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Abstract

Background: Pregnancy-associated stroke
remains incompletely characterized because
of the rarity of these potentially devastating
events. We investigated whether mechanism
and outcome of ischemic pathophysiology
stroke differ between young pregnant and
nonpregnant women. Methods: We identified
135 consecutive women ages 18-40 years
admitted to our center from January 2008
through June 2014 with ischemic stroke,
TIA, cerebral venous thrombosis, or nona-
neurysmal subarachnoid hemorrhage due to
reversible cerebral vasoconstriction syndrome (RCVS). We reviewed charts for pregnancy
status, demographics, medical comorbidities, stroke severity, etiology, and discharge out-
comes. Results: There were 33 women with pregnancy-associated stroke (PAS) and 102
with non-pregnancy-associated stroke (NPAS). Among women with PAS, 73% of strokes
occurred postpartum. In the PAS group, the most common cause of cerebrovascular events
was RCVS (n = 12), 11 postpartum and 4 in women with preeclampsia. There were no
significant differences between the groups in demographics. Women with PAS were less
likely to have vascular risk factors such as hyperlipidemia and history of thromboembolism
but more likely to have cerebral venous thromboses (21% vs 7%, p = 0.02). Women with
PAS were more likely to have RCVS as stroke mechanism (36% vs 1%, odds ratio 57.7,
95% confidence interval 7-468, p = 0.0001). Conclusion: Compared with nonpregnant
women of the same age group, women with PAS had fewer vascular risk factors. Cerebral
venous thrombosis and RCVS were more common in PAS, most of which occurred postpar-
tum. These results provide further evidence for the unique pathophysiology of pregnancy-
related stroke, raising important questions for future investigation. Neurol Clin Pract 2016;
6:29-39
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ith the release of its first-ever guidelines for stroke prevention in women, the
American Heart Association/American Stroke Association (AHA/ASA) em-
phasized the need for dedicated research to identify and characterize stroke
risk factors unique to women, highlighting pregnancy in particular as an area
with insufficient evidence to make recommendations regarding screening or prevention.'
Stroke is a rare complication of the peripartum period, with low incidence (34.2 per
100,000 deliveries"?) but potentially devastating consequences. Previous studies estimated
that peripartum women are at 3-fold increased risk of stroke,”® with the postpartum period
conferring the highest risk of both ischemic and hemorrhagic stroke.®” Of concern, the
incidence of pregnancy-associated stroke (PAS) appears to be increasing.®
Risk factors for PAS identified in previous studies include preeclampsia/eclampsia, cesarean
section, hypertension, chronic kidney disease, black race, pregnancy-related hematologic disor-
ders, older age, migraine, gestational diabetes, primary hypercoagulable states, and smok-
ing.>”?~'" However, our understanding of the complex processes underlying PAS remains
incomplete. Most studies have included both hemorrhagic and ischemic strokes without
further characterization of each subtype. Furthermore, previous studies relied on large ad-
ministrative datasets without a systematic assessment of ischemic stroke subtype and rare
associated conditions such as the reversible cerebral vasoconstriction syndrome (RCVS), cer-
vical artery dissections, and cerebral venous thrombosis (CVT). Moreover, most studies have
been conducted in northern European populations.'
With this retrospective cross-sectional study in an ethnically diverse group of young women,
we aimed to closely characterize ischemic PAS and compare it with ischemic strokes in similarly
aged nonpregnant women (non—pregnancy-associated stroke [NPAS]).

METHODS

Standard protocol approvals, registrations, and patient consents
Approval for the study was obtained from the institutional review board of Columbia Univer-
sity Medical Center, and the requirement for informed consent was waived because of the ret-
rospective nature of the study and deidentification of data. Similarly, we were unable to obtain
retrospective authorization from patients to disclose recognizable descriptions; therefore, any
data that we felt could result in potential recognition of individual patients were omitted from
the brief case descriptions in table 1.

