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• 104 countries (90% of the worldwide population)

• around 100 800 solid organ transplants per year

• 69 400 kidney transplants (46% from living donors)



• Selecting donors with minimal longterm risk of 
kidney failure is important to safeguard the 
practice of kidney donation

• Equally important is respecting the donor 
candidates’ autonomous decisions to seek the 
benefit and accept the risk of kidney donation

• Balancing these objectives requires careful 
consideration of multiple measures of health status 
of kidney donor candidates and the long-term 
consequences of kidney donation

Levey and Inker. GFR Evaluation in Living Kidney Donor Candidates. JASN,2017



(1) Donor candidacy is evaluated in 
light of long-term risk, in which 
GFR is one of many factors. ESRD 
is considered a central outcome

(2) Two GFR thresholds are used for 
decision- making: a high threshold 
(>90 ml/min per 1.73m2) to 
accept and a low threshold (<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 (eGFR) and 
clearance measurements (mGFR)



• Both mGFR and eGFR are associated with error 
(bias and imprecision)

• The accuracy of various methods for measuring 
and estimating GFR are not known with sufficient 
certainty to define separate thresholds for each 
method



• The mGFR through nonisotopic external markers 
(inulin, ioexol, iothalamate) or isotopic techniques 
(125I iothalamate, EDTA-Cr51, 99Tc DTPA)- gold 
standard for the kidney failure evaluation

• Expensive , complexe, not available in many medical 
centers, not standardized, variation across centers

• Despite the complexity, GFR should be more often 
measured as a confirmatory test in clinical practice 

• Should be limited to special situations.



-Approximately 90% of centers 
used mClcr

-other 10% of centers used the 
clearance of an exogenous filtration 
marker

-approximately 67% of transplant 
centers used a threshold of >80 
ml/min to accept donors

-25% used a threshold on the basis 
of age and sex



• Clinicians usually rely on endogenous creatinine 
clearance (mClcr)

• Timed urine collections are difficult to obtain and 
fraught with error

– underestimates if not correctly collected

– overestimates due to tubular secretion (↑15% at normal 
GFR) 



• Creatinin remains the most frequent marker used
in clinical practice

• Affected by age, gender and ethnicity and these 
variables are taken into account in equations for 
prediction of GFR

• Equations capture only the average relationship of 
surrogates to some physiologic processes 



Determinants of the serum level of 
endogenous filtration markers

Stevens and Levey. Measured GFR as a Confirmatory Test for Estimated GFR. JASN, 2009



• Cystatin C proposed as superior marker of GFR 
compared to creatininine (elderly diabetic patients 
free from kidney disease)

• 15/24 papers superior, the rest- equal performance

• Not readily available

• Not standardized yet 

Leterza et al.Cystatin C: an improved estimator of glomerular filtration rate? Clin Chem 2002



• Cystatin C generation rate and serum levels have been 
influenced by things independent of kidney function 
(age, sex, cell turnover rate, steroid use, body mass 
index, inflammation, adiposity, thyroid diseases, certain 
malignancies, smoking....)

• Extrarenal elimination at low levels of GFR

Arici M. Management of Chronic Kidney Disease, Springer, 2014

Inker and Levey. National Kidney Foundation’s Primer on Kidney Diseases , Elsevier Saunders, 2014



• Using two filtration markers improves precision of 
GFR estimates compared with using either marker 
alone

• eGFRcr–cys is generally recommended over eGFRcr 
or eGFRcys 



Cockroft-Gault Equation

• The oldest but simplest equation
• Derived using data from 249 men with a Clcr 30–130 ml/min

Cockcroft-Gault.Prediction of creatinine clearance from serum creatinine. Nephron, 1976

• Derived when standardized creatinine assays were not in use
• With standardised creatinine assays- GFR overestimation (10–40 %) 

– Obese and elderly patients (overestimates),
– patients with normal or mildly ↓ GFR (underestimates)

• Not adjusted for body surface area
– needs ideal body weight and not the actual one (DM patients are 

often obese- leads to overestimation)

Arici M. Management of Chronic Kidney Disease, Springer, 2014



MDRD Study Equation

• Developed in 1999- data from 1628 CKD patients (primarily white, 
nondiabetic) with GFR 5 and 90 ml/min/1.73 m2

Levey et al. A more accurate method to estimate glomerular filtration rate from serum creatinine:
a new prediction equation. MDRD Study Group. Ann Intern Med, 1999

• The equation was re-derived in 2006 for use with the standardized 
serum creatinine assays

Levey et al.Using standardized serum creatinine values in the modification of diet in renal
disease study equation for estimating glomerular filtration rate. Ann Intern Med, 2006

• Despite improvements in calibration, MDRD still underestimates 
GFRs > 90 ml/min/1.73 m2 

• Most widely used formula, often automatically reported
• Validation needed for different ethnic groups

Arici M. Management of Chronic Kidney Disease, Springer, 2014
Soares AA et al. Glomerular filtration rate measurement and prediciton equations- review. Clin Chem 

Lab Med 2009



CKD-EPI Equation

• Derived in 2009- large study population (with or without 
kidney disease) with wide range of GFR

Levey et al. A new equation to estimate glomerular filtration rate. Ann Intern Med, 2009

• When compared with MDRD, CKD-EPI more accurate and 
with less bias, especially at ↑ GFR levels.

Arici M. Management of Chronic Kidney Disease, Springer, 2014.



Which one is the best ?

• Neither GFR equation is optimal for all populations and 
GFR ranges. 

• A general practice and public health perspective favours
the CKD-EPI equation.



