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Abstract
Hypertensive pregnancy disorders complicate 6–8% of pregnancies and cause significant maternal
and fetal morbidity and mortality. The goal of treatment is to prevent significant cerebrovascular
and cardiovascular events in the mother, without compromising fetal well-being. Current
guidelines differentiate between the treatment of women with acute hypertensive syndromes of
pregnancy and women with preexisting chronic hypertension in pregnancy. This review will
address the management of hypertension in pregnancy, review the various pharmacologic
therapies, and discuss the future directions in this field.
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Introduction
Hypertensive pregnancy disorders cover a spectrum of conditions, including preeclampsia/
eclampsia, gestational hypertension, chronic hypertension, and preeclampsia superimposed
on chronic hypertension (Table 1). According to the National High Blood Pressure
Education Program (NHBPEP) Working Group Report on High Blood Pressure (BP) in
Pregnancy, hypertension occurs in 6–8% of pregnancies in the United States. 1 Hypertensive
pregnancy disorders represent the most significant complications of pregnancy and
contribute significantly to maternal and perinatal morbidity and mortality. 2 Most of the
current recommendations for the treatment of these disorders are based on expert opinion
and observational studies, with a lack of evidence from randomized controlled trials. The
overall strategy in the treatment of hypertension in pregnancy is to prevent maternal
cerebrovascular and cardiac complications, while preserving the uteroplacental and fetal
circulation and limiting medication toxicity to the fetus.

Treatment strategies fall into two general categories – the management of acute hypertensive
syndromes of pregnancy, such as preeclampsia/eclampsia, and the management of chronic
hypertension. While the definitive treatment for acute hypertensive syndromes of pregnancy
is delivery, expectant management with close observation may be appropriate in carefully
selected patients, especially before 32 weeks gestation. Women with chronic hypertension
should ideally be evaluated prior to pregnancy, with a focus on the presence of end-organ
damage, evidence of secondary causes of hypertension (such as renal artery stenosis due to
fibromuscular dysplasia, primary hyperaldosteronism and pheochromocytoma), medication
adjustments, and counseling regarding the risks of preeclampsia and adverse fetal events.
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Women with hypertensive pregnancy disorders should have a comprehensive plan of care,
which includes prenatal counseling, frequent visits during pregnancy, timely delivery,
appropriate intrapartum monitoring and care, and postpartum follow up. Care of these
patients involves counseling at every step of the pregnancy to ensure that the woman is
aware of the risks to her and her fetus such that she can make informed decisions.

Blood Pressure Measurement
Hypertension in pregnancy is defined as a systolic BP ≥ 140 mm Hg and a diastolic BP ≥ 90
mm Hg on two separate measurements at least 4–6 hours apart. However, the diagnosis of
hypertension, in pregnancy or otherwise, requires first and foremost an accurate
measurement of BP. Many automated BP cuffs have not been tested during pregnancy, and
therefore obtaining a manual BP is the preferred technique. The 2000 NHBPEP Working
Group Report on High BP in Pregnancy recommends that the Korotkoff phase V
(disappearance) sound be used to determine the diastolic BP.1 In the outpatient setting,
proper BP technique is essential and includes the subject being in a seated position, legs
uncrossed, back supported, and no tobacco or caffeine for 30 minutes prior. In recumbent,
hospitalized patients, the provider should measure the BP in the left lateral decubitus
position to minimize the BP change caused by the compression of the inferior vena cava by
the gravid uterus.

Blood pressure measurements should be interpreted in the context of the stage of pregnancy
and the expected changes in blood pressure for each trimester. BP drops during the first and
second trimesters, nadirs at around 20 weeks of gestation, and returns to preconception
levels by the third trimester. Women who have not had regular medical care prior to
pregnancy may be labeled as ‘gestational hypertension’ based on elevated BPs in the third
trimester, when in reality, they were hypertensive prior to pregnancy, which was masked by
the physiologic changes during mid-pregnancy. If a woman has gestational hypertension that
does not resolve after delivery, she will subsequently be diagnosed as having chronic
hypertension.

Ambulatory blood pressure monitoring (ABPM) and the hyperbaric index (HBI) have been
suggested as alternative methods for diagnosing elevated blood pressure in pregnancy.3 The
HBI is defined as the amount of BP excess during a given time period above a 90%
tolerance limit, with units of mm Hg X hours. One promising study suggested that HBI
calculated from a 48-hour ABPM performed in the first trimester had a 93% sensitivity and
100% specificity for predicting preeclampsia,4 although other researchers have not been able
to replicate this high degree of accuracy and reliability. 5,6 There is currently no official role
of ABPM in the diagnosis of hypertensive pregnancy disorders. 7 Home monitoring of blood
pressure by automated cuffs in pregnancy has not been validated and some monitors have
been shown to inaccurate in pregnancy and, therefore, in-office, manual BPs remain the
gold-standard for the diagnosis and monitoring of hypertension in pregnancy. 8,9 This may
involve frequent outpatient visits, especially in those with severe hypertension.

