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It has been the consistent testimony of recent anatomical studies of the maternal
placenta of primates that the vis a tergo of maternal arterial blood pressure is the
controlling factor effecting circulation of blood through the placenta.1'2
The primate placenta is of the hemochorial type in which clusters of fetal chorionic

villi containing the fetal blood vessels hang free in a pool of maternal blood, the
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FIG. 1.-Diagrammatic representation of a portion of the primate (hemochorial) placenta
attached to the uterine wall. The inset shows, at higher magnification, the components of a
single arterial stem. (From Ramsey,8 in Report of 15th M & R Pediatric Research Conference
1955.)

intervillous space. Maternal blood is supplied to this pool through the base
of the placenta by endometrial branches of the uterine arteries. Blood is drained
from the intervillous space by endometrial branches of the uterine veins (Fig. 1).
Exchange of metabolites between mother and fetus takes place across the tissue of
the villi in whose fibrous core the fetal blood vessels are embedded.
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Experimental procedures employed in the Carnegie Department of Embryology
to study the circulation in the primate placenta have been as follows.

In rhesus monkeys studied at close intervals throughout pregnancy one or another
of three techniques was used:

1. Intra-aortic injection of India ink at laparotomy with subsequent removal of
the uterus and serial sectioning of all or part of the placenta in situ and the full
thickness of the adjacent uterine wall.3

2. Injection of nontoxic colloidal mercuric sulfide into the femoral vein with
subsequent laparotomy and removal of the uterus when the dye has been fully
distributed through the systemic vascular bed. The placenta was sectioned as in
the first technique.4

3. An "auto-injection" procedure whereby, at laparotomy, the in situ uterus
was immersed in copious amounts of Bouin's solution for periods of from 4-7 min.
The uterine ligaments and their vessels were then clamped simultaneously and
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FIG. 2.-Mercuric sulfide injection of a monkey placenta.. The arrow indicates
the location of a spurt of dye high into the intervillous space from the mouth of
an endometrial arteriole. Monkey C-747. 121 days pregnant. Primary placenta.
Section B 17. X 2.

the uterus was removed for serial sectioning. Contact between the Bouin's solu-
tion and the blood, which was still circulating during the interval before clamping,
so changed the color of the blood that its course through the placenta could be
traced in the sections.2

In human uteri removed at operation or at autopsy at various stages of preg-
nancy from the 8th week to term, injections of India ink were performed. Canulas
were inserted in one or both uterine arteries immediately after removal of the
specimen and the vascular bed was flushed at pressures below diastolic arterial
pressure with an isotonic saline solution to which 1 per cent sodium nitrate and
0.t1 per cent histamine had been added. This perfusion was followed by India ink
injection at the same pressure. The placenta was studied by serial sections as in
the monkey experiments.'

Plastic sheet reconstructions of human and rhesus material were prepared to
show the changing character of the uterine vascular bed during pregnancy.
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Whenever the point of connection of a maternal artery with the intervillous
space was encountered in the sections it was noted that the maternal blood (or
injection material) entered the placenta in the form of a "spurt" or fountain-like
"jet" which carried the blood in a discrete mass far toward the chorion before
lateral dispersion occurred (Figs. 2 and 3). Repeated observation of this phe-
nomenon suggested interpretation of the circulatory mechanism in terms of the
following "physiological concept":

"Arterial blood enters the placenta from the endometrial arteries under a head
of pressure sufficiently higher than that prevailing in the vast, amorphous lake
of the intervillous space that the incoming stream is driven high up toward the
chorion. Gradually this force is spent and lateral dispersion occurs, aided by the
villi which, acting as baffles, promote mixing and slowing and by their own pulsa-
tion effect a mild stirring. Eventually the blood in the intervillous space falls
back upon the orifices in the basal plate which connect with maternal veins, and
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FIG. 3.-Autoinjection of a monkey placenta. Bouin's bath of in situ uterus.
Maternal blood, colored by contact with Bouin's solution, spurts high into the inter-
villous space at the point marked by the arrow. Monkey C-750. 123 days preg-
nant. Secondary placenta. Section 100. X 2.

since there is an additional fall in pressure between the intervillous space and the
endometrial veins drainage is accomplished."2 This circulatory progress is en-
hanced by intermittent myometrial contractions throughout pregnancy.