Study population

Patients were identified using the Specialized Programs of Translational Research in Acute
Stroke (SPOTRIAS) and NIH StrokeNet database at Columbia University Medical Center
(PI RSM) between January 2008 and June 2014. Patients at our center were included in this
database if they were diagnosed with TIA, ischemic stroke, or hemorrhagic stroke either on or
during admission. Vascular neurologists and coordinators meet daily to review all patients ad-
mitted or diagnosed during admission with any stroke or TIA, with the goal of complete cap-
ture of all cases.

Inclusion/exclusion criteria

All women aged 18—40 years at the time of the index event who were admitted or diagnosed
during admission with TIA, ischemic stroke, CVT, or nonaneurysmal subarachnoid hemor-
rhage (SAH) due to RCVS were included. TIA was defined according to the current standard
AHA/ASA definition: a transient episode of neurological dysfunction caused by focal brain,
spinal cord or retinal ischemia, without acute infarction."”” We excluded women over 40
because pregnancy after age 40 remains rare; although rates of pregnancy after 40 are in-
creasing, 93% of pregnancies still occur before the age of 40."> We focused our study on
ischemic pathophysiology, including hemorrhagic stroke only if it was due to venous throm-
bosis, hemorrhagic conversion of arterial ischemic stroke, or nonaneurysmal SAH due to
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[ Table 1 Clinical characteristics of 33 women with pregnancy-associated stroke ]
Stroke timing
(weeks of
pregnancy NIHSS  Stroke Discharge
Age, y Clinical characteristics/comorbidities Preeclampsia or PP) score mechanism mRS score
21 Obesity, antiphospholipid syndrome, No PP (2 wk)? 9 Cardioembolic 4
nonbacterial thrombotic endocarditis
33 1 prior miscarriage, PFO No PP (3 d)2 1 Cardioembolic 1
37 Hypertension, rheumatic heart disease, No PP (2 wk) 20 Cardioembolic 4
mitral stenosis, CHF
35 Low protein S, sickle cell trait, marijuana No 8 wk 12 Carotid 4
use, obesity, history of Graves disease dissection
30 Family history of hypercoagulability, PFO, No PP (8 wk) 0 Vertebral 1
concurrent UTI dissection
30 Obesity, recurrent UTls, concurrent UTI No PP (1 wk) 12 Vertebral 3
dissection
27 Prior IUFD, MTHFR mutation, PFO, cellulitis No 4 wk 14 Cryptogenic 5
28 History of migraine No 10 wk 0 Cryptogenic 0
20 History of migraine, concurrent UTI No 18 wk 5 Cryptogenic 1
31 Obesity, PCOS, 2 prior miscarriages, prior ~ No 38 wk 0 Cryptogenic 0
stroke
32 No prior medical problems No 40 wk 0 Cryptogenic
23 Prior stroke while pregnant, on oral No PP (12 wk)? 1 Cryptogenic
contraceptives
34 Intra-atrial septal aneurysm, high anti- No PP (4 wk)? 1 Cryptogenic 0
cardiolipin IgM
32 Obesity, discoid lupus, family history of Yes PP (4 wk) 22 Cryptogenic 5
hypercoagulability, active smoker
20 History of migraine, low protein S and No 8 wk 0 Cortical vein 0
antithrombin Il thrombosis
25 History of migraine, irritable bowel syndrome No 33 wk 0 Venous sinus O
thrombosis
18 Hypertension, concurrent UTI Yes PP (5 d) 0 Venous sinus 0
thrombosis
26 Obesity No PP (2 wk) 1 Cortical vein 1
thrombosis
28 History of migraine, obesity, concurrent UTI No PP (1 wk) Unkown  Cortical vein 1
thrombosis
35 Obesity, low protein C and S Yes PP (1 wk) 1 Cortical vein 1
thrombosis
39 Obesity, cholestasis of pregnancy, heart No PP (2 wk) 0 Venous sinus O
murmur thrombosis
19 History of migraine, concurrent pneumonia  Yes 33 wk 2 RCVS
21 Sickle cell disease, chorioamnionitis Yes PP (1 wk) 5 RCVS
33 Obesity, history of migraine, prior tobacco  No PP (1 wk) 0 RCVS
and marijuana use
30 History of migraine, concurrent meningitis ~ No PP (6 d) Unknown RCVS
36 Hypertension, diabetes, prior postpartum No PP (1 wk) 4 RCVS
stroke, MTHFR heterozygote
37 History of migraine, multiple gestation No PP (1 wk) 0 RCVS 1