Blood Pressure Management in Pregnancy
Hypertension in Preeclamptic Patients

The NHBPEP Working Group Report on High BP in Pregnancy and the American College
of Obstetrics and Gynecology (ACOG) guidelines recommend treatment in preeclampsia
when the diastolic BP (DBP) is persistently above 105–110 mm Hg, 1 but there is no official
recommendation regarding a systolic BP threshold for treatment. Most experts agree that
pharmacologic therapy should be initiated when the BP approaches 150/100 mm Hg, 10 with
the goal of preventing cerebral and cardiovascular events in the mother. If a woman has mild
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preeclampsia (DBP<100 mm Hg) with normal laboratory tests, other than low-level
proteinuria, management as an outpatient can be appropriate, provided that there are
frequent outpatient visits and that fetal nonstress testing (NST) is favorable. The frequency
of formal ultrasound testing depends on the clinical condition and is at the discretion of an
obstetrician. In the setting of severe preeclampsia that is being managed expectantly in the
hospital, daily ultrasounds for fetal well-being may be indicated.

While treatment of hypertension may improve the risk profile of the mother, and therefore
delay delivery, it does not cure preeclampsia, nor does it delay the progression to
preeclampsia. 11 The diagnosis of severe preeclampsia includes greater than 1 of the
following criteria – severe hypertension (defined as DBP>100 mm Hg), proteinuria > 5 g/24
hours or > 3+ on 2 random urine samples 4 hours apart, oliguria, cerebral or visual
disturbances, pulmonary edema, epigastric or right upper quadrant pain, impaired liver
function, thrombocytopenia or fetal growth restriction. The only definitive therapy for
preeclampsia is delivery. When urgent control of BP is necessary, or when delivery is
expected within the next 48 hours, intravenous agents, such as labetalol or hydralazine, are
the drugs of choice. Oral agents may be considered if delivery is not imminent, and the
choices of medications will be discussed further below.

Eclampsia may occur in the absence of gestational hypertension or preeclampsia in up to
20% of cases.12 Magnesium sulfate has been shown to decrease the risk of eclampsia and
maternal death without evidence of significant harm to the mother or baby.13 Therefore,
intravenous magnesium sulfate should be administered for seizure prophylaxis both during
delivery and for 24 hours after delivery. The rate of continuous infusion, but not the loading
dose, should be decreased for women with renal failure (as magnesium is renally excreted),
and serum magnesium should be checked every 1–2 hours, as compared to women with
normal renal function, for whom the level can be checked every 4–6 hours.

Timing of Delivery
The decision regarding the timing of delivery should be made after a careful assessment of
the risks to the fetus and the mother. In appropriately selected patients, especially those
before 32 weeks gestation, delivery can be postponed to allow for fetal maturation,
particularly of the respiratory system. Women with mild preeclampsia, i. e., those with a
diastolic BP < 100 mm Hg, without evidence of cerebral involvement, hemolysis with
elevated liver enzymes and low platelets (HELLP) syndrome, or significant proteinuria (> 1
g/24 hours), may be candidates for this approach.

In women with severe preeclampsia before 34 weeks gestation, the timing of delivery is
more complicated. In an interventional trial of 38 women with severe preeclampsia between
28–34 weeks gestation who were randomized to either aggressive therapy (betamethasone
and delivery 48 hours later) or expectant management (betamethasone, and delivery only for
prespecified indications, including low urine output, thrombocytopenia, abnormal liver
function tests, imminent eclampsia, pulmonary edema or severe hypertension despite
therapy), there was no difference in the maternal complications between the two groups.
There was advanced gestational age at delivery (an addition of 7.1 vs. 1.3 days, p<0.05),
with fewer neonatal complications in the expectant management group (33% vs. 75%,
p<0.05).14. Another larger trial of 95 women with severe preeclampsia between 28–32
weeks gestation, randomized to aggressive versus expectant management, also showed
advanced gestational age at delivery in the expectant group, with fewer visits to the neonatal
intensive care unit and fewer episodes of respiratory distress in the infants.15 However, this
study excluded women with underlying medical disease or obstetrical complications. A
meta-analysis published in 2002 evaluating expectant versus interventional strategies in the
management of women with early onset severe preeclampsia found insufficient evidence to
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recommend one approach over the other. 16 One approach that has been suggested by the
Society for Maternal-Fetal Medicine is to admit women with early (< 34 weeks gestation),
severe preeclampsia for observation and corticosteroid administration if delivery is not
imminent, followed by daily laboratory tests, including liver and renal function tests, daily
fetal assessments by ultrasound, and delivery at 34 weeks or earlier if any of the following
develop – severe hypertension despite therapy, HELLP syndrome, pulmonary edema,
eclampsia, severe renal dysfunction, disseminated intravascular coagulation, placental
abruption, fetal growth restriction, oligohydramnios or abnormal fetal stress testing.17 In
cases of severe hypertension (BP > 160/110 mm Hg), a trial of anti-hypertensive therapy
may be undertaken, but if the BP is not reduced within 24–48 hours, delivery should be
strongly considered. Given the complexity of such cases, including the risks to both mother
and fetus, the decision must be made on an individual basis after thoughtful discussion with
the mother. A nephrology consultation should be considered, especially in the management
of severe preeclampsia, hypertension, and medication choices. In addition, a nephrologist
can follow proteinuria levels and help risk-stratify patients into those who need closer
follow-up for monitoring of renal disease in the post-partum setting.

