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Kidney transplantation (KT) is the treatment of choice for patients with end-stage kidney

disease (ESKD) with decreased morbi-mortality, improved life quality, and reduced cost.

However, the shortage of organs from deceased donors led to an increase in KT from

living donors. Some stipulate that living donors have a higher risk of ESKD after donation

compared with healthy non-donors. The reason for this is not clear. It is possible that

ESKD is due to the nephrectomy-related reduction in glomerular filtration rate (GFR),

followed by an age-related decline that may bemore rapid in related donors. It is essential

to assess donors properly to avoid rejecting suitable ones and not accepting those with

a higher risk of ESKD. GFR is a central aspect of the evaluation of potential donors since

there is an association between low GFR and ESKD. The methods for assessing GFR

are in continuous debate, and the kidney function thresholds for accepting a donor may

vary according to the guidelines. While direct measurements of GFR (mGFR) provide the

most accurate evaluation of kidney function, guidelines do not systematically use this

measurement as a reference. Also, some studies have shown that the GFR decreases

with age and may vary with gender and race, therefore, the lower limit of GFR in patients

eligible to donate may vary based on these demographic factors. Finally, it is known that

CrCl overestimates mGFR while eGFR underestimates it, therefore, another way to have

a reliable GFR could be the combination of two measurement methods.

Keywords: end stage kidney disease (ESKD), kidney transplant, glomerular filtration rate, estimated GFR, measure

GFR

INTRODUCTION

The number of patients with end-stage kidney disease (ESKD) requiring dialysis is increasing
around the world (1). This has been mainly attributed to the rising prevalence of diabetes mellitus
(DM) and hypertension (HTN) in an elder population that reaches this stage (2). Not surprisingly
this is associated with increased morbidity, mortality, healthcare costs, and reduced quality of life
(3–7). Our country, Argentina, is not an exception; in 2019, there were 30,432 prevalent patients
on dialysis with an incidence and a prevalence of 164 and 677 patients per million inhabitants,
respectively (8). The annual mortality rate for patients with chronic kidney disease (CKD) stage 5D
is 17.3%, being 14.7% for peritoneal dialysis, and 17.7 % for patients on hemodialysis (8).

Today, renal transplantation (RT) is the best treatment option for patients reaching ESKD
because it is associated with better patient survival, quality of life, and lower costs compared with
patients remaining on dialysis (9). Unfortunately, as time goes by the increasing number of patients
reaching ESKD combined with organ shortage makes waiting time for deceased donors RT longer
(8). In Argentina, the number of patients on dialysis has increased while the number of RT has
remained stable over the years at a rate of 19–21 RT per million inhabitants. The rate increased
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in 2018 and 2019 to 24.6 and 29.5 per million inhabitants,
respectively, at the expenses of deceased donors. However, the
percentage of RT with living donors has not increased for the past
10 years, being approximately 20% of all kidney transplants (8).

One strategy to cope with the increasing number of patients
on the waiting list is to increase the living kidney donor (LKD)
pool with more flexible donor acceptance criteria (10).

One of the major concerns about LKD is whether they
have the same mortality and life expectancy compared with
a similar age, sex, and comorbidity matched population. In
a study by Sergev et al. (11), the risk of death in the first
90 days following live donor nephrectomy was 3.1 per 10,000
donors (95% CI, 2.0–4.6). Mortality was higher in men, African
Americans, and with a history of HTN. This mortality rate seems
low compared with that reported in the literature of laparoscopic
cholecystectomy 15/10,000 (12) or nephrectomy of non-donor
260/10,000 surgeries (13). Others studies addressed the long-
term risk of death and found that the life expectancy of kidney
donors appears to be similar to that of non-donors or perhaps
even longer (14, 15). Additionally, Ibrahim et al. (15) compared
3,698 kidney donors’ survival who donated kidneys during the
period from 1963 through 2007 with the general population from
the National Center for Health Statistics. The survival of kidney
donors was similar to that of controls who were matched for age,
sex, and race or ethnic group. On the other hand, Geir Mjoen
et al. (16) analyzed 1,901 subjects who donated kidneys from
1963 to 2007 with a median follow-up of 15.1 years. A control
group of 32,621 potentially suitable kidney donors was selected,
with a follow-up of 24.9 years. Hazard ratio (HR) for all-cause
death was significantly increased to 1.30 (95% CI 1.11–1.52) for
donors compared with controls. One of the reasons that could
explain this finding was that the control groups were all from
the same county with a higher life expectancy compared with
Norway where the donors came from. More recently Shiromani
Janki et al. (17) compared 761 LKDs, who visited the outpatient
clinic and their propensity score was matched with 1,522 non-
donors from population-based cohort studies. The study showed
no significant differences between donors and non-donors in
overall and cardiovascular mortality.

