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The hypothesis advanced by Rehberg in 1926
(18) that the clearance of creatinine is identical
with the glomerular filtration rate in man has
stimulated much experimental work in the past
decade. But in spite of a considerable body of
confirmatory evidence in support of Rehberg’s
original position, it cannot be said that the actual
identity of creatinine clearance with glomerular
filtration has been established in man. Chasis,
Jolliffe, and Smith (1), Jolliffe and Chasis (9),
and Shannon (24) have brought forward certain
evidence which they interpret as indicating partial
renal secretion of creatinine in man. The studies
reported here are concerned with simultaneous
creatinine, urea, and (in some cases) sucrose
clearances determined in successive consecutive
periods. Sucrose was chosen as a substance for
comparison with creatinine because its behavior
is fairly typical of the whole group of non-
metabolized sugars investigated by Smith and
Shannon and their associates (1, 9, 10, 11, 27).
It may be safely injected intravenously, is readily
measured, and is quantitatively recoverable in the
urine (12, 13). Urea was-included because its
behavior has been more widely studied than that
of any other so-called “ clearance ” substance.

MATERIALS AND METHODS

In this study are included only subjects with creatinine
clearances in the “normal ” range—i.e., greater than 100
cc. per minute. The subjects were normal volunteers
and patients with a variety of clinical conditions not di-
rectly affecting the kidneys. No attempt was made to
standardize the experimental procedure too rigidly, since
this would in part have defeated the purpose of the
project, viz., to study the variations in the clearances. In

1 This investigation was aided by a grant from the
Fluid Research Fund of Yale University, School of
Medicine.

2 Alexander Brown Coxe Fellow.

3 Fellow of the University of Madrid, and Honorary
Fellow of Yale University.

general the procedure was as follows: At seven o’clock
on the day of the experiment the subject was given a
single dose of creatinine (10 or 15 grams) and 400 cc. of
water. From 30 to 60 minutes later 25 or 30 grams of
sucrose were given intravenously in 100 cc. of water.
The first urine, taken between 30 and 90 minutes after
the creatinine, was discarded. A blood specimen was then
taken, followed at intervals by more specimens of blood
and urine until the close of the experiment. Large
amounts of water were usually taken during the first
hour of the experiment and sometimes even later, so that
most of the experiments include a considerable period of
water diuresis. When the creatinine was administered
intravenously, the collection of urine was started about
30 minutes later. In all the sucrose experiments, the
first sucrose period was started at about this same inter-
val after the injection of the sucrose. Exact time and
divisions of periods are indicated in the table summariz-
ing the clearances. .

No attempt was made to synchronize precisely urine
collections and blood specimens, save that in general one
blood specimen was secured at the beginning of the first
urine period, one at the end of the last urine period, and
one or more to correspond to each intervening urine pe-
riod.

The clearances themselves were calculated by extra-
polation. In the actual determination of clearances an
instantaneously determined quantity (serum concentra-
tion) must be compared with an average quantity (av-
erage excretion rate during a definite period). In defin-
ing a method applicable to all substances at all serum
concentrations an entirely general and self-consistent
mode of approach must be employed. The method used
here is as follows (Figure 1). The various individual
serum concentrations were first plotted against time
(asterisks), and a smooth curve EFF’--- was drawn
through the points. The urine excretion rate was next
plotted as a series of straight lines BC, B'C’, ---. The
area under the serum concentration curve corresponding
to each urine period (AEFD, DFF'D’, --+) was then
measured accurately. Each area divided by its abscissa
is mathematically the mean value of the serum concentra-
tion corresponding to that particular urine collection in-
terval. The clearance was then calculated as urine excre-
tion rate divided by this mean serum figure. The mean
clearance thus determined must be distinguished from the
instantaneous clearance, which is defined not over a pe-
riod but rather at a given instant (instantaneous excre-
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tion rate:serum concentration). The limit of the mean
clearance equals the instantaneous clearance as the time
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interval during which the urine is collected approaches
zero. Any analysis less precise than the foregoing is
bound to lead to inconsistencies.