Continued
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[ Table 1 Continued ]
Stroke timing
(weeks of
pregnancy NIHSS  Stroke Discharge
Age, y Clinical characteristics/comorbidities Preeclampsia or PP) score mechanism mRS score
37 No prior medical problems Yes PP (1 wk) 0 RCVS 0
37 PCQOS, cholestasis of pregnancy, No PP (1 d) 0 RCVS 0
concurrent UTI
38 Obesity, multiple gestation, episodic No PP (1 wk) 2 RCVS 1
pseudotumor cerebri
38 History of migraine No PP (1 wk) 1 RCVS
40 Obesity, migraine, Hashimoto thyroiditis No PP (1 wk) 0 RCVS
38 History of migraine, multiple gestation, Yes PP (1 wk) 0 RCVS

assisted reproductive technology

Abbreviations: CHF = congestive heart failure; IUFD = intrauterine fetal demise; mRS = modified Rankin Scale; NIHSS = NIH Stroke
Scale; PCOS = polycystic ovarian syndrome; PFO = patent foramen ovale; PP = postpartum; RCVS = reversible cerebral vaso-
constriction syndrome; UTI = urinary tract infection.

Cases grouped by stroke mechanism.

2Post miscarriage.

RCVS. One patient with a ventricular assist device (VAD) was excluded to avoid skewing the
data, because VAD:s are generally considered a contraindication to pregnancy. Out of a total
of 5,986 patients included in the database during this time period, 135 met our inclusion
criteria (figure 1).

[ Figure 1 CONSORT diagram ]

Patients during study period (N=5,986)
>40 yrs. (n=5,549), <18 yrs. (n=10)
Stroke mimics (n=46)
Hemorrhagic (n=128)
+ICH (73)
* SAH (47)
« Other (8)
Duplicate patients (2nd event) (n=6)
VADs (n=6)
* Male (5)

* Female (1)

Remaining men (n=100)

Young women included (n=135)

v N

Non-pregnancy-associated (n=102) Pregnancy-associated (n=33)

ICH = intracranial hemorrhage; SAH = subarachnoid hemorrhage; VAD = ventricular assist device.
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In the pregnancy group, women with a history
of migraine had far higher odds of having RCVS
as stroke mechanism.

