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ABSTRACT 

Pregnancy is a cardiovascular and metabolic 
challenge to the human female body. This review 
summarizes current knowledge on the regulation of 
blood pressure and plasma volume in normal and 
hypertensive pregnant women. During pregnancy, 
systemic vascular resistance and blood pressure 
decrease, whereas cardiac output and blood volume 
increase to safeguard an adequate circulation in the 
utero-placental arterial bed. Hypertension affects 
10% of all pregnancies and is accompanied by 
an increase in foetal and maternal morbidity and 
mortality. Hypertension in pregnancy includes a wide 
spectrum of conditions, including pre-eclampsia and 
eclampsia, pre-eclampsia superimposed on chronic 
hypertension, chronic hypertension, and gestational 
hypertension. Endothelial dysfunction, oxidative 
stress and an exaggerated infl ammatory response 
are features related to hypertensive disorders. 
Microangiopathic disorders can easily mimic 
hypertensive disorders during pregnancy. Although 
they have some symptoms in common, they require 
another type of management.

To reduce the risk of maternal and foetal 
complications due to haemodynamic maladap-
tations, the current management includes rest 
at home or in the hospital, close monitoring of 
maternal and foetal signs and symptoms, early start 
of antihypertensive therapy, and timely delivery 

regarding maternal and foetal survival chances. 
Thresholds to initiate blood pressure lowering 
treatment during pregnancy are 160 mmHg systole 
or 110 mmHg diastole. Below these thresholds, 
treatment must be individualized because current 
evidence does not support aggressive medical 
interventions. Alpha-methyldopa and dihydropy-
ridinic calcium channel blockers are among the 
recommended antihypertensives. 
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INTRODUCTION
 

During pregnancy, haemodynamic and metabolic 
adaptations ensure adequate perfusion and nutrient 
delivery to the foetus. Hypertensive disorders compli-
cate 1 out of 10 pregnancies, entailing an increased 
risk for maternal and foetal morbidity and mortality. 
Identifi cation of risk factors, an early diagnosis of ele-
vated blood pressure and subsequent antihypertensive 
treatment are of paramount importance. Although 
descriptions of haemodynamic changes during the 
course of pregnancy are plentiful, evidence-based 
guidelines for the treatment of hypertensive disorders 
during pregnancy are sparse. In this review, we sum-
marize the mechanisms of blood pressure control and 
plasma volume regulation in normotensive and hy-
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pertensive pregnant women. In addition, we reviewed 
current recommendations for the diagnosis and treat-
ment of hypertension during pregnancy. 

METHODS 
 
We searched for relevant publications in Medline, 

using the search terms: “plasma volume” AND “preg-
nancy”, “blood pressure” AND “pregnancy”, “pre-ec-
lampsia”, or “hypertensive disorders” AND “pregnan-
cy”. This resulted in relevant publications. We went 
through the reference lists of retrieved articles to 
identify relevant articles, which were not identifi ed 
by the electronic search. In addition, the World Health 
Organisation (WHO) website was consulted to have 
actual data on the incidence and recent guidelines on 
the management of cardiovascular disorders during 
pregnancy. We focused mainly on randomized clinical 
trials and reviews in core clinical journals, which ad-
dressed the haemodynamic changes during pregnancy 
and the early postpartum. We discarded articles which 
focused on late pregnancy. 

HAEMODYNAMIC AND ENDOCRINE
ADAPTATIONS TO PREGNANCY

Haemodynamic changes 
Profound cardiovascular adaptations start in the 

late luteal phase of the menstrual cycle (see Table 1).

Table 1: Summary of the important haemodynamic 
changes during pregnancy

Increased Decreased

Uterine blood fl ow Systemic vascular resistance

Plasma volume Pulmonary vascular resistance

Red blood cell mass Hematocrit

Cardiac diastolic dimension Colloid osmotic pressure

Stroke volume Plasma albumin concentration

Heart rate Arterial carbon dioxide tension

Arterial oxygen consumption Arterial hydrogen ion concentration

Venous capacitance Arterial blood pressure

These haemodynamic alterations peak in the sec-
ond trimester of pregnancy and return to non-preg-
nant levels near term (1, 2). They disappear within the 
fi rst days after delivery, although abnormalities in vol-
ume homeostasis may persist for up to a year, called 
the protracted effect of pregnancy on the volume sta-
tus (3) (see Figure 1). 

