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 1) Age and sex incidence of stroke

 2) Risk factors and mechanisms of stroke during pregnancy and peripartum

 3) Long-term effects of stroke during pregnancy, data review

 4) Hypertension and stroke

 5) Improving BP control in the Stroke Clinic 

 6) Improving timely access to neurological care in pregnant and peripartum 
patients

 7) Discussion 



Epidemiology

Figure 7.1. CONTINUUM (MINNEAP MINN) 2020;26(2, CEREBROVASCULAR DISEASE):363–385. 

 Sex and age influence stroke 
diagnoses in the United States

• 20-59 years: Similar prevalence of stroke 
between men and women

• 60-79 years: Higher prevalence of stroke 
among men 

• 80 years and older: Higher prevalence of 
stroke among women

 Race and ethnicity are significant  
predictors of stroke incidence and 
outcomes within gender groups

• Socioeconomic status



Sex and Gender differences in stroke
 Reproductive and hormonal factors affect stroke risk and incidence in women

• Pregnancy, contraception and, hormonal replacement therapy after menopause, hormone 
therapy in gender affirming treatment, IVF treatment

 Presenting symptoms of stroke may vary between women and men
• Women are older, live alone, have increased comorbidities (age effect).*    

 Treatment of stroke and risk factors differ between men and women
• Women less likely to be treated with thrombolysis, anticoagulation for atrial fibrillation

 Stroke outcomes are influenced by age, pre-stroke functional status, and 
comorbidities

• Severity, Functional status, Mortality



Pregnancy
 Risk of stroke increases 3-times during pregnancy and the 
postpartum period, approximately 30/100,000 9

• Ischemic stroke, hemorrhagic stroke, cerebral venous sinus 
thrombosis

 Risk factors Ischemic stroke, hemorrhagic stroke, cerebral venous sinus 
thrombosis

• Age >35

• Eclampsia/pre-eclampsia (Hypertensive disorders of pregnancy)

• Smoking

• C-section

• *Migraine with aura

Figure 7.1. CONTINUUM (MINNEAP MINN) 2020;26(2, CEREBROVASCULAR DISEASE):363–385. 



Mechanisms of PAS
Hypertensive disorders of pregnancy 

• Eclampsia, Pre-eclampsia, PRES and RCVS

Cardioembolism 
• PFO, pulmonary shunt

• Cardiac disease or pregnancy-associated cardiomyopathy

Cervical artery dissection 
• >5 times increased risk, also increased risk of partner violence

• Associated with hypertensive disorders pregnancy (50%), RCVS, PRES 

Other
• Hypercoagulability, Cerebral venous thrombosis (1/3 PAS, 75% postpartum)

• Vasculopathy:  Moyamoya, PRES, RCVS
1) Li et al.  Thrombotic therapy for ischemic stroke secondary to paradoxical embolism in pregnancy.  Neurologist 2012, 18(1):44-48
2) Mitchell et al. RCVS and bilateral vertebral artery dissection presenting in a patient after cesarian section. J Neurointerv Surg 2014 ; 6(1):e5
3) Salehi et al. Association between pregnancy amd cervical artery dissection.  Ann Neurol 2020 88(3) 596-602



Go AS et al. Circulation 2013; 127:e6-e245;; Reeves MJ at al, Lancet Neurology 2008; 7:915-26



Age at Menses
 There is a U-shaped curve between age 
at onset of menarche and incidence of 
stroke:

• UK study: women 60 and 64 years of age 4

• Onset at 10 years or younger increases 
future risk of stroke by about 25%

• Onset at 17 years + increases lifetime RR

• Strongest trend in CAD and Hypertension

 Associations:
• Lower SES is associated with earlier onset 

of menarche

• Childhood obesity: SES, increased and 
longer duration of estradiol exposure 5, 6

Figure 7.1. CONTINUUM (MINNEAP MINN) 2020;26(2, CEREBROVASCULAR DISEASE):363–385. 
 





Sex-related Disparities in Stroke
 1. Women and Leadership of stroke clinical trials

 2. Sex differences in Onset and Progression of CAA

 3. Sex differences in Carotid Atherosclerosis:  A systematic Review and Meta-analysis

 4. Sex-related differences in Outcomes of Endovascular Treatment for Anterior Circulation LVO

 5. Maternal Health Outcomes after Pregnancy-Related Stroke:  A Population-based Study with 
19 Years of Follow-up.

 6. Post-stroke Disability: Association Between Sex and Patient-Reported Outcomes

 7. Worst Stroke Outcomes in a Model of Pre-eclampsia is associated with Poor Collateral Flow 
and Oxidative Stress

 8. Sex Differences in Capillary Reperfusion After Transient Middle Cerebral Artery Therapy 
Occlusion in Diabetic Mice



Maternal Health Outcomes After PAS
 Few publications, most focus on subsequent pregnancy outcomes 
•Stroke recurrence during pregnancy is low, ~ 2-3%

 “Maternal Health Outcomes after PAS: A Population-based 19-years of 
Follow-up” (Stroke. 2023;54:337–344). 

