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hypertension, diabetes, valvular heart disease, hypercoagula-
ble disorders, sickle cell disease, lupus, abuse of tobacco and 
other substances, and migraines.1,6 Several studies have dem-
onstrated that hypertensive disorders are the leading cause 
of both hemorrhagic and ischemic strokes in pregnant and 
postpartum women.1–3,6,7 Preeclampsia/eclampsia and preg-
nancy-induced hypertension (PIH) are the 2 most important 
hypertensive disorders of pregnancy. Preeclampsia is defined 
as progressively worsening high blood pressure (BP) in preg-
nancy, occurring in the setting of proteinuria (≥300 mg of 
protein in a 24-h urine specimen).9 Eclampsia is preeclampsia 
that progresses to seizures. PIH is described as high BP (sys-
tolic BP ≥140 mmHg or diastolic BP ≤90 mmHg) after 20 
weeks’ gestation that occurs without the other signs and symp-
toms of preeclampsia.

Compared with women without hypertension, women with 
hypertension complicating pregnancy are 6–9-fold more likely 
to have a stroke.5 Therefore, control of PIH is considered to 
reduce the risk of maternal death from stroke (especially hem-
orrhagic stroke) during pregnancy. There are few reports about 
the relationship of maternal death due to stroke and PIH.

In this issue of the Journal, Hasagawa et al review case 
reports from medical institutions in Japan, and describe the 
clinical features of maternal death associated with PIH.10 In 
this review of maternal deaths in Japan between 2010 and 

regnancy and the postpartum period are associated with 
an increased risk of ischemic and hemorrhagic stroke 
and stroke is the leading cause of pregnancy-related 

disability. There are few long-term prospective studies of the 
incidence of stroke in pregnancy. The data from multiple ret-
rospective studies about the incidence and mortality of stroke 
in pregnancy are summarized in Table 1. Various studies 
estimate the incidence of all types of stroke in pregnancy and 
puerperium between 25 and 34 per 100,000 deliveries.1–8 By 
comparison, the incidence of stroke in non-pregnant women 
in the 15–45 years age group is 11 per 100,000 women.5 A 
population-based retrospective study conducted from 1988 to 
1991 found no increase during pregnancy but a relative risk of 
8.7 during the first 6 weeks postpartum.3 Kuklina et al reported 
their recent analysis of hospital discharge data from the 
Nationwide Inpatient Sample of the Healthcare Cost and 
Utilization Project, which is the largest nationwide all-payer 
inpatient care database in the United States.4 That report 
demonstrated that between 1994–1995 and 2006–2007, the 
rates of antenatal and postpartum hospitalizations for all types 
of stroke increased by 47% and 83%, respectively. 

Article p 1835

Risk factors associated with pregnancy-related stroke include 

P

The opinions expressed in this article are not necessarily those of the editors or of the Japanese Circulation Society.
Received June 23, 2015; accepted June 24, 2015; released online July 9, 2015
Department of Neurosurgery, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan
Mailing address:  Koji Iihara, MD, PhD, Department of Neurosurgery, Graduate School of Medical Sciences, Kyushu University, 3-1-1 

Maidashi, Higashi-ku, Fukuoka 812-8582, Japan.    E-mail: kiihara@ns.med.kyushu-u.ac.jp
ISSN-1346-9843    doi: 10.1253/circj.CJ-15-0701
All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cj@j-circ.or.jp

Maternal Death Due to Stroke Associated With  
Pregnancy-Induced Hypertension

Koji Iihara, MD, PhD; Ataru Nishimura, MD

Table 1.  Summary of Studies on the Incidence, Mortality and Morbidity of Pregnancy-Associated Stroke

Study date and  
first author Subjects Incidence  

(per 100,000 deliveries) Mortality (%)

Sharshar (1995)7 Pregnancy and 2 weeks PP 
63 public maternities of the region of Ile de France (1989–1992)

Nonhemorrhagic stroke: 4.3
Hemorrhagic stroke: 4.6

0 (25)

Kittner (1996)3 Women aged 15–44 years, pregnancy and 6 weeks PP 
46 hospitals in central Maryland and Washington DC (1998–1991)

Ischemic stroke: 11
ICH: 9

Lanska (1998)5 Women aged 15–44 years 
National Hospital Discharge Survey in the USA (1979–1991)

All strokes: 17.7
CVT: 11.4

3.3 (0)

Lanska (2000)6 Women aged 15–44 years 
National Hospital Discharge Survey in the USA (1993–1994)

All strokes: 13.1
CVT: 11.6

14.7 (0)

Jaigobin (2000)8 Pregnancy and 6 weeks PP 
Tronto Hospital, Canada (1980–1997)

Ischemic stroke: 18
ICH: 8

0 (23)

James (2005)1 Pregnancy related discharges 
Nationwide Inpatient Sample in the USA (2000–2001)

