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INTRODUCTION

Twenty-five years ago Rehberg proposed the
exogenous creatinine clearance for the measure-
ment of glomerular filtration rate (1). In the
dog and rabbit, this clearance provides a simple
and accurate method of determining the filtration
rate, coinciding with the inulin and ferrocyanide
clearances (2, 3). Subsequently, Shannon (4)
and Miller and Winkler (5) found in man that
the exogenous creatinine clearance was consider-
ably higher than the glomerular filtration rate.6
Despite the fact that the compound he chose did
not provide an exact measure of the glomerular
clearance in man, Rehberg's pioneering develop-
ment opened a whole new area of research in renal
dynamics. Unfortunately, the unreliability of ex-
ogenous creatinine and ferrocyanide (7) clear-
ances in man left only inulin for the measurement
of filtration rate in the human kidney.

The determination of inulin clearance has sev-
eral serious disadvantages. It was inevitable,
therefore, that the search for simpler methods of
measuring glomerular filtration rate in man would
continue. It occurred to one of us some years ago
that the endogenous creatinine clearance might
prove to be a true measure of the filtration rate.

1 Aided by grants from the Research Corporation, New
York City, and the Bristol-Myers Company, New York
City.

2A preliminary report of this work appeared in the
Proceedings of the Forty-Third Annual Meeting of the
American Society for Clinical Investigation, J. Clin. In-
vest., 1951, 30, 661.

8 Present address: Peter Bent Brigham Hospital, Bos-
ton, Massachusetts.

4 National Research Council Fellow in the Medical
Sciences, 1949-1951.

5 Present address: Children's Cancer Research Foun-
dation, Children's Medical Center, Boston, Massachusetts.

6 The inulin clearance value is regarded as equivalent
to the glomerular filtration rate in man (2, 6).

Miller and Dubos developed a specific enzymatic
method for the estimation of creatinine (8, 9), and
this method was employed by Miller and Winkler
to measure the clearance of specific endogenous
creatinine in normal and pathological states (5).
They demonstrated that in normal individuals the
specific endogenous creatinine clearance lay below
the level of Rehberg's exogenous clearance. In
some instances, it equalled the inulin clearance. In
addition, these authors found that the specific en-
dogenous creatinine clearance was consistently
higher than the inulin clearance in patients with
diminished renal function, as in chronic glo-
merulonephritis. Further studies by Taggart,
Alving and Miller (10, 11), employing a more
sensitive colorimeter, showed that the specific
endogenous creatinine clearance in both normal
and hypertensive subjects was almost always some-
what higher than the inulin clearance.

Other workers, using non-specific methods for
analysis, have claimed that the endogenous cre-
atinine chromogen clearance may be employed as
a measure of glomerular filtration rate in man.
These results have been summarized by Smith (2).

Brod and Sirota reported a high degree of cor-
respondence between endogenous-creatinine-chro-
mogen and inulin clearances in normal subjects and
patients with renal disease (12). Because of the
simplicity of the endogenous creatinine clearance,
there has been a tendency for many investigators
to substitute this clearance for the inulin clearance.
In view of the discrepancy between the results of
Miller and Winkler (5) and Taggart, Alving and
Miller (10, 11), and those obtained by Brod and
Sirota on the validity of the creatinine clearance, it
seemed important to extend these studies. We
have therefore determined both the specific cre-
atinine clearance as described by Miller and Wink-
ler and the non-specific creatinine chromogen
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clearance, used by Brod and Sirota. For the
most part, our subjects were patients who pre-
sented evidence of considerable renal derange-
ment, either organic as a result of chronic inflam-
matory disease, or functional, from cardiac failure.
We have purposely selected patients with con-
siderable renal pathology since we feel that gen-
eral acceptability of any glomerular clearance
measurement depends on its equivalence with the
clearance of inulin in this type of patient.

METHODS

The clearances of specific endogenous creatinine, total
creatinine chromogen and inulin were determined on nine
patients. Prior to the collection of samples, these pa-
tients had received 5 grams of allantoin by mouth.7 We
have no reason to suspect that allantoin modifies either
the inulin or creatinine clearance.

The inulin clearance was obtained by the method de-
scribed by Goldring and Chasis (14) which employs a
priming dose of inulin8 and a continuous intravenous in-
fusion to ensure a constant blood level.