Data acquisition

We reviewed all participants’ charts for demographics, comorbidities, stroke severity, etiol-
ogy, and outcomes. Multiple portions of the electronic medical record were reviewed,
including administrative data, clinician notes, nursing documentation, and radiology
reports. Participants were divided into 2 groups: women with PAS and women with NPAS.
Women were considered to have PAS if the index event occurred during pregnancy or
during the 12 weeks postpartum, including after elective or spontaneous termination of
pregnancy. This time frame was chosen because of recent data showing that risk of throm-
botic events remains elevated up to 12 weeks after delivery.” We assessed vascular risk
factors and prior vascular events by collecting data from the medical record regarding the
following variables: body mass index, chronic hypertension (diagnosed prior to pregnancy),
hyperlipidemia, diabetes (gestational or preexisting), heart disease, prior stroke, prior my-
ocardial infarction, prior deep vein thrombosis or pulmonary embolism, active cancer, sickle
cell disease, history of transplant, migraine, oral contraceptive use, active smoking, history
of cocaine use, history of heavy alcohol use, underlying hypercoagulable states found on
stroke evaluation, rheumatologic disease, patent foramen ovale, and family history of hy-
percoagulability. Infection at time of event, NIH Stroke Scale (NIHSS) on presentation,
stroke location, stroke etiology according to TOAST criteria (cardioembolism, including
thromboembolism, paradoxical embolism, and endocarditis; small vessel disease; large artery
atherosclerosis; cryptogenic; or other/unspecified), and treatment (IV tissue plasminogen
activator, neuroendovascular treatment, antiplatelet or anticoagulants) were also collected.
We further classified the other/unspecified stroke subtype by associated rare causes such as
CVT, RCVS, and cervicocephalic artery dissection. For the purposes of this study, patients
were considered to have a diagnosis of RCVS if they fit the clinical syndrome (thunderclap
headache with transient or persistent neurologic deficits) and had either radiographic/an-
giographic evidence of nonaneurysmal SAH or radiographic, angiographic, or sonographic
evidence of vasoconstriction.'* All of the patients in our study considered to have RCVS
were given this diagnosis by an attending vascular neurologist during the admission. In
women with PAS, additional descriptive data related to pregnancy were collected, including
parity, timing of stroke (first, second, or third trimester or postpartum), pregnancy com-
plications including preeclampsia, assisted reproductive technology, multiple gestation, and
breastfeeding status if postpartum.

The primary stroke outcome measure was good vs poor outcome; a good outcome was de-
fined as a modified Rankin Scale (mRS) score =2 at discharge, signifying mild or no disability.
Other outcomes assessed included intracranial bleeding after index event, stroke recurrence,
and discharge disposition (home or acute rehabilitation vs nursing home or death).

Statistical analysis

Groups were compared using X tests for categorical variables, with Fisher exact test where
appropriate, and Wilcoxon rank sum test for continuous variables. Crude and adjusted
logistic regression models were used to calculate odds ratios (ORs) and 95% confidence
intervals (Cls) before and after adjusting for potential confounders. Missing data were not
accounted for, as this was a hypothesis-generating study; however, the only exploratory
variables with missing data were ethnicity (n = 18), body mass index (n = 6), patent
foramen ovale (n = 47), and NIHSS score (n = 17).
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The finding that a history of migraine appeared
to increase the odds of pregnancy-associated
RCVS is intriguing.

RESULTS

We identified 135 young women with stroke, 33 of whom were pregnant or within 12 weeks
postpartum. Clinical characteristics of the 33 women with PAS are detailed in table 1. There
were no significant differences between the 2 groups with regard to age or demographics.
Mean age of the entire group was 32 years (SD 6). A multiethnic cohort was represented
(30% white, 13% black, 39% Hispanic, 4% other, 13% unknown). The pregnancy-
associated group had fewer traditional vascular risk factors (hyperlipidemia, history of deep
vein thrombosis or pulmonary embolism, active tobacco use). There were no significant
differences between groups in proportion of history of migraine, underlying hypercoagulable
state, sickle cell disease, history of prior stroke or myocardial infarction, concurrent infection,
cocaine use, or family history of hypercoagulability (table 2).

Among women with PAS, 73% of strokes (24 of 33) occurred postpartum, 4 (12%)
occurred in the first trimester, 1 (3%) occurred in the second trimester, and 4 (12%) occurred
in the third trimester. None of the strokes occurred during delivery. Of the 24 women with
postpartum stroke, 21 (88%) had strokes after they had been discharged after delivery. The
most common stroke mechanism for women with PAS was RCVS (12, 36%), followed by
CVT (7, 21%), cardioembolism (3, 9%), and cervical artery dissection (3, 9%). No stroke
mechanism was identified in 9 of the 33 women (27%). No strokes in the PAS group were
attributed to large artery atherosclerosis or small vessel disease. Patients with NPAS and those
with PAS had a statistically similar proportion of large artery atherosclerosis, small vessel, car-
dioembolic, and cryptogenic ischemic stroke subtypes; we also found no difference in the pro-
portion of ischemic strokes due to cervical artery dissection.

