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A B S T R A C T The present study was designed to as-
certain sequentially the pressor response to angiotensin
II in young primigravid patients throughout pregnancy
in order a) to define when in pregnancy resistance to the
pressor effects of angiotensin II develops; b) to define
the physiologic sequence of events leading to this re-
sistance; and c) to ascertain whether sensitivity to in-
fused angiotensin II could be detected before the onset of
clinical signs of pregnancy-induced hypertension.

With this prospective approach, two separate groups
of patients were defined. The first group of patients re-
mained normal throughout pregnancy. The second group
consisted of those patients who, while clinically normo-
tensive during the initial phase of the study, ultimately
developed hypertension of pregnancy.

192 patients were studied; of these, 120 patients re-
mained normotensive and 72 developed pregnancy-in-
duced hypertension. In both groups, vascular resistance
to infused angiotensin II (more than 8 ng/kg/min re-
quired to elicit a pressor response of 20 mmHg in dia-
stolic pressure) was demonstrated as early as the 10th
wk of pregnancy. In the group that remained normoten-
sive, maximum mean vascular resistance occurred at
18-30 wk of pregnancy, (mean pressor dose required
being 13.5 to 14.9 ng/kg/min). In those subjects who de-
veloped pregnancy-induced hypertension, the mean maxi-
mumdose required was 12.9 ng/kg/min, which was ob-
served at the 18th wk of pregnancy. By the 22nd wk there
was a clear separation of the two groups, with the mean
dose requirement of the subjects destined to develop hy-
pertension being progressively less than that of those who
remained normal. The difference between the two groups
became significant (P < 0.01) by 23-26 wk of pregnancy.

Among patients requiring more than 8 ng/kg/min on
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one or more tests done between wk 28-32, 91 %remained
normotensive. Conversely, during the same time period
among patients requiring less than 8 ng/kg/min, on at
least one occasion, 90% developed pregnancy-induced
hypertension.

INTRODUCTION
Normal human pregnancy, compared to the nonpregnant
state, is characterized by increased plasma renin concen-
tration, renin activity, renin substrate, angiotensin II
(A-II),' and aldosterone (1-11). Elevated excretory and
secretory rates of aldosterone also have been observed
in normal pregnancy (12-18). Normal pregnant women
are also known to be quite resistant to the pressor ef-
fects of infused A-II (19, 20). In contrast, pregnancies
complicated by pregnancy-induced hypertension are as-
sociated wtih lowered levels of plasma renin concentra-
tion (21, 22), and plasma and urinary aldosterone (9,
13-15). Additionally, patients with pregnancy-induced
hypertension are exquisitely sensitive to the pressor ef-
fects of A-II (20, 23), when compared to normotensive
pregnant women.

The purpose of the present study was a) to ascertain
when in the course of pregnancy pressor resistance to in-
fused A-II develops; b) to define the normal physio-
logic sequence of event leading to this resistance; and
c) to ascertain whether sensitivity to infused A-II could
be detected before the onset of clinical signs of preg-
nancy-induced hypertension. To achieve these goals, a
prospective study of the pressor response to infused A-II
was performed sequentially at frequent intervals through-
out the course of pregnancy in normal teenage primi-
gravid girls. The results of 1200 A-II infusions in 202
subjects (192 pregnant, 10 nonpregnant) constitue the
data of this report. Two separate groups of pregnant

1Abbreviation used in this paper: A-II, angiotensin II.
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subjects were characterized. The first group consisted
of those who remained normal throughout pregnancy.
The second group consisted of those who, while clinically
normal during the early phase of the study, ultimately
developed clinical signs and symptoms of pregnancy-
induced hypertension (preeclampsia) and in one instance,
eclampsia.

The results of these studies confirm the findings of
Abdul-Karim and Assali (19) that normal-term preg-
nant subjects are resistant to the pressor effects of in-
jected A-II. The results of this study also show that the
onset of this resistance occurs early and is maintained
throughout pregnancy. However, at 30 wk of pregnancy
in subjects who remain normal, a slight and continuing
decrease in resistance to A-II is noted when compared to
that resistance observed between 18-30 wk pregnancy.
In those subjects who developed pregnancy-induced hy-
pertension, the observations of Chesley (20) were con-
firmed, in that the subjects of this study with pregnancy-
induced hypertension were exquisitely sensitive to in-
fused A-II. Of principal importance, this prospective
study has shown that decreasing resistance to A-II is
found as early as 26 wk of pregnancy, some 12-14 wk
before the onset of clinical signs of pregnancy-induced
hypertension, in those subjects destined to develop the
disorder.

