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In a previous paper (1), it was shown that the
calculation of standard urea clearances from urine
volumes of less than about 0.35 ml. per minute
gives results which are considerably too low. It
was found that the lower the urine volume is, the
greater the error becomes, as the calculated stand-
ard clearance falls lower and lower. This was
demonstrated in 173 adults, including patients
with toxemia of pregnancy, Bright's disease of
almost all grades of severity, and in normal con-
trols. Relevant published data of other writers
fitted in with the trend of points on the graph
summarizing these calculated clearances.

Most of the data reported in the previous paper
were derived from routine renal function tests
and represented only two, three, or four succes-
sive hourly clearances. It was seen that the source
of error in calculating the standard clearances lay
in the behavior of the urea concentration ratio
(the ratio of urine urea to blood urea, U/B).
This ratio stopped increasing when the urine vol-
ume fell below the critical limit of about 0.35 ml.
per minute. It was suggested that possibly the
concentration ratio even reversed its trend and
fell with further volume decrease. This was ob-
served in some cases.

To answer this question as to the behavior of
the urea concentration ratio at low urine volumes,
a series of clearances in successive periods is re-
quired. These data will be presented here. On
the basis of the findings, a new calculation, the
" minimal urea clearance " is suggested. This
calculation applies for urine volumes up to 0.35
ml. per minute (21 ml. per hour, and 504 ml. per
24 hours).

MATERIAL AND METHODS

Series of urea clearance determinations were
done on four normal adults, two patients with
preeclamptic toxemia, and one patient with ter-
minal malignant nephrosclerosis with cardiac de-
compensation. In the normals, a thirty to sixty-

hour food and water fast was necessary to get
the urine volume down to the desired level. In
the toxemia patients, a twelve-hour fast sufficed,
while the patient with nephrosclerosis required no
preparation. Most of the clearances were done
at hourly intervals, though some were for longer
periods, up to three hours. Two of the normals
voided their urine; all other measurements were
made with catheterized specimens.

Van Slyke's (2) gasometric urease methods
were used for both blood and urine urea. The
blood urea was determined in the Folin-Wu fil-
trate.

Curves were fitted to the data by the method
of least squares.

RESULTSANDDISCUSSION

The results of the excretion tests are graphically
shown in Figure 1; these data are summarized in
Table I. In all cases it may be seen that the data

M. MIN.

FIG. 1. THE DEPENDENCEOF THE UREA CLEARANCE
(UVIB) UPONTHE URINE VOLUME. LINES FITTED BY
METHODOF LEAST SQUARES.

A, B, C, and D = Normals
E and F = Preeclamptic toxemias
G= Malignant nephrosclerosis

These lines show the constancy of the U/B below the
critical urine volume of about 0.35 ml.
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TABLE I

Urea excretion at low urine volumes

Minute Urine Standard Minimal Blood urea Minute Urine Standard Minimal Blood urea
volume |enitrogen V lBU/ ear nce clearance nitrogen volume unitroen UVIB UIB clearance clearance nitrogen

Mi. mgm mper i. per cext per cent mgm. p 100 m. m". per Mi. per cent per cen mgm. per 100

0.156 1434 21.1 136 151 0.262 1590 18.9 72 80
0.200 1440 27.2 136 151 0.323 1556 22.9 71 79 1 22.0
0.225 1360 28.9 128 142 10.6 0.258 1260 14.8 57 64
0.158 1459 21.7 137 152 0.313 1382 19.7 63 70 (Normal)
0.187 1560 27.6 147 163 0.517 1612 37.9 73 100
0.202 1355 25.9 128 142 (Normal)
0.246 1482 34.4 140 155 0.173 1276 17.8 103 114
0.268 1423 35.9 134 149 0.234 1228 23.2 99 110 12.4

0.250 1330 26.8 107 119
0.276 1790 19.7 72 80 0.225 1324 24.0 107 119 (Normal)
0.367 1890 27.7 75 85 0.217 1468 25.7 118 131
0.262 1888 19.7 75 83
0.300 2050 24.5 82 91 25.1 0.167 989 11.4 69 76
0.384 2050 31.4 82 94 0.184 955 12.2 66 73 14.4
0.326 2038 26.5 81 90 0.392 1029 28.0 71 83 (Pre-
0.270 1995 21.5 80 89 (Normal) 0.300 830 17.3 38 64 eclampsia)
0.302 2200 26.4 88 97 0.234 1124 18.3 78 86
0.266 1948 20.7 78 87
0.380 2140 32.4 85 98 0.083 600 1.2 15 17 40.2