Blood samples were centrifuged as soon as they had
clotted, and the serum was withdrawn. Sera and urines
were stored in the frozen state if they were not analyzed
immediately. All analyses were performed in duplicate.

Inulin
Inulin was determined by the Rolf, Surtshin and White

(15) modification of the Alving, Rubin and Miller diphenyl
amine method (16). Sera were yeasted according to the
method of Alving, Rubin and Miller only in experiments
where inulin had been administered in a 2 per cent glu-
cose solution to the patients with congestive heart failure.

Blood sera were deproteinized by acid cadmium sul-
fate (17), as were urines which contained protein. Ali-
quots of blood filtrates and diluted urines, containing
approximately 20 micrograms of inulin in 2 cc., were
analyzed in duplicate along with 20 microgram stand-
ards, freshly prepared from a stock solution containing
1 mg. per cc.

A blood sample drawn prior to the administration of
inulin served to correct for glucose in subsequent blood
samples. A control urine sample was also collected just
before the priming dose of inulin. This gave a measure of
non-inulin reducing substance in urine, and was used to
correct the values obtained on urines collected during the
clearance periods. Generally, the control urines con-
tributed very little color. However, in urine from ure-
mic patients, the correction is considerably greater, as
has been observed by other investigators (12).

7 Allantoin was administered to obtain the allantoin
clearances reported in the accompanying paper (13).

8 Weare indebted to the U. S. Standard Products Com-
pany, Woodworth, Wisconsin, for a generous supply of
inulin.

Creatinine
Both total creatinine chromogen (apparent creatinine)

and non-creatinine chromogen (the chromogen remaining
after treatment with the Miller-Dubos enzyme) were de-
termined by the Bonsnes and Taussky (18) modification
of the Jaffe reaction. Serum proteins were precipitated
by the addition of 8 cc. of water, 0.5 cc. 10 per cent sodium
tungstate and 0.5 cc. %N H.SO4 to 1 cc. of serum in the
usual manner. Urine samples which contained protein
were also precipitated with tungstate-sulfuric acid (5 cc.
of urine plus 1 cc. of 10 per cent sodium tungstate and 1
cc. of %N H2SO). To 6 cc. of serum filtrate or ap-
propriately diluted urine, 2 cc. of 0.04 M picric acid were
added. The tubes were placed in a 280 C. water bath, and
2 cc. of 0.75 N NaOHwere added at carefully timed in-
tervals. The color formed was read in an Evelyn color-
imeter with filter 520 after exactly 15 minutes, and
the total creatinine chromogen was determined by refer-
ence to a standard curve.

For the determination of specific creatinine, 6 cc. of
blood filtrate or diluted urine were incubated with 1 cc.
of water, 0.5 cc. molar phosphate buffer, pH 7.0, and 0.5
cc. of bacterial suspension (19) in an unstoppered Erlen-
meyer flask for 1 hour at 370 C. The contents of the flask
were centrifuged at high speed for 15 minutes, and the
residual chromogen (non-creatinine chromogen) was de-
termined on 6 cc. of the supernatant fluid, exactly as de-
scribed above. The difference between total creatinine
chromogen and non-creatinine chromogen represents
specific creatinine.

RESULTS

Table I summarizes the clearances obtained in
nine patients. The ratio of total creatinine chro-
mogen clearance to inulin clearance permits com-
parison with the results of Brod and Sirota (12)
who employed this measure of "creatinine." Also,
the ratios of specific creatinine clearance to inulin
clearance are reported.

Total creatinine chromogen clearance
The ratios of total creatinine chromogen clear-

ance to inulin clearance fell within 10 per cent of
unity in only five of 28 clearance periods. The
remainder ranged from 0.56 to 1.64. Two of our
three patients with rheumatic heart disease and
cardiac failure exhibited the very low total creati-
nine chromogen to inulin clearance ratios reported
by Baldwin, Sirota and Villarreal (20) in cardiac
decompensation. In patient B. M., the ratios of
0.58, 0.56, and 0.63 are remarkably low.