Figure 1: Haemodynamic adaptations before, during and after pregnancy
 PTP: pre-pregnancy time point, T: term, S.V.R.: systemic vascular resistance
 Course of cardiac end-diastolic volume, stroke volume, cardiac output and systemic vascular resistance before and throughout 

pregnancy until 52 weeks postpartum. Open circles: data from 15 nulliparae; blinded circles: data from 15 parous women. 
 Figure adapted from (52)



Acta Clinica Belgica, 2010; 65-4

231HYPERTENSION IN PREGNANCY

The changes in the maternal haemodynamics in 
early pregnancy involve hormones that induce vaso-
dilatation of the arterial and venous vasculature (4). 
These endocrine triggers already arise in the late luteal 
phase and cause a generalized fall in systemic vascular 
tone. Lower vascular resistance is one of the earliest 
maternal adjustments to pregnancy (5). Decreased 
vascular responsiveness to angiontensin II and nor-
epinephrine and increased endothelial production of 
prostacyclin and nitric oxide (NO) may play a role 
as exemplifi ed by the increased urinary excretion of 
kallikreine, cyclic guanosine monophosphate (cGMP- 
second messenger of NO) and prostacyclins (6, 7). The 
subsequent rise in vascular capacitance creates a state 
of relative underfi lling and initiates the cardiovascular 
adaptation to pregnancy (8-11). 

The sensors perceiving and controlling intravascular 
volume are reset during normal pregnancy, enabling 
the maternal circulation to accommodate a gradual 
expanding plasma volume (to 40% at term) without 
provoking a natriuretic response (7). Meanwhile, red 
blood cell mass increases by 30%, which is less than 
the expansion of the plasma volume. This explains to 
the so-called pregnancy-anaemia. The plasma protein 
concentration and plasma osmolality likewise de-
crease during pregnancy (12).

Afterload reduction activates baroreceptors. As a 
consequence heart rate, stroke volume and cardiac 
contractility increase and venous blood shifts towards 
the arterial compartment (1, 5, 13). To meet the higher 
basal oxygen consumption in pregnant women (up to 
50mL/min at term), cardiac output increases (12).

Systolic and diastolic blood pressures drop slightly 
during normal pregnancy as does pulse pressure with 
the maximum change found in the second trimester. 
When measuring blood pressure in pregnant women 
one should always account of posture, because in the 
supine position the pregnant uterus compresses the 
inferior caval vein, thereby reducing venous return and 
cardiac output (1, 12).

Endocrine changes

The secretion of adrenal steroids (aldosterone and 
cortisol) is elevated during pregnancy (to three times 
the non-pregnant levels) (14). Volume retention and 
restoration of the preload is due to activation of the 
renin-angiotensin-aldosteron system (RAAS) and 
stimulation of the secretion of cortisol and antidiuretic 
hormone (ADH) (8,11,15,16). A concomitant decrease 

of atrial stretch suppresses the release of atrial natri-
uretic peptide (ANP) (17).

The endocrine adaptations induce water and salt 
retention, so that at the end of pregnancy 6-8 l of ex-
tra water are distributed among the foetus, the amni-
otic fl uid and all the intra-and extracellular tissues of 
the mother (18).

In summary, the normal pregnancy is character-
ized by a generalized reduction of systemic vascular 
resistance and blood pressure and an increase in car-
diac output and blood volume to ensure an adequate 
utero-placental circulation and increased blood fl ow 
to the breast and kidneys of the mother (12). 

