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According to the usually accepted concept, the
urea removed from the blood by the kidneys is
excreted in two forms, chiefly as urea itself, but
partly as ammonia. That the ammonia of the
urine is formed in the kidneys was demonstrated
by Nash and Benedict (1921), in work which has
been confirmed by other authors (cf. Peters and
Van Slyke, I, p. 373). Evidence from animal
experiments in v4vo has indicated urea as the
probable chief source of the ammonia formed by
the kidney (cf. Peters and Van Slyke (1931) p.
373). Krebs' recent work (1933) with kidney
tissue in vitro has indicated the possibility that
blood amino acids may, also be a direct source of
the ammonia formed by the kidney, but whether
an important part of the ammonia actually ex-
creted comes from them has not been demon-
strated.

If urinary ammonia is entirely or chiefly
formed from the blood urea, the urea cleared
from the blood per minute by the kidneys is rep-
resented more accurately by the excretion of urea
+ ammonia rather than of urea alone. It appears
possible, therefore, that urea clearances calculated
from the excretion of urea + ammonia may
measure the work of the kidneys in excreting urea
from the blood more accurately than clearances
calculated in the usual manner from the output
of urea alone.

It therefore appears to be a problem of physi-
ological interest to ascertain whether, when the
ammonia: urea ratio in urine varies markedly,
more consistent values for the urea clearance are
calculated from the excretion rate of urea alone,
or of urea + ammonia.
For clinical interpretation, as already pointed

out by Bell, Gilmour and Cameron '(1934), it
would seldom make a serious difference if, in the
formula for calculating the urea clearance (Mol-
ler, McIntosh and Van Slyke (1928, a)), urine

urea nitrogen were replaced by urea + ammonia
nitrogen. Since the ammonia nitrogen ordinarily
equals 1 to 10 per cent of the urea nitrogen, the
clearance calculated from urea + ammonia would
be from 1 to 10 per cent higher than that cal-
culated from the urea excretion alone. In nephri-
tis the proportion of nitrogen excreted as am-
monia is likely to be less than in normal subjects,
because the damaged kidney turns a smaller pro-
portion than normal of the urinary nitrogen into
ammonia (see literature quoted by Peters and
Van Slyke (1931), p. 378; also data in Table III,
present paper).

Conditions do occur, however, in which the
ammonia: urea ratio may be unusually high.
Such are the acidoses of diabetes and starvation,
and the depression of urea output caused by very
low protein, high calory, diets. If the urea clear-
ance is measured in such a condition, it is of in-
terest to know whether more consistent values
may be expected when the calculation is based on
the output of urea, or of urea + ammonia.

Aside from this, and the physiological interest
of the problem, the question has some practical
bearing on the convenience of procedures for de-
termining the urea clearance. If a method for
determining urinary urea is used which depends
upon estimation of the ammonia formed when
the urea is hydrolyzed by heat or urease, it is
simpler to determine urea + ammonia than urea
alone, since thereby one avoids an extra operation
to remove or determine the preformed ammonia.
Likewise, if the hypobromite gasometric method
is used, it is simpler to determine urea + ammo-
nia, since the reagent gives practically the same
yields of N2 from both. Furthermore, if, by
bladder infection or delay in analyzing urine, part
of the urea is decomposed into ammonia before
analysis, no error is introduced into the figure
representing the sum of urea + ammonia.
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We have sought to solve the proposed problem
by ascertaining whether, when the ammonia: urea
ratio in the urine is greatly increased, calculation
of urea clearances with, or without, inclusion of
the excreted ammonia gives values more con-
sistent with those yielded by the same subjects
under ordinary conditions. In order to obtain
maximal increase in the ammonia: urea ratio, the
numerator was increased by inducing acidosis
with ammonium or calcium chloride administered
by mouth, while the denominator was decreased
by putting the subjects on low protein diet. By
these means the ratio could be raised from its
average usual value of about 0.05 to as high as
1.0. Unless such means are taken to increase the
ratio, the effect of adding the ammonia to the
urea for calculation of the clearance is likely to
be small (averaging about 5 per cent) in com-
parison with normal spontaneous variation in the
clearance, which may be + 20 per cent, so that
it would be difficult to ascertain, except by sta-
tistical data, whether the inclusion of the am-
monia increased or decreased the constancy of
the clearance.
We have also determined the clearances of urea

with and without inclusion of the urinary am-
monia in normal subjects and nephritics on ordi-
nary diets, in order to obtain data, in addition to
those of Bell, Gilmour and Cameron (1934), in-
dicating the usual range of the effect of including
the ammonia.

