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In a recent paper (1) we described a syndrome
which occurred in pregnant dogs and rabbits sub-
jected to renal ischemia and which was charac-
terized by hypertension, albuminuria, coma,
convulsions, and death. In most of the animals
uremia and hematuria were also noted, but these
were not constant findings. Cardiac dilatation
with acute congestion of all organs, and necroses
in the liver, myocardium, and kidneys were the
usual findings at autopsy.

Bilateral constriction of the renal arteries ren-
dered estimation of the actual renal flow so dif-
ficult that only very gross variations could be
appreciated, and varying amounts of renal damage
and nitrogen retention complicated the picture.
A more precise quantitative method was needed
in order to subject the animals to comparable
amounts of renal ischemia.

Rytand (2) described the production of renal
ischemia by reducing the blood flow through the
aorta proximal to the points of origin of the renal
arteries. It seemed that the utilization of this
method with the application of a clamp of known
diameter to the previously measured aorta should
give a fairly accurate estimation of the relative
reduction of blood flow through the kidneys.

METHOD

Six pregnant and eight non-pregnant female rabbits of
8 pounds or more in weight and of varying breeds were
used as the experimental animals in which to constrict
the aorta proximal to the points of origin of the renal
vessels and four pregnant animals of the same type were
used to control the effect of simple aortic constriction
by placing the clamp distal to the points of origin of
these arteries. These animals were obtained from a local
dealer and were observed for three weeks before the
experiment was begun.

For an additional period of three weeks blood pres-
sure was recorded three times weekly by an indirect
method (3).

Urine was collected in metabolism cages and examined
weekly. Specific gravity was determined by a calibrated
urinometer; albumin was tested qualitatively by the heat

and acetic acid test, and careful microscopic examina-
tions were done on the urine after it had been centrifuged
at low speed.

Measurements of the cell volume, red blood cells, and
hemoglobin were done weekly. Studies of the cell vol-
ume were done by the Wintrobe (4) method; the red
blood cells were counted in chambers, using pipettes ap-
proved by the Bureau of Standards; and hemoglobin
estimations were made by the Sahli technic.

Chemical measurements of the blood were made at
weekly intervals. Measurements of the non-protein ni-
trogen were done by the method of Folin and Wu (5);
of urea by the method of Van Slyke and Cullen (6); and
of uric acid by the Folin (7) technic. Cholesterol was
determined by the method of Leiboff (8), chlorides by
the Whitehorn (9) method, and the carbon dioxide com-
bining power by the method of Van Slyke (10).

Following the period of three weeks during which
control studies were made the animals were subjected
to laparotomy under aseptic technic. The aorta, which
had been measured at laparotomy, was constricted above
or below the points of origin of the renal arteries to
varying degrees by means of a silver wire loop, the
inside diameter of which had been measured before
application. The aorta of each animal with aortic con-
striction proximal to the points of origin of the renal
vessels was also constricted to an equivalent degree
distal to the points of origin of the renal arteries to
prevent the return of any appreciable amount of blood
to the kidneys upon development of a collateral cir-
culation.

The non-pregnant control animals in which the
aortae were constricted proximally and distally to the
origin of the renal arteries were divided into four groups
of two animals each. The cross-sectional areas of the
aortae of these animals were constricted to approxi-
mately one-sixth, one-fourth, one-half, and two-thirds of
the original value.

The pregnant experimental animals were divided
similarly into three groups of two animals each and
the cross-sectional areas of the aortae proximal and
distal to the origins of the renal arteries were constricted
to one-fourth, one-half, and two-thirds of the original
measurement. The aortae of this group were not con-
stricted to one-sixth of the original cross-sectional area
since it was felt that pregnant animals subjected to such
renal injury would not survive long enough to be of
value. The aorta was constricted when the animal was
in the last half, or in some instances the last third, of the
period of gestation.
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The pregnant control animals in which the aorta was
constricted only distally to the origins of the renal
arteries were divided into two groups of two animals
each. The aorta was reduced to approximately one-
sixth and one-fourth of the original cross-sectional area.

