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The urea clearance test developed by M6ller, McIntosh and Van Slyke
(1) has one disadvantage, namely, that maximum and standard clearances
are only comparable by refer.ence to the average normal value for each or
by multiplying the standard clearance by a constant. In addition the stand-
ard clearance, involving the square root of the urine volume, is difficult
to interpret. The creatinine clearance test, developed by Rehberg (2), is
not subject to these objections, since the excretion of creatinine is inde-
pendent of urine volume. It therefore seemed worth while to compare
the creatinine and urea clearances as a test of renal function, to determine
if there was sufficient practical advantage in the creatinine test to compen-
sate for the added technical difficulties.

Rehberg presented evidence that led him to believe that the creatinine
clearance represented the volume of glomerular filtrate, and on this as-
sumption calculated the quantities of urea and chloride reabsorbed. Reh-
berg's conception has been accepted by Wyschegorodzewa (3), Bergwall
(4), and others (5, 6); questioned by Cope (7) and Ekehorn (8); and
denied by Shannon, Jolliffe and Smith (9). The evidence at present
available does not, in our opinion, justify unreservedly accepting the cre-
atinine clearance as equal to the volume of glomerular. filtrate, and while
this lessens the value of the test as a tool in the study of renal physiology,
it need not detract from its usefulness as a practical test of kidney function.

METHODS

Hospital patients were kept in bed for the period of the test. Dis-
pensary patients and normal subjects were allowed to sit in a chair or
engage in light laboratory work. Some tests were made after fourteen
hours' fast, the majority after a light breakfast which MacKay (10) found
had no effect on the urea clearance. Three to five grams of creatinine
were given by mouth an hour to one and one-half hours before the begin-
ning of the test. At the beginning of the test, the bladder was emptied
as completely as possible and a sample of venous blood obtained. Ap-
proximately an hour later, but timed to the nearest minute, the bladder
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was again emptied as completely as possible and a second sample of blood
obtained. If there was any doubt whether the subject could empty the
bladder, he was catheterized. All blood analyses were made on serum.

Urea nitrogen in urine and serum was estimated by the gasometric
method of Van Slyke (11); in a few instances by Van Slyke and Cullen's
(12) method. All analyses were made in duplicate. Creatinine in urine
and serum was estimated by Rehberg's (13) modification of Folin's
method, using a colorimeter with Biirker optical system.

The ingestion of three to five grams of creatinine increases the plasma
concentration to 5 to 10 mgm. per cent. This decreases the effect of
substances other than creatinine in plasma which give the Jaffe reaction,
as well as making the estimation more certain. Since Behre and Benedict
(14) and Gaebler (15) have doubted the existence of creatinine in normal
blood, and since Gaebler could recover only a relatively small fraction of
the creatinine added to blood, it was felt that the creatinine analyses had
to be examined before any reliance could be placed on the calculation of
creatinine clearance by the formula UV/B C. By the method used in
these experiments the average recovery of creatinine added to serum in
amounts equivalent to 0.5 to 15.0 mgm. per 100 cc. was 93.5 per cent in
15 experiments, the extremes being 80 and 124 per cent. Table I shows

TABLE I

Comparison of creatinine clearances calculated from total chromogenic substances and from
ingested creatinine only

Before ingestion After ingestion
Name Creatinine_____________

Serum Creatinine Average serum Creatinine clearance t
" creatinine excreted creatinine excreted

mgm.
per cent mgm. per mgm. per mgm. per A Bminute cent minute

J. M. H......... 1.27* 1.42* 9.63 12.72 132 134
8.31 10.30 124 126

12.22 12.50 102 101
White .......... 0 .95 1.37 6.16 10.05 163 166
Wilson .......... 1.08 1.59 8.28 8.08 106 100
Letcher ......... 1.01 .89 9.20 11.05 120 124

* Average of 4 determinations.
t A-clearance calculated from total chromogenic substance in serum and

urine.
B-clearance calculated from ingested creatinine only, subtracting value of

chromogenic substances normally present in serum and average rate of excre-
tion of creatinine before ingestion.

that there is no difference in the clearance calculated on total chromogenic
substances in serum and urine after ingestion of creatinine and in the
clearance calculated on ingested creatinine only. Gaebler and Keltch (16)
have shown that all the chromogenic material adsorbed on Lloyd's reagent
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and released again is indistinguishable from creatinine. Therefore, a clear-
ance calculated on the material released from Lloyd's reagent should be
higher than that calculated on total chromogenic substances when no cre-
atinine has been fed, since other substances account for a considerable frac-
tion of the value obtained for " creatinine " in normal serum. After in-
gestion of creatinine, the clearances calculated before and after the use of
Lloyd's reagent should show much less difference. Table II shows that