DIAGNOSIS OF HYPERTENSIVE DISORDERS
DURING PREGNANCY

Guidelines 
Hypertension affects 10% of all pregnancies 

(19;20). Therefore, blood pressure should be measured 
regularly in pregnant women. The guidelines of the 
American College of Obstetricians and Gynaecologists 
identify two subgroups: mild (140-159/90-110 mmHg) 
and severe (>160/110 mmHg) hypertension (20, 21). 
The diagnosis of an elevated blood pressure and the 
differential diagnosis of hypertensive disorders during 
pregnancy are not easy. Hypertension in pregnancy 
is defi ned as two recordings of a blood pressure of at 
least 140/90 mmHg at two occasions, separated by an 
interval of at least 6 hours. According to the Seventh 
Report of the Joint National Committee on Prevention, 
Detection, Evaluation and Treatment of High Blood 
Pressure, women with a systolic blood pressure of 
120-139 mmHg and/or a diastolic blood pressure of 
80-89 mmHg should be considered as pre-hyperten-
sive (22). The European Society of Hypertension rec-
ommends a threshold of ≥140 mmHg systolic and/
or ≥ 90 mmHg diastolic on repeated measurements 
(23). Nevertheless, the threshold of 140/90 mmHg 
might be too high for young subjects, such as women 
of childbearing age. Thus , based on this threshold, the 
prevalence of hypertensive disorders during pregnancy 
might be underestimated (19).

 

Risk factors 
Women with severe hypertension prior to pregnan-

cy, hypertension in the fi rst trimester despite use of 
antihypertensive medications, or both and those with 
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adverse outcomes in a previous pregnancy are at very 
high risk of superimposed pre-eclampsia (50%-75%), 
foetal growth retardation (25%-40%), and abruptio 
placentae (10%-20%). Chronic hypertension tends 
to be more prevalent in Black women, women with 
obesitas or diabetes and older (>35 years) women 
(20,24,25). Smoking enhances the risk and severity of 
adverse pregnancy outcomes, such as gestational hy-
pertension. However recent epidemiologic data sug-
gest that the risk of pre-eclampsia is decreased by 
30% among young smokers without pregestational 
hypertension (26).

Possible diagnoses
This section describes the most common hyperten-

sive disorders during pregnancy. Abnormal placenta-
tion is thought to be the cornerstone in the process 
of aberrant maternal-foetal interaction and placental 
hypoperfusion. Neurohormonal feedback induces or 
exacerbates maternal hypertension in an attempt to 
maintain placental perfusion and foetal growth (19).

Chronic hypertension
Chronic hypertension, present before pregnancy 

or before 20 weeks of gestation, complicates approxi-
mately 3% of all pregnancies. Essential hypertension 
is the most common cause (20). When blood pressure 
decreases during mid-pregnancy, the blood pressure 
tends to become “normal”. At the end of pregnancy, 
when blood pressure returns to pregravid levels, wom-
en with pre-existing chronic hypertension might be di-
agnosed as hypertensive for the fi rst time. When blood 
pressure fails to normalize after delivery (longer than 
12 weeks postpartum), the diagnosis of chronic hyper-
tension can only be made retrospectively (19).

Therefore, women should be evaluated prior to 
conception to defi ne their blood pressure status, and, 
if hypertensive, to assess the severity, possibly remedi-
able causes, and the presence of target organ damage. 
As a general rule, women have a lower blood pressure 
than men, but with the increasing prevalence of obe-
sity and the metabolic syndrome a growing proportion 
of women present with hypertension at younger age 
(22). Up to 30% of women with chronic hypertension 
develop pre-eclampsia.

Gestational hypertension 
Gestational hypertension is hypertension occur-

ring for the fi rst time during the second half of preg-
nancy in the absence of proteinuria. It occurs in 6% 

of all pregnancies. Women with gestational hyperten-
sion progress to pre-eclampsia in 15% to 45% of cases 
(19,20,22,27)

These patients should be monitored very closely to 
determine whether pre-eclampsia or other causes of 
gestational hypertension exist. Early delivery and foe-
tal monitoring are sometimes needed because gesta-
tional hypertension, when severe, may lead to higher 
rates of premature delivery and growth retardation 
than mild pre-eclampsia. When blood pressure remains 
elevated after delivery, the diagnosis of chronic hyper-
tension should be kept in mind. It is very important 
to differentiate pre-eclampsia, a pregnancy-specifi c 
syndrome from pre-existing chronic hypertension or 
gestational hypertension.

