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Abstract

Background: Stroke is three times more likely in obstetric patients
than in age-adjusted non-pregnant women. No studies have focused
on obstetric provider education for stroke management. A case of a
postpartum woman with intracerebral hemorrhage at a large obstetrics
hospital spurred modification of the code stroke protocol and an edu-
cational seminar on neurologic emergencies geared towards obstetric
providers. The effectiveness of stroke triage training to improve un-
derstanding of management in obstetric patients was assessed.

Methods: Obstetric providers were assessed before and after attend-
ing a 1-h educational seminar by stroke experts from the affiliated
comprehensive stroke center at an associated large academic insti-
tution. The knowledge assessment included seven questions about
concerning symptoms and initial steps in management of suspected
stroke.

Results: Twenty-eight out of 48 participants completed before and
after knowledge assessments. The average increase in point score was
1.25 (21%). The greatest post-education increases occurred regard-
ing blood pressure augmentation during a stroke alert (18% to 82%
correct) and initial tests needed for evaluation (36% to 89% correct).
Providers learned head imaging must be obtained to differentiate be-
tween types of strokes before treating hypertension, and labs, except
finger stick glucose, are not needed before administering a thrombo-
lytic.
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Conclusions: Obstetric patients are at increased risk of stroke, and
targeted clinician education can improve knowledge of initial man-
agement steps. Obstetric practices should consider additional educa-
tion for nurses and providers on managing stroke, as proper stroke
management is time sensitive and can reduce maternal mortality.
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Introduction

Pregnancy-associated strokes (PAS) occur in 30 per 100,000
pregnancies, which is three times the incidence of age-adjust-
ed non-pregnant women. They are a leading cause of mor-
tality in pregnancy [1, 2]. Approximately 11-32% of all PAS
occur during the antepartum period, 34-41% during labor or
birth, and 34-48% occur postpartum [3-6]. The pathophysiol-
ogy of pregnancy increases the risk of stroke due to increased
blood volume and cardiovascular and coagulation changes
[7]. Mode of delivery further impacts risk of stroke, and pa-
tients who have a cesarean birth may be at increased risk for
up to 12 months postpartum [8, 9]. Stroke can be separated
into two main categories: ischemic (non-hemorrhagic) and
hemorrhagic. Ischemic strokes can be further divided into ar-
terial ischemic strokes and cerebral sinus venous thrombosis.
The incidence of overall pregnancy-related ischemic stroke
and pregnancy-related arterial ischemic stroke is 19.9 and
12.2 per 100,000 pregnancies, respectively [1]. Risk factors
include preeclampsia, gestational diabetes, infection, as well
as factors outside of pregnancy such as hypertension, hyper-
lipidemia, coagulopathies, smoking, migraines, and social de-
terminants of health [10, 11]. The incidence of hemorrhagic
stroke is 12.2 per 100,000 pregnancies and makes up a higher
proportion of hemorrhage stroke in the general population
[1]. Risk factors include hypertension, cerebrovascular mal-
formations, preeclampsia-spectrum disorders, and gestational
trophoblastic disease [10]. The increasing prevalence of tradi-
tional cardiovascular risk factors among younger adults, such
as hypertension, diabetes, and obesity, as well as the advanc-
ing average maternal age at time of birth, likely have increased
the risk of acute stroke during pregnancy in recent time [12].
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Cerebral venous sinus thrombosis can cause cerebral ischemia
and intracerebral hemorrhage (ICH), and thus should always
be on the differential when patients present with acute neu-
rologic changes. Its incidence associated with pregnancy is
three times higher than that of the general population. Risk
factors include hypertension, infection, hypercoagulability,
dehydration, smoking, age, hyperemesis gravidarum, and ma-
lignancy [13]. Additionally, black race has been reported to
be a risk factor for each type of pregnancy-associated stroke,
however these studies do not account for the effects of struc-
tural racism on health outcomes [14].

Hypertensive disorders of pregnancy, including preec-
lampsia, increase the risk of stroke. Preeclampsia is estimated
to complicate 3-6% of pregnancies in the United States [11,
15]. Preeclampsia with severe features (PESF) is estimated to
complicate 1-2% of pregnancies and is diagnosed by the pres-
ence of one or more of the following in a patient with preec-
lampsia: systolic blood pressure > 160 mm Hg and/or dias-
tolic blood pressure > 110 mm Hg requiring antihypertensive
medications or presence of two or more severe range blood
pressures 4 h apart, symptoms of central nervous system dys-
function, hepatic abnormality, thrombocytopenia, kidney im-
pairment, or pulmonary edema [16].

