO
Guidelines, there is substantial uncer-
tainty in long-term risk estimates, espe-
cially for younger candidates in whom it
is difficult to predict whether they will
develop the conditions that confer higher
risk for ESRD.Nevertheless, as is stated in
the KDIGO Guidelines, this model and
approach is a reasonable starting point,
but cautioned that the use of such tools
require clinician insight, and transplant
centers and donor candidates may con-
sider other factors in their acceptance
criteria for living kidney donation in ad-
dition to quantitative risk estimates.
KDIGO recommended that quantifying
donation-attributable relative risk for a
given clinical profile and incorporating
updated estimates into the online tool
should be a leading priority for future
research.

Implications
Using this approach, older donor age
wouldbe associatedwith lowerestimated
lifetime risk, justifying consideration of
older donor candidates, although GFR
may be lower than in younger donors.
Older donors may be especially appro-
priate for the growing number of older
recipient candidates who may benefit
from transplantation of a kidney
despite a lower GFR.41 In principle, the
decision whether or not the donor can-
didate is appropriate for the recipient
should made by the recipient evaluation
team after the decision that the donor is
acceptable based on the criteria discussed

above. In fact, the principle of matching
donor kidney estimated survival to recip-
ient candidate estimated survival is the
foundation of currentUnited States policy
for allocation of deceased donor kid-
neys.42,43 On the other hand, younger do-
nor age would be associated with higher
estimated lifetime risk despite higher
GFR, and we suggest caution in consider-
ation of younger donor candidates, who
have been traditionally been favored over
older candidates. The higher risk of ESRD
in young black donor candidates poses a
special problem because of the dispro-
portionate number of blacks with ESRD.

In conclusion, the KDIGOGuidelines
are an advance over previous guidelines.
The framework for decision-making
provides an explicit objective approach
to balance donor safety and autonomy
partly on the basis of the donor candi-
date’s level of GFR. The use of a higher
and lower GFR threshold for decision-
making allows more flexibility than a
single threshold. The recommendations
for GFR evaluation are on the basis of
principles of GFR measurement and esti-
mation that underlie evaluation in the
general population and can be implemen-
ted by practical strategies using available
online tools. Implementation of these
guidelinesmay lead to substantial changes
in living donor transplantation.

ACKNOWLEDGMENTS

Wewould like to thankRonaldD.Perrone and

Nitender Goyal for reviewing the manuscript

and Vinita Akula and Sara Couture for as-

sistance in manuscript preparation.

DISCLOSURES
A.S.L. is amemberof theKidneyDisease Improv-

ing Global Outcomes (KDIGO) Guidelines work

group and reports funding to Tufts Medical Center

for research and contracts with the National Insti-

tutes of Health, National Kidney Foundation, Sie-

mens,Amgen,PharmalinkAB,Gilead Sciences, and

has a provisional patent (filed August 15, 2014 by

Coresh, Inker, and Levey, Precise estimation of glo-

merular filtration rate from multiple biomarkers,

patent no. PCT/US2015/044567). The technology

is not licensed in whole or in part to any company.

8 Journal of the American Society of Nephrology J Am Soc Nephrol 28: ccc–ccc, 2017

SPECIAL ARTICLE www.jasn.org

http://ckdepi.org/equations/donor-candidate-gfr-calculator/
http://ckdepi.org/equations/donor-candidate-gfr-calculator/
http://ckdepi.org/equations/donor-candidate-gfr-calculator/
http://www.transplantmodels.com/esrdrisk/
http://www.transplantmodels.com/esrdrisk/


TuftsMedical Center, JohnHopkins University and

Metabolon Inc have a collaboration agreement to

develop a product to estimate GFR from a panel of

markers. L.A.I. reports funding to Tufts Medical

Center for research and contracts with the National

Institutes of Health, National Kidney Foundation,

Pharmalink AB, Gilead Sciences, Otsuka, and has a

provisional patent (filedAugust 15, 2014 byCoresh,

Inker, and Levey, Precise estimation of glomerular

filtration rate frommultiple biomarkers, patent no.

PCT/US2015/044567). The technology is not li-

censed in whole or in part to any company. Tufts

Medical Center, John Hopkins University, andMe-

tabolon Inc. have a collaboration agreement to

develop a product to estimate GFR from a panel

of markers.