Following constriction of the aorta, blood pressure
determinations were made daily; examination of the
urine, chemical measurements of the blood, and hema-
tologic studies were done usually every other day until
death occurred. If it seemed obvious that the animal
would survive indefinitely, such studies were made for a
period of twelve to fifteen days and from then on at
frequent intervals. Following delivery of a pregnant
animal the studies were made on the same plan until a
stationary level was reached.

Each animal was autopsied within four hours after
death, and numerous sections of all viscera, glands of
internal secretion, brain, and bone marrow were taken.

RESULTS

No data are presented on those pregnant ani-
mals in which constriction of the aorta was carried
out only distally to the points of origin of the
renal arteries. Both preceding and following
operation, blood pressure values ranged from 80-
120 mm. Hg, urine studies showed no evidence
of abnormalities (albumin or casts), and the blood
chemistry measurements were within normal
limits. All of these animals delivered living term
fetuses. Likewise no data are presented on those
of the non-pregnant animals in which the cross-
sectional area of the aorta proximal and distal
to the renal arteries was reduced to one-sixth of
the original value. Both animals died within
eighteen hours following operation, and no blood
pressure or urine studies were carried out.
Chemical studies on the blood obtained at post-
mortem examination showed evidence of nitrogen
retention only. Autopsy demonstrated cardiac
dilatation, pulmonary edema, and areas of hemor-
rhage and necrosis in the adrenal glands and kid-
ney cortices. In view of the short periods of
survival following operation, it seemed worthless
to evaluate such severe constriction, and the data
on these animals are not included in the tables.

The data on all animals in which constriction
of the aorta had reduced the cross-sectional area
to one-fourth of the original value are presented
in Table I. The blood pressure in both non-
pregnant animals sustained a moderate elevation
during the entire length of the period of post-
operative observation, but in the pregnant animals
no significant rise in tension was noted until the

pregnancy had terminated, following which the
course was identical with that of the non-preg-
nant animal. In both non-pregnant animals a
slight transient rise in blood non-protein nitrogen
and urea occurred after aortic constriction. No
change was noted in the pregnant animal in which
resorption of the fetuses had taken place. In
the other pregnant animal the non-protein nitro-
gen and urea became elevated following aortic
constriction, but rapidly returned to normnal after
delivery. Both the non-pregnant and pregnant
animals showed a moderate decrease in uric acid
levels, particularly noticeable in Animal B in
which the uric acid values were depressed despite
the marked elevation of other nitrogenous prod-
ucts. In both groups of animals the hemoglobin,
red blood cell and cell volume values markedly
decreased immediately after laparotomy and then
returned toward normal. The urine of the non-
pregnant animals contained a trace of albumin
and an occasional hyaline or granular cast.
Aortic constriction in the pregnant animal was
followed by the gradual onset of severe albumi-
nuria and gross hematuria with a complete re-
mission of both following the termination of
pregnancy.

Table II shows the effect of reducing the cross-
sectional area of the aorta to approximately one-
half of its original value. Both of the non-preg-
nant animals developed a moderate hypertension
which was noticeably less marked in degree and ra-
pidity of onset than that seen in the more severely
constricted group. Here again no definite rise in
the blood pressure was noted in the pregnant
animal until delivery had occurred. No signifi-
cant changes in the blood non-protein nitrogen or
urea were noted in either of the non-pregnant
animals, nor in one of the animals of the pregnant
group. The other pregnant animal showed a
marked elevation of these substances following
the production of renal ischemia with an imme-
diate return to normal following delivery. No
significant change in the uric acid level was noted
in any animal of this group, although Animal B
showed no elevation of uric acid despite marked
retention of the other nitrogenous products. The
usual decrease in hemoglobin, red blood cell and
cell volume values was noted following laparo-
tomy in all animals except Animal B, in which
an equivalent amount of blood evidently was lost
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REDUCTIONOF RENAL BLOOD FLOW IN PREGNANTRABBIT

during the operation. The urinary constituents
of the non-pregnant group were not altered, while
both of the pregnant animals developed albu-
minuria and hematuria to a marked degree pre-

ceding delivery. A complete remission was noted
in one animal following expulsion of the fetuses,
while in the other, although the hematuria cleared
up completely and the albumin was markedly re-

duced, a moderate amount of albumin persisted
until death occurred.

