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et al, 1968). Therefore, our primary atten-
tion should be directed to the second part of the
equation accompanying the illustration. This shows
that placental blood flow varies directly with the per-
fusion pressure (UABP-IUP-UVBP) and inversely
with the resistance of the spiral arterioles supplying
the intervillous space (R;p;,) and the resistance im-
parted to the blood vessels as they course through
the myometrium (R.). The effects of various stimuli
on these resistances are summarized in Table 1. All
vasodilator stimuli exert inconsequential or no effect
while all vasoconstrictor stimuli are capable of pro-
ducing marked persistent reductions in flow. Four
observations are of particular pertinence to the
clinician: 1) Under normal circumstances, the plac-
ental vasculature approaches maximal vasodilata-
tion (Greiss, 1966). This means that we have no ef-
fective way of further increasing placental blood
flow. It also means that placental perfusion will vary
directly with and in proportion to changes in sys-
temic blood pressuret (Fig. 3), that is, a 30% de-
crease in systemic blood pressure will cause a 30%
decrease in placental blood flow. 2) Endogenous or
exogenous vasopressor hormones or drugs (Fig. 4)
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Fig. 2—Schematic representation of those factors determining
placental and non-placental uterine blood flow. Note that the
reactivity of the non-placental vasculature (R:y-py) is different
from that of the placental vasculature (R;py), the extrinsic
vascular resistance (R.) imparted by contracting myometrium
affects both vasculatures similarly, and that by increasing intra-
uterine and intervillous space pressures, myometrial contractions
decrease placental perfusion pressure. UABP and UVBP
indicate uterine arterial and venous pressures, and IUP equals
intrauterine (intra-amniotic) pressure.

t For practical purposes in the absence of uterine con-
tractions, perfusion pressure is determined primarily by ar-
terial blood pressure.

and sympathetic nerve stimulation (Fig. 5) cause
significant vasoconstriction (increase Rip;) usually
proportionately greater than that induced in other
peripheral vascular beds. This means that although
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Fig. 3—Graph of the relationship between perfusion pressure
and uterine blood flow at term gestation in the ewe indicating
that the dominant placental vasculature is almost maximally
dilated and that placental perfusion decreases linearly with
decreases in the systemic blood pressure. (Reprinted with
permission from Greiss. Am. J. Obstet. Gynec. 96: 41, 1966.)
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Fig. 4—Original tracing of the effect of norepinephrine on
uterine blood flow in the gravid ewe. Circled numbers indicate
uterine conductance values. Such profound vasoconstriction
and decrease in uterine blood flow is typical of the action of
endogenous adrenal medullary hormones and peripherally
acting vasopressor agents. (Reprinted with permission from
Greiss. Am. J. Obstet. Gynec. 112: 20, 1972.)
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Fig. 5—Original tracings of the effect of lumbar sympathetic nerve stimulation on uterine blood flow in the pregnant ewe. Although
sympathetic tonus is low during resting conditlons, profound uterine vasoconstriction is evoked by maternal hemorrhage. (Reprinted
with permission from Greiss and Gobble: Am. J. Obstet. Gynec. 97: 962, 1967.)

uterine contractions (Borrell, et al, 1964; Ramsey,
et al, 1963). Under optimal conditions, brief epi-
sodes of intervillous stasis evoke no evidence of fetal
distress. However, when such episodes are superim-
posed upon a fetoplacental unit already compromised
with respect to placental perfusion, fetal hypoxia
will be manifested initially by late d;:celeratlon of the
fetal heart rate with respect to uterine contractions,
later by progressive fetal acidosis and finally by per-
sistent bradycardia signaling incipient fetal ‘demise
(Hon and Quilligan, 1968).

Labor. During strong myometrial contractions,
placental perfusion temporarily ceases. For illustra-
tive purposes, let us assume that intervillous flow
stops for 30 seconds of a 45 second contraction and
45 seconds of a 60 second contraction. The effects
of such contractions on mean placental blood flow
are illustrated in Fig. 8. As the duration and fre-
quency of myometrial contractions increase, mean
placental flow progressively decreases. If labor

begins when placental flow is optimal, even the most
active contractions (solid line) cause no fetal jeo-
pardy. However, when flow is suboptimal initially,
active labor will evoke fetal distress (long dashed
line) and when the pre-labor flow is borderline, even
mild labor will cause distress or fetal death (short
dashed line). It is evident, therefore, that labor is
inherently stressful to the fetus. This fact must be
remembered whenever patients with high-risk preg-
nancies begin spontaneous or induced labor.

