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Iin 1934 Sanguinetti (1) observed a rise in the
blood urea after hemorrhage into the gastro-intes-
tinal tract. This observation has been confirmed
in many subsequent reports. It has been shown
that not all patients with comparable degrees of
hemorrhage from the upper gastro-intestinal tract
develop azotemia. The reason for this disparity
has not been clarified. Several theories, none of
which has been universally accepted, have been
proposed to explain the pathogenesis of post-
hemorrhagic azotemia: (1) Toxic destruction of
body protein (1, 2, 3, 12); (2) toxicosis due to
bacterial decomposition of the stagnant blood (1,
4); (3) absorption of digested blood (1, 5, 6, 7);
(4) abnormality of chloride metabolism (6, 8);
and (5) functional impairment of renal activity
(6, 7, 9, 10, 12, 13, 14).

This communication reports a study of 17 pa-

tients with upper gastro-intestinal hemorrhage.
Our observations support the opinion that azo-

temia. following hemorrhage into the stomach and
upper part of the small intestines occurs only when
the kidney function is temporarily or permanently
reduced. Evidence, is presented which indicates
that such azotemia is due to an accentuation and
prolongation of the normal physiological rise in
the blood nonprotein nitrogen which follows the
ingestion of a large amount of protein.

GENERALPROCEDUREAND METHODS

Blood for chemical analysis, hemoglobin, and erythro-
cyte counts was taken on admission to the hospital and
at frequent intervals as indicated in the tables. Renal
function was studied by repeated measurement of the
urea and creatinine clearances. In most instances, the
initial observations on renal function were begun within
a few hours after admission to the hospital. The blood
urea nitrogen was measured by the manometric urease

1 Presented in abstract at the meeting of the American
Society for Clinical Investigation, May 6, 1940, Atlantic
City, New Jersey.

2Rockefeller Foundation Fellow in Medicine.
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method of Van Slyke (19). Blood serum chloride
(blood collected under oil) was determined by the method
of Van Slyke and Sendroy (19). Nonprotein nitrogen
was determined by the micro Kjeldahl and direct nes-
slerization method of Wong (19). Plasma carbon di-
oxide combining power was measured by the method of
Van Slyke and Cullen (19). Creatinine clearances were
done according to the method of Holten and Rehberg
(22). Urea clearances were done by the method of
M6ller, McIntosh, and Van Slyke (21). The urea clear-
ance was calculated by the method of Chesley (16) when
the rate of urine excretion was less than 0.35 cc. per
minute. In practically all cases the urine collection was
made by catheter. Values for blood and urine urea are
expressed as urea nitrogen.

SUMMARYOF CLINICAL DATA

Table I is a summary of the 17 cases. The
maximum blood urea nitrogen and nonprotein ni-
trogen, day of admission after onset of hemor-
rhage, the severity of hemorrhage as estimated by
the red blood cell count, blood pressure, and renal

TABLE I

Summary of 17 cases of upper gastro-intestinal hemorrhage

Clearance Admiuion

393. 393. Ul c. .
day* per S unpper"rm.s Mil-
da

ceent eaaL m.en. d we
1 1 526' 48 104 95 161 7.3 2.7 92/60 90/70
2 2 759 56 88 37 42 8.0 2.9 120/80 110/60
3 5 609 10 30 51 126 5.5 1.9 105/65 100/65
4 2 49d' 45 85 101 67 51 48 11.0 3.3 185/110 180/95
5 1 62d' 35 60 97 48 27 53 5.8 1.7 88/52 70/60
6 5 65d' 135 101 42 28 30 4.0 1.7 110/70 112/68
7 2 65d' 18 42 100 9.2 2.9 180/90 150/80
8 2 536' 116 45 98 8.5 2.3 120/70 120/70
9 2 63d' 166 117 49 49 5.0 2.4 82/50 50/30

10 1 59d' 41 52 44 4.5 1.4 110/60 90/56
11 1 566' 28 45 98 51 125 192 5.8 1.9 100/70 100/58
12 5 70d' 49 88 49 53 104 5.8 1.8 100/40 92/60
13 5 57d' 25 41 54 57 60 5.1 1.7 200/90 138/70
14 1 59d' 60 74 103 54 43 66 6.8 2.0 120/70 85/50
15 1 53d' 55 76 52 7.8 2.0 100/70 60/40
16 4 56d' 24 43 95 5.5 1.9 100/50 96/55
17 2 519 41 58 52 6.8 2.1 110/65 110/60

* Day of admission after onset of hemorrhage.
t Maximum values during hospital course.
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FIG. 1. COMPARISONOF BLOODNONPROTEINNITROGEN AND RENALFUNCTION

function are listed. The azotemia which was ob-
served in this group of patients occurred, for the
most part, in the absence of shock.