Another concern in LKD is about the risk of progression to
ESKD. Nevertheless, several studies have shown no differences
between LKD and matched controls in this respect (16, 18, 19).
The study by Ibrahim et al. (15) suggests that there is no excessive
risk of ESKD to donors and confirms the view that factors
associated with reduced GFR in donors are similar to those that
have been observed in the general population. The estimated
incidence of ESKD in donors would appear to be 180 per million
persons per year, as compared with the overall adjusted incidence
rate of 268 per million persons per year in the white population of
the United States (15). Between 1996 and 2015, there has been an
increase in the number of LKD reaching the United States kidney
waiting list with a total of 441 patients (20). In 2014, Muzaale
et al. (21) compared 96,217 LKD from the Organ Procurement
and Transplantation Network (OPTN) registry (1994–2007) with
20,024 participants of the NHANES III study showing a low
incidence of ESKD, 15 years post-donation (estimated risk of
30.8 of 10,000 donors over 15 years). This represented an 8-fold

increased incidence of ESKD in kidney donors compared with
healthy individuals in the United States who had not donated.
This difference was seen in both black and white subjects, with
an estimated risk of 74.7 per 10,000 black donors vs. 23.9 per
10,000 black non-donors (p < 0.001) and estimated risk of 22.7
per 10,000 white donors vs. 0.0 per white non-donors (p< 0.001).

Even though African American (AA) had a higher risk
of ESKD in the general population compared with white
individuals, the absolute risk of ESKD in black living donors
was also low. Finally, the estimated lifetime risk of ESKD was
90 per 10,000 donors, 326 per 10,000 unscreened non-donors
(general population), and 14 per 10,000 healthy non-donors (21).
The question is whether LKDs develop ESKD as a consequence
of new-onset disease that can affect the remaining kidney or is
it due to a constant fall in the glomerular filtration rate (GFR)
that can occur with aging. Recently a study published by Matas
et al. (22) over 40,130 LKDs from 1963 to 2015, 39 developed
ESKD, (mean age at ESKD, 62.4 years; mean interval between
donation and ESKD, 27.1 ± 9.8 years). Donors who developed
ESKD were more likely to be men, as well as smokers, younger
at the time of donation, and to have donated to a first-degree
relative. Of donors with a known cause of ESKD (n = 25), 48%
was due to diabetes mellitus (DM) and/or hypertension (HTN),
and only two were from a disease that would have affected one
kidney (cancer). Therefore, knowing the risk factors for ESKD in
LKDs could help improve their selection as well as their medical
care after donation. In fact, today LKD tends to be older and
have more comorbidities which call for a thorough evaluation
before donation (23). O’Keeffe et al. (24) published a systematic
review and meta-analysis of 52 studies, including 118,426 LKDs
and 117,656 non-donors. They did not find evidence suggesting
a higher risk for cardiovascular disease, type 2 diabetes, or
adverse psychosocial health outcomes in LKDs than in non-
donor populations. On the other hand, kidney donors had higher
diastolic blood pressure and a higher risk for preeclampsia in
female donors. Although living kidney donation is associated
with higher relative risks (RRs) for preeclampsia, the absolute
risk for this outcome remains low, compared with non-donor
populations. Similar results were obtained by Janki et al. (17),
but there was a lower risk of new-onset HTN compared with the
meta-analysis (24). Kasiske et al. (25), in a 3-year study, compared
182 donors and 173 non-donors. They found that donors at
3 years follow-up had significantly higher levels of uric acid,
phosphorus, and parathyroid hormone (PTH). This could have
been related to a decrease in kidney mass in apparently healthy
individuals. Whether this has any implications for the bone
health of donor is not yet known. In Table 1, we summarized
the most relevant studies concerning mortality and progression
to ESKD.

There is little consensus about what is considered an
appropriate GFR threshold for donation and formulation of
guidelines is hampered by the heterogeneity of practice in how
GFR is measured, uncertainty on the accuracy of GFR estimating
equations, and bias and imprecision of standard methods of
GFR measurement. The aim of this review is to update the
different methods of GFR assessment in live kidney donors, their
strengths, and limitations. In addition, we will go through the
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TABLE 1 | Summary of the most relevant studies related to post-donation medical outcomes.