Women with PAS had a higher proportion of CVT (21% vs 7% in NPAS, p = 0.02).
Compared with women with NPAS, women with PAS had markedly greater odds of having
RCVS as stroke etiology (36% vs 1%, unadjusted OR 57, 95% CI 7-468); 92% (11 of 12)
of pregnancy-associated RCVS occurred postpartum.

Because of the dramatically increased odds of RCVS we found in the PAS group, we ran
secondary analyses to assess for effect modifiers with regard to risk factors. Preeclampsia and
migraine both appeared to play a role. Of the 12 women in the PAS group with RCVS, 4
(33%) had preeclampsia. In comparison, preeclampsia was present in 1 of the 8 women with
cryptogenic stroke (13%) and in none of the women with cardioembolism or dissection as
stroke mechanism. After adjusting for pregnancy, the odds of RCVS were increased for women
in both groups with a history of migraine (OR 5.2, 95% CI 1.2-22.5). In the pregnancy
group, women with a history of migraine had far higher odds of having RCVS as stroke
mechanism (OR 75.4, 95% CI 8.64-659, p = 0.0001). Thus there was evidence of effect

modification between pregnancy and migraine.

DISCUSSION

In our small but detailed retrospective analysis, we found that the majority of PAS occurred
postpartum, a finding that aligns with the results of prior studies.>®* Stroke mechanisms in
the PAS group appeared unrelated to traditional vascular risk factors. In contrast, women in
the NPAS group were more likely to have stroke risk factors such as hyperlipidemia, history of
thromboembolism, or active smoking. Stroke related to vascular risk factors in the young
appears to be increasing,'”” and the importance of primary prevention in this population
cannot be overemphasized.

© 2016 American Academy of Neurology
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[ Table 2 Results of univariate analysis of PAS and NPAS ]
Clinical characteristics PAS (n =33) NPAS (h=102) p Value
Demographics
Age, y, median (range) 32 (18-40) 33 (19-40) 0.087
BMI, median (range)® 27 (16-43) 27 (15-59) 0.70
White race, n (%)* 14 (47) 27 (31) 0.38
Black race, n (%)® 3(10) 15(17.2)
Hispanic ethnicity, n (%)? 11 (36.7) 41 (47.1)
Other race/ethnicity, n (%) 2(7) 4 (5)

Medical comorbidities, n (%)
Prior history of hypertension 1(3) 22 (21.6) 0.060
History of hyperlipidemia 0 14 (13.7) 0.02°
History of diabetes (any type) 1(3) 12 (11.8) 0.10
History of migraine (with or without aura) 12 (36) 38 (37.3) 0.93
History of transplant 0 4 (4) 0.32
History of heart disease 4 (12) 24 (23.5) 0.08
History of sickle cell disease or trait 2 (©) 6 (6) 0.32
History of cancer 0 5(5) 0.24
Infection at time of stroke 8 (24) 28 (27.9) 0.17
History of DVT/PE 0 13(12.8) 0.02°
History of prior stroke 3(9) 17 (16.9) 0.14
History of myocardial infarction 0 3(2.9) 0.43
Family history of hypercoagulabity 2 (6) 10 (9.8) 0.24
Oral contraceptive use 1(3) 19 (9) 0.15
Active smoker 1(3) 20 (19.6) 0.013°
History of marijuana use 2 (6) 13 (13) 0.16
History of cocaine use 0 5(4.9) 0.24
History of alcohol use 2 (6) 25 (24.5) 0.012°
Positive hypercoagulable evaluation 8 (24.2) 25 (24.5) 0.18
Positive rheumatologic evaluation® 3(9) 15 (14.7) 0.18
Patent foramen ovale® 3(20) 16 (21.9) 0.27

