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Abstract
Chronic hypertension complicates 3%-5% of pregnancies and gestational hypertension occurs 

in 6% of pregnancies. Preeclampsia complicates 25% of the pregnancies with chronic hypertension, 
and approximately 15%-45% of the patients with gestational hypertension will develop preeclamp-
sia, a dangerous condition that harms the maternal and fetal safety. Antihypertensive medication is 
used to treat severe hypertension to prevent serious maternal and fetal complications, but there is 
no consensus on when and how to treat mild-to-moderate hypertension in pregnancy. This article 
reviews the usage, effect and safety of first, second and third line antihypertensive drugs for mild-to-
moderate hypertension in pregnancy. 
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Hypertension in pregnancy
For the hypertension diagnosis, blood pressure 
(BP) must be elevated on at least two occasions 
and measurements should be made with the 
woman seated and using the appropriate cuff 
size. Late in the second trimester and the third 
trimester, venous return may be obstructed by 
the gravid uterus and, if supine, blood pressure 
should be taken with the woman lying on her 
side. Chronic hypertension is diagnosed before 
pregnancy or in the first 20 weeks of gestation, 
or persists more than 42 days after delivery, 
complicating 3%-5% of pregnancies [1]. In 
gestational hypertension, occurring in 6% of 
pregnancies, blood pressure is established after 
the week 20 of pregnancy, and is not associ-
ated to proteinuria or other systemic features 
of preeclampsia, with normalization during the 
12 weeks following delivery. Approximately 
15%-45% of the patients with gestational hy-
pertension will develop preeclampsia, and is 

more likely with earlier presentation, previous 
hypertensive pregnancy and higher blood pres-
sure [2,3]. The effect of antihypertensive drugs 
is different in these conditions, which must be 
considered when interpreting randomized trials 
of the treatment of hypertension in pregnancy. 
Preeclampsia is more dangerous than chronic 
hypertension and gestational hypertension, and 
is characterized by hypertension and protein-
uria (0.3 g/24 hours). Eclampsia is described 
as the appearance of convulsions associated 
with the signs of preeclampsia, and not caused 
by epilepsy or other convulsive disorders. Pre-
eclampsia superimposed on chronic hyperten-
sion is defined as a condition of hypertension 
with onset of proteinuria, complicating 25% of 
the pregnancies with chronic hypertension [4].

Physiological adaptations in pregnancy 
and hypertension  
Early in the first trimester there is a fall in 
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blood pressure caused by active vaso-
dilatation through local mediators. This 
reduction primarily affects the diastolic 
pressure and a drop of 10 mm Hg is 
usual by 13-20 weeks of gestation. 
Blood pressure continues to fall until 22-
24 weeks when a nadir is reached. After 
this, there is a gradual increase in blood 
pressure until a term when pre-pregnan-
cy levels are attained. Immediately after 
delivery blood pressure usually falls, 
then increases over the first five post-
partum days. Even women whose blood 
pressure was normal during pregnancy 
may experience transient hypertension 
in the early postpartum period, reflecting 
a degree of vasomotor instability [5,6]. 

Secondary to the reduction in the 
systemic vascular resistance, chronic hy-
pertension often improves in the second 
trimester and early third trimester, to be 
restored in late pregnancy. Patients with 
essential hypertension stage I (BP 140-
159/90-99 mmHg) without target organ 
damage have an excellent prognosis in 
pregnancy. Women with chronic hyper-
tension have a 10% to 30% increased 
risk of developing preeclampsia [7]. If 
preeclampsia does not occur, the course 
of mild and moderate essential hyperten-
sion is benign, and it is uncertain wheth-
er antihypertensive treatment improves 
the outcome of pregnancy. Prevention 
of preeclampsia is desirable, but either 
specific BP targets or antihypertensive 
agents modify the risk [8]. The hyper-
tension of preeclampsia is secondary 
to placental under perfusion: lowering 
systemic BP is not believed to reverse 
the primary pathogenic process. Some 
women with gestational hypertension 
remain hypertensive after delivery. They 

most likely have preexisting chronic 
hypertension masked in early pregnancy 
by physiological vasodilatation.

Preeclampsia is a progressive sys-
temic disease due to inadequate tropho-
blastic invasion of the spiral arterioles 
that occurs in 5%-8% of all pregnancies. 
It is associated with significant mater-
nal and fetal morbidity and mortality. 
In preeclampsia hypertension is due to 
generalized arteriolar vasospasm and 
decreased plasma volume. The spiral 
arteries of the placenta maintain their 
responsiveness to vasoactive substances. 
Altered prostanoid metabolism and ni-
tric oxide production in placental blood 
vessels also occurs. The pathological 
processes in the placenta result in dis-
semination of abnormal substances 
throughout the circulation, leading to 
disturbed endothelial function with 
multi-organ system clinical features, 
platelet consumption, increased vascular 
resistance, and hypertension [9].

Fetal growth restriction secondary 
to placental insufficiency commonly 
occurs in pregnancies complicated by 
hypertension. Any reduction in maternal 
blood pressure may be accompanied by 
a decrease in uterine perfusion pressure 
which may diminish uterine blood flow 
and fetal oxygen supply. This effect may 
be exacerbated with decreased blood 
volume, as occurs in preeclampsia. 
Dilatation of the uterine arteries may 
also reduce the critical perfusion pres-
sure necessary for an adequate supply of 
oxygen to the fetus. 

Treatment of hypertension
The control of severe hypertension is 
uncontroversial. It is well proven that 

mean arterial pressure (MAP) > 140 mm 
Hg can result in cerebral arteriolar dam-
age. Histological changes are detectable 
as early as 10 minutes after the onset of 
severe hypertension, and clinically ap-
parent arteriolar damage is seen within 
a few hours. Cerebral hemorrhage is 
the commonest cause of maternal death 
in preeclampsia and eclampsia. While 
severe hypertension (SBP 170 mm Hg 
and/or DBP 110 mm Hg) in pregnancy 
represents a very serious risk for mater-
nal health, mild-to-moderate hyperten-
sion (BP from 140/90 to 169/109 mm 
Hg, as classified by NHBPEP) [10] in 
pregnancy is associated with lower ma-
ternal risk [8]. Those with hypertensive 
encephalopathy, hemorrhage or eclamp-
sia require treatment with parenteral 
agents to lower mean arterial pressure 
by 25% over minutes to hours and then 
to further lower BP to 160/100 mm Hg 
over subsequent hours [10], avoiding 
hypotension because of fetal distress. 
Lower doses should be initiated in pre-
eclampsia, because of volume depletion. 