All analyses were made on Folin-Wu tungstic acid
filtrates of serum. Creatinine was determined by a slight
modification of the original method of Folin (6, 7), su-
crose as the difference between the concentration of re-
ducing substance before and after acid hydrolysis, meas-
ured by the method of Shaffer and Somogyi (21). Se-
rum sucrose values less than 25 to 30 mgm. per cent were
rejected. Urea in earlier experiments was determined by
the aeration method of Van Slyke and Cullen (31), later
by the gasometric urease method of Van Slyke (29).
These gave substantially the same values for clearances
(32). Earlier a simple colorimeter, later a Hastings
compensating colorimeter, was employed in the estimation
of creatinine; with suitable standards good agreement be-
tween the results with the two instruments was obtained.
Accuracy in measurement of serum creatinine was greater
with high serum creatinine levels; as will be seen from
Table I, observations with serum creatinine less than 5
mgm. per cent were excluded and the readings were made
preferably in the range of 10 to 20 mgm. per cent.

TABLE 1%
Subjects without renal disease
Concentration in serum Clearance Clearance ratio
Nl:':' Nature of case Period Dgse Time | Urine
(o] S U [of S U C/s|s/Uu| CfU
eroms | minute| .2 | mem. | mem. | mem, | e ber | oo | r o

1 Hyperthyroidism 1 10 95 23 | 13.0 139 14.0 | 254 100 21 | 2.5| 4.8 12.1
M., 39 years, 68 kgm. 2 139 3.8 | 13.8 85 13.0 | 216 | 110 54 |2.0]2.0 4.0
3 182 9.7 | 12.0 44 13.0 189 | 128 | 102 | 1.5{1.3] 1.9
4 226 3.7 ] 10.2 27 12.8 154 120 52 }1.3]23] 3.0
5 289 2.1 8.6 19 13.0 | 200 136 71 1 1.5/19 2.8
11 Normal 1 10 110 29 | 10.1 133 11.0 150 126 46 | 1.2|2.71 3.3
F., 35 years, 50 kgm. 2 147 8.0 8.0 81 11.0 189 141 60 | 1.3] 2.4/ 3.2
3 178 | 12.1 6.9 58 109 | 136 | 108 49 | 1.3/ 2.2 2.8
4 207 | 123 6.1 40 114 146 | 111 50 |1.3] 2.2 2.9
III | Chronic arthritis 1 15 100 3.2 | 16.8 162 9.5 | 235 143 45 | 1.6] 3.2} 5.9
M., 29 years, 58 kgm. 2 140 43 | 15.0 94 9.1 152 128 81 11.2(1.6/ 2.0
3 168 5.0 12.8 62 9.1 121 122 63 |1.0[1.9 20
v Hyperthyroidism, 1 15 120 1.2 | 10.8 72 16.7 132 114 44 |1.2( 3.0} 2.6
auricular fibrillation 2 154 2.3 9.8 54 16.0 | 278 | 259 95 | 1.1} 2.6] 2.7
M., 43 years, 81 kgm. 3 192 1.0 8.3 33 15.2 149 | 126 57 | 1.2} 2.6| 2.2
V | Normal 1 10 31 10.7 | 14.5 11.6 | 226 74 3.1
M., 26 years, 88 kgm. 2 48 9.1 | 15.0 13.0 | 203 60 3.4
3 69 99 | 12.5 130 | 209 50 4.2
4 94 | 10.7 | 10.2 11.2 181 66 2.7
5 114 | 123 9.4 10.9 179 72 2.5
6 145 | 11.4 7.8 10.5 181 83 2.2
7 156 8.6 6.8 10.3 170 85 2.0
8 198 | 139 4.8 12.5 | 276 102 2.7
9 260 2.1 4.0 17.2 191 52 3.7
VI | Normal 1 10 134 21| 17.0 10.0 187 52 3.6

F., 32 years, 70 kgm. 2 232 1.3 | 134 * 169 * *
3 305 2.5 | 10.6 200 | 129 52 2.5
4 460 0.7 8.2 16.0 96 41 2.3
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TABLE I—Conlinued

Concentration in serum Clearance Clearance ratio
Num- Nature of case Period | D2 | Time | Urine
(o] S U (o] S U C/s|S/u| C/u
eroms e 26,27 | o | mom | mm. | e | 0 | pe

VII | Rheumatic heart disease 1 10 | 107 3.8 | 13.6 11.7 | 184 83 2.2

M., 20 years, 60 kgm. 2 154 39| 12.0 * 183 * *
3 198 | 10.8 | 10.8 11.2 | 178 127 14
4 245 70| 9.8 13.0 | 157 61 2.6
5 302 16| 86 12.8 | 145 63 2.3

