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Measured and Estimated GFR in Healthy Potential Kidney Donors

Andrew D. Rule, MD, Hiie M. Gussak, MD, Gregory R. Pond, MSc, Erik J. Bergstralh, MS,
Mark D. Stegall, MD, Fernando G. Cosio, MD, and Timothy S. Larson, MD

Background: Nonradiolabeled iothalamate clearance is an accurate way to determine glomerular filtration rate
GFR). Objectives of this study are to define the normal range of nonradiolabeled iothalamate clearance in potential
idney donors and assess whether creatinine-based GFR estimates are accurate in this population. Methods:
edical records of 365 potential kidney donors were reviewed. GFR was measured using clearance of nonradiola-
eled iothalamate. Linear regression analysis was used to determine age- and sex-specific normal range values for
FR and serum creatinine. The abbreviated Modification of Diet in Renal Disease (MDRD) and Cockcroft-Gault
rediction equations were used to estimate GFR from serum creatinine levels. Results: GFR declined significantly
ith increasing age (P < 0.001) and was lower in women than men (P < 0.001). Men at the age of 20 years had an
stimated mean GFR of 129 mL/min that declined by 4.6 mL/min/decade. Women at the age of 20 years had a mean
FR of 123 mL/min that declined by 7.1 mL/min/decade. Regression analysis of GFR normalized to body surface
rea (nGFR) was significant for age (P < 0.001), but not sex (P � 0.826). A 20-year-old had a mean nGFR of 111
L/min/1.73 m2 that declined by 4.9 mL/min/1.73 m2/decade. Correlation between measured nGFR and estimated
FR was weak (r � 0.26 for abbreviated MDRD equation; r � 0.35 for Cockcroft-Gault equation). Conclusion: This
tudy of nonradiolabeled iothalamate clearance for the measurement of GFR in potential kidney donors established
ge-adjusted normal values. In healthy individuals, GFR cannot be estimated accurately using the abbreviated
DRD or Cockcroft-Gault prediction equations. Am J Kidney Dis 43:112-119.
2004 by the National Kidney Foundation, Inc.
NDEX WORDS: Creatinine; glomerular filtration rate (GFR); iothalamic acid; kidney; living donor; reference values.
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ESULTS OF LIVING donor kidney trans-
plantation are superior to those of cadav-

ric transplantation.1 Additionally, waiting times
or cadaveric kidney transplants continue to in-
rease, now approaching more than 6 years at
ome transplant centers.2 Increasing use of lapa-
oscopic donor nephrectomy has made kidney
onation more appealing than open surgical pro-
edures. Related and nonrelated donation increas-
ngly is preferred over cadaveric transplantation.
o ensure that kidney donation is not performed
sing donors with even mild renal impairment,
any centers obtain a direct measurement of

lomerular filtration rate (GFR). Although some
enters use a GFR cutoff value of 80 mL/min,
thers use 60 mL/min in the determination of
onor candidacy.3 It also is pertinent that recipi-
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nts have double the risk for graft loss when
eceiving a kidney from a donor with a GFR less
han 80 mL/min.4 Therefore, assurance of nor-
al donor renal function is a critical component

f donor evaluation.
Ideally, assessment of renal function should be

ccurate, simple, safe, and cost-effective. Use of
24-hour urine collection to estimate GFR with

reatinine clearance is the most common tech-
ique of donor evaluation.3 However, creatinine
learance has many deficiencies, including errors
rom incomplete urine collection and tubular
ecretion of creatinine. Undercollection and over-
ollection of 24-hour urine for creatinine clear-
nce measurement is a common problem in do-
or evaluation.5 Measurement of inulin clearance
s considered the gold standard for GFR estima-
ion, but the process is expensive, requires an
ntravenous infusion, and has intermittent prob-
ems with availability. Iothalamate radiolabeled
ith iodine 125 also has been used to measure
FR.6 Clearance of a subcutaneous injection of

adiolabeled iothalamate correlates well with
learance of an intravenous infusion of inulin
r � 0.982).6