The autopsy findings on the pregnant animal
of the moderately constricted group in which
death occurred four days following delivery were:

healing abdominal wound; striate areas of ne-

crosis in the cortices of both kidneys; gangrene

of terminal ileum; fibrino-purulent peritonitis;
lobular pneumonia of the right lower lobe; cloudy
swelling of the liver, spleen, and heart; cardiac
dilatation; and acute pulmonary edema. It was

felt that recovery of the animal was imminent
when infarction of the intestine occurred, and
that the terminal rise in blood nitrogen as well as

the albuminuria and death were directly attribut-
able to this accident.

The effect of constricting the aorta to two-
thirds of its original cross-sectional area is shown
in Table III. In both of the non-pregnant and
in one of the pregnant animals of this group there
was at most a slight elevation of blood pressure.

In the remaining pregnant animal, however, a

marked rise occurred immediately following aortic
constriction and persisted until one day before
death. In neither of the gravid animals was there
a significant change in non-protein nitrogen or

urea although in Animal A a slight decrease in
uric acid occurred. Hemoglobin, red blood cell
and cell volume values, particularly in the non-

pregnant animals, showed a less marked decrease
than occurred in the more severely constricted
group. Albuminuria was noted only in the preg-

nant animals, and delivery in Animal A caused the
urine to become completely negative.

Autopsy findings on the pregnant animal of the
minimally constricted group, which died while
resorbing the fetuses, were: cloudy swelling of
the kidneys; focal necrosis of the liver and myo-

cardium; cardiac dilatation; infarction of the
spleen; infected pulmonary infarct of the right
lower lobe with extension to the diaphragm; cor-

pora lutea of the ovaries; and retained placental

tissue. We believe that death and pathologic
findings in this animal are directly attributable to
the syndrome produced by renal ischemia in the
pregnant animal.

DISCUSSION

The differences in the clinical courses of these
animals were quite apparent. At no time fol-
lowing operation did any of the non-pregnant
animals appear ill while, without exception, the
condition of the pregnant animals became steadily
worse. With the advent of delivery the animal
at once became much more lively, the fur im-
mediately regained its glossy appearance, and
within two days the animal was apparently normal.
The degree of aortic constriction seemed to bear
no direct relation to the appearance of the animal.

From these findings it seems logical to believe
that the aorta of the non-pregnant animal can
safely be reduced to at least one-fourth of its
original cross-sectional area without producing
more than a persistent hypertension in the non-
pregnant female rabbit; yet a reduction to even
two-thirds of the original cross-sectional area may
produce signs of toxemia and even death in the
pregnant animal. That this toxic effect is due to
reduction in renal flow and not to mere mechanical
blockage is shown by the failure to produce sig-
nificant changes in the course of pregnancy in
animals in which aortic constriction is carried
out below the points of origin of the renal ar-
teries. Rytand (11) has shown that the blood
pressure elevation which accompanies partial
aortic obstruction does not occur when the ob-
struction is carried out below living kidney tissue
and Brotchner (12) has demonstrated that the re-
moval of a large portion of the capillary bed as
represented by the kidney causes no significant
rise in pressure in animals in which the aorta is
constricted at a point below the origins of the
renal vessels.

We are unable to explain why the pregnant
animal with severe restriction of renal blood flow
fails to develop hypertension. Arterial spasm,
which is usually considered the promulgator of
hypertension, is obviously not decreased in the
pregnant animal, but rather increased in a gen-
eralized fashion as evidenced by the widespread
necroses in the heart, spleen, liver, and kidney of
these animals, whereas in the non-pregnant animal

645



/20

0 0 0o

0 4 0

I1 44i 0 0 0
.0./2IU s'- -4:

0 O 0

.0C 04 N4 0 0 0C.Z° ay 0 o 0
.= ~ ~ -4 -

= . 4)

