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Maternal Mortality in Brazil- Leading Causes:
- Hypertensive disorders: 23%
-Sepsis: 10%
-Haemorrhage: 8%
-Complications of abortion*: 8%
-Placental disorders: 5%
-Other complications of labor: 4%
-Embolism: 4%
-Abnormal uterine contractions: 4%
-HIV/AIDS related disorders: 4%
-Other direct causes: 14%
-Other inderect causes: 17%
*Under-reported? 





QUANDO TRATAR A HIPERTENSÃO

* A Decisão de tratar a hipertensão durante a gestação deve considerar riscos e benefícios 
para mãe e feto
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BACKGROUND
The effects of less-tight versus tight control of hypertension on pregnancy compli-
cations are unclear.

METHODS
We performed an open, international, multicenter trial involving women at 14 weeks 
0 days to 33 weeks 6 days of gestation who had nonproteinuric preexisting or ges-
tational hypertension, office diastolic blood pressure of 90 to 105 mm Hg (or 85 to 
105 mm Hg if the woman was taking antihypertensive medications), and a live fetus. 
Women were randomly assigned to less-tight control (target diastolic blood pres-
sure, 100 mm Hg) or tight control (target diastolic blood pressure, 85 mm Hg). The 
composite primary outcome was pregnancy loss or high-level neonatal care for more 
than 48 hours during the first 28 postnatal days. The secondary outcome was seri-
ous maternal complications occurring up to 6 weeks post partum or until hospital 
discharge, whichever was later.

RESULTS
Included in the analysis were 987 women; 74.6% had preexisting hypertension. The 
primary-outcome rates were similar among 493 women assigned to less-tight con-
trol and 488 women assigned to tight control (31.4% and 30.7%, respectively; ad-
justed odds ratio, 1.02; 95% confidence interval [CI], 0.77 to 1.35), as were the rates 
of serious maternal complications (3.7% and 2.0%, respectively; adjusted odds ratio, 
1.74; 95% CI, 0.79 to 3.84), despite a mean diastolic blood pressure that was higher 
in the less-tight-control group by 4.6 mm Hg (95% CI, 3.7 to 5.4). Severe hyperten-
sion (!160/110 mm Hg) developed in 40.6% of the women in the less-tight-control 
group and 27.5% of the women in the tight-control group (P<0.001).

CONCLUSIONS
We found no significant between-group differences in the risk of pregnancy loss, 
high-level neonatal care, or overall maternal complications, although less-tight con-
trol was associated with a significantly higher frequency of severe maternal hyper-
tension. (Funded by the Canadian Institutes of Health Research; CHIPS Current Con-
trolled Trials number, ISRCTN71416914; ClinicalTrials.gov number, NCT01192412.)
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was higher among women in the less-tight-con-
trol group than among those in the tight-control 
group (P<0.001) (Fig. 2, Table 3, and Table S9 in 
the Supplementary Appendix); however, the dis-
tribution of observed systolic and diastolic blood-
pressure values (P = 0.63 and P = 0.72, respectively) 

was similar between the two groups, illustrating 
that the excess risk of severe hypertension among 
women in the less-tight-control group was not 
restricted to values just above the threshold. The 
frequency of a platelet count less than 100!109 per 
liter or an elevated liver-enzyme level with associ-

Variable

Less-Tight!
Control!

(N!=!493)

Tight!
Control!

(N!=!488)

Adjusted!Odds!
Ratio!!

(95%!CI)†

Primary!outcome!—!no.!(%) 155 (31.4) 150 (30.7) 1.02 (0.77–1.35)

Pregnancy loss — no. (%) 15 (3.0) 13 (2.7) 1.14 (0.53–2.45)

Miscarriage 0 1 (0.2)

Ectopic pregnancy 0 0

Elective termination‡ 1 (0.2) 1 (0.2)

Perinatal death 14 (2.8) 11 (2.3) 1.25 (0.56–2.81)

Stillbirth 12 (2.4) 7 (1.4)

Neonatal death 2 (0.4) 4 (0.8)

High-level neonatal care for >48 hr — no./total no. 
(%)§

141/480 (29.4) 139/479 (29.0) 1.00 (0.75–1.33)

Gestational age at delivery — wk 36.8±3.4 37.2±3.1

Small-for-gestational-age newborns — no./total no. 
(%)¶

Birth weight <10th percentile 79/491 (16.1) 96/488 (19.7) 0.78 (0.56–1.08)

Birth weight <3rd percentile 23/491 (4.7) 26/488 (5.3) 0.92 (0.51–1.63)

Other!perinatal!outcomes!of!liveborn!infants

Respiratory complications — no./total no. (%)

Clinical respiratory problem 82/480 (17.1) 67/479 (14.0) 1.19 (0.83–1.71)

Administration of oxygen beyond the first 10 
min of life

34/479 (7.1) 25/477 (5.2) 1.24 (0.72–2.14)

Ventilatory support (with or without intuba-
tion) beyond the first 10 min of life

35/478 (7.3) 38/479 (7.9) 0.86 (0.53–1.40)

Use of surfactant 28/480 (5.8) 26/479 (5.4) 0.97 (0.55–1.69)

At least one serious neonatal complication — 
no./total no. (%)!

40/480 (8.3) 40/479 (8.4) 0.96 (0.60–1.52)

*  Plus–minus values are means ±SD. The primary outcome was a composite of pregnancy loss or high-level neonatal 
care for more than 48 hours. There were no significant differences between the groups.

†  The mixed-effects logistic-regression model was adjusted for stratification factors (type of hypertension [preexisting vs. 
gestational] and center), the use of any antihypertensive therapy at randomization, previous blood pressure of 160/110 
mm Hg or higher during this pregnancy, gestational diabetes, and weeks of gestation at randomization.

‡  The reasons specified for elective termination were severe preeclampsia (one patient in the less-tight-control group, 
previability at 22 weeks 0 days of gestation) and fetal anomaly (one patient in the tight-control group, at 23 weeks 4 
days of gestation).

§  Among liveborn infants admitted for high-level neonatal care for more than 48 hours, four infants died (one born to a 
mother in the less-tight-control group and three born to mothers in the tight-control group).

¶  Birth-weight percentiles were determined for gestational age (22 to 43 weeks) and sex.17 Two babies were born after 22 
weeks of gestation (both to mothers in the less-tight-control group), with birth weights of 180 g and 426 g; they were 
excluded from the analysis.

!  Serious neonatal complications were severe respiratory distress, sepsis in the first 48 hours of life, bronchopulmonary 
dysplasia, severe retinopathy of prematurity, central nervous system complications, and necrotizing enterocolitis (see 
Table S3 in the Supplementary Appendix for definitions).

Table!2.!Primary!and!Other!Perinatal!Outcomes.*
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mm Hg or higher during this pregnancy, gesta-
tional diabetes, and any factor with apparent 
dissimilarity between the groups at baseline.19 
The alpha level was set at 0.046 for the primary 
outcome, on the basis of the Lan–DeMets spend-
ing function with O’Brien–Fleming–type bound-
aries and two interim analyses (with P<0.0002 
and P<0.012 used as guidelines by the data and 
safety monitoring board at the Centre for Mother, 
Infant, and Child Research for the consideration 
of early termination of the trial at the first and 
second interim analyses, respectively). To accom-
modate the many comparisons made, two-tailed 
P values of less than 0.01 for the secondary out-
comes and less than 0.001 for other outcomes 
were considered to indicate statistical significance. 
Exploratory analyses of the primary and second-
ary outcomes, birth weight less than the 10th 
percentile,20 severe hypertension, and preeclamp-
sia included interactions between treatment and 
five prognostic factors from the adjusted logistic-
regression model, the perinatal mortality ratio of 
the recruiting country, and clinically reasonable 
adherence; for these exploratory analyses, the 
Breslow–Day test of homogeneity was used and 
P values of less than 0.05 were considered to 
indicate statistical significance.

Blood-pressure measurements after random-
ization were compared between groups with the 
use of a mixed-effects logistic-regression model, 
which accounted for participants having different 
numbers of observations over a varying time span. 
The patient was a random effect, and treatment 
group and time point were fixed effects.

R esult s

Enrollment and Randomization
Among 111 active sites, 95 sites in 16 countries 
enrolled at least one woman (1030 recruits from 
March 26, 2009, to August 2, 2012). A total of 
519 women were randomly assigned to less-tight 
control and 511 to tight control of diastolic blood 
pressure. One site (in which 43 women were en-
rolled) was excluded before the analyses on the 
advice of the CHIPS steering committee and the 
data and safety monitoring board owing to con-
cerns about informed consent and data integrity. 
At the remaining 94 sites, the median number of 
annual deliveries was 3700 (interquartile range, 
2650 to 5000). A total of 45 sites (47.9%) reported 
detailed information on the 881 women at their 

sites who were identified as eligible, of whom 496 
(56.3%) enrolled and 385 (43.7%) declined en-
rollment (for the reasons for nonparticipation, 
see Table S4 in the Supplementary Appendix).

After exclusion of the women from one site, 
497 women were randomly assigned to less-tight 
control and 490 to tight control (Fig. 1). Subse-
quently, 3 women withdrew from the study and 
3 women were lost to follow-up before delivery; 
we have no primary or secondary outcome data for 
these women (Fig. 1). Thirteen women assigned to 
less-tight control and 11 women assigned to 
tight control were reported to have discontinued 
their assigned blood-pressure treatment before 
delivery; they were included in the analyses accord-
ing to their assigned group. Five women in each 
group were lost to follow-up for the postpartum 
questionnaire. After enrollment, 8 women in the 
less-tight-control group and 13 in the tight-con-
trol group were found to have been ineligible, but 
they all remained in the study (Table S5 in the 
Supplementary Appendix).

The characteristics of participants at trial 
entry are shown in Table 1 and in Table S5 in the 
Supplementary Appendix. The baseline charac-
teristics of the women were generally similar in 
the two groups; the number of weeks of gestation 
at enrollment appeared to be slightly greater in 
the group assigned to less-tight control than in the 
group assigned to tight control (prompting the 
inclusion of weeks of gestation in the adjusted 
logistic-regression model for all outcomes).

Postrandomization Blood Pressure, 
Adherence, and Cointerventions

The frequency of adherence to the recommended 
algorithm for management was similar in the less-
tight-control group and the tight-control group 
(74.1% and 73.4%, respectively; P = 0.81), but the 
frequency of clinically reasonable adherence was 
slightly lower in the less-tight-control group (76.6% 
vs. 82.0%, P = 0.04). Adherence could not be as-
sessed for 25 women (10 in the less-tight-control 
group and 15 in the tight-control group) who did 
not have an office visit or a clinic visit after ran-
domization. Few women (2 in the less-tight-con-
trol group and 1 in the tight-control group) had 
their medication adjusted for reasons other than 
blood-pressure control.

From randomization until delivery, blood pres-
sure was higher among women in the less-tight-
control group than among those in the tight-con-
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ated symptoms was higher among women in the 
less-tight-control group than among those in the 
tight-control group (P<0.05 for each comparison) 
but the difference did not meet the criterion for 
significance (i.e., P<0.001). Results for the primary 
and secondary outcomes were similar regardless 

of the type of hypertension, whether antihyperten-
sive therapy was being used at randomization, 
whether the mother had gestational diabetes, the 
perinatal mortality ratio of the recruiting coun-
try (Fig. S3 and Table S10 in the Supplementary 
Appendix), and whether there was clinically rea-

Variable

Less-Tight!
Control!

(N!=!493)

Tight!
Control!

(N!=!488)
Adjusted!Odds!Ratio!

(95%!CI)†

Serious maternal complications — no. (%)‡ 18 (3.7) 10 (2.0) 1.74 (0.79–3.84)

Uncontrolled hypertension 0 0

Transient ischemic attack or stroke 0 1 (0.2)

Pulmonary edema 2 (0.4) 1 (0.2)

Renal failure 0 1 (0.2)

Transfusion§ 16 (3.2) 8 (1.6)

Placental abruption — no. (%) 11 (2.2) 11 (2.3) 0.94 (0.40–2.21)

Severe hypertension — no. (%) 200 (40.6) 134 (27.5) 1.80 (1.34–2.38)

Preeclampsia — no./total no. (%) 241/493 (48.9) 223/488 (45.7) 1.14 (0.88–1.47)

Defined only by new proteinuria¶ 148/493 (30.0) 132/488 (27.0) 1.08 (0.74–1.59)

At least one symptom of preeclampsia! 171/493 (34.7) 156/488 (32.0) 1.11 (0.84–1.46)

Abnormal laboratory test results

Platelet count <100"109/liter 21/493 (4.3) 8/488 (1.6) 2.63 (1.15–6.05)

Elevated AST or ALT level, with symptoms 21/492 (4.3) 9/488 (1.8) 2.33 (1.05–5.16)

Elevated LDH level, with symptoms 16/491 (3.3) 9/488 (1.8) 1.78 (0.77–4.11)

HELLP syndrome** 9/493 (1.8) 2/488 (0.4) 4.35 (0.93–20.35)

Serum creatinine level >2.3 mg/dl 0 1/488 (0.2)

*  The secondary outcome was serious maternal complications occurring up to 6 weeks post partum or until hospital 
discharge, whichever was later. There were no significant differences in other maternal outcomes between the groups 
except with respect to severe hypertension (blood pressure, #160 mm Hg systolic or #110 mm Hg diastolic; 
P<0.001). There were notable but not significant between-group differences with respect to platelet count (P<0.05) 
and elevated aspartate aminotransferase (AST) or alanine aminotransferase (ALT) levels with symptoms (P<0.05). To 
convert the value for serum creatinine to micromoles per liter, multiply by 88.4. HELLP denotes hemolysis, elevated 
liver-enzyme levels, and a low platelet count; and LDH lactate dehydrogenase.

†  The mixed-effects logistic-regression model was adjusted for stratification factors (type of hypertension [preexisting or 
gestational] and center), the use of any antihypertensive therapy at randomization, previous blood pressure of 
160/110 mm Hg or higher during this pregnancy, gestational diabetes, and weeks of gestation at randomization.

‡  A woman could have more than one complication. No woman died or had any of the following complications: ec-
lampsia, blindness, respiratory failure, hepatic dysfunction, hepatic hematoma or rupture, myocardial ischemia or in-
farction, or the required use of inotropic agents.

§  Antepartum transfusion was received by one woman in the tight-control group (she also received a postpartum trans-
fusion). Postpartum transfusion was administered for anemia not otherwise specified (four women in the less-tight-
control group and four in the tight-control group), postpartum hemorrhage (five women in the less-tight-control 
group and two in the tight-control group), HELLP syndrome (three women in the less-tight-control group), operative 
blood loss (three women in the less-tight-control group), and placental abruption (one woman in the less-tight-con-
trol group and two in the tight-control group).

¶  Proteinuria was determined by the highest amount recorded by whichever method was used (i.e., #0.3 g of protein in 
a 24-hour urine collection, a urinary protein:creatinine ratio of #263 [with protein measured in milligrams per day and 
creatinine in grams per day], or a urinary dipstick result of #2+).

!  Examples of symptoms of preeclampsia are headache (persistent, new, or unusual), visual disturbances, chest pain, 
dyspnea, severe nausea or vomiting, and persistent right-upper-quadrant or epigastric abdominal pain.

**  The HELLP syndrome was defined as a platelet count less than 100"109 per liter and either elevated AST or ALT lev-
els in association with symptoms or an elevated LDH level in association with symptoms.

Table!3.!Secondary!and!Other!Maternal!Outcomes.*
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mm Hg or higher during this pregnancy, gesta-
tional diabetes, and any factor with apparent 
dissimilarity between the groups at baseline.19 
The alpha level was set at 0.046 for the primary 
outcome, on the basis of the Lan–DeMets spend-
ing function with O’Brien–Fleming–type bound-
aries and two interim analyses (with P<0.0002 
and P<0.012 used as guidelines by the data and 
safety monitoring board at the Centre for Mother, 
Infant, and Child Research for the consideration 
of early termination of the trial at the first and 
second interim analyses, respectively). To accom-
modate the many comparisons made, two-tailed 
P values of less than 0.01 for the secondary out-
comes and less than 0.001 for other outcomes 
were considered to indicate statistical significance. 
Exploratory analyses of the primary and second-
ary outcomes, birth weight less than the 10th 
percentile,20 severe hypertension, and preeclamp-
sia included interactions between treatment and 
five prognostic factors from the adjusted logistic-
regression model, the perinatal mortality ratio of 
the recruiting country, and clinically reasonable 
adherence; for these exploratory analyses, the 
Breslow–Day test of homogeneity was used and 
P values of less than 0.05 were considered to 
indicate statistical significance.

Blood-pressure measurements after random-
ization were compared between groups with the 
use of a mixed-effects logistic-regression model, 
which accounted for participants having different 
numbers of observations over a varying time span. 
The patient was a random effect, and treatment 
group and time point were fixed effects.

R esult s

Enrollment and Randomization
Among 111 active sites, 95 sites in 16 countries 
enrolled at least one woman (1030 recruits from 
March 26, 2009, to August 2, 2012). A total of 
519 women were randomly assigned to less-tight 
control and 511 to tight control of diastolic blood 
pressure. One site (in which 43 women were en-
rolled) was excluded before the analyses on the 
advice of the CHIPS steering committee and the 
data and safety monitoring board owing to con-
cerns about informed consent and data integrity. 
At the remaining 94 sites, the median number of 
annual deliveries was 3700 (interquartile range, 
2650 to 5000). A total of 45 sites (47.9%) reported 
detailed information on the 881 women at their 

sites who were identified as eligible, of whom 496 
(56.3%) enrolled and 385 (43.7%) declined en-
rollment (for the reasons for nonparticipation, 
see Table S4 in the Supplementary Appendix).

After exclusion of the women from one site, 
497 women were randomly assigned to less-tight 
control and 490 to tight control (Fig. 1). Subse-
quently, 3 women withdrew from the study and 
3 women were lost to follow-up before delivery; 
we have no primary or secondary outcome data for 
these women (Fig. 1). Thirteen women assigned to 
less-tight control and 11 women assigned to 
tight control were reported to have discontinued 
their assigned blood-pressure treatment before 
delivery; they were included in the analyses accord-
ing to their assigned group. Five women in each 
group were lost to follow-up for the postpartum 
questionnaire. After enrollment, 8 women in the 
less-tight-control group and 13 in the tight-con-
trol group were found to have been ineligible, but 
they all remained in the study (Table S5 in the 
Supplementary Appendix).

The characteristics of participants at trial 
entry are shown in Table 1 and in Table S5 in the 
Supplementary Appendix. The baseline charac-
teristics of the women were generally similar in 
the two groups; the number of weeks of gestation 
at enrollment appeared to be slightly greater in 
the group assigned to less-tight control than in the 
group assigned to tight control (prompting the 
inclusion of weeks of gestation in the adjusted 
logistic-regression model for all outcomes).

Postrandomization Blood Pressure, 
Adherence, and Cointerventions

The frequency of adherence to the recommended 
algorithm for management was similar in the less-
tight-control group and the tight-control group 
(74.1% and 73.4%, respectively; P = 0.81), but the 
frequency of clinically reasonable adherence was 
slightly lower in the less-tight-control group (76.6% 
vs. 82.0%, P = 0.04). Adherence could not be as-
sessed for 25 women (10 in the less-tight-control 
group and 15 in the tight-control group) who did 
not have an office visit or a clinic visit after ran-
domization. Few women (2 in the less-tight-con-
trol group and 1 in the tight-control group) had 
their medication adjusted for reasons other than 
blood-pressure control.

From randomization until delivery, blood pres-
sure was higher among women in the less-tight-
control group than among those in the tight-con-
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sonable adherence to the management algorithm 
(Fig. S2 in the Supplementary Appendix).

Discussion

This randomized trial showed that less-tight con-
trol of maternal hypertension in pregnancy as 
compared with tight control resulted in no sig-
nificant difference in the risk of adverse perina-
tal outcomes, as assessed by the rates of perina-
tal death or high-level neonatal care for more than 
48 hours (our primary outcome). On the basis of 
the 95% confidence interval around the risk es-
timate and an event rate of 30.4% in the tight-
control group, the results are compatible with 
no more than a 5.2 percentage-point decrease or 
6.6 percentage-point increase in the rate of the 
primary outcome with less-tight as compared 
with tight control.

Less-tight (vs. tight) control did not signifi-
cantly increase the risk of overall serious maternal 
complications (our secondary outcome), although 
our findings are compatible with anywhere from 
a 0.7 percentage-point decrease to a 4.0 percent-
age-point increase in the rate of this outcome. 
Less-tight control was associated with a higher 
risk of severe maternal hypertension than was 
tight control. Although less-tight control was also 
associated with a higher risk of a platelet count 
less than 100!109 per liter and elevated liver-
enzyme levels in association with symptoms, the 
P values for these associations did not reach the 
prespecified level of significance for “other out-
comes.”

Our trial is substantially larger than previous 
trials that have examined the effects of lower 
versus higher blood-pressure targets during 
pregnancy (with previous trials having randomly 
assigned women to antihypertensive therapy or 
placebo or no treatment).5 With respect to the 
mothers, our findings are consistent with a meta-
analysis of previous trials (29 trials involving 
3350 women) that showed that less-tight versus 
tight control increases the incidence of severe 
maternal hypertension (but not preeclampsia).5 
Severe hypertension is a risk factor for acute stroke 
during and outside of pregnancy.15,21 The rates of 
severe hypertension were higher in the current 
study than in some previous trials (in which the 
rate was approximately 20% in the placebo or 
no-therapy group),5 even though almost half the 
women in CHIPS performed blood-pressure moni-

toring at home. CHIPS may have identified women 
with true hypertension; the rates of severe hyper-
tension were consistent with those in trials that 
recruited women with hypertension early in the 
second trimester, when blood pressure during 
pregnancy is lowest.6,9

Meta-analyses of previous randomized, con-
trolled trials have suggested that lower blood 
pressure (achieved with the use of antihyperten-
sive therapy) versus higher blood pressure may 
result in lower birth weight and a heightened 
risk of small-for-gestational-age newborns.7,8 In 
contrast, another meta-analysis of randomized, 

Figure!2.!Blood-Pressure!Values!among!Women!with!
Severe!Hypertension.

Panel A shows the percentage of women with systolic 
blood pressure of 160 mm Hg or higher, and Panel B 
shows the percentage of women with diastolic blood 
pressure of 110 mm Hg or higher. I bars represent 
95% confidence intervals.
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sonable adherence to the management algorithm 
(Fig. S2 in the Supplementary Appendix).

Discussion

This randomized trial showed that less-tight con-
trol of maternal hypertension in pregnancy as 
compared with tight control resulted in no sig-
nificant difference in the risk of adverse perina-
tal outcomes, as assessed by the rates of perina-
tal death or high-level neonatal care for more than 
48 hours (our primary outcome). On the basis of 
the 95% confidence interval around the risk es-
timate and an event rate of 30.4% in the tight-
control group, the results are compatible with 
no more than a 5.2 percentage-point decrease or 
6.6 percentage-point increase in the rate of the 
primary outcome with less-tight as compared 
with tight control.

Less-tight (vs. tight) control did not signifi-
cantly increase the risk of overall serious maternal 
complications (our secondary outcome), although 
our findings are compatible with anywhere from 
a 0.7 percentage-point decrease to a 4.0 percent-
age-point increase in the rate of this outcome. 
Less-tight control was associated with a higher 
risk of severe maternal hypertension than was 
tight control. Although less-tight control was also 
associated with a higher risk of a platelet count 
less than 100!109 per liter and elevated liver-
enzyme levels in association with symptoms, the 
P values for these associations did not reach the 
prespecified level of significance for “other out-
comes.”

Our trial is substantially larger than previous 
trials that have examined the effects of lower 
versus higher blood-pressure targets during 
pregnancy (with previous trials having randomly 
assigned women to antihypertensive therapy or 
placebo or no treatment).5 With respect to the 
mothers, our findings are consistent with a meta-
analysis of previous trials (29 trials involving 
3350 women) that showed that less-tight versus 
tight control increases the incidence of severe 
maternal hypertension (but not preeclampsia).5 
Severe hypertension is a risk factor for acute stroke 
during and outside of pregnancy.15,21 The rates of 
severe hypertension were higher in the current 
study than in some previous trials (in which the 
rate was approximately 20% in the placebo or 
no-therapy group),5 even though almost half the 
women in CHIPS performed blood-pressure moni-

toring at home. CHIPS may have identified women 
with true hypertension; the rates of severe hyper-
tension were consistent with those in trials that 
recruited women with hypertension early in the 
second trimester, when blood pressure during 
pregnancy is lowest.6,9

Meta-analyses of previous randomized, con-
trolled trials have suggested that lower blood 
pressure (achieved with the use of antihyperten-
sive therapy) versus higher blood pressure may 
result in lower birth weight and a heightened 
risk of small-for-gestational-age newborns.7,8 In 
contrast, another meta-analysis of randomized, 

Figure!2.!Blood-Pressure!Values!among!Women!with!
Severe!Hypertension.

Panel A shows the percentage of women with systolic 
blood pressure of 160 mm Hg or higher, and Panel B 
shows the percentage of women with diastolic blood 
pressure of 110 mm Hg or higher. I bars represent 
95% confidence intervals.
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QUANDO TRATAR A HIPERTENSÃO

* A Decisão de tratar a hipertensão durante a gestação deve considerar riscos e beneCcios 
para mãe e feto
* O nível de pressão arterial é o mais importante fator!!
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Severe systolic, rather than diastolic, hypertension
is the most important predictor of maternal acute
cerebrovascular complications (stroke, intracranial
hemorrhage, hypertensive encephalopathy), end
organ damage and death, while DBP >110 mm Hg is
associated with an increased risk of placental
abruption and intrauterine growth restriction. 
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Systolic Hypertension, Preeclampsia-Related
Mortality, and Stroke in California
Amy E. Judy, MD, MPH, Christy L. McCain, MPH, Elizabeth S. Lawton, MHS, Christine H. Morton, PhD,
Elliott K. Main, MD, and Maurice L. Druzin, MD

OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including
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OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including
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heart failure and cardiomyopathy.5,6 These observations
have led to changes in the recommendations of major
practice organizations—a paradigm shift—with regard to
management of acute hypertension in the obstetric
patient, now addressing both severe systolic and dia-
stolic hypertension.7–10 This present study was under-
taken to describe the clinical characteristics of women
who died from preeclampsia-related strokes in Califor-
nia from 2002 to 2007, with particular attention to blood
pressure elevation, and to identify patient- and health
care provider–related contributions and chances to
alter the outcome among these deaths.

