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Hypertension in pregnancy

Most common medical problem in pregnancy

 Complicates about 10% of pregnancies:

1-5% of preexisting hypertension

5-6% of gestational hypertension

1-4% of preeclampsia



Hypertensive disorders in pregnancy:

maternal

 fetal

 neonatal morbidity and mortality

a major cause of



Classification of hypertension

in pregnancy

 pre-existing hypertension

 gestational hypertension

 pre-existing hypertension plus
superimposed gestational hypertension
with proteinuria

 antenatally unclassifiable hypertension



Pre-existing hypertension

 1-5% of pregnancies

 BP > 140/90 mmHg predates pregnancy

or develops before 20 weeks of gestation

 In most cases, hypertension persists more

than 42 days post partum, it may be 

associated with proteinuria



Gestational hypertension

Pregnancy-induced  hypertension with

or without proteinuria

Hypertension develops after 20 weeks´

gestation, in most cases, it resolves within

42 days post partum

Poor organ perfusion



Cardiovascular changes in pregnancy

SBP

DBP

MAP

HR

SV

CO

4-6 mmHg

8-15 mmHg

6-10 mmHg

12-18 BPM

10-30%

33-45%

All bottom at 20-24 wks, then rise

gradually to pre-pregnancy values at 

term

Early 2nd trimester, then stable

Early 2nd trimester, then stable

Peaks in early 2nd trimester, then 

until term

Parameter                                               Timing

Main DM, Main EK: Obstetrics and Gynecology, 1984



Pre-existing hypertension plus
superimposed gestational hypertension

with proteinuria

Further worsening of BP and protein

excretion > 3 g/day in 24-hour urine collection 

after 20 weeks´ gestation

Previous terminology “chronic hypertension

with superimposed pre-eclampsia“



Antenatally unclassifiable hypertension

Hypertension with or without systemic

manifestation

BP first recorded after 20 weeks´ gestation,

re-assessment necessary at or after 42 days

post partum



Pre-eclampsia

Gestational hypertension associated 

with significant proteinuria

 300 mg/l or

 500 mg/24 h or

 dipstick 2+ or more

Poor organ perfusion



Risk factors for developing pre-eclampsia

 Nulliparity

Multiple pregnancy

 Family history of pre-eclampsia

 Chronic hypertension

 Diabetes

 Increased insulin resistance

 Increased body mass index



Risk factors for developing pre-eclampsia

 Hypercoagulability (inherited thrombophilia)

 Renal disease even without significant impairment

 Low socioeconomic status

Antiphospholipid syndrome (acquired 

thrombophilia)

 Previous pre-eclampsia

 Hydatidiform mole

 Black race



39 trials; 30 563 women

 15% RR of pre-eclampsia

 8% RR preterm birth

 14% RR fetal or neonatal death

BMJ 2001;322:329-33



27 studies; 11 348 women

 53% RR of pre-eclampsia

 56% RR IUGR

Obstet Gynecol 2010;116:402-14





NICE Clinical Guidelines 107

Antiplatelet agents

Advise women at high risk of pre-eclampsia and those with > 1 moderate 

risk factor for pre-eclampsia to take 75 mg of ASA daily from 12 weeks 

until the birth of the baby

High risk

● Hypertensive disease during a previous pregnancy

● CKD

● Autoimmune disease such as SLE or antiphospholipid syndrome

● Type 1 or Type 2 diabetes

● Chronic hypertension



NICE Clinical Guidelines 107

Antiplatelet agents

Advise women at high risk of pre-eclampsia and those with > 1 moderate 

risk factor for pre-eclampsia to take 75 mg of ASA daily from 12 weeks 

until the birth of the baby

Moderate risk

● First pregnancy

● Age ≥ 40 years

● Pregnancy interval of more than 10 years

● BMI ≥ 35 kg/m2

● Family history of pre-eclampsia

● Multiple pregnancy



Management of hypertension in pregnancy

depends on 

 BP levels 

 gestational age

 associated maternal and fetal risk factors



Non-pharmacologic management

 SBP 140-149 mmHg or

DBP 90-99 mmHg

 activity, bed rest (left lateral position)

AVOID : weight reduction and salt restriction



Principles for treatment of mild-to-moderate 

hypertension in pregnancy

The benefits of antihypertensive therapy for mild-to-moderately elevated 

BP in pregnancy (≤ 160/110 mmHg), either chronic or pregnancy-induced, 

have not been demonstrated in clinical trials.