Cases 1 and 11 are striking in that they entered
the hospital on the day of onset, had severe

hemorrhages, but showed no significant elevation
of the blood nitrogen during the period of obser-
vation. Case 7 was similar, although his blood
was examined the day after onset of hemorrhage.
These 3 are the only cases in the series which
showed consistently normal renal function. All
the other cases entering the hospital prior to the
third day after the onset of severe hemorrhage
had a significant rise in the blood nonprotein ni-
trogen. Also, they had a marked reduction in
renal function. Figure 1 is a comparison of the
blood nonprotein nitrogen and the renal function.
The correlation between the two is even more

striking when the course of this type of azotemia
is considered.

The course of the blood nonprotein nitrogen in
6 representative cases is presented in Table II.
In Cases 2 and 4 the clinical evidence was that of
a single massive hemorrhage. Although these 2
patients developed a significant azotemia, the non-
protein nitrogen levels were again within normal
limits of physiological variation on the fourth and
fifth days after the hemorrhage had occurred.
The course was more prolonged in Cases 14 and
15; in these patients there were repeated hemor-
rhages after admission to the hospital. Obvi-
ously, when there has been a single massive hemor-
rhage, a rise in the blood nonprotein nitrogen may
be missed if the blood is not examined within the
first 3 days after onset.

The hemorrhage was severe in all cases, but
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TABLE II

Course of blood nonprotein nitrogen after gastric hemorrhage

Days after onset of hemorrhage
a:;]n " (Nonprotein nitrogen, mgm. per cent)

P4195 i; I2 3 4 5 6 7 8 9 10 11 12

lions
1 95 2.7 47 47 43*
2 37 2.9 82 88 43 43 32 36*
4 51 3.3 85 75* 56 48 38

11 125 1.9 48 41 39 40 40 35 *
14 43 2.0 74 72 54 50 35 35 35 *
15 47 2.0 76 64 75 62 58 54 52 46

* = First guaiac negative stool.

there was considerable variation in the maximum
blood urea nitrogen levels. The lack of direct
correlation between the severity of hemorrhage
and the maximum blood urea nitrogen can be seen
in Table I.

Metabolism after hemorrhage

Information concerning the protein metabolism
incident to upper gastro-intestinal hemorrhage was
obtained through the following experiment: Ci-
trated human blood (1200 to 1500 cc.) was given
to 4 patients by stomach tube within a period of
6 to 8 hours. These patients were given a con-
stant nitrogen intake for 5 days preceding the
administration of the blood. Their renal func-
tion was measured during the preceding 72 hours.
The blood urea nitrogen rose in all cases as is
usual after the ingestion of protein (11, 15, 20).
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However, the rise was moderate and transient in
the cases with normal renal function.

In Case 14, in whom the urea clearance was
50 per cent, the blood urea nitrogen reached 54
mgm. per cent and remained above 24 mgm. per
cent for 72 hours. At the end of 24 hours the
nitrogen (37.5 grams) derived from the 1250 cc.
of blood ingested by this patient could be ac-
counted for as follows: Nitrogen retained in the
body water, estimated from a rise of 34 mgm.
per cent in the blood nonprotein nitrogen, 15.5
grams; nitrogen excreted in the urine, 13.8 grams;
extra nitrogen finally excreted in the feces, 8.7
grams; total nitrogen accounted for, 38 grams.
Figure 2 gives a graphic illustration of this dis-
tribution. Nitrogen balance studies in the other
3 cases likewise indicated that the ingested blood
was the source of protein responsible for the in-
crease in urea production. Only 20 to 30 per
cent of the nitrogen given as blood could be re-
covered in the stools when these were collected
until the guaiac reaction became negative. The
control stool nitrogen before the ingestion of blood
and after the feces became free of blood was
within normal limits and essentially the same.
On the other hand, excess nitrogen amounting to
50 to 54 per cent of the nitrogen given as blood
appeared in the urine. Results similar to those
just noted were obtained in Case 14 when an
equivalent amount of beef serum protein was in-
gested (see Figure 4). The effect of another
type of protein was tested in another patient by

3ODY WEIGHT 65 KG. (70 . WATER)

3ODY WATERNt AFTER 24 HOURS:
45.5 X 0.79 = 35.9 GRAMS

-ASTING BODY WATERNt:
45.5 X 0.45 = 20.4 GRAMS

-3 NITROGEN INGESTED AS BLOOD

3 EXCESS Ng I N BODY WATER

URINARY Ns. FIRST 24 HOURS

m EXCESS N IIN STOOL

HouRs AFTER INGESTION OF 1250 cc. OF BLOOD
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feeding liver residue. The behavior of the blood
nonprotein nitrogen is shown in Figure 3, where
it may be compared with the azotemia produced
in this same individual by a massive spontaneous
gastric hemorrhage.