The question has been raised 
whether treatment is necessary in mild-
to-moderate hypertension (DBP 90-100 
mm Hg), especially in the absence of 
proteinuria [11]. It is not clear in clinical 
practice when to use antihypertensive 
drugs and what level of BP to target 
during pregnancy: selection of patients, 
choice of drug and duration of preg-
nancy at the beginning of treatment may 
be of great importance. The rapidity of 
the increase in blood pressure may be 
more important than the actual level of 
the blood pressure. Sibai considers that 
women with mild, uncomplicated chron-
ic hypertension will accomplish good 
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perinatal outcome regardless of the use 
of antihypertensive therapy [12]. Clini-
cal trials indicate non-consistent data 
concerning antihypertensive treatment 
on antenatal rate of hospitalization, pro-
teinuria at delivery and neonatal respira-
tory distress syndrome, preeclampsia, 
fetal neonatal death, preterm labor or 
intra-uterine growth restriction (IUGR) 
[13,14].  

Women with chronic hypertension 
should be evaluated before conception 
or at time of first prenatal care visit, and 
divided into categories of high and low 
risk. High risk women should receive 
aggressive antihypertensive treatment 
and frequent evaluations of maternal 
and fetal well-being, and doctors should 
recommend lifestyle changes. These 
women are at increased risk of post par-
tum complications as pulmonary edema, 
renal failure and hypertensive encepha-
lopathy for which they should receive 
aggressive control of blood pressure 
as well as close monitoring. In women 
with low risk (essential uncomplicated) 
chronic hypertension, antihypertensive 
agents are used despite absent evidence 
of either benefits or harm from this 
therapy, based on consensus rather than 
scientific evidence [4,15]. 

Chronic hypertension therapy can be 
stopped during pregnancy under close 
observation, or a woman whose arterial 
pressure is well controlled by antihy-
pertensive drugs before pregnancy may 
continue with the same agents, if not 
contraindicated. The National Institutes 
of Health – sponsored Working Group 
on High Blood Pressure in Pregnancy 
recommend antihypertensive therapy for 
blood pressures exceeding a threshold of 

150 to 160 mm Hg systolic or 100 to 110 
mm Hg diastolic or in the presence of 
target organ damage [1,10]. The focus of 
treatment is the pregnancy, during which 
untreated mild-to-moderate hypertension 
is likely to lead to unfavorable long-term 
maternal outcomes. The drugs used are 
mainly to prevent and treat severe hyper-
tension, with the objective of prolonging 
pregnancy for as long as safely possible, 
thereby maximizing the gestational age 
and to minimize fetal exposure to medi-
cations that may have adverse effects. In 
a review of the Cochrane Pregnancy and 
Childbirth Group Trials Register, until 
better evidence is available, the choice 
of antihypertensive should depend on 
the clinician’s experience and familiar-
ity with a particular drug and on what is 
known about adverse effects [16].

Benefits and risks of antihyperten-
sive treatment for mild-to-moderate 
hypertension are not completely defined 
in recent reviews, including a Cochrane 
meta-analysis [8,17]. It appears that with 
the use of antihypertensive treatment, 
there is less risk of developing severe 
hypertension, but no difference in out-
comes of preeclampsia, neonatal death, 
preterm birth, and small-for-gestational-
age (SGA) infants. Some investigators 
concluded that women with mild hy-
pertension do not need antihypertensive 
treatment if they are closely followed up 
during pregnancy and delivery, especial-
ly pregnant women without hyperten-
sion and proteinuria development before 
pregnancy. For women with chronic hy-
pertension and mild-to-moderate hyper-
tension before pregnancy, without target 
organ damage, clinicians can consider 
discontinuing antihypertensive treatment 

and monitoring. Therapy can be initiated 
if the BP again rises to 140-150/90-100 
mm Hg [18]. In women with renal dys-
function, it may be reasonable to choose 
a slightly lower threshold for treatment 
[4].

Doubts concerning antihyperten-
sive drugs use in pregnancy mostly 
refer to the effects they might have on 
the developing fetus. Antihypertensive 
agents cross the placental barrier and are 
present in various concentrations in the 
fetal circulation. It was noticed that the 
incident of SGA infants and reduction of 
birth weight were increased with higher 
antihypertensive-induced fall in mean 
arterial BP among women who took 
antihypertensive drugs when BP reached 
160/110 mm Hg. Among women whose 
BP was normalized (DBP < 90 mm 
Hg), there was a decrease in the risk of 
severe hypertension, maternal hospital-
ization and proteinuria at delivery [19]. 
Antihypertensive treatments for mild-to-
moderate hypertension are beneficial for 
the mother, but pregnancy outcome has 
been found to be similar or even worse 
[8,17]. 

International societies have differed 
in their attitudes and recommendations 
for the BP which should initiate anti-
hypertensive therapy. The U.S. profes-
sional bodies recommend starting with 
the therapy at BP 160/105 mm Hg, not 
defining the target values [10]. The 
Canadian Hypertension Society recom-
mends normalization of BP for most 
disorders with BP of 140-150/90-95 mm 
Hg, targeting DBP of 80-89 mm Hg [20]. 
The Australian professional bodies rec-
ommend initiation of antihypertensive 
treatment at BP 160/90 mm Hg and con-
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ducting therapy to the BP value of 110-
140/80-90 mm Hg [21].