ICH should be considered when there is any change in
mental status or a new neurological deficit in the antepartum,
peripartum, or postpartum period, especially in the setting of a
hypertensive disorder of pregnancy. The adjusted relative risk
of ICH postpartum has been described as 28.3 [17]; 14-55% of
cases of ICH in pregnancy had coexisting severe preeclampsia
and/or eclampsia, and the presence of either disease is associ-
ated with a four-fold increased risk of stroke [3]. Endothelial
dysfunction, impaired cerebral autoregulation, and severe hy-
pertension in the setting of preeclampsia predispose women
with this spectrum of disorders to stroke [18]. Additionally, hy-
pertension and thrombocytopenia independently increase the
risk of ICH. When they occur simultaneously in preeclampsia,
this makes pregnant patients especially vulnerable. Posterior
reversible encephalopathy syndrome (PRES) is reported as a
rare complication of preeclampsia and can also be an inciting
event for ICH [18, 19].

Despite the increased risk of PAS, obstetric providers
do not typically receive dedicated stroke education. A pa-
tient case of PESF complicated by ICH at a large obstetrics
hospital spurred the creation of an educational seminar about
stroke triage for obstetrics providers and nurses. As part of
this quality improvement project, the research team assessed
the effectiveness in stroke triage training to improve under-
standing of management steps in obstetrics patients with
symptoms of stroke. To our knowledge, no studies to date
focus on provider education on stroke management in the ob-
stetrics setting.

Patient case

The patient was a 27-year-old right-handed woman, gravida
1, para 1 (G1P1) who was induced to deliver at 36 weeks for
gestational thrombocytopenia (platelet count 93,000/uL). Her
pregnancy was otherwise uncomplicated. Her delivery was
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Figure 1. Snapshot of an axial cut of the initial non-contrast head CT
showing a 25 mL hemorrhage (arrow) in the right basal ganglia with in-
traventricular extension causing midline shift and cerebral edema. CT:
computed tomography.

complicated by uterine bleeding that required Bakri balloon
tamponade and uterine artery embolization by interventional
radiology under conscious sedation with propofol and fen-
tanyl. She was hypertensive during the case and was treated
with additional pain medication. The patient was expected to
be sedated post-procedure, but 4 h after the procedure, she
was unarousable with a dilated and unreactive right pupil and
a code stroke was called. Her systolic blood pressure at that
time ranged between 150 and 160 mm Hg. Upon evaluation
by neurology, her National Institutes of Health Stroke Scale
(NIHSS) score was 26 due to her loss of consciousness and
weakness. Emergent computed tomography (CT) of her brain
showed a 25-mL ICH in the right basal ganglia with intraven-
tricular extension, 6 mm of midline shift and compression of
the midbrain (Fig. 1). The patient underwent emergent hyper-
osmolar therapy, external ventricular drain (EVD) placement.
Her exam improved from no movement of her extremities in
response to noxious stimuli to being able to follow instruc-
tions, resulting in an improved Glasgow Coma Score (GCS)
score from 3 to 9. She was treated with verapamil for presumed
reversible cerebral vasoconstriction syndrome (RCVS) and
levetiracetam for seizures. She underwent a decompressive
hemicraniectomy to manage elevations in intracranial pressure
due to cerebral edema. After 8 weeks in the intensive care unit
(ICU), she was discharged to a rehabilitation center with right
sided weakness and aphasia. By her 3-month outpatient fol-
low-up, her NIHSS was 0, and her only persistent symptoms
were mild left-handed weakness and occasional headaches. At
her 6-month follow-up, she only had mild fine motor difficul-
ties in her left hand.
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Acute Stroke Triage at Women and Infants Hospital

Before and After Knowledge Assessment

ANSWERS
Before | After

QUESTIONS

b - Right leg pain

d - Urinary incontinence

1) | Which of the following symptoms are concerning for a stroke?
a - Tingling in fingertips on both hands

¢ - Inability to see anything on the right

next course of action?
a - Code stroke
b - Call a neurology consult
c-EMG
d - MRI spine

2) | A patient reports numbness along the outer aspect of their right leg after delivery. What is your

3) | A patient is found to have a L facial droop, L arm and leg weakness and was last seen normal
20 minutes prior. Why is it important to transfer this patient as quickly as possible?

a - A CT will only capture a stroke in the first hour of presentation of symptoms

b - A patient is only a candidate for tPA for the first 4.5 hours after onset of symptoms

¢ - A brain hemorrhage can only be drained within the first 5 hours of onset of symptoms

d - If she gets better, findings will not be evident on MRI brain

a-CBC

b - EKG

¢ - Fingerstick glucose

d - Non-contrast CT brain

4) | Which labs/tests are essential prior to transfer for code stroke?

