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ABSTRACT: Purpose. Our objective was to demon-
strate sonographically the flow distribution in the cir-
culation of human placentae as well as the sensitivity
of the human fetal capillary bed to vasoconstriction
and dilatation.

Methods. Five human full-term placental lobules
were maintained in vitro with fetal and maternal flow.
Commercial ultrasound scanners were used for imag-
ing. Albunex (1 ml bolus) was administered to the fe-
tal “artery” to monitor patterns of flow. U46619 (1 ml,
107 M; a thromboxane agonist and potent vasocon-
strictor) and/or nitroglycerin (a potent vasodilator)
were added to the fetal artery.

Results. Following the addition of U46619, mean
“fetal pressures” rapidly rose from 23.2 + 0.8 t0 118 =
2.9 mm Hg (mean + standard error of mean; p<0.001);
venous flow rates decreased. As demonstrated by
color Doppler imaging, flow markedly changed from a
pattern of general distribution throughout the lobule
to flow only near the chorionic plate. Color persis-
tence was 94.4 + 6.5 seconds with Albunex after nitro-
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glycerin and 39.8 + 3.4 seconds with Albunex after
injection of U46619 (p < 0.001). Nitroglycerin had no
effect when injected by itself but returned “con-
stricted” flow to a “normal” pattern when injected af-
ter U46619.

Conclusions. The contrast medium Albunex im-
proved visualization of the fetal circulation throughout
the lobule. Flow in the human placental capillary bed
can be regionally manipulated throughout the placen-
tal lobule by vasomodulators and monitored by Al-
bunex-enhanced sonographic examination. © 1999
John Wiley & Sons, Inc. J Clin Ultrasound 27:513-522,
1999.

Keywords: ultrasound contrast agents; human pla-
centa; perfusion; blood flow; ultrasonography

The placenta is a complex entity fulfilling the
functions of many major fetal organs and al-
lowing for communication between 2 separate or-
ganisms (mother and embryo/fetus). In the hu-
man, the placenta is of the discoidal villous,
hemomonochorial type.! In addition to the placen-
ta's critical role in utero, the fetal circulation in
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the human placenta under in vitro perfusion can
be considered a prototype for other human capil-
lary beds. Flow distribution in the human pla-
centa has been described in laboratory investiga-
tions and by invasive imaging methods such as
scintigraphy.”? Local regulation of blood flow
through the human fetoplacental vascular bed is
under the influence of some autacoids, particu-
larly angiotensin IT and nitric oxide.>* Exogenous
substances such as U46619, a thromboxane ago-
nist, have also been shown to alter placental cir-
culation.*® The objective of this study was to
demonstrate sonographically the flow distribu-
tion in the perfused human placenta in vitro. An-
other goal was to demonstrate that the sensitivity
of the fetal capillary bed to vasoconstriction and
vasodilatation can be characterized via sono-
graphic visualization using an ultrasound con-
trast agent (UCA). To our knowledge, this is the
first such attempt to characterize blood flow dy-
namics in the perfused placenta in this fashion.

Ultrasound

MATERIALS AND METHODS

Five human placentae from healthy, uncompli-
cated, term pregnancies were obtained following
delivery. A cotyledon was selected and connected
(using 5-French umbilical catheters) to a mater-
nal and a fetal pump per previously described
methods.”® The cotyledon was placed fetal side
(chorionic plate) down in a water bath heated to
37°C. A catheter was introduced and sutured in
place in a fetal vein and another in a fetal artery
on the fetal side, and 2 catheters were introduced
blindly into the maternal side (decidual plate).
Tigure 1 demonstrates the laboratory setup. For
the present study, we used an open system (ie,
without recirculation). Fetal and maternal flows
were at 3 and 15 ml/minute, respectively. Placen-
tal functions that can be studied through this
perfusion model include hemodynamics, trans-
placental transport, cellular uptake, endocrine
function, and metabolism. Criteria for effective
dual perfusion have been published previously™;
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FIGURE 1. Schematic representation of the laboratory setup. FA, fetal "artery”; FV, fetal "vein”; MA, maternal “artery”; MV, maternal "vein.”
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