0.475 568 6.7 14 18 (Nephro-
0.050 960 2.6 52 58 0.329 534 4.4 13 15 sclerosis
0.317 773 13.2 42 47 0.416 496 5.1 12 15 and
0.200 934 10.1 50 56 18.5 0.273 508 3.5 13 15 cardiac
0.133 983 7.1 53 59 0.600 472 7.0 12 17 decompen-
0.117 937 5.9 51 57 0.384 557 3.4 14 16 sation)
0.217 888 10.4 48 53 (Pre-
0.517 880 24.5 48 63 eclampsia)
1.300 436 30.6 24 50l l| l

are fitted best by the straight lines, and that no
other type of curve would seem to fit better. This
applies in normal, toxemic, and nephritic sub-
jects. All of the lines extrapolate to zero origin,
and have been so drawn-not arbitrarily, but be-
cause the solution of the equations for the method
of least squares gave a value of very nearly zero
for a, in every instance.

The slopes of the lines shown in Figure 1 are
given by the urea concentration ratio, U/B. If
one were to assume that the urea clearances would
fall along a straight line originating at zero, the
lines could have been drawn from the average
U/B for each series. The fact that the lines are

straight means, of course, that the U/B is con-

stant over the range of urine volumes considered.
The suggestion that the U/B might reverse its
(increasing) trend below the critical volume is
not supported. In pairs of clearances, one often
sees a lower U/B with the lower urine volume,
when both volumes are near 0.35 ml. per minute.
This must, apparently, be attributed to normal
variations in renal activity, and perhaps to occa-

sional failure to collect
given test period.

all of the urine for the

The " minimal " urea clearance. When the
urine volume is in excess of about 2 ml. per min-
ute, the " maximal " urea clearance is measured
as UV/B. When the volume falls below 2 ml. per
minute, the " standard " urea clearance is calcu-
lated from the formula UVV/B. That is, us-

ing the square root rule of M6ller, McIntosh and
Van Slyke (3), one calculates what the urea clear-
ance would be if the urine volume were 1 ml. per
minute. Since neither of the above formulae
gives a constant when the urine volume is very
low, it might be permissible to calculate a " mini-
mal" urea clearance from volumes of less than
about 0.35 ml. per minute.

In Figure 2 is shown the power curve describ-
ing the actual urea clearances, UV/B, which give
standard clearances of 54 (100 per cent) when

calculated as UVV/B. The equation for this
curve is:

Clearance- 54 V/Minute urine volume.
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UV/B

A

FIG. 2. DEVIATION OF UREA CLEARAN~

URINE VOLUMES,FRom THEORETICALExPEj

oF SQuAREROOTRui.E. AvERAGEoF ALL

iN FIGURE 1.

Power curve = square root rule clearanc

(y= 54VV)

Straight line = trend of observed clearai

(y = 91.5 x)

X = Normal subjects

A = Preeclamptic patients

S0 = Patient with terminal malignant nej

This figure f orms the basis f or the calc
" minimal " urea clearance.

The straight line is drawn so as to

power curve at a urine volume of

minute, which is assumed to be the

ume. The actual urea clearance here

blood per minute; the U/B which is

slope of the line is 91.5. The point!
been plotted with reference to this

represent the data shown in Figure

cedure was to determine the ratio of

Figure 1 to this line. Each point on

then multiplied by the appropriate

plotted with ref erence to the arbitra

averaging all data.

We see that the U/B at 0.35 ml

will be the same as it is observedI
lower volume. Hence, one might deti

the urea clearance, UV/B, or calcula

ard clearance, using the observed U/I
ing a minute output of 0.35 ml., disi

actual urine volume. If the UV/B

ured, one would take a clearance of 32 ml. of
blood per minute as 100 per cent. I f the stand-

x ~~ard clearance were calculated as suggested, the
100 per cent level would be, of course, 54 ml.

This calculation does not give the actual urea

clearance, but then neither does the conventional
calculation of the standard clearance. In both
cases, one computes what the clearance would be
at an arbitrary volume. In both, the point of
the computation is to get a constant numerical
value.