 Less risk of developing severe hypertension

 No difference in outcome of preeclampsia, neonatal death, 

pre-term birth

 No difference in small-for-gestational-age babies

Cochrane Database Syst Review 2007;CD002252



Country BP threshold (mmHg) BP goal (mmHg)

USA 160/105 not set

Canada 140/90 80-90 for DBP

Australia 160/90 ≥ 110 SBP

Germany 160/100 140-160/90

BP thresholds for drug treatment 

initiation in pregnancy



Thresholds for drug treatment initiation

BP > 140/90 mmHg in women 

 with gestational hypertension without proteinuria or 

 pre-existing hypertension before 28 weeks' gestation or

 gestational hypertension and proteinuria or symptoms at any time or

 pre-existing hypertension and TOD or

 pre-existing hypertension and superimposed gestational hypertension

BP > 150/95 mmHg

 In all other circumstances

methyldopa, labetalol, calcium antagonists, and beta-blockers

AVOID: ACE inhibitors, AIIA, diuretics

magnesium sulfate: eclampsia, treatment and prevention of seizures



Treatment-induced falls in maternal BP may adversely affect 

fetal growth. Given the small maternal benefits that are likely 

to be derived from therapy, new data are urgently needed

to elucidate the relative maternal and fetal benefits and risks

of oral antihypertensive drug treatment of mild-to-moderate

pregnancy hypertension.

Lancet 2000;355:87-92



Definitions of Pregnancy Drug Classifications

Category

A. Careful tests in humans have shown no harm. 

B. Animal studies showed some harm, but well-designed studies

in humans showed no harm, or animal studies did not show any

harm and there are no good studies in humans. 

C. Animal studies show some harm and there are no good studies

in humans, or no human or animal studies have been done. 

D. Human studies show some risk. 

X. There is strong evidence that the drug causes birth defects, 

either in humans or in animals. 

http://pregnancy.lovetoknow.com/wiki/Birth_Defects
http://pregnancy.lovetoknow.com/wiki/Birth_Defects
http://pregnancy.lovetoknow.com/wiki/Birth_Defects


Emergency management of hypertension

in pregnancy

 SBP ≥ 170 or DBP ≥ 110 mmHg

hydralazine, labetalol, methyldopa or nifedipine

nicardipine, sodium nitroprusside (risk of  fatal

cyanide poisoning with prolonged treatment),

nitroglycerin



BMJ 2003;327:955-60



Antihypertensive drugs used in pregnancy

Women with pre-existing hypertension are advised

to continue their current medication except for ACE

inhibitors, AIIA and direct renin inhibitors



Why is RAS important in pregnancy?

 Regulation of renal hemodynamics

(by maintaining GFR and urine production under conditions 

of low renal perfusion pressure, which are characteristic of 

the fetal and neonatal periods)

 Regulation of umbilical and placental circulation

 Regulation of fetal BP

 Kidney development (growth factors)

Angiogenesis (angiotensin II)

 Regulation of fetal renal growth, function and development 

(ACE gene)



Administration of AT1-blockers in pregnancy

 Fetal arterial hypotension

 Decreased glomerular perfusion pressure

 Impaired renal tubular development

 Reduced fetal urine output, oligohydramnios

Sequelae: limb contractures

pulmonary hypoplasia

cranio-facial deformation and neonatal anuria

 Decreased placental and umbilical perfusion: 

intrauterine growth restriction

Action on skull bones angiogenesis:

impaired ossification processes

Critical period: second trimester !!



Maternal exposure to AT1-blockers
Critical period: second trimester

5 cases of fetal death and 1 case of neonatal death on Day 4  

postpartum, with persisting anuria; exposure in early pregnancy,

oligohydramnion.

 Saji H, Yamanaka M, Hagiwara A, Ijiri R. Losartan and fetal toxic effects. 

Lancet 2001;357:363.

Martinovic J, Benachi A, Laurent N, Daika-Dahmane F, Gubler MC. 

Fetal toxic effects and angiotensin-II receptor antagonists. 

Lancet 2001;358:241-8.

 Briggs GG, Nageotte MP. Fatal fetal outcome with the combined use 

of valsartan and atenolol. Ann Pharmacoth 2001;35:859-61.



N Engl J Med 2006;354:2443-2451



Antihypertensive drugs used in pregnancy

Central alfa

agonists

Beta-blockers

Alfa-/beta-

blockers

Methyldopa is the drug of choice.

