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GUIDELINES

No recommendations possible based on Level I or II evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based primarily on Level III and IV
evidence)

• An accurate assessment of the glomerular filtration rate
(GFR) should be undertaken in all potential donors. The
benefit of obtaining a directly measured GFR (thought to
be more accurate) over an estimated GFR, has not been
proven in live donors (refer to CARI guidelines titled
‘Use of estimated glomerular filtration rate to assess level
of kidney function’ and ‘Direct measurement of glomeru-
lar filtration rate’).
• When the GFR is estimated it is recommended that this
be on the basis of serum creatinine using, for example, the
Cockcroft-Gault (CG) formula or the Modified Diet
in Renal Disease (MDRD). Measurement of creatinine
clearance calculated from a 24 h urine collection is also
acceptable, if collected accurately. The estimated glomeru-
lar filtration rate (eGFR) should be confirmed on at least
two separate occasions.
• If there is doubt regarding the GFR from estimated
methods, further techniques can be used to assess or
clarify this. Acceptable methods include a direct evalua-
tion of the GFR by methods such as Cr-EDTA (nuclear
GFR), iohexol or inulin clearance.
• It is preferable not to accept kidneys from donors with
GFR < 80 mL/min per 1.73 m2.

IMPLEMENTATION AND AUDIT

1. Ensure all donors are followed and results submitted to
the Donor Registry.
2. Monitor outcomes in the Donor Registry.

BACKGROUND

The aim of this guideline is to provide an indication as to
the acceptable lower limit of renal function for living
donors prior to donation. This is primarily with a view to
providing sufficient residual (donor) renal function post-
donation. A separate consideration is that the donated

kidney needs to provide sufficient function for the trans-
plant recipient.

While long-term outcomes of renal donors reported in
the literature have generally been good, these reports are
from an era when more stringent criteria for organ donors
were used, and selection criteria generally ensured healthy
donors with normal renal function. Studies of donors with
reduced renal function are limited.1

The increasing success and safety of transplantation
(including for marginal recipients), the associated widening
gap between transplant and dialysis outcomes, and the
lengthening waiting lists for cadaveric kidneys have led to a
greater demand for donors. In turn, this has led to a greater
willingness to consider and accept donors with isolated
medical abnormalities (IMA) (e.g. hypertension, obesity
and lower GFR) and older age.2

Concerns with respect to living donors with lower GFR
are the following:
(i) Outcome for the recipient: Transplant GFR is an impor-
tant determinant of graft and patient outcome post kidney
transplantation.3–5 Lower GFR is likely to be associated with
poorer outcome but is still almost always superior to
outcome on dialysis.
(ii) Risk of renal insufficiency in the donor: The risk of
end-stage kidney disease (ESKD) in donors is in the order of
0.04–0.5%. In comparison, the prevalence of patients
undergoing treatment for ESKD in Australia at the end of
2006 was 0.08%.6

(iii) Consequences of reduced GFR for the donor in light
of the current knowledge of the association between
reduced GFR and cardiovascular risk*: The clinical signifi-
cance of a reduced GFR may not be the same for an indi-
vidual with a single healthy kidney compared with an
individual with disease and/or diseased kidneys and the
same level of renal function.7

*There may be additional considerations in relation to
reduced renal mass such as mineral/bone metabolism and
anaemia.

The following factors also warrant consideration:
(i) GFR normally decreases with age.
(ii) After donation, there is an initial decline in GFR of
25–35%, followed by a small increase, and then mainte-
nance of GFR at 60–75% of pre-nephrectomy GFR.
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(iii) The amount of reserve required post-nephrectomy
needs to consider the number of years of life remaining –
therefore, lower GFR may be acceptable in an older donor.8

(iv) Dialysis dependency after donor nephrectomy is almost
always due to de novo renal disease.9

