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Prediction of Creatinine Clearance from Serum Creatinine!
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Abstract. A formula has been developed to predict creatinine clearance (Cer) from serum
creatinine (S¢r) in adult males:

(140 — age) (wt kg)
72 x Scr(mglloo ml)

(15% less in females). Derivation included the relationship found between age and 24-hour
creatinine excretion/kg in 249 patients aged 18-92. Values for Cer were predicted by this
formula and four other methods and the results compared with the means of two 24-hour
Cers measured in 236 patients. The above formula gave a correlation coefficient between
predicted and mean measured Cers of 0.83; on average, the difference between predicted
and mean measured values was no greater than that between paired clearances. Factors
for age and body weight must be included for reasonable prediction.

r =

It is useful to be able to quickly predict creatinine clearance (Cer) without
collecting urine, particularly when instituting therapy with potentially toxic
drugs which are primarily excreted by the kidneys. Several formulae [1-3]
and a nomogram [4, 5] have been reported to give satisfactory results. Serum
creatinine (Ser), body weight, age and sex are variables which have been
utilized to predict Cer.
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We have derived a simple formula for predicting Ce from serum creatinine,
age and body weight and have compared its ability to predict Cer with that
of previously reported methods [1-4] in 236 patients. We also compared the
variation between values for predicted and measured Cer with the variation
found between the two Cers obtained for each patient on different days in
505 patients.

Methods and Patients

Serum and urine creatinine concentrations were determined by autoanalyser method
N-11B (Technicon Instruments Corp., Tarrytown, N.Y.). Cers were based on 24-hour
urine collections from patients mainly on medical wards. Bloods were drawn in the fasting
state for determination of Ser.

The records of 534 consecutive patients who had two or more 24-hour Cerrg determined
at the Queen Mary Veterans’ Hospital were reviewed. 96% were male. When more than
two Cer,s had been determined, the last two values were selected. 29 patients were rejected
because they were not in steady state (values for Ser differed by more than 20%) and the
remaining 505 patients formed group I. Group II was formed of 236 group I patients
selected because clearances were similar and appeared to closely approximate true values.
Patients in group I were rejected in the formation of group II, if the difference between values
for 24-hour creatinine excretion differed by more than 20% (n=173), if 24-hour creatinine
excretion was < 10 mg/kg (n=231) and if records were inadequate (n=65). C¢r's in group II
patients ranged from normal to as low as 11 ml/min (mean 72.7 4 SD 36.6 ml/min).

24-hour urine creatinine excretion was determined in duplicate in 249 males, including
the 226 males in group II and 23 others who had been excluded from group II because the
24-hour creatinine excretion was < 10 mg/kg, but accepted here when 24-hour urine volume
was > 500 ml.

Cers were predicted in group II patients from values for Ser using three published
formulae and the formula derived in this study (table I). The mean of the two values for
Ser, if different, was utilized. Values for Cer predicted by the three published formulae were
calculated per 1.73 m2 and adjusted according to each patient’s surface area so as to be
equivalent to the measured value. Two Cer's Were also predicted for group II patients from
a nomogram [4] using Ser, age, sex and body weight, and the value calculated. The predic-
tions were made without knowledge of measured Cer's.

The values for Cer predicted by each of the four formulae and the nomogram (table T)
were compared with the mean of the two measured Cers for each of the 236 group I patients.
The means, correlation coefficients (r), regression lines (y =a + bx, where x is the measured
and y is the predicted Cer), standard errors of estimate and the deviations from the line
identity,

]/ Z(x—y)P
n—1 ’

were calculated for each method of prediction. Similar correlations were made using
logarithms of the predicted and the first measured Cer's.
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Fig. 1. Creatinine excretion. ® = SIERSBEK-NIELSEN et al. [5], 149 males, age 20-99 years;
C =present study, 249 males, age 18-92 years.

The average weight, in the numerator, approximates 72 kg for males, a
figure which by chance is also in the denominator. Thus, for an average sized
male:

140 — age

Cer ml/min =
SCI‘

Comparison of measured values for C.r with those predicted by the four
formulae (table I) and the nomogram for the 236 group 11 patients, showed
the formula derived in this study (formula IV) and the nomogram of SiErs-
BAK-NIELSEN ranked in the first two, considering five parameters: The differ-
ence between measured and predicted means and the deviations from the
line of identity (x=y) (table III); the correlation coefficients between meas-
ured and predicted values, and the slopes and intercepts of the regression lines
(table 1V). Formula II gave the least standard error of estimate (table IV),
but the mean predicted Cer underestimated the mean measured value by
9 ml/min. Formula I'V and the nomogram gave remarkably similar results and
the correlation coefficient between values for Cer predicted by these two
methods was 0.99.