METHODS
This is a retrospective review of all pregnancy-related
preeclampsia stroke deaths identified by the California
Pregnancy-Associated Mortality Review from 2002 to
2007 (Fig. 1). Pregnancy-related deaths were defined as
“deaths directly related to the physiological changes in
pregnancy or causes aggravated by the pregnancy or its
management” (Box 1). In prior work, pregnancy-
related deaths attributable to preeclampsia were iden-
tified by the California Pregnancy-Associated Mortality
Review for the years from 2002 to 2007, using meth-
odology described previously.1,9,11–13 In brief, when
death certificates, autopsy, and toxicology reports sug-
gested a pregnancy-related death, trained abstractors
used standardized forms to abstract medical records
and generate case summaries. Case summaries
included detailed information regarding demographic
characteristics, medical and obstetric history, and
a chronologic timeline of clinical events leading up to
each woman’s death. The timeline included the pa-
tient’s reported symptoms, physical exam findings,
abnormal vital signs, laboratory values, medication ad-

ministrations, and imaging and pathology reports
whenever available.

Case summaries were reviewed by the California
Pregnancy-Associated Mortality Review committee, an
interdisciplinary group including representatives from
obstetrics, maternal–fetal medicine, anesthesiology,
neonatology, midwifery, labor and delivery nursing,
emergency medicine, and cardiology. For each case,
committee members arrived at consensus determi-
nations after review that were captured via data collec-
tion tools during the review meeting.12 These
determinations included cause of death and identified
risk factors, contributing factors, including health care
system-, health care provider–, and patient-related fac-
tors, the degree to which the death might have been
prevented (ie, chance to alter outcome), and opportuni-
ties for quality improvement. The California Pregnancy-
Associated Mortality Review operationalized prevent-
ability as the chance to alter outcome, with response
options: strong, good, some, none, and unable to deter-
mine. Cases with a good or strong chance to alter out-
come help set priorities for prevention and quality
improvement efforts in California and thus these cate-
gories were combined in subsequent analyses.9

For the present study, preeclampsia deaths were
further examined and classified into nine different
clinical pathways: stroke (hemorrhagic or ischemic);
hepatic failure; cardiac failure; multi-organ failure,
pulmonary edema; eclampsia; respiratory failure; or
hemorrhage or disseminated intravascular coagula-
tion. Two physician experts from the California
Pregnancy-Associated Mortality Review committee
confirmed these clinical pathway categorizations.

For the present analysis, case summaries of the
pregnancy-related preeclampsia stroke deaths from

Fig. 1. Identification of pregnancy-related preeclampsia deaths, California 2002–2007. DIC, disseminated intravascular
coagulation.
Judy. Preeclampsia-Related Mortality in California. Obstet Gynecol 2019.
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OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including
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Maternal Morbidity and Mortality: Original Research

Systolic Hypertension, Preeclampsia-Related
Mortality, and Stroke in California
Amy E. Judy, MD, MPH, Christy L. McCain, MPH, Elizabeth S. Lawton, MHS, Christine H. Morton, PhD,
Elliott K. Main, MD, and Maurice L. Druzin, MD

OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including
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RESULTS
From 2002 to 2007, there were 333 pregnancy-related
maternal deaths in California. Of these, 54 were
associated with preeclampsia or eclampsia and in
61% (33/54), stroke was identified as the cause of
death. Imaging or autopsy or both results were
available in 31. Hemorrhagic stroke occurred in 29
cases and ischemic stroke occurred in two cases.
Among the remaining 21 preeclampsia pregnancy-
related mortalities, 15 were attributed to organ failure,
three to pulmonary edema, two to eclampsia, and one
to hemorrhage or disseminated intravascular coagu-
lation (Fig. 1).

Table 1 shows the demographic characteristics
among preeclampsia stroke deaths and preeclampsia
all-cause deaths compared with California Birth
Cohort data. Within the preeclampsia deaths, women
aged 35 or older were more than twice as likely than
those aged 20–34 to die (effect size 2.2 [95% CI 1.5–
3.1] vs 0.8 [95% CI 0.6–1.0]). Women who died from
preeclampsia or eclampsia were more likely than
those in the California Birth Cohort to be aged 35
years or older (37%/17%; effect size 2.2 [95% CI

1.5–3.1]). The women who died from preeclampsia
were more likely than women among the California
Birth Cohort to have Medi-Cal as their payer source
(59%/47%; effect size 1.3 [95% CI 1.0–1.6]).

Table 2 shows perinatal characteristics, and com-
parisons are reported for all-cause preeclampsia-
related deaths and the California Birth Cohort.
Women who died of preeclampsia were more likely
than women from the California Birth Cohort to be
overweight (but not obese) (46%/25%; effect size 1.9;
[95% CI 1.4–2.5]). Cesarean delivery was more com-
mon in preeclampsia-related deaths compared with
the California Birth Cohort (77%/30%; effect size
2.6; [95% CI 2.2–3.0]). Women who died from pre-
eclampsia were almost 12 times as likely as the Cal-
ifornia Birth Cohort to have a very preterm delivery
(before 34 weeks of gestation) (39%/3%; effect size
11.9; [95% CI 8.5–16.6]).

The majority of women who died from stroke
were multiparous (19/33 cases, 58%), delivered at
before 37 weeks of gestation (20/33 cases, 61%), and
delivered by cesarean (24/33 cases, 73%). Delivery
before 34 weeks of gestation occurred in 36% (12/33)
cases. Intrauterine fetal demise was present in 9% (3/
33) of cases. Preexisting chronic hypertension was
documented in five cases.

Stroke occurred antenatally in 33% (11/33), intra-
partum in 18% (6/33) and postpartum in 46% (15/33);
there was insufficient information to characterize the

Table 1. Demographic Characteristics of Preeclampsia Pregnancy-Related Deaths in California 2002–2007

Characteristic

Preeclampsia Deaths
California Birth Cohort†

(n53,310,485)
Effect Size
(95% CI)‡Stroke* (n533) All Causes (n554)

Age (y)§

Younger than 20 2 (6) 4 (7) 311,682 (9) —
20–34 18 (55) 30 (56) 2,429,999 (73) 0.8 (0.6–1.0)
35 or older 13 (39) 20 (37) 567,936 (17) 2.2 (1.5–3.1)

Race–ethnicity
White, non-Hispanic 9 (27) 13 (24) 948,744 (29) 0.8 (0.5–1.3)
Hispanic 20 (61) 33 (61) 1,690,129 (51) 1.2 (1.0–1.5)
African American, non-Hispanic 3 (9) 6 (11) 177,796 (5) 2.1 (1.0–4.4)
Other or Unknown 1 (3) 2 (4) 493,816 (15) —

Payer source for delivery
Medi-Cal or other government 20 (61) 32 (59) 1,564,874 (47) 1.3 (1.0–1.6)
Private HMO or PPO 12 (36) 19 (35) 1,622,765 (49) 0.7 (0.5–1.0)
Other or uninsured 1 (3) 3 (6) 122,846 (4) —

HMO, health maintenance organization; PPO, preferred provider organization.
Data are n (%) unless otherwise specified.
Percentages were rounded and will not always sum to 100%. Percentages exclude missing values, as noted below.
* Preeclampsia deaths from stroke (n533) are a subset of the all-cause preeclampsia deaths (n554).
† From the California Birth Cohort file, a vital statistics file that includes live births and fetal deaths within a calendar year of pregnancy.
‡ Effect size was calculated by dividing the proportion of the total exposed (deaths in each group/total deaths) by the proportion of the

unexposed (live births among each group/total live births). Effect size was not calculated for numbers less than 5.
§ Age data missing for 868 patients in the California Birth Cohort.
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timing of stroke in one case. Among postpartum
strokes, 12 occurred within 72 hours of delivery and
three occurred more than 72 hours after delivery.
Antenatal stroke occurred out-of-hospital in five out of
six cases. Postpartum stroke occurred out-of-hospital
in three of 12 cases. Eclampsia occurred in 36% of
cases (10/28); clinical data were insufficient to char-
acterize five cases. For patients in whom laboratory
data was available, HELLP was present in 38% (9/24)
of cases.

Information regarding blood pressure elevation
before the event was available in 26 cases. Systolic
blood pressure in the time preceding the stroke was
more than 160 mm Hg in 96% (25/26) of cases.
Diastolic blood pressure was more than 105 mm Hg
in 73% (19/26) of cases and 110 or higher in 65% (17/
26) of cases. Maximum systolic blood pressure varied
widely (median 196, range 134–238 mm Hg). Maxi-

mum diastolic blood pressure also varied widely
(median 113, range 79–148 mm Hg). In the single
case in which the maximal blood pressure recorded
before stroke was below 160/105 mm Hg, normal
blood pressure with headache had been noted in clinic
that day; the woman was sent to the hospital via pri-
vate transportation and stroke occurred en route.
Initial blood pressure on admission did demonstrate
severe systolic and diastolic hypertension 248/
130 mm Hg (data not shown).

Information on the type and timing of initial
treatment was available for 31 cases (Table 3). Less
than half (15/31 cases, 48%) received any antihyper-
tensive treatment before the occurrence of stroke. Of
the 15 women receiving antihypertensive treatment,
53% (9/15) received treatment other than the cur-
rently recommended first-line therapies by ACOG.
For those receiving a nonstandard therapy, the

Table 2. Perinatal Characteristics of Preeclampsia Pregnancy-Related Deaths in California, 2002–2007

Characteristic

Preeclampsia Deaths
California Birth

Cohort†‡§ (n 53,310,485) Effect Size (CI)!Stroke* (n533) All Causes

Parity‡

1 14 (42) 24 (44) 1,277,780 (39) 1.2 (0.9–1.6)
2–4 17 (52) 25 (46) 1,864,057 (57) 0.8 (0.6–1.1)
5 or more 2 (6) 5 (9) 164,546 (5) —

Prepregnancy BMI§ (kg/m2)
Less than 25 (normal weight) 11 (33) 16 (30) 11,742 (59) 0.5 (0.3–0.8)
25.0–29.9 (overweight) 14 (42) 25 (46) 4,868 (25) 1.9 (1.4–2.5)
30.0–39.9 (obese) 4 (12) 9 (17) 2,805 (14) 1.2 (0.7–2.2)
40.0 or higher (morbidly obese) 2 (6) 2 (4) 460 (2) —
Unknown 2 (6) 2 (4) — —

Mode of delivery¶

Vaginal 9 (27) 12 (23) 2,322,570 (70) 0.3 (0.2–0.5)
Cesarean 24 (73) 41 (77) 980,414 (30) 2.6 (2.2–3.0)

Birth outcome
Live birth 30 (91) 50 (93) 3,292,599 (99) 0.9 (0.9–1.0)
Intrauterine fetal demise 3 (9) 4 (7) 17,886 (1) —

Gestational age at delivery (wk)#

Very preterm (less than 34) 12 (36) 21 (39) 106,085 (3) 11.9 (8.5–16.6)
Late preterm (34–36) 8 (24) 12 (22) 248,412 (8) 2.8 (1.7–4.6)
Term (37 or more) 13 (39) 21 (39) 2,781,887 (89) 0.4 (0.3–0.6)

BMI, body mass index.
Data are n (%) unless otherwise specified.
Percentages were rounded and will not always sum to 100%. Percentages excluded missing values, as noted below.
* Preeclampsia deaths from stroke (n533) are a subset of the all-cause preeclampsia deaths (n554).
† From the California Birth Cohort file; a vital statistics file that includes live births and fetal deaths within a calendar year of pregnancy.
‡ California Birth Cohort data missing parity data for 4,102 women.
§ Body mass index population comparison data were derived from California Maternal Infant Health Assessment data, a representative

population-based survey (2002–2007) (n519,785).
! Effect size was calculated by dividing the proportion of the total exposed (deaths in each group/total deaths) by the proportion of the

unexposed (live births among each group/total live births). Effect size was not calculated for numbers less than 5. CI, 95% confidence
interval.

¶ Mode of delivery data missing for one preeclampsia (all-cause) death and 7,501 women among the California Birth Cohort.
# Gestational age at delivery California Birth Cohort data denominator includes only pregnancies delivered and excludes gestational age

below 17 weeks or more than 47 weeks (n53,136,384).
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majority received a dose lower than the current rec-
ommendation (7/9 cases, 78%). Among women trea-
ted with an antihypertensive medication, 87% (17/31)
were administered at least one additional dose of anti-
hypertensive before the occurrence of stroke. Magne-
sium sulfate prophylaxis was administered in 61% of
cases.

The presence of symptoms (headache, visual
changes, abdominal pain, and nausea–vomiting) was
assessed, and data were available for 30 cases
(Table 4). At least one symptom preceded stroke in all
30 cases. In 63% of cases (19/30), symptoms were
present for more than 24 hours before the occurrence
of stroke. The most common symptom was headache
(26/30 cases, 87%). Many women had more than one
symptom.

Laboratory data (platelet count, liver function
tests, serum creatinine, international normalized ratio,
fibrinogen, ammonia, and LDH) were available for 24
cases before the occurrence of stroke (Table 4). One
or more abnormal values were noted in 79% of cases
79% (19/24). Liver transaminases twice the normal
limit occurred most commonly, in 71% (17/24) of
cases, followed by platelet counts below 100,000/mi-
croliters in 42% (10/24) of cases.

Chance to alter outcome and contributing factors
were considered for the 33 preeclampsia-related
stroke deaths. In one case, the available data were
insufficient to characterize. A good-to-strong chance
to alter outcome was determined in 21 (66%) stroke
cases, similar to the chance to alter outcome observed
among all preeclampsia related deaths (62%). Health
care provider– and patient-related contributing factors

are depicted in Figures 2 and 3. For preeclampsia-
related stroke deaths, a delayed response to clinical
warning signs was identified in 30 of 33 cases (91%).
Ineffective treatment was identified in 25 of 33 cases
(76%). Similar proportions of these factors were
observed when all preeclampsia deaths were consid-
ered (93% and 70%, respectively). For all preeclamp-
sia deaths, delay in seeking care (41%), underlying
medical condition (35%), and lack of knowledge
(35%) were the most frequently observed patient-
related factors.

DISCUSSION
In this in-depth, statewide review of all cases of
preeclampsia-associated stroke mortality cases from
2002 to 2007, stroke was the underlying cause of
death in the majority of deaths associated with pre-
eclampsia or eclampsia. Severe systolic hypertension
(more than 160 mm Hg) preceded stroke in all but
one case—and that woman arrived at the hospital with
a stroke and severe hypertension. Additionally, all
women demonstrated at least one symptom (head-
ache, visual changes, abdominal pain, and nausea or
vomiting) before the occurrence of stroke. Despite the
near-universal occurrence of concerning signs and
symptoms, few women in our series received antihy-
pertensive therapy before the occurrence of stroke.

Although stroke is an established cause of mor-
bidity among women with preeclampsia,6,14 the

Table 3. Initial Treatment of Hypertension by Drug
Use Among Preeclampsia Stroke Deaths
(n531)

Treatment n (%)

Any medication* 15 (48)
IV hydralazine 8 (53)
IV labetalol 3 (20)
Oral labetalol 2 (13)
Other 2 (13)

Standard treatment 6 (40)
Nonstandard treatment 9 (60)

Standard medication, lower dose than
recommended (n57)

Standard medication, alternative route
of administration (n51)

Nonstandard medication (n51)
Additional dose administered 17

IV, intravenous.
* No source data for two patients. Patients may have more than one

symptom.

Table 4. Signs, Symptoms, and Select Laboratory
Results for Women Who Died of
Preeclampsia Stroke

Symptom* n (%)

Any symptom (n530/33 with available data) 30 (100)
Headache 26 (87)
Nausea and vomiting 19 (63)
Abdominal pain 14 (47)
Visual change 8 (24)
Other 8 (24)

Select laboratory results
Any abnormal laboratory

(n524/33 with available data)
19 (79)

Platelet count below 100,000/microliters 10 (42)
Liver transaminase more than 2 times

the normal range
17 (71)

Serum creatinine more than 1.1 mg/dL 3 (12)
INR more than 1.1 2 (1)
Fibrinogen below 300 0 (0)
Serum ammonia more than 30 0 (0)
LDH elevated 2 (1)

INR, international normalized ratio; LDH, lactate dehydrogenase.
* Women may have more than one symptom or abnormal

laboratory value; therefore, these values do not add to 100%.
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majority received a dose lower than the current rec-
ommendation (7/9 cases, 78%). Among women trea-
ted with an antihypertensive medication, 87% (17/31)
were administered at least one additional dose of anti-
hypertensive before the occurrence of stroke. Magne-
sium sulfate prophylaxis was administered in 61% of
cases.

The presence of symptoms (headache, visual
changes, abdominal pain, and nausea–vomiting) was
assessed, and data were available for 30 cases
(Table 4). At least one symptom preceded stroke in all
30 cases. In 63% of cases (19/30), symptoms were
present for more than 24 hours before the occurrence
of stroke. The most common symptom was headache
(26/30 cases, 87%). Many women had more than one
symptom.

Laboratory data (platelet count, liver function
tests, serum creatinine, international normalized ratio,
fibrinogen, ammonia, and LDH) were available for 24
cases before the occurrence of stroke (Table 4). One
or more abnormal values were noted in 79% of cases
79% (19/24). Liver transaminases twice the normal
limit occurred most commonly, in 71% (17/24) of
cases, followed by platelet counts below 100,000/mi-
croliters in 42% (10/24) of cases.

Chance to alter outcome and contributing factors
were considered for the 33 preeclampsia-related
stroke deaths. In one case, the available data were
insufficient to characterize. A good-to-strong chance
to alter outcome was determined in 21 (66%) stroke
cases, similar to the chance to alter outcome observed
among all preeclampsia related deaths (62%). Health
care provider– and patient-related contributing factors

are depicted in Figures 2 and 3. For preeclampsia-
related stroke deaths, a delayed response to clinical
warning signs was identified in 30 of 33 cases (91%).
Ineffective treatment was identified in 25 of 33 cases
(76%). Similar proportions of these factors were
observed when all preeclampsia deaths were consid-
ered (93% and 70%, respectively). For all preeclamp-
sia deaths, delay in seeking care (41%), underlying
medical condition (35%), and lack of knowledge
(35%) were the most frequently observed patient-
related factors.

DISCUSSION
In this in-depth, statewide review of all cases of
preeclampsia-associated stroke mortality cases from
2002 to 2007, stroke was the underlying cause of
death in the majority of deaths associated with pre-
eclampsia or eclampsia. Severe systolic hypertension
(more than 160 mm Hg) preceded stroke in all but
one case—and that woman arrived at the hospital with
a stroke and severe hypertension. Additionally, all
women demonstrated at least one symptom (head-
ache, visual changes, abdominal pain, and nausea or
vomiting) before the occurrence of stroke. Despite the
near-universal occurrence of concerning signs and
symptoms, few women in our series received antihy-
pertensive therapy before the occurrence of stroke.

Although stroke is an established cause of mor-
bidity among women with preeclampsia,6,14 the

Table 3. Initial Treatment of Hypertension by Drug
Use Among Preeclampsia Stroke Deaths
(n531)

Treatment n (%)

Any medication* 15 (48)
IV hydralazine 8 (53)
IV labetalol 3 (20)
Oral labetalol 2 (13)
Other 2 (13)

Standard treatment 6 (40)
Nonstandard treatment 9 (60)

Standard medication, lower dose than
recommended (n57)

Standard medication, alternative route
of administration (n51)

Nonstandard medication (n51)
Additional dose administered 17

IV, intravenous.
* No source data for two patients. Patients may have more than one

symptom.

Table 4. Signs, Symptoms, and Select Laboratory
Results for Women Who Died of
Preeclampsia Stroke

Symptom* n (%)

Any symptom (n530/33 with available data) 30 (100)
Headache 26 (87)
Nausea and vomiting 19 (63)
Abdominal pain 14 (47)
Visual change 8 (24)
Other 8 (24)

Select laboratory results
Any abnormal laboratory

(n524/33 with available data)
19 (79)

Platelet count below 100,000/microliters 10 (42)
Liver transaminase more than 2 times

the normal range
17 (71)

Serum creatinine more than 1.1 mg/dL 3 (12)
INR more than 1.1 2 (1)
Fibrinogen below 300 0 (0)
Serum ammonia more than 30 0 (0)
LDH elevated 2 (1)

INR, international normalized ratio; LDH, lactate dehydrogenase.
* Women may have more than one symptom or abnormal

laboratory value; therefore, these values do not add to 100%.
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Maternal Morbidity and Mortality: Original Research

Systolic Hypertension, Preeclampsia-Related
Mortality, and Stroke in California
Amy E. Judy, MD, MPH, Christy L. McCain, MPH, Elizabeth S. Lawton, MHS, Christine H. Morton, PhD,
Elliott K. Main, MD, and Maurice L. Druzin, MD

OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including
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OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including

From the Department of Obstetrics and Gynecology, Stanford University School
of Medicine, Stanford, the Public Health Institute, Capitola, the Maternal,
Child, and Adolescent Division, Center for Family Health, California
Department of Public Health, Sacramento; and the California Maternal Quality
Care Collaborative, Stanford University School of Medicine, Stanford,
California.

Supported by Federal Title V Maternal Child Health block grant funds received
from the California Department of Public Health; Center for Family Health;
Maternal, Child and Adolescent Health Division

The authors thank the California Pregnancy-Associated Mortality Review Com-
mittee members for their careful case reviews, Nicole Lordi, MSc, for her generous
assistance with data entry and organization, and Dan (Susan) Sun, MA, for her
assistance with statistical analysis.

Each author has confirmed compliance with the journal’s requirements for
authorship.

Corresponding author: Amy E. Judy, MD, 300 Pasteur Drive, Room HH333,
Stanford, CA 94305; email: ajudy@stanford.edu.

Financial Disclosure
The authors did not report any potential conflicts of interest.

© 2019 by the American College of Obstetricians and Gynecologists. Published
by Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0029-7844/19

© 2019 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 133, NO. 6, JUNE 2019 OBSTETRICS & GYNECOLOGY 1151



• Information regarding blood pressure elevation before the event was
available in 26 cases. Systolic blood pressure in the time preceding
the stroke was more than 160 mm Hg in 96% (25/26) of cases. 
Diastolic blood pressure was more than 105 mm Hg in 73% (19/26) of
cases and 110 or higher in 65% (17/ 26) of cases. 
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factors that contribute to mortality within this subset
of acutely ill women are uncertain. In this series,
severe systolic hypertension was present in 96% of
the cases. Though symptoms were present in all cases
before stroke, many symptoms such as nausea and
vomiting are common in laboring women. The com-
mon occurrence of symptoms has been demonstrated
in other studies of postpartum preeclampsia and
eclampsia.15–17 Other clinical correlates, such as
HELLP (present in 38% of cases), eclampsia (observed
in 36% of cases), and individual laboratory abnormal-
ities, were not consistently observed in this review,

and this is in keeping with prior publications.6 In
2005, a retrospective review of preeclampsia-related
stroke by Martin et al6 identified severe systolic
hypertension in a majority of cases, with severe dia-
stolic hypertension occurring less frequently. Subse-
quent publications have also demonstrated
increasing rates of severe hypertension and severe
maternal morbidity.18 In response to growing evi-
dence that systolic hypertension contributes to mor-
bidity and mortality in preeclampsia and eclampsia,
ACOG and other organizations have updated guide-
lines and released treatment algorithms to address

Fig. 2. Contributing factors among
preeclampsia deaths: health care
provider factors, California 2002–
2007.
Judy. Preeclampsia-Related Mortality in
California. Obstet Gynecol 2019.

Fig. 3. Contributing factors among
preeclampsia deaths: patient fac-
tors, California 2002–2007.
Judy. Preeclampsia-Related Mortality in
California. Obstet Gynecol 2019.
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A good-to-strong chance to alter outcome was determined
in 21 (66%) stroke cases, similar to the chance to alter
outcome observed among all preeclampsia related deaths
(62%). 
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RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)
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cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including

From the Department of Obstetrics and Gynecology, Stanford University School
of Medicine, Stanford, the Public Health Institute, Capitola, the Maternal,
Child, and Adolescent Division, Center for Family Health, California
Department of Public Health, Sacramento; and the California Maternal Quality
Care Collaborative, Stanford University School of Medicine, Stanford,
California.

Supported by Federal Title V Maternal Child Health block grant funds received
from the California Department of Public Health; Center for Family Health;
Maternal, Child and Adolescent Health Division

The authors thank the California Pregnancy-Associated Mortality Review Com-
mittee members for their careful case reviews, Nicole Lordi, MSc, for her generous
assistance with data entry and organization, and Dan (Susan) Sun, MA, for her
assistance with statistical analysis.

Each author has confirmed compliance with the journal’s requirements for
authorship.

Corresponding author: Amy E. Judy, MD, 300 Pasteur Drive, Room HH333,
Stanford, CA 94305; email: ajudy@stanford.edu.

Financial Disclosure
The authors did not report any potential conflicts of interest.

