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Objectives

• Identify key factors related to maternal cardiovascular mortality
• Understand how social determinants of health contribute to maternal 

cardiovascular morbidity and mortality
• Identify key research priorities for reducing maternal cardiovascular 

morbidity and mortality
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Maternal Mortality in America

https://www.cdc.gov/reproductivehealth/maternal-mortality/pregnancy-
mortality-surveillance-system.htm#trends
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Maternal Mortality in Kentucky

https://www.chfs.ky.gov/agencies/dph/dmch/Documents/MMRAnnualReport.pdf
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Cardiovascular Disease is the LEADING CAUSE 
of Maternal Mortality

www.cdc.gov
https://www.chfs.ky.gov/agencies/dph/dmch/Documents/MMRAnnualReport.pdf
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Implications of Abortion Bans (to name a few)

• Anticipated Increase in 
Maternal Mortality

• 21% Total Increase
• 33% Increase among Black 

women

• Increase in poverty for women
• Increase in racial and 

geographic health and 
economic disparities

Andrew Van Dam, The Washington Post, 5/6/22
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Abortion Access in the United States
• Approximately half of pregnancies in 

the US are unplanned
• Many women do not recall 

discussing contraception and 
pregnancy planning with their 
cardiologist

• Only 43-57% report discussing with 
cardiologist

• Among women 14-25 on teratogenic 
medications (category D or X), 
contraception provision documented in 
28% of clinic visits

https://reproductiverights.org/maps/abortion-laws-by-state/

*
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Rising Burden of Chronic Disease
Asthma Hypertension

Substance Use Diabetes
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Cardiovascular Risk Factors: 
Increasing Rurality/Risk

Obesity

Percent of Population 
Living in Poverty

Tobacco Use

Physical Inactivity

https://www.kff.org/medicaid/issue-brief/the-role-of-medicaid-in-rural-america/



Women’s Heart Center

Postpartum Hospitalizations for Chronic Heart 
Disease

Acquired disease (CHF, 
Arrhythmia, Valvular
Disease)

Congenital Disease
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CARPREG II Complications
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CARPREG II Risk Model

5%
10%

15%

22%

41%

5 general predictors
4 lesion specific predictors
1 delivery of care predictor
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Modified World Health Organization (mWHO)

Davis MB, Lindley KJ et al. J Am Coll 
Cardiol. 2021 Apr 13;77(14):1763-
1777.
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Pulmonary Arterial Hypertension and 
Pregnancy – A Moving Target

Katsuragi S et al. Circ J 2012;76:2249–2254)



Women’s Heart Center Kathryn J. Lindley et al. J Am Coll Cardiol 2021; 77:1778-1798.

RV Failure in Pregnant Patients with PAH
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PPCM: Subsequent Pregnancies

JACC 2011;58:569-70.



Women’s Heart Center

Valve Stenosis in Pregnancy

• Increased CO and HR 
will increase pressure 
gradient

• **Valve area will NOT 
change over 9 months … 
but pressure gradient 
WILL!**
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Valve Gradients During Pregnancy
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Pregnancy Itself = Risk Factor

• Pro-thrombotic state
• Increased levels 

estrogen/progesterone/relaxin
• Increased incidence of

• Aortic and coronary dissection
• Plaque Rupture
• Stroke
• Embolic Phenomena

• Do not return to baseline until ~12 weeks 
post-partum
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Post-Partum = THE WEEDS!

PPCM
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Post-partum Acquired Cardiac Events

Coronary Artery Dissection

1st or 2nd Trimester 3rd Trimester Post-partum

64%

Cardiac Events in Marfan Syndrome
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Maternal Mortality is Preventable

www.cdc.gov
https://www.chfs.ky.gov/agencies/dph/dmch/Documents/MMRAnnualReport.pdf
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4 Key Factors Related to Maternal 
Cardiovascular Mortality
• Race/Ethnicity

• Black women have 3.4 times risk of dying than whites

• Age
• Age >40 increases risk to 30 TIMES the risk of women <20 years old

• Hypertension – chronic or hypertensive disorder of pregnancy
• Risk of MI is 13 fold
• Risk of heart failure is 8 fold

• Obesity
• 60% of maternal deaths occur in overweight or obese women
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Racial Disparities in Maternal Mortality
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Racial Disparities in Specific Cardiovascular 
Outcomes

Zainab Mahmoud, Karen E Joynt Maddox, Elena Deych, Kathryn J Lindley. 
Circulation: CV Quality and Outcomes 2022. Dec;15(12):e009529.
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The Interaction of Race and Rurality