. course of action?
Question a - Call a code stroke

discarded.

c-EEG
d - Call a neurology consult

5) | You have a patient with acute and fluctuating dysarthria and double vision, what is the best

b - Neurology follow-up as outpatient

¢ - Start a Magnesium drip

6) | What should you do if you call a code stroke on a patient and the BP is 190/100. You've
rechecked it and it's accurate. She has no other signs of eclampsia/pre-eclampsia.

a - Nothing. We don’t have brain and vessel imaging yet

b - Give labetalol, she will need her BP lowered for tPA or thrombectomy

d - Start her on pressers to get her >220/100 to increased cerebral perfusion

transferring the patient?

7) | After calling a code stroke, should | wait for neurology to come see the patient at WIH before

a - Yes, they may think it's something else
b - No, time is brain. She can be transferred back if there is no suspicion for acute stroke

< TOTAL CORRECT

Figure 2. Before and after knowledge assessment after acute stroke triage education as part of quality improvement project at

Women and Infants Hospital.

Materials and Methods

The patient case described above resulted in extensive discus-
sions between neurology and obstetrics about how to improve
stroke recognition in peripartum patients. Root-cause analysis
identified symptom recognition and knowledge of initial steps
of assessment and management as potential targets for im-
provement. The decision was made to hold a one-time educa-
tional seminar at a monthly hospital safety conference geared
towards currently practicing obstetrics physicians, advanced
practice providers (APPs) and nurses to assess peri-procedural
stroke awareness. This study was exempt from Institutional Re-
view Board review due to low risk to participants. The study
was still conducted in compliance with the ethical standards of
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Women and Infants Hospital on human subjects as well as with
the Helsinki Declaration. The speakers were a board-certified
vascular neurologist and the stroke coordinator of the affiliated
comprehensive stroke center. Participants were assessed before
and after the 1-h educational seminar on stroke management in
pregnant patients. The knowledge assessment included seven
questions about concerning symptoms and initial steps in man-
agement of a suspected stroke, which were determined from the
root-cause analysis to be the highest yield topics (Fig. 2). The
assessment aimed to assess the effectiveness of this seminar
and investigators hypothesized an increase in participant scores
before and after the intervention. We performed McNemar tests
to statistically quantify the difference between before and after
scores in Stata [20], as well as a paired #-test to compare final
score means before and after intervention (Table 1).
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Table 1. Comparison of Knowledge Assessment Results for Pre- and Post-Education Session

Question number (question description) l()::f;l;'ic:% ) Sf(:::i?‘;;) P value
Question 1 (symptoms) 19 (67) 24 (86) 0.006
Question 2 (postpartum symptoms) 21 (75) 19 (68) 0.480
Question 3 (tPA time window) 24 (86) 26 (93) 0.157
Question 4 (initial tests prior to transfer) 10 (36) 25 (89) <0.001
Question 5 (symptoms) Discarded

Question 6 (blood pressure control) 5(18) 23 (82) <0.001
Question 7 (steps after “code stroke™) 27 (96) 28 (100) 0.317
Total 106 145

Average score (out of 6) 4(67) 5.25(87.5) 6.09

Total number completed assessments before intervention: n = 32. Total number of completed assessments (before and after intervention): n = 28.

tPA: tissue plasminogen activator.

Results

Forty-eight providers attended the seminar. Thirty-two of 48
fully completed pre-intervention knowledge assessments.
Twenty-eight out of 32 fully completed post-intervention as-
sessments. Twenty incomplete pre- or post-assessments were
excluded. One question was discarded due to ambiguity in an-
swer choices, and thus the maximum score analyzed was out
of 6. The average point scores before and after the seminar
were 4 (67%) and 5.36 (87.5%), respectively. Thus, the aver-
age increase in point score was 1.25 out of 6 (21%). Correct re-
sponses from providers regarding blood pressure management
during a stroke alert increased from 18% pre-education to 82%
post-education. Using the McNemar test, this was determined
to be significant change (P = 0.006) in responses from par-
ticipants after receiving pregnancy-related stroke management
education. Prior to the education session, half of the partici-
pants would have given labetalol and five would have started
magnesium for a blood pressure of 190/85 in the setting of a
stroke alert in a pregnant patient. After education, 18 providers
with previously incorrect answers significantly improved their
scores by altering their response to the correct answer: Do not
adjust blood pressure until a head CT has differentiated the
type of stroke because permissive hypertension is preferred in
the setting of acute ischemic stroke (P <0.001).