More recently, clearance of nonradiolabeled
othalamate, a commonly used radiopaque con-

rast agent, has been shown to be an accurate,

idney Diseases, Vol 43, No 1 (January), 2004: pp 112-119
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GFR NORMAL VALUES 113
afe, and cost-effective method to measure GFR.7

his method eliminates the risk for radioactivity
xposure to patients and laboratory personnel.
urthermore, clearance of nonradiolabeled

othalamate correlates well with clearance of
adiolabeled iothalamate (r � 0.998).7 However,
se of nonradiolabeled iothalamate for assess-
ent of renal function in healthy subjects has not

een evaluated. Therefore, the primary purpose
f this study is to determine normal values for
FR by age and sex on the basis of nonradiola-
eled iothalamate clearance in a large donor
opulation and compare these findings with those
f other GFR normal-value studies in the litera-
ure.

Based on Kidney Disease Outcomes Quality
nitiative (K/DOQI) guidelines, estimation of
FR with creatinine-based prediction equations

s recommended in evaluating patients with
hronic kidney disease.8 However, application of
hese formulas in healthy populations has not
een well studied. Two of the more popular GFR
rediction equations are the Cockcroft-Gault
quation9 and abbreviated Modification of Diet
n Renal Disease (MDRD) equation.10,11 The
econdary purpose of this study is to evaluate the
erformance of these 2 equations in a healthy
onor population.

PATIENTS AND METHODS

atient Selection
Records of potential living donors for kidney transplanta-

ion at Mayo Clinic between October 20, 1996, and April 20,
001, were reviewed retrospectively. Four hundred forty-
wo patients older than 18 years had nonradiolabeled
othalamate clearance measured for their evaluation. Pa-
ients who had a history of a primary renal or systemic
isease were excluded. Patients who had elevated blood
ressure (�140/90 mm Hg), fasting serum glucose level
levation (�126 mg/dL [�7 mmol/L]), elevated 24-hour
rine protein level (�150 mg), or abnormal urinary sedi-
ent on urinalysis were excluded. Patients with structural

bnormalities on computed tomographic urography or an-
iography also were excluded. Of the remaining 376 pa-
ients, 11 patients had not given consent for the medical
ecord review for research purposes and were not included
n the study.

ata Collection
The remaining 365 patients had data for age, sex, race,

ody surface area, serum creatinine level, and nonradiola-
eled iothalamate clearance obtained from their medical
ecords. Serum creatinine was measured with use of the

odified kinetic rate Jaffé reaction on an autoanalyzer l
Roche-Hitachi 747; Roche Diagnostics Corp, Indianapolis,
N) that was calibrated daily. Details of GFR measurement
ith use of nonradiolabeled iothalamate have been de-

cribed previously.7 Total duration of this clearance test was
pproximately 2 hours. Briefly, each patient was adminis-
ered a 300-mg subcutaneous injection of nonradiolabeled
othalamate. Hydration with 4 to 6 glasses of water before
he test was performed to maintain urine flow. After a
5-minute equilibrium period, the patient completely voided,
onfirmed by bladder ultrasonography, and a first plasma
ample (P1) was obtained. After an additional 45 to 60
inutes, the patient again completely voided to provide a

rine sample (U1), and an additional plasma sample (P2) was
btained. Flow (V) was determined from the urine volume
f U1 divided by time between voiding episodes. Iothalamate
oncentration (in micrograms per milliliter) was measured
n plasma and urine samples (P1, P2, U1) by capillary
lectrophoresis. GFR (in milliliters per minute) was calcu-
ated using the following equation:

GFR �
U1 � V

(P1 � P2)/2
(1)

GFR normalized to body surface area (nGFR; in millili-
ers per minute per 1.73 square meters) was obtained using
he following equation:

GFR � GFR

�
1.73 m2

weight (kg)0.425 � height (cm)0.725 � 0.007184
(2)

ata Analysis
The primary goal of analysis is to determine the normal

ange for GFR, nGFR, and serum creatinine values, taking
nto account age and sex, if necessary. Potential effects of
ge and sex were tested by using linear regression analysis
n each laboratory value. If sex was significant, a separate
nalysis was performed for each sex. If age was significant,
he regression model was used to estimate percentiles at
ach age. Percentiles 2.5, 5, mean, 95, and 97.5 were
stimated from the regression model using the nonparamet-
ic method of O’Brien and Dyck.12