Atenolol and metoprolol appear to be safe and effective

in late pregnancy.

Labetalol has comparable efficacy with methyldopa,

in case of severe hypertension, it could be given

intravenously.



BMJ 1990;301:587-9



Birth weights of babies in atenolol and placebo groups

Mean 3 470 g

Mean 2 670 g

n = 14                           n = 15 BMJ 1990;301:587-9



AmJ Cardiol 1997;79:1436-1438



In conclusion, this survey suggests that atenolol use may be detrimental

in early pregnancy and provides confirmatory data with previous small

prospective randomized trials. Our findings suggest that atenolol should

be avoided in women who are trying to conceive or who are in the early

stages of pregnancy.

Am J Cardiol 1997;79:1436-1438



Conclusion: 
A paradigm shift is needed toward considering antihypertensive therapy

for severely preeclamptic and eclamptic patients when SBP reaches or

exceeds 155-160 mmHg.

Obstet Gynecol 2005;105:246-54



Stroke 2011;42:2564-2570



Antihypertensive drugs used in pregnancy

Diuretics

Direct

vasodilators

Diuretics are recommended for chronic hypertension

if prescribed before gestation or if patients appear to

be salt-sensitive. They are not recommended in

pre-eclampsia.

Hydralazine is no longer the parenteral drug of choice;

perinatal adverse effects. 



Antihypertensive drugs used in pregnancy

Calcium-

channel blockers

ACE inhibitors,

AIIA,

direct renin inhibitors

Oral nifedipine or i.v. isradipine could be given

in hypertensive emergencies. Potential synergism

with magnesium sulfate may induce hypotension.

Fetal abnormalities including death can be caused

and these drugs should not be used in pregnancy.



Breast-feeding

 Does not increase BP in nursing mothers

All antihypertensive agents taken by the nursing 

mother are excreted into breast milk; however, 

most of them are present at very low concentrations, 

except for propranolol and nifedipine concentrations, 

which are similar to maternal plasma



J Clin Endocrinology Metabol 1999;84:1858-1861



BMJ 2007;355:974-986



 Pregnancy provides a unique opportunity to estimate a woman´s

lifetime risk

 Preeclampsia may be an early indicator of CVD risk

Circulation 2011;123:DOI:10.1161/CIR.0b013e31820faaf8



When

to Treat Hypertension

in Pregnancy



1. There is general consensus severe hypertension 

in pregnancy (≥ 160/110 mmHg) should be 

treated by antihypertensive drugs

2. However, there is no evidence drug treatment 

of mild-to-moderate hypertension in pregnancy 

is beneficial (no difference in outcome of 

preeclampsia, neonatal death, pre-term birth, 

small-for-gestational-age babies)

3. Limitations in study design (small number 

of participants, no longitudinal outcome)



How

to Treat Hypertension

in Pregnancy



Conclusions

 In non-severe hypertension, oral methyldopa, 

labetalol, calcium antagonists, and (less frequently) 

beta-blockers are drugs of choice

 In pre-eclampsia with pulmonary edema, nitroglycerin

is the drug of choice, diuretic therapy is inappropriate

because plasma volume is reduced

As emergency, intravenous labetalol, oral methyldopa, 

and oral nifedipine are indicated. Intravenous 

hydralazine is no longer the drug of choice because 

of an excess of perinatal adverse effects



ASA in the prevention

of pre-eclampsia

● ASA (75 mg daily) is recommended in the 
prevention of pre-eclampsia in women at high or 
moderate risk of pre-eclampsia from 12 weeks of 
gestation until delivery



Eur Heart J 2011;32: 3147-3197





Maternal antihypertensive medications 

usually compatible with breastfeeding

Captopril

Diltiazem

Enalapril

Hydralazine

Hydrochlorothiazide

Labetalol

Methyldopa

Minoxidil

Pediatrics 2001;108:776-789

Nadolol

Nifedipine

Oxprenolol

Propranolol

Spironolactone

Timolol

Verapamil



 Diuretics (furosemide, hydrochlorothiazide, and spironolactone) 

may reduce milk production. 

Metoprolol is classified as compatible with breastfeeding, although 

it is concentrated in human milk. 

Acebutolol and atenolol should not be used in nursing mothers.