© 2019 by the American College of Obstetricians and Gynecologists. Published
by Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0029-7844/19

© 2019 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 133, NO. 6, JUNE 2019 OBSTETRICS & GYNECOLOGY 1151

'
RZ

QORDGHG
IURP

KWWS���MRXUQDOV�OZ
Z
�FRP

�JUHHQMRXUQDOE\
%K'

0
I�H3+

.DY�](RXP
�W4

I1
�D�N-/K(=JEV,+

R�;0
L�K&

\Z
&
;�$:

Q<4
S�,O4

U+
'
�L�'

�2
G5

\L�7Y6)O�&
I�9&

�\�DEJJ4
=;GWZ

QI.=%<WZ
V 

RQ
����������

'RZQORDGHGIURPKWWS���MRXUQDOV�OZZ�FRP�JUHHQMRXUQDOE\%K'0I�H3+.DY�](RXP�W4I1�D�N-/K(=JEV,+R�;0L�K&\Z&;�$:Q<4S�,O4U+'�L�'�2G5\L�7Y6)O�&I�9&�\�DEJJ4=;GWZQI.=%<WZV RQ����������

Maternal Morbidity and Mortality: Original Research

Systolic Hypertension, Preeclampsia-Related
Mortality, and Stroke in California
Amy E. Judy, MD, MPH, Christy L. McCain, MPH, Elizabeth S. Lawton, MHS, Christine H. Morton, PhD,
Elliott K. Main, MD, and Maurice L. Druzin, MD

OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including

From the Department of Obstetrics and Gynecology, Stanford University School
of Medicine, Stanford, the Public Health Institute, Capitola, the Maternal,
Child, and Adolescent Division, Center for Family Health, California
Department of Public Health, Sacramento; and the California Maternal Quality
Care Collaborative, Stanford University School of Medicine, Stanford,
California.

Supported by Federal Title V Maternal Child Health block grant funds received
from the California Department of Public Health; Center for Family Health;
Maternal, Child and Adolescent Health Division

The authors thank the California Pregnancy-Associated Mortality Review Com-
mittee members for their careful case reviews, Nicole Lordi, MSc, for her generous
assistance with data entry and organization, and Dan (Susan) Sun, MA, for her
assistance with statistical analysis.

Each author has confirmed compliance with the journal’s requirements for
authorship.

Corresponding author: Amy E. Judy, MD, 300 Pasteur Drive, Room HH333,
Stanford, CA 94305; email: ajudy@stanford.edu.

Financial Disclosure
The authors did not report any potential conflicts of interest.

© 2019 by the American College of Obstetricians and Gynecologists. Published
by Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0029-7844/19

© 2019 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 133, NO. 6, JUNE 2019 OBSTETRICS & GYNECOLOGY 1151

'
RZ

QORDGHG
IURP

KWWS���MRXUQDOV�OZ
Z
�FRP

�JUHHQMRXUQDOE\
%K'

0
I�H3+

.DY�](RXP
�W4

I1
�D�N-/K(=JEV,+

R�;0
L�K&

\Z
&
;�$:

Q<4
S�,O4

U+
'
�L�'

�2
G5

\L�7Y6)O�&
I�9&

�\�DEJJ4
=;GWZ

QI.=%<WZ
V 

RQ
����������

'RZQORDGHGIURPKWWS���MRXUQDOV�OZZ�FRP�JUHHQMRXUQDOE\%K'0I�H3+.DY�](RXP�W4I1�D�N-/K(=JEV,+R�;0L�K&\Z&;�$:Q<4S�,O4U+'�L�'�2G5\L�7Y6)O�&I�9&�\�DEJJ4=;GWZQI.=%<WZV RQ����������

Maternal Morbidity and Mortality: Original Research

Systolic Hypertension, Preeclampsia-Related
Mortality, and Stroke in California
Amy E. Judy, MD, MPH, Christy L. McCain, MPH, Elizabeth S. Lawton, MHS, Christine H. Morton, PhD,
Elliott K. Main, MD, and Maurice L. Druzin, MD

OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including

From the Department of Obstetrics and Gynecology, Stanford University School
of Medicine, Stanford, the Public Health Institute, Capitola, the Maternal,
Child, and Adolescent Division, Center for Family Health, California
Department of Public Health, Sacramento; and the California Maternal Quality
Care Collaborative, Stanford University School of Medicine, Stanford,
California.

Supported by Federal Title V Maternal Child Health block grant funds received
from the California Department of Public Health; Center for Family Health;
Maternal, Child and Adolescent Health Division

The authors thank the California Pregnancy-Associated Mortality Review Com-
mittee members for their careful case reviews, Nicole Lordi, MSc, for her generous
assistance with data entry and organization, and Dan (Susan) Sun, MA, for her
assistance with statistical analysis.

Each author has confirmed compliance with the journal’s requirements for
authorship.

Corresponding author: Amy E. Judy, MD, 300 Pasteur Drive, Room HH333,
Stanford, CA 94305; email: ajudy@stanford.edu.

Financial Disclosure
The authors did not report any potential conflicts of interest.

© 2019 by the American College of Obstetricians and Gynecologists. Published
by Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0029-7844/19

© 2019 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 133, NO. 6, JUNE 2019 OBSTETRICS & GYNECOLOGY 1151



'
RZ

QORDGHG
IURP

KWWS���MRXUQDOV�OZ
Z
�FRP

�JUHHQMRXUQDOE\
%K'

0
I�H3+

.DY�](RXP
�W4

I1
�D�N-/K(=JEV,+

R�;0
L�K&

\Z
&
;�$:

Q<4
S�,O4

U+
'
�L�'

�2
G5

\L�7Y6)O�&
I�9&

�\�DEJJ4
=;GWZ

QI.=%<WZ
V 

RQ
����������

'RZQORDGHGIURPKWWS���MRXUQDOV�OZZ�FRP�JUHHQMRXUQDOE\%K'0I�H3+.DY�](RXP�W4I1�D�N-/K(=JEV,+R�;0L�K&\Z&;�$:Q<4S�,O4U+'�L�'�2G5\L�7Y6)O�&I�9&�\�DEJJ4=;GWZQI.=%<WZV RQ����������

Maternal Morbidity and Mortality: Original Research

Systolic Hypertension, Preeclampsia-Related
Mortality, and Stroke in California
Amy E. Judy, MD, MPH, Christy L. McCain, MPH, Elizabeth S. Lawton, MHS, Christine H. Morton, PhD,
Elliott K. Main, MD, and Maurice L. Druzin, MD

OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including

From the Department of Obstetrics and Gynecology, Stanford University School
of Medicine, Stanford, the Public Health Institute, Capitola, the Maternal,
Child, and Adolescent Division, Center for Family Health, California
Department of Public Health, Sacramento; and the California Maternal Quality
Care Collaborative, Stanford University School of Medicine, Stanford,
California.

Supported by Federal Title V Maternal Child Health block grant funds received
from the California Department of Public Health; Center for Family Health;
Maternal, Child and Adolescent Health Division

The authors thank the California Pregnancy-Associated Mortality Review Com-
mittee members for their careful case reviews, Nicole Lordi, MSc, for her generous
assistance with data entry and organization, and Dan (Susan) Sun, MA, for her
assistance with statistical analysis.

Each author has confirmed compliance with the journal’s requirements for
authorship.

Corresponding author: Amy E. Judy, MD, 300 Pasteur Drive, Room HH333,
Stanford, CA 94305; email: ajudy@stanford.edu.

Financial Disclosure
The authors did not report any potential conflicts of interest.

© 2019 by the American College of Obstetricians and Gynecologists. Published
by Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0029-7844/19

© 2019 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 133, NO. 6, JUNE 2019 OBSTETRICS & GYNECOLOGY 1151

'
RZ

QORDGHG
IURP

KWWS���MRXUQDOV�OZ
Z
�FRP

�JUHHQMRXUQDOE\
%K'

0
I�H3+

.DY�](RXP
�W4

I1
�D�N-/K(=JEV,+

R�;0
L�K&

\Z
&
;�$:

Q<4
S�,O4

U+
'
�L�'

�2
G5

\L�7Y6)O�&
I�9&

�\�DEJJ4
=;GWZ

QI.=%<WZ
V 

RQ
����������

'RZQORDGHGIURPKWWS���MRXUQDOV�OZZ�FRP�JUHHQMRXUQDOE\%K'0I�H3+.DY�](RXP�W4I1�D�N-/K(=JEV,+R�;0L�K&\Z&;�$:Q<4S�,O4U+'�L�'�2G5\L�7Y6)O�&I�9&�\�DEJJ4=;GWZQI.=%<WZV RQ����������

Maternal Morbidity and Mortality: Original Research

Systolic Hypertension, Preeclampsia-Related
Mortality, and Stroke in California
Amy E. Judy, MD, MPH, Christy L. McCain, MPH, Elizabeth S. Lawton, MHS, Christine H. Morton, PhD,
Elliott K. Main, MD, and Maurice L. Druzin, MD

OBJECTIVE: To describe the clinical characteristics of
stroke and opportunities to improve care in a cohort of
preeclampsia-related maternal mortalities in California.

METHODS: The California Pregnancy-Associated Mor-
tality Review retrospectively examined a cohort of pre-
eclampsia pregnancy-related deaths in California from
2002 to 2007. Stroke cases were identified among pre-
eclampsia deaths, and case summaries were reviewed
with attention to clinical variables, particularly hyperten-
sion. Health care provider– and patient-related contrib-
uting factors were also examined.

RESULTS: Among 54 preeclampsia pregnancy-related
deaths that occurred in California from 2002 to 2007,
33 were attributed to stroke. Systolic blood pressure
exceeded 160 mm Hg in 96% of cases, and diastolic
blood pressure was 110 or higher in 65% of cases.
Hemolysis, elevated liver enzymes, and low platelet
count syndrome was present in 38% (9/24) of cases with
available laboratory data; eclampsia occurred in 36% of
cases. Headache was the most frequent symptom (87%)

preceding stroke. Elevated liver transaminases were the
most common laboratory abnormality (71%). Only 48%
of women received antihypertensive treatment. A good-
to-strong chance to alter outcome was identified in
stroke cases 66% (21/32), with delayed response to
clinical warning signs in 91% (30/33) of cases and
ineffective treatment in 76% (25/33) cases being the
most common areas for improvement.

CONCLUSION: Stroke is the major cause of maternal
mortality associated with preeclampsia or eclampsia. All
but one patient in this series of strokes demonstrated
severe elevation of systolic blood pressure, whereas
other variables were less consistently observed. Antihy-
pertensive treatment was not implemented in the major-
ity of cases. Opportunities for care improvement exist
and may significantly affect maternal mortality.
(Obstet Gynecol 2019;133:1151–9)

DOI: 10.1097/AOG.0000000000003290

Hypertensive disorders of pregnancy are a major
cause of pregnancy-related morbidity and mor-

tality and are the second leading cause of maternal
mortality, accounting for 17% of maternal deaths in
California.1 Though stroke in pregnancy is an uncom-
mon cause of maternal death, nearly one half of the
strokes that occur in pregnancy are associated with
preeclampsia or eclampsia.2 Traditional teaching has
been that stroke risk increases with eclampsia (seizure)
and with severe diastolic hypertension,3,4 with little
emphasis on elevations in systolic blood pressure.
Major society guidelines as recently as the early
2000s included systolic blood pressure in the diagnos-
tic criteria for severe preeclampsia, but only recom-
mended antihypertensive treatment for severe
elevations of diastolic blood pressure.3 However, sys-
tolic blood pressure is associated with stroke risk in
the general adult population, and more recent data
have suggested that severe elevations in systolic blood
pressure are also significant contributors to stroke in
pregnancy, as well as other morbidities including

From the Department of Obstetrics and Gynecology, Stanford University School
of Medicine, Stanford, the Public Health Institute, Capitola, the Maternal,
Child, and Adolescent Division, Center for Family Health, California
Department of Public Health, Sacramento; and the California Maternal Quality
Care Collaborative, Stanford University School of Medicine, Stanford,
California.

Supported by Federal Title V Maternal Child Health block grant funds received
from the California Department of Public Health; Center for Family Health;
Maternal, Child and Adolescent Health Division

The authors thank the California Pregnancy-Associated Mortality Review Com-
mittee members for their careful case reviews, Nicole Lordi, MSc, for her generous
assistance with data entry and organization, and Dan (Susan) Sun, MA, for her
assistance with statistical analysis.

Each author has confirmed compliance with the journal’s requirements for
authorship.

Corresponding author: Amy E. Judy, MD, 300 Pasteur Drive, Room HH333,
Stanford, CA 94305; email: ajudy@stanford.edu.

Financial Disclosure
The authors did not report any potential conflicts of interest.

© 2019 by the American College of Obstetricians and Gynecologists. Published
by Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0029-7844/19

© 2019 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 133, NO. 6, JUNE 2019 OBSTETRICS & GYNECOLOGY 1151

CONCLUSÃO : 
*AVC é a principal causa de morte materna associada à PE 

ou eclampsia.
* Todas as pacientes que morreram por AVC (menos 1) 

Everam PAS elevada.
* Terapia anE-hipertensiva não foi implementada na 

maioria dos casos.
* Oportunidades de cuidado existem e podem afetar 

significantenmente a mortalidade materna



QUANDO TRATAR A HIPERTENSÃO

* A Decisão de tratar a hipertensão durante a gestação deve considerar riscos e benefícios 
para mãe e feto
* O nível de pressão arterial é o mais importante fator!!
* Existe consenso que mulheres com hipertensão grave – PAS >= 160 ou PAD >= 110 mmHg 
devem ser tratadas  



Two meta-analysis suggested that labetalol, hydralazine,
and nifedipine can achieve BP control in more than 70% of
women, although some differences may exist in their safety
profile [12,13]. A recent open-label, randomized controlled
trial compared oral labetalol, methyldopa, and nifedipine
retard for treating severe hypertension in pregnancy in low-
resource settings [14]. Nifedipine and labetalol, as single
drugs, were significantly more effective for lowering SBP/DBP
to 120–150/70–100 mmHg within 6 h than methyldopa, with-
out differences between nifedipine and labetalol. However,
more neonates born to women assigned to the nifedipine
group were admitted to the intensive care unit, primarily
because more low or very low birth weight babies were
born to mothers in the nifedipine group. Based on these
results, it was proposed to include these oral antihyperten-
sives for the treatment of severe hypertension in pregnancy.

However, until better evidence is available, the choice
between these antihypertensive drugs should be guided by
the physician’s experience with a particular drug, its safety
profile and patient´s characteristics (i.e. calcium-channel block-
ers should be selected in women of African or Caribbean
family origin) and preferences [7,9]. Table 1 summarizes the
first-/second-choice antihypertensive drugs recommended in
several international guidelines [2–6,15].

Intravenous nitroglycerin is the drug of choice when PE is
associated with pulmonary edema and/or coronary artery dis-
ease, and hydralazine and nitrates in the presence of hyper-
tension, severe left ventricular dysfunction and/or evidence of
congestion in decompensated heart failure [3]. Sodium nitro-
prusside is recommended in hypertensive crises when other
treatments have failed to control the BP and delivery is immi-
nent. However, it should be used for the shortest time possible
because of the risk of maternal/fetal cyanide and thiocyanate
toxicity, transient fetal bradycardia, and intracranial pressure
with potential worsening of cerebral edema in the mother.
Because plasma volume is reduced in PE, diuretics should be
best avoided and plasma volume expansion minimized, limit-
ing total fluids to 80–85 mL/h (1 mL/kg/h) unless there are
other ongoing fluid losses (hemorrhages).

Women with a hypertensive ‘urgency’ (SBP/DBP !160/
110 mmHg) without signs/symptoms of acute end-organ
damage may be treated with oral agents to produce an initial
BP reduction of less than 25% in the first hours of treatment,
and a more gradual decrease over hours thereafter. A faster BP
reduction may produce a fetal underperfusion, because the
feto-placental unit does not autoregulate blood flow [2–6,9].
Renin-angiotensin-aldosterone system inhibitors (i.e. angioten-
sin-converting enzyme inhibitors, angiotensin receptor block-
ers, aliskiren, sacubitril/valsartan, mineralocorticoid receptor
antagonists) are fetotoxic and contraindicated, while prazosin
and atenolol are not recommended during pregnancy [3,7,9].

Severe postpartum hypertension can be treated as already
described, but other antihypertensives (amlodipine, atenolol,
amlodipine, atenolol, captopril, enalapril, nifedipine retard,
quinapril) can be used [8,9]. Diuretics, methyldopa, or angio-
tensin receptor blockers should be avoided in breastfeeding
women [8,9]. Guidelines provide contradictory recommenda-
tions on the use of nonsteroidal anti–inflammatory drugs

(NSAIDs) for postpartum analgesia in women with PE. They
should be avoided when BP is difficult to control or there is
evidence of acute kidney injury. Postpartum thromboprophy-
laxis should be considered in women with PE, particularly in
the presence of other risk factors.

Antihypertensive therapy for mild-moderate hypertension
during pregnancy reduced the risk of severe hypertension, but
had little or no effect on the risk of PE, !-adrenergic blockers,
and calcium channel blockers being more effective than other
antihypertensives [16]. In pregnant women with hypertension

Table 1. Antihypertensives recommended in different guidelines for the treat-
ment of acute-severe hypertension in pregnancy. Taken from Tamargo et al. [8].

Guideline [reference] Severe hypertension

ISSHP [2] 1. Definition: !160/110 mm Hg
2. Treatment:

! First line: labetalol (IV, oral), hydralazine (IV), nifedi-
pine-IR (oral)

! Second line: oral methyldopa, nifedipine-XL, oxpre-
nolol, prazosin

ESC [3] 1. Definition: !170/110 mmHg is an emergency
2. Treatment:

! First line: labetalol (IV), methyldopa (oral), nifedipine
(IR, oral)

! Second choice: hydralazine (IV), urapidil (IV)
! Hypertensive crisis: sodium nitroprusside (IV)
! Preeclampsia associated with pulmonary edema:

nitroglycerin (IV)

CANADIAN [4] 1. Definition: !160/110 mmHg
2. Treatment:

! First line: Labetalol (IV), hydralazine (IV), nifedipine-
IR (oral)

! Second line: clonidine (oral), labetalol (oral), nitro-
glycerin (IV infusion), methyldopa (oral); captopril
(oral) only post-partum

ACOG [5 6,] 1. Definition: !160/110 mm Hg
2. Treatment:

! First line: labetalol (IV, oral), hydralazine (IV), nifedi-
pine-IR* (oral)

! Second line: nicardipine or esmolol by infusion
pump

NICE [7] 1. Definition: !160/110 mmHg
2. Treatment:

! First line: labetalol (IV, oral), hydralazine (IV), nifedi-
pine-IR (oral)

! Second line: oral labetalol, nifedipine-XL and
methyldopa

SOMANZ [15] 1. Definition: !170/110 mmHg
2. Treatment:

! First line: diazoxide (IV), hydralazine (IV), labetalol
(IV), nifedipine-IR* (oral)

! Second line: oral clonidine, hydralazine, labetalol,
methyldopa, nifedipine-XL, oxprenolol, and prazosin

* It should be considered as first-line therapy, particularly when IV access is not
yet available; labetalol can be administered orally if immediate release oral
nifedipine is not available.

Drugs are presented in alphabetic order. ACOG: American College of
Obstetricians and Gynecologists. CANADIAN: Canadian Hypertensive
Disorders of Pregnancy Working Group. ESC: 2018 ESC Guidelines for the
management of cardiovascular diseases during pregnancy. IR: immediate
release. ISSHP: International Society for the Study of Hypertension in
Pregnancy. IV: intravenous. NICE: National Institute for Health and Care
Excellence in the United Kingdom. SOMANZ: Society of Obstetric Medicine
of Australia and New Zealand. XL: extended release.
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sabidamente apresentam riscos para o desenvolvimento de 

pré-eclâmpsia como hipertensas crônicas. Entretanto, situa-

ções de edema pulmonar ou diante de comprometimento fun-

cional renal caracterizam-se como extrema necessidade de 

tratamento com diuréticos, sendo a furosemida a medicação de 

escolha.(46) 

Hipertensão arterial grave 
O objetivo do tratamento é diminuir a PA em 15% a 25%, 

atingindo-se valores da PA sistólica entre 140 e 150 mmHg e da 

PA diastólica entre 90 e 100 mmHg. Qualquer que seja o anti-

hipertensivo utilizado devem-se evitar quedas bruscas da PA, 

pelos riscos maternos (acidente vascular cerebral, infarto) e de se 

reduzir em demasia a perfusão uteroplacentária, potencializando-

se, assim, os efeitos negativos sobre o bem estar fetal.(2) Uma vez 

obtidas as reduções desejadas nas pressões sistólica e diastólica, 

inicia-se ou otimiza-se rapidamente a utilização dos anti-

hipertensivos de manutenção por via oral (Quadros 2 e 3). 
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Tratamento farmacológico 
Anti-hipertensivos 

A decisão de introduzir anti-hipertensivos deve considerar 
os riscos e benefícios para a mãe e o feto, tomando-se como fato-
res principais o valor da pressão arterial e a presença ou não de 
sinais e sintomas relacionados aos níveis pressóricos. Lembramos 
que, pacientes hipertensas crônicas muitas vezes toleram níveis 
elevados de pressão arterial sem apresentar quaisquer manifesta-
ções clínicas. Ao contrário, pacientes jovens, com níveis de pres-
são arterial anteriores considerados baixos, podem até mesmo 
evoluir para quadros graves e eclâmpsia, ainda com níveis pouco 
alterados. Assim, ao se considerar a necessidade de tratamento 
medicamentoso, recomenda-se, inicialmente, a classificação da 
pressão arterial durante a gestação em: 

• Hipertensão arterial leve: PA sistólica ≥ 140 e < 150 mmHg 
ou PA diastólica ≥ 90 e < 100 mmHg; 

• Hipertensão arterial moderada: PA sistólica entre ≥ 150 e < 
160 mmHg ou PA diastólica ≥ 100 e < 110 mmHg; 

• Hipertensão arterial grave: PA sistólica ≥ 160 mmHg ou PA 
diastólica ≥ 110 mmHg.  

Há consenso de que os casos de hipertensão arterial grave, 
também referidos como crise ou emergência hipertensiva, devem 
ser sempre tratados com presteza e as pacientes devem ser interna-
das e/ou encaminhadas para centros de referência, a fim de se 
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These recommendations from the ISSHP are based upon available
literature and expert opinion. It is intended that this be a ‘living’
document, to be updated when needed as more research becomes
available to in"uence good clinical practice. Unfortunately there is a
relative lack of high quality randomised trials in the !eld of
Hypertension in Pregnancy compared with studies in essential hy-
pertension outside of pregnancy and ISSHP encourages greater funding
and uptake of collaborative research in this !eld. Accordingly, the
quality of evidence for the recommendations in this document has not
been graded, though relevant references and explanations are provided
for each recommendation. The document will be a ‘living’ guideline and
we hope to be able to grade recommendations in the future.

Guidelines and recommendations for management of hypertension
in pregnancy are typically written for implementation in an ideal set-
ting. It is acknowledged that in many parts of the world, it will not be
possible to adopt all of these recommendations; for this reason, options
for management in less-resourced settings are discussed separately in
relation to diagnosis, evaluation, and treatment.

This document has been endorsed by the International Society of
Obstetric Medicine (ISOM) and the Japanese Society for the Study of
Hypertension in Pregnancy (JSSHP).

1. Key points

All units managing hypertensive pregnant women should maintain
and review uniform departmental management protocols and conduct
regular audits of maternal & fetal outcomes.

The cause(s) of pre-eclampsia and the optimal clinical management
of the hypertensive disorders of pregnancy remain uncertain; therefore,
we recommend that every hypertensive pregnant woman be o#ered an
opportunity to participate in research, clinical trials and follow-up
studies.

1.1. Classi!cation

1. Hypertension in pregnancy may be chronic (pre-dating pregnancy or
diagnosed before 20 weeks of pregnancy) or de novo (either pre-
eclampsia or gestational hypertension).

2. Chronic hypertension is associated with adverse maternal and fetal
outcomes and is best managed by tightly controlling maternal blood
pressure (BP 110-140/85mmHg), monitoring fetal growth and re-
peatedly assessing for the development of pre-eclampsia and ma-
ternal complications. This can be done in an outpatient setting.

3. White-coat hypertension refers to elevated o$ce/clinic (!140/
90mmHg) blood pressure but normal blood pressure measured at
home or work (< 135/85mmHg); it is not an entirely benign con-
dition and conveys an increased risk for pre-eclampsia.

4. Masked hypertension is another form of hypertension, more di$cult
to diagnose, characterised by blood pressure that is normal at a
clinic or o$ce visit but elevated at other times, most typically di-
agnosed by 24 h ambulatory BP monitoring (ABPM) or automated
home blood pressure monitoring (HBPM).

5. Gestational hypertension is hypertension arising de novo after
20 weeks’ gestation in the absence of proteinuria and without

https://doi.org/10.1016/j.preghy.2018.05.004
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o repeated episodes of severe hypertension despite main-
tenance treatment with three classes of antihypertensive
agents;

o progressive thrombocytopenia;
o progressively abnormal renal or liver enzyme tests;
o pulmonary oedema;
o abnormal neurological features such as severe intractable
headache, repeated visual scotomata, or convulsions;

o Non-reassuring fetal status.

• Prenatal corticosteroids for fetal lung maturation should be
given between 24+0 and 34+0weeks gestation, but may

be given up until 38+0weeks in cases of elective delivery
by Caesarean section; multiple steroid courses are not re-
commended.

Notes:

• Task shifting guidelines for both MgSO4 and antihypertensive
treatment should be available in each Unit so that lower level pro-
viders can initiate treatment with a loading dose and refer.
o Task shifting policies vary on whether lower level providers can
prescribe antihypertensives to keep blood pressure in the range

Fig. 1. Management of severe Hypertension with oral Nifedipine and/or intravenous Hydralazine.
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E-mail address: mbrown@unsw.edu.au (M.A. Brown).
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persisting for ≥15 minutes 

treatment should be initiated as soon
as reasonably possible and within 30 
to 60 minutes. 



Hypertensive urgencies are those associated with severe
hypertension but not end organ dysfunction (such as pulmo-
nary edema or eclampsia). Hypertensive urgencies will al-
most always require monitoring and treatment in hospital, at
least temporarily.

Hypertensive emergencies are those associated with severe
hypertension and end organ dysfunction. Whether or not
visual disturbances or headache should be defined as end
organ dysfunction is not clear, but many clinicians would
regard them as such.

Hypertensive urgencies may be treated with oral agents,
which, in general, have peak drug effects in 1-2 hours (e.g.,
labetalol or nifedipine PA) and last for 4-6 hours. It is prudent
to “start low and go slow” while you are monitoring the stable
patient, given the potential to cause hypotension and adverse
effects (see antihypertensive therapy below).