Specific creatinine clearance
These clearances show the same trend as the

non-specific ones. In all but one case, they have
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TABLE I

Comparison of inulin and endogenous creatinine clearances

Inulin C[reatinine Specific creatinine Clearance ratios
Urine __ _ _ _ _ _ _ __ _ _ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Patient Sex Age Diagnosis Period flowPatientSexAge Diagnosis Period (cc'/ Seu Clear- Serumi Clear- Seu Clear- Creatinine Specific
mIn.) conc'n Ce* conc'n conc'n ance chromogen/ creatinine/

100mc,. (Ccc. min .) (g10c.)(cc. /min .) (g10cc.) (Ccc. min .) inulin inulin

S. A. S. M 49 Hyperparathyroid- 1 3.3 12.4 11.9 4.02 19.2 3.81 20.3 1.61 1.71
ism with nephro- 2 3.1 14.0 10.5 4.02 17.2 3.80 18.2 1.64 1.73
calcinosis 3 3.5 14.7 11.6 4.00 17.5 3.78 18.5 1.51 1.59

M. W. F 23 Lupus erythemato- 1 3.2 19.6 22.3 3.24 28.2 2.78 30.6 1.27 1.37
sus with severe 2 2.9 21.4 21.0 3.24 26.1 2.82 28.0 1.24 1.33
hypertension 3 3.4 23.8 22.2 3.25 27.7 2.78 31.3 1.25 1.41

R. P. M 35 Diabetes with inter- 1 5.2 23.5 53.0 1.57 65.9 1.20 74.8 1.24 1.41
capillary glomeru- 2 6.5 23.6 54.4 1.54 66.5 1.13 76.9 1.22 1.41
lar sclerosis 3 7.7 23.7 58.2 1.56 65.1 1.14 74.6 1.12 1.28

4 8.1 23.0 58.6 1.48 64.7 1.13 77.6 1.10 1.33

A. M. M 52 Chronic glomerular 1 1.2 39.5 56.6 1.38 81.5 1.19 91.0 1.43 1.60
nephritis with ne- 2 1.5 43.6 56.2 1.37 77.5 1.18 86.8 1.38 1.54
phrosis 3 1.1 48.4 55.1 1.31 83.6 1.12 94.9 1.52 1.72

A. J. F 26 Anterior and post- 1 6.2 49.1 66.6 0.88 88.1 0.66 115.5 1.32 1.74
pituitary deficiency 2 5.7 52.6 58.1 0.91 70.1 0.66 94.6 1.21 1.63

3 6.2 57.2 64.9 0.92 73.5 0.65 103.8 1.13 1.60

A. L. M 45 Rheumatic heart 1 0.6 30.0 78.6 0.96 50.6 0.70 65.0 0.64 0.83
disease 2 0.6 28.6 80.7 0.91 55.1 0.65 72.3 0.68 0.90

3 0.6 29.2 82.5 0.88 55.0 0.62 72.5 0.67 0.88

J. R. M 21 Vitamin D-resistant 1 9.0 51.4 101.5 0.99 105.0 0.99 105.0 1.03 1.03
rickets 2 8.1 51.6 88.5 0.99 94.6 0.94 94.6 1.07 1.07

3 8.5 51.8 86.4 0.97 92.9 0.97 92.9 1.07 1.07

F. B. F 39 Rheumatic heart 1 8.1 30.4 103.8 0.83 * 90.4 0.51 134.2 0.87 1.29
disease 2 8.4 30.1 88.0 0.84 77.1 0.52 116.6 0.88 1.33

3 7.5 29.7 86.1 0.89 78.4 0.57 112.0 0.91 1.30

B. M. F 31 Rheumatic heart 1 0.7 22.6 95.0 0.72 55.5 0.46 77.5 0.58 0.82
disease 2 0.8 20.4 109.5 0.73 61.1 0.47 91.1 0.56 0.83

3 0.9 21.4 114.0 0.69 72.1 0.43 108.0 0.63 0.95

* All clearances are corrected for body surface area of 1.73 sq. meters.

higher absolute values because the concentration
of specific creatinine in serum is lower than that
of total creatinine chromogen. The urinary cre-
atinine values obtained by the two methods are
essentially the same. The ratios of specific cre-
atinine clearance to inulin clearance also deviate
considerably from the required value of unity. The
lowest specific creatinine/inulin ratio was 0.82,
and the highest, 1.74.

