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KEY POINTS

� Hypertensive disorders of pregnancy (HDPs) include chronic hypertension, gestational hyperten-
sion, preeclampsia, and chronic hypertension with superimposed preeclampsia.

� American College of Obstetricians and Gynecologists (ACOG) defines hypertension in pregnant
women as clinic systolic and diastolic blood pressure greater than or equal to 140 and/or 90 mm
Hg. Severe-range hypertension, a medical emergency, is defined as blood pressure greater than
or equal to 160 and/or 110 mm Hg.

� Labetalol and extended-release nifedipine are first-line agents for the outpatient management of
hypertension in pregnancy. First-line agents for treatment of severe-range hypertension include
intravenous labetalol and hydralazine, and oral immediate-release nifedipine.

� Both ACOG and the United States Preventive Services Task Force (USPSTF) recommend the use of
low-dose aspirin between 12 and 28 weeks of gestation for women at increased risk of
preeclampsia.

� The fourth trimester is a vulnerable time period when postpartum women are at risk for adverse out-
comes, and in many states lose access to health care. Expanded fourth-trimester Medicaid
coverage has the potential to reduce disparities in care and improve maternal outcomes.
BACKGROUND AND EPIDEMIOLOGY

Hypertension is the most common medical disor-
der occurring during pregnancy, complicating
5% to 10% of all pregnancies.1 It is also the lead-
ing cause of maternal mortality in industrialized
countries, and its prevalence is increasing.2 From
1998 to 2006, the prevalence of hypertension dur-
ing delivery hospitalizations increased from 67.2 to
81.4 per 1000 deliveries.3 This increase may in part
be caused by the increasing prevalence of cardio-
metabolic disease in women of childbearing age.1

Maternal age more than 40 years, prepregnancy
obesity, excess weight gain during pregnancy,
and gestational diabetes are all associated with
increased risks of maternal hypertension.4
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An often-overlooked epidemiologic aspect of
hypertensive disorders of pregnancy (HDPs)
(Box 1) is that their prevalence and associated
mortalities vary by race and ethnicity (Fig. 1A).4,5

A study of the 2014 to 2015 US birth cohort data
noted significant racial disparities in the preva-
lence of hypertension, with the highest burden in
non-Hispanic black women (9.8%) followed by
American Indian/Alaska Native (AIAN) (8.9%),
and Filipino (7.74%) women compared with 7.2%
in white women. Rates of eclampsia follow similar
trends (Fig. 1B).4 From 2011 to 2015, in the United
States, the overall pregnancy-related mortality
was 17.2 per 100,000 live births. Non-Hispanic
black women and AIAN women had the highest
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Box 1
Hypertensive disorders of pregnancy

� Chronic hypertension

� Gestational hypertension

� Preeclampsia/eclampsia

� Chronic hypertension with superimposed
preeclampsia/eclampsia
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mortalities at 42.8 and 32.5 per 100,000 live births
respectively.5 Furthermore, non-Hispanic black
women and Hispanic white women with HDPs
have a 2-fold greater risk of stroke during delivery
admission. Among women with chronic hyperten-
sion, the highest risk of stroke was seen among
Asian and Pacific Islander women.6 These varia-
tions in hypertension-associated maternal
morbidity and mortality likely reflect underlying
systemic disparities in access to care and differ-
ences in social determinants of health, rather
than an underlying physiologic difference between
women.
NORMAL PHYSIOLOGIC RESPONSE TO
PREGNANCY

Pregnancy is a dynamic process during which
there is a marked increase in metabolic demand
and hemodynamic adaptations that vary by
trimester and regress toward normal during the
postpartum period (Fig. 2).7 The major maternal
hemodynamic adaptations during pregnancy
include increased cardiac output and plasma vol-
ume along with a concurrent reduction in systemic
vascular resistance. In light of these rapid and
Fig. 1. Racial disparities in morbidity and mortality associa
GK, Siahpush M, Liu L, Allender M. Racial/Ethnic, Nativity,
tension in the United States, 2014-2015. Int J Hypertens.
et al. Vital Signs: Pregnancy-Related Deaths, United State
2013–2017. MMWR Morb Mortal Wkly Rep 2019. 2019;68
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dynamic changes, pregnancy is often considered
a physiologic stress test, because insufficient ad-
aptations result in maternal and fetal morbidity
and mortality.
The first trimester, from conception to 13 weeks

and 6 days of gestation, is associated with an
overall decrease in blood pressure of approxi-
mately 10%. Significant vasodilation of the periph-
eral vasculature begins at approximately 5 weeks
of gestation, partially caused by increases in estro-
gen and progesterone levels. In addition, serum
concentration of relaxin increases and peaks at
the end of the first trimester. Relaxin is a peptide
hormone that has an endothelium-dependent vas-
odilatory effect that results in enhanced nitric ox-
ide production.8 These changes result in a
significant decrease in systemic vascular resis-
tance and blood pressure, and a 50% increase in
renal flow and glomerular filtration rates by the
end of the first trimester. To maintain adequate
blood pressure in this setting, additional maternal
hemodynamic adaptations take place. There is
an increased sympathetic and as well as maternal
baroreceptor sensitivity. In addition, the renin-
angiotensin-aldosterone system is activated,
counteracting the salt and water loss secondary
to renal vasodilatation and leading to an increase
in heart rate and cardiac output.9