Finally, led by the extreme rapidity and sim-
plicity of the approximate gasometric determina-
tion of urea + ammonia with hypobromite, we
have, in a series of nephritic subjects with renal
function varying from normal to that of terminal
nephritis, compared urea clearances with " hypo-
bromite nitrogen " clearances. These were calcu-
lated by substituting, in place of the urine urea
nitrogen in the clearance formula, the urinary
nitrogen determined by the hypobromite method,
which is approximately 0.95 X (urea nitrogen
+ ammonia nitrogen).

METHODS

Blood urea was determined by the gasometric urease
method (Van Slyke, 1927). Urea in urine was deter-
mined by the gasometric urease method (Van Slyke,
1927). Ammonia in uine was determined by the aera-
tion technique of Van Slyke and Cullen (1914, 1916).

Creatinine in blood and urine was determined by the
methods of Folin (Peters and Van Slyke, 1932, pp. 602
to 604).
For the approximate hypabromite determination of

ammonia + urea in urine, the manometric procedure of
Van Slyke (1929) was used, with the modification that
the removal of ammonia by treatment with permutit was
omitted. The urine was simply diluted 10- or 20-fold,
according to its concentration, and a sample was trans-
ferred to the manometric apparatus for the analysis.
The improved hypobromite reagent of Van Slyke and
Kugel (1933) was used. Twelve to 15 determinations
could be done in an hour, and the procedure is so simple
that the loss of an analysis, or failure of duplicates to
check within 0.5 per cent, was a rarity.

CALCULATIONS

Urea clearance. The urea clearance was calculated
by Formula 1 or 2, depending on the urine volume, as
described by M6ller, McIntosh and Van Slyke (1928, a),
(see also Peters and Van Slyke (1932), pp. 564 to 570).

(1) Cur B133 UV, when V > 2.

(2) Cur = 1.85 U-'IV when V < 2.B

CU= urea clearance, in per cent of average normal;
U = urine urea nitrogen, in mgm. per 100 cc.; B = blood
urea nitrogen, in mgm. per 100 cc.; V = urine volume in
cc. per minute. V was corrected for body size, as de-
scribed by McIntosh, Moller and Van Slyke (1928).
(See also Peters and Van Slyke (1932), p. 569.)
Clearance of urea + ammonia, CUr +NH,. The clear-

ance of urea + ammonia, also in percentage of average
normal urea clearance, was calculated by Formulae 1 and
2, but with U representing urea + NH8 nitrogen, instead
of only urea nitrogen, in the urine.
Hypobromite nitrogen clearance, CHy. This clearance

was calculated by the same formulae, but with the urinary
nitrogen determined by the hypobromite method sub-
stituted for U. In this case U represents approximately
95 per cent of the urea + ammonia nitrogen.

Creatinine clearance was determined after giving 5
grams of creatinine, the calculation being like that of
urea clearance by Formula 1, with 0.68 replacing the fac-
tor 1.33.

RESULTS

Observations in which the ammonia: urea ratio
in the urine was increased by induced acidosis and
low protein diet. It is obvious from Table I,
dates April 23 to April 26, and Table II, dates
June 7 to June 11, that when an important part
of the urea + ammonia nitrogen was in the form
of ammonia, the clearances calculated from the
excreted urea alone were much below the usual
urea clearance shown by the same subject. When
the clearances were calculated from the excretion
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TABLE I
Comparison of ckarances of urea and urea + ammonia in subjects before and during induced acidosis. Subjects with normal

renal function

Urine Ur* Urine Blood . Excretion
volume uine ammonia urea Urea Urea+NH3 Cti of rate of Ve-Protein Acidifying corrected urea nitrogen nitrogen, clear- clearance CUr+NHs urea+NHs nousin diet salt taken for Urease Van Slyke- Urease ance CUr+NHs to calculated plas-

|_ [_|~bod methodi Cullen onwhlole CSUr |Culr asnirge a|size mehdaeration blood CU r nitrogen co,

cc. mgm. mgm. mgm. per cent per cent grams mM.
grams grams per per Per per of Of per per

minute 100 cc. 100 cc. 100 cc. normal norma CUr 54 hours Uitfr
February 26 Unlimited 0 4.6 185 10.2 112