 Retrospective Cohort, Pregnant adults  ≤ 49 years with a stroke: 
•1) Pregnant patients with and without stroke 

•2) Pregnant stroke patients compared to non-pregnant stroke patients 

Yu et al.  Stroke. Volume 54, Issue 2, February 2023; Pages 337-344



Outcome Preg with 
stroke
(217)

Preg  w/o  
stroke
(1,296,256)

Hypertensive d/o 
of pregnancy

12% 2.5%

Multiparous

Readmission or 
death

41.6% 17.3%

Vascular event
readmission 

3% None

Outcome Preg with   
stroke
(217)

Non-preg 
with stroke
(7,604)

tPA <5 pts 17%

Endovascular 
therapy

0 12%

Age 32 42

CVST  33.2 % 5.4%

Hypertensive d/o   
of pregnancy

12% 2.7%

Comparison 1 (Preg with and w/o stroke): Comparison 2: (Stroke with and w/o pregnancy):

Stroke. 2023;54:337–344 



Comparison 1 (Preg with and w/o stroke): Comparison 2: (Stroke with and w/o preg):

Stroke. 2023;54:337–344 



Comparison 1 (Preg with and w/o stroke): Comparison 2: (Stroke with and w/o preg):

Stroke. 2023;54:337–344 



Increase in PAS Follows HTN, CHD Rates

Stroke 2011;42:2564Healthcare Cost and Utilization Project of the Agency for Healthcare Research and Quality 

Characteristics of Pregnancy Hospitalizations With Any Stroke, NIS, 
1994–2007



Dx: Pre-eclampsia
 *2014 ACOG guidelines even in 
the absence of proteinuria,  a 
diagnosis of preeclampsia may 
be made if the patient has:

 BP ≥ 140/90 +

1. Thrombocytopenia 

2. Impaired Renal Function

3. Impaired Liver Function 

4. Pulmonary Edema 

5. Cerebral or Visual symptoms

Pre-eclampsia with severe features

Poor predictive models for who will be affected



Contraception and HRT
 There is up to 2-times increased risk of stroke in women taking           
ESTROGEN-containing oral contraceptives 7

• Dose-dependent relationship to estrogen, 1.7-2.0 x greater risk vs. non-users

• Should be avoided in women with history of any stroke (including pregnancy)

• Physiologic levels of estrogen can decrease activity of pro-inflammatory pathways

• Decreases clot formation and endothelial damage  

Figure 7.1. CONTINUUM (MINNEAP MINN) 2020;26(2, CEREBROVASCULAR DISEASE):363–385. 



Migraine with Aura
•Associated with a 15-fold increased risk of stroke 
during pregnancy, also associated with Pre-eclampsia

•Endothelial dysfunction 🡪 hypercoagulability is a 
well-established consequence
• PFO, dissections

Stroke risk 

•OR ~ 2.5 for ischemic stroke

•OR ~2.25 for hemorrhagic stroke

•Migraine with aura + OCP: OR 7.2

•Migraine with aura + smoking: OR 9.03

Tietjen GE, Herial NA, White L, Utley 
C, Kosmyna JM, Khuder SA. Migraine 
and biomarkers of endothelial 
activation in young women. Stroke. 
2009;40:2977–2982



Tx: Pre-eclampsia
•Low dose ASA 81 mg 
decreases Pre-eclampsia by 
10-20%

•2019 Cochrane review 
Meta-analysis, RR = 0.82

•Treatment is delivery, 
depending on gestational age

•Acute features usually resolve 
within 48 hours post partum 

•Hypertension can worsen in 
the 1-2 weeks after delivery



Prevention and Treatment of PAS
 Prevention:

• Consider aspirin 81 mg in high-risk patients (Hypertensive disorders, ?migraine)

• Recognize, treat and monitor hypertensive disorders of pregnancy closely 

 Treatment of ischemic stroke:
• Risk of withholding therapies

• Thrombolysis and endovascular therapy (should) be considered in pregnancy 13

 Secondary prevention:
• Comprehensive work-up, testing, cardiac screening (blood tests, imaging, 

consultations) 🡪 close postpartum follow-up

• Identification and control of risk factors, treatment of underlying disease 

• Antithrombotic therapy

Figure 7.1. CONTINUUM (MINNEAP MINN) 2020;26(2, CEREBROVASCULAR DISEASE):363–385. 