VIII | Obstructive jaundice 1 10 | 153 0.6 | 14.3 * 139 * *
M., 50 years, 55 kgm. 2 203 0.7 | 11.2 38.6 | 149 31 4.8
3 247 08| 94 39.5 | 143 38 3.8
4 317 08| 80 32.1 | 155 38 4.1
IX | Cirrhosis of liver 1 10 53 1.7 | 16.6 75 | 14.2 | 221 | 156 85 | 1.4/1.9] 2.6
M., 39 years, 67 kgm. 2 97 1.2 | 135 42 | 13.0 | 186 | 149 84 [1.3/1.8 2.2
3 141 11| 104 28 | 12.5 | 185 | 150 84 |1.2/1.8] 2.2
X | Diabetes mellitus 1 10 54 24 | 24.2 90 | 11.6 | 197 | 180 82 |1.112.2] 24
M., 31 years, 57 kgm. 2 104 1.5 | 15.0 61 | 11.7 | 188 | 150 76 |1.3] 2.0 2.5
3 171 1.0 9.5 33 | 12.6 | 218 | 162 66 | 1.3/ 2.5 3.3
XI | Diabetes mellitus 1 10 53 40 | 25.5 135 16.1 206 | 108 | 100 | 1.9| 1.1} 2.1
M., 47 years, 71 kgm. 2 89 3.7 | 18.0 93 | 15.0 | 167 | 137 93 |1.2/1.5] 1.8
3 120 24 | 140 73 | 14.6 | 165 | 107 80 | 1.5/1.3] 2.1
4 160 25| 10.8 55 | 14.8 | 183 | 121 88 [ 1.5 1.4 2.1
XII | Hyperthyroidism 1 10 54 2.8 1260 | 150 | 11.5 | 168 | 139 65 | 1.2/ 1.4] 2.6
F., 21 years, 50 kgm. 2 94 3.4 | 185 78 9.4 | 217 | 208 94 1.0 2.2 23
3 135 48 | 145 46 9.2 | 210 | 207 | 103 | 1.C|] 2.0 2.0
XIII | Chronic arthritis 1 9 60 7.1 | 26.0 7.2 | 204 76 2.7
F., 38 years, 59 kgm. 2 105 49 | 180 6.6 | 169 78 2.2
3 156 2.6 | 12.5 6.6 | 205 70 29
XIV | Normal 1 10*| 53 19 | 17.0 17.0 | 215 93 2.3
M., 25 years, 75 kgm. 2 89 20 | 124 159 | 171 72 24
3 129 8.0 | 10.1 15.5 | 147 90 1.6
4 180 55 7.6 15.0 | 141 75 1.9
5 235 2.1 6.0 13.7 | 154 77 2.0
6 308 1.2 5.0 12.8 | 139 74 1.9
7 390 13| 43 119 | 149 83 1.8

* Urea injected intravenously.

t C stands for creatinine, S for sucrose, and U for urea nitrogen. All times are calculated to the middle of the

period, and all serum concentration figures are extrapolated values.

was administered intravenously.

RESULTS

The results of 14 such experiments are pre-
sented in Table I. They may be analyzed in
several ways.

(a) Variability of the individual clearances.
All three of the clearances vary markedly in suc-
cessive periods in the same individual. There is
a definite tendency in 8 of the 14 cases, Experi-
ments I, ITI, V, VI, VII, I1X, XI, XIV, for crea-
tinine clearances to be high in the earlier periods
of the experiments and to decline in successive
periods thereafter. Of the remainder, four, Ex-
periments II, IV, X, XIII, are steady or ir-
regular, while only two, Experiments VIII, XII,
show any tendency to rise. Neither the sucrose

Italic type indicates that the dose of creatinine

nor the urea clearance exhibits any such tendency
toward systematic decline, although both vary con-
siderably from period to period. The sucrose
clearances are the most stable of the three. The
urea clearances are apparently the most variable,
but without systematic trend, save with urine flow.
The relation to urine flow is considered below.

By the exclusion of creatinine clearances below
100 cc. per minute a somewhat arbitrary lower
limit has been adopted. It is clear, however, that
in subjects with “ normal ”” kidneys the creatinine
clearance may range anywhere from 100 to 250
cc. per minute, and that a proportionately wide
range exists for the “ normal " clearance limits of
the other two substances.