Study design Outcome: Comparison of LKD to Controls

Mortality

Sergev et al. (11) 80,347 LKD vs. Controls matched from NHANES III by age,

gender, race, BMI, smoking history, and SBP, after exclusions for

baseline comorbidity

Risk of death in the first 90 days after live donor

nephrectomy (3.1/10,000)

Long-term LKD mortality not higher vs. matched healthy

Ibrahim et al. (15) 3,698 LKD survival vs. NHANES controls. 1:1 ratio, matched by:

age, race and BMI

No differences in mortality between groups

Gier Mjoen et al. (16) 1,901 LKD vs. 32,621 subjects between the ages of 20 and 70,

general Norwegian population, with no contraindication to

donation of a kidney Matching on age, sex, SBP, BMI and smoking

Risk for LKD: HR for all-cause death: 1.30 (1.11–1.52) and

cardiovascular death: 1.40 (1.03–1.91)

Shiromani Janki et al. (17) 761 LKD vs. 1,522 non donors No differences in overall mortality

(OR 0.06, 95% CI 0.05; 0.08) for LKD

Progression to ESKD

Muzaale et al. (21) 96,217 LKD vs. 20,024 patients from the NHANES III study.

Excluding those with contraindication to kidney donation: n =

9,364 subjects matching on age, sex, race, BMI, smoking

and SBP

Incidence of ESKD 30.8/10,000 donors over 15 years

vs. 3.9/10,000 in healthy non-donors

Gier Mjoen et al. (16) 1,901 LKD vs. 32,621 subjects between the ages of 20 and 70,

general Norwegian population, with no contraindication to

donation of a kidney Matching on age, sex, SBP, BMI and smoking

HR for ESKD in LKD: 11.38 (4.37–29.63, P < 0.001)

Ibrahim et al. (15) 3,698 LKD survival vs. NHANES controls. 1:1 ratio, matched by:

age, race and BMI

No difference in incidence of ESKD: 180 per million

persons per year in LKD vs. 268 per million persons per

year in controls.

O’Keeffe et al. (24) Meta-analysis: 52 studies, 118,426 LKD vs. 117,656 controls LKD: higher diastolic blood pressure, lower estimated

glomerular filtration rates.

Risk for ESKD (RR, 8.83 [CI, 1.02 to 20.93]), but low

absolute risk for ESKD (incidence rate, 0.5 event [CI, 0.1

to 4.9 events] per 1000 person-years)

LKD, living kidney donor; NHANES III, National Health and Nutrition Examination Study; SBP, Systolic blood pressure; ESKD, end stage kidney disease; BMI, body mass index.

current guidelines of GFR thresholds available in the literature,
and finally, we will analyze the impact of pre-donation GFR on
post-donation outcomes.

METHODS

A non-language restricted search was performed until August
30, 2021 in PubMed, SciELO, Trip Database, Google Scholar,
and MEDES y MEDLINE, using the following MeSH terms
and key words, “living kidney donors,” “chronic kidney
disease,” “donor nephrectomy,” “glomerular filtration rate,”
“estimate glomerular filtration rate,” “glomerular filtration
rate,” “glomerular filtration rate measurements,” “cystatin
C,” “CKD-EPI,” “MDRD,” “creatinine clearance,” “inulin,”
“iothalamate,” “diethylenetriaminepentaacetic acid,” “iohexol,”
and “ethylenediamine tetra-acetic acid.” Bibliographies of
relevant articles and reviews were manually screened to identify
additional studies.

GFR in Normal Subjects
A precise assessment of pre-donation GFR and its follow-
up is essential to identify donors at risk to initiate
prevention strategies.

Glomerular filtration rate has been established for decades
by measuring the 24-urine creatinine excretion (26). One of
the problems with this method is that in healthy subjects, it
overestimates GFR by up to 10% due to tubular excretion of

creatinine (27). The others relate to the possible imprecision
and bothersome 24 h urine collection. Therefore, other methods
to measure GFR (mGFR) have taken place. The exogenous
tracers are considered the gold standard (28), such as inulin,
technetium-99mTc-diethylenetriaminepentaacetic acid (99mTc-
DTPA) (29), 51Cr-ethylenediaminetetraacetic acid (EDTA) (30),
125I-iothalamate (31), and non-reactive Iohexol. Nevertheless,
they are expensive, their use is complex, and may have side
effects. For this reason, GFR is frequently estimated by equations
(eGFR) which incorporate endogenous markers, as well as
demographic and anthropometric parameters (27). Among those
using creatinine, the chronic kidney disease epidemiology (CKD-
EPI) (32) is the most widely used. Other equations include
cystatin C (CysC) (33), CysC+Cr (34), beta-trace protein (BTP),
and beta2 microglobulin (B2M) (35).

Most of the studies for mGFR and eGFR have been designed
and validated in renal patients with chronic kidney disease
(CKD) therefore their assessment of GFR in normal individuals,
such as LKD, is not precise.