Renal function is most widely assessed by GFR, either
measured or estimated. An accurate measure of GFR can be
undertaken using low molecular weight markers of kidney
function such as inulin, iohexol, technetium (labelled
DTPA) or labelled EDTA, however, the methods are time-
consuming, expensive and generally not available.10 In addi-
tion to the direct measurement of GFR, there are several
methods for estimating GFR. The measurement of 24 h
creatinine clearance tends to underestimate hyperfiltration
and overestimate low GFR levels and is subject to errors in
urine collection unless great care is taken. The regular mea-
surement of serum creatinine levels is easy to perform and is
currently the most common method. However, because crea-
tinine is invariably reabsorbed by the renal tubules, serum
creatinine and creatinine clearance measurements tend to
underestimate the GFR in the context of hyperfiltration and
overestimate the GFR in the context of hypofiltration.11

Estimation of GFR by serum creatinine-based equations
such as the CG or MDRD equations are commonly used for
chronic kidney disease (CKD) screening, however, the
application in healthy populations and for the screening of
potential living kidney donors is less clear. For example, the
Australasian Creatinine Consensus Working Group cur-
rently recommend that eGFR values greater than 90 mL/
min per 1.73 m2, estimated using the MDRD equation, only
be reported as >90 mL/min per 1.73 m2.12

SEARCH STRATEGY

Databases searched: MeSH terms and text words for kidney
transplantation were combined with MeSH terms and text
words for living donor, and combined with MeSH terms and
text words for renal function. The search was carried out in
Medline (1950–January Week 2, 2009). The Cochrane
Renal Group, Trials Register was also searched for trials not
indexed in Medline.
Date of searches: 20 January 2009.

WHAT IS THE EVIDENCE?

Defining normal renal function

Grewal and Blake report GFR reference data (measured by
51Cr-EDTA clearance) in a population of 428 potential
living donors (50.9% women) aged 19–72 years.13 The ref-
erence data indicated a mean GFR until the age of 40 years
of 103.4 mL/min per 1.73 m2 after which the GFR declined
at a mean rate of 9.1 mL/min per 1.73 m2 per decade. There
were no significant gender differences either in the mean or
the rate of decline of GFR. These reference data have been
used as the basis for defining minimal age dependent GFRs
in living donors by the British Transplantation Society
(refer to later section in this document). An earlier evalu-

ation of GFR reference values based on 51Cr-EDTA clear-
ance values obtained from eight studies of healthy
individuals, reported GFR to decline at all ages14 with a
greater rate at ages after 50 years. The average rate of GFR
decline with age prior to 50 was 4 mL/min per 1.73 m2 per
decade and 10 mL/min per 1.73 m2 per decade thereafter.
No significant differences between sexes were noted.

A significant (P = 0.0002) annual decline of 1.05 mL/
min per 1.73 m2 in GFR (iohexol) with age was also
reported by Fehrman-Ekholm and Skeppholm in 52 healthy
individuals aged 70–110 years.15 In this group, the CG equa-
tion was found to underestimate the average GFR by
approximately 30% (46.2 1 11.3 mL/min per 1.73 m2 com-
pared with 67.7 mL/min per 1.73 m2) and there was no
correlation between serum creatinine and age.

Rule et al. examined the performance of creatinine-
based equations in a population of healthy living kidney
donors older than 18 years.16 A total of 365 patients (56.2%
women) aged from 18 to 71 years (mean 41.1 years) had
their GFR measured using non-radiolabelled iothalamate
and GFR estimated using the CG and MDRD equations.
The measured GFR declined by 4.6 mL/min per 1.73 m2 per
decade in men and 7.1 mL/min per 1.73 m2 per decade in
women, however, the difference between sexes was not sig-
nificant. Regression analysis was significant for age but not
sex with an all patient decline of GFR of 4.9 mL/min per
1.73 m2 per decade for all age groups. This is in contrast to
earlier studies where age-related GFR decline increased
after the age of 4013 or 50 years.14

Assessment of MDRD and CG equations was undertaken
by Rule et al. after exclusion of 67 non-white and non-
African–American individuals (for MDRD) and 24 indi-
viduals for whom no body weight data were available (for
CG).16 In the healthy population, both equations appeared
to underestimate GFR by 29 mL/min per 1.73 m2 and
14 mL/min per 1.73 m2 for the MDRD and CG equations,
respectively. A large cause of the difference can be attrib-
uted to laboratory calibration bias, however, even when
corrected, correlation between estimated and measured
GFR remained weak.16

Modelled estimates by Douville et al.17 of decline in GFR
by age, based on creatinine clearance measurements in 7551
outpatients (aged 18–90 years) with normal serum creati-
nine, suggest a decline in GFR from approximately 120 mL/
min per 1.73 m2 in early adulthood down to approximately
60 mL/min per 1.73 m2 when people are in their 80s. There
was a continuous downward trend over 50 years of age and
no significant differences between males and females.