9.3 92 10.2 112

March 17 Unlimited 0 5.4 166 12.8 93
2.7 280 12.8 80

March 19 Unlimited 0 1.9 435 14.4 12.8 87 90 103 12.2
1.9 401 10.2 12.8 81 83 102 11.2

March 29 Unlimited NH4CIt 2.8 251 45.7 12.8 74 88 118 12.0 22.1
4.5 177 30.4 12.8 85 100 117 13.4

March 30 Unlimited NH4CI 3.5 235 51.6 12.9 84 103 122 14.4 20.0
5.1 150 31.2 12.9 80 96 120 13.2

April 2 Unlimited NH4Cl 1.8 329 96.7 12.2 68 88 129 11.1 15.4
1.7 354 104.5 12.2 70 91 129 11.4

April 16 20* 0 3.4 104 7.3 6.6 70 75 107 5.4
2.8 114 7.5 6.6 65 69 107 4.9

April 23 20 CaCl2t 1.4 123 34.8 5.1 53 69 128 3.2 24.2
1.0 148 52.4 5.1 55 74 135 3.0

April 25 20 CaCI2 4.2 34.5 27.0 3.8 50 90 180 3.7

April 26 20 CaCl2 3.8 42.8 35.9 4.3 50 93 186 4.1 18.3
2.5 53.1 54.0 4.3 42 85 202 2.8

* Diet with only 20 grams protein, April 15 to 25, inclusive. Total calories 2300.
t Administration of 10 grams NH4CI daily, March 27 to April 12, inclusive (= 187 m.eq.).
t Administration of 10 grams CaCl2 . 2H20 daily, April 21 to 26, inclusive, equivalent to 7.55 grams CaC12 (= 137 m.eq.).

of ammonia + urea nitrogen, on the other hand,
the CU. +NH, values were within or near the range
of clearances obtained from the subject under
ordinary dietary conditions. The creatinine clear-
ances (Table II) indicated, like the ammonia
+ urea clearances, no significant decrease of
renal function during the periods of high am-
monia :urea ratios in the urine.

It therefore appears that, when acidosis in-
creased ammonia excretion until it was impor-
tant in comparison with urea excretion, the state
of renal function was more accurately indicated
by the urea clearance calculated on the assumption
that the ammonia + urea of the urine represent
the urea cleared from the blood. Calculation on
the basis of excreted urea alone in this condition
gave clearance values which were abnormally low
for the subjects.

Comparison of clearances of urea and of urea
+ ammsonia in normal subjects and nephritics,
without induced acidosis. Table III gives the re-
sults obtained from a series of subjects on ordi-
nary diets. The nephritic patients are divided
into two groups, according to whether their clear-
ances were above or below 20 per cent of average
normal. It is evident that the ammonia: urea ra-
tio in the urine tends to decrease as renal destruc-
tion becomes greater. The ammonia nitrogen
averaged 5 per cent of the urea nitrogen in the
normal subjects, 3.5 per cent in those nephritics
who showed clearances above 20 per cent of nor-
mal, and only 1 per cent in the terminal cases,
with clearances less than 10 per cent of normal.
The highest ammonia:urea nitrogen ratio in the
entire series was 1.09 in normal subject Num-
ber 2.
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TABLE II

Comparison of clearances of urea, urea + NH,, hypobromite nitrogen, and creatinine, before and during induced acidosis.
Subject G. Hypertension with normal clearance

Nitrogen per 100 cc. urine Urea Clearances, calculated
Urine nitrogen in percentages of mean Plasma Excretion Ve-ProteinvAidifyingorrected NH byper normal urea clearance creat- rate of nous