REFERENCES

1. Saran R, Li Y, Robinson B, Abbott KC,
Agodoa LY, Ayanian J, Bragg-Gresham J,
Balkrishnan R, Chen JL, Cope E, Eggers PW,
Gillen D, Gipson D, Hailpern SM, Hall YN,
He K, Herman W, Heung M, Hirth RA,
Hutton D, Jacobsen SJ, Kalantar-Zadeh K,
Kovesdy CP, Lu Y, Molnar MZ, Morgenstern
H, Nallamothu B, Nguyen DV, O’Hare AM,
Plattner B, Pisoni R, Port FK, Rao P, Rhee
CM, Sakhuja A, Schaubel DE, Selewski DT,
Shahinian V, Sim JJ, Song P, Streja E, Kurella
Tamura M, Tentori F, White S, Woodside K:
US Renal Data System 2015 annual data
report: Epidemiology of kidney disease in
the United States. Am J Kidney Dis 67: Svii,
S1–S305, 2016

2. Matsushita K, van der Velde M, Astor BC,
WoodwardM, Levey AS, de Jong PE, Coresh
J, Gansevoort RT; Chronic Kidney Disease
Prognosis Consortium: Association of esti-
mated glomerular filtration rate and albu-
minuria with all-cause and cardiovascular
mortality in general population cohorts: A
collaborative meta-analysis. Lancet 375:
2073–2081, 2010

3. Mjøen G, Hallan S, Hartmann A, Foss A,
Midtvedt K, Øyen O, Reisæter A, Pfeffer P,
Jenssen T, Leivestad T, Line PD, Øvrehus M,
Dale DO, Pihlstrøm H, Holme I, Dekker FW,
Holdaas H: Long-term risks for kidney do-
nors. Kidney Int 86: 162–167, 2014

4. Muzaale AD, Massie AB, Wang MC,
Montgomery RA, McBride MA, Wainright JL,
Segev DL: Risk of end-stage renal disease
following live kidney donation. JAMA 311:
579–586, 2014

5. Kidney Disease: Improving Global Out-
comes (KDIGO) Living Kidney Donor Work
Group. KDIGO Clinical Practice Guideline
on the Evaluation and Care of Living Kidney
Donors. Transpl Suppl 2016, in press

6. Kidney Disease: Improving Global Outcomes
(KDIGO) CKD Work Group: KDIGO 2012 clin-
ical practice guideline for the evaluation and

management of chronic kidney disease. Kid-
ney Int Suppl 3: 1–150, 2013

7. Grams ME, Sang Y, Levey AS, Matsushita K,
Ballew S, Chang AR, Chow EK, Kasiske BL,
Kovesdy CP, Nadkarni GN, Shalev V, Segev
DL, Coresh J, Lentine KL, Garg AX; Chronic
KidneyDiseasePrognosisConsortium:Kidney-
failure risk projection for the living kidney-
donor candidate.NEngl JMed 374: 411–421,
2016

8. Kasiske BL, Anderson-Haag T, Israni AK, Kalil
RS, Kimmel PL, Kraus ES, Kumar R, Posselt
AA, Pesavento TE, Rabb H, Steffes MW,
Snyder JJ,WeirMR: Aprospective controlled
study of living kidney donors: Three-year
follow-up. Am J Kidney Dis 66: 114–124,
2015

9. Garg AX, Muirhead N, Knoll G, Yang RC,
Prasad GV, Thiessen-Philbrook H, Rosas-
Arellano MP, Housawi A, Boudville N; Donor
NephrectomyOutcomes Research (DONOR)
Network: Proteinuria and reduced kidney
function in living kidney donors: A systematic
review, meta-analysis, and meta-regression.
Kidney Int 70: 1801–1810, 2006

10. Ibrahim HN, Foley RN, Reule SA, Spong R,
Kukla A, Issa N, Berglund DM, Sieger GK,
Matas AJ: Renal function profile in white
kidney donors: The first 4 decades. J Am Soc
Nephrol 27: 2885–2893, 2016

11. Ibrahim HN, Foley R, Tan L, Rogers T, Bailey
RF, Guo H, Gross CR, Matas AJ: Long-term
consequences of kidney donation. N Engl J
Med 360: 459–469, 2009