In contrast to the above, the study by Berg of 112 poten-
tial kidney donors (55% female) aged 21–67 years indicated
a significant decline in GFR with age in males but not in
females, over the age range of 20–50 years.18 The mean GFR
(measured by inulin clearance) at 20–30 years was 119
(112) mL/min per 1.73 m2 and 102 (115) mL/min per
1.73 m2 in males and females, respectively, and were signifi-
cantly different. The mean GFR at 40–50 years was 100
(111) mL/min per 1.73 m2 and 105 (111) mL/min per
1.73 m2 in males and females, respectively, and the differ-
ences were not significant. The data suggested to the author
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that women seem to be protected in the pre-menopausal
period. The apparent decline in males 20–50 years of age
was consistent with the data reported by Rule et al.16

Donor outcomes

A critical analysis of studies on long-term medical outcomes
(including renal function) in living kidney donors by
Ommen and colleagues19 identified the following issues that
limit the ability to assess medical risks:
• virtually all studies are retrospective and commonly have
large losses to follow up,
• studies commonly have small sample sizes,
• a lack of suitably matched controls, and
• a lack of consideration of potential risk factors for devel-
opment of hypertension and renal dysfunction in donor
groups.

As a consequence, assessment of the significance of find-
ings of long-term renal function including the incidence of
ESKD among donors is limited. Overall, in relation to renal
outcomes, Ommen et al. consider that the available studies
indicate no large decreases in GFR or increases in ESKD
among donors. However, some studies suggest the potential
for an increased risk of renal dysfunction in certain donors
and given the limitations of the evidence, this suggests a
cautionary approach should be taken in relation to ‘mar-
ginal living donors’.19

The systematic review by Garg et al.20 considered the
following two questions for kidney donors:
• What proportion of kidney donors develop proteinuria or
a GFR < 60 mL/min?
• Do kidney donors compared with controls have an accel-
erated loss of GFR after the initial decrement following
nephrectomy?

The systematic review considered any study where 10 or
more healthy adults donated a kidney and where proteinuria
or GFR was assessed at least 1 year later. Studies that did not
separate healthy donors from those with overt proteinuria or
GFR < 80 mL/min per 1.73 m2 were excluded. Forty-eight
studies from 27 countries that followed a total of 5048
donors were identified. Eleven studies collected data on
suitable non-donor controls, which allowed assessment of
the risk of proteinuria and reduced kidney function follow-
ing nephrectomy. Overall, studies with internal controls
were limited and loss to follow up was high.

The average decrement in GFR (22 studies) in donors
with normal renal function after donation was 26 mL/min
per 1.73 m2 (range 8–50). After 10 years (8 studies), 40%
(range 23–52%) of donors had a GFR between 60 and
80 mL/min per 1.73 m2, 12% (range 0–28%) had a GFR
between 30 and 59 mL/min per 1.73 m2 and 0.2% (range
0–2.2%) had a GFR less than 30 mL/min per 1.73 m2. In the
6 controlled studies where average follow up was at least
5 years, the post-donation weighted mean difference in
GFR among the donors compared with controls was
-10 mL/min per 1.73 m2 (95% CI: 6–15). Garg and col-
leagues note no evidence of an accelerated loss of GFR over
that anticipated with normal ageing with the lower absolute

GFR being attributable to the decrement occurring as a
result of nephrectomy. However, they also note that the
prognostic significance of the reduced GFR in healthy
donors is unknown given the mechanism of reduction is
different to that which occurs in CKD.