The secondary goal of analysis is to estimate nGFR by
sing the Cockcroft-Gault and abbreviated MDRD equa-
ions. Statistical comparison of estimated nGFR with mea-
ured nGFR was performed by estimating the bias (mean
stimated � measured), precision (percentage of estimated
GFRs within 30% of measured), and correlation.8

RESULTS

emographics

Of 365 study subjects, 205 subjects (56.2%)
ere women, mean age was 41.1 � 11.4 (SD)
ears (range, 18 to 71 years), and mean body
urface area was 1.93 � 0.23 m2. Two hundred
fty-nine subjects (71.0%) were living related
onors, 104 subjects (28.5%) were living unre-

ated donors, and 2 subjects were not classified.
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RULE ET AL114
acial distribution was 293 whites (80.3%), 12
iddle Easterners (3.3%), 6 Hispanics (1.6%), 5
frican Americans (1.4%), 5 Asian/Pacific Island-

rs (1.4%), 1 Native American (0.3%), and 43
nknown (11.8%). Mean GFR was 113 � 22
L/min (range, 60 to 195 mL/min), and mean

GFR was 101 � 16 mL/min/1.73 m2 (range, 67
o 164 mL/min/1.73 m2). Mean serum creatinine
alue was 1.04 � 0.15 mg/dL (92 � 13 �mol/L;

ange, 0.7 to 1.6 mg/dL [62 to 141 �mol/L]). M
FR

Figure 1 shows the relationship between age
nd GFR for men and women. Regression analy-
is of GFR was significant for both age (P �
.001; r � 0.33) and sex (P � 0.001; r � 0.30).
FR declines by 4.6 mL/min/decade in men and
.1 mL/min/decade in women, but this differ-
nce was not statistically significant (P � 0.18).

Fig 1. (A) GFR by age in
160 male donors. Estimated
2.5th, 5th, mean, 95th, and
97.5th percentiles at the age
of 20 years are 97, 100, 129,
167, and 174 mL/min, respec-
tively. GFR declined at an es-
timated rate of 4.6 mL/min/
decade. (B) GFR by age
in 205 female donors. Esti-
mated 2.5th, 5th, mean, 95th,
and 97.5th percentiles at the
age of 20 years are 92, 96,
123, 153, and 161 mL/min, re-
spectively. GFR declined at
an estimated rate of 7.1 mL/
min/decade.
en at the age of 20 years had a mean GFR of
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GFR NORMAL VALUES 115
29 mL/min and 5th percentile GFR of 100
L/min. Women at the age of 20 years had a
ean GFR of 123 mL/min and 5th percentile
FR of 96 mL/min.

GFR

Figure 2 graphically shows the relationship
etween age and nGFR for all patients. Regres-
ion analysis of nGFR also was significant for
ge (P � 0.001; r � 0.35), but not sex (P �
.826). nGFR declines by 4.9 mL/min/1.73 m2/
ecade. Twenty-year-olds had a mean nGFR of
11 mL/min/1.73 m2 and 5th percentile nGFR of
1 mL/min/1.73 m2. Table 1 lists age-based nor-
al value ranges for nGFR.

erum Creatinine

Regression analysis of serum creatinine val-
es was significant between men and women
P � 0.001), but not for age (P � 0.269). Mean
reatinine values were 1.16 mg/dL (103 �mol/L)
or men and 0.96 mg/dL (85 �mol/L) for women.
ercentile 95 creatinine values were 1.4 mg/dL
124 �mol/L) for men and 1.1 mg/dL (97 �mol/L)
or women.

FR Prediction Equations

Of 365 study subjects, only results from 298

Fig 2. nGFR by age in 365
otential donors. Estimated
.5th, 5th, mean, 95th, and
7.5th percentiles at the age
f 20 years are 87, 91, 111,
36, and 141 mL/min/1.73 m2,
espectively. nGFR declined
t an estimated rate of 4.9
L/min/1.73 m2/decade.
hite or African-American subjects were ana-
yzed further to be consistent with known
acial criteria for MDRD study equations.10

wenty-four subjects who lacked weight data,
ecessary for application of the Cockcroft-
ault equation, also were excluded. Figure 3
raphically shows the relationship between
stimated nGFR and measured nGFR with use
f the Cockcroft-Gault (Fig 3A) and abbrevi-
ted MDRD (Fig 3B) equations. Mean nGFR
as 101 � 16 mL/min/1.73 m2 for iothalamate

learance, 72 � 11 mL/min/1.73 m2 for the
bbreviated MDRD equation (bias, �29 mL/

Table 1. nGFR in Healthy Donors

ge (y)