All strokes: 34.2 4.1

Bateman (2006)2 Women aged 15–44 years 
Nationwide Inpatient Sample in the USA (1993–2002)

ICH: 6.1 20.3

CVT, cerebral venous thrombosis; ICH, intracerebral hemorrhage; PP, postpartum. 
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systolic BP 150–159 mmHg), or severe (diastolic BP ≥110 mmHg 
or systolic BP ≥160 mmHg). They mention that the goal of BP 
management in pregnancy is to maintain systolic BP between 
130 and 155 mmHg and diastolic BP between 80 and 105 mmHg. 
These recommendations are based on studies of European and 
American populations. Because there are differences among 
the races for stroke risk in pregnancy, prospective randomized 
controlled trials assessing antihypertensive interventions to 
reduce stroke risk are needed.

An important point in the present study is that although 
83% of patients with PIH who died had experienced initial 
symptoms in a hospital, more than half required medical trans-
port due to lack of local medical resources. They point out that 
such delays in receiving proper treatment sometimes resulted 
in maternal death. Although the mortality rate associated with 
cardiovascular disease such as stroke or acute myocardial 
infarction is not high in Japan,10,14 timely transport and treat-
ment of patients who have risk factors in pregnancy, especially 
PIH, is important for improving the outcome of pregnancy in 
Japan.
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2012, 11% of all maternal deaths were associated with PIH. 
More than 70% of the causes of maternal death associated 
with PIH were due to stroke, and 12 of 25 deaths (48%) due 
to stroke were associated with PIH. In this series, the most 
frequent type of stroke was intracerebral hemorrhage (ICH). 
Of all stroke types, ICH during pregnancy and the puerperium 
leads to the highest risk of morbidity and mortality. Pregnancy 
increases the risk of hemorrhagic more than ischemic stroke 
(relative risk of 2.5 and 28.5 during pregnancy and the post-
partum period).3 The underlying mechanism of pregnancy-
related hemorrhage is likely to be the consequences of 
physiologic changes, such as blood volume expansion and 
vascular tissue remodeling in pregnancy, plus the risk from the 
strain and trauma of labor and delivery. Major causes of 
pregnancy-related hemorrhage are preeclampsia and eclamp-
sia, which contribute to a large proportion of cases, followed 
by intracerebral aneurysm, arteriovenous malformation and 
moyamoya desease.11,12 The present study revealed that PIH is 
strongly related with poor outcomes of stroke, especially ICH, 
associated with pregnancy in Japan.

In February 2014, the American Heart Association and the 
American Stroke Association released their first guideline 
focused on stroke prevention in women.13 Their recommenda-
tions are shown in Table 2. Regarding control of hypertension 
during pregnancy, they recommend that severe hypertension 
should be treated with safe and effective antihypertensive 
medications, such as methyldopa, labetalol, and nifedipine, 
with consideration of maternal and fetal side effects (Class I, 
Level of Evidence A). For moderate hypertension, consider-
ation may be given with safe and effective antihypertensive 
medications, given the evidence for possibly increased stroke 
risk at currently defined systolic and diastolic BP cutoffs, as 
well as evidence for decreased risk for the development of 
severe hypertension with treatment (although maternal-fetal 
risk-benefit ratios have not been established) (Class IIa, Level 
of Evidence B). In this guideline, high BP during pregnancy 
is defined as mild (diastolic BP 90–99 mmHg or systolic BP 
140–149 mmHg), moderate (diastolic BP 100–109 mmHg or 

Table 2.  AHA/ASA Recommendations for Treatment of 
Hypertension in Pregnancy and PP

Class I recommendation  

· �Severe hypertension in pregnancy should be treated with safe 
and effective antihypertensive medications, such as methyl-
dopa, labetalol, and nifedipine, with consideration of maternal 
and fetal side effects (Level of Evidence A).

 

Class IIa recommendation  

· �Consideration may be given to treatment of moderate hyperten-
sion in pregnancy with safe and effective antihypertensive medi-
cations, given the evidence for possibly increased stroke risk at 
currently defined systolic and diastolic BP cutoffs, as well as 
evidence for decreased risk for the development of severe 
hypertension with treatment (although maternal- fetal risk-bene-
fit ratios have not been established) (Level of Evidence B).

 

· �After giving birth, women with chronic hypertension should be 
continued on their antihypertensive regimen, with dosage 
adjustments to reflect the decrease in volume of distribution and 
glomerular filtration rate that occurs after delivery. They should 
also be monitored carefully for the development of PP 
preeclampsia (Level of Evidence C).

 

Class III recommendation  

· �Atenolol, angiotensin-receptor blockers, and direct renin inhibi-
tors are contraindicated in pregnancy and should not be used 
(Level of Evidence C).

 

BP, blood pressure; PP, postpartum.