If a woman is at greater than 34 weeks gestation and develops severe preeclampsia, delivery
is still the treatment of choice, while expectant management may be reasonable in those with
mild preeclampsia. At greater than 36–37 weeks gestation, induction of labor should
pursued. Recent evidence for this approach comes from the Hypertension and Preeclampsia
Intervention Trial at Term (HYPITAT) trial published in 2009 that compared the induction
of labor versus expectant monitoring for gestational hypertension or mild preeclampsia after
36 weeks gestation. The HYPITAT trial was a multicenter randomized-controlled trial that
included 756 women with a singleton pregnancy at 36–41 weeks, with mild gestational
hypertension or mild preeclampsia. 18 The subjects were randomized to either expectant
monitoring or induction of labor, with the primary outcomes being progression to severe
disease, HELLP syndrome, eclampsia, pulmonary edema, placental abruption, postpartum
hemorrhage, thromboembolic disease or death. There were no maternal or neonatal deaths
and no cases of eclampsia or placental abruption in either group. The women randomized to
the induction group had a relative risk reduction of 0.71 (95% CI 0.59–0.86) for the primary
outcome, mainly due to a difference in the rate of progression to severe disease. The study
was not powered to compare differences in primary outcomes between those with
preeclampsia versus gestational hypertension. However, it does support the induction of
labor in preeclamptic pregnancies beyond 36 weeks gestation.

Chronic Hypertension in Pregnancy
Data from the National Health and Nutrition Examination Survey (1999–2008), indicates
that the prevalence of hypertension in women aged 20–44 years is 7.7%, and an estimated
4.9% of women use anti-hypertensive pharmacologic therapy, 19 with the two most common
categories of medications being diuretics (47.9%) and angiotension-converting enzyme
(ACE) inhibitors (44.0%). Prenatal counseling in women with chronic hypertension is an
important component of their care. The goals of the visit should be to evaluate for end-organ
damage, to adjust medications as necessary, to discuss appropriate lifestyle modifications,
and to consider secondary causes of hypertension. Given the teratogenic potential of ACE
inhibitors (see below), women should be counseled on the importance of birth control while
on ACE inhibitors, and this class of medication should be changed prior to attempting to
conceive.

There is continued controversy over whether women with mild-moderate chronic
hypertension on anti-hypertensive therapy prior to pregnancy should stop these medications,
be kept under close observation, and only reinstitute therapy for blood pressure elevations of
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140–160/90–100 mm Hg, versus continuing their usual anti-hypertensive regimen.1

Currently, both approaches are used and there is insufficient evidence to recommend one
approach over the other. Central to this controversy is the concern that anti-hypertensive
therapy for mild-moderate hypertension may provide no maternal benefits, while, at the
same time, harming the fetus (a) from the intrauterine exposure to anti-hypertensive
medications with their possible adverse effects, and (b) as a result of unfavorable
hemodynamics, whereby a decrease in the maternal blood pressure may impair
uteroplacental perfusion, and, ultimately, fetal growth. The evidence for an association
between fetoplacental growth and the use of oral anti-hypertensive medications is limited. In
the absence of well-designed and adequately powered studies, a meta-analysis of 14
treatment trials is frequently cited. 20 This meta-analysis concluded that a 10 mm Hg
decrease in mean arterial blood pressure was associated with a 145 gram decrease in
neonatal birth weight. However, only 16% of the variation in birth weight was accounted for
by the change in blood pressure, as several other variables may have contributed
independently to the fetal growth impairment. These negative effects of anti-hypertensive
therapy on birth weight have not been demonstrated consistently 21 and, in turn, the presence
of hypertension itself, irrespective of blood pressure medication use, has been shown to
result in lower birth weights. Those in favor of treatment support their view by citing
evidence that treatment of chronic hypertension may prevent progression to severe
hypertension and that chronic hypertension has been associated with increased feto-maternal
risks, including perinatal mortality and placental abruption 22. In general, most experts agree
with the use of anti-hypertensive therapy for a blood pressure ≥ 150/100 mm Hg. 10

Evaluation for end-organ damage is important in that it helps to guide therapy decisions. In
the presence of renal disease, proteinuria, left ventricular hypertrophy, hypertensive
retinopathy, microvascular disease, stroke and age greater than 40, therapy should be
initiated for a diastolic BP ≥ 90 mm Hg. 1,23 It should be noted that therapeutic guidelines as
to when to institute treatment and subsequent BP targets vary among different obstetrical
and medical societies due to the lack of evidence supporting a single BP goal. 24,25