The absolute value of the prediction error varies directly with the magni-
tude of the creatinine clearance (fig.2), as does the difference between two
measured creatinine clearances (fig. 3a). The use of log transformations as in
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Table II1. Mean group II predicted creatinine clearances (Cer) and deviations of predicted
values from the line of identity, determined by five methods (n=236)

Method of Mean Deviations from
predicting predicted Cer line of identity?
Cer ml/minl x=y)

Formula I 77.6 25.9

Formula II 63.6 24.0

Formula IIT 82.7 27.0

Formula IV 72.8 20.9
Nomogram 75.8 20.8

1 Mean group II measured Cer was 72.7 ml/min.
2 V Z(x—y?
n—1

Table I'V. Correlations between mean measured and predicted creatinine clearances
in group Il (n=236)

Mean measured Cer r SEE Interceptl Slopel
correlated with

Cer predicted by

Formula 1 0.73 21.7 31.0 0.64
Formula II 0.80 17.6 17.6 0.63
Formula IIT 0.74 20.6 38.2 0.61
Formula IV 0.83 19.8 14.0 0.81
Nomogram 0.84 19.5 15.4 0.83

1 y =a + bx where x and y are the measured and predicted creatinine clearances; a is the
intercept and be the slope.

figure 3c, appears to result in comparable absolute differences at all levels of
Cer. Correlation coefficients and standard errors of estimates of log transforms
also showed formula IV and the nomogram to give the best and equal results.

The prediction error expressed as a percentage of the Ccr appears relatively
constant at all levels of Cer. Analysis of individual results obtained using
formula IV showed that predicted and mean measured values differed by 35%
or less in 95% and by 20% or less in 67% of patients.

The correlation coefficients between the two measured Cers in group I and
II patients were 0.77 (SEE 25.5) and 0.94 (SEE 12.8), respectively. This
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Fig.2. Predicted and measured creatinine clearance.

compares with r values of 0.83 and 0.84 between measured and predicted
Cerss for group Il patients for formula IV and the nomogram (table IV). Wher
log transforms were considered, the correlation coefficient was 0.83 betweer
the two Cerss in group I patients and 0.90 between measured and predictec
values for both the nomogram and formula IV in group II patients.

Discussion
A fall in glomerular filtration rate with age was described by Davies and

SHOCK {6] in 1950 and has subsequently been confirmed, in particular for
Cer [7]. The decline in creatinine excretion with age is, however, less well
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recognized. We have demonstrated an almost linear decrease of about 50%

(23.6 to 12.1 mg/kg) in creatinine excretion expressed in mg/kg/24 h over the
3rd to 9th decades, results which are remarkably similar to those of SIERSBZEK-
NIELSEN et al. [5] (fig. 1) and AHLERT ef al. [8]. Although the reason for this
decline is not completely understood, it is probably related to a decrease in
muscle mass with aging. Apart from varying the relationship between Ser and
Cer, it has practical importance when creatinine excretion is used to evaluate
the completeness of urine collections, and especially when Ser is used to
estimate the dose of toxic drugs excreted primarily by the kidneys. For
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instance, a man of 70 might have the same Ser as a 25-year-old man, but only
half the Cer.

Formulae I and III do not take age into consideration and give less
satisfactory results (tables III, IV), with mean clearances predicted for group II
patients exceeding the measured means by 7 and 10 ml/min, respectively.
Overestimation would be expected to increase with age.

Formulae II includes age as a factor, but was found to underestimate the
measured Cer by an average of 9 ml/min. Results using this formula are said
to compare well [3] with those obtained using a computer program [9] which
is basically derived from the data of KAMPMANN et al. [4]; however, a factor
based on experience in a limited number of patients is included, which reduces
predicted values for Cer by 15%. Our data, measured in hospitalised males,
are strikingly similar to those of SIERSBEK-NIELSEN et al. [5] (fig. 1), suggest-
ing this 15% reduction is unnecessary.

The values predicted by formula IV and the nomogram of SIERSBEK-
NIELSEN et al. [S] gave the best predicted results. Both methods gave means
which closely approximated the mean measured value for group II patients
and very similar correlation coefficients and regression lines considering pre-
dicted and measured values (table IV). The correlation coefficient between
Cors predicted by these two methods was 0.99. We recognize that the same
group II patients were used in the derivation of formula IV as in the test
group and therefore the results of predictions in another group might not be
as good.

The correlation coefficients found in group II patients between mean
measured Cers and those predicted by formula IV and the nomogram were
0.83 and 0.84, compared with values found between paired creatinine clear-
ances performed in the same selected 236 group II patients of 0.94 and of
0.77 in the 505 group 1 patients who were randomly selected. These results
indicate that on average, prediction error will not exceed the difference
between two creatinine clearances determined in the same individual on a
hospital ward. The difference between two measured Cers is due to biological
variation and to errors related to urine collection and creatinine assay; it is
not possible to quantitate their relative contributions in this study. However,
we suggest that urine collection errors were the largest source of variation.
It should also be noted that group II patients are included in group I and that
results obtained, if two entirely different groups were compared, might be
somewhat different.

We have not evaluated the method of JADRNY [10] or the nomogram of
ErrersoE [11] for predicting Cer; neither includes a factor for age.