METHODS
Normal primigravid subjects (13-17 yr old) were chosen
randomly from the Parkland Memorial Hospital Obstetric
Clinic. None of the patients included in this study had a
past history of renal disease or a personal or family his-
tory of hypertension. Of the total patients studied, 21%
were Caucasian and 79% were Negro. These young women
were studied sequentially throughout their pregnancies, be-
ginning as early as the 7th wk of pregnancy. Each girl
was seen throughout the course of pregnancy at 1-2 wk in-
tervals. At each visit her weight was recorded, her urine
tested for protein, and the presence or absence of edema
noted. In none of these subjects was an attempt made to
alter sodium intake. All subjects ate diets of their own
choice and of unknown sodium content.

10 nonpregnant preoperative gynecologic patients without
renal disease or hypertension were chosen as nonpregnant
controls. The dose of A-II required to elicit the pressor
response was measured in all studies as described below.

Each patient was placed in the left lateral recumbent
position, and a venipuncture was performed with a winged-
tipped 19-gauge scalp vein apparatus to maintain a route for
subsequent infusion of A-II (1-L-asparaginyl-5-L-valyl an-
giotensin octapeptide).' Auscultatory blood pressure mea-
surements utilizing the onset of the first (systolic) and
fifth (diastolic) sounds of Korotkoff were taken at 5-min
intervals until a constant baseline diastolic pressure had been
established for at least 15 min. In most instances, the mini-

'Informed consent for these studies was obtained from
the patient or her parents or guardian.

' Hypertensin-Ciba, Ciba Pharmaceutical Co., Summit,
N. J.

TABLE I

Individual Dose of A-II Required to Evoke a Pressor
Response in 10 Nonpregnant Subjects

Patient Weight Pressor dose

kg ng/min ng/kg/min
1. R. R.* 78.63 586 7.54
2. M. B. 58.15 586 10.07
3. M. G. 53.63 419 7.81
4. M. J. 55.68 214 3.84
5. B. L. 55.22 419 7.58
6. R. D. 44.65 299 6.69
7. D. M. 76.81 586 7.62
8. R. WV. 59.77 586 9.80
9. L. J. 66.20 586 8.85

10. L. S. 54.54 210 3.85
Mean 4hSEM 7.354h0.067

* All subjects were less than 25 yr of age.

mal time required to establish baseline values was 25-30
min. After the diastolic pressure became constant, an in-
fusion of a solution containing 1 Ag A-II/ml of 5% dex-
trose in water was begun. This solution was administered
via a Harvard infusion pump' with small progressive in-
crements in dose each 5 min until a rise in diastolic blood
pressure of 20 mmHg was obtained. Pending confirmation,
this was considered the dose required to elicit a response.
To confirm this as the pressor dose, the infusion was dis-
continued and the blood pressure allowed to return to its
baseline level. The infusion was then restarted at the
previous level that had elicited the pressor response. A
repeat increase of 20 mmHg diastolic was considered as
confirmation of the pressor dose response. In the very rare
(less than 1 in 50 tests) instances in which confirmation
was not achieved, the entire test was repeated at the next
highest level until both infusions elevated the diastolic blood
pressure 20 mmHg, and this was considered the pressor
dose. The effective pressor dose was recorded as the nano-
grams of A-II infused per kilogram of body weight per
minute (ng/kg/min) required to elevate baseline diastolic
blood pressure 20 mmHg on two occasions. Student's t
test was used in the statistical analysis of the data.

RESULTS
The angiotensin II doses required to elicit the pressor
response in the nonpregnant subjects are shown in Ta-
ble I. The mean dose required (±SE) for these subjects
was 7.35±0.67 ng/kg/min. This result is identical to
the mean dose requirements reported by Kaplan and
Silah, 7.4 ng/kg/min, in 18 normotensive nonpregnant
subjects (24).