GFR Measurement
Inulin is a fructose polysaccharide found in the roots of a variety
of plants. It has a molecular weight of approximately 5,200
Da. It is neither metabolized nor reabsorbed or secreted by
the renal tubules, therefore, it can be quantitatively recovered
in the urine after intravenous administration. As described by
Homer Smith in 1935 (36), Inulin clearance is constant and
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independent of its plasmatic concentration. Experimental studies
have shown similar concentrations in the Bowman’s space and
plasma, 99.3% of Inulin injected in the proximal tubule is
present in the distal tubule (37). Inulin clearance continues to
be the gold standard for the measurement of GFR. Nevertheless,
issues concerning its cost, the complexity of the procedure, and
scarce availability turns its clinical use generally infeasible. Many
procedures to measure mGFR (38) have been developed, all
of them are more imprecise than the inulin clearance which
is already not 100% precise as it has a coefficient of variation
of approximately 7% on repeated measurements in the same
subjects (39). One study addressed this issue by comparing the
accuracy of mGFR measured by other exogenous tracers to that
of inulin. They found that both plasmatic or urinary clearance
of 125I-iothalamate, EDTA, or Iohexol, and only the urinary
clearance of Tc99-DTPA is sufficiently accurate to measure
GFR (40).

Iothalamate is currently used in the United States. It is an
ionic contrast tracer with a molecular weight of approximately
637 Da, very little protein-bound (41). It has a good correlation
with inulin clearance but as it is secreted and reabsorbed by renal
tubules, it has been shown to overestimate GFR (42, 43).

Ethylenediaminetetraacetic acid is available in Europe. Its
cost is high as it requires all the precautions for storage,
administration, and disposal of radioactive substances. It may
have tubular reabsorption as it tends to underestimate GFR
compared with inulin (44). Another compound, DTPA is a
chelating agent used in the United States and Canada. It
produces radiochemical debris while labeling with Tc99. It is
protein-bound in about 4–10% increasing its permanence in the
circulation which tends to underestimate GFR (45).

Iohexol is a non-ionic, non-radioactive, low-osmolality
contrast dye developed in the 1980s (46). It has a molecular
weight of 821.1 Da. Its protein-bound is scarce (47). It
is cheap, safe, and widely used. Methods taking series of
blood samples after tracer injection are popular although
not validated for subjects with normal renal function. Only
one study measured Iohexol plasma clearance in 20 patients
without kidney disease (48). The mGFR obtained after 5
samples (5M) (150/180/200/220/240min) or 4 samples (4M)
(180/200/220/240min) was compared with that of inulin. The
mGFR with the sample taken at 150min in M5 was the closest
to inulin’s but still underestimated GFR by 13 ml/min/1.73 m2.
Authors postulated that if an earlier sample could be more
accurate in normal subjects.

GFR Estimation
Due to the limitations described for mGFR, equations have been
developed to estimate GFR (eGFR). As we mentioned they are
based on endogenous substances. Creatinine (Cr) is the most
widely used. Cr is a 113 Da amino acid generated in the muscle
from ingested food. It spreads in total body water, it is filtered
by the glomerulus, secreted by the tubules, and excreted in the
urine. We will focus on two equations, modification of diet
in renal disease (MDRD) and CKD-EPI. None of them were
developed in healthy subjects (49). MDRD was developed in
1999 (50) with creatinine standardization by the isotope dilution

mass spectrometry in 2006. Compared with Cockroft-Gault,
MDRD is more accurate (51). The most important limitation of
this formula is that it underestimates GFR with values over 60
ml/min/1.73 m2. Different fromMDRD, CKD-EPI was validated
in a cohort including not only patients with CKD but also
individuals with normal renal function which provides a better
correlation with normal subjects (52).

The performance of these equations in LKD has been
explored. In one study (53), the accuracy of MDRD and CKD-
EPI for different clinical situations including LKD (n = 583) was
evaluated. For the detection of an mGFR < 60 ml/min/1.73 m2,
CKD-EPI had a sensitivity of 50% and specificity of 98%, while
MDRD had 70 and 94%, respectively. For the detection of an
mGFR < 80 ml/min/1.73 m2, CKD-EPI had a sensitivity of 71%
and specificity of 76%whileMDRD had 89 and 48%, respectively.