TABLE II
Comparison of creatinine ckarances calculated from total chromogenic substances and from

material released from Lloyd's reagent with and without ingestion of creatinine

Experimental Urine
Total " creatinine" Released from Lloyd's

number and volume
condition Serum Urine Clearance Serum Urine Clearance

cc. per mgm. per mgm. cc. per mgm. per mgm. cc. per
minute cent per cent minute cent per cent minute

1. No 6.84 1.01 131 89 .84 136 111
2. creatinine 7.07 1.30 20 109 .96 18 133
3. ingested 7.75 1.32 18 106 .87 14 125

4. Creatinine 7.72 9.63 165 132 9.03 159 136
5. ingested 1.95 12.22 642 102 10.99 600 106
6. 9.35 6.16 108 164 6.02 101 157

this is the case. These experiments led us to believe that with serum con-
centrations of creatinine above 5 mgm. per cent, the creatinine clearance
could be calculated on total chromogenic substance present in serum and
urine without significant error.

In order to estimate the range of creatinine clearance in normal indi-
viduals under conditions of hospital and office practice, 59 clearances on
59 apparently healthy individuals were tabulated. In 45 of these, only a
single test was made. In 14, from 2 to 21 clearances were determined.
For these, the first clearance determined was tabulated. The range in
these 59 observations was from 87 to 232 cc. per minute, the mean 144 cc.
per minute with a standard deviation of 36 cc. When repeated tests are
made of the same individual, there is a similar wide dispersion, but the
limits for all clearances which we have obtained from normal individuals
are only slightly wider. Nor apparently does any normal individual tend
to have a constantly high or low clearance.

For this reason, it seemed proper to include all our observations (130)
of normal individuals where no recognized unusual factor, such as adminis-
tration of a drug or exercise, was present to show the normal chance dis-
tribution of clearances. If this be done, the range is from 70 to 238 cc.
per minute, the mean 148 cc. per minute with a standard deviation of 34 cc.
A frequency polygram of these observations shows a decided skewness, but
not sufficient to make unreasonable the belief that the chances of a single
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clearance of a normal adult falling between 80 and 216 are about 24:1.
(Fig. 1).

McIntosh, M6ller and Van Slyke ( 17) found that more constant normal
values for urea clearance were obtained if a correction was made for sur-
face area. This seems reasonable for Taylor, Drury and Addis (18) were
able to show that kidney weights in rabbits varied in proportion to surface
area rather than to body weight. To avoid an error greater than ± 5 per
cent in using the formula UV/B = C, body size can be neglected only in
adults between 164 and 176 cm. in height. We have corrected the cre-
atinine clearance values by the factor (1.75/A) where A is surface area

I I I I I I~ I I I
17

fo go 11 130so 17oOL90 210 230
Crari dearmnce, = pr minum

FIG. 1. FREQUENCYPOLYGRAMOF 130 CREATININE CLEARANCEVALUES ON
59 NORMALADULTS

The solid area includes only the first observation made on each person.

in square meters. This amounted to more than 10 per. cent in 5 instances.
The average of the corrected clearances is 145 + 34 cc. per minute, and
the dispersion practically the same as for the uncorrected values. Since
other unknown factors produce a much greater variation in clearances done
on the same individual at different times than the amount of the correction
for surface area, we feel that this correction is unnecessary in the case
of adults except possibly for those of extreme heights. Wehave not ap-
plied the correction in the patients studied.

From our experience with normal subjects and patients suffering from
various diseases, we have come to believe that creatinine clearances below
60 cc. per minute (41 per. cent of average normal) are definitely abnormal,
and those between 60 and 80 cc. per minute (41 to 54 per cent average
normal) doubtful but significant if a repeated test is in the same range.
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This is a lower normal limit than Holten and Rehberg (19) use. They
found the clearance always above 100 cc. per minute in normal individuals
when tested between 10 and 11 a.m. But in 89 clearances reported by
Rehberg of himself where experimental conditions were more varied re-
garding posture and fluid intake, the clearance was 9 times between 80 and
100 cc. per minute, and twice between 60 and 80 cc. per minute, so that a
patient cannot be said to have diminished renal function on the basis of a
single creatinine clearance test between 60 and 100 cc. per minute.