In the women who remained normal throughout preg-
nancy, the earliest studies were performed at 7-10 wk of
pregnancy. At this early stage of pregnancy, the mean
A-II dose required to evoke a pressor response was
8.6±0.76 ng/kg/min. The dose required increased until
28 wk pregnancy, as shown in Fig. 1. By this stage of

'Model 975, Harvard Apparatus Co., Inc., Millis, Mass.
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FIGURE 1 The mean A-II doses (ng/kg/min) required
to evoke a pressor response in 120 primigravidas who re-
mained normal throughout pregnancy (769 infusions). The
nonpregnant mean is shown as a broken line. The hori-
zontal bars represent the standard error of the mean.

pregnancy, the maximal resistance to A-IT was observed,
(14.9±1.1 ng/kg/min). From 18 wk pregnancy until
approximately 30 wk, the pressor response remained
markedly blunted, the mean dose ranging between 13.5-
15.0 ng/kg/min. After 30 wk there was the beginning
of a small but continually decreasing resistance to A-II.
The dose requirement fell to a mean of 10.7+0.71 ng/
kg/min at 38 wk of pregnancy. The number of tests, the
dose requirements, means, and SEM are shown ac-
cording to weeks of pregnancy in Table II.

72 of the subjects studied developed pregnancy-induced
hypertension and one developed eclampsia. For the pur-
pose of this study, pregnancy-induced hypertension is

TABLE I I

Dose of A-II Required to Evoke a Pressor Response in 120
Primigravid Patients who Remained Normal

throughout Pregnancy

Wkof Number of Mean pressor dose
pregnancy determinations (±aSEM)

ng/kg/min

7-10 19 8.63-40.76
11-14 31 12.784-1.11
15-18 67 13.46--0.84
19-22 75 13.83--0.90
23-26 92 13.86--0.81
27-28 53 14.9 -4-1.10
29-30 59 14.86±40.96
31-32 70 13.504±0.95
33-34 64 11.604-0.64
35-36 75 11.87--0.71
37-38 79 10.74140.71
39-40 85 11.61±4-0.88
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FIGURE 2 Comparison of the mean A-II doses (ng/kg/
min) required to evoke a pressor response in 120 primi-
gravidas who remained normotensive and 72 primigravidas
who ultimately developed pregnancy-induced hypertension.
The nonpregnant mean is shown as a broken line. The
horizontal bars represent the standard error of the mean.
The black circles represent the results in 120 subjects who
remained normal (769 infusions). The open circles repre-
sent the results obtained in 72 women who developed preg-
nancy-induced hypertension (421 infusions). The difference
between the two groups became significant after wk 23
(P less than 0.01) and the two groups continued to widely
diverge after the 26th wk (P less than 0.001).

defined as a) the acute development of hypertension in
a woman whose blood pressure was normal in the early
stages of pregnancy and at 6 wk postpartum and, b) the
persistent elevation of blood pressure to at least 140/90,
which must have represented an increase in the diastolic
pressure of not less than 20 mmHg above previous
pregnancy levels. Eclampsia is defined as the superim-
position of grand mal seizures upon the above definition
of hypertension.

Early in pregnancy, these 72 women also became very
resistant to the pressor effects of infused A-II, just like
those who remained normal. As graphically illustrated
in Fig. 2, this resistance became maximal at 15-18 wk of
pregnancy, the dose required being 12.9±1.1 ng/kg/min.
However, from this early period of pregnancy forward,
the resistance progressively decreased as pregnancy ad-
vanced. The difference between the pressor dose require-
ments of those subjects who remained normal and of
those destined to develop pregnancy-induced hypertension
was apparent by 22 wk and became highly significant
(P less than 0.01) by 23-26 wk. The difference between
the groups became progressively widened thereafter.
Even though both groups were clinically normal at
27-38 wk pregnancy, the difference in responsiveness to
A-II was marked (P less than 0.001) as shown in Fig. 2.
The early difference between the two groups of patients
(Fig. 2) at 14 wk pregnancy can not at present be ex-
plained. The number of tests, dose requirements, and