During the second trimester, which is defined as
14 to 27 weeks and 6 days of gestation, there is a
plateau in the reduction in systemic vascular resis-
tance, as relaxin decreases to an intermediate
value once the uteroplacental circulation is
formed, resulting in a sink of low vascular resis-
tance. In addition, arterial pressures reach a nadir
during the second trimester, whereas cardiac
output continues to increase to 45% above
ted with hypertensive disorders. (Adapted from Singh
and Sociodemographic Disparities in Maternal Hyper-
2018;2018:7897189 and Petersen EE DN, Goodman D,
s, 2011–2015, and Strategies for Prevention, 13 States,
:423–429.)
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Fig. 2. Hemodynamic changes associated with pregnancy. a Blood pressure nadir reached at 18.6 weeks. BP, blood
pressure; CO, cardiac output; HR, heart rate; SVR, systemic vascular resistance.
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baseline by 24 weeks. Excessive sympathetic ac-
tivity after 20 weeks of gestation is thought to be
associated with gestational hypertension or
preeclampsia.

The third trimester lasts from 28 weeks and
0 days of gestation through delivery. There is a
peak in cardiac output in the early third trimester
and blood pressure begins to increase back to
baseline levels. In addition, the ratio between
plasma volume and red cell mass peaks at 30 to
34 weeks, resulting in a physiologic anemia. The
resultant decrease in blood viscosity further de-
creases resistance to flow and in turn allows
improved placental perfusion to support the
growing fetus. In addition, plasma volume in-
creases to 50% greater than nonpregnant values
near term, allowing a reserve against blood loss
during delivery. Heart rate peaks in the late third
trimester, with a 20% to 25% increase relative to
baseline.7 During active labor, systolic and dia-
stolic blood pressures can increase an additional
15% to 25% and 10% to 15% respectively. Car-
diac output is increased by 15% in early labor
and 25% during the active phase.
MEASURING BLOOD PRESSURE IN
PREGNANCY

As previously described, each trimester of preg-
nancy involves marked hemodynamic changes,
so the accurate measurement of blood pressure
in pregnant women is essential for the diagnosis
and treatment of hypertension. Although consid-
ered the gold standard for blood pressure mea-
surement, the mercury sphygmomanometer is
rarely available in themodern clinical setting where
oscillometric devices are in widespread use. Note
that all blood pressure monitor validation proto-
cols recommend devices be specifically validated
for accuracy in pregnant women in light of the pre-
viously mentioned alterations in the vasculature
that occur and that may result in inaccuracies.10

Best practices for blood pressure measurement
include taking blood pressure using an appropri-
ately sized cuff, in a patient with an empty bladder,
preferably at least 30 minutes after ingestion of
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caffeine or nicotine use, and after 5 minutes of
quiet rest. The patient should be comfortably
seated with uncrossed feet resting on the floor,
in a chair with appropriate back and arm support,
with the arm comfortably resting at the level of the
heart (Fig. 3).11,12

DIAGNOSING AND CLASSIFYING
HYPERTENSION IN PREGNANCY

In contrast with nonpregnant adults, the diagnosis
of hypertension in pregnancy is based primarily on
office blood pressure measurements, and concor-
dant diagnostic thresholds between office and
ambulatory or home blood pressure measure-
ments have not been defined.13 American College
of Obstetricians and Gynecologists (ACOG) de-
fines hypertension in pregnant women as clinic
maternal systolic blood pressure greater than or
equal to 140 mm Hg and/or diastolic blood pres-
sure greater than or equal to 90 mm Hg on 2 or
more occasions at least 4 hours apart. ACOG
further categorizes severe-range hypertension as
sustained systolic blood pressure greater than or
equal to 160 mm Hg and/or diastolic blood pres-
sure greater than or equal to 110 mm Hg; in this
setting, verification should be performed in as
few as 15 minutes to avoid delays in treatment11

(Table 1).

Classification of Hypertensive Disorders
During Pregnancy

Another distinction in the classification of pregnant
women with hypertension compared with
nonpregnant adults is that the category of HDP de-
pends on how far along in pregnancy the woman is
when first diagnosed. Twenty weeks’ gestation is
the cut point used, reflecting the return to an
approximate baseline blood pressure after the
first-trimester decline (Fig. 4).11

Chronic Hypertension

Chronic hypertension is defined as systolic blood
pressure greater than or equal to 140 mm Hg
and/or diastolic blood pressure greater than or
equal to 90 mm Hg before pregnancy or before
of Health and Social Security de ClinicalKey.es por Elsevier en enero 08, 2021.
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Fig. 3. Identifying inaccuracies resulting from improper blood pressure measurement.
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20 weeks of gestation, the use of antihyperten-
sives before pregnancy, or the persistence of hy-
pertension more than 12 weeks after delivery.11

Around 3% to 5% of pregnancies are estimated
to be afflicted with chronic hypertension.