There are still no definitive and 
complete data about safe BP treatment 
targets for women with hypertension 
in pregnancy, however guidelines and 
reviews generally recommend the intro-
duction of antihypertensive treatment 
with the BP values of 140-155/90-105 
mm Hg [22]. In contrast to hypertension 
guidelines in clinical practice, which 
emphasize the systolic BP, much of the 
obstetric literature focuses on diastolic 
BP, in part because of the lack of clini-
cal trials to support one approach versus 
another. A recent review of women 
who suffered stroke in the setting of 
preeclampsia demonstrated systolic hy-
pertension more prevalent than diastolic 
hypertension (most women did not reach 
DBP of 110 mm Hg) [23].

Antihypertensive drugs 
One concern is that hypertension or 
iatrogenic hypotension might cause 
cardiovascular malformations by alter-
ing perfusion in the placenta and/or 
fetus [24]. Because of the circulating 
plasma volume contraction, women 
may be very sensitive to relatively 
small doses of antihypertensive agents, 
risking abrupt reductions in blood pres-
sure. A population-based, case-control 
study, with data from the National Birth 
Defects Prevention Study, with 5,021 
cases and 4,796 controls, concluded that 
antihypertensive medication use and/
or the underlying hypertension might 
increase the risk of having an infant 
with specific left and right obstructive 
and septal defects, but additional studies 
will be needed to confirm these findings 

[25]. The FDA classifies the medications 
in pregnancy under one of five letter 
categories – A, B, C, D and X.  This 
classification may reflect occasional lack 
of knowledge rather than actual proven 
harm. Practitioners may find themselves 
armed with data favoring the use of 
older and potentially safer medications 
over newer medications with possibly 
more approved indications. 

During normal pregnancy maternal 
vascular and hemodynamic changes oc-
cur that have the potential to change the 
pharmacokinetics of drugs. Peripheral 
vascular resistance progressively falls 
in pregnancy, leading to a reduction in 
arterial pressure despite the increases 
in cardiac output, ventricular stroke 
volume and heart rate. The increase 
in maternal plasma volume leads to a 
progressive fall in plasma albumin con-
centration and plasma protein binding 
of certain drugs, and the volume of dis-
tribution of some medications is altered. 
The increase of renal plasma flow and 
glomerular filtration rate speeds up the 
clearance of drugs. Placental transfer of 
low molecular weight and lipid-soluble 
drugs is more efficient. The fetal con-
centrations equilibrate slowly with the 
maternal circulation. The changes in he-
modynamic circulation return to normal 
in the postpartum period. Postpartum 
hypertension is common. Women who 
experience hypertension in pregnancy 
may be normotensive immediately after 
the birth, but then become hypertensive 
again.  

Centrally acting alfa-2-adrenergic 
agonists
Methyldopa is the most frequently pre-

scribed and the agent of first choice of 
treatment of hypertension in pregnancy. 
There is extensively experience with 
the drug and long-term follow-up data 
regarding children whose mothers re-
ceived methyldopa during pregnancy 
with proven maternal and fetal safety 
[22,26]. In a follow-up study of a large 
clinical trial on the effectiveness of 
methyldopa versus no treatment, no dif-
ferences were found in the functional 
development of children at 4 and 7.5 
years of age [27,28]. During the long 
term treatment, the drug does not alter 
cardiac output or blood flow to the uter-
us or kidneys [29]. Also fetal heart rate 
patterns were not significantly changed 
during the treatment [30]. BP control is 
gradual, over 6 to 8 hours, because of 
the indirect mechanism of action. Based 
on the long history of use, it does not 
seem to be teratogenic. It was tested in 
several trials compared to placebo or 
other antihypertensive treatments. Treat-
ment with methyldopa has been reported 
to prevent subsequent progression to 
severe hypertension in pregnancy and 
does not seem to have adverse effects on 
uteroplacental or fetal hemodynamics or 
on fetal wellbeing [31]. 

Adverse effects are consequence of 
central alfa-2-agonism or decreased pe-
ripheral sympathetic tone. These drugs 
act in sites in brain stem to decrease 
mental alertness and impair sleep, lead-
ing to fatigue, depression, and poor 
sleep. Decreasing salivation leading to 
xerostomia is experienced. Elevated 
transaminase (5%), hepatitis and hepatic 
necrosis have also been reported. Some 
patients will develop a positive anti-
nuclear antigen or antiglobulin (Coombs) 
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test with chronic use and this is occa-
sionally associated with clinical hemo-
lytic anemia. In these cases, medications 
of other classes are used [32].

Clonidine, a selective alfa-2-agonist, 
acts similarly and is comparable to 
methyldopa with respect to safety and 
efficacy. Sleeping disturbances after 
prenatal exposure have been reported in 
a cohort study. It is used as third agent 
line for multidrug control of refractory 
hypertension [33].

Peripherally acting adrenergic-
receptor antagonists
Beta-blockers have been used exten-
sively in pregnancy. None of the beta-
blockers have been associated with tera-
togenicity. Although several randomized 
trials have been conducted, there are 
still some unresolved issues regarding 
their use in pregnancy, a result of a few 
small studies that suggest an association 
with lower birth weight infants. Beta-
blockers are still avoided in the first half 
of pregnancy because of concerns about 
growth restriction and are viewed as 
third line agents. Beta-blockers are safe 
throughout pregnancy and there is wide 
experience with oxprenolol and labetalol 
[33]. However, in a recent meta-analysis 
of published data from randomized tri-
als, the presence of intrauterine growth 
retardation appeared not to be related to 
the antihypertensive used [34]. 

Labetalol blocks both alfa- and beta-
adrenoceptors, a non selective beta-
blocker with vascular alfa1-receptor-
blocking effects, and produces its 
antihypotensive effects without compro-
mising the maternal cardiovascular sys-
tem, which is significant in maintaining 

renal and uterine blood flow. Its imme-
diate and prolonged effect, the increase 
in uteroplacental flow and the rarity of 
maternal and fetal side effects lead to it 
being frequently used. In a trial where 
263 patients with mild-to-moderate hy-
pertension were randomly divided into 
methyldopa, labetalol and no treatment 
groups, patients with therapy had signifi-
cantly lower maternal blood pressures 
compared to the non medication group 
and no differences were seen among 
the groups concerning gestational age 
at delivery, birth weight, incidence of 
fetal growth restriction, neonatal head 
circumference, or uteroplacental circula-
tion [31].