Stroke characteristics
Median NIHSS (range)® 1 (0-22) 2 (0-34) 0.075
Cardioembolic, n (%) 3(9 20 (19.6) 0.099
Cryptogenic, n (%) 9 (27) 41 (40.2) 0.077
Large vessel disease, n (%) 0 4 (3.9) 0.32
Small vessel disease, n (%) 0 3(2.9) 0.43
Cervical artery dissection, n (%) 3(9) 21 (20.6) 0.072
RCVS, n (%) (see figure 2) 12 (36) 1(1) <0.000°
Venous thrombosis, n (%) 7 (21) 7 (6.9) 0.021°
Index event was TIA, n (%) 8 (24) 10 (9.8) 0.033°

Continued
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[ Table 2 Continued ]
Clinical characteristics PAS (h=33) NPAS(n=102) p Value
Stroke treatment and outcomes

Treatment: antiplatelet, n (%) 16 (48) 59 (57.8) 0.10
Anticoagulation, n (%) 10 (30) 40 (39.2) 011
tPA, n (%) 1(3) 15 (14.7) 0.055
Endovascular, n (%) 2 (6) 3(3) 0.26
Complication: intracranial bleeding, n (%) 2 (6) 8(7.8)

Death, n (%) 0 2(1.9) 0.57
Stroke recurrence, n (%) 5(15) 14 (13.7) 0.22
Discharge mRS score, median (range) 1 (0-5) 1 (0-6) 0.51
(E/o;)d outcome (MRS score 0-2 at discharge), 25 (76) 64 (62.8) 0.077

n (%

Abbreviations: BMI = body mass index; DVT = deep vein thrombosis; mRS = modified Rankin
Scale; NIHSS = NIH Stroke Scale; NPAS = non-pregnancy-associated stroke; PAS = pregnancy-
associated stroke; PE = pulmonary embolism; RCVS = reversible cerebral vasoconstriction syn-
drome; tPA = tissue plasminogen activator.

2Missing data; percentages are computed out of those patients with complete data.

b Significant value.

¢Positive rheumatologic evaluation included diagnoses of comorbid autoimmune or inflammatory
conditions such as lupus, antiphospholipid syndrome, rheumatoid arthritis, mixed connective tissue
disorders, sarcoid, or vasculitis. Patients already known to have such diagnoses were considered
to have positive evaluations.

RCVS was the most common stroke mechanism in the PAS group, a finding that to our knowl-
edge has been seldom reported in prior studies. This may reflect its relatively recent recognition as a
cause of both ischemic stroke and nonaneurysmal SAH. Call and Fleming described the syndrome in
1988, terming it “reversible cerebral segmental vasoconstriction” and noting that previously de-
scribed cases had often occurred in postpartum women.'® The authors postulated a hormonal
influence and a connection with severe migraine syndromes. A representative magnetic resonance
angiogram from our series is shown in figure 2. Although the term “reversible” implies a benign
course, Call and Fleming noted that neurologic deficits could be permanent; indeed, a recent
retrospective case series found that 20 of 59 patients with RCVS (34%) had worsening of neu-
rologic deficits after diagnosis, including 4 patients who died.”” The majority of our RCVS cases
had a favorable outcome, but some did not: 2 of our 11 postpartum RCVS cases had a discharge
mRS score of 4 (moderately severe disability, unable to care for themselves or walk unassisted).