DISCUSSION

The clearance values observed in these patients
substantiate the conclusion reached by Miller and
Winkler in 1938 that the endogenous creatinine
clearance in subjects with depressed renal function
is usually higher than the inulin clearance (5). In

patient S. A. S., who showed the greatest reduction
in function, the specific creatinine/inulin ratios
averaged 1.68 and the total creatinine chromogen/
inulin ratios, 1.59. Similar results were obtained
in patient A. M. whose kidney function was con-
siderably better, but was.still only 50 per cent of
normal because of glomerular nephritis in the
nephrotic stage. This patient was found to have
specific creatinine/inulin ratios averaging 1.62, and
the corresponding creatinine chromogen/inulin
value of 1.45.

It is difficult to reconcile the data obtained in
our present study or by Miller and Winkler (5)
with the result reported by Brod and Sirota (12).
These authors studied 13 adult patients with renal
disease and found satisfactory correspondence be-
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tween the creatinine chromogen and inulin clear-
ances except in one patient, whose chromogen/
inulin clearance ratio averaged 1.61.

Brod and Sirota themselves have emphasized
that in the infant, the endogenous creatinine chro-
mogen clearance is not valid (12). Baldwin,
Sirota, and Villarreal (20) have also pointed out
that the endogenous creatinine chromogen clear-
ance is substantially lower than the inulin clear-
ance in patients with congestive heart failure and
edema. Also, Brod (21) described a patient suf-
fering from malignant hypertension associated
with chronic pyelonephritis who showed some
endogenous creatinine clearance values that were
markedly -lower than inulin. Brod and KoTa'tko
(22) found in some patients with renal disease that
the clearance of endogenous creatinine lay well
above the inulin clearance. In these subjects,
caronamide tended to bring the endogenous cre-
atinine/inulin clearance ratio down to unity. The
ratios mentioned by Brod and Kotatko are fully
as high as those reported by us in the present com-
munication and, previously, by Miller and Winkler
(5). Also, the demonstration that caronamide
reduces the endogenous creatinine clearance pro-
vides additional evidence that tubular excretion of
endogenous creatinine occurred in these patients.
Similar observations in chronic renal insufficiency
have been made by Hare and associates (23).

It is clear that both Brod and Sirota question
the validity of their endogenous creatinine chro-
mogen clearance as a measure of the filtration rate
in (a) normal infants, (b) patients with con-
gestive heart failure, and (c) some patients with
renal disease. We feel that such numerous ex-
ceptions would make the endogenous creatinine
chromogen clearance unreliable in any studies
which demand a relatively high degree of accuracy.
If one wishes only a practical test of renal function,
it is questionable whether anything is gained by
using the non-specific, endogenous creatinine chro-
mogen clearance in place of the urea clearance.

Our results hold no greater hope for the use of
the specific endogenous creatinine clearance as a
precise measure of the filtration rate in man. This
is unfortunate because relatively simple adsorp-
tion methods for the specific estimation of serum
creatinine have been described (24-26).

It is conceivable that unknown factors in the
clinical, therapeutic or dietary state of the sub-

jects may influence the creatinine clearance. The
deviations of the endogenous creatinine clearance
from the glomerular filtration rate show so much
variability that it would not be surprising to find
that this clearance is affected by factors not ordi-
narily considered in clearance measurements.

Three of the patients included in our study had
impaired renal function caused by congestive heart
failure. In two of them, the non-specific creatinine
clearance fell considerably below the inulin level.
The specific creatinine clearances were also un-
expectedly low. It seems likely, therefore, that
the low endogenous creatinine chromogen clear-
ances found in cardiac failure cannot be attributed
to the presence of an unusually large quantity of
non-creatinine chromogen in serum. The two pa-
tients who showed the low creatinine/inulin clear-
ance ratios had very low urine flows (see Table I).
Our data are too limited to permit any conclusions
about the importance of this factor.

CONCLUSIONS

In patients with organic and functional disease
of the kidney, the endogenous creatinine clear-
ance is not a satisfactory measure of the glomerular
filtration rate. This discrepancy between the cre-
atinine and inulin clearances occurs with both the
creatinine-chromogen clearance advocated by
Brod and Sirota, and the specific creatinine clear-
ance, determined by the enzymatic method of
Miller and Dubos.

It is concluded that in patients with renal dis-
ease or in cardiac failure, endogenous creatinine
clearance should not be employed as a precise
measure of the glomerular filtration rate.
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