2684 N. F. Gant, G. L. Daley, S. Chand, P. J. Whalley, and P. C. MacDonald



TABLE I II
Dose of A-II Required to Evtoke a Pressor Response in 72

Prim igrazvid Patients who Ultimately I)eveoloped
Pregnancy-Induced Hypertension

Wkof Number of Mean pressor dose
pregnancy determinations (±+SEM)

1ug, 'kg/m ll

7-10 8 10.98±1.50
11-14 27 9.68i0.77
15-18 33 12.90±1.11
19-22 47 11.63±0.76
23-26 52 10.44±0.73
27-28 37 9.15±0.81
29-30 30 8.38±0.76
31-32 44 7.59±0.58
33-34 37 7.3040.58

*35-36 37 6.70±0.45
t37-38 38 6.04±0.44
§39-40 31 5.82 ±0.44

* Three subjects hypertensive during this time period.
t Three additional subjects hypertensive during this time
period.
§ All subjects hypertensive by this time period.

SEM are tabulated by weeks of pregnancy for the
group that developed pregnancy-induced hypertension and
are shown in Table III.

The development of sensitivity to infused A-II in the
subjects who developed hypertension was not preceeded

by a significant increase in either systolic or diastolic
blood pressures, as can be seen in Tables IV and V. The
mean systolic blood pressures ranged between 106 and
107 mmHg in those women who remained normal, and
between 107 and 113 mmHg in those subjects who later
developed pregnancy-induced hypertension. Although
the mean systolic blood pressure values are statistically
different between the two groups very early and late in
pregnancy, the values are not hypertensive; and in both
groups of patients, the very early and late pregnancy
values are almost identical. These early and late values
in each group represent the well-known return of blood
pressure from midpregnancy nadirs to early pregnancy
or nonpregnant values.

The mean diastolic blood pressure values in both
groups remained almost identical throughout pregnancy
(Table V). The diastolic range for both groups of 50-64
mmHg is definitely not in the hypertensive range and
is widely separated from the defined hypertensive value
of 90 mmHg.

It is important to note that between 23 and 32 wk of
pregnancy, at a time when sensitivity to A-IT was in-
creasing in women destined to become hypertensive,
there was no significant edema noted and no albuminuria
detected. However, excessive weight gain and edema
did develop later in both normal and abnormal pregnan-
cies, thus making this observation an extremely unreli-
able diagnostic and/or prognostic sign. The develop-

TABLE IV
Results of Serial Systolic Blood Pressure Determinations in 72 Normal* Tllomen and

72 Subjects who Developed Pregnancy-Induced Hypertension

Patients who developed pregnancy-
Patients who remained normal induced hypertension

Number Number
Wkof of of

pregnancy studies Mean ±SEM studies Mean SEM P

7-10 3 106.7 8.8 10 106.8 4.9 NS
11-14 13 100.2 2.3 25 100.8 2.0 NS
15-18 36 95.9 1.7 33 102.3 1.9 <0.01
19-22 48 95.3 1.3 50 99.2 1.5 <0.05
23-26 49 99.3 1.7 51 99.6 1.2 NS
27-28 34 98.8 1.8 37 101.4 1.9 NS
29-30 38 99.5 1.5 34 103 2.2 NS
31-32 51 97.6 1.3 44 106.8 1.6 <0.01
33-34 40 99.4 1.6 37 103.3 1.8 NS
35-36 55 100.9 1.6 43 107.0 1.6 <0.01
37-38 58 101.3 1.5 28 110.8 2.4 <0.01
39-40 63 104.6 2.0 201 113.3 2.7 <0.05

* The results obtained from the first 72 patients who remained normotensive are con-
trasted to the results obtained from the 72 patients who became hypertensive.
I These 20 determinations were obtained before the development of hypertension
(140/90). All subjects became overtly hypertensive by delivery.
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TABLE'V
Results of Serial Diastolic Blood Pressure Determinations in 72 Normal* Womenand