If the urea clearance be expressed in per cent
rather than in milliliters of blood cleared, the

v 0.q
~above calculation of the " minimal " clearance may

2 .J_ be simplified by getting the observed U/B as per
rCES, AT Low cent of the " perf ect " U/B - 91.5. Multiplying
CMn ON BASIS the U/B by 1.11 (100/91.5) will accomplish this.
DATA SHOWNq Usually it would suffice merely to report the

U/B when the urine volume is so low. However,
,es if one were graphing the progress of a nephritic

patient, for instance, some value directly compar-
able with past and future urea clearances would

flces be desirable. Also, when doing a routine urea
clearance, of two successive hourly determina-
tions, comparable figures may be obtained when

phrsclross.
one urine volume is very low. Here, of course,

)hrsclrosS. the large error introduced by an incomplete urine
.ulation of the collection would dictate that the test be discarded

if the usual method of calculation were employed.
intrsct heIf the " minimal " clearance be computed, the

intersect ther completeness of urine collection is immaterial so

0.35ml.perlong as the output is actually less than 0.35 ml.
critical vol- per minute.
is 32 ml. of If the suggested calculation of " minimal " urea

given by the clearances be a valid procedure, the results thus

swbitr arylie obtained should check with calculated standard orarbtray lnemeasured maximal clearances obtained in the same

eacThlie ino subject when the urine volume is higher. The
each line was data reported in the previous paper are well suited

factor and for such comparisons. In these cases, successive
try, line, thus hourly clearances were determined. In each pair

or series, one or more clearances were determined
1.per minute with the urine volume below 0.35 ml. per min-

to be at any ute, while one or more volumes were above 0.5
:ermine either ml. per minute. The data were derived f rom
ite the stand- 173 normal, nephritic, and toxemic subjects, and
8 and assum- from published figures of other writers. To this
regarding the are now added observations on twenty-odd more
?were meas- patients and normal controls.
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There were in all 241 calculations of " mini-
mal " urea clearances which can be compared with
control clearances at higher urine volumes. These
" minimal " clearances check very well with their
controls. Nearly two-thirds of all check within
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FIG. 3. DISTRIBUTION OF " MINI]

ABOUT THE CONTROLAT

The control is a valid standar
determined in the hour or hours f
clearance determination.

X Normal adults.
* Toxemia of pregnancy.
(O Bright's disease complicated I
A Published data of Moller, McI

More " minimal " clearances fall below 100 per
cent than above it (1.68: 1), thus giving a skewed
distribution curve. Perhaps this is explicable by

* the fact that most of the patients showed rising
* * urine volumes, the control clearances being deter-

minued in the last specimen(s). Chasis (4) has
* *O *,e shown that the urea excretion, with rising urine
g volumes, increases more rapidly than it decreases

.0gwith falling volumes. That is, the control clear-
&x8-. ances are too high. Failure of complete collection
3et of the urine is another factor which must have

'0 vitiated some of the observations.

0;t. It is, perhaps, possible that the subjects repre-
*: e sented in Figures 1 and 2 had a constant urine

output and that varying amounts of the actual
e output were obtained at each collection. To

check on this possibility, the bladder would have
to be washed out at each urine collection. This
possibility would prohibit any conclusions as to
the actual excretion and tubular reabsorption of
urea. However, in 241 observations in 200 adult
subjects, " minimal " clearance calculations give
constants which are comparable with the constants
obtained from the conventional computation of

V standard and maximal clearances. Standard
04q Ml. clearance calculations from such low volumes do

not give constants. These empirical findings
MAL UREACLEARANCES would seem to justify the suggestion that "mini-

100 PER CENT mal " clearances be calculated when the urine vol-

rd or maximal clearance ume is low. Whether the actual urine output is
following the " minimal" obtained or not is beside the point, since in this

large series the clearances were done as routine
clearance tests of renal function are almost al-
ways done, i.e., with catheterized bladder speci-

by pregnancy. mens, or in some cases, with voided urines.
[ntosh and Van Slyke (3).

15 per cent with the standard or maximal clear-

ances. Taking the control clearances as 100 per
cent, the average "minimal " urea clearance is

96.3 per cent. The distribution of these " mini-
mal " clearances is shown in Figure 3, which may
be summarized as follows:

SUMMARYAND CONCLUSIONS

When the urine volume falls below a critical
level of about 0.35 ml. per minute, the urea con-

centration ratio apparently becomes fixed. Fur-
ther decrease in urine volume does not seem to

affect the U/B.

ffw-- .- I

122



"MINIMAL" UREA CLEARANCES

It is proposed that in oliguria " minimal " urea

clearances be calculated. A formula is provided
which gives a constant comparable with the con-

stants obtained from standard and maximal clear-
ance calculations.

Two hundred forty-one " minimal " clearances
are compared with standard or maximal controls,
and shown to check satisfactorily.

I wish to acknowledge my indebtedness to Dr. S. A.
Cosgrove for his interest in this work, and for the use

of his private as well as ward patients.
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