Gestational Hypertension

Gestational hypertension is defined as systolic
blood pressure greater than or equal to 140 mm
Hg and/or diastolic blood pressure greater than
or equal to 90 mm Hg after 20 weeks of gestation
in a woman who was at baseline normotensive.12 If
Table 1
Classification of hypertensive disorders of pregnanc

Chronic hypertension � SBP �140 mm H
20 wk of gestat

Or
� Use of antihype
Or
� Persistence of h

Chronic hypertension with
superimposed preeclampsia

� SBP �140 mm H
20 wk of gestat

Or
� Use of antihype
Or
� Persistence of h
And
� Target organ in

topenia, increa
monary edema

Gestational hypertension � SBP�140mmH
in a woman wh

Preeclampsia � SBP�140mmH
in a woman wh
proteinuria or t
renal insufficien
(target organ in

Abbreviations: DBP, diastolic blood pressure; SBP, systolic bloo
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a woman diagnosed with gestational hypertension
has persistent postpartum increases in blood
pressure, she should be reclassified as having
chronic hypertension.

Preeclampsia with and Without Severe
Features

Preeclampsia is an HDP that is typically associ-
ated with new-onset hypertension with proteinuria,
which occurs most often after 20 weeks of gesta-
tion.12 Proteinuria is defined by ACOG as (1)
300 mg or more per 24-hour urine collection; (2)
y

g and/or DBP �90 mm Hg before pregnancy or
ion

rtensive medication before pregnancy

ypertension >12 wk after delivery

g and/or DBP �90 mm Hg before pregnancy or
ion

rtensives before pregnancy

ypertension >12 wk after delivery

volvement (develops proteinuria or thrombocy-
sed transaminase levels, renal insufficiency, pul-
, or new-onset headache)

g and/or DBP�90mmHg after 20 wk of gestation
o was at baseline normotensive

g and/or DBP�90mmHg after 20 wk of gestation
o was at baseline normotensive and develops
hrombocytopenia, increased transaminase levels,
cy, pulmonary edema, or new-onset headache
volvement)

d pressure.
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Fig. 4. Classification of hypertensive
disorders in pregnancy. HTN,
hypertension.
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protein to creatinine ratio greater than or equal
to 0.3 mg/dL; or (3) a dipstick reading of 21 if
quantitative methods are not available. However,
preeclampsia can also manifest in the absence
of proteinuria, and additional diagnostic criteria
include (1) thrombocytopenia, defined as a platelet
count less than 100,000 � 109/L; (2) impaired he-
patic function, defined as transaminase level
greater than 2 times the upper limit of normal; (3)
severe right upper right quadrant or epigastric
pain that is not associated with other diagnoses;
(4) renal insufficiency, defined as serum creatinine
greater than 1.1 mg/dL or a doubling of serum
creatinine level in the absence of other renal
disease; (5) pulmonary edema; (6) new-onset
headache unresponsive to acetaminophen and
not associated with other diagnosis or visual
symptoms.

Preeclampsia with severe features is defined as
systolic blood pressure of 160 mmHg or more and
diastolic blood pressure of 110 mm Hg or more.
The clinical presentation of hemolysis, increased
liver enzyme levels, and low platelet count (HELLP
syndrome) is a form of preeclampsia with severe
features that generally occurs in the third trimester
and has been associated with increased maternal
morbidity and mortality. The diagnostic criteria for
HELLP are (1) lactate dehydrogenase increased to
60 IU/L or more; (2) aspartate aminotransferase
and alanine aminotransferase levels increased
more than twice the upper limit of normal; (3)
platelet count less than 100,000 � 109/L.12 How-
ever, right upper quadrant pain and generalized fa-
tigue are the main presenting symptoms in 90% of
cases.

Chronic Hypertension with Superimposed
Preeclampsia

Chronic hypertension occurs in 1% to 5% of preg-
nant women, and 20% to 50% of these women go
on to develop superimposed preeclampsia.14 The
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risk of superimposed preeclampsia in women with
chronic hypertension is increased in women who
are Black, obese, smoke, have a diastolic blood
pressure greater than 100 mm Hg, have had
chronic hypertension for more than 4 years, and
have a history of preeclampsia during a prior
pregnancy.15 The incidence of superimposed pre-
eclampsia is even higher in women with end-
organ failure or secondary hypertension and
approaches 75%.16 However, in women with
chronic hypertension and baseline proteinuria,
superimposed preeclampsia can be difficult to
distinguish from worsening chronic hypertension,
and a high index of suspicion is required. The pres-
ence of new-onset thrombocytopenia or a sudden
increase of liver enzyme levels is often the first
sign of superimposed preeclampsia in this group.11

TREATMENT OF HYPERTENSIVE DISORDERS
DURING PREGNANCY

The treatment of HDPs is mostly based on expert
opinion and observational studies because there
are few randomized controlled trials in this popula-
tion, which was traditionally considered by institu-
tional review boards to be a vulnerable population.
Balancing the risks and benefits of the treatment of
increased blood pressure in pregnant women on
both the mother and fetus is an important consider-
ation. In turn, theexactbloodpressureatwhichphar-
macologic treatment is initiated in pregnant women
is the subject of ongoing research. Overall, based
on thecurrentevidence,ACOGrecognizes thatpreg-
nant women with severe hypertension (blood pres-
sure �160/110 mm Hg) should be treated with
antihypertensives to preventmaternal vascular com-
plications such as stroke and placental abruption.