12. Garg AX, Nevis IF, McArthur E, Sontrop JM,
Koval JJ, LamNN,HildebrandAM, Reese PP,
Storsley L, Gill JS, Segev DL, Habbous S,
Bugeja A, Knoll GA, Dipchand C, Monroy-
Cuadros M, Lentine KL; DONOR Network:
Gestational hypertension and preeclampsia
in living kidney donors. N Engl J Med 372:
124–133, 2015

13. Boudville N, Prasad GV, Knoll G, Muirhead
N, Thiessen-Philbrook H, Yang RC, Rosas-
Arellano MP, Housawi A, Garg AX; Donor
NephrectomyOutcomes Research (DONOR)
Network: Meta-analysis: Risk for hyperten-
sion in living kidney donors. Ann Intern Med
145: 185–196, 2006

14. Lam NN, McArthur E, Kim SJ, Prasad GV,
Lentine KL, Reese PP, Kasiske BL, Lok CE,
Feldman LS, Garg AX; Donor Nephrectomy
Outcomes Research (DONOR) Network,
Donor Nephrectomy Outcomes Research
DONOR Network: Gout after living kidney
donation: A matched cohort study. Am J
Kidney Dis 65: 925–932, 2015

15. Kasiske BL, Anderson-Haag T, Ibrahim HN,
Pesavento TE, Weir MR, Nogueira JM, Cosio
FG, Kraus ES, Rabb HH, Kalil RS, Posselt AA,
Kimmel PL, Steffes MW: A prospective con-
trolled study of kidney donors: Baseline and
6-month follow-up.AmJKidneyDis 62: 577–
586, 2013

16. Steiner RW: The risks of living kidney dona-
tion. N Engl J Med 374: 479–480, 2016

17. Gill JS, Tonelli M: Understanding rare ad-
verse outcomes following living kidney do-
nation. JAMA 311: 577–579, 2014

18. Kaplan B, Ilahe A: Quantifying risk of kidney
donation: The truth is not out there (yet). Am
J Transplant 14: 1715–1716, 2014

19. Wesson L: Physiology of the Human Kidney,
New York, Grune & Stratton, 1969

20. Levey AS, Inker LA, Coresh J: Chronic kidney
disease in older people. JAMA 314: 557–
558, 2015

21. Glassock R, Delanaye P, El Nahas M: An age-
calibrated classification of chronic kidney
disease. JAMA 314: 559–560, 2015

22. Levey AS, Inker LA, Coresher J: Managing
Chronic Kidney Disease in Older People -
Reply. JAMA 315: 307, 2016

23. Glassock RJ, Delanaye P, El-Nahas M: Man-
aging chronic kidney disease in older peo-
ple–Reply. JAMA 315: 307–308, 2016

24. Jafar TH, Islam M, Jessani S, Bux R, Inker LA,
Mariat C, Levey AS: Level and determinants
of kidney function in a South Asian pop-
ulation in Pakistan. Am J Kidney Dis 58: 764–
772, 2011

25. Poggio ED, Rule AD, Tanchanco R, Arrigain
S, Butler RS, Srinivas T, Stephany BR, Meyer
KH, Nurko S, Fatica RA, Shoskes DA,
Krishnamurthi V, Goldfarb DA, Gill I, Schreiber
MJ Jr .: Demographic and clinical characteris-
tics associated with glomerular filtration rates
in living kidney donors. Kidney Int 75: 1079–
1087, 2009

26. Grewal GS, Blake GM: Reference data for
51Cr-EDTAmeasurements of the glomerular
filtration rate derived from live kidney do-
nors. Nucl Med Commun 26: 61–65, 2005

27. Luyckx VA, Brenner BM: The clinical impor-
tance of nephron mass. J Am Soc Nephrol
21: 898–910, 2010

28. Denic A, Lieske JC, Chakkera HA, Poggio
ED, Alexander MP, Singh P, Kremers WK,
Lerman LO, Rule AD: The substantial loss of
nephrons in healthy human kidneys with ag-
ing. J Am Soc Nephrol 28: 313–320, 2016

29. Smith HW: Measurement of the filtration
rate. In: The Kidney: Structure and Function
in Health andDisease, New York, NY,Oxford
University Press, 1951, pp 39–62