Alina A. Luke, Kristine Huang, Kathryn J. Lindley, Ebony B. Carter, and Karen 
E. Joynt Maddox. J Womens Health (Larchmt). 2021 Jun;30(6):837-847.
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Maternal Vulnerability in Kentucky

https://www.neighborhoodatlas.medicine.wisc.edu/mapping
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Hypertension: A Major Cause of CV Morbidity 
and Mortality
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Adverse Pregnancy Outcomes Increase Future 
CVD Risk

Davis MB, Lindley KJ et al. J Am Coll Cardiol 2021; 77:1763-1777.
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What Can We Do To Move The Needle?
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1. Address Social 
Determinants of Health
✓ Education – community, healthcare 
team and patients
✓ Advocacy – improve access to equitable 
care
✓ Investment – communities and clinical-
community relationships
✓ Bias and culture sensitivity training
✓ Inclusion – increase diversity in clinical 
trials
✓ Diversification – healthcare and 
research teams
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2. Improve Access to Care

https://www.kff.org/womens-health-policy/issue-brief/expanding-postpartum-medicaid-coverage/

*
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Identify Novel Ways To Reach High Risk 
Patients
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- Failure to Recognize Disease
- Ineffective Treatment

- Failure to Refer

- Lack of Communication 
- Barriers to Coordination of Care

- Failure to Recognize Symptoms
- Chronic Conditions (esp obesity)

3. Improve Delivery of Care
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• Multidisciplinary Approach
• Pre-conception Counseling
• Delivery Planning
• Managing Cardiac 

Complications
• Contraception Counseling

Davis MB, Lindley KJ et al. J Am Coll Cardiol. 2021 Apr 13;77(14):1763-1777.

EXPERT, COORDINATED care is a KEY SOLUTION to 
reducing maternal mortality



OB/GYN

Anesthesia

Support ServicesCardiology

Neurology PediatricsOur Amazing 
VUMC 
Cardio-OB 
Team!
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Comprehensive Cardio-OB Patient Care

 Twice weekly multidisciplinary clinics
Once monthly multidisciplinary meetings
Dedicated inpatient cardio-ob service line
Dedicated early postpartum follow-up cardio-ob clinic
Post-partum hypertension management program
Mental health counseling and social work support
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Novel Models of Postpartum Care

Davis MB, Lindley KJ et al. JACC 2021. 77(14):1763-77
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Not very confident 2
Somewhat confident
Very confident

Bello NA, Lindley KJ et al. JAHA 2022.

4. Improved Training in Cardio-Obstetrics
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Figure 4. Gaps in Comfort Level for the treatment of CVD by topic for pregnant vs non-pregnant adults. 

MD FIT CV Team
Acute coronary syndromes during pregnancy 39% 67% 71%
Peripartum cardiomyopathy 18% 44% 57%
Chronic coronary artery disease during pregnancy 30% 51% 66%
Complex congenital heart disease 15% 11% 8%
Hypertension management during pregnancy 21% 38% 58%
Management of aortopathies during pregnancy and delivery 40% 55% 43%
Management of arrhythmias during pregnancy 33% 49% 58%
Management of prosthetic valves and anticoagulation in pregnancy 38% 46% 65%
Medication safety in lactation and pregnancy 42% 52% 68%
Multimodality imaging in pregnancy 30% 51% 39%
Performing a physical exam and interpreting cardiovascular physiology during pregnancy 24% 66% 53%
Recommending contraception to women with CVD 5% 21% 12%
Simple congenital heart disease 24% 31% 16%
Valvular disease in pregnancy 30% 69% 49%

Larger gap (%) iindicates higher level of discomfort when treating pregnant patients. Note: just because the gap is small it doesn’t imply comfort level is high, could be 
low for both pregnant and non-pregnant adults (component scores for pregnant and non-pregnant comfort level for the supplement)

Bello NA, Lindley KJ et al. JAHA 2022.
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5. LARC Reduces Unintended Pregnancy



Women’s Heart Center
Kathryn J. Lindley et al. J Am Coll Cardiol 2021; 77:1823-1834.

Atrial fibrillation
Hypertension

Prior 
Thromboembolism
Coronary Disease
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6. Increased Resources For Research



Study Pregnant 
Women!
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Kathryn.Lindley@vumc.org
@DrKLindley

#cardioobstetrics

Thank You!