Another study (54) evaluating LKD found that the probability
of having an mGFR < 80 ml/min/1.73 m2 with the eGFR < 80
ml/min/1.73 m2 was 14%, in other words, 86% of discharged
donors by eGFR would have been donors by mGFR. Therefore,
the use of the eGFR with creatinine for LKD selection is flawed
by the risk of rejecting candidates with a falsely low eGFR and
accepting others with a falsely high eGFR. Another endogenous
substance used to estimate GFR is Cystatin C (CysC), a protein
that inhibits cysteine and is secreted by the majority of cells.
CysC is freely filtered by the glomerulus, almost fully reabsorbed,
and metabolized by tubular epithelial cells, it is not secreted and
urinary excretion is negligible. Blood levels are less affected than
creatinine by body mass, diet, age, or sex (55). Nevertheless,
they can be affected by hyperthyroidism, high-dose steroids, and
cardiovascular disease (56).

There are several equations available that incorporate CysC
either alone or in combination with creatinine to estimate
GFR. In patients with CKD, it has been demonstrated that
eGFR by CKD-EPI with CysC+Cr has higher precision than
CKD-EPI only with Cr (34). One study (57) performed in 147
potential LKD found that the combined equation underestimated
mGFR less than the only Cr-based equation (−2,7 vs. −11.6
ml/min/1.73 m2). The greater difference was observed with
mGFR between 89 and 60 ml/min/1.73 m2 where CycC+Cr
had −4.3 ml/min/1.73 m2 vs. −15 ml/min/1.73 m2 for the only
Cr based equation.

Nevertheless, there are circumstances where the eGFR+CysC
is decreased compared with eGFR + Cr or mGFR. The so-called
“shrunken pore syndrome” has been defined when eGFR+ CysC
is less than 60% of the eGFR + Cr (58). In 2015, it was described
in pregnant women in their third trimester (59). It has also been
associated with increased mortality after cardiac surgery (60) and
decreased left ventricular systolic function (61). Its relevance to
LKD has not been yet evaluated.

A Spanish group (62) compared mGFR by iohexol with that of
51 different equations based on Cr, CysC or both, in the selection
of 103 LKD. The threshold for donation was established at mGFR
> 80 ml/min for those >35 years old or 90 ml/min for those
<35 years old. In total, 93 subjects (90.3%) had mGFR over the
threshold and 10 (9.7%) below the threshold. Many of those not
selected by mGFR were over the threshold by eGFR and would
have been selected. All of those excluded were women. In subjects
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selected by mGFR, 32 were below the threshold by eGFR that
would have left them out for donation.

Guidelines for GFR Evaluation Before LKD
Several guidelines are addressing this matter. They use different
methods to evaluate GFR and different GFR thresholds. We will
summarize the ones we considered the most relevant (Table 2).

Kidney Disease: Improving Global
Outcomes-KDIGO 2017
The initial recommended test is CKD-EPI + Cr, and then
confirmatory testing, as needed. Depending on availability,
mGFR, with exogenous or endogenous markers, eGFR
combining CysC+ Cr or repeating an eGFR Cr can be used (63).

Another tool suggested by the guideline is a web-based
calculator to estimate the probability of having an mGFR below
60, 70, 80, and 90 ml/min/1.73 m2 (http://ckdepi.org/equations/
donor-candidate-GFR-calculator/). It is divided into two steps.
First, it calculates the pre-test probability of having an mGFR
below 60, 70, 80, and 90 ml/min/1.73 m2 based on gender,
age, and ethnicity. It then performs a post-test taking into
account creatinine measurements with or without cystatin, using
data obtained from the CKD-EPI cohort and eGFR/mGFR
concordance. For example, a 25-year-old white male with a
plasma creatinine of 1 mg/dl (eGFR CKD-EPI 104 ml/min/1.73
m2) has a post-test probability of having an mGFR of less than 90
ml/min/1.73 m2 of 3%.

To accept a candidate routinely, they suggest an eGFR >

90 ml/min/1.73 m2 and < 60 ml/min/1.73 m2 to exclude

the participant. For values in the middle decisions should be
individualized and other risk factors should be considered. This
recommendation was based on a meta-analysis with almost 5
million healthy subjects where they found that for an eGFR >

90 ml/min/1.73 m2, the life-long risk of developing CKD was
approximately 1% of any age and race. For subjects aged 60 years
or older with an eGFR between 60 and 89 ml/min/1.73 m2, the
risk is less than 1% (64).

British Transplantation Society-BTS 2018
Similar to KDIGO, they recommend CKD-EPI+ Cr as the initial
test. This will identify and rule out potential donors with CKD
(eGFR < 45 ml/min/1.73 m2). For the rest, GFR should be
confirmed by mGFR with inulin clearance, 51Cr-EDTA, 125I-
iothalamate, or iohexol (65).