Thrombolysis in pregnancy
 Powers et al – 2018 Guidelines for Management of Acute Ischemic Stroke 

Pregnancy IV alteplase administration may be considered in pregnancy when 
the anticipated benefits of treating moderate or severe stroke 
outweigh the anticipated increased risks of uterine bleeding.† 
(Class IIb; LOE C-LD)‡ 
 

• Weak evidence (IIb) 
• Limited data (C-LD)



Pregnancy and tPA
 1) Animal studies have shown no teratogenicity

 2) tPA does not cross the placenta because of its large molecular size

 3) Risk of fetal hemorrhage is low, BUT placental hemorrhage can result in miscarriage 
or stillbirth.  

 4) (Leonhardt) Retrospective analysis of 28 cases of IV tPA for various indications to 
treat women during pregnancy. Indications included stroke (10/28), cardiac valve 
thrombosis (7/28), PE (7/28), DVT (3/28), and MI (1/28). 

◦ Complications of thrombolysis for the specified indications did not exceed what was 
expected for non-pregnant patients. 

◦ Increased elective terminations in critical illness

Leonhardt G, Gaul C, Nietsch HH, Buerke M, Schleussner E. Thrombolytic therapy in pregnancy. J Thrombolysis 2006;21(03):271–276 



TNK vs. tPA in pregnancy
1. tPA and TNK have a similar molecular weight                                                             

(59 kD) and should not cross the placenta. 

2. (TNK) “Drug has been shown to elicit maternal and embryo toxicity in rabbits 
given multiple IV administrations; subsequent embryonic deaths were 
secondary to maternal hemorrhage and no fetal anomalies were observed”

3. Studies of thrombolysis in pregnancy
• Most data in tPA and streptokinase, few cases of TNK       good outcome

4. Conclusion: Likely as safe, continue to follow data 

1) Gomes et al. Thrombolysis in pregnancy: a literature review, The Journal of Maternal-Fetal & 
Neonatal Medicine, 2019. 32:14, 2418-2428

2) Gartman. The use of thrombolytic therapy in pregnancy, 2013. Obstetric Medicine 6(3) 105–111 



**Opportunities to improve care**
1) Improve recognition of high-risk patients and treatment of stroke (and 

hypertensive disorders of pregnancy) during pregnancy and peripartum
• Acute stroke care: Obstetric Stroke Code

2) Facilitate close follow-up of high-risk pregnant and peripartum stroke 
patients in the outpatient setting 
• Mitigating risk: Neuro-obstetric/Women’s neurology Clinic

3) Improve overall control of BP in the outpatient setting (Stroke Clinic)
• QI project: Documentation, recognition 🡪 BPA + pharmacy agreement 

4) Reduce healthcare disparities for monitoring and control of blood at home
• SHC DEI Grant for post-stroke admission home BP monitoring



Obstetric 
Stroke 
Code

1) WORKFLOW
• Few cases, rare event – 
estimated ~6 each year

• Inconsistent location and 
modality of imaging 

• Variable plan for post-stroke 
monitoring

2) EDUCATION
• Lack of familiarity with 
stroke code in obstetric 
patients

• Knowledge gap regarding 
stroke in pregnancy, 
thrombolysis in pregnancy, 
and hypertensive disorders 
of pregnancy

• Missed opportunity in 
outpatient care 





Obstetric Stroke Code Page

•Link directly to workflow chart

•Location of patient, Provider name and contact #

•Set location and modality of imaging



Improving Reproductive Neurological Care

• Women with previous neurological  
conditions are at higher risk for severe 
maternal morbidity at the time of delivery 
and postpartum readmission

• Stability of maternal disease affects the 
health of the growing fetus

• Pregnancy increases risk for neurologic 
disorders (e.g. preeclampsia, 
RCVS, VST, lowered seizure threshold)

Image source: Shutterstock

Peripartum patients with neurologic 
symptoms and/or disease require 

timely evaluation and care 



Current state to Project Goals

1. Decrease time from referral 
to scheduled appointment 
for peripartum patients  

2. Increase designated 
neurology appointments 
for peripartum-related 
referrals from 0 to 2 
appointments weekly

Retrospective chart review 

Identified patients with a pregnancy diagnosis 
within 9 months of the referral date. 