and 72 Subjects who Developed Pregnancy-Induced Hypertension

Normal Pregnancy-induced hypertension

Number Number
Wkof of of

pregnancy studies Mean 4SEM studies Mean aSEM P

7-10 3 60.7 2.9 10 52.0 3.5 NS
11-14 13 54.6 2.6 25 52.7 1.9 NS
15-18 36 50.4 1.8 33 51.2 1.8 NS
19-22 48 50.8 1.3 50 50.4 1.5 NS
23-26 49 52.8 1.5 51 53.4 1.3 NS
27-28 34 54.2 1.9 37 55.3 1.9 NS
29-30 38 51.9 1.7 34 56.9 2.0 NS
31-32 51 53.8 1.6 44 58.9 1.9 <0.05
33-34 40 55.2 1.7 37 60.0 2.0 NS
35-36 55 56.9 1.5 43 63.7 1.9 <0.01
37-38 58 58.1 1.5 28 62.9 2.5 NS
39-40 63 60.5 1.9 20$ 63.7 1.7 NS

* The results obtained from the first 72 patients who remained normotensive are
contrasted to the results obtained from the 72 patients who became hypertensive.
t These 20 determinations were obtained before the development of hypertension
(140/90). All subjects became overtly hypertensive by delivery.

ment of proteinuria was a late and inconsistant feature
confined to women who had already become hypertensive.

There was no laboratory evidence in any of these
subjects of impaired renal function. Even during the
acute phase of hypertension, no patient had plasma urea
nitrogen values above 12 mg%.

Four subjects who later developed hypertension re-
mained resistant to angiotensin, that is they required
more than 8 ng/kg/min of A-II to elicit a pressor re-
sponse throughout pregnancy. Such a pattern has been
observed previously in two primigravid patients with
chronic hypertension. Only longer follow-up of these
four patients may reveal whether they too are suffering
from chronic hypertension rather than pregancy-induced
hypertension.

One patient has been followed through two preg-
nancies. The results in this subject, J. D. R., are shown
in Tables VI and VII.V During her first pregnancy, the
patient became sensitive to A-II, requiring less than 8 ng/
kg/min, by the 31st wk of pregnancy, and this sensitivity
persisted (Table VII). Through wk 35, the patient was
normotensive, without edema or proteinuria. 6 days later,
the patient was hospitalized with hypertension (150/

5 Tables VI and VII contain the results of each angiotesin
infusion related to gestation and to each individual patient
in both normal and abnormal groups, respectively. How-
ever, because of the extremely large size of these tables.
they have been deposited in the National Auxiliary Pub-
lications Service, ASIS/NAPS, c/o Microfiche Publica-
tions, New York. The account number is 02156.

110), edema of the extremities, and total placental abrup-
tion, and delivered a 4 lb. 11 oz. stillborn infant. During
her second pregnancy, the patient remained normotensive
and resistant to A-II infusion (requiring more than 8
ng/kg/min, Table VI), and delivered at term a healthy
7 lb. 4 oz. male infant.

One patient developed eclampsia. Her family history
revealed that this 16-yr-old black patient was herself the
product of a toxemic pregnancy. The doses of A-II re-
quired in this patient were 11.8 ng/kg/min at 12 wk,
23.7 at 17 wk, 16.4 at 21 wk, and 22.7 at 25 wk. The pa-
tient was lost to follow-up until wk 36, when her dose
requirement was 5.6 ng/kg/min. At this visit, there was
no edema or proteinuria and the blood pressure was
110/70. The patient was next seen 12 days later in active
labor with a blood pressure of 170/120 but without edema
or proteinuria. She had a rapid labor and delivered a
healthy 6 lb. 9 oz. infant. The delivery was without in-
cident but approximately 90 min afterward the patient
suffered a grand mal seizure. She made a complete re-

covery with return of her blood pressure to normal.
Complete neurologic evaluation failed to reveal any or-

ganic nervous system disease. There was no previous
history of seizures.

