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The accuracy of creatinine clearance with and without
urine collection as a measure of glomerular filtration rate
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Summary: Conventional creatinine clearances involving urine collections over 2, 4 and 24 hours and
creatinine clearance predicted from plasma creatinine concentrations without urine collection were
compared to glomerular filtration rate (GFR) estimated by 9'Tc DTPA clearance in 171 patients with a
wide range of GFR.
AU creatinine clearance methods involving urine collection had standard errors of the estimate ofGFR

greater than predictions from formulae.
Predictions of creatinine clearance by formulae had coefficients of variation of the estimate of

approximately 23% when compared to isotopicaly determined GFR.
Creatinine clearances determined by these equations in patients with stable renal function are an easier

and at least as accurate a guide to GFR as methods involving urine colection.

Introduction

Serum creatinine concentrations are a poor guide
to glomerular filtration rate (GFR) since they are
highly dependent on muscle mass and are insen-
sitive to changes in renal function until GFR is
substantially reduced.' When a direct measure of
GFR is required, as for adjusting drug dosage, the
ideal method would be to measure the renal
clearance of an isotopically labelled chelate.
Facilities for this are not always available and
consequently, 24 hour endogenous creatinine clear-
ance is still employed. Obtaining accurate timed
urine collections is one major potential source of
error when determining creatinine clearances, and
to reduce this, considerably shorter collection times
have been proposed.2 However, correlations
between creatinine clearances calculated from 24
hour and shorter timed collections have not been
close.
To overcome the need for urine collections,

several formulae and nomograms have been
devised to predict creatinine clearance from the
plasma creatinine concentration, taking the age,
sex and body weight of the subject into account.
These predictions are possible since urine
creatinine excretion is fairly constant across a wide
range of renal function when adjusted for the
patients' physical characteristics. There have been
few comparisons of both measured and predicted
creatinine clearances with an accurate measure of
GFR. We have used the plasma clearance of 9'Tc

DTPA as a reference standard and compared the
ability of various measured or predicted creatinine
clearances to estimate the GFR.

Patients and methods

One hundred and seventy-one patients with stable
renal function, who were undergoing radioisotopic
estimation ofGFR as part of their clinical manage-
ment, were studied. Plasma clearance of 99mTc
DTPA (Pentetate II, Amersham International) was
calculated from blood samples taken 2 and 4 hours
after injection.3 Urine was collected by spon-
taneous voiding between 0 and 4 hours post
injection (37 patients) or between 0 and 2 hour (92
patients). A further 35 patients brought an un-
supervised 24 hour urine collection from home
having received full written instructions. These
collections finished on the morning of the GFR
measurement.
Measured creatinine clearances were obtained

using the 24, 4 and 2 hour urine collections and a
plasma creatinine taken 2 hours post isotope
injection on the study day. Predicted creatinine
clearances were derived from the plasma creatinine
using the formulae of Hull et al.4 and Cockcroft
and Gault' (Figure 1), and the nomogram of
Bjornsson et al.6 Plasma and urine creatinine were
measured using a Vickers automated multi-channel
analyser.

Predicted creatinine clearances may be over-
estimated in patients with marked obesity.4 There-
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1. Cockcroft and Gault5
Males

Ccr= 1.23 x (140-age in years) x (wt in kg)
plasma creatinine pmol/I

Females
Ccr = 1.04 x (140-age in years) x (wt in kg)

plasma creatinine itmol/l
2. Hull et al.4

Males
Ccr = 1.26 x (145-age in years) x (wt in kg) 3

plasma creatinine jimol/l
Females

Ccr = 1.04 x (145-age in years) x (wt in kg)

plasma creatinine ftmol/l
Figure 1 Equations evaluated for the prediction of creatinine clearance (Ccr).

fore, when body weight was > 30% above ideal,
the latter value was used in the equations and
nomogram.

Correlations between the estimates from each
creatinine clearance technique and reference iso-
topic GFR were obtained by least squares analysis,
and the standard error of the estimate ofGFR and
the corresponding coefficient of variation cal-
culated in each case. The significance of differences
between coefficients ofvariation was determined by
the F test.
To assess whether there was any systematic

difference in the values of the creatinine clearances
compared to the reference isotopic GFR, paired
Student's t-tests were performed.

In addition to the above calculations, the values
on subjects with isotopic GFR below 50 ml/min
and those above 50 ml/min were analysed separ-
ately. In each case the mean differences between the
creatinine clearance values and GFR were assessed
using a paired Student's t-test.