Hypertensive emergencies should be treated with short-act-
ing (usually parenteral) agents (and an arterial line). Based on
approaches outside pregnancy, the goal should be to lower
mean arterial BP by no more than 25% over minutes to hours,
and then further lower BP to 160/100 mm Hg over subsequent
hours. Parenteral agents may be preferable for women in active
labor in whom gastric emptying may be delayed.

Although treatment of severe hypertension will involve
administration of antihypertensive therapy, if there are other
factors that may be contributing to the severe hypertension
(such as pain), these should also be addressed (e.g., by epi-
dural analgesia).

Which
Antihypertensive Agents to Use
Key Points

! The following are recommended as first-line drugs: la-
betalol, nifedipine short-acting (capsules), nifedipine
PA (tablets), and hydralazine based on randomized con-
trolled trials (Table 1).

! MgSO4 is not recommended as an antihypertensive
agent.

! As ongoing significant hypertension should be antici-
pated, additional antihypertensive therapy should be
contemplated.

! Nifedipine preparations and MgSO4 can be used
contemporaneously.

By meta-analysis of the relevant trials (n ! 21; 1085
women), parenteral hydralazine may be associated with more
adverse effects than other antihypertensives; these effects in-
clude maternal hypotension and cesarean section.16 Labetalol
was associated with more neonatal bradycardia, which re-
quired intervention in one of six affected babies. Observa-
tional literature emphasizes that hypotension may result with
any short-acting antihypertensive agent used in women with
pre-eclampsia, who are intravascularly volume-depleted.

In another meta-analysis, a different approach was taken in
that each antihypertensive class was compared with another,
based on the assumption that each type of drug would have a
different impact on maternal and perinatal outcomes.17 As
such, statistical power was very limited for each comparison,
and no differences in maternal or perinatal outcomes were
apparent for any one type of agent.

Obstetricians most frequently prescribe parenteral hydral-
azine and parenteral labetalol for treatment of severe hyper-
tension.18 However, oral antihypertensive therapy is used for
hypertensive urgencies in some jurisdictions with good effect
and good outcomes.19 In the referenced paper from York-
shire, UK, labetalol 200 mg is administered before intrave-
nous access, with a repeat dose given if no response is seen
after 30 minutes.

In the randomized, controlled trials (RCTs) for treatment
of severe hypertension, the only oral preparation used was
nifedipine. First, it must be clarified that nifedipine is avail-
able in three preparations. The short-acting nifedipine cap-
sule has been compared with other antihypertensives in
RCTs. The nifedipine PA tablet has been compared with the
nifedipine capsule in one RCT.20 The third preparation is a
slow-release formulation (e.g., Adalat XL®) that is given once
daily for nonsevere hypertension and, as such, will not be
discussed here.

In RCTs of the short-acting nifedipine capsules compared
with other parenteral antihypertensives for treatment of se-
vere hypertension, most authors did not specify whether ni-
fedipine capsules were bitten before swallowing. Although
biting may be associated with greater effects on BP, maternal

Table 1 Doses of Most Commonly Used Agents for Treatment of a BP >160/110 mm Hg Hypertension*

Agent Dosage Comments

Labetalol Start with 20 mg i.v.; repeat 20-80 mg i.v. q 30 min,
or 1-2 mg/min, max 300 mg (then switch to oral)

Best avoided in women with asthma or heart failure;
neonatology should be informed, as parenteral
labetalol may cause neonatal bradycardia.

Nifedipine 5- to 10-mg capsule to be bitten and swallowed, or
just swallowed, every 30 min

10-mg PA tablet every 45 min to a maximum of 80
mg/day

There are three types of nifedipine preparations
[i.e., capsules, intermediate-release tablets (PA),
and slow-release tablets (SL)], with which all staff
must be familiar.

Hydralazine Start with 5 mg i.v.; repeat 5-10 mg i.v. every 30
min, or 0.5-10 mg/hour i.v., to a maximum of 20
mg i.v. (or 30 mg IM)

May increase the risk of maternal hypotension.

*Reprinted with permission.4
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The Management of Severe Hypertension
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Although definitions of severe hypertension vary, thresholds of >160-170 mm Hg systolic
and/or >110 mm Hg diastolic are in most common usage. A recent focus has been placed
on systolic hypertension given the increased pulse pressure in these women. In pregnancy,
there is a general consensus that severe hypertension should be treated. Among woman
with pre-eclampsia, attention must be paid to other end organ dysfunction, as blood
pressure (BP) management is but one aspect of care. The urgency of antihypertensive
therapy will depend primarily on the absolute level of BP. However, most clinicians will also
consider both the rate of BP rise and the presence of maternal symptoms. Most commonly,
severe hypertension is treated with parenteral labetalol or hydralazine, or oral nifedipine
(capsules or PA tablet). Other options will depend on local availability. MgSO4 should not
be relied on as an antihypertensive.
Semin Perinatol 33:138-142 © 2009 Elsevier Inc. All rights reserved.
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Acute severe hypertension may occur in association with
any of the hypertensive disorders of pregnancy. Persis-

tent, severe hypertension must be treated. This is universally
endorsed by all international guidelines for the management
of hypertensive disorders of pregnancy.1-4

The purpose of treating persistent, severe hypertension is
to decrease the risk of adverse vascular events, particularly
stroke or other central nervous system complications. Al-
though the absolute risk is very low among young women,
pre-eclampsia and eclampsia remain leading causes of mater-
nal mortality, primarily related to central nervous system
events. For example, in the 2003-2005 triennium covered by
the latest Confidential Enquiries into Maternal and Child
Health, UK (CEMACH), 12 of the 18 women who died suf-
fered from either intracerebral hemorrhage (n ! 10) or cere-
bral infarction (n ! 2).

The treatment of severe hypertension will not alter the
course of pre-eclampsia, as this is, first and foremost, a dis-
order of diffuse endothelial dysfunction. Pre-eclampsia is not
primarily a hypertensive disorder. However, severe hyper-
tension is the only modifiable end organ complication of
pre-eclampsia and is of importance regardless of other man-
agement decisions, such as timing of delivery.

The Definition
of Severe Hypertension
Key Points

! Blood pressure (BP) must be measured in the standard-
ized way and, if using an automated machine, with a
device that has been validated for use in women with
pre-eclampsia.

! Severe hypertension is now widely defined as a systolic
BP (sBP) !160-170 mm Hg or a diastolic BP (dBP)
!110 mm Hg.

! Persistence of hypertension should be confirmed after at
least 5-15 minutes of rest.

BP measurement technique must be accurate. In particu-
lar, patients should be positioned so that the brachial artery is
at the level of the heart and the cuff size is adequate for the
patient’s arm circumference.5

Severe hypertension should be persistent. This is an impor-
tant clinical management point. By “persistent,” it is meant
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Capítulo 14 – crise Hipertensiva

Definição
Os termos UH e EH surgiram como proposta para uma 

classificação operacional de CH em 1993 pelo V Joint National 
Committee on Detection Evaluation and Treatment of High 
Blood Pressure.1

 As UH são situações clínicas sintomáticas em 

que há elevação acentuada da PA (definida arbitrariamente 

FRPR�3$'�������PP+J��VHP�/2$�DJXGD�H�SURJUHVVLYD�2,3 

As EH são situações clínicas sintomáticas em que há elevação 

acentuada da PA (definida arbitrariamente com PAD  

������PP+J��FRP�/2$�DJXGD�H�SURJUHVVLYD�2,3

Pacientes com queixas de cefaleia, dor torácica atípica, 

dispneia, estresse psicológico agudo e síndrome de pânico 

associados à PA elevada não caracterizam UH ou EH, mas, 

na realidade, uma pseudocrise hipertensiva. O tratamento 

deve ser otimização da medicação anti-hipertensiva e 

conscientização da adesão ao tratamento.

&ODVVLÀFDomR
O Quadro 1 mostra a classificação das EH. O Quadro 2 

diferencia a UH da EH em relação ao diagnóstico, prognóstico 

e conduta. 

Principais aspectos epidemiológicos, 
fisiopatológicos e prognósticos

Epidemiologia
A CH responde por 0,45-0,59% de todos os atendimentos 

de emergência hospitalar e a EH responde por 25% de todos 

os casos de CH, AVE isquêmico e EAP, constituindo as mais 

frequentes EH.

4-6

Fisiopatogenia
Aumento do volume intravascular, da RVP ou produção 

reduzida de vasodilatadores endógenos parece precipitar 

maior vasorreatividade e resultar em CH.

7

 A capacidade 

autorregulatória está comprometida, particularmente no leito 

vascular cerebral e renal, resultando em isquemia local, o que 

desencadeia um círculo vicioso de vasoconstrição, proliferação 

miointimal e isquemia em órgãos-alvo.

8

 

Prognóstico
A sobrevida de até 5 anos é significantemente maior em 

indivíduos com UH do que com EH.

4,9 

Ausência de descenso 

noturno associa-se a maior risco de LOA e consequente 

disfunção endotelial, situação envolvida na elevação aguda 

da PA.

10

Investigação clínico-laboratorial 
complementar

A investigação clínica e a solicitação de exames devem 

ser voltadas para a adequada avaliação da PA e de LOA. No 

início, a PA deve ser medida nos dois braços, de preferência 

em um ambiente calmo, e repetidas vezes até a estabilização 

(no mínimo, 3 medidas). Deve-se rapidamente coletar 

informações sobre a PA usual do paciente e situações que 

possam desencadear o seu aumento (ansiedade, dor, sal), 

comorbidades, uso de fármacos anti-hipertensivos (dosagem 

e adesão) ou que possam aumentar a PA (anti-inflamatórios, 

corticoides, simpaticomiméticos, álcool). Uma abordagem 

sistematizada auxilia na verificação da presença de LOA aguda 

ou progressiva:

Sistema cardiovascular: dor ou desconforto no tórax, 

abdome ou dorso; dispneia, fadiga e tosse. Verificação da FC, 

ritmo, alteração de pulso, galope, sopros cardíacos, vasculares 

e estase jugular, além de congestão pulmonar, abdominal 

e periférica. Exames, de acordo com o quadro clínico e a 

disponibilidade: ECG, monitorização eletrocardiográfica, 

saturação de O2, radiografia de tórax, ecocardiograma, 

marcadores de necrose miocárdica, hemograma com 

plaquetas, LDH, angiotomografia e RNM.

Sistema nervoso: tontura, cefaleia, alteração de visão, 

audição ou fala, nível de consciência ou coma, agitação, 

delírio ou confusão, déficits focais, rigidez de nuca, convulsão. 

Exames: tomografia, RNM e punção lombar.

Sistema renal e geniturinário: alterações no volume ou 

na frequência miccional ou no aspecto da urina, hematúria, 

edema, desidratação, massas e sopros abdominais. Exames: 

8ULQD�,��FUHDWLQLQHPLD��XUHLD�VpULFD��1D���.���&O���JDVRPHWULD�
Fundoscopia: papiledema, hemorragias, exsudatos, 

alterações nos vasos como espasmos, cruzamentos 

arteriovenosos patológicos, espessamento na parede arterial 

e aspecto em fio de prata ou cobre. 

Tratamento geral da crise hipertensiva
O tratamento da UH deve ser iniciado após um período 

de observação clínica em ambiente calmo, condição que 

ajuda a afastar casos de pseudocrise (tratados somente com 

4XDGUR���²�&ODVVLÀFDomR�GDV�HPHUJrQFLDV�KLSHUWHQVLYDV

(0(5*È1&,$6�+,3(57(16,9$6

Cerebrovasculares
- Encefalopatia hipertensiva
- Hemorragia intracerebral
- Hemorragia subaracnóide
- AVE isquêmico
Cardiocirculatórias
- Dissecção aguda de aorta
��($3�FRP�LQVX¿FLrQFLD�YHQWULFXODU�HVTXHUGD
- IAM
- Angina instável
Renais
- LRA rapidamente progressiva

Crises adrenérgicas graves
Crise do FEO
Dose excessiva de drogas ilícitas (cocaína, crack, LSD)

Hipertensão na gestação 
Eclâmpsia
Pré-eclâmpsia grave
Síndrome “HELLP”
+LSHUWHQVmR�JUDYH�HP�¿QDO�GH�JHVWDomR��

($3��HGHPD�DJXGR�GH�SXOPmR��/5$��OHVmR�UHQDO�DJXGD��)(2��IHRFURPRFLWRPD�
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Learning objectives
By reading this article you should be able to:

! Describe the diagnostic criteria for hypertension
and pre-eclampsia.

! Identify risk factors for developing pre-
eclampsia.

! Apply risk predictionmodels for pre-eclampsia in
clinical practice.

! Formulate management plans for women pre-
senting with hypertensive emergencies during
pregnancy.

Introduction

Hypertensive disorders during the peripartum period are
common and are accompanied by increased maternal and
fetal morbidity and mortality. They encompass chronic pre-
existing hypertension, gestational hypertension and pre-
eclampsia. The confidential enquiries into maternal deaths

revealed that 2% were attributable to pre-eclampsia and
eclampsia.1 Untreated hypertension can lead to adverse
events for both mother and baby, including maternal cardio-
vascular morbidity and stroke, increased risk of preterm birth
and small for gestational age babies. Cardiovascular diseases
in later life are also more common in these women.

This article provides an update on the assessment and
management of hypertensive disorders in pregnancy of
particular relevance to the anaesthetist.

Hypertension

According to the American College of Obstetricians and Gy-
necologists (ACOG), hypertension in pregnancy is diagnosed if
the systolic blood pressure (SBP) is "140 mmHg, diastolic BP
(DBP) is "90 mmHg, or both, ideally confirmed on two occa-
sions or at least 4 h apart.2

Chronic hypertension is hypertension that presents before
20 weeks’ gestation. The majority of cases are attributable to
essential hypertension, which may be associated with obesity
or a family history of hypertension. Secondary causes are
much less common. This category also includes white coat
hypertension, which refers to a BP "140/90 mmHg within a
hospital setting but not at home. Ambulatory BP monitoring
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Key points

! The target blood pressure during pregnancy is
<135/85 mmHg.

! New risk predictionmodels for pre-eclampsia can
help guide decision making.

! Labetalol, hydralazine and immediate-release
oral nifedipine are suitable treatment options
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! Apply risk predictionmodels for pre-eclampsia in
clinical practice.
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senting with hypertensive emergencies during
pregnancy.

Introduction

Hypertensive disorders during the peripartum period are
common and are accompanied by increased maternal and
fetal morbidity and mortality. They encompass chronic pre-
existing hypertension, gestational hypertension and pre-
eclampsia. The confidential enquiries into maternal deaths

revealed that 2% were attributable to pre-eclampsia and
eclampsia.1 Untreated hypertension can lead to adverse
events for both mother and baby, including maternal cardio-
vascular morbidity and stroke, increased risk of preterm birth
and small for gestational age babies. Cardiovascular diseases
in later life are also more common in these women.

This article provides an update on the assessment and
management of hypertensive disorders in pregnancy of
particular relevance to the anaesthetist.

Hypertension

According to the American College of Obstetricians and Gy-
necologists (ACOG), hypertension in pregnancy is diagnosed if
the systolic blood pressure (SBP) is "140 mmHg, diastolic BP
(DBP) is "90 mmHg, or both, ideally confirmed on two occa-
sions or at least 4 h apart.2

Chronic hypertension is hypertension that presents before
20 weeks’ gestation. The majority of cases are attributable to
essential hypertension, which may be associated with obesity
or a family history of hypertension. Secondary causes are
much less common. This category also includes white coat
hypertension, which refers to a BP "140/90 mmHg within a
hospital setting but not at home. Ambulatory BP monitoring
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Hypertensive emergencies

An ACOG committee defined severe hypertension as an acute
onset BP !160/110 mmHg persisting for !15 min.2 A hyper-
tensive emergency may present with end organ damage such
as myocardial infarction, pulmonary oedema, respiratory
failure or stroke. Risk factors for hypertensive emergencies in
pregnancy are listed in Table 4.19

Initial investigations for suspected hypertensive emer-
gencies in pregnancy include blood tests (full blood count
[FBC], creatinine, electrolytes, lactate dehydrogenase [LDH],
fibrinogen, haptoglobin); urine (PCR, ACR, microscopy); ECG
and fundoscopy. Additional specific tests can be considered
depending on the clinical picture, and these include echo-
cardiography (ischaemia or heart failure); brain or chest im-
aging (stroke or aortic dissection); renal ultrasound (renal
parenchymal disease); urinary drug screen (suspected cocaine
ormethamphetamine use); and serum cardiac troponin (acute
myocardial ischaemia) or B-type natriuretic peptide (heart
failure). An assessment of fetal well-being should be per-
formed and may include ultrasound examination for fetal
growth, Doppler flow studies and cardiotochography (CTG).

Treatment should be initiated urgently in a high de-
pendency setting, aiming for a stepped controlled reduction of
blood pressure. Hypertensive emergencies can be treated with
intravenous labetalol, hydralazine and immediate-release
oral nifedipine without the need for invasive cardiac moni-
toring.2 Labetalol 20 mg i.v. can be given over 2 min, and
increased incrementally up to 80 mg i.v. If the BP remains
high, another antihypertensive agent such as hydralazine can
be added. Hydralazine is a direct vasodilator and may cause
adverse effects when used in large bolus doses without titra-
tion. These include maternal hypotension, increased risk of
emergency Caesarean section, placental abruption and fetal
tachycardia. Judicious fluid administration is recommended
for women with acute-onset severe hypertension but up to
500 ml crystalloid fluid i.v. may need to be administered with
i.v. hydralazine.5 An initial dose of hydralazine 5e10 mg i.v.
over 2 min can be followed by a further 10 mg i.v. after 20 min
if the BP remains high.

A suggested initial dose of immediate-release oral nifedi-
pine is 10 mg, followed by a further 20 mg if the BP remains
high after 20 min.

An i.v. infusion of glycerol trinitrate (GTN), 5e100 mg min"1

titrated to effect, can be used for acute pulmonary oedema
associated with severe hypertension and pre-eclampsia. Di-
uretics such as furosemide (20e60 mg i.v.) are also considered
safe. The majority of cases of acute pulmonary oedema occur
after delivery and may be associated with excessive volumes

of i.v. fluids and autotransfusion after uterotonic adminis-
tration. Therefore, in women with pre-eclampsia with severe
features, maintenance fluids should be restricted to 80ml h"1,
unless there are other ongoing fluid losses, and careful fluid
balance monitoring is required.5 The third stage should be
managed with oxytocin and ergometrine should be avoided.

Eclampsia

Eclamptic seizures are usually self-limiting but may cause
maternal hypoxia and a risk of pulmonary aspiration
requiring airway protection. The risk of stroke in women with
eclampsia is approximately 10 times higher than women with
pre-eclampsia.18When a womanwith pre-eclampsia presents
with persistent neurological symptoms or signs (severe
intractable headache, signs of cerebral irritability, clonus or
visual disturbance) magnesium sulphate is the first-line
treatment for prevention of eclamptic seizures. It is usually
given as an initial loading dose of 4e6 g i.v. over 20e30 min
followed by a continuous infusion of 1e2 g h"1 until delivery
for 24 h.6 Further 2e4 g boluses can be given for recurrent
seizures. Magnesium sulphate can also be given i.m. into the
gluteal muscle with a loading dose of 10 g given as 5 g i.m. into
each buttock followed by further doses of 5 g every 4 h. Deep
tendon reflexes should bemonitored throughout treatment as
they are diminished with magnesium toxicity. Risk of mag-
nesium toxicity is increased in compromised renal function
and can lead to reduced ventilatory frequency, low oxygen
saturations and progressive muscle paralysis. The targeted
serum magnesium therapeutic range is 2e4 mmol L"1. Mag-
nesium toxicity is treated with calcium gluconate (10 ml of
10% concentration given over 10 min i.v.). NICE does not
recommend the use of benzodiazepines or other standard
anticonvulsants as an alternative to magnesium sulphate in
women with eclamptic seizures.5

Considerations for anaesthesia

Analgesia
Women with pre-eclampsia with severe features would
benefit from neuraxial analgesia during labour as this can
help reduce the sympathetic response to pain and facilitate
cardiovascular stability, and offers the facility to top up the
epidural for operative delivery. Neuraxial techniques are
contraindicated in the presence of coagulopathy or throm-
bocytopaenia because of the increased risk of epidural hae-
matoma. A recent platelet count and coagulation studies
should be obtained before performing a neuraxial block in
women with pre-eclampsia with severe features because of

Table 4 Risk factors for hypertensive emergencies in pregnancy19

Risk factors

Pre-eclampsia
Chronic renal disease
Cardiac disease
Non-compliance with antihypertensive medication
Use of uterotonic drugs for prevention and treatment of postpartum haemorrhage (e.g. ergometrine)
Concomitant use of recreational drugs (e.g. cocaine, methamphetamine)
Low socioeconomic status
Non-Hispanic black population
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Diminuir a PA em 15% a 25% (PAS 140 - 150 ) e (PAD 90 
e 100). 

Evitar quedas bruscas da PA
=> riscos maternos (AVC,IAM) 
=> riscos fetais – redução perfusão 

uteroplacentária

ObPdas as reduções desejadas = anP-hipertensivos de 
manutenção
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sabidamente apresentam riscos para o desenvolvimento de 

pré-eclâmpsia como hipertensas crônicas. Entretanto, situa-

ções de edema pulmonar ou diante de comprometimento fun-

cional renal caracterizam-se como extrema necessidade de 

tratamento com diuréticos, sendo a furosemida a medicação de 

escolha.(46) 

Hipertensão arterial grave 
O objetivo do tratamento é diminuir a PA em 15% a 25%, 

atingindo-se valores da PA sistólica entre 140 e 150 mmHg e da 

PA diastólica entre 90 e 100 mmHg. Qualquer que seja o anti-

hipertensivo utilizado devem-se evitar quedas bruscas da PA, 

pelos riscos maternos (acidente vascular cerebral, infarto) e de se 

reduzir em demasia a perfusão uteroplacentária, potencializando-

se, assim, os efeitos negativos sobre o bem estar fetal.(2) Uma vez 

obtidas as reduções desejadas nas pressões sistólica e diastólica, 

inicia-se ou otimiza-se rapidamente a utilização dos anti-

hipertensivos de manutenção por via oral (Quadros 2 e 3). 
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Quadro 2. Agentes recomendados para o tratamento da crise ou 
emergência hipertensiva em gestantes 

 
Agente  Dose inicial Repetir, se necessário Dose máxima 

Hidralazina 
Ampola de 20 mg/mL 

5 mg, 
Via intravenosa 

5 mg, a cada 
20 minutos 30 mg 

A ampola de hidralazina contém 1 mL, na concentração de 20 mg/mL. Diluir uma ampola (1 mL) em 19 mL 
de água destilada, assim, obtém-se a concentração de 1 mg/mL. 

Nifedipino 
Comprimido de 10 mg 

10 mg 
Via oral 

10 mg, a cada 
20-30 minutos 

(Via oral) 
30 mg 

Hidralazina em infusão 
contínua 

5mg/hora 
Diluir 80 mg (4 mL de hidralazina) em 500 mL de 
soro fisiológico e manter infusão de 30 mL/hora  

 

Nitroprussiato de sódio 
Ampola 50 mg/2 mL 

0,5 a 10 mcg/kg/min 
Infusão intravenosa contínua # 

A ampola de nitroprussiato de sódio contém 2 mL, na concentração de 50 mg/2 mL. Diluir uma ampola (2 
mL) em 248 mL de soro glicosado 5%, assim teremos a concentração de 200 mcg/mL. 

Quadro 3. Esquema de infusão recomendado para o nitroprussiato de sódio 

Dose desejada 
(mcg/kg/min) 0,5 1,0 2,0 3,0 4,0 5,0  

Peso da 
paciente 

50 kg 7,5 15,0 30,0 60,0 90,0 120,0 Velocidade 
de infusão 

(mL/h) 60 kg 9,0 18,0 36,0 72,0 108,0 144,0 

70 kg 10,0 21,0 42,0 84,0 126,0 168,0 

80 kg 12,0 24,0 48,0 96,0 144,0 192,0 

90 kg 14,0 27,0 54,0 108,0 162,0 216,0 

100 kg 15,0 30,0 60,0 120,0 180,0 240,0 

Do ponto de vista prático, recomenda-se iniciar com a dose mínima e aumentar 1 mL/h a cada 10 minutos. A 
dose máxima, quando necessária, não deve ser utilizada por mais do que 10 minutos, devendo-se reduzi-la, 
então, pela metade. O nitroprussiato deixa de agir 3 minutos após a interrupção da infusão. 

1.8.5 Do not use diazepam, phenytoin or other anticonvulsants as an alternative to 

magnesium sulfate in women with eclampsia. [2010, amended 2019] [2010, amended 2019] 

Antihypertensives Antihypertensives 

1.8.6 Treat women with severe hypertension who are in critical care during 

pregnancy or after birth immediately with 1 of the following: 

• labetalol (oral or intravenous) 

• oral nifedipine[3] 

• intravenous hydralazine. [2010, amended 2019] [2010, amended 2019] 

1.8.7 In women with severe hypertension who are in critical care, monitor their 

response to treatment: 

• to ensure that their blood pressure falls 

• to identify adverse effects for both the woman and the baby 

• to modify treatment according to response. [2010] [2010] 

1.8.8 Consider using up to 500 ml crystalloid Ouid before or at the same time as the 

Nrst dose of intravenous hydralazine in the antenatal period. [2010] [2010] 

Corticosteroids for fetal lung maturation Corticosteroids for fetal lung maturation 

1.8.9 If early birth is considered likely within 7 days in women with pre-eclampsia, 

offer a course of antenatal corticosteroids in line with the NICE guideline on 

preterm labour and birth. [2010, amended 2019] [2010, amended 2019] 

Corticosteroids to manage HELLP syndrome Corticosteroids to manage HELLP syndrome 

1.8.10 Do not use dexamethasone or betamethasone for the treatment of HELLP 

syndrome. [2010] [2010] 

Fluid balance and volume expansion Fluid balance and volume expansion 

1.8.11 Do not use volume expansion in women with severe pre-eclampsia unless 

hydralazine is the antenatal antihypertensive. [2010] [2010] 

Hypertension in pregnancy: diagnosis and management (NG133)
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INTERIM UPDATE

ACOG PRACTICE BULLETIN
Clinical Management Guidelines for Obstetrician–Gynecologists

NUMBER 222 (Replaces Practice Bulletin No. 202, December 2018)

Committee on Practice Bulletins—Obstetrics. This Practice Bulletin was developed by the American College of Obstetricians and
Gynecologists’ Committee on Practice Bulletins—Obstetrics in collaboration with Jimmy Espinoza, MD, MSc; Alex Vidaeff, MD,
MPH; Christian M. Pettker, MD; and Hyagriv Simhan, MD.