Pre-eclampsia / Eclampsia 
In addition to an elevated blood pressure, the di-

agnosis of pre-eclampsia rests on the appearance 
of proteinuria in the third trimester of pregnancy in 
women without proteinuria before pregnancy (28).
Pre-eclampsia occurs in 3-5% of pregnancies (19,20) 
and is characterized by hypertension and proteinuria 
of 300 mg or greater in a 24-hour urine sample. The 
convulsive form of pre-eclampsia, eclampsia, affects 
0.1% of all pregnancies (19, 20). Pre-eclampsia and ec-
lampsia are responsible for 12% of the global maternal 
deaths (28). The syndrome is more common in nullipa-
rous women, in multiple gestation, in women with a 
history of gravid or non-gravid hypertension or renal 
disease or in women with a positive family history of 
pre-eclampsia in a fi rst degree relative (22). 

The haemodynamic changes and adaptations dur-
ing pregnancy might unmask underlying endothelial 
dysfunction, leading to clinical syndromes as pre-ec-
lampsia and eclampsia that resolve with termination 
of pregnancy. The disease is characterized by systemic 
vasoconstriction and reduced plasma volume, lead-
ing to systemic ischaemia, which is the substrate 
for hypertension and multi-organ dysfunction. Pre-
eclamptic patients might be at higher risk of develop-
ing cardiovascular diseases later in life (29,30). They 
have approximately a 2-to 3-fold higher risk in devel-
oping early cardiac, cerebrovascular, and peripheral 
arterial disease, and cardiovascular mortality(31-35). 
Similarities exist between the metabolic abnormalities 
that are associated with increased risk for cardiovas-
cular diseases and pre-eclampsia. These include insulin 
resistance, obesity and lipid abnormalities. In pre-ec-
lampsia, as in atherosclerosis, oxidative stress result-
ing from free radicals contributes to endothelial dys-
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function. Evidence for this feature includes increased 
lipid peroxidation, diminished activity of antioxidant 
enzymes and an increased capacity of the placenta to 
generate reactive oxygen species (36, 37).

An infl ammatory response is one of the adapta-
tions that occur during normal pregnancy. It probably 
refl ects an immune reaction of the maternal body to 
foetal antigens. This infl ammatory response may be 
exaggerated in pre-eclampsia as exemplifi ed by the 
higher neutrophil activation compared with normal 
pregnancies (refl ected by higher levels of neutrophil 
elastase, VCAM-1 (vascular cell adhesion molecule-1), 
ICAM-1 (inter-cellular adhesion molecule-1), TNF (tu-
mour necrosis factor) and IL-6 (interleukine-6)). A high 
CRP (C-reactive protein)-level in pre-eclampsia illus-
trates the continuum between hypertensive disorders 
during pregnancy and cardiovascular diseases later in 
life (38-40).

HELLP-syndrome
Haemolysis (H) combined with a micro-angiopath-

ic blood smear, increased liver enzymes (EL), and low 
platelets (LP) in pregnancy was fi rst described in 1982 
and affects six in 1000 pregnancies (41).  5–10% of 
women with pre-eclampsia develop HELLP  (42). Risk 
factors to develop HELLP-syndrome include advanced 
maternal age, multiparity and white ethnic origin(43).
The neonatal mortality rate can be very high (6-70%) 
due to premature delivery or maternal complications. 

Very often, the patient gets a non-obstetric diag-
nosis, which leads to an inadequate treatment. HELLP 
patients often report right upper quadrant pain, nau-
sea and vomiting. Hypertension and proteinuria are 
present in 85% of the cases. HELLP starts usually in 
the second or third trimester, but can also develop in 
the near postpartum without any sign or symptom of 
pre-eclampsia. The patients need aggressive therapy 
to prevent maternal and neonatal mortality. 

Differential diagnoses 
Pregnant women developing severe symptoms 

suggestive of pre-eclampsia before 30 weeks should 
be tested for autoimmune disorders or acquired trom-
bophilias.