30. Soveri I, Berg UB, Björk J, Elinder CG, Grubb
A, Mejare I, Sterner G, Bäck SE; SBU GFR
Review Group: Measuring GFR: A systematic
review. Am J Kidney Dis 64: 411–424, 2014

31. Levey AS, Inker LA, Coresh J: GFR estima-
tion: From physiology to public health. Am J
Kidney Dis 63: 820–834, 2014

32. Fan L, Inker LA, Rossert J, Froissart M,
Rossing P, Mauer M, Levey AS: Glomerular
filtration rate estimation using cystatin C
alone or combined with creatinine as a con-
firmatory test. Nephrol Dial Transplant 29:
1195–1203, 2014

33. Inker LA, Schmid CH, Tighiouart H,
Eckfeldt JH, Feldman HI, Greene T, Kusek
JW, Manzi J, Van Lente F, Zhang YL,
Coresh J, Levey AS; CKD-EPI Investigators:

J Am Soc Nephrol 28: ccc–ccc, 2017 GFR Evaluation in Kidney Donors 9

www.jasn.org SPECIAL ARTICLE



Estimating glomerular filtration rate from
serum creatinine and cystatin C. N Engl J
Med 367: 20–29, 2012

34. Nordén G, Lennerling A, Nyberg G: Low
absolute glomerular filtration rate in the liv-
ing kidney donor: A risk factor for graft loss.
Transplantation 70: 1360–1362, 2000

35. Zaky ZS, Gebreselassie S, Poggio ED: Eval-
uation of kidney function and structure in
potential living kidney donors: Implications
for the donor and recipient.Curr Transpl Rep
2: 12–21, 2015

36. Mandelbrot DA, Pavlakis M, Danovitch GM,
Johnson SR, Karp SJ, Khwaja K, Hanto DW,
Rodrigue JR: The medical evaluation of liv-
ing kidney donors: A survey of US transplant
centers. Am J Transplant 7: 2333–2343,
2007

37. Huang N, Foster MC, Lentine KL, Garg AX,
Poggio ED, Kasiske BL, Inker LA, Levey AS:

Estimated GFR for living kidney donor
evaluation. Am J Transplant 16: 171–180,
2016

38. Chronic Kidney Disease Epidemiology
Collaboration: Donor Candidate GFR Cal-
culator: Determining Probability of GFR
Above or Below Certain Threshold, 2016.
Available at: http://ckdepi.org/equations/
donor-candidate-gfr-calculator/. Accessed
March 1, 2017

39. Gaillard F, Flamant M, Lemoine S, Baron S,
Timsit MO, Eladari D, Fournier C, Prot-
Bertoye C, Bertocchio JP, Vidal-Petiot E,
Lamhaut L, Morelon E, Péraldi MN, Vrtovsnik
F, Friedlander G, Méjean A, Houillier P,
Legendre C, Courbebaisse M: Estimated or
measured GFR in living kidney donors
work-up? [published online ahead of print
June 6, 2016]. Am J Transplant doi:10.1111/
ajt.13908

40. Johns Hokpins University: ESRD Risk Tool for
Kidney Donor Candidates, 2015. Available
at: http://www.transplantmodels.com/esrdrisk/.
Accessed March 1, 2017

41. Rose C, Schaeffner E, Frei U, Gill J, Gill JS: A
lifetime of allograft function with kidneys
from older donors. J Am Soc Nephrol 26:
2483–2493, 2015

42. Israni AK, Salkowski N, Gustafson S,
Snyder JJ, Friedewald JJ, Formica RN,
Wang X, Shteyn E, Cherikh W, Stewart D,
Samana CJ, Chung A, Hart A, Kasiske BL:
New national allocation policy for de-
ceased donor kidneys in the United States
and possible effect on patient outcomes.
J Am Soc Nephrol 25: 1842–1848, 2014

43. Friedewald JJ, Samana CJ, Kasiske BL, Israni
AK, Stewart D, Cherikh W, Formica RN: The
kidney allocation system. Surg Clin North
Am 93: 1395–1406, 2013

10 Journal of the American Society of Nephrology J Am Soc Nephrol 28: ccc–ccc, 2017

SPECIAL ARTICLE www.jasn.org

http://ckdepi.org/equations/donor-candidate-gfr-calculator/
http://ckdepi.org/equations/donor-candidate-gfr-calculator/
http://www.transplantmodels.com/esrdrisk/