The maximum urea clearance in 56 observations of 25 normal indi-
viduals ranged from 38 to 112 cc. per minute, with an average of 74.68 cc.
per minute, and a standard deviation of 17.57 cc., identical with the
average of 75 cc. per minute found by M6ller, McIntosh and Van Slyke.
The range in our subjects is somewhat greater than the extremes of 52.2
and 103.8 cc. per minute which they found. The mean standard urea
clearance in 39 observations of 26 persons was 51 cc. per minute with a
standard deviation of 10.11 cc. The range was from 30 to 67 cc. per
minute. This is the same range found by M6ller, McIntosh and Van
Slyke (28.3 to 69.3 cc. per minute) while the mean is but slightly lower.
Thus in the case of normal individuals creatinine and urea clearances have
about the same degree of dispersion. The creatinine clearance is always
numerically greater than the maximum urea clearance, although when the
standard urea clearance is calculated using the square root of urine volume,
the numerical value may be greater for urea than for creatinine clearance.
In estimating reduction of kidney function we have used 148 cc. per minute
as the average normal creatinine clearance, and 75 cc. and 54 cc. per minute
as the average normal maximum and standard urea clearances.

A comparison of creatinine and urea clearances has been made 116
times on 93 patients with Bright's disease and certain other conditions
(Tables III, IV and V). Wehave followed Addis's classification (20)
of Bright's disease but have used the term acute instead of initial hemor-
rhagic Bright's disease. Patients with degenerative Bright's disease, of
whom relatively few were examined, have been grouped with the miscel-
laneous cases in Table V. Wehave not had the opportunity of examining
any patient in whom the diagnosis of " cryptic " degenerative Bright's dis-
ease (pure lipoid nephrosis) seemed proper. Cases 107-624 and 151-532
presented a typical picture at the time of some examinations, but had had
hematuria some time previously. Both clearance tests frequently show
marked reduction in kidney function before there is any elevation of blood
urea nitrogen, decrease in two hour phenolsulphonphthalein output, or fix-
ation of specific gravity. This was shown for the urea clearance by Van
Slyke and his associates (21) and for creatinine by Holten and Rehberg
(19). Wehave not found the decrease more constant or more marked
in one test than the other. Just as in normal persons, the creatinine clear-
ance is always numerically greater than the maximum urea clearance; the
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standard urea clearance, however, may have a greater numerical value than
the creatinine clearance determined at the same time, since the concentra-
tion ratio is multiplied by the square root of urine volume in the former
and by the volume in the latter.

A direct comparison of the two clearance tests is shown in Figure 2 in
which the results of each test are plotted as percentage of average normal.

11O
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FIG. 2. COMPARISONOF CREATININE AND UREA CLEARANCETESTS IN PA-
TIENTS WITH BRIGHT'S DISEASE AND CERTAIN OTHER CONDITIONS

Points above the line indicate instances in which the urea clearance showed
less reduction than creatinine; those below, instances in which the per-
centage reduction in urea clearance was greater. In patients with creatinine
clearances below 10 per cent of average normal, there is not much differ-
ence in the degree of reduction of the two tests. In 82 creatinine clear-
ances between 10 and 80 per cent of average normal, the urea clearance
was reduced to a greater degree in 32, while in 50 it was not reduced to the
same extent. These differences are of questionable significance when the
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wide range of normal variation in both tests is remembered. The most
that can be said in favor of the creatinine test is that it may indicate a
greater decrease in function more frequently than the urea clearance, but
not with enough regularity to make up for the greater technical difficulty
of the test. Nor have we been able to find any group of patients or any
pathological condition in which the results of one test are consistently dif-
ferent from those of the other.

Since the creatinine test is more laborious and expensive, involving the
ingestion of creatinine and the analysis of two blood samples, we do not
believe it has any advantage in the routine estimation of the degree of
impairment of kidney function in the clinic. If it can be satisfactorily
shown that the creatinine clearance does approximate the volume of glo-
merular filtrate, then a comparison of the two tests, run simultaneously, will
permit a much more intimate analysis of the parts played by variations in
the volume of filtrate and degree of back diffusion in health and disease
(19).

CONCLUSIONS

The creatinine and urea clearance tests have been compared in normal
persons and in patients with Bright's disease. The mean creatinine clear-
ance in 130 observations of 59 normal subjects was 148 cc. per minute.
The variability of the two tests from the mean normal was approximately
the same in our hands.

In patients with Bright's disease the creatinine and urea clearance tests
are generally equally reduced in relation to the average normal. Wewere
unable to demonstrate any practical advantage in the creatinine test to
compensate for its greater technical difficulty.
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