' Hemorrhage. Maternal hemorrhage is a most
potent stimulus of adrenal medullary hormone secre-
tion and sympathetic nerve stimulation. Acute mod-
erate hemorrhage (500-750 ml. within 15 minutes)
causes minimal changes in maternal blood pressure
and pulse rate. However, these parameters are
maintained by peripheral vasoconstriction with an
inevitable decrease in placental blood flow (Fig. 9).
Acute severe hemorrhage (1500 ml. in 15 minutes)
evokes a further increase in peripheral and uterine
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Fig. 6—Original tracing of the effect of spontaneous uterine contractions on uterine blood flow in the term-pregnant Rhesus monkey
The uterine blood flow trace is the inverse image of the intrauterine pressure pattern. Uterine blood flow achieves maximum levels
during myometrial diastole only. Therefore, mean utérine blood flow will decrease as the frequency of contractions increases and
the duration of myometrial diastole decreases. (Reprinted with permission from Greiss and Anderson. Clin. Obstet. Gynec. 11: 96,
1968.)
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Fig. 7—Hypothetical relationship between placental blood flow and the status of the fetus. Of the many parameters determining
fetal well-being, placental blood flow is the most variable and the parameter most subject to pathologic change. The significance of
detrimental influences on placental blood flow increases as the pre-stress level of flow decreases.

vasoconstriction with an associated decrease in sys-
temic blood pressure. Together, these two factors
cause a marked decrease in placental perfusion
(Greiss, 1966). Figure 9 shows that acute severe
hemorrhage may rapidly compromise the fetus even
when the pre-hemorrhage status of placental per-

fusion is optimal. At slower rates of blood loss, the
degree of peripheral vasoconstriction necessary to
maintain maternal integrity will be less because of
compensatory shifts of body fluids into the vascular
compartment, and placental perfusion will not be re-
duced so drastically. Therapy for blood loss should
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Fig. 8—Effect of uterine contractions on mean plaicental blood flow. As the duration and ffequency of contractions increase, mean
flow progressively decreases. If labor begins with optimal blood flow,: placental perfusion is more than adequate even during very
active contractions (solid line). However, if placental perfusion is borderline before labor such as occurs with toxemia, even mild

contractions may cause fetal distress or demise (short dashed line).

be directed toward correcting the vascular volume-
capacity discrepancy. Optimally, this should be ac-
complished with whole blood. However, in emergency
situations when blood is not available or is- being
readied, rapid intravenous infusions of salt solutions
or blood substitutes will still improve placental per-
fusion significantly (Boba, et al, 1966). ,
Non-hemorrhagic Hypotension. Except for
hemdrrhagic and septic shock, most circumstances
that decrease maternal blood pressure do not change
placental vascular resistance. Therefore,‘placental
blood flow will decrease in proportion to the degree
of hypotension. Such circumstances occur most fre-
quently following spinal anesthesia for cesarean sec-
tion. The effects of a typical clinical situation on
placental blood flow are illustrated in Fig. 10. It
should be evident that only those fetuses in the

suboptimal environment prior to anesthesia will be
in jeopardy and only those in the lower suboptimal
range may die. This is especially true since hypoten-
sion of this severity is usually corrected promptly.
Generally, hypotension will respond to a combination
of left-uterine displacement and a rapid intravenous
infusion of 500—1000 ml. of salt or dextrose solution
(Greiss and Crandell, 1965). The former relieves
pressure on the inferior vena cava, thus increasing
venous return to the heart and cardiac output. The lat-
ter reduces the vascular volume-capacity disparity in-
duced by sympathetic nerve paralysis and peripheral
vasodilatation. However, some patients do not re-
spond to these techniques, and vasopressor therapy
becomes necessary. At this point, a knowledge of the -
vasomotor control of the placental blood vessels is
requisite for the selection of that vasopressor agent
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Fig. 9—Effect of acute sudden hemorrhage on placental blood flow in the ewe. Prompt therapy with whole blood or blood volume
expanders is necessary to protect the fetus even if pre-hemorrhage conditions were optimal.

most beneficial to placental perfusion. The effects of
two agents, ephedrine and metaraminol?, on plac-
ental blood flow are depicted in Fig. 10 (James,
et al, 1970). By acting primarily on the heart
with minimal uterine and peripheral vasocon-
striction, ephedrine accomplishes the greatest im-
provement in placental blood flow. Metaraminol
improves maternal blood pressure by acting in roughly
equal amounts on the heart and peripheral blood
vessels. Therefore, the beneficial effect of improved
blood pressure is partially offset by placental vaso-
constriction so that the fetal environment is improved
less effectively. The difference between the two agents
becomes significant when one considers flow responses
in a fetus with initial borderline placental perfusion
(short dashed line, Fig. 10). Ephedrine therapy im-
proved perfusion sufficiently to produce a live al-
though probably depressed infant while metaraminol

therapy was inadequate to accomplish even this out-
come. Not shown in Fig. 10 are the effects of pri-
marily peripherally acting pressor agents such as
phenylephrine.* Such agents cause so much placental
vasoconstriction that despite restoration of normal
blood pressure, placental perfusion is not improved
and may even decrease further (Greiss and Crandell,
1965). _

The above illustrations depict the effects of in-
dividual conditions upon placental blood flow. In
clinical practice, it should be evident that such con-
ditions may occur concomitantly, and actually there
is a positive tendency for this to happen. Therefore,
placental perfusion is often reduced by multiple
factors. Our ability to minimize the effect of these
factors on the fetal environment may make the dif-
ference between a healthy child and a stillborn or
retarded infant.

t Aramine®, Merck Sharp & Dohme

* Neo-Synebhfine@, Wintﬁrop Labs.
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Fig. 10—Effect of hypotension induced by spinal anesthesia on placental perfusion. Only those fetuses with initial suboptimal
placental blood flow will be affected by marked hypotension (dashed lines). If vasopressor therapy is required, appropriate selection
of the drug according to its mode of action may be crucial to fetal survival.
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