Results

A summary of the correlations between the various
methods for deriving creatinine clearance and the
reference GFR obtained from plasma clearance of
9'Tc DTPA is shown in Table I. The relationships
between predicted or measured creatinine clear-
ance and reference GFR all tended to demonstrate
an increasing absolute error in the estimate ofGFR
with higherGFR values (Figure 2). It was therefore
considered more appropriate to use a measure of
the relative dispersion (the coefficient of variation)
rather than the absolute dispersion when compar-
ing the accuracy of estimation of the different
techniques.
The Cockcroft and Gault and Bjornsson predic-

tions of creatinine clearance showed no systematic

difference from GFR whereas the Hull equation
gave a small but significant overestimate (P<
0.01). The coefficients of variation of estimating
GFR were similar for both equations and the
nomogram. The relationship betweenGFR and the
Cockcroft and Gault prediction of creatinine
clearance is shown in Figure 2.
The measured creatinine clearance techniques all

produced systematically higher values compared to
reference GFR. The coefficient of variation of
estimating GFR from the 2 hour clearances was
significantly higher than both the 4 and 24 hour
clearances (P <0.01).
The coefficients of variation of estimating GFR

using the formulae or nomogram were significantly
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Figure 2 Regression relationship between glomerular
filtration rate measured by plasma clearance of 99mTc
DTPA and predicted creatinine clearance by the method
of Cockcroft and Gault.
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lower than those of the 2 and 4 hour measured
creatinine clearances (P<0.01) and showed a
trend to a lower error than for the 24 hour
measured clearance.
The differences between measured creatinine

clearances and reference GFR for subjects with
GFR greater or less than 50 ml/min are shown in
Table II. In each case the mean creatinine clearance
values were higher than the reference GFR. In
addition the relative overestimate was higher when
the GFR was less than 50 ml/min than when it was
greater than 50 ml/min, although only for the 2
hour clearance values was this statistically signi-
ficant. The results for the Cockcroft and Gault
predicted creatinine clearance showed closer agree-
ment across the whole GFR range than measured
creatinine clearances.

Discussion

Plasma clearance of 9"Tc DTPA has been shown
to accurately reflect GFR measured by inulin
clearance, provided a preparation with low protein
binding is used.' The technique used for measure-
ment of the reference GFR in this study gives a
standard error of the estimate of less than 3 ml/min
when compared to multiple plasma sampling.3 This
should therefore provide an acceptably accurate
standard with which to compare the creatinine
clearances. The many potential sources of error in
the measurement of creatinine clearance, which
include the laboratory methods for measuring
creatinine and the accuracy of urine collection,
have been reviewed by Bjornsson.' The current
study demonstrated the inaccuracy of all the
creatinine clearance estimates when compared with
isotope clearance GFR and agrees with previous
assessments.8
Measured creatinine clearance tends to over-

estimate low GFR.9"0 In the current study, the
measured creatinine clearances gave a considerable
overestimation of the mean GFR, most marked at
low GFR.

By contrast, the Cockcroft and Gault predicted
creatinine clearances showed a smaller mean over-
estimate at low GFR and an underestimate at high
GFR. Charleson et al." demonstrated a correlation
of 0.83 between predicted creatinine clearance by
the method of Cockcroft and Gault and 5'chro-
mium EDTA clearance. The regression equation
was not given but the scatter diagram suggested
that the equation gave a similar overestimation of
GFR at low creatinine clearances with an under-
estimate at high clearances.
The reliability of the predicted creatinine clear-

ances in determining GFR in the current study is
similar to those found by previous workers, who
calculated reliability to be between ± 21-35%.2 13
Brochner-Mortensen'4 suggested that 24 hour
creatinine clearance is more reliable than predicted
clearances, but based this conclusion on data from
the mean of three urine collections discarding
patients with variable results from the analyses.
The comparisons from our study suggest that
measured creatinine clearance in clinical practice,
even with short supervised urine collection periods,
is likely to be no better than and probably less
accurate than predicted clearances.
The limitations of the prediction methods have

been reviewed recently by Smith.'5 In patients with
marked obesity predicted creatinine clearance will
overestimate true GFR4 and in this situation, ideal
body weight can be used in the equations to
improve accuracy. Prediction methods should also
be avoided in patients with hepatic dysfunction,5 6
and if renal function is rapidly changing. Applica-
tion ofthis approach without consideration ofsuch
factors may have contributed to the conclusions of
other investigators that the coefficient of variation
of predicted creatinine clearance was too great for
it to be of clinical value. 17-20

Creatinine clearance is a more easily interpreted
index of renal function than serum creatinine
alone. Our results suggest that predicted creatinine
clearance provides a simpler and probably more
accurate alternative to measured clearances for
determining GFR. Nevertheless, it should be

Table II Percentage ( ± standard error) overestimate between creatin-
ine clearances relative to isotopic GFR for subjects with GFR less than

50 ml/min compared to those with GFR greater than 50 ml/min

GFR less GFR greater
than than Significance

50 ml/min 50 ml/min of difference
2 h Creatinine clearance 61 ± 12 18 ± 4 P< 0.005
4 h Creatinine clearance 16 ± 10 11 ± 5 N.S.

24 h Creatinine clearance 28 ± 15 11 ± 4 N.S.
Cockcroft and Gault 6 ± 3 -2 ± 2 P< 0.05
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remembered that all methods for determining
creatinine clearance are inaccurate and that iso-
topic estimations of GFR are desirable when
greater precision is required.
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