....use CKD-EPI equation 
for GFR estimation



• In most circumstances, eGFR is sufficient for clinical 
decision making. 

• If GFR estimates are likely inaccurate or if decisions
based on it may have adverse consequences, a 
mGFR is an important confirmatory test. 

Stevens and Levey. Measured GFR as a Confirmatory Test for Estimated GFR. JASN, 2009





• In individuals with normal renal function, 
performance of the eGFR equations is frequently 
sub-optimal with low overall accuracy when results 
are compared with mGFR

• GFR estimation is usually used as a screening test
but is rarely sufficient to authorize donation 
without further renal function evaluation



• Two-stage testing recommended in 
all donor candidates 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. 

• Donor GFR should be estimated 
from serum creatinine (eGFRcr) for 
initial assessment



• Donor GFR should be confirmed
using one or more of the following 
measurements, depending on 
availability:

- mGFR using an exogenous filtration 
marker, preferably U/P Cl of inulin, 
U/P Cl of iothalamate, U/P Cl of 
51Cr-EDTA, U/P Cl of iohexol, or U 
Cl of 99mTc-DTPA

- mCrCl

- eGFRcr-cys

- repeat eGFRcr



If there are parenchymal, vascular 
or urological abnormalities or 
asymmetry of kidney size on renal 
imaging, single kidney GFR should 
be assessed using radionuclides or 
contrast agents that are excreted 
by glomerular filtration (eg, 99mTc-
DTPA)



Evaluation of GFR 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





Kidne





• Average absolute risk was in fact <0.3% after 15 years in the US studies (i.e. >300 
living donations need to occur to have one donor develop nephrectomy-related 
ESRD)

• Norwegian study showed that subjects with a first-degree relative with ESRD 
caused by non-hereditary diseases (glomerulonephritis, pyelonephritis, diabetes or 
hypertension) have a long-term risk of ESRD almost 4 times higher compared with 
subjects with no family history of renal disease. 

• Consanguinity in young donors can be regarded per se as a risk factor for the 
development of renal diseases despite a normal medical workup

• African American race is an additional baseline risk indicator that might be taken 
into account when assessing young related donors with a normal workup



Counseling

• We suggest that donor candidates 
be informed that the future risk of 
developing kidney failure 
necessitating treatment with 
dialysis or transplantation is slightly 
higher because of donation; 
however, average absolute risk in 
the 15 years following donation 
remains low 



• Whether or not GFR should be measured rather 
than estimated in this population?





















• If measures are not consistent, an evaluation of the 
likely sources of error can suggest which measure is 
more likely to be correct: 

– a lower eGFRcr and eGFRcr–cys but higher eGFRcys, 
mClcr, and mGFR suggests increased creatinine 
generation rather than low true GFR

– a higher eGFRcr, eGFRcr–cys, and mGFR but lower mClcr 
suggests an incomplete 24-hour urine collection

– a higher eGFRcr, eGFRcr–cys, and mClcr but lower mGFR 
suggests a GFR measurement error.



• Despite the well recognized imprecision of eGFR at 
higher levels, it is helpful to interpret clearance 
measurements and detect a possible error. 

• It can provide substantial information to estimate 
the probability that mGFR is above or below the 
thresholds for decision-making.

• There is a need for a strategy to identify potential 
donors who should undergo GFR measurement. 



• Web-based application to compute the probability, based 
on eGFR, that mGFR for a donor candidate is above or 
below a range of thresholds useful in living donor 
evaluation and selection

• The probabilities used to develop the tool were calculated
from large cohorts, including NHANES and CKD-EPI

• The authors suggest that this application could be used to 
identify donors requiring GFR measurement

• ...but were not applied to a cohort of potential living kidney
donors

Huang et al. Estimated GFR for Living Kidney Donor Evaluation. AmJTransplant 2016









• Significant reduction of the cost of screening
without hampering the safety of the donors

• Use of any one of the three strategies- reduction by 
app 28% in the number of mGFR

• Reduction increased to nearly 45% in the external 
cohort



• Group requiring mGFR had significantly lower eGFR
at 1 year 

• eGFR at donation might be an important
determinant of eGFR after donation



Assessment of ESRD Risk

• First estimate the long-term risk of ESRD in the 
absence of donation using demographic and clinical 
characteristics of the donor.

• Grams et al. developed a web-based calculator to 
estimate the 15-year and lifetime risks of ESRD in 
the absence of kidney donation, on the basis of 
donor’s characteristics

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

http://www.transplantmodels.com/esrdrisk/






• The predicted pre-donation risk for ESRD is 0.10% after 15 
years. 

• It is likely that, on average, the ESRD risk is increased by 
nephrectomy by 3–5 times or by 0.30% absolute risk 15 
years after donation (e.g. from 0.10 to 0.40%, which is well 
below an absolute risk of 1% despite donor nephrectomy)



• The prediction model for lifetime risk is based on a 
simulation study

• It does not take into account a family history of renal 
disease which is the most important ESRD risk indicator in
young donors with normal workup at evaluation







• All transplant teams should make every possible effort 
to help prospective donors make an informed decision 
by providing them with quantitative risk estimates. 

• Physicians should recognize that donors may also 
benefit, which adds another perspective for justifying 
living organ donation.   

• Proper information to the prospective donor should 
also include recommendations on health-promoting 
behaviour post-donation



• 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. 

• Use of such tools require 
clinician insight, and 
transplant centers and donor 
candidates may consider other 
factors in their acceptance
criteria for living kidney 
donation in addition to 
quantitative risk estimates.



It is not the numbers who diagnoses or

treats a patient....but a skilled physician.