Secondary hypertension should be considered in women with difficult to control BP
requiring three or more anti-hypertensive agents, including a diuretic, and/or indicative
laboratory and clinical findings, such as hypokalemia or an abdominal bruit. A thorough
history and physical exam should be performed by a nephrologist or hypertension specialist
and should include a review of lifestyle factors, such as nicotine use, caffeine intake and
recreational drug use, in particular cocaine and methamphetamines, which can mimic
conditions such as pheochromocytoma. The primary differential for secondary causes of
hypertension includes primary hyperaldosteronism, pheochromocytoma and renal artery
stenosis (primarily due to fibromuscular dysplasia in this age group). Women with
secondary hypertension are at a particularly high risk for adverse pregnancy outcomes. 26

Pheochromocytoma, in particular, is associated with significant maternal and fetal mortality,
mainly due to hypertensive crisis in the mother and intrauterine growth restriction in the
fetus.27 The diagnosis may be missed, mainly due to the fact that patients may present with
atypical features, such as gestational diabetes and difficult to control hypertension (Figure
1), and may be inappropriately diagnosed as having preeclampsia. 28 Primary
hyperaldosteronism is also difficult to diagnose during pregnancy, mainly due to the
stimulation of the renin-angiotensin-aldosterone axis in normal pregnancy, resulting in false
negatives when measuring the renin-aldosterone ratio. 29

Specific interventions to treat the underlying cause should be pursued, when possible, prior
to pregnancy, whether it is surgery for pheochromocytoma or revascularization for renal
artery stenosis, which may result in cure of the hypertension. In the case that the diagnosis is
not made before pregnancy, there are no official guidelines as to the management of these
conditions, and decisions must be made on a case-by-case basis. Renal artery
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revascularization has been successfully used during pregnancy, 26 and surgical resection of
pheochromocytoma has been performed in all trimesters, after the initiation of 10–14 days
of alpha blockage prior to surgery. 28

Lastly, women with chronic hypertension should be aware of the risks associated with
pregnancy. In a study of 763 women with chronic hypertension enrolled in a multi-center
trial of low-dose aspirin for the prevention of preeclampsia, 25% developed superimposed
preeclampsia. 30 In addition, the women in this study who developed preeclampsia were at
increased risk for placental abruption, versus those with chronic hypertension alone (3% vs.
1%, p=0.04). 30 Among women with severe or high risk hypertension (BP>160/110),
placental abruption may affect as many as 5–10% of women.11 One study by Sibai and
colleagues looked at the maternal and fetal outcomes of 44 women with severe chronic
hypertension in the first trimester of pregnancy and found that while there were no maternal
deaths, morbidity, including hospitalizations and reduction in renal function, was high. 11 Of
the twenty women with deterioration in renal function during pregnancy, 19 had returned to
their baseline renal function by their post-partum visit, although one patient continued to
have significant renal impairment. Nearly one-half of these women developed superimposed
preeclampsia, and the perinatal mortality was 25% (ten stillbirths and 1 neonatal death),
predominantly in the group of women with preeclampsia, and all in infants less than 800
grams at delivery and less than 29 weeks of age. The risk of recurrence of preeclampsia in
subsequent pregnancies after a pregnancy complicated by severe preeclampsia is 25%, but
the relative risk is 2 times greater in those with a history of chronic hypertension. 31

Complications of hypertensive pregnancy
The most significant short term complications of hypertensive pregnancy in the mother are
cerebrovascular complications, including cerebral hemorrhage and seizures, renal
impairment and cardiovascular complications, such as pulmonary edema (Table 2). Women
with chronic hypertension and evidence of end-organ damage prior to pregnancy are at
increased risk of pulmonary edema, hypertensive encephalopathy, retinopathy, cerebral
hemorrhage and acute renal failure. 1

HELLP syndrome occurs in 10–20% of severe preeclamptic/eclamptic pregnancies.32,33

The syndrome was first described in 1982 by Weinstein and colleagues34 as being
characterized by hemolysis, low platelets and elevated liver enzymes. It is associated with
significant maternal morbidity and mortality. In a prospective study of 442 patients with
HELLP syndrome, there were 5 maternal deaths, 3 attributed to diffuse hypoxic
encephalopathy, and significant morbidity – including placental abruption (16%), acute
renal failure (7.7%), pulmonary edema (6%) and subcapsular hematoma (0.9%). 32

Hypertension and proteinuria may not be present,32 and so providers must be alert to the
deceptive signs and symptoms of HELLP syndrome – including midepigastric or right upper
quadrant pain, nausea, vomiting and general malaise. Women with HELLP syndrome should
typically be delivered as soon as possible due to the significant morbidity and mortality.
They are not candidates for expectant management. 35,36 HELLP syndrome must be
differentiated from hemolytic uremic syndrome (HUS) and thrombotic thrombocytopenia
purpura (TTP), two forms of thrombotic microangiopathy that may present during
pregnancy. 33 TTP and HUS, either typical or atypical, are not characterized by elevated
liver enzymes and, in addition, TTP is associated with deficiency in the enzyme
ADAMTS13, a metalloproteinase that degrades von Willebrand factor multimers.