Percentile

2.5 5 Mean 95 97.5

20 87 91 111 136 141
25 84 88 109 133 138
30 81 86 107 131 136
35 79 83 104 128 134
40 77 81 102 126 131
45 74 78 99 123 129
50 72 76 97 121 126
55 70 73 94 119 124
60 67 71 92 116 121
65 65 69 89 113 119
70 62 66 87 111 116
75 60 64 84 109 114

2
NOTE. nGFR expressed as mL/min/1.73 m .
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in/1.73 m2), and 87 � 17 mL. mL/min/1.73
2 for the Cockcroft-Gault equation (bias,
14 mL/min/1.73 m2). Percentages of esti-

ated values within 30% of iothalamate clear- a
nce values were 55% for the MDRD equation
nd 82% for the Cockcroft-Gault equation.
orrelation coefficients between each equation

Fig 3. (A) Estimated nGFR
(in mL/min/1.73 m2) using the
abbreviated MDRD equation
compared with measured
nGFR using nonradiolabeled
iothalamate clearance in 274
potential donors (r � 0.26;
P < 0.001). (B) Estimated
nGFR using the Cockcroft-
Gault equation compared
with measured nGFR (r �
0.35; P < 0.001).
nd iothalamate clearance were r � 0.26 for
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GFR NORMAL VALUES 117
he MDRD equation and r � 0.35 for the
ockcroft-Gault equation.

DISCUSSION

The primary objective of this study is to deter-
ine the normal distribution of GFR on the basis

f sex and age in a population of ostensibly
ealthy study subjects evaluated for kidney dona-
ion. Results show the expected sex- and age-
elated differences in GFR.13-15 The dependence
f GFR on sex is consistent with the larger body
abitus of men compared with women. How-
ver, when GFR is normalized to body surface
rea, there is no significant difference between
en and women, consistent with previous stud-

es.6,16 The decline in GFR by 0.5 mL/min in
en and 0.7 mL/min in women is similar to the

.75-mL/min decline seen in the Baltimore Lon-
itudinal Study of creatinine clearance.15

In an earlier study at Mayo Clinic, inulin
learance was used to define normal values for
FR in 141 healthy donors.6 Mean nGFR in the

nulin study was defined by the linear regression
quation nGFR � 118 � 0.4(age � 20) and
ompares to the present study linear regression
quation of nGFR � 111 � 0.5(age � 20). The
resent study shows GFR continues to decrease
inearly by 0.5 mL/min/1.73 m2 in older donors
age, 60 to 75 years); the inulin study lacked
hese data. The small difference between these 2
tudies could suggest that nonradiolabeled
othalamate clearance underestimates GFR com-
ared with standard inulin clearance. However,
his difference may be related to variations in
tudy protocols that effect physiological changes
n GFR related to hydration, fasting, and recum-
ence. High hydration, as performed in this study,
as been shown to decrease GFR in healthy
dults.17 Another explanation is supported
n a study that shows a decline in mean donor
GFR measured by radioactive iodine–labeled
othalamate clearance from 110 mL/min/1.73 m2

n 1970 to 95 mL/min/1.73 m2 in 1990.18 Thus,
esults of the present study may simply confirm a
ecline in mean GFR of donor populations in the
0 years since the older inulin study.
Applying results of this study to define a

ormal value range assumes the study population
s a representative sample of the healthy adult
opulation. Race data were incomplete in this

tudy, but nonwhite racial groups appear to be G
nderrepresented compared with the general US
opulation. Also, many potential donors are rela-
ives of recipients and may have a greater preva-
ence of subclinical renal disease than the gen-
ral population, even with rigid screening
riteria.19 In this study, 71% of subjects were
elatives of transplant recipients with kidney
isease. The mean nGFR of 109 mL/min/1.73 m2

n 25-year-olds in this study is less than that in
ther studies. The original normal value study
or GFR using inulin clearance in healthy young
dults gave mean nGFRs of 127 mL/min/1.73 m2

n men and 118 mL/min/1.73 m2 in women.20 A
ore recent study of inulin clearance in 24

oung normotensive subjects (mean age, 26 � 3
ears) found a mean nGFR of 121 mL/min/1.73
2.13 Thus, applying results of this study to the

eneral population requires both race consider-
tions and recognition of a possible subclinical
enal disease selection bias in donor populations.