INTERIM UPDATE: The content of this Practice Bulletin has been updated as highlighted (or removed as necessary) to
include limited, focused editorial corrections to platelet counts, diagnostic criteria for preeclampsia (Box 2), and pre-
eclampsia with severe features (Box 3).

Gestational Hypertension and
Preeclampsia
Hypertensive disorders of pregnancy constitute one of the leading causes of maternal and perinatal mortality
worldwide. It has been estimated that preeclampsia complicates 2–8% of pregnancies globally (1). In Latin
America and the Caribbean, hypertensive disorders are responsible for almost 26% of maternal deaths,
whereas in Africa and Asia they contribute to 9% of deaths. Although maternal mortality is much lower in
high-income countries than in developing countries, 16% of maternal deaths can be attributed to hypertensive
disorders (1, 2). In the United States, the rate of preeclampsia increased by 25% between 1987 and 2004 (3).
Moreover, in comparison with women giving birth in 1980, those giving birth in 2003 were at 6.7-fold increased
risk of severe preeclampsia (4). This complication is costly: one study reported that in 2012 in the United States,
the estimated cost of preeclampsia within the first 12 months of delivery was $2.18 billion ($1.03 billion for
women and $1.15 billion for infants), which was disproportionately borne by premature births (5). This
Practice Bulletin will provide guidelines for the diagnosis and management of gestational hypertension and
preeclampsia.

Background
Risk Factors
A variety of risk factors have been associated with
increased probability of preeclampsia (Box 1) (6–
12). Nonetheless, it is important to remember that
most cases of preeclampsia occur in healthy nullipa-
rous women with no obvious risk factors. Although
the precise role of genetic–environmental inter-
actions on the risk and incidence of preeclampsia is
unclear, emerging data suggest the tendency to
develop preeclampsia may have some genetic com-
ponent (13–16).

Definitions and Diagnostic Criteria for
Hypertensive Disorders of Pregnancy
Preeclampsia (With and Without
Severe Features)

Preeclampsia is a disorder of pregnancy associated with
new-onset hypertension, which occurs most often after 20
weeks of gestation and frequently near term. Although
often accompanied by new-onset proteinuria, hypertension
and other signs or symptoms of preeclampsia may present
in some women in the absence of proteinuria (17). Reli-
ance on maternal symptoms may be occasionally problem-
atic in clinical practice. Right upper quadrant or epigastric
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INTERIM UPDATE

ACOG PRACTICE BULLETIN
Clinical Management Guidelines for Obstetrician–Gynecologists

NUMBER 222 (Replaces Practice Bulletin No. 202, December 2018)

Committee on Practice Bulletins—Obstetrics. This Practice Bulletin was developed by the American College of Obstetricians and
Gynecologists’ Committee on Practice Bulletins—Obstetrics in collaboration with Jimmy Espinoza, MD, MSc; Alex Vidaeff, MD,
MPH; Christian M. Pettker, MD; and Hyagriv Simhan, MD.

INTERIM UPDATE: The content of this Practice Bulletin has been updated as highlighted (or removed as necessary) to
include limited, focused editorial corrections to platelet counts, diagnostic criteria for preeclampsia (Box 2), and pre-
eclampsia with severe features (Box 3).

Gestational Hypertension and
Preeclampsia
Hypertensive disorders of pregnancy constitute one of the leading causes of maternal and perinatal mortality
worldwide. It has been estimated that preeclampsia complicates 2–8% of pregnancies globally (1). In Latin
America and the Caribbean, hypertensive disorders are responsible for almost 26% of maternal deaths,
whereas in Africa and Asia they contribute to 9% of deaths. Although maternal mortality is much lower in
high-income countries than in developing countries, 16% of maternal deaths can be attributed to hypertensive
disorders (1, 2). In the United States, the rate of preeclampsia increased by 25% between 1987 and 2004 (3).
Moreover, in comparison with women giving birth in 1980, those giving birth in 2003 were at 6.7-fold increased
risk of severe preeclampsia (4). This complication is costly: one study reported that in 2012 in the United States,
the estimated cost of preeclampsia within the first 12 months of delivery was $2.18 billion ($1.03 billion for
women and $1.15 billion for infants), which was disproportionately borne by premature births (5). This
Practice Bulletin will provide guidelines for the diagnosis and management of gestational hypertension and
preeclampsia.

Background
Risk Factors
A variety of risk factors have been associated with
increased probability of preeclampsia (Box 1) (6–
12). Nonetheless, it is important to remember that
most cases of preeclampsia occur in healthy nullipa-
rous women with no obvious risk factors. Although
the precise role of genetic–environmental inter-
actions on the risk and incidence of preeclampsia is
unclear, emerging data suggest the tendency to
develop preeclampsia may have some genetic com-
ponent (13–16).

Definitions and Diagnostic Criteria for
Hypertensive Disorders of Pregnancy
Preeclampsia (With and Without
Severe Features)

Preeclampsia is a disorder of pregnancy associated with
new-onset hypertension, which occurs most often after 20
weeks of gestation and frequently near term. Although
often accompanied by new-onset proteinuria, hypertension
and other signs or symptoms of preeclampsia may present
in some women in the absence of proteinuria (17). Reli-
ance on maternal symptoms may be occasionally problem-
atic in clinical practice. Right upper quadrant or epigastric
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individualized, based on anticipated probability of vaginal
delivery and on the nature and progression of preeclampsia
disease state.

Anesthesia Considerations
With improved techniques over the past decades, regional
anesthesia has become the preferred technique for women
with preeclampsia with severe features and eclampsia for
labor and delivery. A secondary analysis of women with
preeclampsia with severe features in a randomized trial of
low-dose aspirin reported that epidural anesthesia was not
associated with an increased rate of cesarean delivery,
pulmonary edema, or renal failure (142). Also, in a pro-
spective study, the incidence and severity of hypotension
did not appear to be increased with spinal anesthesia for
cesarean delivery in women with preeclampsia with severe
features (n565) compared with women without pre-
eclampsia (143).

When the use of spinal or epidural anesthesia in
women with preeclampsia with severe features was
compared in a randomized trial (144), the incidence of
hypotension was higher in the spinal group (51% versus
23%) but was easily treated and of short duration (less
than 1 minute). General anesthesia carries more risk to
pregnant women than regional anesthesia does because
of the risk of aspiration, failed intubation because of
pharyngolaryngeal edema, and stroke secondary to

increased systemic and intracranial pressures during intu-
bation and extubation (145, 146). However, neuraxial
anesthesia and analgesia are contraindicated in the pres-
ence of a coagulopathy because of the potential for hem-
orrhagic complications (147). Thrombocytopenia also
increases the risk of epidural hematoma. There is no
consensus in regard to the safe lower-limit for platelet
count and neuraxial anesthesia. The literature offers only
limited and retrospective data to address this issue, but
a recent retrospective cohort study of 84,471 obstetric pa-
tients from 19 institutions combined with a systematic
review of the medical literature support the assertion that
the risk of epidural hematoma from neuraxial anesthetics in
a parturient patient with a platelet count of more than 70 3
109/L is exceptionally low (less than 0.2%) (148). Extrap-
olating this expanded data to previous recommendations
(149) would suggest that epidural or spinal anesthesia is
considered acceptable, and the risk of epidural hematoma
is exceptionally low, in patients with platelet counts of 70
3 109/L or more provided that the platelet level is stable,
there is no other acquired or congenital coagulopathy, the
platelet function is normal, and the patient is not on any
antiplatelet or anticoagulant therapy (148, 149).

Magnesium sulfate has significant anesthetic impli-
cations because it prolongs the duration of nondepolariz-
ing muscle relaxants. However, women with
preeclampsia who require cesarean delivery should

Table 3. Antihypertensive Agents Used for Urgent Blood Pressure Control in Pregnancy

Drug Dose Comments Onset of Action

Labetalol 10–20 mg IV, then 20–80 mg
every 10–30 minutes to a maxi-
mum cumulative dosage of
300 mg; or constant infusion
1–2 mg/min IV

Tachycardia is less common with
fewer adverse effects.

1–2 minutes

Avoid in women with asthma,
preexisting myocardial disease,
decompensated cardiac function,
and heart block and bradycardia.

Hydralazine 5 mg IV or IM, then 5–10 mg IV
every 20–40 minutes to a maxi-
mum cumulative dosage of 20 mg;
or constant infusion of
0.5–10 mg/hr

Higher or frequent dosage
associated with maternal
hypotension, headaches, and
abnormal fetal heart rate tracings;
may be more common than other
agents.

10–20 minutes

Nifedipine
(immediate release)

10–20 mg orally, repeat in
20 minutes if needed; then
10–20 mg every 2–6 hours;
maximum daily dose is 180 mg

May observe reflex tachycardia
and headaches

5–10 minutes

Abbreviations: IM, intramuscularly; IV, intravenously.
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

5 Side-effects for the woman (specific ef-
fects)

5 ! Risk Ratio (M-H, Random, 95% CI) Subtotals only

5.1 Palpatations 2 87 Risk Ratio (M-H, Random, 95% CI) 0.63 [0.28, 1.39]

5.2 Nausea and/or vomiting 4 170 Risk Ratio (M-H, Random, 95% CI) 1.72 [0.27, 10.81]

5.3 Headache 5 296 Risk Ratio (M-H, Random, 95% CI) 1.14 [0.43, 3.02]

5.4 Flushing 4 170 Risk Ratio (M-H, Random, 95% CI) 1.04 [0.15, 7.51]

5.5 Dyspnoea 1 37 Risk Ratio (M-H, Random, 95% CI) 0.85 [0.06, 12.59]

6 Caesarean section 1 37 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.56, 1.29]

6.1 Nifedipine versus hydralazine 1 37 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.56, 1.29]

7 Fetal or neonatal death 4 161 Risk Ratio (M-H, Fixed, 95% CI) 1.36 [0.42, 4.41]

7.1 Nifedipine versus hydralazine 3 120 Risk Ratio (M-H, Fixed, 95% CI) 1.48 [0.40, 5.48]

7.2 Isradapine versus hydralazine 1 41 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.06, 14.22]

8 Apgar < 7 at 5 minutes 1 50 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

9 Fetal heart rate decelerations 4 253 Risk Ratio (M-H, Fixed, 95% CI) 0.38 [0.11, 1.31]

9.1 Nifedipine versus hydralazine 3 213 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.04, 2.99]

9.2 Isradipine versus hydralazine 1 40 Risk Ratio (M-H, Fixed, 95% CI) 0.4 [0.09, 1.83]

!
!

Analysis 2.1. ! Comparison 2 Calcium channel blockers versus
hydralazine, Outcome 1 Persistent high blood pressure.

Study or subgroup Calcium an-
tagonist

Hydralazine Risk Ratio Weight Risk Ratio

! n/N n/N M-H, Fixed, 95% CI ! M-H, Fixed, 95% CI
2.1.1 Nifedipine versus hydralazine !

Brazil 1992 0/20 0/17 ! Not estimable

Iran 2002 6/65 15/61 44.73% 0.38[0.16,0.9]

Iran 2011 5/25 11/25 31.79% 0.45[0.18,1.12]

Mexico 1993 0/13 0/14 ! Not estimable

South Africa 1989 1/17 4/16 11.91% 0.24[0.03,1.89]

Subtotal (95% CI) 140 133 88.44% 0.38[0.21,0.7]
Total events: 12 (Calcium antagonist), 30 (Hydralazine) !

Heterogeneity: Tau"=0; Chi"=0.35, df=2(P=0.84); I"=0% !

Test for overall effect: Z=3.1(P=0) !

! !

2.1.2 Isradipine versus hydralazine !

Ca antagonist better 1000.01 100.1 1 Hydralazine better
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Both nimodipine and magnesium sulphate were associated with a high incidence of persistent high blood pressure, but this risk was lower
for nimodipine compared to magnesium sulphate (one trial, 1650 women; 47% versus 65%; RR 0.84, 95% CI 0.76 to 0.93). Nimodipine was
associated with a lower risk of respiratory di!iculties (RR 0.28, 95% CI 0.08 to 0.99), fewer side-e!ects (RR 0.68, 95% CI 0.55 to 0.85) and
less postpartum haemorrhage (RR 0.41, 95% CI 0.18 to 0.92) than magnesium sulphate. Stillbirths and neonatal deaths were not reported.

There are insu!icient data for reliable conclusions about the comparative e!ects of any other drugs.

Authors' conclusions

Until better evidence is available the choice of antihypertensive should depend on the clinician's experience and familiarity with a
particular drug; on what is known about adverse e!ects; and on women's preferences. Exceptions are nimodipine, magnesium sulphate
(although this is indicated for women who require an anticonvulsant for prevention or treatment of eclampsia), diazoxide and ketanserin,
which are probably best avoided.

P L A I N ! L A N G U A G E ! S U M M A R Y

Drugs for treatment of very high blood pressure during pregnancy

Pregnant women with very high blood pressure (hypertension) can reduce their blood pressure with antihypertensive drugs, but the most
e!ective antihypertensive drug during pregnancy is unknown. The aim of antihypertensive therapy is to lower blood pressure quickly but
safely for both the mother and her baby, avoiding sudden drops in blood pressure that can cause dizziness or fetal distress.

During pregnancy, a woman's blood pressure falls in the first few weeks then rises again slowly from around the middle of pregnancy,
reaching pre-pregnancy levels at term. Pregnant women with very high blood pressure (systolic over 160 mmHg, diastolic 110 mmHg or
more) are at risk of developing pre-eclampsia with associated kidney failure and premature delivery, or of having a stroke. The review of 35
randomised controlled trials including 3573 women (in the mid to late stages of pregnancy, where stated) found that while antihypertensive
drugs are e!ective in lowering blood pressure, there is not enough evidence to show which drug is the most e!ective. Fi"een di!erent
comparisons of antihypertensive treatments were included in these 35 trials, which meant that some comparisons were made by single
trials. Only one trial had a large number of participants. This trial compared nimodipine with magnesium sulphate and showed that
high blood pressure persisted in 47% and 65% of women, respectively. Calcium channel blockers were associated with less persistent
hypertension than with hydralazine and possibly less side-e!ects compared to labetalol. There is some evidence that diazoxide may result
in a woman's blood pressure falling too quickly, and that ketanserin may not be as e!ective as hydralazine. Further research into the e!ects
of antihypertensive drugs during pregnancy is needed.
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Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Conclusões dos autores
Até melhor evidência, a escolha do an4-hipertensivo depende da experiência do médico e sua familiaridade com 
uma droga par4cular; no que é conhecido de seus efeitos adversos e preferência das pacientes. Exceções dão 
nimodipina e sulfato de magnésio (embora este esteja indicado como an4convulsivante para prevenção ou 
tratamento da eclampsia), diazóxido e ktanserina, as quais seja melhor evitar
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Oral antihypertensive regimens (nifedipine retard, labetalol, 
and methyldopa) for management of severe hypertension in 
pregnancy: an open-label, randomised controlled trial
Thomas Easterling, Shuchita Mundle, Hillary Bracken, Seema Parvekar, Sulabha Mool, Laura A Magee, Peter von Dadelszen, Tara Shochet, 
Beverly Winiko!

Summary
Background Hypertension is the most common medical disorder in pregnancy, complicating one in ten pregnancies. 
Treatment of severely increased blood pressure is widely recommended to reduce the risk for maternal complications. 
Regimens for the acute treatment of severe hypertension typically include intravenous medications. Although 
e!ective, these drugs require venous access and careful fetal monitoring and might not be feasible in busy or low-
resource environments. We therefore aimed to compare the e"cacy and safety of three oral drugs, labetalol, nifedipine 
retard, and methyldopa for the management of severe hypertension in pregnancy.

Methods In this multicentre, parallel-group, open-label, randomised controlled trial, we compared these oral 
antihypertensives in two public hospitals in Nagpur, India. Pregnant women were eligible for the trial if they were aged 
at least 18 years; they were pregnant with fetuses that had reached a gestational age of at least 28 weeks; they required 
pharmacological blood pressure control for severe hypertension (systolic blood pressure #160 mm Hg or diastolic 
blood pressure #110 mm Hg); and were able to swallow oral medications. Women were randomly assigned to receive 
10 mg oral nifedipine, 200 mg oral labetalol (hourly, in both of which the dose could be escalated if hypertension was 
maintained), or 1000 mg methyldopa (a single dose, without dose escalation). Masking of participants, study 
investigators, and care providers to group allocation was not possible because of di!erent escalation protocols in the 
study groups. The primary outcome was blood pressure control (defined as 120–150 mm Hg systolic blood pressure 
and 70–100 mm Hg diastolic blood pressure) within 6 h with no adverse outcomes. This study is registered with 
ClinicalTrials.gov, number NCT01912677, and the Clinical Trial Registry, India, number ctri/2013/08/003866.

Findings Between April 1, 2015, and Aug 21, 2017, we screened 2307 women for their inclusion in the study. We 
excluded 1413 (61%) women who were ineligible, declined to participate, had impending eclampsia, were in active 
labour, or had a combination of these factors. 11 (4%) women in the nifedipine group, ten (3%) women in the labetalol 
group, and 11 (4%) women in the methyldopa group were ineligible for treatment (because they had only one 
qualifying blood pressure measurement) or had treatment stopped (because of delivery or transfer elsewhere). 
894 (39%) women were randomly assigned to a treatment group and were included in the intention-to-treat analysis: 
298 (33%) women were assigned to receive nifedipine, 295 (33%) women were assigned to receive labetalol, 
and 301 (33%) women were assigned to receive methyldopa. The primary outcome was significantly more common 
in women in the nifedipine group than in those in the methyldopa group (249 [84%] women vs 230 [76%] women; 
p=0·03). However, the primary outcome did not di!er between the nifedipine and labetalol groups (249 [84%] women 
vs 228 [77%] women; p=0·05) or the labetalol and methyldopa groups (p=0·80). Seven serious adverse events (1% of 
births) were reported during the study: one (<1%) woman in the labetalol group had an intrapartum seizure and 
six (1%) neonates (one [<1%] neonate in the nifedipine group, two [1%] neonates in the labetalol group, and 
three [1%] neonates in the methyldopa group) were stillborn. No birth had more than one adverse event.

Interpretation All oral antihypertensives reduced blood pressure to the reference range in most women. As single 
drugs, nifedipine retard use resulted in a greater frequency of primary outcome attainment than labetalol or 
methyldopa use. All three oral drugs—methyldopa, nifedipine, and labetalol—are viable initial options for treating 
severe hypertension in low-resource settings.

Funding PREEMPT (University of British Columbia, Vancouver, BC, Canada; grantee of Bill & Melinda Gates Foundation).

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Published Online 
August 1, 2019 
http://dx.doi.org/10.1016/
S0140-6736(19)31282-6

See Online/Comment 
http://dx.doi.org/10.1016/ 
S0140-6736(19)31717-9

Department of Obstetrics and 
Gynecology, University of 
Washington, Seattle, WA, USA 
(Prof T Easterling MD); 
Department of Obstetrics and 
Gynecology, Government 
Medical College, Nagpur, India 
(Prof S Mundle MD); Gynuity 
Health Projects, New York, NY, 
USA (H Bracken PhD, 
T Shochet PhD, 
Prof B Winikoff MD); 
Department of Obstetrics and 
Gynaecology, Daga Memorial 
Women’s Government 
Hospital, Nagpur, India 
(S Parvekar MD, S Mool DGO); 
and Department of Women 
and Children’s Health, King’s 
College London, London, UK 
(Prof L A Magee MD, 
Prof P von Dadelszen DPhil)

Correspondence to: 
Dr Hillary Bracken, Gynuity 
Health Projects, New York, 
NY 10017, USA 
hbracken@gynuity.org

Introduction
Hypertension is the most common medical disorder 
in pregnancy, and this condition complicates one in 
ten pregnancies.1 Hypertensive disorders of pregnancy 

include chronic hypertension (ie, hypertension diagnosed 
before 20 weeks of gestation), pre-eclampsia and 
eclampsia, chronic hypertension with superimposed pre-
eclampsia (a diagnosis of chronic hypertension outside 

Articles

www.thelancet.com   Published online August 1, 2019   http://dx.doi.org/10.1016/S0140-6736(19)31282-6 1

Oral antihypertensive regimens (nifedipine retard, labetalol, 
and methyldopa) for management of severe hypertension in 
pregnancy: an open-label, randomised controlled trial
Thomas Easterling, Shuchita Mundle, Hillary Bracken, Seema Parvekar, Sulabha Mool, Laura A Magee, Peter von Dadelszen, Tara Shochet, 
Beverly Winiko!

Summary
Background Hypertension is the most common medical disorder in pregnancy, complicating one in ten pregnancies. 
Treatment of severely increased blood pressure is widely recommended to reduce the risk for maternal complications. 
Regimens for the acute treatment of severe hypertension typically include intravenous medications. Although 
e!ective, these drugs require venous access and careful fetal monitoring and might not be feasible in busy or low-
resource environments. We therefore aimed to compare the e"cacy and safety of three oral drugs, labetalol, nifedipine 
retard, and methyldopa for the management of severe hypertension in pregnancy.

Methods In this multicentre, parallel-group, open-label, randomised controlled trial, we compared these oral 
antihypertensives in two public hospitals in Nagpur, India. Pregnant women were eligible for the trial if they were aged 
at least 18 years; they were pregnant with fetuses that had reached a gestational age of at least 28 weeks; they required 
pharmacological blood pressure control for severe hypertension (systolic blood pressure #160 mm Hg or diastolic 
blood pressure #110 mm Hg); and were able to swallow oral medications. Women were randomly assigned to receive 
10 mg oral nifedipine, 200 mg oral labetalol (hourly, in both of which the dose could be escalated if hypertension was 
maintained), or 1000 mg methyldopa (a single dose, without dose escalation). Masking of participants, study 
investigators, and care providers to group allocation was not possible because of di!erent escalation protocols in the 
study groups. The primary outcome was blood pressure control (defined as 120–150 mm Hg systolic blood pressure 
and 70–100 mm Hg diastolic blood pressure) within 6 h with no adverse outcomes. This study is registered with 
ClinicalTrials.gov, number NCT01912677, and the Clinical Trial Registry, India, number ctri/2013/08/003866.

Findings Between April 1, 2015, and Aug 21, 2017, we screened 2307 women for their inclusion in the study. We 
excluded 1413 (61%) women who were ineligible, declined to participate, had impending eclampsia, were in active 
labour, or had a combination of these factors. 11 (4%) women in the nifedipine group, ten (3%) women in the labetalol 
group, and 11 (4%) women in the methyldopa group were ineligible for treatment (because they had only one 
qualifying blood pressure measurement) or had treatment stopped (because of delivery or transfer elsewhere). 
894 (39%) women were randomly assigned to a treatment group and were included in the intention-to-treat analysis: 
298 (33%) women were assigned to receive nifedipine, 295 (33%) women were assigned to receive labetalol, 
and 301 (33%) women were assigned to receive methyldopa. The primary outcome was significantly more common 
in women in the nifedipine group than in those in the methyldopa group (249 [84%] women vs 230 [76%] women; 
p=0·03). However, the primary outcome did not di!er between the nifedipine and labetalol groups (249 [84%] women 
vs 228 [77%] women; p=0·05) or the labetalol and methyldopa groups (p=0·80). Seven serious adverse events (1% of 
births) were reported during the study: one (<1%) woman in the labetalol group had an intrapartum seizure and 
six (1%) neonates (one [<1%] neonate in the nifedipine group, two [1%] neonates in the labetalol group, and 
three [1%] neonates in the methyldopa group) were stillborn. No birth had more than one adverse event.