Eclampsia is the convulsive form of preeclampsia and occurs in 0.5% of patients with mild
preeclampsia, and in 2–3% of those with severe preeclampsia.37 The most feared
complication and cause of maternal death in eclampsia is stroke. 38 In a population-based
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study in France in 1995, 31 cases of stroke in pregnancy were identified and eclampsia
accounted for nearly half of both hemorrhagic and non-hemorrhagic strokes. 39 A more
recent study by Martin and colleagues looked at 28 women who had suffered strokes in the
setting of severe preeclampsia and eclampsia 40 and found that their systolic blood pressures
were > 155 mm Hg immediately before their cerebrovascular accidents. Only 5 patients
reached a diastolic blood pressure of 105 mm Hg, and therefore would not necessarily be
candidates for treatment according to the current NHBPEP and ACOG guidelines. 1 In this
study, maternal mortality was 53.6%, and only 3 of the 28 patients had no residual deficits
post-stroke. The authors concluded that a paradigm shift is needed toward treatment of SBP
of 155–160 mm Hg in severe preeclamptic and eclamptic patients.

Posterior reversible encephalopathy syndrome (PRES) was first described in the setting
of eclampsia in 1996. 41 PRES is a syndrome characterized by neurologic signs and
symptoms, such as headache, impaired consciousness, visual changes and seizures, in
combination with neuroimaging findings of vasogenic edema in the posterior circulation. In
a retrospective study of patients with eclampsia at Mayo Clinic, Rochester, 13 cases of
eclampsia were identified, of which 7 had neuroimaging studies, and all of the women had
characteristic findings of PRES syndrome. Importantly, pregnant patients developed PRES
at lower peak systolic BPs (mean 173 mm Hg) than the non-pregnant PRES subjects. 42 The
authors hypothesize that the reduction in BP in these women may delay progression of
vasogenic to cytotoxic edema and cerebral infarction. The true incidence of PRES in
eclampsia, or even in severe preeclampsia, has not been established, but the association is
one that requires future study.

Long-term complications
It was long believed that if hypertension and proteinuria resolve after delivery, there would
not be any long term risk of cardiovascular or renal complications in the mother. However,
recent studies have shown that a history of hypertensive pregnancy is a risk factor for
hypertension, 43,44 as well as cardiovascular disease, 44,45 with an approximate relative risk
of 2, compared to those without hypertensive pregnancies. The risk of future kidney disease
is not clear, although several studies have suggested an association. It has been shown that a
history of preeclampsia is associated with a higher frequency of microalbuminuria up to 5
years after delivery. 46 A study using registry data from Norway found that preeclampsia
occurring during a first pregnancy increased the risk of future end-stage renal disease
(ESRD). 47 The study population consisted of women with a first singleton birth between
1967 and1991, and follow-up extended until December 2005. The absolute risk of ESRD
after any preeclamptic pregnancy was low, 14.5/100,000 person-years, but the adjusted
relative risk was 4.3 (95% CI 3.3–5.6), and in women with greater than 2 preeclamptic
pregnancies, the adjusted relative risk increased to 10.9 (95% CI 5.0–23.8). It should be
noted that as this was a registry study, and patients with renal disease prior to pregnancy
were not able to be excluded, which would certainly impact the associated risk. As to the
mechanisms that underlie this association, it is not clear whether it is the hypertensive
pregnancy itself that leads to the increased risk of these complications, or whether there is
underlying endothelial dysfunction in the mother that manifests differently at varying stages
of life. Either way, women with a history of preeclampsia should be advised regarding life
style modifications and should be monitored closely for traditional risk factors.

Treatment of hypertensive pregnancy disorders
Non-pharmacological therapeutic approach

Lifestyle interventions, such as weight loss and a reduction in salt intake, are of proven
benefit in non-pregnant hypertensive patients. There is currently no evidence from
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prospective, randomized trials that instituting an exercise program during pregnancy is
effective in preventing preeclampsia in at risk individuals,1,48, although some benefit has
been seen in an animal model.49 Similarly, there is no current evidence that instituting a
weight loss program in pregnancy can prevent preeclampsia,48 although obesity is a risk
factor for gestational hypertension and preeclampsia.50 In 2009, the Institute of Medicine
revised their guidelines for gestational weight gain and recommended that women who are
overweight prior to pregnancy (body-mass index (BMI) 25–29.9) gain only 15–25 lbs during
pregnancy, as opposed those with normal weight (BMI 18.5–24.9) prior to pregnancy, who
should gain 25–35 lbs.51 Obese women with a BMI > 30 should gain only 11–20 lbs,
according to the new recommendations.