Whenever there is a disparity between the two kidneys greater
than 10%, they recommend performing a differential mGFR for
each kidney with a combination of 51Cr-EDTA and 99mTc-
DMSA. If eligible, the less functioning kidney should be donated.

Glomerular filtration rate thresholds for donation should be
adapted for age and sex. A study performed in more than 1,800
potential LKDs found that until age of 40 years, GFR remained
stable, thereafter it decreased 6.6 ml/min/1.73 m2 per decade
in men and 7.7 ml/min/1.73 m2 in women (66). In patients
older than 35 years, a GFR >80 ml/min/1.73 m2 seems safe for
donation. In those younger than 30 years, a more conservative
approach is warranted as there is evidence of a greater risk of
CKD in this population with GFR < 90 ml/min/1.73 m2 (64).

TABLE 2 | Guidelines for glomerular filtration rate (GFR) evaluation before living kidney donation.

KDIGO BTS CTS OPTN

Initial evaluation CKD-EPI+Cr CKD-EPI+Cr eGFR Cr (CKD-

EPI/Cockcroft-Gault)

mGFR or CrCl

Confirmation Depending on availability:

-mGFR (exogenous or

endogenous markers)

-eGFR cycs+cr

-repeat eGFR Cr

mGFR (inulin, 51Cr-EDTA, 125I-iothalamate or

iohexol)

Two separate

creatinine clearance

or

one mGFR (DTPA,

EDTA, iohexol

or iothalamate)

—

Threshold GFR

(ml/min/1,73 m2)

Accept: >90

Exclude: <60

Individualize decisions:

89–60

Accept:

Male:

20–29yrs: >90

30–55yrs: >80

60yrs: >76

65yrs: >71

70yrs: >67

75yrs: >63

80yrs: >58

Female:

20–29yrs: >90

30–50yrs: >80

55yrs: >75

60yrs: >70

65yrs: >64

70yrs: >59

75yrs: >54

80yrs: >49

Accept:

18–30yrs: ≥90

31–40yrs: ≥85

41–65yrs: ≥80

>65yrs: ≥75

Accept:

CrCl > 80

or

predicted GFR at

80yrs: > 40

Others Web-based calculator to

estimate the probability of

having a mGFR below 60,

70, 80 and 90 mL/min/1.73

m2

Size difference > 10%: mGFR 51Cr-EDTA +

99mTc-DTPA.

Donate the least functioning

Size difference > 1 cm:

mGFR 99mTc-DTPA.

If differential GFR is

more than 5%: Donate

the least functioning

—
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Canadian Transplant Society-CTS 2015
The recommendations include 2 creatinine determinations along
with CKD-EPI or Cockcroft-Gault eGFR. In addition, 2 separate
creatinine clearance measurements or one mGFR by DTPA,
EDTA, iohexol, or iothalamate (67).

Additionally, it is suggested that asymmetric kidneys (>1 cm)
should be evaluated by 99mTc-DTPA mGFR. If differential
GFR is more than 5%, the donor should be left with the best
functioning kidney.

Glomerular filtration rate thresholds are dependent on age.
Potential donors between 18 and 30 years old should have a GFR
≥ 90ml/min/1.73m2 to be accepted, a GFR≥ 85ml/min/1.73m2

for donors between 31 and 40 years old, a GFR≥ 80 ml/min/1.73
m2 for those 41 to 65 years old, and a GFR ≥ 75 ml/min/1.73 m2

for those >65 years old.

Organ Procurement and Transplantation
Network-OPTN
In their guidelines, they propose mGFR using exogenous
filtration markers or creatinine clearance.

They suggest that those with a creatinine clearance < 80
ml/min/1.73 m2 (68), or a predicted GFR at age 80 years is <

40 ml/min/1.73 m2 (69), should be excluded for dotation (70).

Which Are the Recommended Methods for
the Assessment of Renal Function for the
Selection of Kidney Donors
In nephrology, there are few situations where an accurate
assessment of GFR is essential, kidney donation is one of them
(71), but guidelines do not specify which method should be used
(72). In addition, the GFR threshold for kidney donation matters
(73). A study carried out in 2007 found that 90% of living kidney
transplant programs in the United States used 24-h CrCl (74).
This is not an exception in our country. A survey conducted in
28 transplant centers in Argentina showed that 78.5% used CrCl
for the assessment of donor’s kidney function, while others used
eGFR or iothalamate Cl. To accept a kidney donor, a CrCl > 80
ml/min/1.73 m2 was required by 71.4% of the physicians while
21.4% required CrCl > 90 ml/min/1.73 m2 (Maldonado et al.,
SLAH congress). It is well known that CrCl overestimates GFR
and can lead to the approval of donors with a lower GFR than the
optimal adjusted for age and sex.