The evidence with respect to the outcome of living
kidney donors who have reduced GFR at the time of dona-
tion is limited. A systematic review and meta analysis of
health outcomes for living donors with isolated medical
abnormalities including age, obesity, hypertension or anti-
hypertensive medication, haematuria, proteinuria, neph-
rolithiasis and reduced GFR (defined as 280 mL/min) has
been recently completed by Young et al.1 Only one study
was identified that compared donors with a reduced GFR
(n = 16) with those having normal GFR (n = 75).21 This was
also the only study identified that considered proteinuria
as an IMA. Although this was a prospective study, the
proportion lost to follow up was not reported. One year
after donation, the GFR was lower in the IMA group
(51.7 1 11 mL/min) compared with the control (68.0 1
15 mL/min). At follow up 8 years after nephrectomy, the
donor with the lowest GFR at 1 year (44 mL/min) had a
GFR of 63 mL/min.

Young and colleagues also note that there are very few
studies documenting important health outcomes among
living kidney donors with IMAs. Across all IMA groups,
longer term assessments (31 year) of blood pressure, pro-
teinuria and renal function have been reported in only 3, 2
and 10 studies, respectively. Only 17 of the 37 studies
included prospective data. A limited number provided loss
to follow up and the studies were small. Overall, the ability
of the primary studies to identify significant differences in
long-term medical risks, including long-term renal function
is limited.1

In the study by Rook et al. examining the predictive
capacity of pre-donation GFR, 31 of 125 donors had a post-
donation GFR < 60 mL/min per 1.73 m2.7 In this group, the
mean pre-donation GFR measured by iothalamate was
99 mL/min 1 12 mL/min (88 1 10 mL/min per 1.73 m2),
while the pre-donation CG GFR was 83 1 21 mL/min and
the pre-donation GFR by simplified MDRD was 69 1 8 mL/
min. Follow up beyond 1 year (mean duration 161 months)
was available for 63 donors. No significant deterioration in
renal function occurred from <1 year to >1 year after
nephrectomy as indicated by mean eGFR. Some studies
have suggested that greater losses of GFR are seen in
patients with low GFR,20 while other studies have found
that larger reductions in GFR occur in patients with higher
pre-donation GFR.22

Ramcharan and Matas23 conducted a follow up of 773
living donor transplants 20–37 years after nephrectomy.
Information was able to be obtained from 464 (60%) of the
donors, of these, 380 were living at the time of the study and
responses were obtained for 256. Serum creatinine levels
and proteinuria assessments were available for 74 and 92
donors, respectively. The authors conclude that the long-
term retrospective analysis indicates minimal deterioration
in average serum creatinine levels and little proteinuria, but
a few donors developed kidney dysfunction and ESKD. As

Living Kidney Donor S139



laboratory data were only available for 16% of the original
donors, it is not possible to determine whether the inci-
dence of kidney dysfunction was increased compared with
non-donors.

The retrospective study by Gossman et al.22 achieved a
93% follow up of 152 living donors aged 45 1 11 years at the
time of donation and an average of 11 years (range
1–28 years) from the time of nephrectomy. The average
eGFR (MDRD) showed a significant (P < 0.001) decrease
from 92 1 20 mL/min per 1.73 m2 to 71 1 15 mL/min per
1.73 m2 at the time of evaluation. There was no significant
correlation between the magnitude of loss of eGFR and
duration since nephrectomy. No significant risk factors for
the percentage loss of eGFR were identified (e.g. age, sex,
smoking status, body mass index and blood pressure) other
than the magnitude of the eGFR before donation.

A retrospective study of 1112 consecutive living kidney
donors found an incidence of ESKD of 0.5%, occurring
14–27 years post donation (beginning 36 years after the
start of the living donor program).24 The age at the time of
ESKD was 73–89 years, except for one younger donor who
had developed renal cell carcinoma. The other renal diag-
noses were nephrosclerosis in four patients, and obstructive
uropathy in the other.