862

(b) Relation of the clearances to one another.
All of these clearances tend to vary together. In
other words, the ratios of the clearances to one
another are on the whole less variable than the
clearances themselves. However, the creatinine
clearance, unlike the other two, tends to decline
with time. One aspect of this phenomenon is
shown in Figure 2, in which the ratio of creati-
nine : sucrose clearance is plotted against time.
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In three of the eight experiments the ratio drops
sharply with time, while in two others it falls off
moderately. In the other three there is little
change. The creatinine:urea ratio is more vari-
able, reflecting the greater variability of the urea
clearance (Figure 3), but here also the declining
tendency of the ratio is noticeable. It seems quite
clear that the creatinine clearance declines not
only in absolute amount but in relation to the su-
crose and urea clearances as well.

In no case is there a departure from the se-
quence of magnitude, creatinine > sucrose >
urea, in spite of the individual variation in the
clearances. The creatinine:urea ratio varies
from a maximum of 12.1 to a minimum of 1.4;
but omitting the two highest values which are
associated with very low urea clearances and very
low urine flow, the upper limit is reduced to 4.0.
Within this range all values are found, most of
them falling between 2.0 and 3.0. Sucrose clear-
ances in general are somewhat closer to the creati-
nine than to the urea clearance, the absolute value
of the creatinine: sucrose ratio varying from 2.5
to 1.0. The absolute value of the sucrose:urea
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ratio varies between 4.8 and 1.1, but the omission
of the same pair of low urea clearances reduces
the upper limit to 2.7.

(¢) Variation of clearances with urine flow.
This is most marked in the case of the urea clear-
ance, at high (greater than 2 cc. per minute)
rates of urine flow as well as at low. No evidence
of any definite augmentation limit appears from
these data. Thus in Experiment I the urea
clearance rose as urine flow increased from 3.8
to 9.7 cc. per minute, only to fall back to its pre-
vious value when the urine flow dropped back to
3.7 cc. per minute. In other instances, as in
Experiment II, a phenomenon similar to that ob-
served by Shannon (26) in the dog is seen. As
the urine flow increased from 2.9 to 8.0 cc. per
minute the urea clearance rose, only to drop to its
former value with further increase in urine flow.
A rise of urea clearance with rising urine flow
and subsequent fall with decreasing urine flow
occurred in Experiments VII and XIV, and in the
last three periods of Experiment V.

It is harder to make definite statements con-
cerning the creatinine and sucrose clearances, es-
pecially since the fluctuations of the former with
time tend to outweigh other factors. The drop
of the creatinine clearance between Periods 8 and
9 of Experiment V may be taken as an instance
when variation of urine flow was associated with
similar variation of both the creatinine and the
urea clearances, while in the first four periods
of Experiment I, sucrose and urea clearances
varied directionally with urine flow. Other ap-
parent examples of this sort may be picked out.
It is, however, quite clear that the tendency of the
creatinine clearance to fall off with time cannot
usually be correlated with falling rates of urine
flow. Whatever tendency the creatinine and su-
crose clearances have to vary with urine flow is
much less consistent and less marked than is the
case with urea.

The sucrose clearance behaves with respect to
variation in urine flow like the creatinine rather
than the urea clearance. In other words it does
not fall off with very low volumes as consistently
as does the urea clearance (30).

(d) Variation of clearances with serum con-
centration. The sucrose and the urea clearances
do not vary systematically with changes in the
concentrations of sucrose and urea in serum re-
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spectively. The falling of the creatinine clear-
ances with time is in general directly correlated
with a decline in serum creatinine concentration.
Since a single large dose of creatinine was given
a short period before the commencement of the
experiments, and not repeated later, it was inevi-
table that the serum creatinine be in a declining
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declined. The existence of so many exceptions
to the correlation is strong evidence that the as-
sociation is accidental, due to the mode of plan-
ning of many of the experiments.

(e) Intravemous and peroral administration.
Creatinine was given orally in 8 subjects and in-
travenously in 6. The peculiar behavior of the
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phase throughout the greater part of the experi-
ments, irrespective of the mode of variations of
the clearances. The fortuitous nature of the
correlation is indicated by the existence of certain
instances in which the creatinine clearances fell
off while the serum concentration was still rising
slightly (Experiment I, Periods 1 to 2; Experi-
ment V, Periods 1 to 2). In Experiments II and
X the serum creatinine fell off while the clear-
ances did not, and in Experiment XII the clear-
ance actually rose while the serum concentration

creatinine clearance is equally apparent in both
groups. There is no evidence from the experi-
ments that the administration of either creatinine
or of sucrose intravenously in the concentrations
and amounts used had any appreciable effect on
the clearances themselves or on urine flow. In
the 4 experiments in which small amounts of urea
were injected simultaneously with the creatinine,
in one instance only (Experiment VII, Period 3)
did the urea clearance rise following the injection.