The constant decline in nGFR of 4.9 mL/min/
.73 m2/decade for all age groups in this study is
ontrary to findings in earlier studies that showed
n increase in rate of decline after the age of 50
ears. A meta-analysis of 8 normal-value studies
f nGFR using inulin or chromium 51–labeled
detic acid clearance showed a decline of 4
L/min/1.73 m2/decade up to age 50 years and a

ecline of 10 mL/min/1.73 m2/decade after the
ge of 50 years.16 Only 1 study in this meta-
nalysis included subjects older than 60 years,
nd that study did not censor subjects with un-
reated high blood pressure.21 Another normal-
alue study that used iohexol clearance found no
hange in nGFR with age up to 50 years and a
ecline of 10 mL/min/1.73 m2/decade after the
ge of 50 years. Limited information was pro-
ided about how study subjects were screened
or kidney disease.22 In the general population,
he prevalence of kidney disease increases with
ge. Any normal-value study that does not ex-
lude kidney disease would be expected to show
n increased rate of nGFR decline with age.
eanalysis of this current study found a decline
f 3.5 mL/min/1.73 m2/decade up to the age of
0 years and 5.5 mL/min/1.73 m2/decade after
he age of 50 years, but this difference was not
tatistically significant (P � 0.44).

Nonradiolabeled iothalamate clearance has sev-
ral advantages over other methods of measuring

FR in donor populations. Creatinine clearance
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RULE ET AL118
s prone to 24-hour urine collection errors and
verestimates GFR by 10% to 40% because of
ubular secretion of creatinine.8,23 Serum cystatin

values can be used to estimate GFR indepen-
ent of age and sex, but its measurement has not
een studied as a screening tool in a donor
opulation.24 In addition to nonradiolabeled
othalamate, other clearance techniques that use
xogenous markers have been developed to re-
lace inulin clearance, which is expensive and
umbersome. Clearance techniques with radioac-
ive markers (iodine 125–labeled iothalamate,
echnetium 99–labeled pentetic acid, chromium
1–labeled edetic acid) give results similar to
nulin clearance, but radioactive exposure and
nfrastructure to handle radioactive materials limit
heir use.25 Iohexol is an exogenous nonradiola-
eled iodine compound used in clearance esti-
ates of GFR with capillary electrophoresis.26

owever, correlation of iohexol to iodine 125–
abeled iothalamate (r � 0.93)26 is lower than
orrelation of nonradiolabeled iothalamate to io-
ine 125–labeled iothalamate (r � 0.998).7 Al-
hough nonradiolabeled iothalamate clearance
as never been directly compared with inulin
learance, its strong correlation with iodine 125–
abeled iothalamate clearance is adequate valida-
ion for accurately measuring GFR. Nonradiola-
eled iothalamate clearance has been used on a
egular basis at the Mayo Clinic to assess renal
unction in potential donors for the past 8 years.

Serum creatinine values in this study compare
quivocally with those reported in the Third
ational Health and Nutrition Examination Sur-
ey (NHANES III), a study of the US adult
opulation. Subjects in NHANES III without
ypertension or diabetes mellitus had mean se-
um creatinine values of 1.13 mg/dL (100
mol/L) for men and 0.93 mg/dL (82 �mol/L)

or women.27 This is only slightly less than the
.16 mg/dL (103 �mol/L) for men and 0.96
g/dL (85 �mol/L) for women found in the

onor population of the current study. However,
ariation in serum creatinine measurements attrib-
table to different manufacturer calibration stan-
ards can cause bias errors between different
aboratories. For example, serum creatinine val-
es were on average 0.23 mg/dL (20 �mol/L)
ower at the MDRD study laboratory compared
ith the NHANES III study laboratory.28 Consis-
ent with the literature, we found no change in i
erum creatinine values with age14 because
uscle mass declines at a rate similar to GFR.
Recent K/DOQI guidelines recommend esti-
ating GFR with equations based on serum