Acute fatty liver of pregnancy
Acute fatty liver of pregnancy affects approxi-

mately 1 of 10 000 pregnancies and presents in late 
pregnancy (27 – 40 weeks). It is caused by a recessive 
inherited defect in foetal long chain 3-hydroxyacyl-

coenzyme A hydrogenase. This mutation causes mi-
tochondrial dysfunction with accumulation of fatty 
acid metabolites. The mother presents with progres-
sive fatigue, malaise, anorexia, nausea, vomiting and 
mid-epigastric or right upper quadrant pain and jaun-
dice. Hepatic dysfunction leads to mental changes, 
hypertension, proteinuria, severe hyperglycaemia and 
coagulopathy. The fatty infi ltration of the liver may be 
diagnosed by ultrasound, CT or MRI imaging of the ab-
domen. However, the diagnostic standard is liver biop-
sy, but this is rarely done in practice due to procedural 
risk. Billirubin levels are typically higher (5-10 mg/dL) 
than seen in pre-eclampsia (2-3 mg/dL). Recent data 
indicate maternal perinatal mortality rates of approxi-
mately 10% (20).

Thrombotic microangiopathies
Thrombotic thrombocytopenic purpura (TTP) and 

haemolytic uremic syndrome (HUS) are extremely rare 
during pregnancy and the postpartum period (<1 case 
in 100 000 pregnancies), but have a very dire outcome. 
Maternal survival improved from 40% to 90-100%. 
However, the maternal morbidities continue to be 
high. The foetal and neonatal mortality can be as high 
as 40%. The classic pentad of TTP and HUS (throm-
bocytopenia, microangiopathic haemolytic anaemia, 
neurologic abnormalities, fever and renal dysfunc-
tion) has signifi cant clinical overlap with eclampsia. 
Symptoms of eclampsia before 20 weeks of gestation 
might herald TTP/HUS (20, 44).

Systemic Lupus Erythematosus (SLE)
SLE is an auto-immune disorder occurring fre-

quently in women in their childbearing years with 
diverse clinical fi ndings, which can be mild or severe 
and may include multiple organ systems (kidneys, 
lungs, liver and brain) (20, 45). It may develop for the 
fi rst time during pregnancy or in the postpartum pe-
riod. In patients with lupus nephritis, the clinical and 
laboratory fi ndings are similar to those of severe pre-
eclampsia (hypertension, proteinuria and microscopic 
haematuria). Most patients in the acute phase have 
skin and joint lesions. APAs (lupus anticoagulant and/
or anticardiolipin antibodies) are present in 30-40% of 
women with SLE. These patients are at increased risk 
for thrombotic events with tissue ischaemia second-
ary to an event. The clinical picture then becomes very 
similar to that of the HELLP syndrome, eclampsia, TTP 
and HUS. Maternal morbidity and mortality are high in 
those with renal and central nervous system involve-
ment and in those with antiphospholipid (APA) syn-
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drome. Maternal mortality is almost 50% in patients 
who develop catastrophic APA syndrome due to acute 
thrombotic microangiopathy. Because of placental in-
farctions or haemorrhage, foetal and neonatal morbid-
ity and mortality is very high (foetal death in 4-19% 
and preterm delivery in 38-54% of the cases) (46).

TREATMENT OF HYPERTENSIVE DISORDERS
DURING PREGNANCY

Guidelines and goals 
The treatment of severe hypertension (SBP>160 

mm Hg, DBP > 110mmHg) has the primary goal to 
reduce the risk of severe maternal morbidity (cerebral 
haemorrhage, liver rupture, renal insuffi ciency and ab-
ruptio placentae) and foetal morbidity (preterm birth). 
There is little evidence to support aggressive medical 
interventions for levels of blood pressures below 160 
mmHg systolic or 110 mmHg diastolic. In such pa-
tients, the decision to treat hypertension must be indi-
vidualized (21)According to a recent Cochrane review 
(47), recommended antihypertensive medications are 
all better than placebo. They are useful and effective in 
preventing haemodynamic complications and progres-
sion to severe hypertension. There are, unfortunately, 
insuffi cient data to fi rmly recommend at which level 
of blood pressure antihypertensive drug treatment 
should be started. Whether or not the appearance of 
proteinuria justifi es lower thresholds to initiate anti-
hypertensive treatment also remains to be elucidated. 

The safety of the mother must come fi rst and one 
should consider early delivery of the foetus. Immediate 
goals of therapy in severe hypertension during preg-
nancy are a 25% reduction of mean arterial pressure 
(MAP) within 2 hours of the clinical presentation and 
a goal below 160/110 mmHg in the next hours. Abrupt 
reductions of MAP by more than 25% might lead to 
end-organ hypo-perfusion or foetal injury due to pla-
cental infarction (27).