Many transplant programs around the world use other
methods to measure kidney function, such as eGFR or mGFR.
The availability of mGFR varies, especially in developing
countries where health resources are limited and where living
kidney donation can be the only source of kidney transplants
(75). On the other hand, the use of eGFR in the evaluation
and selection of LKDs is controversial, in part due to concerns
about its accuracy and correlation with mGFR to accept or reject
donors (76). An alternative approach is to adapt eGFR thresholds
to the best locally available technique. Two recently published
studies offer a web-based application using eGFR to compute
the probability that the measured GFR of a donor candidate is
higher than the threshold previously defined at 80 ml/min/1.73
m2 (77, 78). These studies indicate that it is possible to define

different eGFR thresholds for mGFR limits coping with a certain
degree of uncertainty as to whether the mGFR threshold is
reached. In agreement with these findings, the KDIGO Clinical
Practice Guideline for LKD evaluation recommends using eGFR
as a test to identify candidates who may not need a subsequent
GFR assessment (63).

Previous research comparing eGFR and mGFR in living
donors showed that suitable donors with a falsely low eGFR could
have been accepted as well as inappropriate donors with a falsely
high eGFR should have been rejected (54, 76).

Gaillard et al. (72) evaluated 2,733 donors from 11 French
transplant centers. They examined whether relying on an eGFR
rather than mGFR measurement alters the choice of potential
living donors by comparing the effect of 4 equations (MDRD,
CKD-EPI, Lund Malmö equation, and full age spectrum [FAS]
equation) with mGFR as the reference method. Additionally,
they studied the impact of using absolute or age-adapted GFR
thresholds. They found that the CKD-EPI and FAS equations
had the best performances and led to the lowest percentage
of inappropriately evaluated candidates. Misclassification was
more frequent when GFR adequacy was defined as an absolute
threshold of 90 ml/ min/1.73 m2 as compared with an age-
adapted definition (26 and 5%, respectively). Accepting an
absolute eGFR threshold of 90 ml/min/1.73 m2, 1,804 potential
donors were identified, compared with 2,648 when mGFR was
interpreted using age-adjusted thresholds. They strongly suggest
that mGFR should be the gold standard for donor evaluation,
but in cases where eGFR is the only source of measurement, age-
adapted GFR values estimated with either the CKD-EPI or FAS
equations should be used.

Recently, Garg et al. (71) compared 1,412 donors in the
performance of eGFR with CKD-EPI equation, 24-h CrCl, and
the average of these 2 measurements (Avg [CrCl and eGFR]
with mGFR by 125I-iothalamate as the gold standard). They
found that 24-h CrCl overestimated iothalamate GFR (iGFR) in
the entire cohort with an average bias of 2.2 ml/min/1.73 m2.
However, in men, CrCl overestimated mGFR by 6.7 ml/min/1.73
m2, and in women, CrCl slightly underestimated GFR by 1
ml/min/1.73 m2. eGFR underestimated iGFR with a median
bias of −5.4 ml/min/1.73 m2. Results were similar regardless
of age and gender, however, in black potential donors, eGFR
overestimated iGFR by 3.2 ml/min/1.73 m2. Among the three
testing GFR methods, median bias was significantly lower using
Avg (CrCl and eGFR) at −1.0 ml/min/1.73 m2. They concluded
that these 2 GFR testing methods could provide a reference in
clinical practice, as all transplant programs have access to them.

Renal Function After Donation
What happens with GFR after donation? With approximately
50% of the renal mass, the remaining kidney undergoes
compensatory hypertrophy, and approximately 6 months after
donation, GFR returns to 70% of the pre-donation values (79).

We have already addressed the literature regarding the risk
of ESKD after donation but little attention has been paid to
intermediate-risk factors that lead to it, such as DM, HTN, or
impaired renal function. Ibrahim et al. (80) studied 3,956 LKDs
followed for more than 40 years after donation. development

Frontiers in Medicine | www.frontiersin.org 6 February 2022 | Volume 8 | Article 784435