Date Protein Acidifying corrected NHs by 100 cc. -inine niroen.+N plsin diet salt taken for Van Urea Hypo- blood by clear- nitrogen. ma-
body Slyke- by bromite urease ance Average Cma
size Cullen urease nitrogen on whole Cur CUr+NH, CHy of 2 periodsaeration blood

grams CC.
I

grams MM.
per per mgm. mgm. mgm. mgm. cent cent cent cent* per per

£04 hours minute 24 hours liter

No acidosis

May 30 Ad. lib. None 1.21 22.1 892 885 19.9 91 94 91 16.9
3.55 6.1 341 342 81 83 82

May 31 Ad. lib. None 4.09 8.4 269 253 16.1 91 94 86 88 12.9
4.44 4.3 143 147 53 54 54 53

June 1 Ad. lib. None 8.08 4.4 163 165 15.2 116 119 117 101 11.7
2.22 12.4 421 419 82 85 82 79

June 2 Ad. lib. None 8.88 3.5 77 78 8.5 107 112 109 108 9.3
4.78 2.5 114 108 85 87 81 72

June 3 20 NH4CI 9.06 3.6 59 62 7.9 90 95 95 119 8.0
4.44 4.1 115 120 86 89 90 95

Acidosis

June 5 20 NH4CI 4.80 20.4 109 126 9.5 73 87 85 106 8.9 20.4
3.38 28.6 151 175 71 85 83 75

June 7 20 NH4Cl 4.63 29.1 99 122 11.2 55 71 68 93 7.9 17.8
4.09 30.1 92 116 44 60 57 57

June 10 20 NH4CI 1.16 175.9 373 522 11.1 67 99 94 105 9.8 16.4
3.20 64.2 163 212 63 88 83 74

June 11 20 NH4Cl 1.96 116.7 237 340 12.3 61 74 71 81 10.1
1.69 130.3 286 403 56 81 79 66

Mean and standard deviation of clearances May 30 to June 3 88 91 89 89
4±15 ±16 ±15 14±21

Mean and standard deviation of clearances June 5 to June 11 61 81 78 82
A1I0 ±12 1 1 ±18

* For plasma creatinine clearance 148 cc. per minute is taken as 100 per cent of mean nornral.

If, in calculating the CU, +NH, values, the fac-
tors 1.33 and 1.85 in Formulae 1 and 2 were re-
duced by 5 per cent, to 1.26 and 1.76 respectively,
the CUr +NH, values, calculated from excretion of
urea + ammonia, would in no case in Table III
deviate by more than 4 per cent from the true CUr
values, calculated from the excretion of urea
alone.

Comparison of the urea clearance with the
clearance of nitrogen determinable by hypo-

bromite, in nephritic patients with varying de-
grees of renal impairment. Table IV shows that,
in the 54 urines analyzed, the nitrogen deter-
minable by hypobromite in the urine averaged ex
actly the same as the urea nitrogen determined
with urease. In all but 2 urines the two methods
of analysis gave within 5 per cent the same values.
In one case the hypobromite method gave 6 per
cent more, and in one 12 per cent more than the
urea nitrogen.
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These are the results to be expected. As
shown in the original description of the mano-
metric hypobromite method (Van Slyke (1929)),

TABLE III

Comparison of clearances of urea and of urea + ammonia
in normal subjects and in nephritics uith varying

degrees of renal impairment
Urea

method
aeration

in blood and urine by gasometric urease-CO2
(Van Slyke (1927)). Ammonia in urine by
and titration (Van Slyke and Cullen (1914)).

Urea Urea +NHs Ratio of
Number Initials clearance clearance CUr+NHa

Cur CUr+NH3 to Cur

per cent of per cent of
normal CUr normal CUr

Normal subjects

1 E.K. 130 137 1.06
164 168 1.03

2 B. 65 72 1.06
100 102 1.02
101 110 1.09

3 J.M. 118 125 1.06
117 124 1.06
111 115 1.03

Average 1.05

Nephritic patients with clearances above 20 per cent

1

2

3

4

5.

6

A.Ch.

A.Co.

McG.

Ra.

Cal.

Or.