Interpretation All oral antihypertensives reduced blood pressure to the reference range in most women. As single 
drugs, nifedipine retard use resulted in a greater frequency of primary outcome attainment than labetalol or 
methyldopa use. All three oral drugs—methyldopa, nifedipine, and labetalol—are viable initial options for treating 
severe hypertension in low-resource settings.
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Nifedipine 
(n=298)

Labetalol 
(n=295)

Methyldopa 
(n=301)

Absolute di!erence, 
nifedipine vs labetalol 
(95% CI)

Absolute di!erence, 
nifedipine vs 
methyldopa (95% CI)

Absolute di!erence, 
labetalol vs 
methyldopa (95% CI)

Primary outcome*

Achieved primary outcome 249 (84%) 228 (77%) 230 (76%) 6·3 (–0·1 to 12·6) 7·1 (0·8 to 13·5) 0·9 (–5·9 to 7·6)

Exploratory results of primary outcome

Achieved primary outcome without needing additional 
antihypertensive therapy†

247 (83%) 227 (77%) 190 (63%) 6·0 (–0·4 to 12·4) 19·8 (12·9 to 26·7) 13·8 (6·5 to 21·1)

Reached the blood pressure target 254 (85%) 231 (78%) 232 (77%) 6·9 (0·7 to 13·1) 8·2 (1·9 to 14·4) 1·2 (–5·5 to 7·9)

Any adverse outcome‡ 7 (2%) 4 (1%) 3 (1%) 1·0 (–1·2 to 3·2) 1·4 (–0·7 to 3·4) 0·4 (–1·4 to 2·1)

Received additional antihypertensive drugs 2 (1%) 9 (3%) 56 (19%) –2·4 (–4·6 to –0·2) –17·9 (–22·4 to –13·4) –15·6 (–20·4 to –10·7)

Achieved primary outcome at 3 h 219 (74%) 212 (72%) 185 (62%) 1·6 (–5·5 to 8·8) 12·0 (4·6 to 19·5) 10·4 (2·9 to 17·9)

Received magnesium sulphate during study period 31 (10%) 40 (14%) 34 (11%) –3·2 (–8·4 to 2·1) –0·9 (–5·9 to 4·1) 2·3 (–3·0 to 7·6)

Delivery outcomes

Mode of delivery (n=295 vs n=290 vs n=295)

Vaginal delivery 104 (35%) 104 (36%) 116 (39%) –0·6 (–8·4 to 7·2) –4·0 (–11·8 to 3·8) –3·4 (–11·2 to 4·4)

Forceps delivery 1 (<1%) 0 0 0·3 (–0·3 to 0·9) 0·3 (–0·3 to 0·9) 0 (0 to 0)

Caesarean section 190 (64%) 186 (64%) 179 (61%) 0·3 (–7·5 to 8·1) 3·7 (–4·1 to 11·5) 3·4 (–4·4 to 11·2)

Indications for caesarean section (n=188 vs n=179 vs n=178)§

Breech presentation 1 (1%) 0 2 (1%) 0·5 (–0·5 to 1·5) –0·6 (–2·4 to 1·2) –1·1 (–2·6 to 0·4)

Twins 2 (1%) 0 0 1·1 (–0·4 to 2·6) 1·1 (–0·4 to 2·6) 0 (0 to 0)

Fetal heart rate abnormalities 25 (13%) 24 (13%) 22 (12%) –0·1 (–7·1 to 6·9) 0·9 (–6·0 to 7·8) 1·0 (–6·0 to 8·0)

Other fetal indications 3 (2%) 3 (2%) 4 (2%) –0·1 (–2·7 to 2·5) –0·6 (–3·4 to 2·2) –0·5 (–3·4 to 2·4)

Uncontrolled blood pressure 4 (2%) 13 (7%) 10 (6%) –5·2 (–9·5 to –0·9) –3·5 (–7·5 to 0·5) 1·7 (–3·4 to 6·8)

Previous caesarean section 24 (13%) 27 (15%) 21 (12%) –2·3 (–9·4 to 4·8) 1·0 (–5·7 to 7·7) 3·3 (–3·8 to 10·4)

Unfavourable cervix 20 (11%) 29 (16%) 22 (12%) –5·6 (–12·6 to 1·4) –1·8 (–8·3 to 4·7) 3·8 (–3·4 to 11·1)

Failed induction of labour 66 (35%) 61 (34%) 62 (35%) 1·0 (–8·7 to 10·7) 0·3 (–9·5 to 10·1) –0·7 (–10·6 to 9·2)

Failure to progress after 6-cm dilation 14 (7%) 5 (3%) 7 (4%) 4·6 (0·1 to 9·1) 3·5 (–1·2 to 8·2) –1·1 (–4·8 to 2·6)

Other 10 (5%) 5 (3%) 10 (6%) 2·5 (–1·5 to 6·5) –0·3 (–5·0 to 4·4) –2·8 (–7·0 to 1·4)

Median time from randomisation to delivery (IQR), h 
(n=295 vs n=290 vs n=295)

24·5 
(14·5–49·4)

23·6 
(14·3–44·7)

22·8 
(13·5–46·1)

0·9 (–2·8 to 4·5) 1·8 (–1·7 to 5·2) 0·9 (–2·5 to 4·3)

Adverse maternal outcomes¶

Seizure 0 1 (<1%) 0 –0·3 (–0·9 to 0·3) 0 (0 to 0) 0·3 (–0·3 to 0·9)

Adverse CNS outcome (stroke or cortical blindness) 0 0 0 ·· ·· ··

Pulmonary oedema (oxygen saturation <90% and abnormal 
chest x-ray)

0 0 0 ·· ·· ··

Oliguria (<25 cm!/h for 2 h) up to 2 h after end of study 
period

0 0 0 ·· ·· ··

Disseminated intravascular coagulation, diagnosed by treating 
physician

0 0 0 ·· ·· ··

Admission to intensive care unit 0 0 0 ·· ·· ··

Dialysis 0 0 0 ·· ·· ··

Mechanical ventilation 0 0 0 ·· ·· ··

Complications of labour and delivery

Placental abruption 0 1 (<1%) 0 –0·3 (–0·9 to 0·3) 0 (0 to 0) 0·2 (–0·5 to 0·9)

Post-partum haemorrhage 2 (1%) 1 (<1%) 0 0·4 (–0·7 to 1·5) 0·7 (–0·2 to 1·6) 0·2 (–0·5 to 0·9)

Received blood products after trial entry 10 (3%) 5 (2%) 3 (1%) 1·7 (–0·8 to 4·2) 2·4 (0·1 to 4·7) 0·7 (–1·2 to 2·6)

Maternal death 0 0 0 0 (0 to 0) 0 (0 to 0) 0 (0 to 0)

Data are n (%), unless otherwise indicated. *Defined as attaining the blood pressure target (120–150 mm Hg systolic and 70–100 mm Hg diastolic) after 6 h without an adverse outcome (systolic blood pressure 
<120 mm Hg, diastolic blood pressure <70 mm Hg, or both; fetal compromise; or caesarean section for fetal distress, severe headache, or eclampsia) during the study period. †During the 6-h study period or, 
if delivered during the study period, last blood pressure measurement before birth. ‡Included low blood pressure and fetal compromise (nifedipine, n=2; labetalol, n=0; methyldopa, n=0); caesarean section for 
fetal distress (nifedipine, n=3; labetalol, n=1; methyldopa, n=1); severe headache (defined as a pain score "5 on a 7-point visual analogue scale) during or up to 2 h after the end of the study period that resulted in 
a change in treatment (nifedipine, n=2; labetalol, n=2; methyldopa, n=2); or a seizure during or up to 2 h after the end of the study period (nifedipine, n=0; labetalol, n=1; methyldopa, n=0). §Women could have 
more than one indication. ¶Between study start and discharge, unless otherwise indicated.

Table !: Maternal outcomes 

(p=0·05) (p=0·03) (p=0·80) 
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Summary
Background Hypertension is the most common medical disorder in pregnancy, complicating one in ten pregnancies. 
Treatment of severely increased blood pressure is widely recommended to reduce the risk for maternal complications. 
Regimens for the acute treatment of severe hypertension typically include intravenous medications. Although 
e!ective, these drugs require venous access and careful fetal monitoring and might not be feasible in busy or low-
resource environments. We therefore aimed to compare the e"cacy and safety of three oral drugs, labetalol, nifedipine 
retard, and methyldopa for the management of severe hypertension in pregnancy.

Methods In this multicentre, parallel-group, open-label, randomised controlled trial, we compared these oral 
antihypertensives in two public hospitals in Nagpur, India. Pregnant women were eligible for the trial if they were aged 
at least 18 years; they were pregnant with fetuses that had reached a gestational age of at least 28 weeks; they required 
pharmacological blood pressure control for severe hypertension (systolic blood pressure #160 mm Hg or diastolic 
blood pressure #110 mm Hg); and were able to swallow oral medications. Women were randomly assigned to receive 
10 mg oral nifedipine, 200 mg oral labetalol (hourly, in both of which the dose could be escalated if hypertension was 
maintained), or 1000 mg methyldopa (a single dose, without dose escalation). Masking of participants, study 
investigators, and care providers to group allocation was not possible because of di!erent escalation protocols in the 
study groups. The primary outcome was blood pressure control (defined as 120–150 mm Hg systolic blood pressure 
and 70–100 mm Hg diastolic blood pressure) within 6 h with no adverse outcomes. This study is registered with 
ClinicalTrials.gov, number NCT01912677, and the Clinical Trial Registry, India, number ctri/2013/08/003866.

Findings Between April 1, 2015, and Aug 21, 2017, we screened 2307 women for their inclusion in the study. We 
excluded 1413 (61%) women who were ineligible, declined to participate, had impending eclampsia, were in active 
labour, or had a combination of these factors. 11 (4%) women in the nifedipine group, ten (3%) women in the labetalol 
group, and 11 (4%) women in the methyldopa group were ineligible for treatment (because they had only one 
qualifying blood pressure measurement) or had treatment stopped (because of delivery or transfer elsewhere). 
894 (39%) women were randomly assigned to a treatment group and were included in the intention-to-treat analysis: 
298 (33%) women were assigned to receive nifedipine, 295 (33%) women were assigned to receive labetalol, 
and 301 (33%) women were assigned to receive methyldopa. The primary outcome was significantly more common 
in women in the nifedipine group than in those in the methyldopa group (249 [84%] women vs 230 [76%] women; 
p=0·03). However, the primary outcome did not di!er between the nifedipine and labetalol groups (249 [84%] women 
vs 228 [77%] women; p=0·05) or the labetalol and methyldopa groups (p=0·80). Seven serious adverse events (1% of 
births) were reported during the study: one (<1%) woman in the labetalol group had an intrapartum seizure and 
six (1%) neonates (one [<1%] neonate in the nifedipine group, two [1%] neonates in the labetalol group, and 
three [1%] neonates in the methyldopa group) were stillborn. No birth had more than one adverse event.

Interpretation All oral antihypertensives reduced blood pressure to the reference range in most women. As single 
drugs, nifedipine retard use resulted in a greater frequency of primary outcome attainment than labetalol or 
methyldopa use. All three oral drugs—methyldopa, nifedipine, and labetalol—are viable initial options for treating 
severe hypertension in low-resource settings.
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Our study suggests the need to expand access to, and
use of, oral an5hypertensive medica5ons for the
treatment of severe hypertension in pregnancy. Given
the three-delay model of maternal deaths,19 the
provision of easily administered oral medica5ons would
reduce the burden of the delay in receiving adequate
care, from community through to facility. 
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Summary
Background Hypertension is the most common medical disorder in pregnancy, complicating one in ten pregnancies. 
Treatment of severely increased blood pressure is widely recommended to reduce the risk for maternal complications. 
Regimens for the acute treatment of severe hypertension typically include intravenous medications. Although 
e!ective, these drugs require venous access and careful fetal monitoring and might not be feasible in busy or low-
resource environments. We therefore aimed to compare the e"cacy and safety of three oral drugs, labetalol, nifedipine 
retard, and methyldopa for the management of severe hypertension in pregnancy.

Methods In this multicentre, parallel-group, open-label, randomised controlled trial, we compared these oral 
antihypertensives in two public hospitals in Nagpur, India. Pregnant women were eligible for the trial if they were aged 
at least 18 years; they were pregnant with fetuses that had reached a gestational age of at least 28 weeks; they required 
pharmacological blood pressure control for severe hypertension (systolic blood pressure #160 mm Hg or diastolic 
blood pressure #110 mm Hg); and were able to swallow oral medications. Women were randomly assigned to receive 
10 mg oral nifedipine, 200 mg oral labetalol (hourly, in both of which the dose could be escalated if hypertension was 
maintained), or 1000 mg methyldopa (a single dose, without dose escalation). Masking of participants, study 
investigators, and care providers to group allocation was not possible because of di!erent escalation protocols in the 
study groups. The primary outcome was blood pressure control (defined as 120–150 mm Hg systolic blood pressure 
and 70–100 mm Hg diastolic blood pressure) within 6 h with no adverse outcomes. This study is registered with 
ClinicalTrials.gov, number NCT01912677, and the Clinical Trial Registry, India, number ctri/2013/08/003866.

Findings Between April 1, 2015, and Aug 21, 2017, we screened 2307 women for their inclusion in the study. We 
excluded 1413 (61%) women who were ineligible, declined to participate, had impending eclampsia, were in active 
labour, or had a combination of these factors. 11 (4%) women in the nifedipine group, ten (3%) women in the labetalol 
group, and 11 (4%) women in the methyldopa group were ineligible for treatment (because they had only one 
qualifying blood pressure measurement) or had treatment stopped (because of delivery or transfer elsewhere). 
894 (39%) women were randomly assigned to a treatment group and were included in the intention-to-treat analysis: 
298 (33%) women were assigned to receive nifedipine, 295 (33%) women were assigned to receive labetalol, 
and 301 (33%) women were assigned to receive methyldopa. The primary outcome was significantly more common 
in women in the nifedipine group than in those in the methyldopa group (249 [84%] women vs 230 [76%] women; 
p=0·03). However, the primary outcome did not di!er between the nifedipine and labetalol groups (249 [84%] women 
vs 228 [77%] women; p=0·05) or the labetalol and methyldopa groups (p=0·80). Seven serious adverse events (1% of 
births) were reported during the study: one (<1%) woman in the labetalol group had an intrapartum seizure and 
six (1%) neonates (one [<1%] neonate in the nifedipine group, two [1%] neonates in the labetalol group, and 
three [1%] neonates in the methyldopa group) were stillborn. No birth had more than one adverse event.

Interpretation All oral antihypertensives reduced blood pressure to the reference range in most women. As single 
drugs, nifedipine retard use resulted in a greater frequency of primary outcome attainment than labetalol or 
methyldopa use. All three oral drugs—methyldopa, nifedipine, and labetalol—are viable initial options for treating 
severe hypertension in low-resource settings.
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eclampsia, chronic hypertension with superimposed pre-
eclampsia (a diagnosis of chronic hypertension outside 

Nosso estudo sugere a necessidade de expandir o uso 
de anti-hipertensivos por via oral para o manejo da 
hipertensão grave na gravidez. Devido ao modelo de 
demora no atendimento relacionado à mortalidade 
materna, a provisão de medicações orais facilmente 
administradas poderiam reduzir o atraso na execução 
do cuidado adequado.
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Hydralazine vs nifedipine for acute hypertensive emergency
in pregnancy: a randomized controlled trial
Chanderdeep Sharma, MD (OBG), DNB (OBG); Anjali Soni, MD (OBG); Amit Gupta, MD (OBG); Ashok Verma, MD (OBG);
Suresh Verma, MD (OBG)

BACKGROUND: There is a paucity of good quality evidence regarding
the best therapeutic option for acute control of blood pressure during acute
hypertensive emergency of pregnancy.
OBJECTIVE: We sought to compare the efficacy of intravenously
administered hydralazine and oral nifedipine for acute blood pressure
control in acute hypertensive emergency of pregnancy.
STUDY DESIGN: In this double-blind, randomized, controlled trial,
pregnant women (!24 weeks period of gestation) with sustained increase
in systolic blood pressure of !160 mm Hg or diastolic blood pressure of
!110 mm Hg were randomized to receive intravenous hydralazine in-
jection in doses of 5, 10, 10, and 10 mg and a placebo tablet or oral
nifedipine (10 mg tablet up to 4 doses) and intravenous saline injection
every 20 minutes until the target blood pressure of 150 mm Hg systolic
and "100 mm Hg diastolic was achieved. Crossover treatment was
administered if the initial treatment failed. The primary outcome of the
study was time necessary to achieve target blood pressure. The secondary
outcomes were the number of dosages required, adverse maternal and
neonatal effects, and perinatal outcome.

RESULTS: From December 2014 through September 2015, we
enrolled 60 patients. The median time to achieve target blood pressure
was 40 minutes in both groups (intravenous hydralazine and oral nifedi-
pine) (interquartile interval 5 and 40 minutes, respectively, P# .809). The
median dose requirement in both groups was 2 (intravenous hydralazine
and oral nifedipine) (interquartile range 1 and 2 doses, respectively, P #
.625). Intravenous hydralazine was associated with statistically signifi-
cantly higher occurrence of vomiting (9/30 vs 2/30, respectively, P #
.042). No serious adverse maternal or perinatal side effects were wit-
nessed in either group.
CONCLUSION: Both intravenous hydralazine and oral nifedipine are
equally effective in lowering of blood pressure in acute hypertensive
emergency of pregnancy.
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pressure, critical care, double blind, hypertension, intravenous
hydralazine, maternal morbidity, maternal mortality, oral nifedipine,
preeclampsia

Introduction
Hypertension is one of themost common
medical disorders during pregnancy.1

Hypertensive disorders of pregnancy
constitute one of the major causes of
maternal and fetal morbidity and mor-
tality worldwide.2 The American
Congress of Obstetricians and Gynecol-
ogists (ACOG) de!nes systolic blood
pressure (BP) !160 mm Hg or diastolic
BP !110 mm Hg as one of the severe
features of preeclampsia. BP readings
should preferably be taken on 2 occasions
with an interval of at least 4 hours be-
tween them. Nonetheless, diagnosis can
be con!rmed within a shorter interval
(even minutes) to facilitate timely anti-
hypertensive therapy.

Increased BP is associated with
increased risk of morbidity and mortality
in preeclamptic women.2 ACOG Task
Force recommends use of antihyperten-
sive therapy to lower severe hypertension
in preeclamptic women during preg-
nancy.2 Cochrane meta-analysis on drugs
for the treatment of very high BP during
pregnancy states that until better evidence
is available, the choice of antihypertensive
should dependon clinician experience and
women’s preferences.3 Commonly used
agents for acute lowering of BP in pre-
eclamptic women with severe hyperten-
sion in pregnancy are intravenous
hydralazine, intravenous labetalol, and
oral nifedipine.3,4

However, there is limited evidence with
respect to nature of drug to be used.
Cochrane meta-analysis found no signi!-
cant difference regarding ef!cacy between
various agents (hydralazine, labetalol, or
nifedipine). Recently there was concern
regarding use of hydralazine for acute BP
control in preeclamptic women with se-
vere hypertension.1,4 Use of intravenous
hydralazine for acute BP control in

pregnant women with severe sustained
hypertension has been implicated with
increased risk of cesarean delivery,
placental abruption, maternal overshoot
hypotension, and low Apgar scores in ne-
onates.4-6

Additionally, on detailed evaluation of
available evidence7-13 comparing hy-
dralazine with nifedipine for acute BP
control in women with severe hyper-
tension during pregnancy, it is observed
that the majority of these studies actually
used short-acting sublingual nifedi-
pine,7,8,11,13 which was withdrawn
because of concerns of excessive cardio-
vascular morbidity and mortality.4 From
1995 through 2013 a PubMed database
search for trials comparing hydralazine
and nifedipine BP control in pregnant
preeclamptic women with severe hyper-
tension using key words “severe hyper-
tension,” “pregnancy,” “nifedipine,” and
“hydralazine” revealed only 1 random-
ized controlled trial10 that had compared
nifedipine and intravenous hydralazine
for the lowering of BP during hyper-
tensive emergency in pregnancy.
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intravenous hydralazine.7,8,11,13 However,
the use of sublingual nifedipine has been
abandoned due to serious associated car-
diovascular complications.4 To our
knowledge, only 1 study by Rezaei et al10

compared oral nifedipine with intrave-
nous hydralazine and they observed that

oral nifedipine had better ef!cacy (mean
time required for BP control oral nifedi-
pine vs intravenous hydralazine: 24 vs 35
minutes, P ! .016). This could be due to
higher dose of nifedipine used, ie, initial 10
mg dose followed by 20 mg every 20 mi-
nutes to a total of 5 doses or target BP

achieved. Additionally, there is slight
variation in the target BP range in their
study as they used systolic BP <150 mm
Hg and diastolic BP 90-100 mmHg as the
target. One major drawback of the study
by Rezaei et al10 was that there was no
blinding of patients or treating physicians.
Not doing so is awell-known confounding
factor in randomized trials and, as such,
has been mandated as an essential crite-
rion by CONSORT guidelines
worldwide.14

Nonetheless, they reported 100% ef-
!cacy of both drugs for achieving target
BP within the stipulated time period and
this !nding is similar to our observation
as no woman required crossover treat-
ment in either group in our study.

None of the women had any major side
effects in our study. However, intravenous
hydralazine was statistically more signi!-
cantly associated with vomiting as
compared to oral nifedipine (P ! .042).
We did not observe any statistically sig-
ni!cant difference with respect to
maternal or neonatal effects in either
group. There has been much controversy
regarding the use of intravenous hydral-
azine as !rst-line agent due to increased
need for cesarean delivery, placental
abruption, overshoot hypotension, and
low 5-minute Apgar scores.4-6

There has been some speculation
regarding safety pro!le of oral nifedipine
especially with respect to overshoot hy-
potension, synergistic effect with concur-
rent use of magnesium sulfate, and risk of
prolonged labor (as nifedipine has also
been used for tocolysis). Nonetheless,
these concerns have been satisfactorily
provenwrong by various trials15-22 and the
safety of nifedipine has been well docu-
mented as antihypertensive agent12,15,16 as
well as with respect to tocolysis17-21 or
synergistic action with magnesium sul-
fate.22 In our study, there was no case of
overshoot hypotension with use of oral
nifedipine. All women received magne-
sium sulfate andno case of neuromuscular
blockade was observed. The majority of
women required 2-4 doses of nifedipine to
achieve target BP and were exposed to
much lesser doses in comparison to what
is used for tocolysis.

The questions can, however, be raised
regarding different dosing schedule of

FIGURE 2
Profiles of systolic and diastolic blood pressure (mean – SD) during
treatment
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FIGURE 3
Cumulative percentage of women who achieved target blood pressure
during study period

(x-axis: Time taken for BP control, minutes, y-axis: Cumulative percentage of women who achieved target 
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FIGURE 3
Cumulative percentage of women who achieved target blood pressure
during study period
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Categorical data sets were analyzed with
Fisher exact test. All tests were 2-sided
and P < .05 was considered signi!cant.
Participants were analyzed on the
intention-to-treat basis.

Results
Figure 1 shows the CONSORT "ow
chart of participants after enrollment.

Sixty women were enrolled into the
study, and divided into 2 groups of
30 each. Each group of 30 was random-
ized to receive either intravenous
hydralazine or oral nifedipine. As shown
in Table 1, both groups were similar with
respect to maternal age, gravidity, period
of gestation, systolic and diastolic BP at
enrollment, and use of antenatal
steroids.

Median time to achieve target BP
(de!ned as systolic BP <150 and dia-
stolic BP<100 mm Hg, both conditions
ful!lled) was 40 minutes in both groups

(intravenous hydralazine vs oral nifedi-
pine; interquartile interval 5 and 40
minutes, respectively, P ! .809). All
women in the study required amedian of
2 doses for acute control of BP (intra-
venous hydralazine and oral nifedipine;
interquartile range 1 and 2 doses,
respectively, P ! .625) (Table 2). No
woman in the study required the cross-
over treatment. Figure 2 shows a
decrease of BP in women during the
study period. In the !rst 80 minutes,
100% of women achieved the target BP.
Repeated measures analysis of the vari-
ance of BP for the !rst 80 minutes
indicated that both systolic and diastolic
BP decreased signi!cantly with the pas-
sage of time in both groups (Figure 2).
The Figure 3 shows the cumulative

percentage of patients who happened to
achieve the target BP in both groups over
the speci!ed time. The mean maternal
heart rate at the beginning of the

treatment was 88 beat/min in the hy-
dralazine group and 86 beat/min in the
nifedipine group (P ! .279). The corre-
sponding values at the end of the treat-
ment were 78 and 88 beat/min in the
hydralazine and nifedipine groups,
respectively. Two women had tachy-
cardia (heart rate>90 beat/min), both in
the nifedipine group. Both of them were
managed conservatively without any
additional treatment. Repeatedmeasures
analysis of variance of maternal heart
rate for the !rst 80 minutes revealed a
signi!cant increase with time in the
nifedipine group (P < .001). However,
there was no statistically signi!cant dif-
ference in mean heart rate of women in
the hydralazine group. As shown in
Table 2, there was no statistically signif-
icant difference in maternal or neonatal
outcomes in either group except for
maternal vomiting, which was signi!-
cantly more frequent in the hydralazine
group (hydralazine vs nifedipine 9 vs 2,
P!.042). There was 1 case of precipitous
decrease in maternal BP during the trial
period (although she did not meet the
initial de!ned criteria of hypotension, ie,
BP<90mmHg). This womanwas in the
hydralazine group. She received a second
dose of hydralazine when she developed
signi!cant decrease in BP (systolic
BP 110 mm Hg). She reported uneasi-
ness. Intravenous "uids were adminis-
tered and no fetal heart rate
abnormality was detected. Her BP was
normalized in 20 minutes after intrave-
nous hydration with 0.9% normal
saline. Subsequently after induction of
labor she had normal vaginal delivery of
a healthy neonate.

There was no maternal or fetal death
during the study.

Comment
In this double-blinded, randomized
controlled trial, we found intravenous
hydralazine and oral nifedipine to have
similar ef!cacy for acute BP control in
pregnant women with severe sustained
hypertension.

There is a paucity of literature with
respect to these 2 agents for acute
BP control in pregnant womenwith severe
sustained hypertension. Several studies
compared sublingual nifedipine with

TABLE 2
Outcomes of randomized trial comparing intravenous hydralazine with oral
nifedipine for acute blood pressure control in pregnancy

Hydralazine,
n ! 30

Nifedipine,
n ! 30 P value

Primary outcome

Time for BP control,a min 40 (5) 40 (40) .809

Secondary outcomes

No. of doses,a n 2 (1) 2 (2) .625

Maternal side effects

" Nausea 3 5 .706

" Vomiting 9 2 .042

" Overshoot hypotension 1 nil .998

" Tachycardia (>90 beat/min) nil 2 .491

Elective cesarean delivery, n 3 2 .986

Induction of labor, n 27 28 .998

Emergency cesarean delivery 6 5 .898

Apgar score <7

" 1 min 2 3 .640

" 5 min 1 2 .554

NICU admission, n 1 2 .978

Neonatal birthweight, g 2280 # 628 2544 # 514 .079

BP, blood pressure; NICU, neonatal intensive care unit.
a Median (interquartile interval).
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both intravenous hydralazine and oral
nifedipine. We preferred lower dosage of
hydralazine as initial dose (5 mg), and
subsequently it was followed by the
higher dose (10 mg), as advised by the
standard textbook by Cunningham
et al.23 Additionally, we followed the
protocol of Shekhar et al1 with respect to
the dosage of nifedipine to have a !at
dose of 10 mg, which was to be repeated
every 20 minutes thereby keeping the
dosing interval similar for 2 drugs.