reatinine values.8 The Cockcroft-Gault equa-
ion9 and abbreviated MDRD equation10,11 are
oth commonly used in adults. Both equations
ave been advocated,8 but were designed on the
asis of populations with chronic kidney disease.
n this healthy population study, these equations
ppear to underestimate GFR by 29 mL/min/
.73 m2 with the MDRD equation and 14 mL/min/
.73 m2 with the Cockcroft-Gault equation. How-
ver, calibration bias in serum creatinine
easurement is known to be a source of GFR

stimation errors between laboratories. For ex-
mple, there is a serum creatinine bias (differ-
nce) of 0.23 mg/dL (20 �mol/L) between the
DRD study and NHANES III study.28 Mean

erum creatinine values in the present study are
imilar to those reported in the NHANES III
tudy. To test the possible effects of this creati-
ine bias on the relationship between measured
nd estimated nGFR, serum creatinine values
ere decreased by 0.23 mg/dL (20 �mol/L) and

eanalyzed using the MDRD equation. Estimated
FR increased to 97 � 17 mL/min/1.73 m2, with
bias of �4 mL/min/1.73 m2 (previously 72 �

1 mL/min/1.73 m2, with a bias of �29 mL/min/
.73 m2). The percentage of values within 30%
f the iothalamate clearance improved to 89%
previously 55%). However, the correlation coef-
cient remained low at r � 0.27 (previously r �
.26). Thus, in healthy populations, a calibration
ifference between laboratories can lead to large
ias errors in estimating GFR with creatinine-
ased prediction equations. However, even when
orrecting for calibration bias, the correlation
etween estimated and measured GFR remains
eak.
Nonradiolabeled iothalamate clearance may

e preferred to creatinine-based prediction equa-
ions in certain clinical settings. In addition to
onor evaluation, patients with chronic kidney
isease need accurate GFR measurements.8 In
articular, in diagnosing and monitoring kidney
isease in the early stages, nonradiolabeled
othalamate is much more accurate and precise
han creatinine-based prediction equations. These
rediction equations may be more prone to error

n a population with similar and low serum
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GFR NORMAL VALUES 119
reatinine levels because epidemiological factors
ave a more dominant effect on the GFR estima-
ion. There may be too much variation in healthy
ndividuals to determine muscle mass and thus
reatinine production from age, sex, race, and
eight. GFR estimations of patients in the later

tages of kidney disease with exceptional dietary
ntake (vegetarian, creatine supplements) or de-
reased muscle mass are not reliable with predic-
ion equations.8 Clinical trials also would benefit
rom an accurate and cost-effective7 method of
easuring GFR, as provided with nonradiola-

eled iothalamate clearance.

REFERENCES
1. Kahan BD, Ponticelli C: Principles and Practice of

enal Transplantation, London, UK, 2000. Martin Dunitz,
p 165166
2. Harper AM, Edwards EB, Ellison MD, The OPTN

aiting list, 1988-2000. Clin Transpl 73-85, 2001
3. Bia MJ, Ramos EL, Danovitch GM, et al: Evaluation

f living renal donors: The current practice of US transplant
enters. Transplantation 60:322-327, 1995

4. Norden G, Lennerling A, Nyberg G: Low absolute
lomerular filtration rate in the living kidney donor: A risk
actor for graft loss. Transplantation 70:1360-1362, 2000

5. Bertolatus JA, Goddard L: Evaluation of renal func-
ion in potential living kidney donors. Transplantation 71:256-
60, 2001
6. Slack TK, Wilson DM: Normal renal function: CIN

nd CPAH in healthy donors before and after nephrectomy.
ayo Clin Proc 51:296-300, 1976
7. Wilson DM, Bergert JH, Larson TS, Liedtke RR: GFR

etermined by nonradiolabeled iothalamate using capillary
lectrophoresis. Am J Kidney Dis 30:646-652, 1997