In an attempt to examine the cardiovascular risk of
donor nephrectomy and the associated reduced GFR,
Seyahi and colleagues used multidetector spiral computed
tomography to examine coronary artery calcification
(CAC) in 101 living kidney donors and 99 age- and sex-
matched healthy controls without diabetes and a history of
coronary artery disease.25 GFR was calculated using the
abbreviated MDRD formula. The frequency of risk factors
for coronary artery disease was compared in kidney donors
and controls, and the relation between kidney donors’ clini-
cal characteristics and the presence or absence of CAC was
examined. The authors wished to examine the effect of the
reduced GFR in the absence of other cardiovascular risk
factors and used the following exclusion criteria: age older
than 65 years, history of coronary artery disease (myocardial
infarction, coronary artery angioplasty or bypass grafting
surgery), stroke, diabetes mellitus, documented hyperten-
sion before nephrectomy or malignancy. Hypertension that
developed after nephrectomy was not an exclusion crite-
rion. Of 282 patients who donated between 1986 and 2000,
69 donors could not be contacted. Sixty-nine donors were
older than 65 years, 6 had diabetes mellitus, 1 had a history
of coronary artery disease, 4 had malignancy and 5 had
documented hypertension before nephrectomy, leaving 101
patients for comparison with the control group. Patients had
to be at least 12 months post-nephrectomy and the median
time post-donation was 5 years. The mean GFR of kidney
donors was 75 mL/min, which was approximately 25 mL/
min per 1.73 m2 (0.42 mL/min per 1.73 m2) less than that of
controls.

The frequency of CAC and mean calcification scores
were similar for kidney donors (13.9%; 4.5 1 22.6) and con-
trols (17.2%; 13.2 1 89.2). CAC was not associated with
decreased GFR, and the correlation between CAC and GFR
was not statistically significant. Kidney donors with calcifi-

cation were more likely to be older (P = 0.003) and male
(P = 0.001). Age- and sex-adjusted analysis showed an asso-
ciation between greater parathyroid hormone (PTH) levels
(odds ratio 1.023; 95% CI: 1.001–1.045; P = 0.037) and
CAC in kidney donors.25

Recognizing that a fixed lower limit of GFR does not
adequately define donor acceptability (probably too low for
young donors and too high for older donors), Thiel and
colleagues developed calculations taking into account the
life expectancy of the donor – the Minimum Creatinine
Clearance.8 Discussions with nephrologists and gerontolo-
gists in Switzerland led them to define a creatinine clear-
ance (CrCl) of 40 mL/min at age 80 years as adequate to
maintain fluid and electrolyte homeostasis in the donor as
well as maintaining adequate levels of erythropoietin and
active Vitamin D. A second calculation was made targeting
a CrCl of at least 30 mL/min per 1.73 m2 at age 80 years as
the absolute minimum acceptable for an elderly person (but
possibly requiring some intervention to maintain normal,
age-related quality of life). Using such a formula, a 30-year-
old donor may require a CrCl of 123 mL/min per 1.73 m2

while the level for a 70-year-old may be of the order of
68 mL/min per 1.73 m2.

SUMMARY OF THE EVIDENCE

Most of the evidence relating to renal function in living
donors comes from retrospective cohort studies commonly
of small size and with poor follow up (see Table 1). There is
a lack of prospective long-term data regarding live donor
renal function following donation, particularly in relation to
consequences of donation in certain donor subgroups such
as those with reduced GFR. There are few studies that
include appropriately matched control groups to allow
assessment of the significance of long-term changes in renal
outcomes, in particular, the small incidence of ESKD fol-
lowing live kidney donation.

The available data in healthy populations (i.e. with
normal renal function) indicate GFR declines with age. The
rate of decline appears to be greater after the age of 40 or
50 years and may be constant or close to constant at younger
ages (i.e. less than 40 years). The rate of decline in GFR
after 40 or 50 years is in the order of 1 mL/min per 1.73 m2

per year and the average GFR for young adults is in the order
of 100–110 mL/min per 1.73 m2.

Overall, the evidence indicates that renal function, as
measured by GFR, declines between 65% and 75% follow-
ing donation with a long-term GFR around 10 mL/min per
1.73 m2 less than would be expected without nephrectomy.
There is no evidence of an accelerated decline compared
with age-matched controls. The absolute decrement in GFR
appears to remain constant with ageing. The prognostic
implication of the reduced GFR in living kidney donors is
unknown.

