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Cardiac Output

• Different from non-pregnant
• 5.5-7.5 L/min

• What are the determinants of 
cardiac output?

• Preload
• Afterload
• Contractility
• Heart rate



Cardiac Output 

• Cardiac output (SV x HR)
• Increased by 30-50%

• Occurs by 8 weeks 
• Parous women have higher rise in SV (as 

well as lower BP)

• Significantly affected by maternal 
posture

• Supine = drop in CO by as much as 30%

• Labor = increase by 30-40%

• Uterine blood flow
• Increases by 10-fold (500-800 mL/min)

• Shift from 2% to 17% at term of CO 
from heart

Creasy, Robert K., eds. Creasy And Resnik's Maternal-fetal Medicine: 
Principles And Practice. Philadelphia, PA : Saunders/Elsevier, 2009. Print



Determinants of CO - Preload
• MCFP (mean circulating filling 

pressure)
• System at equilibrium 

• Determined by venous smooth 
muscle activation (tone/compliance) 
and changes in blood volume

1. Venous distensibility (compliance) 
increases during pregnancy 

• Increases progressively during 
pregnancy

• Results in decrease in flow 
velocity and leads to stasis

• Mechanism: progesterone



Determinants of CO - Preload

2.  Blood volume
• Increase begins at 8 weeks

• Maximal volume at 28-32 weeks (4700-5200mL)
• Mechanism: NO-related vasodilation which induces RAAS and stimulates 

Na+ and H20 retention

• RBC mass increases by 20-30%
• Increase in 2,3-DPG which lowers the affinity of maternal hemoglobin for 

O2
• Mechanism: placental chorionic somatomammotropin, progesterone

and prolactin



Determinants of CO - Preload
• Right preload = CVP 4-10 

mmHg
• How do you increase 

preload in the pregnant 
patient??

• IV fluids
• Colloid or blood 

administration
• Left lateral decubitus 

position

• How do you decrease 
preload in the pregnant 
patient??

• Diuretics*
• Hemorrhage
• Sitting position/lying flat



Determinants of CO – Afterload 

• Blood pressure
• Decrease can be seen as early as 7 

weeks

• Systolic remains relatively stable 
while diastolic can decrease by a 
max of 10mmHg at 28 weeks

• Increase pulse pressure

• Marked circadian variation
• Nadir of both in the early morning and 

a peak in the late afternoon and 
evening Creasy, Robert K., eds. Creasy And Resnik's Maternal-fetal Medicine: 

Principles And Practice. Philadelphia, PA : Saunders/Elsevier, 2009. Print



Determinants of CO – Afterload 
• Right-sided afterload

• Pulmonary vascular resistance 
during pregnancy

• Left-sided afterload
• Systemic vascular resistance

• How do you increase afterload in 
pregnancy?

• Increase preload, administer 
vasopressors

• How do you decrease afterload in 
pregnancy?

• Anti-hypertensives



Determinants of CO –
Contractility

• Anatomic Changes
• Ventricular wall muscle mass ( 1st trimester) and end-diastolic 

volume (2nd and 3rd trimester) increases
• This increases cardiac compliance from softening of collagen without a 

reduction in EF

• Myocardial contractility increases

• Remodeling of the intimal lining

• Internal dimensions of all cardiac chambers are increased

• Slight regurgitation through the four valves is frequently observed

• Increase in cross-sectional area of the left ventricular outflow tract 
measured at aortic annulus



Review of Maternal Cardiac Physiology

• Intrapartum dynamics
• 1st stage = 30% rise in 

cardiac output

• 2nd stage = 50% rise in 
cardiac output

• Laboring with epidural 
decreases this increase

• Contractions result in a 
300-500 mL increase in 
blood to circulation

• Blood pressure increases



Review of Maternal Cardiac Physiology

• Postpartum dynamics
• Immediate puerperium is 

associated with 80% increase in 
cardiac output

• Release of venacaval obstruction 
 autotransfusion 

• Increased venous return to the 
heart

• CO returns to pre-labor values 1 
hr post delivery





Outcomes for women with HD

• APO
• Pre-eclampsia, preterm delivery, gestational diabetes, polyhydramnios, 

placental insufficiency, PPROM, PPH

• MACE
• Heart failure, arrhythmia, need for cardiac intervention, cardiac arrest, 

cerebrovascular event, pulmonary embolism, cardiorespiratory failure, 
dissection of the aorta or other artery

• NACE
• Stillbirth, neonatal death, SGA, IUGR, RDS, IVH, CHD

Owens A et al. Neonatal and maternal outcomes in pregnant women with cardiac disease. JAHA. 2018; 7 (21): 1-11. 



Maternal Adverse Cardiac Events

Owens A et al. Neonatal and maternal outcomes in pregnant women with cardiac disease. JAHA. 2018; 7 (21): 1-11. 