(f) Type of case. No definite inference can
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be drawn because of the limited number of con-
ditions represented. The three patients with hy-
perthyroidism (Experiments I, IV, XII) had
rather high clearances with more than the aver-
age degree of variability. This is consistent with
the observations of others (15).

DISCUSSION

If two entirely different substances have nu-
merically identical clearance values, a simple ex-
planation for such identity may be found in their
common excretion by filtration alone. Any other
explanation would be difficult and arbitrary, es-
pecially in the face of all the collateral evidence
demonstrating the reality of glomerular filtration.
Three or more substances having identical clear-
ances would still further increase the improba-
bility of any alternative explanation. It is es-
sential that the substances differ both chemically
and physiologically; for example, identity of
clearances of several foreign sugars is not nearly
such cogent evidence.

In the dog, both the creatinine and the inulin
clearances are identical (19, 23, 25). Also, Van
Slyke, Hiller and Miller (33) have recently shown
that the ferrocyanide clearance is identical with
the clearances of these other two. If the general
theory of filtration and reabsorption is accepted,
then certainly the burden of proof rests on the
shoulders of anyone who would deny that this
common clearance of creatinine, inulin, and fer-
rocyanide represents the actual glomerular filtra-
tion rate in the dog. Unfortunately, no such
identity is demonstrable in man. Creatinine
clearance in man is definitely somewhat higher
_than that of inulin (24) and much higher than
that of ferrocyanide (17). By analogy with the
dog it may reasonably be supposed that the glo-
merular filtration rate is somewhat in the neigh-
borhood of the inulin and creatinine clearances,
but the assertion that one or the other of these
substances represents the true filtration rate is at
present distinctly arbitrary.

At first glance creatinine would seem to be more
likely than inulin, because its clearance is some-
what the larger. However, Shannon (24) bases
his belief that inulin is simply filtered and crea-
tinine both filtered and secreted, partly on the
behavior of the creatinine clearance after phlori-
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zin (1, 28), but more especially on the peculiar
behavior of the creatinine: inulin ratio after the
intravenous injection of large amounts of crea-
tinine. At the start of these experiments with
the serum creatinine at 10 to 20 mgm. per cent
the creatinine:inulin ratio was about 1.4. Re-
peated injections of creatinine were given so that
the serum creatinine level rose to about 100 mgm.
per cent, and simultaneously the creatinine : inulin
ratio fell to about 1.1 and remained there. This
fall in ratio was accomplished almost entirely
through a drop in the creatinine clearance, the
absolute value of the inulin clearance changing
but little. However, as the serum creatinine
dropped gradually back to its initial level, the
creatinine : inulin ratio remained at 1.1 instead of
rising to 1.4 again. Shannon attempts no ex-
planation of this latter effect, but concludes that
creatinine clearance varies with serum concen-
tration, and that consequently, in man, the inulin
clearance is a truer measure of glomerular fil-
tration than is the creatinine clearance.

In a considerable proportion of experiments
here reported the creatinine clearance fell in the
successive periods after the administration of the
substance both absolutely and relative to the su-
crose clearance. Since sucrose behaves as does
xylose (10, 11, 12), yielding clearances constantly
20 or 25 per cent less than inulin, these experi-
ments may be related to those of Shannon just
mentioned. In both sets of experiments the in-
itially high creatinine:sugar ratio gradually de-
clined during successive periods, and in both sets
this drop was brought about through a decline in
absolute value of the creatinine clearance, the
sugar clearance remaining practically constant.
In Shannon’s experiments the decline in ratio is
partly associated with rising concentration of crea-
tinine in the serum, while in ours the correlation
is, if anything, with a declining serum concentra-
tion. The emphasis which Shannon lays en the
correlation between absolute serum creatinine con-
centration and creatinine : inulin ratio is, however,
not justified by his own data, since in the later
stages of his experiments the serum concentra-
tion of creatinine declines from higher to much
lower levels without change in the ratio. It ap-
pears as though the correlation in his experiments
between rising serum concentration and declining
ratio were fortuitous, depending on the manner in
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which the "experiments were performed. Cer-
tainly our results are entirely consistent with those
of Shannon; only the common factor with which
the drop in the creatinine clearance and the crea-
tinine : sugar ratio may be correlated is not serum
creatinine concentration, but time after injection
or ingestion. If it be assumed that for some
reason creatinine is eliminated at an abnormally
high rate after a large exogenous dose, and then
at a more usual rate in later periods, the two sets
of experiments are entirely consistent.