This drug has gained wide accep-
tance in pregnancy. It is considered safe 
and effective treatment, although neona-
tal hypoglycemia has been reported with 
higher doses, and one placebo controlled 
study reported an association with fetal 
growth restriction in the management of 
preeclampsia remote from term [35]. It 
is used parentally to treat severe hyper-
tension because of a lower incidence of 
maternal hypotension and other adverse 
effects. Its use now supplants that of 
hydralazine [36], which was previously 
the most commonly used agent for the 
treatment of severe hypertension. There 
is wide interpatient variability in the 
dose of labetalol required to control BP, 
an event that is not predictable by any 
clinical item before therapy. Another 
problem is the variable duration of ac-
tion, particularly in patients who require 
higher doses. In addition, congestive 
heart failure, asthma, sinus bradycardia, 
and first-degree atrial-ventricular block 
contraindicate its use. 

In some centers methyldopa was 
substituted for labetalol as the first 
choice of treatment because of central 
side effects of methyldopa. Currently 
both drugs are still being used for hy-
pertension in pregnancy. Adverse effects 
may be predicted because of beta-recep-
tor blockade. Lethargy, fatigue, exercise 
intolerance, peripheral vasoconstriction, 
sleep disturbance (with use of more lip-
ide-soluble agents) and bronchoconstric-
tion may appear, but discontinuation of 
usage because of adverse effects is un-
common [8]. In a historical cohort study 
to determine the functional development 
of children born after treatment of mild-
to-moderate hypertension with labetalol 
versus methyldopa, and no medication, 
labetalol exposure in utero seemed to 
increase the risk of attention deficit dis-
order (ADD) and possibly gross motor 
development among children of primary 
school age, whereas prenatal methyl-
dopa exposure might influence sleep, 
but further studies are necessary [37]. 
The neurological dysfunction could be 
explained by small for gestational age 
effects. The drug could also affect blood 
flow through the placenta, as labetalol 
has been found to increase placental 
vascular resistance, whereas methyldopa 
decreases it. The fetal bradycardia in-
duced by adrenergic blockade also could 
alter neurodevelopment outcome [1]. 

Atenolol is a commonly used cardio 
selective beta-blocker in non pregnant 
patients, but its use especially in early 
pregnancy should be avoided. Placebo-
controlled study demonstrated that aten-
olol for chronic hypertension treatment 
in early pregnancy, mean 15.9 weeks 
of pregnancy, is associated with signifi-
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cantly lower birth weight and higher 
proportion of small-for-gestational age, 
as compared to the placebo group [19]. 
Bayliss concluded that low birth weight 
was associated with atenolol taken at 
the time of conception or during the first 
trimester of pregnancy [38]. Studies 
with atenolol in preeclampsia failed to 
find differences, maybe because of the 
late starting therapy. Atenolol should 
be avoided in early stages of pregnancy 
and given with caution at later stages, as 
it has been associated with fetal growth 
impairment and lower birth weights.

In a meta-analysis and Cochrane 
review in 2000, individual agents were 
not different in their perinatal effect 
with the exception of atenolol, which in 
one small study was started at 12 to 24 
weeks and resulted in significant fetal 
growth restriction and decreased placen-
tal weight compared to placebo. These 
findings were supported in subsequent 
retrospective review comparing atenolol 
with alternative therapies [39]. Oral beta-
blockers for mild-to-moderate hyperten-
sion during pregnancy have specifically 
been estimated in the Cochrane database 
[36]. Oral beta-blockers, except atenolol, 
decrease the risk of severe hypertension. 
It has been estimated that beta-blockers 
appear to be associated with an increase 
in small-for-gestational age infants 
and frequency of non clinical neonatal 
bradycardia, although in a systematic 
review of trials, labetalol does not (along 
with oral methyldopa, nifedipine or hy-
dralazyne) seem to cause neonatal heart 
defects [40]. The respiratory distress 
syndrome and maternal hospital admis-
sions decrease. Beta-blockers treatment 
seems to be no more effective compared 

with methyldopa. Parenteral therapy has 
been found to increase the risk of neona-
tal bradycardia, requiring intervention in 
1 out of 6 newborns [1]. 

Maternal outcomes are improved 
with the use of beta-blockers, with effec-
tive control of BP, decreased incidence 
of severe hypertension, and decreased 
rate of preterm admission at hospital 
[1]. They have been found to be more 
effective in lowering BP compared with 
methyldopa in 10 trials in a recent Co-
chrane analysis [8].  

Peripherally acting alfa-adrenergic 
antagonists are second line antihyperten-
sive drugs in non pregnant adults. These 
are indicated during pregnancy in the 
management of hypertension because 
of suspected pheochromocytoma, and 
both prazosin and phenoxybenzamine 
have been used, with beta-blockers used 
as adjunctive agents after alfa-blockade 
is accomplished [41]. Because there is 
limited experience with these drugs in 
pregnancy, their routine use cannot be 
advocated.