Regarding the side-effect pro"le;
vomiting was statistically more signi"-
cantly common in hydralazine group (9
vs 2, P ! .042). There was 1 case of
precipitous decrease in maternal BP in
the hydralazine group and 2 cases of
tachycardia in the nifedipine group.
However, these were transient and
responded to routine maneuvers and
there was no major maternal or fetal side
effect in our study. Nonetheless, it is
prudent to mention that our study
lacked adequate power to assess the
safety pro"le of these drugs conclusively.

Our observation of equal ef"cacy of
both these agents is slightly at variance
with the observations of Rezaei et al.10

However, it does establish oral nifedi-
pine as "rst-line agent, which is better
tolerated as compared to intravenous
hydralazine for acute BP control in hy-
pertensive emergency of pregnancy.
Therefore, a larger, well-controlled,
adequately powered study, especially
with respect to the maternal and fetal
side effects, is the need of the hour.

Until then, we completely agree with
Shekhar et al1 that “oral nifedipine may
be preferred because of !at dosing
regimen, ease of oral administration,
wide availability, and low cost.” n
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Adverse effects on maternal or foetal

All mothers and babies were discharged alive after delivery. As
shown in Table 3. No severe adverse effects on maternal or foetal
were reported, and the response to drugs was also similar in two
treatment groups. No cardiotocographic abnormalities were
recorded. The neonatal outcomes are also shown in Table 3. No
signi!cant difference of newborn’s Apgar scores was found
between the two groups. Ten (13!5%) newborns in the oral
nifedipine group and 12 (16!4%) in the intravenous labetalol group
had Apgar scores of 4–6. There was also no signi!cant difference in
birthweight.

Pre-eclampsia is primarily caused by severe hypertension.22

Normally, pregnancy with severe hypertension should receive
antihypertensive agent to control their pressure.19 The maternal
and foetal risks are decreased by lowering of blood pressure to safe
levels with antihypertensive agents.23,24 The Cochrane review on
agents for severe hypertension therapy in pregnancy concluded
that until better evidence is available, the choice of antihyperten-
sive agent should depend on the clinician’s experience and
familiarity with a particular agent, and on adverse effects.17 In
the present study, our data showed that oral nifedipine and
intravenous labetalol are effective in controlling severe hyperten-
sion in patients with severe pre-eclampsia. The time interval before

a new hypertensive crisis coming after initial effective blood
pressure control in the nifedipine group was similar to the
labetalol group. Moreover, the total number of dosages of
medication needed to achieve effective blood pressure control
was not different. There were no severe adverse effects associated
with either drug treatments. Our results are consistent with
previous reports that both oral nifedipine and intravenous
labetalol are suitable antihypertensive agents for pregnancy.18,25

Nifedipine, labetalol and hydralazine have been recommend as
the !rst-line alternatives for severe hypertension therapy during
pregnancy by most of the authorities.3,6 There are lots of studies
comparing either nifedipine or labetalol with hydralazine. For
instance, Fenakel et al.7 demonstrated greater ef!cacy of nifedipine
when compared tohydralazine in achieving effective bloodpressure
control in severe pre-eclampsia. Aali et al. reported that nifedipine is
more safe and effective than hydralazine in controlling hypertension
in patients with severe pre-eclampsia. Nifedipine also has the
advantage of being cheaper and more widely available than
hydralazine.21 In contrast, a Cochrane review reported that there
was no clear evidence that nifedipine or labetalol wasmore effective
than hydralazine.6 One recent study showed that labetalol and
hydralazine for intravenoususe are equally effective in the control of
hypertension in pregnant patients with severe pre-eclampsia.26

However, there are few studies comparing nifedipine and labetalol

Table 1. Characteristics of participants

Characteristic Nifedipine (n = 74) Labetalol (n = 73) P value

Age (years) 28!3 (20–40) 29!1 (21–40) 0!62
Gestation (weeks) 37!6 (35!2–39!5) 37!1 (34!4–38!9) 0!72
Systolic blood pressure (mmHg)a 172!5 (168–182) 176!4 (171–185) 0!54
Diastolic blood pressure (mmHg)a 109!2 (103–114) 112!7 (105–117) 0!32
Heart rate (beats/min) 89!7 (69–101) 86!3 (65–107) 0!41
BMI (kg/m2)b 24!1 (21!2–27!5) 23!7 (20!4–26!9) 0!53

aSystolic and diastolic blood pressure at randomization prior to starting treatment.
bBMI, body mass index.

Table 2. Ef!cacy parameters of nifedipine and labetalol in con-
trolling of blood pressure in patients with severe pre-eclampsia

Nifedipine
(n = 74)

Labetalol
(n = 73) P value

Needed time to achieve
effective blood pressure
control (minutes)

35 (24!6–71!3) 42 (28!5–68!4) 0!37

Time interval for a new
hypertensive crisis
following effective blood
pressure control (hours)

3!4 (1–8) 3!1 (1–8) 0!58

Number of antihypertensive doses to achieve effective blood pressure
control
1 12 (16!2%) 10 (13!5%)
2 30 (40!5%) 26 (35!1%)
3 26 (35!1%) 23 (31!1%)
4 4 (5!4%) 10 (13!5%)
5 2 (2!7%) 4 (5!4%)

Mean (SD) 2!4 (0!43) 2!6 (0!33) 0!46

Table 3. Short-term adverse effect and neonatal outcomes

Nifedipine
(n = 74)

Labetalol
(n = 73) RRa (95% CI)

No adverse effect 63 (85!1%) 59 (80!8%) 1!04 (0!51–2!46)
Adverse effect 11 (14!9%) 14 (19!3%)
Nausea 1 (1!4%) 3 (4!1%)
Vomiting 1 (1!4%) 2 (2!7%)
Maternal tachycardia 3 (4!1%) 4 (5!5%)
Headache (mild) 4 (5!4%) 2 (2!7%)
Dizziness 2 (2!7%) 3 (4!1%)
Chest pain 0 (0) 0 (0)
Hypotension 0 (0) 0 (0)
Shortness of breath 0 (0) 0 (0)
Apgar score
>6 64 (86!5%) 61 (83!6%)
4–6 10 (13!5%) 12 (16!4%)

Birthweight (g) 3118!2 " 575!1 2973!6 " 641!5

aRR, risk ratio of any kind of adverse effect in nifedipine vs. labetalol group.

© 2016 John Wiley & Sons Ltd Journal of Clinical Pharmacy and Therapeutics, 2016, 41, 657–661
659

Oral nifedipine vs. intravenous labetalol for severe pre-eclampsia D.-D. Shi et al.

In conclusion, our study demonstrated that both oral nifedipine and intravenous labetalol are effective
and well tolerated for the control of blood pressure in pregnant patients with severe pre- eclampsia. 
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Quadro 2. Agentes recomendados para o tratamento da crise ou 
emergência hipertensiva em gestantes 

 
Agente  Dose inicial Repetir, se necessário Dose máxima 

Hidralazina 
Ampola de 20 mg/mL 

5 mg, 
Via intravenosa 

5 mg, a cada 
20 minutos 30 mg 

A ampola de hidralazina contém 1 mL, na concentração de 20 mg/mL. Diluir uma ampola (1 mL) em 19 mL 
de água destilada, assim, obtém-se a concentração de 1 mg/mL. 

Nifedipino 
Comprimido de 10 mg 

10 mg 
Via oral 

10 mg, a cada 
20-30 minutos 

(Via oral) 
30 mg 

Hidralazina em infusão 
contínua 

5mg/hora 
Diluir 80 mg (4 mL de hidralazina) em 500 mL de 
soro fisiológico e manter infusão de 30 mL/hora  

 

Nitroprussiato de sódio 
Ampola 50 mg/2 mL 

0,5 a 10 mcg/kg/min 
Infusão intravenosa contínua # 

A ampola de nitroprussiato de sódio contém 2 mL, na concentração de 50 mg/2 mL. Diluir uma ampola (2 
mL) em 248 mL de soro glicosado 5%, assim teremos a concentração de 200 mcg/mL. 

Quadro 3. Esquema de infusão recomendado para o nitroprussiato de sódio 

Dose desejada 
(mcg/kg/min) 0,5 1,0 2,0 3,0 4,0 5,0  

Peso da 
paciente 

50 kg 7,5 15,0 30,0 60,0 90,0 120,0 Velocidade 
de infusão 

(mL/h) 60 kg 9,0 18,0 36,0 72,0 108,0 144,0 

70 kg 10,0 21,0 42,0 84,0 126,0 168,0 

80 kg 12,0 24,0 48,0 96,0 144,0 192,0 

90 kg 14,0 27,0 54,0 108,0 162,0 216,0 

100 kg 15,0 30,0 60,0 120,0 180,0 240,0 

Do ponto de vista prático, recomenda-se iniciar com a dose mínima e aumentar 1 mL/h a cada 10 minutos. A 
dose máxima, quando necessária, não deve ser utilizada por mais do que 10 minutos, devendo-se reduzi-la, 
então, pela metade. O nitroprussiato deixa de agir 3 minutos após a interrupção da infusão. 

Simpa&colí&co com efeito vasodilatador 
direto

Associação com hipotensão materna, 
cefaléia e alteração no padrão do CTR 
pode ser mais frequente que com 
outros agentes. 

Em alguns guidelines é segunda escolha 
de Nifedipina e/ou Labetalol
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o repeated episodes of severe hypertension despite main-
tenance treatment with three classes of antihypertensive
agents;

o progressive thrombocytopenia;
o progressively abnormal renal or liver enzyme tests;
o pulmonary oedema;
o abnormal neurological features such as severe intractable
headache, repeated visual scotomata, or convulsions;

o Non-reassuring fetal status.

• Prenatal corticosteroids for fetal lung maturation should be
given between 24+0 and 34+0weeks gestation, but may

be given up until 38+0weeks in cases of elective delivery
by Caesarean section; multiple steroid courses are not re-
commended.

Notes:

• Task shifting guidelines for both MgSO4 and antihypertensive
treatment should be available in each Unit so that lower level pro-
viders can initiate treatment with a loading dose and refer.
o Task shifting policies vary on whether lower level providers can
prescribe antihypertensives to keep blood pressure in the range

Fig. 1. Management of severe Hypertension with oral Nifedipine and/or intravenous Hydralazine.

M.A. Brown et al. 3UHJQDQF\�+\SHUWHQVLRQ�[[[��[[[[��[[[²[[[

��
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Bloqueador de canal de cálcio;

Taquicardia reflexa e cefaleia;

Evitar a via sublingual;

Atentar para o mercado brasileiro –
estoques/ANVISA
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Para hipertensão refratária;

Uso em unidades de cuidado intensivo;

Recomendado em pequenas doses e por 
pouco tempo

* 30% de stillbirth – intoxicação fetal 
com cianeto???
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GRVDJHP ,QtFLR 'XUDomR ,QGLFDo}HV (YHQWRV�DGYHUVRV�H�SUHFDXo}HV�

NPS
(vasodilatador arterial 
e venoso, estimula a 
formação de  GMPc)

Infusão contínua IV
0,25-10 mg/kg/min Imediato 1-2 min Maioria das emergências 

hipertensivas

Intoxicação por cianeto, hipotensão 
grave, náuseas, vômitos. Cuidado 
QD�LQVX¿FLrQFLD�UHQDO�H�KHSiWLFD�H�

pressão intracraniana alta. Proteger 
da luz

Nitroglicerina
(vasodilatador arterial e 
venoso, doador de óxido 
nítrico)

Infusão contínua IV
5-15 mg/h 2-5 min 3-5 min

,QVX¿FLrQFLD�FRURQDULDQD��
LQVX¿FLrQFLD�YHQWULFXODU�

esquerda com EAP

Cefaleia, taquicardia 
UHÀH[D��WDTXL¿OD[LD��ÀXVKLQJ��

metahemoglobinemia

Metoprolol
(BB seletivo)

5 mg IV (repetir 10/10 min, 
se necessaìrio ateì 20 mg) 5-10 min 3-4 h

,QVX¿FLrQFLD�FRURQDULDQD��
dissecção aguda de aorta 

(em combinação com 
NPS)

Bradicardia, bloqueio atrioventricular 
avançado, IC, broncoespasmo

Esmolol
(BB seletivo de ação ultra-
rápida)

Ataque: 
����ȝJ�NJ

Infusão intermitente
������ȝJ�NJ�PLQ

Ĺ����ȝJ�NJ�PLQ�FDGD�������
PLQ��0i[LPR�����ȝJ�NJ�PLQ

1-2 min 1-20 min

Dissecção aguda de aorta 
(em combinação com 

NPS),
hipertensão pós-
operatória grave

Náuseas, vômitos, bloqueio 
atrioventricular de 1º grau, 

broncoespasmo, hipotensão

* Fentolamina  
�EORTXHDGRU�Į�DGUHQpUJLFR�

Infusão contínua: 
1-5 mg 

Máximo 15 mg  
1-2 min 3-5 min Excesso de 

catecolaminas
7DTXLFDUGLD�UHÀH[D��ÀXVKLQJ��WRQWXUD��

náuseas, vômitos

* Trimetafan  
(bloqueador ganglionar 
do SNS e SNPS)

Infusão contínua:
��������PJ�PLQ��Ĺ�����PJ��

min até o máximo de  
15 mg/min  

1-5 min 10 min
Excesso de 

catecolaminas Dissecção 
aguda de aorta 

7DTXL¿OD[LD

Hidralazina 
(vasodilatador de açaÞo 
direta)

10-20 mg IV ou
10-40 mg IM 6/6 h 10-30 min 3-12 h Eclâmpsia

Taquicardia, cefaleia, vômitos. Piora 
da angina e do infarto. Cuidado com 

pressaÞo intracraniana elevada

* Diazóxido 
(vasodilatador da 
musculatura lisa arteriolar)

Infusão 10-15min
1-3 mg/kg

Máximo 150 mg
1-10 min 3-18 h Encefalopatia 

hipertensiva
Retenção de sódio, água, 

hiperglicemia e hiperuricemia

* Fenoldopam
(agonista dopaminérgico)

Infusão contínua
��������ȝJ�NJ�PLQ 5-10 min 10-15 min LRA Cefaleia, náuseas, rubor

* Nicardipina
(BCC)

Infusão contínua
5-15 mg/h 5-10 min 1-4 h

AVE,
encefalopatia 
hipertensiva,

LQVX¿FLrQFLD�YHQWULFXODU�
esquerda com EAP

7DTXLFDUGLD�UHÀH[D��ÀHELWH��HYLWDU�
em pacientes com IC ou isquemia 

miocárdica

* Labetalol 
�EORTXHDGRU�Į�ȕ�
adrenérgico)

Ataque: 20-80 mg  
10-10 min Infusão contínua 

2 mg/min  
(máximo 300 mg/24h)  

5-10 min 2-6 h

AVE,
dissecção aguda de aorta 

(em combinação com 
NPS)

Náuseas, vômitos, BAV, 
broncoespasmo, hipotensão 

ortostática

* Enalaprilato 
(IECA)

Infusão intermitente
1,25-5,0 mg 6/6h 15 min 4-6 h ,QVX¿FLrQFLD�YHQWULFXODU�

esquerda com EAP +LSRWHQVmR��LQVX¿FLrQFLD�UHQDO

Furosemida
(DIU de alça)

20-60 mg
(repetir após 30 min) 2-5 min 30-90 min

,QVX¿FLrQFLD�YHQWULFXODU�
esquerda com EAP, 

situações de hipervolemia
Hipopotassemia 
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����ȝJ�NJ
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Ĺ����ȝJ�NJ�PLQ�FDGD�������
PLQ��0i[LPR�����ȝJ�NJ�PLQ
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Dissecção aguda de aorta 
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Náuseas, vômitos, bloqueio 
atrioventricular de 1º grau, 
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* Fentolamina  
�EORTXHDGRU�Į�DGUHQpUJLFR�

Infusão contínua: 
1-5 mg 

Máximo 15 mg  
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direta)

10-20 mg IV ou
10-40 mg IM 6/6 h 10-30 min 3-12 h Eclâmpsia
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da angina e do infarto. Cuidado com 

pressaÞo intracraniana elevada

* Diazóxido 
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1-3 mg/kg

Máximo 150 mg
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• There is no contraindication to use of any preparation of oral nifedipine (or parenteral 
nicardipine) with MgSO4. The risk of neuromuscular blockade with contemporaneous use of
nifedipine and MgSO4 is < 1%, based on a single-center, controlled study and a complete data 
synthesis from the literature22; blockade is reversed with 10 g of i.v. calcium gluconate. 

The Management of Severe Hypertension
Laura A. Magee, MD, MSc, FRCPC, FACP,*,†,‡,§ and
Peter von Dadelszen, MBChB, DPhil, FRANZCOG, FRCSC, FRCOG†,‡,§

Although definitions of severe hypertension vary, thresholds of >160-170 mm Hg systolic
and/or >110 mm Hg diastolic are in most common usage. A recent focus has been placed
on systolic hypertension given the increased pulse pressure in these women. In pregnancy,
there is a general consensus that severe hypertension should be treated. Among woman
with pre-eclampsia, attention must be paid to other end organ dysfunction, as blood
pressure (BP) management is but one aspect of care. The urgency of antihypertensive
therapy will depend primarily on the absolute level of BP. However, most clinicians will also
consider both the rate of BP rise and the presence of maternal symptoms. Most commonly,
severe hypertension is treated with parenteral labetalol or hydralazine, or oral nifedipine
(capsules or PA tablet). Other options will depend on local availability. MgSO4 should not
be relied on as an antihypertensive.
Semin Perinatol 33:138-142 © 2009 Elsevier Inc. All rights reserved.

KEYWORDS severe hypertension, pregnancy, pre-eclampsia, systolic blood pressure

Acute severe hypertension may occur in association with
any of the hypertensive disorders of pregnancy. Persis-

tent, severe hypertension must be treated. This is universally
endorsed by all international guidelines for the management
of hypertensive disorders of pregnancy.1-4

The purpose of treating persistent, severe hypertension is
to decrease the risk of adverse vascular events, particularly
stroke or other central nervous system complications. Al-
though the absolute risk is very low among young women,
pre-eclampsia and eclampsia remain leading causes of mater-
nal mortality, primarily related to central nervous system
events. For example, in the 2003-2005 triennium covered by
the latest Confidential Enquiries into Maternal and Child
Health, UK (CEMACH), 12 of the 18 women who died suf-
fered from either intracerebral hemorrhage (n ! 10) or cere-
bral infarction (n ! 2).

The treatment of severe hypertension will not alter the
course of pre-eclampsia, as this is, first and foremost, a dis-
order of diffuse endothelial dysfunction. Pre-eclampsia is not
primarily a hypertensive disorder. However, severe hyper-
tension is the only modifiable end organ complication of
pre-eclampsia and is of importance regardless of other man-
agement decisions, such as timing of delivery.

The Definition
of Severe Hypertension
Key Points

! Blood pressure (BP) must be measured in the standard-
ized way and, if using an automated machine, with a
device that has been validated for use in women with
pre-eclampsia.

! Severe hypertension is now widely defined as a systolic
BP (sBP) !160-170 mm Hg or a diastolic BP (dBP)
!110 mm Hg.

! Persistence of hypertension should be confirmed after at
least 5-15 minutes of rest.

BP measurement technique must be accurate. In particu-
lar, patients should be positioned so that the brachial artery is
at the level of the heart and the cuff size is adequate for the
patient’s arm circumference.5

Severe hypertension should be persistent. This is an impor-
tant clinical management point. By “persistent,” it is meant
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Não existe contraindicação para o uso de nifedipina oral (ou nicardipina
parenteral) com MgSO4. O risco de bloqueio neuromuscular é menor que 1%, 
baseado em estudo controlado e revisão de literatura; Bloqueio é revertido com 
10 g de gluconato de cálcio endovenoso



Therapy with both magnesium sulfate and nifedipine does
not increase the risk of serious magnesium-related
maternal side effects in women with preeclampsia
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Objective: Does the use of nifedipine and magnesium sulfate together increase serious
magnesium-related effects?
Study design: This was a retrospective chart review of women who were admitted to BC Women’s
Hospital and Health Centre (1997-2001) and were given intravenous magnesium sulfate for pre-
eclampsia. Serious magnesium-related effects were compared among 162 cases who received mag-
nesium sulfate and contemporaneous nifedipine and 215 control subjects who received magnesium
sulfate and either another antihypertensive (n = 32women) or no antihypertensive (n = 183 women)
medication.Chi-squared test,Fisher’s exact test, or theStudent t testwasused fordata comparisonbet-
ween cases and each control group.Aprobability value of!.05was considered statistically significant.
Results: The cases hadmore severe preeclampsia and a longer magnesium sulfate infusion. However,
cases had no excess of neuromuscular weakness (53.1%) versus control subjects who received
antihypertensive medication (53.1%; P= .99) or control subjects who received no antihypertensive
medication (44.8%;P= .13) or other seriousmagnesium-related effects.Cases versus control subjects
who received antihypertensivemedication had less neuromuscular blockade (odds ratio, 0.04; 95%CI,
0.002-0.80). Cases versus control subjects who received no antihypertensive medication had less
maternal hypotension (41.4% vs 53.0%; P= .04).
Conclusion: The use of nifedipine andmagnesium sulfate together does not increase the risk of serious
magnesium-related effects.
! 2005 Mosby, Inc. All rights reserved.
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Data analysis

Characteristics of the study population, MgSO4 infusion
and antihypertensive therapy were tabulated for each
group. The number (%) of women, mean G SD, or
median (range) are presented, as appropriate. Categoric
and continuous variables were compared between
groups, as appropriate with Pearson c2 (with Yates’
correction, if appropriate) or Fisher’s exact test or the
Student t test.

The primary outcome was compared between cases
and each control group by c2 analysis or Fisher’s exact
test. For the proportion of women with neuromuscular
blockade in the cases group, a 95% CI (or 97.5% CI, if
no events were reported) was calculated, in addition to
the odds ratio and 95% CI of neuromuscular blockade
among cases versus each control group.

Between-group comparisons for secondary and other
outcomes were made by c2 or Fisher’s exact test or the
Student t test, as appropriate. For all analyses, a prob-
ability value of !.05 was considered statistically signif-
icant, despite multiple comparisons, to be conservative
in the examination of safety.

Literature review and data synthesis

We identified 12 RCTs of nifedipine/CCB versus an-
other short-acting antihypertensive medication for the
treatment of severe hypertension in pregnancy (usually
preeclampsia) from files that were used for our review
on the topic.9 No new trials were identified by updating
our search of Medline and reference lists (2003-2004).
The data that were abstracted (independently by 2
reviewers9) included the antihypertensive medications

Table IV Maternal adverse effects that occurred during or within 30 minutes of stopping intravenous MgSO4

Cases: Nifedipine
(n = 162)

Control subjects (n) P value

Variable

Other
antihypertensive
medication
(n = 32)

No
antihypertensive
medication
(n = 183)

Cases vs control
subjects who
received other
antihypertensive
medication

Cases vs control
subjects who
received no
antihypertensive
medication

Neuromuscular weakness 86 (53.1%) 17 (53.1%) 82 (44.8%) .99 .13
Reduced DTRs 64 (39.5%) 11 (34.4%) 65 (35.5%) .69 .45
Absent DTRs 9 (5.6%) 2 (6.3%) 7 (3.8%) .12 .22
Subjective/objective
‘‘weakness’’*

25 (15.4%) 9 (28.1%) 20 (10.9%) .99 .26

Respiratory depression 16 (9.9%) 3 (9.4%) 12 (6.6%) .99 .45
Neuromuscular blockadey 0 2 (6.25%) 0 .03 N/A

Calcium gluconate given 1 (0.5%) 1 (3.1%) 0 .30 .47
Maternal hypotensionz 67 (41.4%) 10 (31.3%) 97 (53.0%) .33 .04
Nausea/vomiting 80 (49.4%) 14 (43.8%) 86 (47.0%) .70 .66
Drowsiness/confusion 74 (45.7%) 12 (37.5%) 70 (38.3%) .44 .16
Dizziness 46 (28.4%) 8 (25.0%) 38 (20.8%) .83 .10
Flushing 36 (22.2%) 5 (15.6%) 38 (20.8%) .48 .74
Thirst 33 (20.4%) 7 (21.9%) 13 (7.1%) .81 ! .001
Respiratory problemsx 24 (14.8%) 2 (6.3%) 14 (7.7%) .26 .03
Dyspnea 14 (8.6%) 0 9 (4.9%) .13 .17
Pulmonary edema 4 (2.47%) 0 2 (1.09%) .99 .57
Oxygen required 8 (4.94%) 1 (3.13%) 4 (2.19%) .99 .16
Maternal tachycardia 36 (22.2%) 6 (18.8%) 26 (14.2%) .82 .05
Itching/tingling 24 (14.8%) 6 (18.8%) 28 (15.3%) .60 .90
Tremulous 11 (6.8%) 3 (9.4%) 5 (2.7%) .27
Minor bleeding
(eg, epistaxis)

8 (4.9%) 2 (6.3%) 0 .67 .002

Chest pain 9 (5.6%) 2 (6.3%) 5 (2.7%) .99 .19
Otherxk 26 (16.0%) 5 (15.6%) 19 (10.4%) .95 .12

N/A, Not applicable. Data presented as No. women (%) unless otherwise stated.
* Not assessed in lower extremities in women receiving regional analgesia/anesthesia.
y Defined as the inability to lift head/arms against gravity.
z Defined as systolic blood pressure !90 mm Hg or diastolic blood pressure !70 mm Hg.
x The items listed are not mutually exclusive.
k Other: Shaky (n = 19), lower abdominal cramping or pain (n = 12), iv site discomfort (n = 9), sore throat (n = 7), rash (n = 3), limb pain (n = 3),

diaphoretic (n = 2), neck pain, sensitivity to light, bleeding before caesarean delivery, difficulty speaking, low urine output.
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2) MgSO4 is not a reliable an:hypertensive agent, although many
obstetricians regard it as such

The Management of Severe Hypertension
Laura A. Magee, MD, MSc, FRCPC, FACP,*,†,‡,§ and
Peter von Dadelszen, MBChB, DPhil, FRANZCOG, FRCSC, FRCOG†,‡,§

Although definitions of severe hypertension vary, thresholds of >160-170 mm Hg systolic
and/or >110 mm Hg diastolic are in most common usage. A recent focus has been placed
on systolic hypertension given the increased pulse pressure in these women. In pregnancy,
there is a general consensus that severe hypertension should be treated. Among woman
with pre-eclampsia, attention must be paid to other end organ dysfunction, as blood
pressure (BP) management is but one aspect of care. The urgency of antihypertensive
therapy will depend primarily on the absolute level of BP. However, most clinicians will also
consider both the rate of BP rise and the presence of maternal symptoms. Most commonly,
severe hypertension is treated with parenteral labetalol or hydralazine, or oral nifedipine
(capsules or PA tablet). Other options will depend on local availability. MgSO4 should not
be relied on as an antihypertensive.
Semin Perinatol 33:138-142 © 2009 Elsevier Inc. All rights reserved.