An indication of the magnitude of the protein
metabolism which takes place after gastric hemor-
rhage may be obtained from a study made on

Case 14 shortly after admission to the hospital.
During a period of 2 hours and 40 minutes, the
urinary urea nitrogen output was 2.85 grams, at
a time when the blood urea nitrogen was 50 mgm.

per cent. If these conditions were continued for
12 hours, at least 214 grams of protein would be
required for the production of the urea involved.

Renal function after hemorrhage

The data on renal function are shown in Table
III. In most of the patients with reduced renal
function, repeated.measurement continued to show
that impairment as long as 4 weeks after admis-
sion. The high incidence of impaired renal func-
tion was unexpected in that only 2 of these pa-

tients had positive histories and urinary findings
of glomerulonephritis. It does not seem likely
that the anemia was directly responsible for the
impairment in view of the fact that those patients
with normal renal function had equally severe

anemia. In the cases in which the impairment of
renal function was temporary, the fall in blood
pressure was probably responsible.

As a whole, the patients with marked elevation
in the nonprotein nitrogen recovered as rapidly as

those with no significant elevation. The patients
in whom the reduced renal function was incident
to repeated fall in blood pressure had a more

stormy course during the initial phase of their
illness. No evidence was found to indicate that
this type of azotemia represents a serious intoxi-
cation. However, the patients who ingested blood
by stomach tube developed one or more loose
stools consisting of partially digested blood within
7 hours after the feeding was started. Two of
the patients became nauseated and vomited. A
slight rise in temperature was noted in these latter
cases.

The degree of azotemia was not a reliable index
to the severity of the hemorrhage, but a progres-

sive daily decline showed good correlation with

TABLE III

Course of renaWfunctson in gastro-intestinal hemorrhage *

Urea clearance, Creatinine clearance,
per cent cc. per minut

Case
number Week of hospital course

I II III IV I II III IV

1 83 126 161 148
108 92

2 35 55 37 58 42 58 63 67
39 5241 54

3 54 7812 10
48 7012 10

41 5252 5 5 48 76 67
51 58 47

5 29 66 5 025 70 53 103

6 22 20 30 2734 22

72

9h 72nia49dec114saiofhmorae

10 46 74 13842 73

11 129 137 192 167
121 90

12 53 66 65 104 11854 59 50

13 62 65 60 8752 53

14 449 67 6742 51

15 52 40 7

*Urea dlearances done in duplicate. Creatinine and
urea dlearances done simultaneously. Normal creatinine
clearance 170 cc. per minute (26).

the clinical evidence of cessation of hemorrhage.
One patient in the group died (Case 10). He had
repeated hemorrhages during the month prior to
admission to the hospital. A final massive hemor-
rhage was responsible for his death.

DISCUSSION

In view of the fact that the elimination of urea
from the body is effected primarily by the kidney,
it seems reasonable that attention should be fo-
cused on renal function in the type of azotemia
under consideration. The blood urea nitrogen
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ranges from 5 to 23 mgm. per cent in the normal
subject on a diet containing one gram of protein
per kilo. body weight (15). From a physiological
point of view the level of blood urea nitrogen is a
function of urea production by the liver and urea
excretion by the kidneys. It is conceivable that
the production of urea may increase with such
rapidity that it will exceed the excretory capacity
of the kidneys and result in a rise in the blood
urea nitrogen.

Evidence that the rate of urea formation is
enormously increased when large amounts of
blood enter the upper gastro-intestinal tract is
to be found in our nitrogen balance experiments
described above. In Case 14 the urinary urea ni-
trogen during the first 24 hours was 11.4 grams.
The excess urea nitrogen in the body fluids at
the end of 24 hours was 15.5 grams. This makes
a total of 57 grams of urea formed during the 24
hours after the ingestion of blood. The urea
production during this period is five times that
of the control period in which the daily urine urea
was 10 grams (4.8 grams urea nitrogen). If the
renal function is reduced, either by a fall in blood
pressure or by organic disease of the kidney, the
elevation of blood urea nitrogen which follows the
increased production of urea may be greatly ac-
centuated.

The correlation between the elevation of blood
urea nitrogen and the existing renal function in
the cases presented here indicates that renal func-
tion is a most important factor in determining
whether a given patient with a large gastric hem-
orrhage will develop a significant azotemia (see
Figure 4).