Physiological studies to test this working hypothesis have been carried out in the
monkey. Pressure transducer systems have been introduced simultaneously into
the femoral artery and femoral vein, the intervillous space of the placenta and the
amnionic cavity in early, mid, and late pregnancy. Although pressures in the
femoral artery and femoral vein are only roughly representative of the effective
arterial and venous pressures within the uterine wall at the placental base, the
data obtained have confirmed the pressure gradients assumed in the physiological
concept and established the existence, character, and effect of the myometrial
contractions.5

Highly suggestive as these results appear to be, they must be regarded as in-
direct evidence only, because of the artificial conditions introduced into the ex-



FIG. 4. Photographs of four of a series of radiograms made at 3i/2, 4, 5, and 6 see, respec-
tively, following injection of a radiopaque dye into the right femoral artery of Monkey 12B,
111 days pregnant. The insert in the third photograph (lower left) is a magnification (X4) of
the area inclosed in the box. The arrows indicate spurts of dye into the intervillous space. RA,
renal artery; SA, spiral artery of endometrium; HA, hypogastric artery; UA, uterine artery.
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periments. In the search for a more physiological procedure we have gratefully
adopted a suggestion of Dr. Louis M. Hellman who proposed that we employ the
technique of radioangiography with which he had performed some preliminary
studies in the human. This procedure, originally worked out by Fernstrom6 and
Borell7 has limited usefulness for prolonged or repeated investigations in humans
because of the associated risk of overexposure to radiation.
The pregnant monkey is anesthetized with intravenous pentobarbital sodium

and one femoral artery is exposed under sterile conditions. A 20-gauge needle is
then inserted into the artery counter to the flow of blood. The needle is connected,
by means of a polyethylene catheter, to an automatic pressure syringe containing
15 cc of a 90 per cent solution of diatrizoate sodium (Hypaque), a well-tolerated
tri-iodine, radiopaque dye. Under 90 lbs. of pressure delivered from a cylinder of
compressed nitrogen the dye is instantaneously injected into the artery and at the
same time rapid serial radiography is commenced. X-ray tubes fixed at right
angles to each other permit simultaneous anteroposterior and lateral views to be
taken. Exposures of 80 kv, 500 ma at '/20 sec for the AP view and 95 kv for the
lateral have been found to be optimum for a 5,000 to 6,000 gm monkey in mid-
pregnancy. The X-ray films are contained in an automatic film changer (Schb-
nander) set to deliver two films per second for a total of 13 seconds. Single preliminary
and post-experimental films are made to verify the stage of pregnancy and to check
the time of clearance of the dye by the kidneys.
The representative X-rays reproduced in Figure 4 illustrate the manner in which

the retrograde progression of the dye may be followed from the point of injection.
The dye courses up the femoral artery under pressure into the aorta and reaches
the level of the left renal artery just as the applied pressure is spent. It then re-
turns under the force of arterial pressure and enters the hypogastric arteries, the
uterine arteries and finally the intervillous space. The characteristic spurts appear
as the dye enters the placenta.
Discussion.-The artificial conditions imposed by barbiturate anesthesia and

incision into the femoral triangle do not alter the uterine circulation. Confirma-
tion of this lies in the similarity of the circulatory pattern observed in the monkey
with that in the unanesthetized human patients in whom injection was made
through the intact skin.6'7 The high injection pressure is an essential part of the
technique in order to avoid dilution and dispersion of the dye before it reaches the
uterine arteries. As mentioned above, the excess pressure is dissipated before the
dye enters the uterine vessels. Further evidence that the spurts have not been
caused artificially lies in the fact that identical formations were obtained in the
second type of anatomical study described above in which maternal pressure was
the only propulsive force (Fig. 2).

Studies currently in progress are directed toward visualization of the venous
drainage of the intervillous space and toward establishment of the circulatory
pattern at various stages of pregnancy and under different conditions of myometrial
activity.

It is concluded that radioangiography affords a physiological method for study
of the circulation within the maternal placenta. Use of this technique in pregnant
monkeys has provided results in full harmony with those obtained by anatomical
studies and confirmed by pressure recordings. The uniformity of the results
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obtained by at least six different methods of study (olifirms the "physiological
concept" that the circulation of blood in the maternal placenta is controlled by the
head of pressure in the maternal arterial system.
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