72
70
83

53.6
55.4
37.1t
32.6t
44.6t
23.31
75.9
48.4
31.8
32.6
32.0
28.4

28.4
38.9

29.1
24.5

18.7
22.0

74
72
85

55.0
56.0
38.0
33.1
47.4
24.8

77.1
51.5
34.4
35.1
34.0
29.4

28.9
39.9

29.4
24.8

19.5
22.6

1.03
1.02
1.03

1.03
1.01
1.02
1.02
1.06
1.06

1.01
1.06
1.08
1.08
1.06
1.04

1.02
1.02

1.01
1.01

1.04
1.03

A 1

Average 1.035

t Low protein diet, 20 grams per day.
t High protein diet, 130 grams per day.

TABLE iII-continued

Urea Urea+NHs Ratio of
Number Initials clearance clearance CUr +NHa

Cur CUr+NHa to CUr
per cent of per cent of
normal CUr normal CUr

Nephritic patients with clearances below 20 per cent

1

2

3

4

5

Fl.

Car.

Jo.

Wein.

Cap.

9.00
8.30
7.70
8.20
9.20
9.10

8.65
8.65
9.65

7.50
7.20

5.79
5.79

5.30
6.88
5.20
3.69
3.74

9.20
8.30
7.80
8.40
9.40
9.20

8.78
8.78
9.78

7.67
7.39

5.88
5.91

5.41
6.92
5.24
3.70
3.75

1.02
1.00
1.01
1.02
1.02
1.01

1.01
1.01
1.01

1.02
1.03

1.02
1.02

1.02
1.01
1.01
1.00
1.00

I~~~~~~~~~~~~~~~~~~~~~~~~~~~

Average 1.01

TABLE IV

Comparison of clearances of hypobromite nitrogen and of
urea nitrogen in nephritic patients with varying

degrees of renal impairment

RatioofHyormturea nitrogen to Urea nitorogienNumber hypobromite clearance nitrogen
nitrogen CU,. CHyin urine*

per cent of per cent of
normal CUr normal CU,

1 1.01 151 153
1.01 129 130

2 1.01 188 190
1.00 110 110

3 0.96 106 103

4 1.04 112 117
1.04 112 117

5 1.02 90 92
0.97 107 104

6 0.94 93 88
0.97 84 82

7 1.00 83 83
0.99 65 64

concentration ratio is also the clearance

905

* This urine
ratio, Cur: CHV.
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TABLE IV-continued

Ratio of Hypobromite
urea nitrogen to Urea nitrogenNumber hypobromite clearnce earancenkitrogen Cur CH

inurine*CH

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

0.97
0.97

0.96
1.02

1.01
1.00

0.98
0.94

1.01
1.00

1.05
1.12

1.01
1.02

0.98
0.99

0.98
1.01

0.97
0.96

1.05
1.02

0.99
1.00

1.00
1.03

0.97
0.97

1.01
0.98

0.97
0.98

1.01
1.03

1.02
1.02

1.00
1.01

0.95
1.06

0.98

Average ratio 1.00

Per cent of
normal CUr

89
71

87
67

95
75

72
73

69
69

55
56

47
57

48
41

44
40

30
33

26
37

27
33

23.1
22.4

15.8
18.6

17.2
16.0

15.3
15.9

13.3
14.1

12.8
14.2

14.6
10.3

9.4
10.2

2.2

per cent of
normal CUr

85
69

84
68

96
75

71
69

71
69

58
63

47
58

47
41

43
40

30
30,

27
38

27
33

23.0
23.1

15.4
18.1

17.3
15.8

14.8
15.6

13.4
14.5

13.0
14.4

14.6
10.4

8.9
10.8

2.2

the nitrogen yielded by it from urea, under the
conditions prescribed for urine analysis, is 95 per
cent of theoretical. With ammonia the yield is
almost the same, 96 per cent (Van Slyke ( 1927) ).
As the ammonia nitrogen in the urine ordinarily
averages about 5 per cent of the urea nitrogen
(see for example Table II), one could expect
that, when the hypobromite reagent is applied
with the urinary ammonia present, the N2 gas
yielded by the ammonia would, on the average,
make up the 5 per cent deficit in the N2 yielded
by the urea.

Hypobromite clearances less than 95 per cent
of the urea clearance cannot occur, except as the
result of analytical error, because the hypobromite
reagent gives 95 per cent of theoretical N2 from
pure urea. (It also evolves some N2 from other
urinary substances, such as uric acid and crea-
tine, but their effect on the result in human urine
appears to be ordinarily slight.)