Calcium channel antagonists
Calcium channel antagonists have been 
used to treat chronic hypertension, mild 
preeclampsia presenting late in gesta-
tion and urgent hypertension associated 
with preeclampsia. The papers have 
focused on the use of nifedipine, al-
though there are reports of nicardipine, 
isradipine, felodipine and verapamil 
[42-45]. Amlodipine has been used in 
pregnancy but safety data are lacking. 
Nifedipine is a dihydropyridine calcium 
channel blocker that is widely used for 
the treatment of cardiovascular disorders 
in non pregnant individuals. Over the 

last decades its favorable characteristics 
have resulted in its efficacy and safety 
being assessed in pregnancy. Its ap-
plication both as a treatment for acute 
severe hypertension, as well as for long 
term use for hypertension in pregnancy, 
have been explored. This drug is a type 
2 calcium channel blocker that inhibits 
the inward flow of calcium across the 
L-type slow channels of cellular mem-
branes. It has minimal effect on the 
cardiac conducting system. It causes a 
decrease in arterial vascular resistance 
but with minimal effect on the venous 
system. It results in a 20% lowering of 
the systolic, diastolic and arterial blood 
pressures. An increase in cardiac output 
results from both reflex tachycardia sec-
ondary to stimulation of the sympathetic 
nervous system and an increase in stroke 
volume. Hepatic and renal blood flows 
are also increased. This vascular relax-
ation, which is marked in hypertensive 
patients, does not occur significantly in 
normotensive patients, thus allowing the 
drug to be used in its other applications. 

Brown et al compared efficacy and 
safety of 10 mg nifedipine tablets with 
rapid onset and short-acting 10 mg nife-
dipine capsules for the treatment of se-
vere hypertension in the second half of 
pregnancy [46]. Although slower at the 
start, nifedipine tablets were as effective 
as capsules for the rapid treatment of 
severe hypertension. Some other stud-
ies reported that administration of short-
acting nifedipine capsules has been as-
sociated with maternal hypotension and 
fetal distress, which suggested the usage 
of a long acting preparation. 

Maximum serum concentrations of 
the drug are obtained most quickly if 
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the capsule is first bitten and the drug 
then swallowed. With standard oral 
administration the peak concentration 
occurs slightly later. Blood pressure falls 
within five to ten minutes of a capsule 
being bitten, and ten to thirty minutes 
with oral administration. Metabolism 
occurs in the liver, 30% to 40% of the 
drug being metabolized in the first pass, 
and the inactive metabolites are excreted 
in the urine. In pregnancy the physi-
ological changes in the cardiovascular 
system and in hepatic function result 
in an increased rate of metabolism and 
clearance of the drug. Due to these dif-
ferences in metabolism and clearance in 
pregnancy, the duration of action of nife-
dipine is reduced to four to six hours. 
Higher and more frequent doses are 
required in pregnant women to obtain 
adequate antihypertensive effects. The 
recommended starting dose is 10 to 20 
mg, one dose per six hours. The efficacy 
and safety of long acting oral nifedipine, 
with less risk of hypotension and fetal 
distress, was advocated its use for severe 
hypertension in pregnancy [46,47]. The 
mode of action of nifedipine to reduce 
systemic vascular resistance and its abil-
ity to improve urine output by increas-
ing renal blood flow and by inhibiting 
the release of antidiuretic hormone 
make it a highly appropriate drug for 
treating hypertension in pregnancy [48]. 
If rapid BP control is desired, the use 
of parenteral labetalol or hydralazine is 
recommended, until the desired target 
is achieved. The Canadian Hyperten-
sion Society as well as the Australasian 
Society for Study of Hypertension has 
both recommended its use as one of the 
first line drugs in severe hypertension in 

pregnancy.
Concern has been raised about the 

concurrent use of magnesium sulphate 
and nifedipine and the possible neuro-
muscular blockade, myocardial depres-
sion and circulatory collapse. Although 
two drugs with negative inotropic action 
may not compromise in a woman with 
normal ventricular function, this may 
not be true in a woman with heart dis-
ease. In practice and in a recent evalu-
ation, these medications are commonly 
used together without increased risk [49]. 
The additional antihypertensive effect 
when nifedipine is used with other anti-
hypertensive agents as methyldopa and 
beta-blockers appears not to occur. Beta-
adrenergic blocking drugs may reduce 
the tachycardia induced by nifedipine. 
Nifedipine also causes an increase in 
blood flow to the liver which may alter 
the metabolism of other drugs, and had 
been shown to affect blood levels of di-
goxin and phenytoin. 

Maternal side effects with nifedipine 
seldom occur, and there is rarely a need 
to stop the drug as a result of these. Side 
effects are related to the dose and in-
clude flushing, headaches, sweaty palms, 
peripheral edema [50]; rarely constipa-
tion, diarrhea, heartburn, dyspnea, and 
chest pain have been described. Tachy-
cardia occurs commonly but is seldom 
associated with palpitations and appears 
to have no adverse effects. 

Sibai studied 200 pregnant women 
between 26 to 36 weeks of gestation 
who were randomized to bed rest alone 
or bed rest plus nifedipine. Blood pres-
sure was lower in patients who received 
nifedipine (P < 0.0001). The difference 
between the groups in regard to birth 

weight, incidence of SGA, preterm birth 
and the number of days spent in the 
special care unit was not detected. Ma-
gee et al concluded that, according to a 
multicenter cohort, nifedipine and vera-
pamil, which have been best studied, 
did not seem to pose teratogenic risks to 
fetuses exposed in the first trimester [51]. 
Nifedipine does not seem to cause de-
crease in uterine blood flow. A random-
ized, clinical, double blind and placebo 
controlled trial, whose objective was 
to observe if there was a uteroplacental 
and fetoplacental flow variation during 
its chronic use, did not find damage to 
the flow indices. Experimental studies 
did not found any significant alteration 
in uterine blood flow with nifedipine, 
despite a reduction in placental vascular 
resistance.  

Nicardipine has a less negative ino-
tropic effect than other calcium-entry 
blockers and evokes less reflex tachycar-
dia because of its more selective effects 
on blood vessels than on the myocar-
dium. It does not seem to accumulate 
in the plasma, membranes or umbilical 
circulation. Clinical studies with intra-
venous nicardipine in preeclampsia are 
scarce and often not controlled [52]. 
A randomized, prospective, controlled 
study on nicardipine versus labetalol for 
severe hypertension in pregnancy had 
shown that both drugs were effective 
and safe in the initial treatment [53].