Chronic Hypertension

There remains a controversy about treatment of
pregnant women with chronic hypertension. This
of Health and Social Security de ClinicalKey.es por Elsevier en enero 08, 2021.
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article presents the best evidence underscoring
the major recommendations for antihypertensive
use among pregnant women with nonsevere and
severe chronic hypertension. First, a 2014
Cochrane Review of 49 trials noted that treatment
of pregnant women with mild to moderate hyper-
tension did not reduce the incidence of complica-
tions such as developing preeclampsia, preterm
birth, or maternal and fetal mortality. However,
treatment did reduce their risk of developing se-
vere hypertension.17 Second, the 2015 Control of
Hypertension in Pregnancy Study (CHIPS) trial,
which randomized 987 pregnant women to less
tight control (target diastolic blood pressure of
100 mm Hg) versus tight control (target diastolic
blood pressure <85 mm Hg) found that tight con-
trol of hypertension again reduced progression to
severe hypertension.18 There was no benefit or
increased risk of harm to the fetus from tight dia-
stolic blood pressure control, though a secondary
analysis found severe hypertension was associ-
ated with an increased risk of adverse perinatal
outcomes (birth weight <10th percentile, pre-
eclampsia, preterm delivery, increased liver
enzyme levels, low platelet count, and prolonged
hospital stay) in both arms of the trial, and has
been used to promote tighter diastolic blood pres-
sure control in this population.19 The third pivotal
trial is currently ongoing. The Chronic Hyperten-
sion and Pregnancy (CHAP) project (clinicaltrials.
gov NCT02299414) is a multicenter, pragmatic
randomized trial with the primary aim to evaluate
the benefits and harms of pharmacologic treat-
ment of mild chronic hypertension in pregnancy
treated to a goal blood pressure less than 140/
90 mm Hg compared with current ACOG recom-
mendation (no initiation of antihypertensive medi-
cation unless blood pressure �160/110 mm Hg).
It is anticipated that the results of this trial will be
available in 2021.
Because the current data show no direct benefit

to the fetus with tight control of hypertension, ac-
cording to ACOG, the initiation of antihypertensive
medications is only recommended for persistent
chronic hypertension when systolic pressure is
greater than or equal to 160 mm Hg or diastolic
is greater than or equal to 110 mm Hg. For preg-
nant women without a prior diagnosis of chronic
hypertension with stage 1 hypertension (systolic
blood pressure of 130–139 mm Hg or diastolic
blood pressure of 80–89 mm Hg) before 20 weeks
of gestation, antihypertensive initiation is not
recommended.
The effects of continuing antihypertensive ther-

apy for women with chronic hypertension diag-
nosed previous to pregnancy and with less than
severe hypertension remain unclear. The current
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evidence base is conflicting and, at the current
time, this decision is left to the treating physician’s
discretion. One prospective observational study
noted that the discontinuation of antihypertensive
treatment during pregnancy did not affect the inci-
dence of preeclampsia or fetal complications such
as growth restriction and perinatal death, but it
was associated with a higher incidence of severe
hypertension, placental abruption, and preterm
delivery.20 Another study found no increase in pre-
eclampsia, placental abruption, and perinatal
death with discontinuation of antihypertensive
therapy during pregnancy.21 High-quality, large,
randomized controlled trials examining risks and
benefits of antihypertensive treatment of both
mothers and babies in nonsevere hypertension
are sorely needed. The CHAP trial is working to
respond to that demand.

Gestational Hypertension and Preeclampsia

The management of pregnant women with gesta-
tional hypertension, with no evidence of severe hy-
pertension or progression to preeclampsia, can
safely be performed as outpatients. Other than
weekly in-office blood pressure monitoring and
urine protein excretion, as well as twice-weekly
home blood pressure measurements, nonpharma-
cologic interventions are deemed by ACOG to be
appropriate for management. Nonpharmacologic
interventions include monitoring activity and diet.
However, up to 50% of women with gestational
hypertension may develop preeclampsia. Women
with gestational hypertension with severe-range
blood pressures should start antihypertensive
therapy and be managed as women with severe
preeclampsia.12