As volume contraction is common in preeclampsia, salt restriction is not routinely
recommended. However, bed rest is frequently advised, and has been shown to lower blood
pressure, promote diuresis, and reduce premature labor 52,53.

Medications
Pharmacologic therapy during pregnancy may prevent progression to severe hypertension
and maternal complications (such as heart failure and cerebrovascular events) while
improving fetal maturity by permitting prolongation of pregnancy. During both induction
and titration of anti-hypertensive medications, fetal well-being and safety should be closely
monitored by several methods that are available in daily clinical practice. A discussion of
the most common classes of anti-hypertensive therapy is presented below and summarized
in Table 3.

α-adrenergic agonists
One of the medications with the longest track record in pregnancy is methyldopa. A long-
term follow-up study on children born to women treated with methyldopa during pregnancy
could find no increased incidence of general health problems or cognitive problems. 54 This
record of safety makes it the first line agent recommended by the NHBPEP working group. 1

Methyldopa acts centrally by decreasing sympathetic tone, and therefore can have many side
effects, including sedation and impaired sleep patterns. One potential side effect is that it
may cause mild elevations of liver enzymes, which can lead to diagnostic confusion with
HELLP syndrome. Although it is relatively safe, methyldopa is not a potent BP lowering
agent and side effects, which are commensurate with the dose, can limit its use. Methyldopa
can be combined with other anti-hypertensives, such as a diuretic (discussed below), to
achieve target blood pressure values.

Clonidine has a similar mode of action to methyldopa, but has a much stronger effect in
lowering BP. Clonidine may impair fetal growth, especially if the mother has a reduction in
heart rate after therapy is initiated. 21 It can cause significant rebound hypertension and does
not have as strong a record of safety as methyldopa. It should be considered in cases of
intolerance to methyldopa.

Beta-blockers
Beta-blockers are generally well-tolerated and safe in pregnancy. Labetalol is becoming one
of the favored therapies for hypertension in pregnancy. It is a non-selective beta blocker that
antagonizes both beta and alpha-1 receptors. Its side effects include fatigue, decreased
exercise tolerance, as well as bronchospasm in individuals with reactive airway disease.
Labetalol has been compared to methyldopa in prospective trials and neither medication was
associated with adverse maternal or fetal outcomes. 25,55 It is available in both oral and
intravenous forms, so it may be used for both outpatient and inpatient management.
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Atenolol has been shown to have minimal effects on systolic BP in preeclamptic women,
and it is also associated with intrauterine growth retardation.56 Given the availability of
other more effective medications, including labetalol, atenolol should be avoided in
pregnancy.

Calcium channel blockers
In a small trial of preeclamptic mothers who received nifedipine versus placebo, there were
significant reductions in maternal BP, serum creatinine and urea values, and 24-hour urinary
protein measurements, without a reduction in umbilical artery blood flow. 57 According to a
prospective, multicenter cohort study of 78 women exposed to calcium channel blockers in
the first trimester, mainly nifedipine and verapamil, there was no increase in major
congenital malformations. There was an increase in preterm delivery in those who received
calcium channel blockers versus controls, matched for age and smoking status (28% vs. 9%,
p=0.003), although this was attributed to underlying maternal disease by stepwise
regression.58 There is little data available on diltiazem, although it may be used as a rate
control agent in pregnancy,59 and has been shown to lower BP and proteinuria in pregnant
patients with underlying renal disease in a small study of 7 patients.60 Calcium channel
blockers are also potent tocolytics and can affect the progression of labor. A major concern
with calcium channel blockers in pregnancy is the concurrent use of magnesium sulfate for
seizure prophylaxis, as co-administration of these agents has been reported to cause
circulatory collapse and neuromuscular blockade.16 Despite these issues, calcium channel
blockers, nifedipine in particular, as there is more data available for it, is an effective and
safe alternative to methyldopa as a first-line agent for the treatment of hypertension in
pregnancy.

Diuretics
As noted above, diuretics are the most commonly used medication among women of child-
bearing age with chronic hypertension. 19 A possible side effect of any diuretic is vascular
volume contraction, which may paradoxically cause further elevations of BP in preeclamptic
women. Women with preeclampsia have lower plasma volumes compared to those with
normal pregnancies, and volume contraction may stimulate the renin-angiotensin-
aldosterone axis, causing further increases in peripheral vascular resistance, thus worsening
hypertension. 24,61 However, the 2000 NHBPEP Working Group report on High BP in
Pregnancy recognized that the major concern for diuretic use in pregnancy is mainly
theoretical, as supporting evidence for their adverse effects is lacking. Therefore, if a woman
is on a diuretic prior to pregnancy, this can be continued during pregnancy, with the
exception of spironolactone, which may have fetal anti-androgen effects.