Abnormally high clearances immediately after
giving creatinine have certainly been observed be-
fore. The protocols of Chrometzka and Unger
(2), of Iverson and Jacobsen (8) and of Medes
and Berglund (14) offer examples of. this effect.
Rehberg’s original protocols show the effect to
a slight degree (18) as do those of Dominguez
and Pomerene (5). Indeed, these latter authors
base their major contention on this observation,
but interpret it as a minor artificial perturbation
due to the inclusion of “ endogenous” with
“ exogenous ” creatinine of serum and urine in
the usual calculation of clearance. They show
that if the clearances are “corrected” by sub-
tracting from the creatinine of serum and urine
the endogenous fraction, the progressive decline
of values is eliminated. They conclude therefrom
that endogenous and exogenous creatinine are ex-
creted by different mechanisms. At the levels of
serum and urine creatinine in most of our experi-
ments such endogenous “ corrections ” are quanti-
tatively very small and certainly fail entirely to
bring successive clearances into line. It seems
probable that Dominguez and Pomerene were ob-
serving a phenomenon similar to that here re-
ported, but were misled by the accidental coinci-
dence of the magnitude of the necessary mathe-
matical adjustment with the normal values of en-
dogenous creatinine. It should be noted that their
doses of creatinine as well as those of Rehberg
were one-half to one-third as great as ours. Simi-
lar considerations apply to the proposed correction
of Cope (3), which was to be applied to the serum
creatinine values alone.

Some caution is necessary before interpreting
these irregular fluctuations in the creatinine clear-
ance as “tubular secretion” over and above glo-
merular filtration along the lines suggested by
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Shannon and Smith. However, an interpretation
of these fluctuations as actual changes in glomeru-
lar filtration rate makes it very difficult to under-
stand the simultaneous stability of the other clear-
ances. Still another interpretation is possible, viz.,
that some of the Jaffe reacting substance in the
serum is not true creatinine, and that the propor-
tion of this non-creatinine chromogenic substance
decreases with time. This is rendered most im-
probable by the recent demonstration by Miller
and Dubos (16) that all the chromogenic sub-
stance in normal serum is true creatinine. Clearly
an explanation of this type is fanciful; the pre-
ponderance of evidence favors tubular secretory
activity as the explanation presenting the fewest
difficulties.

It cannot be too strongly emphasized that our
observations relate only to man. In the dogfish,
relatively enormous creatinine : inulin ratios have
been observed (22), of an entirely different order
of magnitude from those seen in man. This phe-
nomenon may well be due to quite different
causes. Some tendency for the creatinine clear-
ance to fall off with time has been observed in
dogs by Davenport, Fulton, Van Auken and Par-
sons (4), and by Schmitz (20). In view of the
repeated demonstrations by Shannon and others
of the identity of creatinine and inulin clearances
in this animal, it is only reasonable to assume that
these changes represent actual changes in glomer-
ular filtration rate, and are not comparable to the
phenomenon observed by us in man.

The practical implication of our data in the in-
terpretation of single clearances is obvious. Sin-
gle creatinine clearances, without regard to time
after administration, are grossly misleading, if
they are assumed to be measures of filtration rate.
Urea clearances vary so much with urine flow that
all individual clearances must be interpreted with
this in mind. And sucrose is presumably reab-
sorbed to a slight but uncertain extent. Thus,
though all these clearances tend to vary together,
each is subject to specific perturbing factors.
Hence no one of them may be considered an abso-
lute measure of glomerular filtration; yet, subject
to the several reservations that have been set forth
with each individual substance, they are all relative
measures of glomerular filtration.
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CONCLUSIONS

1. Creatinine, sucrose and urea clearances in
man, while subject to considerable variation in
the same individual, tend to vary together.

2. The order of magnitude of clearances: cre-
atinine > sucrose > urea is rigidly maintained.

3. Creatinine clearances sometimes tend to be
high in periods immediately following the admin-
istration of the creatinine, but fall off as time goes
on.

4. Sucrose and urea clearances measured simul-
taneously have no such tendency to decline with
time.

5. This peculiar behavior of creatinine prob-
ably represents varying tubular secretion rather
than varying glomerular filtration.

6. Creatinine, sucrose and urea clearances are,
subject to certain limitations inherent in each one,
satisfactory relative measures of glomerular fil-
tration. None of them is an absolute measure of
glomerular filtration.

7. Individual creatinine clearances must be in-
terpreted with caution.
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