KEYWORDS severe hypertension, pregnancy, pre-eclampsia, systolic blood pressure

Acute severe hypertension may occur in association with
any of the hypertensive disorders of pregnancy. Persis-

tent, severe hypertension must be treated. This is universally
endorsed by all international guidelines for the management
of hypertensive disorders of pregnancy.1-4

The purpose of treating persistent, severe hypertension is
to decrease the risk of adverse vascular events, particularly
stroke or other central nervous system complications. Al-
though the absolute risk is very low among young women,
pre-eclampsia and eclampsia remain leading causes of mater-
nal mortality, primarily related to central nervous system
events. For example, in the 2003-2005 triennium covered by
the latest Confidential Enquiries into Maternal and Child
Health, UK (CEMACH), 12 of the 18 women who died suf-
fered from either intracerebral hemorrhage (n ! 10) or cere-
bral infarction (n ! 2).

The treatment of severe hypertension will not alter the
course of pre-eclampsia, as this is, first and foremost, a dis-
order of diffuse endothelial dysfunction. Pre-eclampsia is not
primarily a hypertensive disorder. However, severe hyper-
tension is the only modifiable end organ complication of
pre-eclampsia and is of importance regardless of other man-
agement decisions, such as timing of delivery.

The Definition
of Severe Hypertension
Key Points

! Blood pressure (BP) must be measured in the standard-
ized way and, if using an automated machine, with a
device that has been validated for use in women with
pre-eclampsia.

! Severe hypertension is now widely defined as a systolic
BP (sBP) !160-170 mm Hg or a diastolic BP (dBP)
!110 mm Hg.

! Persistence of hypertension should be confirmed after at
least 5-15 minutes of rest.

BP measurement technique must be accurate. In particu-
lar, patients should be positioned so that the brachial artery is
at the level of the heart and the cuff size is adequate for the
patient’s arm circumference.5

Severe hypertension should be persistent. This is an impor-
tant clinical management point. By “persistent,” it is meant
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1) There is no contraindication to use of any preparation of nifedipine (or
nicardipine) with MgSO4



c Close maternal and fetal monitoring by a physician
and nursing staff are advised during the treatment of
acute-onset, severe hypertension.

c After initial stabilization, the team should monitor
blood pressure closely and institute maintenance
therapy as needed.

c Intravenous (IV) labetalol and hydralazine have long
been considered first-line medications for the man-
agement of acute-onset, severe hypertension in preg-
nant women and women in the postpartum period.

c Immediate release oral nifedipine also may be con-
sidered as a first-line therapy, particularly when IV
access is not available.

c The use of IV labetalol, IV hydralazine, or immediate
release oral nifedipine for the treatment of acute-
onset, severe hypertension for pregnant or post-
partum patients does not require cardiac monitoring.

c In the rare circumstance that IV bolus labetalol,
hydralazine, or immediate release oral nifedipine
fails to relieve acute-onset, severe hypertension and
is given in successive appropriate doses, emergent
consultation with an anesthesiologist, maternal–fetal
medicine subspecialist, or critical care subspecialist
to discuss second-line intervention is recommended.

c Magnesium sulfate is not recommended as an
antihypertensive agent, but magnesium sulfate re-
mains the drug of choice for seizure prophylaxis for
women with acute-onset severe hypertension during
pregnancy and the postpartum period. Starting
magnesium should not be delayed in the setting of
acute severe hypertension; it is recommended
regardless of whether the patient has gestational
hypertension with severe features, preeclampsia with
severe features, or eclampsia.

[Box 1] Sample Order Set for Severe Intrapartum or Postpartum Hypertension Initial First-line
Management With Immediate-Release Oral Nifedipine*y

c Notify physician if systolic blood pressure (BP) is greater than or equal to 160 mm Hg or if diastolic BP is greater than or
equal to 110 mm Hg.

c Institute fetal surveillance if undelivered and fetus is viable.
c If severe BP elevations persist for 15 minutes or more, administer immediate-release nifedipine capsulesz (10 mg orally).
c Repeat BP measurement in 20 minutes and record results.
c If either BP threshold is still exceeded, administer immediate-release nifedipine capsules (20 mg orally). If BP is below
threshold, continue to monitor BP closely.

c Repeat BP measurement in 20 minutes and record results.
c If either BP threshold is still exceeded, administer immediate-release nifedipine capsules (20 mg orally). If BP is below
threshold, continue to monitor BP closely.

c Repeat BP measurement in 20 minutes and record results.
c If either BP threshold is still exceeded, administer labetalol (20 mg intravenously for more than 2 minutes) and obtain
emergency consultation from maternal2fetal medicine, internal medicine, anesthesia, or critical care subspecialists.

c Give additional antihypertensive medication per specific order.
c Once the aforementioned BP thresholds are achieved, repeat BP measurement every 10 minutes for 1 hour, then every
15 minutes for 1 hour, then every 30 minutes for 1 hour, and then every hour for 4 hours.

c Institute additional BP timing per specific order.

*Please note there may be adverse effects and contraindications.
yWhen used with magnesium sulfate, facilities should monitor maternal vital signs as described above in reference to blood pressure, with
attention to normal heart rate and blood pressure.
zCapsules should be administered orally and not punctured or otherwise administered sublingually.
Data from National Heart, Lung, and Blood Institute. The seventh report of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure. NIH Publication No. 04-5230. Bethesda (MD): NHLBI; 2004. Available at: https://www.nhlbi.nih.gov/files/
docs/guidelines/jnc7full.pdf. Retrieved December 5, 2016; Vermillion ST, Scardo JA, Newman RB, Chauhan SP. A randomized, double-blind
trial of oral nifedipine and intravenous labetalol in hypertensive emergencies of pregnancy. Am J Obstet Gynecol 1999;181:858–61; Raheem IA,
Saaid R, Omar SZ, Tan PC. Oral nifedipine versus intravenous labetalol for acute blood pressure control in hypertensive emergencies of
pregnancy: a randomised trial. BJOG 2012;119:78–85; Shekhar S, Sharma C, Thakur S, Verma S. Oral nifedipine or intravenous labetalol for
hypertensive emergency in pregnancy: a randomized controlled trial. Obstet Gynecol 2013;122:1057–63; and Duley L, Meher S, Jones L. Drugs
for treatment of very high blood pressure during pregnancy. Cochrane Database of Systematic Reviews 2013, Issue 7. Art. No.: CD001449. DOI:
10.1002/14651858.CD001449.pub3.
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cranianas; 
• A avaliação de vitalidade fetal não deve ser feita enquanto se 

estabiliza a paciente, pois alterações transitórias podem ser 
mal interpretadas neste momento e levar a atitudes intempesti-
vas que podem comprometer o desfecho materno. Assim, a 
avaliação de vitalidade será realizada apenas após a completa 
estabilização materna (retorno do nível de consciência, contro-
le pressórico). 

• Em pacientes com insuficiência renal (creatinina ≥ 1,2 
mg/dL), a dose de manutenção deve ser a metade da dose re-
comendada. Deve-se interromper a infusão do sulfato de mag-
nésio apenas se a diurese for inferior a 25 mL/hora; 

• Cerca de 30% dos casos de eclâmpsia ocorrem no puerpério. 
Portanto, recomenda-se a manutenção do sulfato de magnésio 
durante 24 horas após a resolução da gestação ou após a últi-
ma crise convulsiva. 

• Enfatizamos que, a utilização de sulfato não é indicação abso-
luta de resolução da gravidez. Assim, se a medicação for utili-
zada por exemplo, devido a crise hipertensiva ou mesmo pelo 
receio quanto a possibilidade evolução para desfechos adver-
sos, mantém-se o sulfato de magnésico por 24 horas. Após a 
estabilização clínica (recuperação do nível de consciência, 
controle pressórico) a medicação pode ser retirada sem pro-
blemas de maneira rápida. 
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Quadro 4. Esquemas do MgSO4 para prevenção e tratamento da eclâmpsia 

Esquema do sulfato de 
magnésio Dose inicial  Dose de manutenção 

“Esquema de Pritchard” 

Intravenoso e intramuscular  
4g por via intravenosa (bolus), 
administrados lentamentea + 10g 
intramuscular (5g em cada nádega)b 

5g por via intramuscular profunda 
a cada 4 horasb 

“Esquema de Zuspan” 
Intravenoso exclusivo 

4g por via intravenosa (bolus), 
administrados lentamentea 

1g por via intravenosa por hora 
em bomba de infusão contínua 
(BIC)c 

a Preparação da dose de ataque intravenosa: MgSO4 50% – 1 ampola contém 10 mL com 5g de MgSO4. 
Diluir 8 mL de MgSO4 50% (4g) em 12 mL de água destilada ou soro fisiológico. A concentração final terá 
4g/20 mL. Infundir a solução por via intravenosa lentamente (15-20 minutos). 
Outra possibilidade: diluir 8 mL em 100 de soro fisiológico a 0,9%. Infundir em bomba de infusão contínua a 
300 mL/h. Assim o volume total será infundido em torno de 20 minutos. 

b Preparação da dose de manutenção no esquema de Pritchard: Utilizar 10 mL da ampola de MgSO4 
50%. Outras apresentações não devem ser utilizadas para esse esquema devido ao volume excessivo delas. 

c Preparação da dose de manutenção no esquema de Zuspan: Diluir 10 mL de MgSO4 50% (1 ampola) 
em 490 mL de soro fisiológico a 0,9%. A concentração final terá 1g/100 mL. Infundir a solução por via 
intravenosa na velocidade de 100 mL por hora. 
Esta infusão pode ser aumentada para 2g/hora para os casos de pacientes que permanecem sintomáticas após 
o início da dose de manutenção. Para tanto, prepara-se uma solução com 20 mL de MgSO4 50% (2 ampolas) 
em 480 mL de soro fisiológico a 0,9% e mantém-se a infusão de 100 mL por hora. 

Aspectos relacionados ao uso do MgSO4 
O obstetra não deve ter receio quanto ao uso do sulfato de 

magnésio, uma vez que as chances de complicações relacionadas a 
essa medicação são raras e deixar de administrá-la é mais temerá-
rio do que a ocorrência de qualquer risco. Recomendam-se apenas 
alguns cuidados, que devem ser seguidos: 

• Se houver necessidade de referenciar a gestante para outro 
serviço, o esquema preferencial é o intramuscular (Pritchard), 
pois confere maior segurança para o transporte; 
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The Management of Severe Hypertension
Laura A. Magee, MD, MSc, FRCPC, FACP,*,†,‡,§ and
Peter von Dadelszen, MBChB, DPhil, FRANZCOG, FRCSC, FRCOG†,‡,§

Although definitions of severe hypertension vary, thresholds of >160-170 mm Hg systolic
and/or >110 mm Hg diastolic are in most common usage. A recent focus has been placed
on systolic hypertension given the increased pulse pressure in these women. In pregnancy,
there is a general consensus that severe hypertension should be treated. Among woman
with pre-eclampsia, attention must be paid to other end organ dysfunction, as blood
pressure (BP) management is but one aspect of care. The urgency of antihypertensive
therapy will depend primarily on the absolute level of BP. However, most clinicians will also
consider both the rate of BP rise and the presence of maternal symptoms. Most commonly,
severe hypertension is treated with parenteral labetalol or hydralazine, or oral nifedipine
(capsules or PA tablet). Other options will depend on local availability. MgSO4 should not
be relied on as an antihypertensive.
Semin Perinatol 33:138-142 © 2009 Elsevier Inc. All rights reserved.

KEYWORDS severe hypertension, pregnancy, pre-eclampsia, systolic blood pressure

Acute severe hypertension may occur in association with
any of the hypertensive disorders of pregnancy. Persis-

tent, severe hypertension must be treated. This is universally
endorsed by all international guidelines for the management
of hypertensive disorders of pregnancy.1-4

The purpose of treating persistent, severe hypertension is
to decrease the risk of adverse vascular events, particularly
stroke or other central nervous system complications. Al-
though the absolute risk is very low among young women,
pre-eclampsia and eclampsia remain leading causes of mater-
nal mortality, primarily related to central nervous system
events. For example, in the 2003-2005 triennium covered by
the latest Confidential Enquiries into Maternal and Child
Health, UK (CEMACH), 12 of the 18 women who died suf-
fered from either intracerebral hemorrhage (n ! 10) or cere-
bral infarction (n ! 2).

The treatment of severe hypertension will not alter the
course of pre-eclampsia, as this is, first and foremost, a dis-
order of diffuse endothelial dysfunction. Pre-eclampsia is not
primarily a hypertensive disorder. However, severe hyper-
tension is the only modifiable end organ complication of
pre-eclampsia and is of importance regardless of other man-
agement decisions, such as timing of delivery.

The Definition
of Severe Hypertension
Key Points

! Blood pressure (BP) must be measured in the standard-
ized way and, if using an automated machine, with a
device that has been validated for use in women with
pre-eclampsia.

! Severe hypertension is now widely defined as a systolic
BP (sBP) !160-170 mm Hg or a diastolic BP (dBP)
!110 mm Hg.

! Persistence of hypertension should be confirmed after at
least 5-15 minutes of rest.

BP measurement technique must be accurate. In particu-
lar, patients should be positioned so that the brachial artery is
at the level of the heart and the cuff size is adequate for the
patient’s arm circumference.5

Severe hypertension should be persistent. This is an impor-
tant clinical management point. By “persistent,” it is meant
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hypotension was more common than when parenteral hy-
dralazine was used.16

The nifedipine capsule is not universally available. It was
withdrawn from many markets following reports of height-
ened cardiovascular morbidity and mortality when nifedi-
pine capsules were used outside pregnancy among older pa-
tients with underlying cardiovascular disease.21

The one RCT of the 10-mg PA tablet was prompted by the
withdrawal of the nifedipine capsule from the Australian
market.20 In this trial of 64 women with severe hypertension,
nifedipine PA 10 mg p.o. compared favorably with the nifed-
ipine 10-mg capsule p.o. in terms of treatment success (de-
fined as a sBP of 110-169 mm Hg and a dBP of 80-109 mm
Hg; 83% vs. 76%) and maternal hypotension (3% vs. 10%,
respectively). The differences were not statistically signifi-
cant. Although 5 mg of fluid from the 10-mg capsule may be
used to decrease the risk of a precipitous fall in BP, there are
no published studies comparing the 5-mg and 10-mg doses.

There is no contraindication to use of any preparation of
oral nifedipine (or parenteral nicardipine) with MgSO4. The
risk of neuromuscular blockade with contemporaneous use
of nifedipine and MgSO4 is !1%, based on a single-center,
controlled study and a complete data synthesis from the lit-
erature22; blockade is reversed with 10 g of i.v. calcium glu-
conate.

MgSO4 is not a reliable antihypertensive agent, although
many obstetricians regard it as such.18 Of course, MgSO4

should be administered to all women with severe pre-
eclampsia to decrease the risk of seizures.23 The relevant (and
observational) literature is limited, with reports of no24 or
transient decreases in BP, at 30 minutes after 2-5 g of i.v.
MgSO4, with/without ongoing infusion, usually in the setting
of pre-eclampsia.25-28 Although a sustained lowering of BP
cannot be anticipated following a MgSO4 bolus, the potential
for a transient lowering of BP 30 minutes after a MgSO4 bolus
is possible.

Nitroglycerin (Glyceryl trinitrate) is primarily venodila-
tory. Theoretically, it may not be a good choice of antihyper-
tensive in women with pre-eclampsia. However, no adverse
clinical effects have been demonstrated in small studies.29,30

Diazoxide is another option. Although maternal hypoten-
sion was more common when diazoxide 75 mg i.v. was com-
pared with labetalol (0.5 mg/kg/hour i.v. infusion),31 much
smaller doses of diazoxide 15 mg i.v. were found to be com-
parable to hydralazine 5 mg i.v. in a trial of 124 women with
severe hypertension,32 and we should not needlessly restrict
our pharmacologic armamentarium based on limited data or
historical bias.

For refractory hypertension, in an intensive care setting,
sodium nitroprusside has been recommended in small doses
and for a brief duration. A review of published case reports
involving 22 women (24 fetuses) documented a stillbirth rate
of 27.8% (5/18 women treated antenatally), but the authors
concluded that the fetal deaths could not be reliably attrib-
uted to fetal cyanide toxicity, which has been demonstrated
in animal studies.33

Most short-acting agents have onset in 5-10 minutes, with
peak effect at 30 minutes, and last for 4-6 hours. As recurrent

significant (if not severe) hypertension is usually anticipated,
consideration should be given to starting oral antihyperten-
sive therapy. Even if delivery is anticipated, antihypertensive
therapy may be needed postpartum, as BP peaks on days 3-6
after delivery.34

Other Ongoing
Monitoring or Treatment
Key Points

! Fetal heart rate (FHR) monitoring is advised during
treatment of severe hypertension.

! Plasma volume expansion is not recommended.
! Judicious fluid administration is advised, even in the

face of oliguria.
! Despite conventional wisdom, antihypertensive agents

have not been proven to have direct effects on FHR or
pattern.

! When general anesthesia is needed for pressing fetal
concerns, the anesthesiologist should be given as much
time as possible to deal with severe hypertension and
initiate preventative measures to deal with the pressor
effects of endotracheal intubation.15

! Ergometrine should not be given in any form.5

FHR monitoring is advised because of the potential for any
short-acting antihypertensive agent to cause a precipitous fall
in maternal BP or frank maternal hypotension. Either may
result in adverse maternal or fetal effects. The uteroplacental
circulation is unable to autoregulate blood flow, so that ma-
ternal hypotension may precipitate fetal distress and iatro-
genic delivery. Maternal hypotension is a particular risk
among women with severe pre-eclampsia given their intra-
vascular volume depletion.35

There is no evidence that antihypertensives directly alter
FHR or pattern, as assessed by quantitative review of oral
methyldopa, labetalol, nifedipine, or hydralazine trials.36

However, the quality of the evidence is poor, particularly as
most assessments have relied on visual interpretation of the
cardiotocogram.

Although volume expansion (with crystalloid or colloid)
has been recommended for women who are responding to
antihypertensive therapy with precipitous falls in BP, the
small trials in the area have been designed primarily to ex-
amine maternal safety. A recent RCT in severe pre-eclampsia
demonstrated no maternal or perinatal benefits and the po-
tential to cause pulmonary edema.37,38 As such, judicious
fluid administration is recommended. Pulmonary edema an
important cause of maternal death in pre-eclampsia.39 Also,
in late pregnancy, hypertensive rats are more likely to de-
velop cerebral edema after autoregulatory breakthrough.13

Endotracheal intubation is well known to raise BP, and
specific measures (e.g., lignocaine, labetalol) should be taken
to avoid this.15 Obstetricians need to be aware of this issue.

Women with pre-eclampsia are at risk of thrombocytope-
nia and coagulopathy. The active management of the third
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Blood pressure control— Severe hypertension, especially when acute and associated with symptoms, should
always be treated. Given the vulnerability of women to peripartum stroke, we recommend lowering blood
pressure with parenteral agents (eg, labetalol, hydralazine, nicardipine) or an oral calcium channel blocker
when blood pressure is ≥160/110 mmHg. For levels of 140 to 159 mmHg, an oral agent can be considered if
there are no worrisome symptoms such as headache, chest pain, or shortness of breath. Women with severe
hypertension in the postpartum period should be monitored closely, and blood pressure should be lowered
within a short period of time (eg, 30 to 60 minutes).

POSTPARTUM HYPERTENSION
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Enhancing Obstetric Safety Through Best Practices
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Abstract

The pregnancy-related mortality rate in the US exceeds that of other developed nations and is marked by significant
disparities in outcome by race. This article reviews the evidence supporting the implementation of a variety of best
practices designed to reduce maternal mortality. Evidence from maternal mortality review committees suggests that
delays in diagnosis, delays in initiation of treatment and use of ineffective treatments contribute to preventable cases
of maternal death. We review several protocols for maternal warning signs that have been used successfully to
facilitate early identification and intervention. Care bundles, a collection of best practices, have been developed and
implemented to address several maternal emergencies. We review the evidence that supports reduction in adverse
outcomes with consistent implementation of obstetric hemorrhage and severe hypertension bundles in a colla-
borative, team-based setting. The article concludes with suggestions for the future.

Keywords: MEWT, obstetric care bundle, obstetric safety, maternal mortality, severe maternal morbidity

Background

The turn of this century brought a significant transition in
health care delivery through the creation of care bundles.

These bundles afforded providers with opportunities to develop
and apply robust evidenced-based medicine and build resources
to perform quality and performance assessments to ensure the
provision of a minimum standard of care for all patients. The
Institute for Healthcare Improvement (IHI) defines an evidence-
based care bundle as a ‘‘structured way of improving the pro-
cesses of care and patient outcomes: a small, straightforward set
of evidence-based practices that, when performed collectively
and reliably, have been proven to improve patient outcomes.’’1

Over the past 2 decades, care bundles have evolved into an
important tool in implementing interventions proven to pre-
vent morbidity and mortality, particularly in the intensive care
unit (ICU) environment.2 Recently, these efforts have ex-
panded into obstetrical care, with the National Partnership for
Maternal Safety establishing several patient safety bundles that
address the leading causes of preventable maternal morbidity

and mortality (MMM).3 The goal of the bundles is not to
develop new guidelines, but rather to organize existing infor-
mation and tools ‘‘in a manner that is easily, consistently, and
universally implemented.’’3

Since 2013, the Council on Patient Safety in Women’s
Health Care and the Alliance for Innovation on Maternal
Health (AIM) Program developed 10 patient safety bundles
targeting maternal health—including maternal venous
thromboembolism, obstetric hemorrhage, and severe hyper-
tension in pregnancy4; postpartum care basics for maternal
safety; and safe reduction of primary cesarean birth.5

The Joint Commission, the agency responsible for hospital
accreditation in the United States, also established a Perinatal
Care Services Certification for health care settings focused on
prenatal and postpartum care through a series of core mea-
sures using performance measurements that contain estab-
lished perinatal care bundle elements.6

According to the IHI, bundles contribute to improved out-
comes by ensuring reliably delivered evidence-based care;
promoting team collaboration; and enabling organizations and
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The Maternal Early Warning Trigger (MEWT) tool, 
a two-tiered tool designed to identify abnormal 
vital signs and provide evidence-based clinical
management actions in response to the trigger, 
exemplifies such a system. This tool addressed
four of the most common causes of MMM: 
sepsis, cardiopulmonary dysfunction, 
hypertension–preeclampsia, and hemorrhage. 
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Background

The turn of this century brought a significant transition in
health care delivery through the creation of care bundles.

These bundles afforded providers with opportunities to develop
and apply robust evidenced-based medicine and build resources
to perform quality and performance assessments to ensure the
provision of a minimum standard of care for all patients. The
Institute for Healthcare Improvement (IHI) defines an evidence-
based care bundle as a ‘‘structured way of improving the pro-
cesses of care and patient outcomes: a small, straightforward set
of evidence-based practices that, when performed collectively
and reliably, have been proven to improve patient outcomes.’’1

Over the past 2 decades, care bundles have evolved into an
important tool in implementing interventions proven to pre-
vent morbidity and mortality, particularly in the intensive care
unit (ICU) environment.2 Recently, these efforts have ex-
panded into obstetrical care, with the National Partnership for
Maternal Safety establishing several patient safety bundles that
address the leading causes of preventable maternal morbidity

and mortality (MMM).3 The goal of the bundles is not to
develop new guidelines, but rather to organize existing infor-
mation and tools ‘‘in a manner that is easily, consistently, and
universally implemented.’’3

Since 2013, the Council on Patient Safety in Women’s
Health Care and the Alliance for Innovation on Maternal
Health (AIM) Program developed 10 patient safety bundles
targeting maternal health—including maternal venous
thromboembolism, obstetric hemorrhage, and severe hyper-
tension in pregnancy4; postpartum care basics for maternal
safety; and safe reduction of primary cesarean birth.5

The Joint Commission, the agency responsible for hospital
accreditation in the United States, also established a Perinatal
Care Services Certification for health care settings focused on
prenatal and postpartum care through a series of core mea-
sures using performance measurements that contain estab-
lished perinatal care bundle elements.6

According to the IHI, bundles contribute to improved out-
comes by ensuring reliably delivered evidence-based care;
promoting team collaboration; and enabling organizations and
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Severe Hypertension Bundles
Treatment recommenda+ons included the use of
either intravenous (IV) hydralazine or labetalol, as 
well as magnesium sulfate, when a pa+ent
presented with a sustained blood pressure (BP) of
‡160 mm Hg systolic and/or ‡110 mmHg diastolic. 



During the 18-month study:

• Compliance with hydralazine or labetalol use increased by 33.2% from a baseline of 57.1% to 90.3% 

• Compliance with magnesium sulfate use increased by 10.8% from a baseline of 85.4% to 96.2% 

• The eclampsia incidence declined by 42.6% 

• The percentage of new-onset severe hypertension cases treated within 60 minutes increased from 41.5% 
(baseline) to 78.9%

• Percentage of hospitals with 75% to 100% of women treated within 60 minutes increased from 14% to 65%. 
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TAKE HOME MESSAGES

• Trate a hipertensão grave tão logo quanto a identifique;

• Respeite os sinais e sintomas de lesão em órgão-alvo;

• Nifedipina e Hidralazina são drogas de primeira linha e se equivalem;

• Não tenha medo de utilizar o sulfato de magnésio;

• Utilize ferramentas para aumentar a segurança e os resultados 
positivos no manejo das emergências obstétricas;
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