DISCUSSION
Throughout most of pregnancy, normal gravidas are

remarkably resistant to the pressor effects of infused
angiotensin II. The present study shows that the onset
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of this resistance is evident by 74 wk of pregnancy.
The explanation for this early resistance to the pressor
effects of A-II may be attributable to the increases in
circulating A-II beginning at this early stage of preg-
nancy, as reported by Robertson, Weir, Diisterdieck,
Fraser, and Tree (10). Several mechanisms have been
postulated previously that would account for an increase
in the release of renin by the juxtaglomerular apparatus
of the maternal kidney early in pregnancy. These
mechanisms include, a) the natriuretic effect of pro-
gesterone, b) the relaxing effect of progesterone on
vascular smooth muscle, and c) the "shunting" of blood
to the pelvic viscera. Coincident with the increase in
angiotensin substrate as a result of the hyperestrogenic
state of early pregnancy (7), an evident increase in
A-II would then obtain. These changes, resulting in
increased plasma A-II in early pregnancy, would create
a physiologic state with respect to pressor responsive-
ness analogous to that whch Kaplan and Silah proposed
for the resistance to A-II in nonpregnant subjects with
high plasma renin activity (24). This hypothesis has
found confirmation in the measurements of A-II levels
in the plasma by Chinn and Diisterdieck (25).

That these systems, renin-angiotensin II-aldosterone,
are operative at increased levels in early pregnancy is
suggested by the findings of Scott, who has shown that
plasma volume begins to increase in pregnancy as early
as 6-8 wk pregnancy and rises progressively thereafter
until approximately 28-30 wk of pregnancy, when the
maximum plasma volume expansion is usually reached
(26). It is interesting to note from the present study
that in those gravidas who remained normotensive
throughout pregnancy, a slight but continuing decrease
in resistance to A-II pressor effects began at approxi-
mately 30 wk pregnancy, the same time that plasma
volume reaches its maximal expansion. These corollaries
may suggest that in normal pregnancy there is relative
physiologic underfilling until approximately 30 wk
pregnancy. It should be emphasized, however, that even
after maximal vollume expansion has occurred and a
slight decrease in resistance is observed, normal gra-
vidas remain markedly resistant to the pressor effects
of A-II throughout the remainder of pregnancy. This
would suggest that factors other than relative volume
deficits may represent the principal determinants of A-II
pressor responsiveness in pregnancy.

Alternative explanations for the early acquisition of
angiontensin resistance in pregnant subjects may be
attributable to the appearance of angiotensinase in these
women. However, while controversy exists concerning
the presence of increased angiotensinase in late preg-
nancy, Berger and Langhans (27) and Landesman,
Biron, Castellanos, La Russa, and Wilson (28) agree
that there is no increase of angiotensinase in early

pregnancy at a time when maximum resistance to the
A-IT pressor effects are observed.

Yet a third explanation for the resistance of preg-
nant women to the pressor response may reside in the
refractoriness of the arteriolar wall to A-II in these
subjects. This explanation was previously suggested by
Talledo, Chesley, and Zuspan (23) for pregnant sub-
jects and by Brunner, Chang, Wallach, Sealey, and
Laragh from experimental work in the rat (29). The
observation that acute volume expansion in normo-
tensive term pregnant subjects does not alter pressor
response to A-II infusions despite a 35% decrease in
plasma renin activity would suggest that the refrac-
toriness of the arteriolar wall might be the major de-
terminant of pressor responsiveness (30).

The pattern of pressor responses to A-IT in those
72 primigravid subjects who ultimately developed preg-
nancy-induced hypertension differs markedly from that
in those who remained normal. Several points are of
particular interest. First, these subjects also became
markedly resistant to the effects of A-II early in preg-
nancy. Their maximal resistance to A-II was achieved
at 18 wk of pregnancy. However, by 23-26 wk, while
clinically normal, they became clearly defined as a
separate group. At this early stage of gestation many
of these subjects had become exquisitely sensitive to
A-II in spite of the fact that they exhibited no clinical
stigmata of pregnancy-induced hypertension (Fig. 2.
Tables IV and V). Therefore, in this group of subjects
destined to develop hypertension, the declining resist-
ance to the pressor effects of A-II occurred consider-
ably before the time of expected maximal volume ex-
pansion and long before the development of hyperten-
sion. While the mechanism of decreasing resistance to
A-II in this group of subjects is not defined by this
study, the corollaries cited above would favor the
proposition that the principal determinant was a de-
creased refractoriness of the arterioles of these subjects
to A-II. Ames, Borkowski, Sicinski, and Laragh have
reported an increasing vascular sensitivity with pro-
longed infusion of A-II in normal men (31). In this
context, pregnancy-induced hypertension may represent
a failure of physiologic adaptation to A-II that occurs
in the vessels of those gravidas who remain normoten-
sive. Under this circumstance, the production of renin
by the uterus (32, 33), if it is physiologically active in
pregnancy (34), and if its production is not subject to
the same control mechanisms as that of renal origin
(35, 36), would jeopardize to pregnancy-induced hyper-
tension those gravidas who failed to develop or main-
tain vascular refractoriness during pregnancy.