Hypobromite nitrogen clearances above 105 per
cent of the urea clearance will occur when the
ammonia nitrogen exceeds 10 per cent of the urea,
e.g., Number 13, Table IV. In such cases the
hypobromite nitrogen clearance will approximate
(95 per cent or a little more) the clearance of
urea + ammonia nitrogen, which has been shown
above to be a more consistent measure of renal
function than the clearance of urea alone.

It appears that the comparative significance of
the urea clearance and the hypobromite nitrogen
clearance may be summarized as follows.

1. The average normal values yielded by both
are identical, hence the same standard normal
values, heretofore used for the urea clearance,
apply without change to the hypobromite nitrogen
clearance. In calculating percentages of normal
values for the hypobromite nitrogen clearance, the
factors 1.33 and 1.85, of 'Formulae 1 and 2, can
therefore be used without change, also the nomo-
grams for graphic calculation of the clearance.
(M6ller, McIntosh and Van Slyke (1928, a);
Peters and Van Slyke (1932), pp. 566 and 567.)

2. The hypobromite nitrogen clearance will al-
ways be 95 per cent or more of the urea clearance.

3. When, by reason of an unusually high am-
monia: urea ratio in urine, the hypobromite nitro-
gen clearance significantly exceeds the urea clear-
ance, the hypobromite nitrogen clearance may be
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taken as the more accurate measure of renal
function, since it approximates the urea + am-
monia clearance, which has been found' to be more
consistent than the simple urea clearance.
From these conclusions it appears that the hy-

pobromite nitrogen clearance can be taken not
only as a technically convenient, but also as an
accurate measure of renal function, practically
equalling for this purpose the true urea clearance
when the ammonia: urea ratio in the urine is
within ordinary limits, and excelling the urea
clearance when the relative ammonia excretion is
exceptionally great.

Present urea clearance procedure in this Clinic
Experience accumulated since the details for

determining the urea clearance were first pub-
lished (Moller, McIntosh and Van Slyke (1928,
a)) has somewhat more completely indicated the
conditions desirable for the procedure, and we
will briefly outline the manner in which it is now
carried out.

Preparation of the subject. Except in fairly
advanced cases of nephritis, it ordinarily makes
no significant difference whether the subject lies
down during the test or walks about. Van Slyke,
Alving and Rose (1932) found that it made no
difference in any subject examined by them who
showed more than 50 per cent of normal clear-
ance, but that 3 out of 12 nephritics with less than
50 per cent normal function showed lower clear-
ances if they were up and about. It is therefore
desirable that nephritics, who have advanced to
less than 50 per cent of normal clearance, rest in
a reclining posture during the test, but in other
subjects it is not essential.

It is desirable to promote a fairly free flow of
urine during the test, in order to diminish the rela-
tive error caused by retention of urine in the
bladder at the voidings. For this purpose we
routinely give two glasses of water, one at the
beginning of the test, and another an hour later,
after the first specimen of urine has been col-
lected. This is the only special preparation of
the subject which we routinely follow. It may
be omitted when for any reason it is desirable to
do so.

The gain in constancy of results caused by increasing
the urine volume is indicated by the following results.

Moller, McIntosh and Van Slyke (1928, a) found that
the mean probable deviation, in a given subject, from the
average clearance of that subject, was + 9.2 per cent
when the urine volume was under 2 cc. per minute, and
- 7.0 per cent when the volume exceeded 2 cc. Addis
(1922) obtained routinely a great diuresis by giving one
liter of water, with 15 grams of urea, 3 hours before the
test, and two glasses (about 400 cc.) each hour thereafter
until the test was completed. Under these conditions the
mean probable deviation of the clearance in an individual
was reduced to + 3.7 per cent.
Some of the earlier studies of urea excretion indicated

that coffee affected the results (Addis and Drury
(1923)), and that clearances taken in the morning might
be more consistent than those taken at other times of the
day. Page (1933) has found, however, that the amount
of caffeine in an ordinary cup of coffee has no measur-
able effect on the clearance. And general experience in
this hospital has shown that the time of day also has no
significant effect. The clearance may therefore be taken
whenever it is most convenient, and it is not necessary to
forbid the taking of a single cup of coffee or of ordinary
amounts of food before the test.
Addis and Watanabe (1916) and Addis (1922) gave