Nifedipine has been compared with 
methyldopa for the treatment of preg-
nancy-induced hypertension and been 
shown to be comparable in its antihyper-
tensive action but achieved no improve-
ment in prolongation of pregnancy or 
fetal outcome. It appears to be as good 
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as hydralazine in its antihypertensive ef-
fect, but its onset of action is less likely 
to be precipitous. Both drugs seem to re-
duce blood pressure to acceptable levels 
due to a significant reduction in systemic 
vascular resistance, accompanied by 
similar increases in cardiac output and 
heart rate. Pulmonary capillary wedge 
pressure decreases significantly less 
with nifedipine than with hydralazine. 
Nifedipine is also associated with fewer 
episodes of acute fetal distress, as sug-
gested by non reassuring fetal heart rate 
changes in pregnancies with and without 
intrauterine growth restriction. Different 
units have their preferences for either 
parenteral labetalol or hydralazine, and 
some use oral nifedipine.

 
Direct vasodilators
Dihydralazine selectively relaxes arte-
riolar smooth muscle by an unknown 
mechanism. It has been commonly 
used in the acute emergency or as a 
third line agent for multidrug control 
of refractory hypertension, but its side 
effects of headache, nausea, flushing, 
palpitation and tachycardia, as well as 
its ability to cause too rapid a fall in 
blood pressure are well described, due 
to excessive vasodilatation or sympa-
thetic activation. It is possible that these 
hypotensive episodes may be a reflec-
tion of underlying intravascular volume 
status rather than any property of the 
drug itself. Hydralazine should be given 
after a colloid challenge to reduce the 
reflex tachycardia and abrupt hypoten-
sion. Also oral hydralazine has been 
widely used for chronic hypertension in 
the second and third trimesters, but its 
use has been supplanted by agents with 

more favorable adverse effects [54]. 
Chronic use can lead in rare cases to a 
pyridoxine-responsive poly-neuropathy 
or to immunologic reactions, including 
a drug-induced lupus syndrome. It has 
been used in all trimesters of pregnancy, 
and data have not shown an association 
with teratogenicity, although neonatal 
thrombocytopenia and lupus have been 
reported [55].

A recent meta-analysis of intrave-
nous hydralazine usage in severe hyper-
tension in pregnancy concluded that par-
enteral labetalol or oral nifedipine were 
preferable first line agents in accordance 
with association of intravenous hydrala-
zine with more maternal and perinatal 
adverse effects, such as maternal hypo-
tension, maternal oliguria, cesarean sec-
tion, placental abruption, adverse effects 
on fetal heart rate and low Apgar scores 
at one minute [36,56].

Isosorbide nitrate, a nitric oxid (NO) 
donor, has been investigated in a small 
study of gestational hypertensive and 
preeclamptic pregnant patients. It was 
found that cerebral perfusion pressure is 
unaltered by isosorbide dinitrate, despite 
significant changes in maternal BP, thus 
decreasing the risk for ischemia and in-
farction when BP is lowered [57]. 

Sodium nitroprusside and diazoxide 
are known to produce precipitous falls 
in blood pressure, often with adverse 
effects in an already compromised fetus 
[58]. Sodium nitroprusside, a direct NO 
donor, which non-selectively relaxes 
both arteriolar and venular vascular 
smooth muscle, is potent, rapid-acting 
and short-lasting drug which is used in 
pregnancy for the treatment of an acute 
hypertensive crisis not responding to 

other agents. Administered only by con-
tinuous titrated because it has a near-
immediate onset of action and duration 
of effect of 3 minutes. Considering that 
utilization of this medication may cause 
fetus cyanide poisoning, transient fetal 
bradycardia, metabolic acidosis, and 
maternal hypotension, it must be given 
under continuous surveillance and with 
caution. When control of acute crisis is 
attained, the fetus should be delivered 
as soon as possible. It is a drug of last 
choice for the treatment of acute hyper-
tension in pregnancy.

Diuretics
Diuretics are commonly orally adminis-
trated antihypertensives in non pregnant 
patients because of low cost and suitable 
impact on major cardiovascular events 
as shown in randomized controlled tri-
als. Although diuretics reducing mater-
nal plasma volume have been reported 
to be connected with poor perinatal 
outcome, negative effect on fetal growth 
has not been completely proven. It does 
not seem to increase neonatal thrombo-
cytopenia or other adverse effect among 
newborns. Hydrochlorothiazide, triam-
terene and amiloride are not considered 
teratogenic [59-61]. The use of spirono-
lactone is not advised because of its 
antiandrogenic effects during fetal de-
velopment [62,63]. Given their apparent 
safety, the National High Blood Pressure 
Education Program Working Group 
on High Blood Pressure in Pregnancy 
concluded that they may be continued 
through gestation (with an attempt made 
to lower the dose) or used in combina-
tion with other agents, especially for 
women deemed likely to have salt-sensi-
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tive hypertension. Hydrochlorothiazide 
may be continued during pregnancy: the 
use of low doses (12.5 to 25 mg daily) 
may minimize untoward metabolic ef-
fects, such as impaired glucose tolerance 
and hypokalemia [18]. Mild volume 
contraction with diuretic therapy may 
lead to hyperuricemia and in so doing 
invalidate serum uric acid levels as a 
laboratory marker in the diagnosis of 
superimposed preeclampsia. Women 
with chronic hypertension, who, before 
conception, respond well to a thiazide 
diuretic, could have a drug reinstituted 
in pregnancy but it should be withdrawn 
if preeclampsia develops [64].

Angiotensin-converting-enzyme 
inhibitors and angiotensin receptor 
antagonists
Angiotensin-converting-enzyme (ACE) 
inhibitors are widely prescribed and 
well tolerated antihypertensives, but 
are contraindicated in second and third 
trimesters because of toxicity associated 
with reduced fetal renal perfusion. It is 
proved that it may cause oligohydram-
nios as a result of fetal oliguria, fetal 
growth restriction, calvarial and pulmo-
nary hypoplasia, joint contractures and 
renal dysgenesis, neonatal anuric renal 
failure, hypotension, and death [65,66]. 
Similar fetal anomalies have been re-
ported after treatment of women in the 
second or third trimesters of pregnancy 
with angiotensin II receptor antagonists 
[67], attributed primarily to renal failure 
[68,69]. The abnormalities are prob-
ably related to fetus sensibility to the 
hypotensive action of these drugs: the 
pharmacological suppression of the fetal 
rennin-angiotensin system seems to dis-

rupt fetal vascular perfusion and renal 
function.  