Correct responses from providers regarding initial tests
needed for evaluation similarly significantly increased from
36% pre-education to 89% post-education (P < 0.001). Initial-
ly, 18 participants stated that labs or diagnostics were needed
before calling the neurology team. After education, 15 of those
participants corrected their answer to obtaining fingerstick
glucose prior to making the call, since hyper or hypoglycemia
can mimic stroke symptoms. Five participants learned that ho-
monymous hemianopsia was more indicative of a stroke than
tingling in fingertips or pain in one leg. Eighty-six percent of
respondents (24 of 28) knew prior to education the importance
of quick diagnosis due to the limited time window for throm-
bolysis in the setting of ischemic stroke. Table 1 shows the
summary of results.
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Discussion

Due to the prevalence of stroke in pregnancy, provider educa-
tion on recognition and management is essential. In the de-
scribed case, procedural sedation delayed diagnosis of ICH.
While this patient did well, her life-threatening hospital course
could have been shortened or avoided with early recognition
and treatment.

Treatment of stroke requires prompt identification and ap-
propriate management. When a patient has an abrupt change
in mental status or new focal neurologic deficit, a stroke alert
should be activated to call neurological experts to the bedside
as soon as possible. At the same time, a non-contrast head
CT and computed tomography angiography (CTA) head and
neck with contrast should be obtained without delay after a
fingerstick glucose level is checked. If there is no hemor-
rhage and an ischemic stroke is suspected, a thrombolytic can
be administered if the patient presents within the appropriate
time window if benefits outweigh risks. Neither alteplase nor
tenecteplase cross the placenta [21]. A patient may also be a
candidate for an embolectomy, direct intravascular removal of
ablood clot, if a large vessel occlusion is discovered. Obstetric
hospitals should have transfer procedures in place with com-
prehensive stroke centers if neurointerventional radiology is
not available on site.

If an ICH is discovered, blood pressure must be controlled
immediately, any coagulopathy should be corrected, and emer-
gent surgical intervention for hydrocephalous or clot evacu-
ation should be performed if indicated [22]. Table 2 outlines
the ideal time metrics for responding to stroke alerts. Stroke
should be on providers’ list of differential diagnoses when
there is a change in mental status in the setting of high blood
pressure or coagulopathy in pregnancy and the peripartum pe-
riod. Prompt intervention to prevent hydrocephalous and fur-
ther brain injury is essential.

A root-cause analysis in the case of this patient determined
symptom recognition and initial management to be the high-
est yield targets for improvement. On the pre-educational as-
sessment however, most providers knew how to differentiate
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Table 2. Proposed Time Metrics for the Acute Management
of ICH

National Joint Commission

Ischemic stroke time metrics

Door to Doc <10 min
Door to stroke team <15 min
Door to CT scan start <25 min
Door to CT scan read <45 min
Door to needle (tPA) <60 min
Door to arterial puncture <90 min
Code ICH
Proposed hemorrhagic stroke time metrics
Door to Doc <10 min
Door to stoke team < 15 min
Door to CT scan start <25 min
Door to CT scan read <45 min
Door to lab results <45 min
Door to BP control < 60 min
Door to reversal agent < 60 min
Door to burr/evacuation <90/180 min

ICH: intracerebral hemorrhage; Doc: doctor; CT: computed tomogra-
phy; tPA: tissue plasminogen activator; BP: blood pressure.

symptoms of a stroke from other neurologic conditions associ-
ated with pregnancy like femoral cutaneous nerve palsy and
carpel tunnel syndrome. Loss of consciousness is an uncom-
mon presentation of stroke, but an important one for obstetric
providers to recognize quickly especially in high-risk scenari-
os like preeclampsia and eclampsia.

Respondents to the assessments knew the time sensitive
nature of stroke before the educational intervention. The cause
of the delay in the care for this patient was not due to a lack
of urgency but rather to a lack of recognition. “Time is brain”
is an expression frequently used in stroke education to signify
the importance of rapid intervention for neurologic emergen-
cies [23]. Every minute that the brain lacks blood supply, it is
estimated that 1.9 million neurons die [23]. Any neurologic
emergency including hemorrhages, seizures and hydrocepha-
lous puts brain cells at risk, increasing the risk of death and
disability, so rapid intervention is key [21, 22].