PRIMARY AND SECONDARY PREVENTION OF
PREECLAMPSIA

Numerous studies have been performed exam-
ining potential preventive therapies for preeclamp-
sia. including supplementation with aspirin,
calcium, vitamin C, vitamin E, fish oil, garlic,
vitamin D, and folic acid. Low-dose aspirin is the
1 agent that has consistently been shown to pro-
vide a significant reduction in the risk of pre-
eclampsia.22 When administered before
16 weeks of gestation, low-dose aspirin (60–
150 mg daily) has a modest impact on the risk of
preeclampsia, severe preeclampsia, and fetal
growth restriction.23 Therefore, both ACOG and
the United States Preventive Services Task Force
(USPSTF) recommend the use of low-dose aspirin
for women at increased risk of preeclampsia.
ACOG recommends women at high risk, or with
more than 1 moderate-risk factor, start aspirin
lth and Social Security de ClinicalKey.es por Elsevier en enero 08, 2021.
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81 mg/d between 12 and 28 weeks of gestation,
preferably before 16 weeks, to be continued
through delivery.24The USPSTF recommends the
use of low-dose aspirin (60–150 mg daily) between
12 and 28 weeks of gestation for women with 1 or
more high-risk factors and consideration for use in
women with more than 1 moderate-risk factor for
preeclampsia.25 High-risk factors for the develop-
ment of preeclampsia according to both the
USPSTF and ACOG include history of preeclamp-
sia, multifetal gestation, chronic hypertension,
type 1 or 2 diabetes, renal disease, and autoim-
mune disease. ACOG and the USPSTF both
consider the following moderate-risk factors: first
pregnancy, body mass index greater than 30 kg/
m2, family history of preeclampsia, and age
greater than or equal to 35 years, whereas the
USPSTF additionally recognizes low socioeco-
nomic status, black race, history of low birth-
weight, and history of adverse pregnancy
outcome to be moderate-risk factors. Current evi-
dence does not support the universal use of low-
dose aspirin for preeclampsia prevention.24
CHOICE OF ANTIHYPERTENSIVE
MEDICATIONS IN PREGNANCY

There are no large randomized trials on which to
base recommendations for the use of one antihy-
pertensive medication rather than any other. All
antihypertensive medications cross the placenta,
but there is scant evidence on the impact of
most antihypertensive medication classes on
pregnancy outcomes and fetal risk. The exception
to this is the known teratogenicity of angiotensin
receptor blockers, angiotensin-converting enzyme
(ACE) inhibitors, and direct renin inhibitors, which
are always contraindicated in pregnancy. A large
2017 systemic review and meta-analysis of
newborn outcomes after exposure to antihyper-
tensive medications found there were inadequate
data to recommend any specific therapy because
of methodologic weakness of the available evi-
dence.26 A 2018 international cohort study with
pooled data from 6 countries, the International
Pregnancy Safety Study (InPreSS) consortium,
found no relative or absolute risks for major
congenital malformations, including cardiac mal-
formations, with first-trimester b-blocker
exposure.27

ACOG recommends the use of b-blockers and
calcium channel blockers as first-line agents for
the treatment of HDPs. Labetalol, a mixed
alpha-adrenergic and beta-adrenergic blocker,
is the most common beta-blocker used in preg-
nancy (Table 2).28 In addition, pindolol and
long-acting metoprolol are less studied in
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pregnancy but are considered acceptable alter-
natives, especially for women with concurrent
heart failure who are chronically treated with
metoprolol.29 Atenolol should be avoided in preg-
nancy because of its association with a height-
ened risk of fetal growth restriction and low birth
weight.30

Extended-release nifedipine, a dihydropyridine
calcium channel blocker, is also recommended
by ACOG to treat hypertension in pregnant
women.11 Extended-release nifedipine reduces
blood pressure within an hour. A 2019 randomized
control trial noted that nifedipine reduced blood
pressure more rapidly and was easier to admin-
ister, although it was equal in efficacy and safety
to labetalol.31

Alpha-methyldopa has been widely used in
pregnant women around the globe because it
has a long safety record and is available generi-
cally. A follow-up study on children of women
treated with methyldopa during pregnancy noted
its long-term safety.32 However, it is less favored
in the United States, where other options are
readily available because of decreased efficacy
compared with b-blockers and its association
with adverse effects such as depression.17

Second-line agents for the treatment of HDPs
include thiazide diuretics and hydralazine. The
use of thiazide diuretics can be associated with
significant volume depletion within the first
2 weeks, and close monitoring of volume status
is recommended. Although this effect has not
been noted within randomized control trials, the
concern for potential fetal growth restriction or oli-
gohydramnios is the reason thiazide diuretics are a
second-line agent.33 Care should be taken when
using hydralazine in pregnancy because approxi-
mately half of women have associated side ef-
fects, including hypotension, headaches,
flushing, tremors, and fluid retention. It is also
associated with reflex tachycardia and therefore
should never be used in isolation without a nodal
blocking agent. A 2003 meta-analysis found hy-
dralazine was more effective in reducing blood
pressure than labetalol, but was also associated
with more adverse maternal and fetal outcomes
because of the unpredictable nature of resultant
extreme hypotension in some patients.34

Other agents, such as clonidine, can be consid-
ered for recalcitrant hypertension but are consid-
ered third line. As previously mentioned, the use
of ACE inhibitors, angiotensin II receptor blockers,
direct renin inhibitors, and mineralocorticoid recep-
tor antagonists are absolutely contraindicated in
pregnancy because of their significant associations
with fetal renal abnormalities and failure, growth re-
striction, congenital malformations, and death.
of Health and Social Security de ClinicalKey.es por Elsevier en enero 08, 2021.
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Table 2
Antihypertensive medications for pregnant women with nonsevere hypertension