Hydralazine
Hydralazine is a direct vasodilator that can be administered orally or intravenously, and is
often used in the setting of hypertensive urgency, given its fast onset of action. However,
hydralazine has been associated with hypotension, oliguria and fetal distress. 62 It is also
associated with a lupus-like syndrome and peripheral neuropathy. The lupus-like syndrome
is usually seen with higher oral daily doses (> 200 mg daily)63, though has been seen with
doses as low as 50 mg daily when the exposure is prolonged (months to years)64. Due to
these potential side effects, labetalol is increasingly viewed as a safer agent for inpatient
management of hypertension. Hydralazine remains, however, commonly used when other
treatment regimens have failed to achieve adequate BP control, as most obstetricians are
quite familiar with its pharmacological actions and find its side-effect profile acceptable.
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Renin-Angiotensin-Aldosterone System Blockade
Renin-Angiotensin-Aldosterone System (RAAS) blockers, including most commonly ACE
inhibitors and ARBs, are extremely effective in lowering BP and have significant benefit in
proteinuric diseases. Initially, these medications were considered to be relatively safe during
the first trimester, and only associated with defects when taken in the second trimester,
potentially leading to oligohydramnios, anuria, and fetal renal failure. However, a study
published in 2006 by Cooper and colleagues demonstrated that exposure to ACE inhibitors
in the first trimester can be associated with significant congenital malformations affecting
both the cardiovascular and central nervous systems. 65 The relative risk of major congenital
malformations after a first trimester exposure was 2.71 (95% CI 1.72–4.27) as compared to
infants with no exposure to anti-hypertensives. A 2011 study of over 400,000 women-infant
pairs in the Northern California Kaiser Permanente region did find an increased risk of
congenital heart defects in the offspring after exposure to ACE inhibitors in the first
trimester as compared to healthy controls (OR 1.54, CI 0.9–2.62), but not as compared to
women on other anti-hypertensive agents (OR 1.14, CI 0.65–1.98).66 However, ACE
inhibitors are still considered contraindicated in pregnancy, despite the controversy
regarding the magnitude of the risk associated with exposure. If a woman becomes pregnant
while on one of these agents, she should be switched immediately to an alternative therapy
and offered an ultrasound and fetal echocardiography at 18 weeks gestation, and providers
should discuss the possible risks for congenital malformations with the patient. There is little
data regarding direct renin inhibitors, such as aliskerin, in pregnancy, but they are also
considered category D by the US Federal Drug Administration as they block the RAAS
system (see Table 3). As mentioned previously, spironolactone is contraindicated in
pregnancy as it can cross the placenta and have anti-androgen effects on the fetus. There is a
case report of eplerenone being used successfully for blood pressure control in a women
with primary hyperaldosteronism during pregnancy.67

Future Directions
Over the last several years, evidence has emerged suggesting that women with hypertensive
pregnancy disorders are at an increased risk for both immediate and long-term
cardiovascular disease. On the other hand, current recommendations for the treatment of
hypertension in pregnancy, unlike those for the general population, have remained the same
for many years, mainly due to a lack of studies that address the safety and benefits of
lowering BP in pregnancy. At present, several interventional studies for the treatment of
hypertension in pregnancy are underway (ClinicalTrials.gov – NCT01192412,
NCT01351428, NCT00293735, NCT00194974, NCT01361425) that may provide long
needed information, with respect to therapeutic targets and preferred agents in pregnant
hypertensive patients. 24 While awaiting the results of these trials, a recent editorial by
Moser and colleagues suggested using a new approach to the treatment of hypertension in
pregnancy, whereby women with a history of chronic hypertension should continue their
anti-hypertensive medications throughout pregnancy, provided that they are safe, with
careful monitoring of BP and dose adjustments, as necessary. 24 The authors suggest that a
new target BP in previously normotensive women should be 140/90 mm Hg, with beta-
blockers, diuretics or calcium-channel blockers as first line therapies. The emphases of this
proposal are to simplify the classification of hypertensive pregnancy disorders into chronic
hypertension and de novo hypertension after 20 weeks, simplify the target BP goal to less
than 140/90 mm Hg, and recommend specific pharmacologic agents. The authors suggest
that the currently available methods for monitoring fetal well-being and safety should be
instrumental in this approach, and applied during both the introduction and titration of anti-
hypertensive medications. The studies currently underway may help address what the
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appropriate targets for BP should be in pregnancy, and which anti-hypertensive agents are
most effective.

Current guidelines for the prevention of cardiovascular disease in women recommend
referral of patients with a history of hypertensive pregnancy to primary care or cardiology,
in order to facilitate monitoring and control of risk factors, 68 and though there are currently
no guidelines, routine screening for renal disease with blood urea nitrogen, serum creatinine
and urinalysis may be indicated in affected women. Future research should address the
question as to whether more aggressive BP control during hypertensive pregnancies may
result in the reduction of the future cardiovascular disease outcomes and renal disease in the
affected women.