The key takeaway from the educational intervention was
regarding initial assessment and management. In the assessed
group, many providers focused on early blood pressure man-
agement before obtaining head imaging. This is understand-
able as hypertensive diseases of pregnancy are incredibly
concerning and initial management includes immediate blood
pressure control. However, if a cerebrovascular event is sus-
pected in conjunction with the elevated blood pressure, steps
must be taken to evaluate for ischemic stroke. Rapid lower-
ing of blood pressure may result in cerebral hypoperfusion and
worsen brain ischemia, so blood pressure goals should only be
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determined after a head CT and in collaboration with neurol-
ogy and neurosurgery [24].

Although head imaging is integral to diagnosis, providers
may be concerned about the risks associated with ionizing radia-
tion in pregnancy. According to the American College of Radi-
ology and the American College of Obstetrics and Gynecology,
X-ray-based examinations that do not directly expose the pelvis
or gravid uterus to the X-ray beam do not require verification
of pregnancy status; thus, head imaging is safe. The amount of
radiation a fetus is exposed to in a non-contrast head CT and CT
angiogram head and neck is negligible [25, 26].

Another learning point from the seminar is that the only
lab or testing necessary before transport to CT during a stroke
alert is a fingerstick glucose, since both hyperglycemia and
hypoglycemia can mimic stroke. Obtaining complete blood
counts, basic metabolic panels, coagulopathy testing, and elec-
trocardiogram (EKG) should not delay obtaining the head CT.

The discarded question was whether to call a stroke alert
for “acute and fluctuating dysarthria and double vision”. The
answers to this question were controversial. If both occurred
abruptly, they could be signs of stuttering perfusion to the
posterior circulation. Conversely, these could be nonspecific
symptoms and could be a medication effect. Ultimately, the
study team recommended not to hesitate to talk to the neurol-
ogy team on call about such cases to decide whether a stroke
alert needs to be activated.

This is the first study of its kind to outline a provider-tar-
geted intervention for stroke management in pregnant patients.
It was a single center pilot without a control group and the
number of participants was too low to determine statistically
significant efficacy of this type of intervention. Low rates of
pre- and post-intervention knowledge assessment completion
were due to participants leaving the seminar early or choosing
not to complete both assessments. This introduces a selection
bias and may not accurately represent the entire studied popu-
lation. Further studies should include demographics data on
respondents to differentiate results based on profession (physi-
cian, APP, nurse) and years of experience. They should also re-
view responses in partially completed knowledge assessments
to look for selection bias. Participants should also be followed
up to assess knowledge over time.

Previous studies have suggested simulation is effective at
improving knowledge and confidence in various specialties of
medicine [27, 28]. An ideal study would also assess the ef-
fectiveness of the educational program on provider response
times and confidence in real life emergent cases as well as
patient outcomes. Fortunately, while stroke is a complex and
possibly devastating risk of pregnancy for many reasons in-
cluding hypercoagulable state, diseases of cerebral autoregula-
tion like preeclampsia, PRES, RCVS and thrombocytopenia,
it remains overall rare. It may be difficult to assess real life
provider response because of its overall low prevalence among
peripartum patients.

Overall, this study revealed that targeted obstetric provid-
er education may be an effective tool to improve knowledge
about stroke assessment and management. Many providers
have a good appreciation of concerning signs and symptoms
in more straightforward cases, but as suggested by our patient
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case, may struggle with more complicated stroke presentations.
Moreover, beyond signs and symptoms, stroke is not encoun-
tered everyday by obstetrics providers. It is the responsibility
of hospitals to educate obstetrics providers to ensure prompt
identification and treatment of stroke in pregnant patients. Fur-
ther workup and management of PAS should be done together
with experts trained in caring for patients with neurologic con-
ditions. Obstetrics providers in low-resource settings without
access to specialists should seek out expertise when able, but
they may choose to do additional training available from socie-
ties such as the Neurocritical Care Society and the American
Heart Association/American Stroke Association.

In conclusion, obstetrics patients are at increased risk of
stroke. ICH should be considered when there is a change in
mental status in the setting of high blood pressure or coagu-
lopathy in pregnancy and the peripartum period. Prompt in-
tervention to prevent clot expansion, hydrocephalous and sec-
ondary brain injury is essential, and more training for obstetric
providers could provide life-saving skills for the recognition
of neurologic emergencies in high-risk obstetrics. Targeted and
interactive provider education can improve knowledge of ini-
tial management of stroke in obstetric patients and should be
studied further. In the meantime, obstetric practices and hospi-
tals should consider targeted education for providers as proper
stroke management is time sensitive and can reduce maternal
morbidity and mortality.
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