The marked differences between the two groups of
subjects by the 28th wk of pregnancy at a time when both
groups are clinically normal, that is, normotensive and
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without edema or proteinuria, suggests that a screening
test at the beginning of the third trimester is feasible.
Of the 120 subjects who remained normal, 103 had at
least one infusion of A-II between the 28th and 32nd
wk; 87% of them were resistant, in that they required
more than 8 ng/kg/min to elicit the pressor response
in every study during that time (Table VI). That is,
87% of these young primigravid, predominantly Black,
high-risk subjects did not develop hypertension.6

On the other hand, of the 72 subjects who ultimately
developed pregnancy-induced hypertension, 50 were
studied at least once during the 28-32nd-wk time
period. 45 (90%) had at least one study in which the
pressor dose was less than 8 ng/kg/min in each case.

During the 28-32nd-wk time period, 46 of the sub-
jects who remained normotensive had two or more
tests. Only one subject required less than 8 ng/kg/min
(5 and 7) in each study. During this same gestational
time, 33 subjects who ultimately developed hypertension
were studied on two or more occasions. Only one of
these subjects required more than 8 ng/kg/min on
each of the pressor tests and in this subject in all three
tests thereafter, the dose requirement was less than 8
ng/kg/min.

If we consider these data, it is reasonable to assume
that a high degree of predictability of the ultimate de-
velopment of pregnancy-induced hypertension might be
achieved with good pregnancy dating and if two or
more tests were performed during the 28-32nd-wk
period of time. It may be possible that the ability to
predict continued normalcy may approach 100%; the
normals by definition being a homogeneous group that
manifest early and continued vascular resistance to A-II.
However, it is entirely possible that better predictability
may not be possible within the group that develops hy-
pertension than was achieved by this study. McCartney,
for example, observed that the clinical diagnosis of
preeclampsia when compared to renal biopsies in the
same patients was confirmed in only 44 of 62 primi-
gravid pregnancies (71%), while the remaining preg-
nancy biopsies revealed 15 patients to have chronic renal
disease (24%) and three patients to have normal bi-
opsies (5%) (37). Certainly any clinical grouping of
pregnancy-induced hypertension, even when restricted
to young primigravid patients, will include an admix-
ture of patients with labile hypertension or chronic
renal disease.

The concept of a pressor substance being used to
identify the patient at risk of developing pregnancy-
induced hypertension is not new. Dieckman and Michel

6 In this group of 103 who remained normal, 161 studies
were performed between wk 28 and 32. A dose of more
than 8 ng/kg/min was required in 147 studies; 6-8 ng/kg/
min in 9 studies and less than 6 ng/kg/min in 5 instances.

(38) described an increased vascular sensitivity to
posterior pituitary extracts in women with pregnancy-
induced hypertension. Raab, Schroeder, Wagner, and
Gigie (39), employing infusions of epinephrine and
norepinephrine in a prospective study, demonstrated an
increased vascular sensitivity to the pressor effects of
these catecholamines in 17 of 100 women. However,
only 10 of 17 women later developed pregnancy-induced
hypertension; and of these 10, only 3 patients were
primigravidas. In addition, the diagnostic criterion re-
quired to identify these patients was an increase in
systolic blood pressure of greater than 60 mm Hg.
This marked increase in blood pressure seems much too
dangerous to be accepted at present.

The technique described in this report, utilizing A-II
infusions is safe and appears to be highly selective. It
also offers the possibility of patient selection for pros-
pective studies of pregnancy-induced hypertension at a
time when clinically evident disease and the ensuing
physiologic and/or pathophysiologic consequences of the
disease are not present. These late consequences may
represent sequelae that may obscure the search for the
etiology. Additionally, this technique offers a method
for the early selection of patients who will receive
close observation and form the basis for a group in
which various treatment and preventive modalities may
be evaluated.
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