RCVS shares features with the posterior reversible encephalopathy syndrome (PRES); a case se-
ries documented coexisting PRES in 9% of patients with RCVS,'® and other authors suggest that
the syndromes may coincide far more often.” In the postpartum setting, RCVS, PRES, pree-
clampsia, and the HELLP syndrome (a severe form of preeclampsia with hemolysis, elevated liver
enzymes, and low platelets) may all intersect under the umbrella term “postpartum cerebral
angiopathy,”%?' an incompletely understood disorder of systemic endothelial dysfunction and
failure of cerebrovascular autoregulation.”’ One study investigated the effects of pregnancy on the
cerebral autoregulatory curve, noting that cerebral arteries from late-pregnant and postpartum
animals constricted in reaction to high serotonin concentrations, whereas arteries from nonpreg-
nant animals dilated.” In a follow-up study, the authors noted that when plasma from women
with HELLP syndrome was infused into the posterior cerebral arteries of rats it caused increased
blood-brain barrier permeability and diminished vasodilation in response to calcium-activated
potassium channels.” In our group, 33% of the pregnancy-related RCVS cases had coexisting
preeclampsia; none were documented as having HELLP syndrome.

© 2016 American Academy of Neurology
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[ Figure 2 Reversible cerebral vasoconstriction syndrome ]

Diffuse vasospasm in a 33-year-old woman with a history of migraine, postpartum day 8 after healthy pregnancy.

The finding that a history of migraine appeared to increase the odds of pregnancy-associated
RCVS is intriguing. Prior research has postulated a relationship between RCVS and migraine: a large
case series documented prior migraine in 40% of patients with RCVS,** significantly more than the
approximate 15% prevalence of migraine in the general population. In a prospective cohort study,
female sex and history of migraine were identified as independenty associated risk factors for
hemorrhage (subarachnoid, subdural, or intraparenchymal) in RCVS, and hemorrhagic RCVS,
when compared with RCVS without hemorrhage, was highly associated with ischemic stroke and
disability.?®

vascular risk scores may paradoxically be at higher risk for ischemic stroke.”” A recent systematic

Younger women with a history of migraine with aura and low Framingham cerebro-

review and meta-analysis found that migraine significantly increased the risk of both preeclampsia
and ischemic stroke during pregnancy and proposed that hormonal and inflammatory changes
associated with migraine might interact with pregnancy-related endothelial dysfunction to increase
the risk of stroke.”® Our study raises the question of whether this increased stroke risk might be
attributable to higher risk of RCVS. Further studies are needed, including both prospective clinical
studies and basic research, to better characterize the complex interactions between pregnancy-
related hormonal and inflammatory changes and cerebral autoregulation, and the factors that
influence the development of RCVS.

Our study is limited by its retrospective nature and small numbers. The small sample size may
have been underpowered to detect important but small differences between groups, increasing the
likelihood of a type II error. Therefore, our results must be considered hypothesis-generating;
ORs should be interpreted with caution because of wide Cls. Recall bias may have influenced the
findings; most of our RCVS cases presented with headache, and women may have been more
inclined to report a history of migraine in this setting (or clinicians may have been more inclined
to ask about it). Because of the retrospective nature of the study, we were limited in our ability to
assess patient outcomes after discharge. Disability at 90 days, ability of patients to care for their new-
borns, and outcomes of subsequent pregnancies will all be outcomes of interest in future planned
prospective studies. Although our database screening was designed for 100% capture of strokes at
our institution, some cases of PAS at our center may have been missed. Our results from a single
urban institution may not apply to the general population, particularly given the high prevalence
of Hispanics in our group. Finally, by excluding patients over 40 or under 18 and patients with an-
eurysmal SAH and primary intracranial hemorrhage, particularly hypertensive or spontaneous intra-
cranial hemorrhage, we likely missed some instances of PAS; future studies are planned to include a
wider age range and hemorrhagic strokes.
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We found that in our cohort, women with PAS had fewer vascular risk factors than other
young women with stroke. CVT and RCVS were more common in PAS, most of which oc-
curred postpartum, and history of migraine appeared to increase the odds of postpartum
RCVS. Additional studies are planned to further elucidate the relationship between migraine
and postpartum RCVS and ideally to develop effective preventive strategies for stroke in this
unique patient population.
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