Pediatrics 2001;108:776-789

Maternal antihypertensive medications 

usually compatible with breastfeeding



Conclusions

 I.v. infusion of sodium nitroprusside is useful in 

hypertensive crisis, but prolonged administration 

should be avoided

 Calcium supplementation, fish oil, and low-dose 

aspirin are not recommended. However, low-dose 

aspirin may be used prophylactically in women

with a history of an early onset of pre-eclampsia



A 28-year-old primipara with no history of hypertension whose 

BP was normal in the first half of pregnancy, is referred to you 

at 26 weeks of gestation with BP 140-150/90-95 mmHg, she has no 

symptoms

Urinalysis: dipstick +

What would be your classification of hypertension in this patient?

1. Pre-existing hypertension

2. Gestational hypertension

3. Pre-eclampsia



Primipara, 28 years old, no history of hypertension, normal BP in 

the first half of pregnancy, with BP 140-150/90-95 mmHg at 26 weeks 

of gestation; urinalysis: dipstick +

What would be your suggested management of hypertension?

1. Methyldopa 200 mg t.i.d.

2. Salt restriction

3. Reduction in daily activities

4. Atenolol 50 mg b.i.d.



Visit 4 weeks later (i.e., week 30 of gestation)

Primipara, 28 years old, no history of hypertension, normal BP in 

the first half of pregnancy, with BP 140-150/90-95 mmHg at 30 weeks 

of gestation, no symptoms

Which is the most important test you need for further evaluation?

1. Blood count

2. Liver tests

3. Urinalysis

4. EKG



Primipara, 28 years old, no history of hypertension, normal BP 

in the first half of pregnancy, with BP 140-150/90-95 mmHg 

at 30 weeks of gestation, no symptoms

Urinalysis: dipstick ++

What would you suggest as the next step?

1. Initiate drug treatment immediately

2. Quantify proteinuria

3. ABPM

4. ABPM + quantify proteinuria



Primipara, 28 years old, no history of hypertension, normal BP in 

the first half of pregnancy, with BP 140-150/90-95 mmHg at 30 weeks 

of gestation

24-h urine collection: 0.355 g protein

ABPM: mean daytime BP 138/91 mmHg

mean nighttime BP 128/82 mmHg

What would you suggest as the next step?

1. Wait and watch; schedule the next visit in 2 weeks

2. Initiate methyldopa 250 mg b.i.d.

3. Initiate nifedipine SR 20 mg b.i.d.



WHO definition of hypertension

in pregnancy

1. SBP > 140 mmHg or DBP > 90 mmHg

2. Rise in SBP > 25 mmHg or rise in DBP

> 15 mmHg compared to pre-pregnancy

values or those in the first trimester



Measurement of BP

Mercury sphygmomanometer

 Phase V to be recorded 

2007 ESH-ESC Guidelines



Lancet 1996;347:139-42



ABPM in pregnancy

White-coat hypertension

 Early prediction of pre-eclampsia

 Prognosis in late pregnancy



Devices evaluated in pregnancy

Device Type AAMI BHS Recommendation

Diestronic

Profilomat
Aus Pass B/C no

Tycos

QuietTrak
Aus Fail B/B no

Tycos

QuietTrak
Aus - A/A yes

SpaceLab

90207
Osc Pass B/B yes

SpaceLab

90207

SpaceLab

90207

Osc

Osc

Pass

Pass

A/C

B/C

no

no

www.dableducational.org



Devices evaluated in pre-eclampsia

Device Type AAMI BHS Recommendation

Tycos 

QuietTrak
Aus Fail D/D no

SpaceLab

90207
Osc Fail D/D no

SpaceLab

90207
Osc Pass C/C no

www.dableducational.org



Hypertensive encephalopathy

1-2% of untreated essential hypertension

SBP > 250 or DBP > 150 mmHg

Treatment

 ↓Mean BP by no more than 15-25% towards 

DBP 100-110 mmHg

 Drug of choice: sodium nitroprusside

 Other drugs: nitroglycerin, nifedipine, labetalol



39 trials; 30 563 women

 15% RR of pre-eclampsia

 8% RR preterm birth

 14% RR fetal or neonatal death 

BMJ 2001;322:329-33



Conclusions

 Korotkoff Phase V is now recommended for the

measurement of DBP in pregnancy with Phase IV 

being indicated only if Korotkoff sounds persist 

at cuff pressures approaching 0 mmHg

 Non-pharmacological management should be 

considered for pregnant women with 

SBP 140-149 mmHg or DBP 90-95 mmHg

 In gestational hypertension with or without 

proteinuria, drug treatment is indicated at 

BP levels ≥ 140/90 mmHg
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