Some studies have reported fetopa-
thy among women who took ACE in-
hibitors only during the first trimester of 
pregnancy. Several studies have shown 
that the expression of the type II angio-
tensin receptor peaks early in gestation 
and then gradually declines, with a role 
in the early embryologic development 
of the heart, kidney and brain. These 
drugs have also been shown to inhibit 
the proliferation of fetal smooth-muscle 
cells in the ductus arteriosus, which may 
lead to patent ductus [70]. Cooper et al 
conducted a study to assess the associa-
tion between exposure to ACE inhibitors 
during the first trimester and risk of con-
genital malformations. They followed 
29.507 infants whose mothers had no 
evidence of diabetes: the risk of major 
malformations was higher in infants 
who had been exposed to ACE inhibi-
tors, compared with infants who had not 
been exposed to antihypertensives (OR 
2.71), while exposure to other antihy-
pertensive medications did not increase 
the risk of major malformations. Among 
infants with exposure to ACE inhibitors 
in the first trimester alone, the adjusted 
proportion with any major congenital 
malformation was 7.1%. ACE inhibitors 
increased risk of malformations of the 
cardiovascular system and the central 
nervous system [71]. It has also been 
suggested that these agents should be 
avoided by women who attempt to con-
ceive [72]. Whether adverse outcomes 
are because of a hemodynamic effect 
in the fetus or specific requirements for 
angiotensin II as a fetal growth factor 
is unknown, yet first trimester use of 

these drugs should be avoided. Because 
angiotensin II receptors are widely ex-
pressed in fetal tissues and could have 
an important role in fetal development, 
it is possible that first trimester exposi-
tion to ACE inhibitors increases the risk 
of congenital malformations.

Because exposure to ACE inhibitors 
during first trimester is not considered 
safe, it may be best to counsel women 
to switch to alternative agents while 
attempting to conceive. In those who in-
advertently become pregnant, the risk of 
birth defects rises from 3% to 7%. Preg-
nancy termination is not recommended. 
Direct rennin inhibitors might be expect-
ed to have similar effect as ACE-I and 
angiotensin receptor blocking agents in 
pregnancy, and should be avoided in this 
setting.

Serotonin 2 receptor blockers
Serotonin-induced vasodilatation is 
mediated by S1 receptors and release 
of prostacyclin and NO. Endothelial 
dysfunction and loss of endothelial S1 
receptors allows serotonin, of which 
the levels are greatly increased in preg-
nancy, to react only with S2 receptors, 
resulting in vasoconstriction and platelet 
aggregation. Ketanserin is a selective 
S2 receptor-blocking drug that de-
creases systolic and diastolic BP in non 
pregnant patients with acute or chronic 
hypertension. It has not be found to be 
teratogenic in animals or humans and 
has been studied in small trials primar-
ily in Australia and South Africa, which 
suggest that it may be safe and useful in 
the treatment of chronic hypertension in 
pregnancy, preeclampsia, and HELLP 
syndrome [73,74]. Ketanserin has not 
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been FDA approved for pregnancy in 
the United States.

Management of hypertension 
postpartum
In the postpartum period, previously 
normotensive women have been noted 
to have a rise in BP, which reaches a 
maximum on the fifth postpartum day: 
12% of the patients present a DBP > 100 
mm Hg [75]. This occurs as a conse-
quence of physiological volume expan-
sion and fluid mobilization in the post-
partum period. The natural history of 

gestational hypertension and preeclamp-
sia in the postpartum period and the 
maximum time to normalization (beyond 
which chronic hypertension should be 
diagnosed) are not known. As noted in 
a recent Cochrane review, the need for 
treatment, the management of antihy-
pertensive drugs and patient counseling 
with respect to postpartum has been un-
guided by the literature [76]. However, it 
was suggested that treatment should be 
initiated if the BP exceeds 150 mm Hg 
of systolic or 100 mm Hg of diastolic in 
the first 4 days of the puerperium [77]. 

Choice of antihypertensive agent in the 
postpartum period is often influenced by 
breastfeeding, but in general the agents 
commonly used in the antepartum pe-
riod may be continued postpartum. The 
medication may be discontinued when 
BP normalizes, which occurs days to 
several weeks postpartum, and home BP 
monitoring may be helpful.

In cases of severe preeclampsia, 
oral furosemide seems to be benefiting a 
brief course in the days postpartum, par-
ticularly in cases of hypertension with 
symptomatic pulmonary or peripheral 

Medication Recommended Dose Comments

First line therapy

Methyldopa 0.5 to 3 g/day in 2 to 3 times Most studied drug in pregnancy, can cause somnolence

Labetalol 200 to 1200 mg/day in 2 to 3 times

Second/Third line therapy

Hydralazine 50 to 300 mg/day in 2 to 4 times Related to newborn thrombocytopenia

Atenolol 50 to 100 mg/day in 2 to 3 times Related to IUGR

Nifedipine 30 to 120 mg/day in 3 to 4 times Chronic use can cause headache

Verapamil 240 to 320 mg/day in 3 times Nauseas, dizziness, constipation

Hydrochlorothiazide 12.5 to 50 mg/day in the morning Related to hemorrhagic pancreatitis, thrombocytopenia, and sodium and kalium depletion in newborn

Table 1. Antihypertensive drugs for chronic hypertension in pregnancy

Adapted from Umans, Lindheimer 1998 and NHBPEP 2000

-Woman lying on her left side 
- Venous access with dextrose 5%
- Options of treatment:
Nifedipine 10 mg, repeat every 30 minutes if necessary, in a total of 30 mg.
 If no adequate response can be used endovenous hydralazine 5 mg (diluting 1 ampoule – 2 ml 20 mg) in 3 ml of distilled water, each 1 ml is 5 mg of hydralazine). If 
blood pressure is not controlled, repeat 5 to 10 mg every 20 minutes. 
 Repeat the medication if necessary until 30 mg for each drug (BP > 155/105 mm Hg).
 Also endovenous labetalol is an option: 20 mg in bolus, and if necessary, repeat 40 mg in 10 minutes and more two doses of 80 mg every 10 minutes (total dose 220 
mg). Not recommended in asthmatic patients or with cardiac insufficiency.
-  Maternal blood pressure measurement every 5 minutes for 20 minutes after medication.
-  Fetal heart pattern evaluation by at least 20 minutes after the medication.
-  BP targets < 160/110 and > 135/85 mm Hg.  