The current management of pre-eclampsia in-
cludes close monitoring of maternal and foetal signs 
and symptoms, rest at home or in the hospital, antihy-
pertensive drugs to control hypertension, and timely 
delivery (according to gestational age, disease sever-
ity, and results of maternal-foetal monitoring). Several 
groups of antihypertensive medications are frequently 
used. Clinicians should make an educated choice based 
on already known effects on maternal and foetal mor-
bidity of the particular drug (see Table 2 and 3).

Table 2: Food and Drug Administration (FDA) catego-
rization of drug risks to the foetus.

FDA categorization

Category A

Controlled studies in women fail to demonstrate a risk to the fetus 
in the fi rst trimester (and there is no evidence of a risk in later 
trimesters), and the possibility of fetal harm appears remote.

Category B

Either animal-reproduction studies have not demonstrated a fe-
tal risk but there are no controlled studies in pregnant women, or 
animal-reproduction studies have shown an adverse effect (other 
than a decrease in fertility) that was not confi rmed in controlled 
studies in women in the fi rst trimester (and there is no evidence 
of a risk in later trimesters).

Category C

Either studies in animals have revealed adverse effects on the fe-
tus (teratogenic or embryocidal or other) and there are no con-
trolled studies in women, or studies in women and animals are 
not available. Drugs should be given only if the potential benefi t 
justifi es the potential risk to the fetus.

Category D

There is positive evidence of human fetal risk, but the benefi ts 
from use in pregnant women may be acceptable despite the risk 
(e.g., if the drug is needed in a life-threatening situation or for a 
serious disease for which safer drugs cannot be used or are inef-
fective).

Category X

Studies in animals or human beings have demonstrated fetal ab-
normalities, or there is evidence of fetal risk based on human ex-
perience or both, and the risk of the use of the drug in pregnant 
women clearly outweighs any possible benefi t. The drug is contra-
indicated in women who are or may become pregnant.

First choice antihypertensive drugs 
Methyldopa 

Alpha-methyldopa does not reduce the utero-
placental blood fl ow and hence has no effect on the 
foetal growth. This drug has been used extensively in 
obstetrics for years and has been considered useful as 
a maintenance therapy to gradually lower the blood 
pressure. It is one of the Food and Drug Administration 
class B medication for hypertension (20, 48). Known 
side effects are mostly minor like postural hypoten-
sion, dizziness and liver function disorders.

Calcium channel blockers
Calcium channel blockers are safe molecules (see 

Table 3). No adverse neonatal events have been regis-
tered until today (49). The more commonly used drug 
is nifedipine. It exists in fast and slow release prepara-
tions. The preference goes to the slow release form in 
order to prevent sudden onset of maternal hypoten-
sion and refl ex tachycardia with foetal distress con-
sequently. Because of the increased renal and hepatic 
clearance related to pregnancy, starting doses and ad-
ministration frequency often require adjustments (48).
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Table 3: Summary of antihypertensive drugs.

 AC  E: angiotensin converting enzyme, ARB: angiotensin receptor blocker, HT: hypertension, IU: intra-
uterine, CV: cardiovascular, I.V.: intravenously

Dr ugs  Indication Fetal Risk Breast Feeding

Beta-blockers

Acebutolol B HT, ventricular arrythmias Crosses placenta. No reports of IU growth retardation, 

β-blockade near term

Secreted into milk, not recommended

Atenolol D HT Crosses placenta. Toxic at high doses. IU growth retardation

β-blockade near term

Secreted into milk, not recommended

Betaxol C HT, glaucoma Teratogenic in animals, β-blockade near term Secreted into milk, no data available
Bisoprolol C HT Fetotoxic in animals, β-blockade near term Secreted into milk in animals, no data 

available
Carvedilol C HT, angina Fetotoxic in animals, no well controlled human data Secreted into milk, not recommended
Labetalol C HT, sympathicolysis Crosses placenta, IU growth retardation, 

induction of fetal lung maturation near term
Secreted into milk, safe under observation 

Metoprolol C HT, sympathicolysis Crosses placenta. Fetotoxic in animals. IU growth retardation, 

neonatal β-blockade

Compatible, safe with neonatal observation

Nebivolol C HT Not recommended Secreted into milk, not recommended
Pindolol B HT Crosses placenta, no anomalies. IU growth retardation, 

neonatal β-blockade

Compatible, safe with neonatal observation

Propranolol C HT, hyperthyroidism, tachycardia Embryotoxic in animals, not recommended in humans Compatible, safe with neonatal observation

Calcium Channel Blockers

Verapamil C HT, antiarrhythmic Embryotoxic in animals, 
maternal hypotension with fetal hypoxia when given I.V.