Conclusion
Hypertension in pregnancy is a common complication of pregnancy and one associated with
significant maternal and fetal morbidity and mortality. The central issue in the management
of hypertension in pregnancy is achieving a balance between the maternal benefits derived
from improved BP control, and the fetal risks resulting from intrauterine medication toxicity
and possible uteroplacental hypoperfusion. For the severe forms of hypertensive pregnancy
disorders, including eclampsia, severe preeclampsia and HELLP syndrome, delivery
remains the standard of care. Women with mild preeclampsia prior to 32 weeks gestation
may be candidates for expectant management, but after 37 weeks, current evidence supports
induction of labor to prevent adverse maternal and fetal outcomes. Women with chronic
hypertension should undergo a pre-pregnancy evaluation, with a focus on end-organ
damage, medication profile, potential secondary causes of hypertension, and counseling on
the risks of pregnancy, including the development of superimposed preeclampsia. Women
must be followed carefully during pregnancy and in the intra- and post-partum settings.
There is ongoing research focusing on the appropriate management of hypertension in
pregnancy and the long-term consequences for the mother that may influence future
recommendations in this field.
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Clinical Summary

• Hypertensive pregnancy disorders complicate 6–8% of pregnancies in the
United States.

• The strategy for the treatment of hypertension in pregnancy is to prevent
maternal cerebrovascular and cardiac complications, while preserving
uteroplacental blood flow and limiting medication toxicity to the fetus.

• The definitive therapy for acute hypertensive syndromes of pregnancy is
delivery, although anti-hypertensive medications are often necessary to lower
the blood pressure in the mother to a) prevent maternal complications, and b)
decrease neonatal complications related to prematurity by allowing for the
continuation of pregnancy

• Women with chronic hypertension should have a prenatal visit that includes an
evaluation for secondary causes of hypertension, medication adjustments, and
counseling regarding the high risk of developing preeclampsia.
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Figure 1.
Surgical specimen of the adrenal pheochromocytoma.
Case presentation - Patient was a 31 year old P6G5 with a history of chronic hypertension
requiring medications intermittently in the past, and a history of preeclampsia with her first
pregnancy, with subsequent unremarkable pregnancies. She was admitted at 34 weeks due to
systolic BP > 200 mm Hg, as well as 3+ protein on dipstick, elevated AST (57 U/L), serum
creatinine of 1.2 mg/dL and uric acid of 10.1 mg/dL. The constellation of clinical findings
and laboratory abnormalities was considered to be consistent with preeclampsia. She
received IV magnesium sulfate and labetalol, and underwent C-section at 34 and 4/7 weeks,
and gave birth to a healthy male infant. Systolic BPs remained in the 180s mm Hg post-
delivery, and she was transferred to the ICU for hypertensive urgency. Work-up for
secondary causes revealed a 3.2 × 6.2 × 5.3 cm heterogenous lesion in the right adrenal
gland, and MRI was consistent with pheochromocytoma. The level of plasma free
normetanephrine was 26.2 nmol/L (normal < 0.90 nmol/L), and the 24-hour urine showed
significantly elevated levels of norepinephrine and normetanephrine. She received
phenoxybenzamine, nicardipine and propranolol. She underwent a right total adrenalectomy
(photograph of mass shown) and was able to be tapered off her BP medications.

Kattah and Garovic Page 17

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kattah and Garovic Page 18

Table 1

Hypertensive Pregnancy Disorder classification

Preeclampsia/Eclampsia Hypertension and proteinuria of ≥ 300 mg/24 hours after 20 weeks gestation. Eclampsia (the convulsive form
of preeclampsia) affects 0.1% of all pregnancies.

Gestational hypertension Hypertension occurring for the first time after 20 weeks of pregnancy in the absence of proteinuria.

Chronic hypertension Blood pressure greater than or equal to 140/90 mm Hg prior to pregnancy, or before the 20th week of
gestation.

Preeclampsia superimposed on
chronic hypertension

Up to 30% of women with chronic hypertension develop preeclampsia, heralded by proteinuria, which
occurs for the first time during the third trimester, and/or a sudden increase in previous level of proteinuria,
sudden increase in blood pressure in a woman with previously controlled BP, thrombocytopenia (<100,000
cells/mm3), or increase in alanine aminotransferase or aspartate aminotransferase to abnormal levels
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Table 2

Possible acute complications of hypertensive pregnancy by organ system

Organ System Clinical Signs and Symptoms

Cardiovascular Hypertension
Pulmonary Edema
Reduced Cardiac Output

Renal Reduced Glomerular Filtration Rate
Proteinuria
Cortical Necrosis

Hepatic (HELLP syndrome) Elevated Liver Enzymes
Hepatic Dysfunction
Subcapsular Bleeding
Hepatic Rupture

Central Nervous System Cerebral hemorrhage
Headache/blurred vision
Scotoma
Cortical Blindness
Posterior Reversible Encephalopathy Syndrome (PRES)
Seizure
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