Only a few reports on this subject are available
in which adequate renal function studies have been
recorded. The most recent paper is that of Ste-
vens and co-authors (17), who studied kidney
function in 4 cases. In each of their last 3 cases
two or more of the urea clearance periods varied
between 40 and 60 per cent of normal (corrected
to 1.73 square meters surface area). Their first
case was admitted to the hospital in shock (25).
After a few hours the blood pressure rose from
80/60 to 122/60 and remained above that level
during the remainder of the hospital stay. The
urea clearances were done on the second hospital
day, at which time they were within the normal
range. Black (23) reported 12 cases of hema-

temesis in which renal function was studied. His
data do not include the day after onset of hemor-
rhage on which the blood urea determination and
urea clearances were made. That information is
of much importance because of the transient na-
ture of this type of azotemia. Even though his
data are inadequate for analysis from our point
of view, it is of considerable interest to note that
the blood urea nitrogen did not exceed 20 mgm.
per cent in any of his patients who had consistently
normal renal function. Borst (6) reported 3
cases with azotemia in which the urea clearance
fell to 15 per cent or less, associated with shock.
In another paper this author reports 5 cases with
azotemia (24). Three of these cases showed re-
duced renal function (19, 47, and 58 per cent of
normal). The other 2 cases had normal renal
function when determined several days after ad-
mission. Of these 2, Case 5 was admitted in
shock with a blood pressure of 60/30. The urea
clearance done on the third hospital day was nor-
mal. No statement concerning shock was made
in his discussion of the other patient (Case 3).
However, the patient received 700 cc. of blood by
transfusion and considerable parenteral fluids
during the first 48 hours. The urea clearance was
done at some period during the second 24 hours.
Alsted (12) reported 5 cases in which the renal
function was studied. Four of these had normal
renal function and the maximum blood urea ni-
trogen ranged from 23 mgm. per cent to 27 mgm.
per cent. The other patient showed a fall in the
urea clearance to 15 per cent with a rise in the
blood urea nitrogen to 100 mgm. per cent. Clau-
sen (7) reported 3 cases, all of whom showed a
reduction in the urea clearance (38, 54, and 68
per cent). The data in Christiansen's cases (8)
are too inadequate to allow definite conclusions.

It is seen from this brief review of the litera-
ture that a reduction in the urea clearance ( 10 to
60 per cent of normal) is a common finding in
patients with a significant rise in the blood urea
nitrogen following upper gastro-intestinal hemor-
rhage. Stevens and associates (17), in discussing
the renal factor in this type of azotemia, point out
that for the most part the urea clearances were
not reduced below 20 per cent of normal. They
cite Peters and Van Slyke to the effect that the
urea clearance must be reduced to 20 per cent of
normal before all cases of impaired renal function
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show an elevated blood urea nitrogen. However,
Peters and Van Slyke (18) also state that the
blood urea nitrogen can be interpreted correctly
only when considered in connection with the rate
of urea formation. Indeed they point out that, if
the protein intake is sufficiently reduced, many
patients with extensive renal damage may continue
to have a normal blood urea nitrogen. In the
fasting state the urea clearance must be reduced
at least to 20 per cent before the rate of urea
formation exceeds the rate of urea excretion.
When the rate of urea production is significantly
increased, the rate of urea excretion will be ex-
ceeded with less severe reduction in the urea
clearance.

Christiansen (8) suggested that a lack of blood
chloride may be responsible for the azotemia of
hemorrhage. That hypochloremia may result in
azotemia seems established by the careful experi-
ments in man by McCance (14). The rise in
blood urea nitrogen which he observed was asso-
ciated with a progressive decrease in renal func-
tion, although there was no change in blood pres-
sure. None of the cases in our series in which
the blood chloride was determined, showed hypo-
chloremia (see Table I). No change was found
in the blood chloride of Case 14 after the ingestion
of blood. The plasma carbon dioxide combining
power was not abnormal in this group of cases.

CONCLUSION

1. A marked rise in the nonprotein and urea
nitrogen of the blood was observed in cases of
severe upper gastro-intestinal hemorrhage only
when there was a temporary or permanent reduc-
tion in renal function.

2. The duration of the azotemia was 3 to 5 days
after a single hemorrhage, but was more prolonged
when there were repeated hemorrhages.

3. No changes were observed in the serum chlo-
ride or in the plasma carbon dioxide combining
power.

4. Whole blood in the upper gastro-intestinal
tract is digested and absorbed, and results in the
formation of urea.

5. The pathogenesis of the azotemia depends on
a rate of urea formation which is in excess of the
rate at which urea can be excreted by the kidneys.

6. No definite correlation between the degree

of azotemia and the prognosis for recovery was
found.

7. The absence of azotemia in some patients
with massive hemorrhage into the upper gastro-
intestinal tract may be explained by the fact that
these patients have normal renal function. In
them the rate at which urea is excreted quickly
equals the rate of increased urea production.

Grateful appreciation is expressed to Dr. Samuel H.
Bassett for many valuable criticisms and suggestions.
during the course of this work.
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