Nursing should be discontinued

Dihydropyridines
Amlodipine C HT Prolongs labor in animals, no human data No data available
Felodipine C HT Teratogenic in animals, no adequate human data Unknown excretion
Nifedipine C HT, vasospastic angina Teratogenic in animals, CV defects in 1st trimester, growth 

retardation
Compatible, safe under observation

Diltiazem C HT, angina Teratogenic in animals, CV defects in 1st trimester Compatible, safe under observation

ACE inhibitors

D* HT Teratogenic in animals and humans from 2nd trimester No signifi cant excretion into milk, 
compatible

no human data from 1st trimester

ARB

D* HT Teratogenic in animals and humans from 2nd trimester
no human data from 1st trimester

Not recommended during breastfeeding

Alpha-blockers

Prazosine ? HT, Raynaud syndrome Not recommended Not recommended during breastfeeding

Central antihypertensives

Clonidine C HT Limited human data with CV defects Not recommended during breastfeeding
Guanfacine B HT Limited human data; no adverse effects in animals No data available
Methyldopa B HT Limited human data; no adverse effects in animals No signifi cant excretion into milk, 

compatible
Moxonidine ? HT Not recommended Not recommended during breastfeeding

Diuretics

Thiazides HT, oedema Not recommended: potassium depletion in foetus Supresses lactation, not recommended
lisdiuretics
Bumetanide C HT Not teratogenic in animals, CV defects in 1st trimester in humans Supresses lactation, not recommended
Furosemide C HT, congestive heart failure Crosses placenta. Hypospadias in 1st trimester in humans No data available

Vasodilators

Hydralazine C HT Crosses placenta, maternal and foetal lupus-like syndrome Excreted into milk, safe in breastfeeding
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Second-line antihypertensive drugs
Beta-blockers 

The use of this group may lead to intra-uterine growth 
retardation. However the evidence is based on a small 
placebo-controlled trial with atenolol (50). Labetalol 
(α-and β-receptor antagonist) is more safe and can be 
used both orally and intravenously. It gives a gradual 
decrease of the blood pressure without hypoperfusion 
of the utero-placental vasculature. High intravenous 
dosages shortly before delivery may cause therapy-re-
sistant neonatal hypotension and bradycardia. Although 
labetalol has a long history of safety, some studies have 
associated it with foetal growth retardation.

Hydralazine
Hydralazine is a potent vasodilator and can be 

given intravenously or intramuscularly in hypertensive 
emergencies. The blood pressure lowering effect can-
not always be controlled which sometimes lead to ma-
ternal hypotension and foetal distress (20, 27).

Absolutely contra-indicated antihypertensive drugs
ACE-inhibitors and ARBs 

ACE-inhibitors and ARBs are generally considered 
unsafe for the foetus and contraindicated for the 
whole course of pregnancy (48). These classes should 
also not be prescribed to women intending to become 
pregnant. They introduce foetal renal insuffi ciency 
with oligohydramnios and secondary effects like pul-
monal hypoplasia, intrauterine growth retardation, 
dysmorphia and even foetal death (51).

CONCLUSION – DISCUSSION
 
Hypertensive disorders occur in 10% of pregnan-

cies, and entail an increased risk for foetal and mater-
nal morbidity and mortality throughout pregnancy 
and the post-partum period. Current guidelines sup-
port pharmacologic interventions in patients with SBP 
>160 mm Hg and/or DBP >110 mm Hg. Risk assess-
ment, early diagnosis and adequate treatment of el-
evated blood pressure during pregnancy reduces mor-
bidity and mortality in both mothers and infants. 
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