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Stroke in Pregnancy and Puerperium — Current
Knowledge, Questions and Controversies
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Abstract - Stroke associated with pregnancy and the postpartum period (SiPP) is not common but its consequences can
be devastating both for the mother and the child. Pregnancy confers a substantially increased risk of stroke, especially
during the third trimester and until 6 weeks postpartum. SiPP is heterogeneous both in aetiology and presentation as it
includes both ischemic and haemorrhagic events as well as cerebral venous thrombosis. Specific risk factors for SiPP have
been identified and well described, such as hypertensive disorders of pregnancy and a prothrombotic state. However, it
is still a controversial issue if pregnancy should be considered a risk factor for stroke, although pregnancy and postpar-
tum period clearly increase the stroke risk compared to non-pregnant time. Recent European Stroke Organization [ESO]
guidelines addressed the management of acute SiPP while other issues, particularly primary and secondary prevention
are still under investigated. There is also a lack of research and knowledge regarding long-term mother and foetus/child
outcomes post-SiPP. This paper addresses current knowledge on SiPP management and prognosis and discusses new
challenging clinical scenarios including the relationship between COVID-19 infection and SiPP.
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Introduction al age, with the greatest risk observed during
the third trimester, delivery, and the early post-
partum period [5]. Recent reports showed an
increase in the SiPP incidence, mainly due to
a rise in hypertensive disorders of pregnancy
(HDP) and cardiac disease in pregnant women
[5,0]. There are, however, conflicting results as
well [7].

SiPP is heterogeneous both in aetiology
and presentation as it includes ischemic and
haemorrhagic stroke as well as cerebral venous
thrombosis (CVT) [5]. In addition, cerebrovas-
cular disorders such as posterior reversible en-
cephalopathy syndrome (PRES) or reversible
cerebral vasoconstriction syndrome (RCVS)
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The risk of stroke among pregnant and
postpartum women is 3 to 6 times increased
in comparison with non-pregnant women of
similar age [1]. The estimated incidence of
stroke during reproductive age is 10 — 20 per
100,000 person-years, compared to the report-
ed incidence of 30 strokes per 100,000 deliv-
eries among all pregnancies, with data vary-
ing between 4 and 40 per 100,000 deliveries
[2-4]. The incidence of stroke in pregnancy
and puerperium (SiPP) depends on gestation-
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cy should be declared a risk factor for stroke [9].
Specific risk factors for SiPP have been iden-
tified and well described, such as HDP which
includes gestational hypertension, pre-eclamp-
sia and eclampsia, and a prothrombotic state,
which increases the risk of arterial and venous
thrombosis [4,7,9]. Furthermore, data are indi-
cating that a history of migraine (adjusted OR
8.5) and gestational diabetes (adjusted OR 26.8)
also increase the risk of SiPP [7,10]. Another
review showed that hypertensive disorders,
obesity, and heart disease pre-pregnancy com-
plicated 32 % of antenatal admissions and 53
% of post-partum admissions [11]. Moreover,
other neurological conditions may complicate
pregnancy but also mimic stroke [12].

Revealing stroke mechanisms in SiPP is im-
portant as they indicate prognosis, risk of re-
currence, and treatment options. Clearly, SiPP
requires a multidisciplinary approach, in terms
of acute management, aetiology investigation,
rehabilitation, and outcome assessment [13-15].
Stroke in pregnant and postpartum women ef-
fects profoundly their lives as well as the lives
of their families [13]. Training of neurologists,
anaesthesiologists, obstetricians, general practi-
tioners, allied health professionals, and all health
personnel dealing with pregnancy and postpar-
tum period about this topic is imperative to pre-
vent SiPP, reduce acute injury to the brain and
prevent significant disability and death.

Discussion

Consequences for mother and child

SiPP accounts for up to 15 % of maternal
deaths [10]. In addition, pregnancy-associated
stroke is the most common cause of serious
long-term disability after pregnancy [17]. One-
third of pregnant or postpartum patients with
ischemic strokes and half of those with hem-
orrhagic strokes will have residual deficits [18].
In particular, 50 % of pregnancy-associated
hemorrhagic strokes are fatal [18]. Fatality in
hemorrhagic SiPP is reported to be 13.9 %,
compared with 3.4 % in ischemic SiPP [13].
Poststroke recovery may be additionally com-
plicated in this setting, with poststroke depres-
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sion which may be exacerbated by the preg-
nant or postpartum state [19].