Table 2. Acute hypertension treatment (BP > 155/105 mm Hg)

Adapted from NHBPEP 2000
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edema [78]. Case reports have suggested 
that nonsteroidal anti-inflammatories 
may contribute to BP elevation post-
partum, and the effects on non pregnant 
individuals are well documented [79]. 
These drugs should be used with caution 
or perhaps be avoided in postpartum pa-
tients already hypertensive.

There are no well-designed studies 
assessing neonatal effects of maternally 
administered antihypertensive drugs de-
livered via breast milk. Neonatal expo-
sure to methyldopa via nursing is likely 
low, and it is generally considered safe. 
Atenolol and metoprolol are concen-
trated in breast milk, possibly to levels 
that could affect the infant. By contrast, 
exposure to labetalol and propranolol 
seems low. Although milk concentration 
of diuretics is low and considered safe, 
these agents can decrease milk produc-
tion significantly. There are reports of 
calcium channel blockers transfer into 
breast milk, apparently without adverse 
effects. Sufficient data exist for the 
safety of captopril and enalapril [80]. 

Summary
For severe hypertension, antihyperten-
sive medication is used to prevent seri-
ous maternal and fetal complications. 
However, there is no consensus on when 
to treat mild-to-moderate hypertension. 
Although treatment could benefit the 
mother, it carries potential risks to the 
fetus from impaired uteroplacental per-
fusion and fetal exposure to medication. 
Acceptable agents include methyldopa, 
labetalol and nifedipine in standard 
doses. Atenolol use should be avoided in 
pregnancy, because it has been associ-
ated with lower birth weights. ACE-Is 

and angiotensin receptor blockers should 
be avoided in all trimesters. Control of 
severe hypertension has been studied: 
intravenous labetalol or oral nifedipine 
is as effective as intravenous hydrala-
zine, with fewer adverse effects.

A number of drugs have been used 
for long term treatment of hypertension 
in pregnancy. The most widely used 
are methyldopa and the beta-blockers, 
atenolol and labetalol. Methyldopa has 
been used extensively and appears to be 
effective and safe, for mother and fetus. 
Maternal side effects include lethargy, 
drowsiness and depression, and drug 
induced hepatitis can be confused with 
early HELLP syndrome. Although beta-
blockers are considered safe in preg-
nancy, intrauterine growth restriction 
has been linked to their use and side 
effects of hypoglycemia and blockade of 
the neonatal cardiac conducting system 
have been reported.

Many research questions surround-
ing hypertension in pregnancy and pre-
eclampsia remain unanswered, needing 
large studies. Currently guidelines are 
based on small trials and expert opinion. 
Future studies should determine fetal 
and maternal outcomes. A review from 
WHO Reproductive Health Library, in-
cluding 46 trials involving 4282 women, 
do not have sufficient data for most of 
the outcomes, and large multicenter ran-
domized controlled trials on the impact 
of blood pressure treatment on substan-
tive health outcomes are needed [14].

As women in developed countries 
delay childbirth, the impact of chronic 
hypertension will increase. Clinicians 
do not have sufficient evidence to know 
which pharmacological is best, when 

to begin treatment, how vigorously 
to treat, or whether to stop treatment 
and hope that the hypotensive effect of 
normal pregnancy will be enough to 
control blood pressure [81]. The only 
trial of treatment of hypertension during 
pregnancy with adequate infant follow-
up (7.5 years) was performed over 25 
years ago with a drug (methyldopa) now 
rarely used in non pregnant patients. 
Past clinical trials also have not sup-
ported a beneficial effect on pregnancy 
outcome of treating mild hypertension, 
with no reduction in perinatal mortality, 
placental abruption or superimposed 
preeclampsia. All these trials are subject 
to criticism, including small numbers, 
starting the drug too late in pregnancy, 
or flawed study design. Because of the 
unknown long term effects on the infants 
of any treatment, these studies have lead 
to recommendations to treat only on 
the basis of blood pressure elevated to 
pose potential acute risk to the mother. 
Even for women with blood pressure 
elevation sufficient to justify therapy for 
their own benefit, it is not clear whether 
treatment is beneficial or detrimental for 
the fetus. In several studies, treatment of 
hypertensive women resulted in an in-
creased risk of growth restriction in their 
infants. It is not known whether this 
is the consequence of lowering blood 
pressure during pregnancy or it is due to 
excessive blood pressure decreases or 
specific drugs.

Dietary and other lifestyle changes 
have been shown in non pregnant wom-
en to lower blood pressure in the short 
term. In the Dietary Approaches to Stop 
Hypertension (DASH)-Sodium Study, 
the combination of DAS diet and lower 
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sodium intake reduced SBP by 11.5 mm 
Hg over 4 weeks. Whether such blood 
pressure reduction can be achieved safe-
ly in hypertensive pregnant women is not 
known and should be evaluated [82]. 

The ideal drug for the treatment of 
pregnancy hypertension should be rapidly 
effective and long acting, with minimal 
side effects to the mother, and it should 
not compromise the fetus either directly 
or by a reduction in placental perfusion. 
The objective of treating hypertension in 
pregnancy is to protect the women from 
dangerously high blood pressure and to 
permit continuation of the pregnancy, fe-
tal growth and maturation. 
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