Agent Dose Side Effects

First line Labetalol (PO) 100–200 mg BID (increase
Q 2–3 d to max dosage
2400 mg/d)

Hypotension, increased liver
enzyme Levels, persistent fetal
bradycardia, and neonatal
hypoglycemia
Avoid in asthma because of
risk of bronchospasm

Extended-release
nifedipine (PO)

30–60 mg Q day (increase
Q 7–14 d to max dosage
120 mg/d)

Severe headache, peripheral
edema

Methyldopa (PO) 250 mg BID or TID (increase
Q 2 d to max dose
3000 mg/d)

Sedative, peripheral edema,
anxiety, nightmares, dry
mouth, hypotension,
Contraindicated in depression

Second or
Third line

Hydrochlorothiazide 12.5 mg Q day (increase
Q 7-14 d to max dosage
50 mg/d)

Volume depletion, fetal
growth restriction,
oligohydramnios

Hydralazine 10 mg QID (increase Q 2–5 d
to max dosage 200 mg/d)

Tachycardia, headache,
flushing, fetal distress,
hypotension, and inhibition of
labor especially when
combined with magnesium
sulfate
Should never be used in
isolation because of reflex
tachycardia

Abbreviations: BID, twice a day; PO, by mouth; max, maximum; Q, every; QID, 4 times a day; TID, 3 times a day.
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Nonpharmacologic Interventions to Reduce
Blood Pressure in Pregnant Women

Moderate exercise can be continued in preg-
nancy, and ACOG recommends that 30 minutes
of moderate exercise several days of the week
can offer benefits such as decreased risk of devel-
oping gestational diabetes, operative vaginal de-
livery, risk of cesarean birth, postpartum
recovery time, and risk of postpartum
depression.35

Weight loss and extremely low-sodium diets
(<100 mEq/d) are not recommended for the man-
agement of HDPs. Overall, evidence is limited,
but few studies of diet and lifestyle modification
to reduce blood pressure have shown any effects
on pregnancy outcomes. A 2020 observational
study on the relationship between the DASH (Di-
etary Approaches to Stop Hypertension) diet
and maternal blood pressure in pregnancy found
that the DASH dietary pattern was associated
with lower maternal blood pressure in women
without HDPs.36 However, in the 2013 executive
summary, ACOG reports that there is no
adequate evidence that salt restriction reduces
preeclampsia risk.37
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TREATMENT OF SEVERE-RANGE
HYPERTENSION AND HYPERTENSIVE
EMERGENCIES IN PREGNANCY

Severe-range hypertension is defined as blood
pressure values exceeding 160 and/or 110 mm
Hg. Hypertensive emergency of pregnancy is clas-
sified as (1) acute increase in blood pressures
greater than or equal to 160/110 mm Hg, (2) devel-
opment of symptoms consistent with severe pre-
eclampsia, and (3) symptoms of end-organ
damage. Severe hypertension is noted to cause
central nervous system injury, and two-thirds of
maternal deaths during 2003 to 2005 were caused
by cerebral hemorrhage or infarction.38 Therefore,
any pregnant women with acute-onset severe hy-
pertension that is persistent (15 minutes or more)
should be initiated on antihypertensive treatment
within 30 to 60 minutes to acutely reduce blood
pressure. First-line agents include intravenous
(IV) labetalol and hydralazine for management of
acute-onset, severe hypertension in pregnant
women and women in the postpartum period. IV
hydralazine has been used for the acute treatment
of severe hypertension for more than 65 years and
is recommended by ACOG (Table 3).39 In addition,
lth and Social Security de ClinicalKey.es por Elsevier en enero 08, 2021.
. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.



Table 3
Antihypertensive medications for pregnant women with severe hypertension

Agent Dose Side Effects

Labetalol (IV) 5–20 mg (increase every 10–15 min
to max ag 220 mg/d)

Hypotension, increased liver enzyme
levels, persistent fetal bradycardia,
and neonatal hypoglycemia
Avoid in asthma because of risk of
bronchospasm and congestive heart
failure

Hydralazine (IV) 5–10 mg (increase every 20 min to
max dosage 30 mg/d)

Severe headache, peripheral edema,
flushing, reflex bradycardia,
hypotension.
Avoid use in isolation because of reflex
tachycardia

Immediate-release
nifedipine (PO)

5–10 mg (increase every 30 min to
max dosage 50 mg/d)

First-line alternative to labetalol only in
the absence of IV access for treatment
of acute, severe hypertension

Abbreviation: IV, intravenous.
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immediate-release oral nifedipine may also be
used. Current ACOG guidelines recommend the
use of immediate-release oral nifedipine as a
first-line alternative to labetalol in the absence of
IV access for the treatment of acute, severe hyper-
tension. IV nitroglycerin can also be used in the
treatment of severe pregnancy-induced hyperten-
sion complicated by pulmonary edema.40

If blood pressure remains increased or initial
blood pressure is greater than or equal to 180/
120 mm Hg, then accelerated maternal and ob-
stetric management should occur. In addition, if
the blood pressure exceeds 240/150 mm Hg or
there is any evidence of acute end-organ damage,
accelerated management by a maternal fetal med-
icine or a critical care specialist is highly
recommended.39

IV magnesium sulfate is not recommended as
an antihypertensive agent, although it has blood
pressure–reducing effects.41 Magnesium remains
the most common seizure prophylaxis in pregnant
women with acute-onset severe hypertension,
because it has been shown to be more effective
than phenytoin, diazepam, and nimodipine in
reducing the risk of eclampsia and is the drug of
choice to prevent eclampsia in intrapartum and
postpartum women.42 The current preferred
dosage is a loading dose of 4 to 6 g intravenously
followed by a maintenance dosage of 1 to 2 g/h.
The use of nifedipine with magnesium sulfate
should be avoided or used cautiously because of
the risk of synergistic hypotension.