0.4
E°o

6 q

0 0 0

00 0

t;-- -aJ4 00 0

E-;

.Q) 00 8 N

%A o o

O>at - 0%

a0 ¢E ._t
"

0X 9 e 0mm8 e. bo
.i if; if)

v0 -q~.
'0 00

I

. 0

E6s|

=nII=o

4C
o

0

z

Ico
a

0

z

$t 0 00

0-t 0
E-2 u0

t
0% 0%1

.0

t;- ~ ~ ~ ~

Z t~-

S 1 -!- =

0e X w i1 eq -
/24

_______ /24v~4i1 04 ,404

/24

E Ca oe ,44 l°o o

V~~~~~

a/ .,0 -~~~~~0 0%%0%-
0 -C10

E C o

z CA __>b 4 g000000(/20 0C

UII1 000 0- -

- -

z
0

¢-4

+:
4-a

U-)

0 o 00 0

4 14 .e E )4

00~~ ~ ~ ~ ~ ~~'

~ a
C1 NO %O CK

00 '0') \0 0 00

4 00 00 00 0

'0 i i) ifU) U

.4 00 eq d4
ON 'o 00 00 00

'O C')

140

W-0

ifo. 100. U4 '00o r 0

04 tn D C

'0 . _

00 I0 00NoC

_l _In

000 00000000000oeq4'0 '000+a'0'000000000- - - ------e

_d~000000

I;;'ouuwooom*.0 00 0%0,-4eq -0eq
- - _ _______---

00o 0000000 000 000
00foN 4-'0eq>oc

000 0000000000000_

('4w4 oooo0000U('4

I ~~~~~~~-4--4- -4 -4-4

IC

'.O /g 04:

OO~:

4-/
a- *
°D
/)2-

Ce d

/0)
'-._

lo C

o 4)
4-)

0 0

LU2

-(#n

CQ

0 0

UO

o
04)

ocd
bloQ

.0 u

0)

-0)

00

0 *C

_bO :

4.j cd .b4iD

UboO

'0 c

0)

*UCs- C:
4 _ 4.4bl

-

0)

/0

at, bO /

40) /2a-a,

a O

0) 0)r/) /2

_--d/2 O2

1-1 U' -)
11 X c

Oi
30

I

10 IC; ; .-Oo=.0 93
.- .-.v. .0 t
-R, 5 :5



REDUCTIONOF RENAL BLOODFLOW IN PREGNANTRABBIT

severe hypertension develops without producing
any pathologic changes in these organs.

That pregnancy produces this difference in re-

action seems obvious from the observations that
delivery, or in some cases even the death of the
fetuses, seems to effect an immediate recovery,

and that thereafter the animal responds as one of
the non-pregnant animals in which the aorta has
been similarly constricted.

It is noticeable, but perhaps not remarkable,
that abortion is much more frequent in these
animals than in those animals previously reported
(3) in which bilateral renal artery constriction
and not aortic constriction was used to reduce the
blood supply to the kidney. It is probable that
the aortic constriction, by further reducing the
blood supply to the uterus as well as to the func-
tioning lutein tissue, plays an important part in
this tendency of the uterus to evacuate, especially
since these organs as well as the fetuses are prob-
ably suffering from a rather marked anemia pro-

duced by the arterial spasm associated with this
syndrome.

Hemoconcentration such as has been described
in the human with toxemia of pregnancy (13,
14) is not noted in these animals, although it is
probable that if it occurs it has been masked by
operation and by the frequent taking of blood
samples.

CONCLUSIONS

A quantitative method for producing a relative
reduction of blood flow through the kidneys is
described.

The presence of pregnancy definitely increases
the susceptibility of the rabbit to renal ischemia.

Minimal reduction of the blood flow to the
kidney of the pregnant animal produces a clinical
and pathologic syndrome which closely simulates
" toxemia of pregnancy " in the human.

The authors wish to express appreciation to Dr. J. B.
Pastore for valuable suggestions in the preparation of

this report and for hematologic studies and to Dr. H. F.
Traut for aid in the preparation and study of the autopsy
material.
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