15 grams of urea routinely, except in cases with blood
urea already high, with the idea that the increased load
of urea would put the kidney under a strain and reveal
functional deficits that might otherwise be missed. Fow-
weather (1934) also recommends urea administration on
the basis of his experience, but for exactly the opposite
reason; giving the urea appeared to prevent an occasional
erroneously low clearance which was encountered when
urea was not given. Cope (1934), apparently influenced
by Fowweather's results, advises the giving of urea.
M6ller, McIntosh and Van Slyke (1928, a and b), how-
ever, found that the urea administration had no influence,
either in raising or lowering the clearance, either in nor-
mal or in nephritic subjects. Later, Van Slyke, Alving
and Rose (1932) again tested the question carefully, and
likewise concluded that urea administration was without
effect on the clearance values. It is the writers' belief
that the administration of urea increases the accuracy of
the clearance determinations only when, by increasing
the blood urea content (Fowweather found an average
increase of 16 mgm. urea nitrogen per 100 cc. blood after
giving 15 grams of urea), it augments the accuracy of
the blood urea determinations. When a technique for
blood urea is used which gives saiisfactorily accurate
results with the concentrations of blood urea naturally
present, there appears to be nothing gained by urea ad-
ministration. It complicates the procedure, and the
methods for rapid blood analysis now available are
sufficiently accurate to make the addition unnecessary.
One of the advantages of the urea clearance as a renal
test is that it is not necessary to complicate it by ad-
ministration of anything.

Collecting the urine. It is desirable to collect
two specimens of urine, each over a measured
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period, for which about an hour is a satisfactory
time. A single specimen of blood for analysis
drawn near the middle of the two-hour interval
serves for comparison with both urine specimens.
In consequence, two clearances are measured with
only one drawing of blood.
To start the first period, the subject, after drink-

ing his first glass of water, empties his bladder
completely, without saving the specimen, and a
stopwatch is started. At the end of approx-
imately an hour the subject again voids completely
and the specimen is saved (Period 1).
At the moment when the subject finishes void-

ing, the time on the stopwatch is recorded, as the
first period, and the watch is immediately re-
started for the second period. The subject then
drinks his second glass of water.
At approximately the end of the second hour he

again voids completely, the time of this period is
accurately recorded, and the specimen is saved
(Period 2).

It is not necessary that the time of each period
shall be exactly an hour; it may without harm be
longer, up to several hours; or it may be shorter
than an hour, provided enough urine (preferably
over 50 cc.) is voided to prevent undue error from
the volume retained. The essential things are,
that the time be exactly recorded, that the approx-
imately complete urine content of the bladder be
obtained, and that the blood urea determined rep-
resent approximately the average for the period.

In some patients it is impossible to obtain urina-
tion at will. In such cases one may continue the
collection period for several hours until spontane-
ous urination occurs, provided the time is accu-
rately recorded. Especially in young children, it
is frequently necessary to wait for spontaneous
urination. For thes,e the automatic recording de-
vice described in the accompanying paper by Farr
(1935) is a great advantage.

Urine measurement. The urine from each pe-
riod is measured within 1 per cent. Accurate
graduated fylinders of 25, 50, 100 and 200 cc. are
kept at hand, and the smallest is used which will
contain the specimen.

Collecting blood. At about the end of the first
hour of the usual 2-hour test, a sample of blood
is drawn for analysis. Ordinarily, when no urea
has been administered, the change of blood urea

content is slow, so that a matter of 10 or 15 min-
utes time, or even more, sooner or later, is not im-
portant. We usually draw 2 cc. or more of blood
from a vein into a syringe, thereby obtaining suf-
ficient for duplicates by the usual gasometric
methods. When, however, economy of blood is
desirable, 0.2 cc. is taken from a finger or ear, or,
for small children from the heel as described by
Drucker and Cullen (1925), and the urea is de-
termined by micro-analysis.