Despite clear evidence of the improved
functional outcome of acute ischemic stroke
with current reperfusion therapy with the
use of strict inclusion and exclusion criteria,
pregnant or postpartum women are less like-
ly to receive intravenous thrombolysis (IVT)
monotherapy, mainly because of concerns for
the infant and the risk of recent surgery. The
recent ESO guidelines on Stroke in Women
stated that the available data do not allow a
specific recommendation on IVT or mechani-
cal thrombectomy (MT) in pregnant women
with acute ischemic stroke, but an Expert con-
sensus statement was given with a recommen-
dation by a majority of members that pregnant
women with acute disabling ischemic stroke,
who otherwise meet eligibility criteria, can be
treated with IVT or MT after assessing the
benefit/risk profile [4]. All guideline working
group members suggest that pregnant women
with acute ischemic stroke and large vessel oc-
clusion, who otherwise meet eligibility criteria,
can be treated with MT after an appropriate
assessment of the benefit/risk profile, and a
majority of members suggest that in pregnant
women with acute ischemic stroke related to
large vessel occlusion if MT is available, MT
alone should be preferred over IVT or bridging
therapy IVT + MT) [4]. According to the cur-
rent evidence, the outcomes in pregnant/post-
partum women receiving reperfusion therapy
were overall comparable to those observed in
non-pregnant/non-postpartum women [4].
Regarding the postpartum period, defined as
= 10 days < 3 months after birth, available
data do not allow a specific recommendation
on IVT or MT in postpartum women with
acute ischemic stroke [4]. All members of the
guidelines working group suggest that post-
partum women with disabling ischemic stroke,
occurring at least 10 days after delivery, who
otherwise meet eligibility criteria, can be treat-
ed with IVT with alteplase after proper evalu-
ation, as well that it is reasonably plausible that
postpartum women with acute ischemic stroke
meeting eligibility criteria, might benefit from
MT after adequate assessment [4].
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A prolonged length of hospital stay of lon-
ger than 4 days is still more common in the
pregnant or postpartum group compared to
controls (72 % vs. 41.7 %) [4]. There is no sys-
tematic study reviewing SiPP outcome, which
can be explained by the rarity of the event and
heterogeneity of vascular events mechanisms.
Therefore, a prospective registry of SiPP de-
signed by the ESO research group WISE dedi-
cated to research of stroke impact in women,
has been created and the study rationale and
design published recently [20]. Data on both
short- and long-term outcomes of the mother
and child, including specific safety outcomes,
will be collected with the maximal time follow-
up of a mother of 24 months and of a child
of 12 months [20].

Pregnancy in women with
a history of stroke

Data on subsequent pregnancies and the
health of women with a history of pregnancy-
associated stroke are limited [5]. An early small
observational study analyzing the risk for re-
current stroke in 23 pregnant women with a
history of the previous stroke showed a small
risk of recurrence [21]. Various stroke risk
factors and mechanisms in mothers were in-
volved in reported cases ranging from throm-
bophilia sickle cell disease and hypertension as
the most frequent but also including maternal
cardiac malformations, cerebral arteriovenous
malformations, endocarditis, and cryptogenic
cases [21]. No recurrent thrombotic episodes
during pregnancy or after delivery were doc-
umented, and three of 34 pregnancies (9 %)
resulted in infants of small-for-gestational age
(SGA) [21]. In a more recent publication from
Finland by Aarnio and associates, a total of 45
mothers had 68 pregnancies after stroke [22].
The authors reported a higher incidence of
pregnancy- and delivery-related complications
in mothers with ischemic stroke compared to
stroke-free mothers [22]. In another recent re-
view on SiPP outcome, in a subsequent preg-
nancy, the incidence of pregnancy complica-
tions was comparable to that of the general
population, and the risk of stroke recurrence
during pregnancy was 2 % [5].
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In a prospective study of stroke in the
young named FUTURE study [Follow-Up of
Transient Ischemic Attack and Stroke Patients
and Unelucidated Risk Factor Evaluation],
women with young stroke showed higher rates
of pregnancy loss throughout their lives [23].
In this study, the occurrence of pregnancy,
miscarriages, and pregnancy complications in
223 women aged 18 to 50 years with a first-
ever ischemic stroke/transient ischemic at-
tack was assessed [23]. In nulliparous women
after stroke (n = 22), in comparison with the
Dutch population, there was a high prevalence
of HDP (33.3 versus 12.2 %; P < 0.05) and
early preterm delivery < 32 weeks (9.0 versus
1.4 %; P < 0.05) [23]. Interestingly, in primi/
multiparous women after stroke, although 29
events occurred during follow-up, none hap-
pened during subsequent pregnancies, indicat-
ing less serious pregnancy complications [23].