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Laham et al. Assessing Renal Function for Kidney Donation

of ESKD, reduced GFR, reduced eGFR (< to 30, 45, and 60
ml/min/1.73 m2) and proteinuria were analyzed. After a mean
follow-up of 16.6 ± 11.9 years, 6.1% developed proteinuria
after donation. This was associated with a higher body mass
index (BMI) (HR, 1.10; 95% CI, 1.06–1.13; p < 0.001) and male
gender (HR, 1.56; 95% CI, 1.18–2.05; p < 0.001). Regarding
renal function, 35.6% had an eGFR <60 ml/min/1.73 m2 at a
median age of 56.6 years and a median time of 9.2 years from the
donation. Risk factors associated with an eGFR < 60 were older
age at donation, higher BMI, a higher baseline systolic blood
pressure, and type 2 DM in the recipient. Additionally, 10.9%
had an eGFR <45 ml/min/1.73 m2, older age at donation, higher
BMI, and higher baseline systolic blood pressure were their risk
factors. Finally, 2.6% had an eGFR <30 ml/min/1.73 m2 at a
median age of 68.4 years and after a median time of 23.9 years
after donation. This was associated with older age at donation
and higher BMI. Interestingly, this study showed that a higher
pre-donation eGFR and younger donor age was associated with
better post-donation eGFR even after 40 years after donation.
In multivariate time-dependent analysis, post-donation diabetes,
new-onset hypertension, proteinuria, and eGFR < to 60 or 45
ml/min/1.73 m2, were potent predictors of eGFR < 30 ml/min
or ESKD.

In previous studies (16, 21), it has been shown that most of
the donors developing ESKD donated their kidney to a relative.
It is well known that relatives of a patients with ESKD have a
higher risk of ESKD (81). Matas et al. (22) tried to determine
whether donors having a relative with ESKD had a faster decline
in eGFR compared with those without ESKD. They compared
long-term post-donation eGFR trajectory for donors with (n =

1,245) vs. without (n = 757) a first-degree relative with ESKD.
After adjusting for other patient factors, donors with a first-
degree relative with ESKD had either a smaller increase or a larger
decrease in eGFR—on average 0.20 ml/min/1.73 m2/year (0.07–
0.33)more than donors without a first-degree relative with ESKD,
in a wide age range. The authors suggest that, for donors with
and without a first-degree relative with ESRD, there is a steady
increase in GFR for the first few year’s post-donation. Although
there was a small difference between the slope of GFR in donors
with (vs. without) a first-degree relative with ESRD, neither group
experienced a decline in GFR that would explain any increased
incidence of ESRD.

A European study from the Netherlands, that we have already
mentioned above (17), showed that in kidney donors after mean
follow of more than 8 years, there were increase in serum
creatinine of 26 µmol/l (95% CI 24–28), a decrease in eGFR
of 27 ml/min/1.73 m2 (95% CI −29 to −26), and an eGFR
decline of 32% (95% CI 30–33) compared with non-donors.
There were no differences between groups concerning ESKD.

Recently, Agustine et al. (79) evaluated in a cohort of 34,505
LKDs from the Scientific Registry of Transplant Recipients
(SRTR) database, factors associated with post-donation renal
function and proteinuria. They found an overall median decline
of eGFR of 31.1%. Nevertheless, 74% of donors older than 60
years had an eGFR < 60 ml/min 2 years after donation. At
that time, they found that older donor age, male gender, black
race, HTN, and a BMI > 25 kg/m2 were associated with greater
decline of eGFR. Although they found that incident proteinuria
was independently associated with black race, male gender, and
higher BMI, they could not find a correlation between proteinuria
and eGFR decline 2 years after donation.

Finally, Gaillard et al. (82) in 2021 studied 1,825 French LKDs.
After a mean follow-up of almost 6 years, they found that in
donors younger than 45 years post-donation eGFR, absolute-
and relative-eGFR variation were not different among the three
groups, normal for age (Sage), higher than 90 (S90), or 80(S80)
ml/min/1.73m2. However, for older donors, eGFR after donation
was higher in S90 than in S80 or Sage. They concluded that
donors with a normal eGFR for age (Sage) are older than donors
with an eGFR ≥ 90 ml/min/1.73 m2 (S90). Differences in GFR
after donation are partly attributable to this age difference. They
suggest a depth screening for all donor candidates with a normal
eGFR for age.

CONCLUSIONS

Currently, the best way to assess the kidney function of donor
remains a matter of discussion. The available guidelines for
kidney donation are purely based on opinion, and they are
not evidence-based. Several methods are clinically available and
recommended for living donor evaluation, but each has its
drawbacks. Moreover, most of them have been only validated
for CKD population. mGFR remains the gold standard, but it is
not available worldwide. Therefore, GFR at donation should be
considered in the context of normal GFR level based on gender
and age. In our experience and that of others, a combination of 2
methods, such as a CrCl and eGFR, may be more clinically useful.
Transplant programs are responsible for developing a threshold
to accept or deny a living donor based on lifetime risk of kidney
failure and apply them uniformly.

Finally, renal function recovery is variable and data suggests
that GFR recovery, and post-donation GFR, is associated with
donor age, BMI, gender, HTN, and family history.
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