Urine analysis. The rapid hypobromite urea
method with the manometric apparatus is used
(Van Slyke (1929), Peters and Van Slyke
(1932), p. 379). The treatment with permuttit
to remove ammonia, included in the original de-
scription of the method, is omitted for reasons de-
veloped in this paper. The urine is merely diluted
10 or 20-fold, a sample is measured into the
manometric chamber, hypobromite is added, the
chamber is shaken 1.5, 2 or 3 minutes at 250, 200,
or 150, respectively, and the analysis is finished by
taking the reading. The improved hypobromite
reagent of Van Slyke and Kugel (1933) is used.

Analysis of blood. The manometric hypobro-
mite method is also routinely used for blood urea.
It is applied, as described by Van Slyke and
Kugel (1933), to the blood filtrate obtained by
deproteinization with zinc hydroxide according to
the procedure of Somogyi (1930). The correc-
tion of 1.2 mgm., recommended by Van Slyke and
Kugel for N2 evolved from non-urea substances
in the Somogyi blood filtrate, is applied. As
found by Van Slyke and Kugel, the maximum er-
ror by this method is 0.5 mgm. of urea nitrogen
per 100 cc. of blood. The- method is simpler. with
regard to reagents and procedure than the urease
methods, and is as accurate as the urease procedure
recommended for routine analyses (" Procedure
A, for determinations in a series of blood fil-
trates," p. 703, Van Slyke (1927)).

For micro-analyses of blood drawn from skin
puncture, the micro-gasometric urease method
(Van Slyke (1927)) has until lately been em-
ployed. However, a micro-hypobromite modifica-
tion has been developed by Farr, and is described
in his accompanying paper (1935).

Calculation. When the urinary hypobromite
nitrogen is determined as above described, the
clearance is calculated by Formulae 1 or 2, with
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the urine nitrogen determined by the hypobromite
representing U in the formulae. The same nomo-
grams (Moller, McIntosh and Van Slyke
(1928, a); Peters and Van Slyke (1932), pp. 566
and 567) used for facilitating calculation of the
clearance from exact urinary urea values are used
also with the hypobromite nitrogen values.

If laboratory conveniences should make it easier
to determine urea + ammonia nitrogen (e.g., by
the urease method, with determination of the pre-
formed ammonia together with the ammonia
formed from urea) one would use the formulae
with the constants 1.26 and 1.76 substituted for
1.33 and 1.85.

Clearance by direct colorimetric comparison of
blood and urine urea. (Van Slyke and Cope
(1932).) This method is convenient where lab-
oratory facilities make colorimetry more prac-
ticable than manometric analysis. Because the re-
verse is the case in this laboratory, the colorimetric
procedure has not been used routinely by the
writers. However, it has given satisfactory
routine service in the clinic of one of our col-
leagues (Prof. L. H. Newburgh).

In the light of results in the present paper, the
colorimetric clearance may be simplified by omit-
ting the preliminary treatment of the urine with
permutit to remove ammonia, and by making the
urine dilutions to 1.05 times the volumes indicated
by the graph of Van Slyke and Cope.

SUMMARY

Experiments with human subjects show that
when the proportion of urea in the urea + am-
monia mixture of the urine is markedly decreased
by induced acidosis and low protein diet, the urea
clearances calculated from the excretion rate of
urea alone suffer a parallel reduction. If, how-
ever, values for excretion of urea + ammonia are
substituted for urea, the clearances calculated re-
main at the usual levels.
The theoretical significance of the results is

to favor the hypotheses, that the ammonia ex-
creted in the urine of man is formed in the kid-
neys chiefly from urea removed from the blood,
and that the work of the kidneys in excreting urea

from the blood is more accurately indicated by
the combined excretion of urea and ammonia than
by the excretion of urea alone.

The practical deduction is that in determina-
tions of the urea clearance as a measure of renal
function, results are somewhat more consistent if

in the clearance formula, UV or B
, one uses

for U the urinary concentration of urea + am-
monia nitrogen, instead of only urea nitrogen.
When the urinary urea is determined by methods
measuring the NH3 formed by urea hydrolysis,
or the N2 yielded by the action of hypobromite,
the determination of combined urea + ammonia
nitrogen is also simpler than determining the urea
nitrogen separately.
The routine procedure developed for clinical

determination of the urea clearance is described.
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