It is commonly acknowledged that there is a need for
more precise information regarding long-term risks faced by
donors. This would ideally be obtained from prospectively
collected live donor registry data.
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WHAT DO THE OTHER GUIDELINES SAY?

British Transplant Society (2005)26

The potential kidney donor must have sufficient kidney
function prior to donation to have an effective GFR at the
age of 80 years independent of the age at which he/she
donated. Acceptable GFR by donor age have been derived
based on the reference data reported by Grewal and Blake13

and therefore assumes a constant GFR up until age 40. The
acceptable GFR prior to donation have been established so
as to achieve a predicted GFR at 80 greater than 37.5 mL/
min per 1.73 m2 which is equal to the population mean at 80
minus 2 standard deviations. The acceptable GFR by donor
age are as listed in the table below:

Donor age (years)
Acceptable corrected GFR prior to

donation (mL/min per 1.73 m2)

Up to 40 86
50 77
60 68
70 59
80 50

GFR should be measured using an isotopic marker in all
potential donors as alternate methods based on serum crea-
tinine are not sufficiently accurate in this context and mea-
sured creatinine clearance, using timed urine collections, is
susceptible to considerable inaccuracy. When renal function
is normal but there is a significant difference in function
between the two kidneys, the kidney with lower function
should be used for transplantation.

European Renal Association-European Dialysis and
Transplant Association (2000)27

It is recommended that donor renal function be assessed by
24 h urine for creatinine clearance or a direct evaluation of
the GFR by Cr-EDTA or iohexol or inulin clearance. As an
optional assessment radionuclide determination of GFR as a
separate evaluation of the function of the two kidneys.
Donors with a reduced GFR in comparison to the normal
range for age should be excluded.

The Amsterdam Forum on The Care of the Live Kidney
Donor (2005)28

Adopted the following consensus guideline regarding
acceptable renal function:
• A GFR < 80 mL/min or 2 standard deviations below
normal (based on age, gender and body surface area cor-
rected to 1.73 m2) generally precludes donation.
• Kidneys from live donors with GFR 2 80 mL/min are
associated with a relative risk of graft loss of 2.28 compared
with those with greater pre-nephrectomy GFR.5

• However, successful transplantation was noted from
some, usually elderly living donors, with GFR as low as
65–70 mL/min, indicating a need for individualization and
careful follow up of donors with GFR of <80 mL/min per
1.73 m2.

The Canadian Council for Donation and Transplantation
(2006)29

It is recommended that in the absence of higher quality
evidence, it is reasonable to refer to existing guidelines
regarding the assessment and eligibility of potential living
kidney donors (e.g. Amsterdam Forum). However, it is rec-
ommended that these guidelines not be used as absolute
criteria where risk is poorly quantified or uncertain.

American Society of Transplantation Position Statement
on the Medical Evaluation of Living Kidney Donors
(2007)30

Renal focused evaluation to determine the presence of
underlying kidney disease in the potential donor should
include measurement of GFR (method not specified).

CKD Stage 3 or less (defined as 30–59 mL/min per
1.73 m2) will typically exclude a living donor candidate
from donating based upon scientific data of medical risk.

The Organ Procurement and Transplantation Network
(2008)31

Medical evaluation of potential donors should include:
• measurement of GFR by 24 h urine collection or equiva-
lent testing. Possible exclusion criteria that may make an
individual unsuitable for living donation includes:
• creatinine clearance < 80 mL/min per 1.73 m2, or pro-
jected GFR with removal of one kidney at 80 years old of
<40 mL/min per 1.73 m2.

SUGGESTIONS FOR FUTURE RESEARCH

Perform a prospective assessment of donors with respect to
the relationship between pre-donation GFR and:
(i) mortality
(ii) cardiovascular system complications
(iii) long-term renal function
(iv) pre-donation GFR
(v) haemoglobin
(vi) vitamin D/calcium, PTH
(vii) renal function (isotopic GFR) and graft outcome of
recipients.
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