For women with preeclampsia who have
severely increased blood pressure that is unre-
sponsive to treatment, the definitive treatment is
delivery. Delivery is always beneficial for the
Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library 
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mother but may be harmful to the fetus depending
on its gestational age. Decisions weighing the risks
of being born premature with the potential benefit
of removing the fetus from the preeclamptic envi-
ronment where it is at risk for intrauterine growth
restriction and stillbirth must bemade in collabora-
tion with maternal fetal medicine specialists and
neonatologists. For women with a preterm fetus
who have gestational hypertension or preeclamp-
sia without severe features, continued observation
is often appropriate. However, the Hypertension
and Preeclampsia Intervention Trial At Near Term
(HYPITAT) trial found that women with gestational
hypertension and preeclampsia without severe
features after 36 weeks who had induction of labor
had a significant reduction of adverse maternal
outcomes, including HELLP syndrome, eclampsia,
pulmonary edema, and placental abruption. In
addition, induction of labor versus expectant man-
agement resulted in no significant differences in
neonatal complications.43
THE FOURTH TRIMESTER

The postpartum period, defined as the 12 weeks
after delivery, is now commonly referred to as
the fourth trimester. Marked fluid shifts occur dur-
ing the early postpartum period and they are asso-
ciated with fluctuations in blood pressure.7 There
is an initial decrease in the first 48 hours and sub-
sequent increase during postpartum days 3 to 6 as
fluids mobilize. Contributing factors include IV fluid
administration and loss of pregnancy-associated
vasodilation. The use of nonsteroidal antiinflam-
matory drugs and ergot derivatives, which are
used to treat postpartum hemorrhage, can also
of Health and Social Security de ClinicalKey.es por Elsevier en enero 08, 2021.
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contribute to blood pressure variability.44 Blood
volume returns to nonpregnant values by 8 weeks
postpartum because of diuresis. Pregnancy-
related hypertension should resolve within
12 weeks; for increases in blood pressure beyond
this period, clinicians should consider a secondary
cause of hypertension because it is found in
around 10% of patients.45

The weeks following birth are a critical period for
a woman and her infant. There are scarce data
regarding the evaluation and management of
blood pressure in the fourth trimester, although
ACOG recommends that women with severe hy-
pertension should have a blood pressure evalua-
tion within 72 hours after delivery, and no more
than 7 to 10 days postpartum for women with
HDPs.46 The incidence of new-onset postpartum
hypertension is uncertain, with an estimate ranging
from 0.3% to 28%. In 1 study of 203 women with
planned postpartum inpatient stays of 1 week or
longer, 12% of previously normotensive women
became hypertensive and more than 50% of
women with a hypertensive disorder of pregnancy
had a systolic/diastolic blood pressure greater
than or equal to 150/100 mm Hg.47 Since those
studies were performed, the length of a hospital
admission for delivery has shortened and most
women are now discharged within 24 hours of de-
livery. In addition, many do not return for a blood
pressure check until the standard 6-week post-
partum visit, leading to missed blood pressure
measurements and adjustment of treatment.
Hypertension is a leading cause of postpartum

readmission in the United States.48 More than
one-half of pregnancy-related maternal deaths
occur in the fourth trimester.49 Postpartum
maternal complications also include de novo post-
partum preeclampsia; around one-third of
eclampsia occurs postpartum. Women with post-
partum preeclampsia most often present with
new-onset headaches or visual changes in addi-
tion to increases in blood pressure. Early identifi-
cation and management is pivotal, because
these women are at an increased risk of stroke,
seizures, pulmonary edema, renal failure, conges-
tive heart failure, and death.50 Half of all intracere-
bral hemorrhage caused by preeclampsia occurs
in the postpartum period.51