8. National Kidney Foundation: K/DOQI Clinical Prac-
ice Guidelines for Chronic Kidney Disease: Evaluation,
lassification, and stratification. Am J Kidney Dis 39:S1-
246, 2002 (suppl 2)
9. Cockcroft DW, Gault MH: Prediction of creatinine

learance from serum creatinine. Nephron 16:31-41, 1976
10. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N,

oth D, for the Modification of Diet in Renal Disease Study
roup: A more accurate method to estimate glomerular
ltration rate from serum creatinine: A new prediction equa-

ion. Ann Intern Med 130:461-470, 1999
11. Levey AS, Greene T, Kusek JW, Beck GJ: A simpli-

ed equation to predict glomerular filtration rate from serum
reatinine. J Am Soc Nephrol 11:155A, 2000 (abstr)

12. O’Brien PC, Dyck PJ: Procedures for setting normal
alues. Neurology 45:17-23, 1995

13. Fliser D, Franek E, Joest M, Block S, Mutschler E, fi
itz E: Renal function in the elderly: Impact of hypertension
nd cardiac function. Kidney Int 51:1196-1204, 1997

14. Rodriguez-Puyol D: The aging kidney. Kidney Int
4:2247-2265, 1998
15. Lindeman RD, Tobin JD, Shock NW: Association

etween blood pressure and the rate of decline in renal
unction with age. Kidney Int 26:861-868, 1984

16. Granerus G, Aurell M: Reference values for 51Cr-
DTA clearance as a measure of glomerular filtration rate.
cand J Clin Lab Invest 41:611-616, 1981
17. Anastasio P, Cirillo M, Spitali L, Frangiosa A, Pollas-

ro RM, De Santo NG: Level of hydration and renal function
n healthy humans. Kidney Int 60:748-756, 2001

18. Gonwa TA, Atkins C, Zhang YA, et al: Glomerular
ltration rates in persons evaluated as living-related donors:
re our standards too high? Transplantation 55:983-985,
993
19. Spanos PK, Simmons RL, Kjellstrand CM, Buselmeier

J, Najarian JS: Screening potential related transplant do-
ors for renal disease. Lancet 1:645-649, 1974
20. Smith HW: Comparative physiology of the kidney, in

mith HW (ed): The Kidney: Structure and Function in
ealth and Disease. New York, NY, Oxford, 1951, pp
20-574
21. Landahl S, Aurell M, Jagenburg R: Glomerular filtra-

ion rate at the age of 70 and 75. J Clin Exp Gerontol
:29-45, 1981
22. Back SE, Ljungberg B, Nilsson-Ehle I, Borga O,

ilsson-Ehle P: Age dependence of renal function: Clear-
nce of iohexol and p-amino hippurate in healthy males.
cand J Clin Lab Invest 49:641-646, 1989
23. Shemesh O, Golbetz H, Kriss JP, Myers BD: Limita-

ions of creatinine as a filtration marker in glomerulopathic
atients. Kidney Int 28:830-838, 1985
24. Laterza OF, Price CP, Scott MG: Cystatin C: An

mproved estimator of glomerular filtration rate? Clin Chem
8:699-707, 2002
25. Gaspari F, Perico N, Remuzzi G: Application of

ewer clearance techniques for the determination of glomer-
lar filtration rate. Curr Opin Nephrol Hypertens 7:675-680,
998
26. Rocco MV, Buckalew VM Jr, Moore LC, Shihabi

K: Capillary electrophoresis for the determination of glo-
erular filtration rate using nonradioactive iohexol. Am J
idney Dis 28:173-177, 1996
27. Jones CA, McQuillan GM, Kusek JW, et al: Serum

reatinine levels in the US population: Third National Health
nd Nutrition Examination Survey. Am J Kidney Dis 32:992-
99, 1998
28. Coresh JB, Astor BC, McQuillan G, et al: Calibration

nd random variation of the serum creatinine assay as
ritical elements of using equations to estimate glomerular

ltration rate. Am J Kidney Dis 39:920-929, 2002


	Measured and Estimated GFR in Healthy Potential Kidney Donors
	PATIENTS AND METHODS
	Patient Selection
	Data Collection
	Data Analysis

	RESULTS
	Demographics
	GFR
	nGFR
	Serum Creatinine
	GFR Prediction Equations

	DISCUSSION
	REFERENCES