In the largest reported study on this topic,
women with a stroke history were more likely
to have an early-term delivery (37-38 weceks;
relative risk (RR 1.49) and a pre-labor caesar-
ean (RR 2.83) [24]. No differences in stillbirths
and neonatal deaths between women with and
without a history of prior stroke were noted,
and a slightly higher proportion of women
with a history of stroke had a small-for-ges-
tational age infant, but this difference was not
statistically significant [24]. However, in a Fin-
ish study, the incidence rate ratio (IRR) for
perinatal death of the child was 3.43 (95 % CI
0.57 - 20.53) in mothers without stroke and
8.88 (95 % CI 0.81 - 97.95) after stroke [22].

COVID-19
There are still gaps in knowledge about SiPP,

such as stroke mechanisms, best preventive
and therapeutic options, as well as long-term
prognosis for both mother and child, with the
additional challenge of rare but alarming cases
of COVID-19 co-existence or potential caus-
ative effect. Published cases of COVID-19 in-
fection in pregnancy are quite infrequent but
add new knowledge regarding mechanisms
of vascular injury in pregnancy [25-27]. CO-
VID-19 is an independent risk factor for both
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ischemic stroke and cerebral venous thrombo-
sis, with cerebrovascular event incidence rang-
ing up to 4.9 % [25,26]. Potential mechanisms
comprise the affinity of the SARS-CoV-2 vi-
rus for angiotensin-converting enzyme (ACE)
2 receptors expressed in the endothelium and
arterial smooth muscle cells in the brain, acti-
vation of a vascular and systemic inflammato-
ry response, altered vasomotor reactivity, dis-
ruption of the renin-angiotensin—aldosterone
system as well as evidence of prothrombotic
state and coagulopathy [28]. SARS-CoV-2 may
directly invade the central nervous system, via
blood but also via neuronal retrograde path-
ways, and systemic endothelial dysfunction in
COVID-19 has been well-demonstrated [28].
In a recent scoping review by Magelhaes
and Sampaio-Rocha-Filho cases of COV-
ID-19 neurological complications in pregnant
women published by November 2021 have
been described and discussed [29]. Only 18
case reports were detected, half of them re-
quiring admission to the ICU, and two with
a cerebrovascular event [29]. One patient ex-
perienced an extensive cerebral infarct with a
haemorrhagic transformation and a possible
arterial obstruction, while the other had an
infarct due to cerebral venous thrombosis as-
sociated with positive antinuclear antibodies
and prothrombin heterozygous mutation [30].
The experience is increasing with another re-
cent case report of a 22-year-old woman in
early pregnancy (10 gestational weeks) pre-
senting with headache and focal neurological
deficit, but with a good functional outcome
[31]. There is also only one case report at the
moment (September 2022) of a spontaneous
intracerebral haemorrhage (ICH) associated
with pregnancy and COVID-19 so this com-
plication appears to be quite rare [32]. An in-
creased risk of ICH in pregnant women has
been shown in HDP, coagulopathy, and a his-
tory of tobacco use [33]. The authors report-
ed a case of a 27-year-old woman with COV-
ID-19 infection who presented with a sudden
neurological deterioration and basal ganglia
hematoma a week after caesarean section
[32]. The patient did not have any risk factors
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for ICH and did not receive anti-thrombosis
prophylaxis for COVID-19 disease, implying
possible causality between postpartum status,
SARS-CoV-2 infection, and ICH [32].

Concerning COVID-19 vaccination in
pregnancy and stroke risk, it is important to
note that pregnancy is an independent risk
factor for severe COVID-19. The current
recommendations from the World Health
Organization and Centers for Disease Con-
trol and Prevention state that pregnant, post-
partum, and lactating women should receive
COVID-19 vaccination as it reduces SARS-
CoV-2 infection morbidity and mortality
[34]. On the other side, there are increasing
reports of various types of stroke including
ischemic stroke, and haemorrhagic stroke,
as well as cerebral venous sinus thrombosis
(CVST) after COVID-19 vaccination [35]. As
pregnancy was an exclusion criterion in initial
clinical trials of covid-19 vaccines, obsetrva-
tional data so far confirm that the benefits
of vaccination outweigh the potential risks
in this population. Currently, no pregnan-
cy-specific safety concerns with COVID-19
vaccination have been confirmed, although
additional data is needed for non-mRNA
vaccines, vaccination early in pregnancy, the
optimal timing of vaccination in pregnancy
for neonatal/infant benefit, and longer-term
outcomes in infants [34].

Stroke in Pregnancy and Postpartum is
a rare but challenging situation for patients,
their families, and health professionals. There
are still many gaps in the knowledge of multi-
faceted stroke mechanisms in SiPP, long-term
outcomes both for mother and infant, and op-
timal secondary prevention options.
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