1) Median days from referral to appointment:

Pregnant pts:  61 days

Non-pregnant pts: 85 days

2) Peripartum state is: 

Not routinely screened for nor identified in 
the referral process 

Not considered urgent 

Goals



Results

Baseline: Pregnant patient wait time median 61.5 days in 2022 (referral to apt date)



Results

Baseline: Pregnant patient wait time median 61.5 days in 2022 (referral to appointment date)
2023 NEW Median: for pregnant patients 36 days



Additional Results

Increased the number of held slots from 0 to > 2 per week (5)

1

0

2

3

4

5

6



• Access to care
• Identification of 

high-risk patients
•  (Timely) care
• Improved outcomes

Pregnancy 
documentation

HTN 
documentation

HTN 
Dx

Timely 
scheduling

Novel 
referral 

pathway

EMR 
Tools

Inter- 
departmental
Collaboration

Access

Tools 
  for home 
monitoring



INTERSTROKE Study
n = 6000

(2337 AIS, 663 ICH, 3000 Controls) 

Hypertension

Smoking

Waist-to-hip ratio

Diet risk score

Physical activity

Diabetes

Alcohol intake

Psychosocial factors

Cardiac causes

ApoB to ApoA1 ratio

Odds Ratio

3.89

2.09

1.42

1.35

0.69

1.36

1.51

1.35

2.38

1.89

Population Attr. Risk

51.8%

18.9%

26.5%

18.8%

28.5%

5.0%

3.8%

5.2%

6.7%

24.9%
O'Donnell et al. 2010, Lancet

Hypertension and risk of stroke



Hypertension is related to stroke risk
PROGRESS Trial

n = 6105

Arima et al 2006, J Hypertens.; PROGRESS Collaborative Group 2001, Lancet



The Blood Pressure Lowering Treatment Trialists’ Collaboration, Lancet 2021

51 RCTs
n = 358,707

Blood Pressure and Stroke Mortality



Racial disparity in HTN control and care 
PROGRESS Trial

n = 6105

Arima et al 2006, J Hypertens.; PROGRESS Collaborative Group 2001, Lancet



Improving Blood Pressure In Stroke Clinic

• Only 9% of stroke survivors at 
Stanford have blood pressure controlled 
12 months after stroke 

• Treatment of hypertension should be 
supported in the clinic through 
identification and expedited management

• Telemedicine has limited the traditional 
evaluation of hypertension 

Hypertension is a major risk factor for recurrent 
stroke, yet it remains poorly controlled in stroke 

survivors treated at Stanford  

Image source: Shutterstock



2-week retrospective chart review:

30% of stroke clinic visits were virtual

• BP was infrequently documented in virtual visit encounters 
(~10-20%).

• When documented, about half (46%) of patients were 
hypertensive.

• When acknowledged, only 32% had a specific action plan 
that addressed the high BP. 

Current State:  



BP QI Project



Project Goals
1. Documentation of blood 
pressure during the clinical 
encounter from  60% 
(in-person and telehealth 
visits) to 90%

2. Improve number of 
hypertensive patients seen 
within 2 weeks of their Stroke 
Clinic Appointment to:

◦ Stanford PCP from 40% to 55%. 

Or

◦  Pharmacy from 0% to 20%. 



Interventions
Written protocol on BP measurement 
and documentation for in-clinic and 

telemedicine visits

Best Practice Advisory (BPA) to 
re-check BP if elevated and alert 

provider if BP >130/80

BPA SmartSet with options to address 
elevated BP, including referral to PCP 

and/or referral to Pharmacy  

Collaborative Practice Agreement (CPA) 
with Pharmacy for BP management
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Results: Documentation for Virtual 
Visits

Stroke Nurse now records 
pt reported vitals

Allow for documentation 
of vitals prior to the 

encounter

Baseline
Average 

documentation 
rate: 5.6% 

Intervention 1
Average 

documentation 
rate: 22.5% 

Intervention 2
Average 

documentation 
rate: 29.4% 



Results: Increased Documentation
Pe

rc
en

ta
ge

63.7% 69.4%61.6%



Increased Identification of HTN Patients

Average identified as 
HTN per clinic day:

Pe
rc

en
ta

ge

45.6%

2.4 
Patients

5.4 
Patients

6.4 
Patients



Wolf-Maier et al 2003, Hypertension
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Outpatient BP Control Non-compalince 



> Not covered by all insurance plans.

> Disproportionately affect racial and 
ethnic minorities as well as those 
from lower socioeconomic status.

> Pilot studies1 suggest access to 
monitoring can improve BP control 
irrespective of medication titration. 

1Fuchs et al 2012, J Hypertens

> Not covered by all insurance plans.

> Disproportionately affect racial and 
ethnic minorities as well as those 
from lower socioeconomic status.

> Pilot studies1 suggest access to 
monitoring can improve BP control 
irrespective of medication titration. 

Home BP Cuff Grant:

1. Patients* over the age of 18 admitted to 
the SHC stroke service (L5) and 
discharging to home or acute rehab. 

2. Diagnosis of Ischemic Stroke, 
Hemorrhagic Stroke, TIA, or otherwise 
deemed to be at increased risk of 
stroke.

3. No usable home BP cuff available

4. Diagnosis of hypertension.

*Based on enrollment may restrict to 
at-risk groups during study period. 

Barrier to Care: Home BP monitoring

Health Equity & Diversity, Equity, and 
Inclusion (DEI) Research Grant Program



BP Monitoring in the outpatient setting