As previously discussed, significant racial dis-
parities exist in postpartum complication and
readmission rates. Black women with cardiovas-
cular risk factors are more likely to be readmitted
postpartum, to have severe morbidity, and to
have life-threatening complications, including pul-
monary edema and acute heart failure, compared
with white women.52 Many of these complications
are related to HDPs, and targeted interventions
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such as the use of self-measured blood pressure
and telehealth may play an important role in pre-
vention of postpartum hypertension and associ-
ated complications, such as postpartum
stroke.53 Future studies are needed to examine
the impact and acceptability of these
interventions.
In addition to the health burden imposed by pre-

existing or new-onset hypertension, new mothers
are often faced with other medical concerns,
such as pain, depression, and anxiety. Despite
the fourth trimester being a pivotal time of transi-
tion in the health of postpartum women and
newborn infants, it is also frequently a time of
health care transition and loss of coverage for
many US women, which likely contributes to high
rates of maternal mortality as well as disparities
in care. Medicaid is the largest single payer of ma-
ternity care, covering 43%of all births in the United
States in 2017. However, postpartum pregnancy-
related coverage for mothers only lasts 60 days
into the fourth trimester. Thirty-six states and
Washington DC have expanded Medicaid under
the Affordable Care Act (ACA), allowing pregnant
women to remain covered beyond this period,
but in the 14 non–Medicaid expansion states,
many new mothers become uninsured because
they no longer meet Medicaid income eligibility re-
quirements (Fig. 5).54,55 These women fall out of
care and are at an even higher risk for adverse out-
comes; uninsured women are more likely to have
advanced-stage diseases such as HDPs and
higher associated mortality.56,57 At baseline, preg-
nant women with Medicaid have an increased risk
for complications in pregnancy and poor fetal out-
comes compared with women with private insur-
ance, thus the most vulnerable women are
exposed to even greater adversity when they
lose coverage.57 Although a 2019 observational
study of births from 2011 to 2016 found state
Medicaid expansion did not result in significant
changes in rates of low birth weight or preterm
births, it did result in the reduction of health dispar-
ities experienced by black infants.58 Further work
is needed to examine the effects of Medicaid
expansion on maternal health in the fourth
trimester.
If all states were to implement Medicaid expan-

sion, the percentage of uninsured women aged 19
to 64 years could decrease from 20% to 8%.59

ACOG fully supports the expansion of Medicaid
as proposed in the ACA to help reduce health dis-
parities and improve outcomes.57 Many steps
were taken in 2019 to ensure that mothers were
able to have Medicaid coverage through
12 months postpartum, including the passage of
the bipartisan legislation H.R. 4996, the Helping
lth and Social Security de ClinicalKey.es por Elsevier en enero 08, 2021.
. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.



Fig. 5. Map of the United States showing the relationship between rate of uninsured women by state in 2019 and
the Medicaid expansion status of the state as of March 2020. (Data from Status of State Medicaid Expansion De-
cisions: Interactive Map. Kaiser Family Foundation. Published 2020. Accessed 2020 and America’s Health Rankings
analysis of U.S. Census Bureau. United Health Foundation. Published 2019. Accessed2020.)
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MOMs Act. Expanded fourth-trimester coverage is
a pivotal part of care for pregnant women and new
mothers, and further legislative steps need to be
taken to ensure equitable outcomes for all women
in the United States.

HYPERTENSIVE DISORDERS DURING
PREGNANCYAND FUTURE CARDIOVASCULAR
RISK

HDPs are associated with an increased risk of
complications for both mother and baby during
pregnancy and beyond.60 Whether the HDP itself
leads to increased risk or it is merely a marker of
underlying increased risk remains an area of
intense debate and ongoing research. Despite
this debate, it is irrefutable that a history of HDP
is associated with an increased risk of future
maternal myocardial infarction, heart failure,
chronic hypertension, and stroke.61 In addition,
the severity of preeclampsia has been shown to
be positively correlated with severity of cardiovas-
cular disease and earlier age of onset of disease.62

These findings have led many professional soci-
eties, including the American Heart Association,
American College of Cardiology, American Stroke
Association, and ACOG, to include preeclampsia
as a clinical risk factor that should be screened
for as part of a comprehensive cardiovascular
risk assessment.12,63 The increased time between
diagnosis of HDP and management is associated
with an increased risk of maternal cardiovascular
risk.64 Therefore, early identification and treatment
of women at risk for and with HDPs is important to
prevent not only immediate but also future
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mortality and morbidity. As such, the authors
recommend the inclusion of a reproductive history
as part of the comprehensive assessment of all
women, to identify risk-modifying factors such as
HDP, and appropriately risk stratify women for pri-
mary cardiovascular disease prevention.

SUMMARY

HDPs are a significant cause of maternal and fetal
morbidity and mortality, and their prevalence is
increasing. Moreover, the prevalence as well as
the morbidity and mortality associated with HDP
vary by race/ethnicity. Improvements in the pre-
vention, diagnosis, and management of HDPs
are needed to reduce maternal morbidity and mor-
tality and reduce disparities in care for pregnant
and postpartum women.

CLINICS CARE POINTS

� Good blood pressure measurement tech-
nique is essential for the accurate diagnosis
of HDP as improper techniques are likely to
falsely elevate blood pressure.

� Labetalol and nifedipine are the preferred first
line agents for the treatment of hypertension in
pregnancy.

� Postpartum hypertension is a leading cause of
readmission in the United States. Headache
or visual changes in a post-partum woman
should raise concern for post-partum
preeclampsia.

� An accurate reproductive history is an essen-
tial part of a woman’s medical record and
of Health and Social Security de ClinicalKey.es por Elsevier en enero 08, 2021.
ización. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.
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should always be inquired about to appropri-
ately risk stratify women for CVD.
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