Owens A et al. Neonatal and maternal outcomes in pregnant women with cardiac disease. JAHA. 2018; 7 (21): 1-11. 



Adverse Pregnancy Outcomes
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Neonatal Adverse Outcomes

Owens A et al. Neonatal and maternal outcomes in pregnant women with cardiac disease. JAHA. 2018; 7 (21): 1-11. 



Risk Stratification and Outcomes: CARPREG II

Silversides CK, Grewal J, Mason J, et al. Pregnancy Outcomes in Women With Heart Disease: The CARPREG II Study. J Am Coll Cardiol. 2018;71(21):2419-2430. doi:10.1016/j.jacc.2018.02.076



• 73% of all pregnancies with 
cardiac disease had at least 
one cardiac event (223/307)

Most common lesions:
- arrhythmias (9.3%)
- heart failure (6.2%)

Risk Stratification and Outcomes: 
CARPREG II

Silversides CK, Grewal J, Mason J, et al. Pregnancy Outcomes in Women With Heart Disease: The CARPREG II Study. 
J Am Coll Cardiol. 2018;71(21):2419-2430. doi:10.1016/j.jacc.2018.02.076



Risk 
Stratification 
and 
Outcomes: 
CARPREG II

Silversides CK, Grewal J, Mason J, et al. Pregnancy Outcomes in Women With Heart Disease: The CARPREG II Study. 
J Am Coll Cardiol. 2018;71(21):2419-2430. doi:10.1016/j.jacc.2018.02.076





Risk 
Stratification 
Models: 
ZAHARA
• 1802 women with 

1300 pregnancies
• All with CHD
• Maternal cardiac 

outcomes, neonatal 
outcomes and 
obstetric outcomes http://www.pmidcalc.org/?sid=20584777&newtest=Y

http://www.pmidcalc.org/?sid=20584777&newtest=Y


Moussa HN, Rajapreyar I. ACOG Practice Bulletin No. 212: Pregnancy and Heart Disease. Obstet Gynecol. 2019;134(4):881-882. 
doi:10.1097/AOG.0000000000003497







Unknown or Undiagnosed Cardiovascular Disease



Risk Factors 
for 
Cardiovascular 
Disease 

O’Kelly AC, Michos ED, Shufelt CL, et al. Pregnancy and Reproductive Risk Factors for Cardiovascular Disease in Women. Circ Res. 2
022;130(4):652-672. doi:10.1161/CIRCRESAHA.121.319895



CARDIOMYOPATHY



Peripartum Cardiomyopathy: Definition
• Historically

• HF within 1 mon delivery or 5 mon
PP

• Absence of determinable etiology
• Absence of HF before last month of 

pregnancy

• ESC
• “an idiopathic cardiomyopathy 

presenting with HF secondary to LV 
systolic dysfunction toward the end of 
pregnancy where no other cause of 
HF is found”

• LV dysfunction
• LVEF < 45%
• Fractional shortening of < 30%
• Both



Dhaval Kolte. Journal of the American Heart Association. Temporal 
Trends in Incidence and Outcomes of Peripartum Cardiomyopathy in 
the United States: A Nationwide Population‐Based Study, Volume: 3, 
Issue: 3, DOI: (10.1161/JAHA.114.001056) 

© 2014 The Authors. Published on behalf of the American Heart 
Association, Inc., by Wiley Blackwell.



Peripartum Cardiomyopathy: Incidence

• Incidence
• Different by geographic 

location
• United States = 1 in 1000 

to 1 in 4000
• Haiti = as high as 1% of 

all pregnancies

Honigberg MC, Givertz MM. Peripartum Cardiomyopathy. BMJ. 2019; 364: k5287



Peripartum Cardiomyopathy: 
Risk Factors

Age
• Known independent 

risk factor with OR 
1.7-1.8

• IPAC study with mean 
age 30

• US sample
• 20-29: 1 in 1200
• 30-39: 1 in 790
• 40-54: 1 in 270

Honigberg MC, Givertz MM. Peripartum Cardiomyopathy. BMJ. 2019; 364: k5287 



Peripartum Cardiomyopathy: Risk Factors

• Race
• 16-fold higher in Black women

• Accounted for half of all PPCM but 
only 15% of all births (US studies –
Krishnamoorthi et al, 2016)

• Five-fold higher mortality rates 
(Harper et al, 2012)

• Typically younger, have higher 
rates of PEC, lower rates of 
LVEF recovery and worse 
outcomes (Goland et al, 2013)



Peripartum Cardiomyopathy: Risk Factors
• Hypertension/Pre-eclampsia

• Effects up to 23% of all PPCM in US (Elkayam et al, 2005; Bello et al, 2013)

• 37% with any hypertensive disorder (Bello et al, 2013)

• Having PEC 12-fold increased risk of PPCM

• ECHO findings PEC
• LV diastolic dysfunction
• Cardiac hypertrophy
• PPCM with PEC only diagnosed with LV systolic dysfunction



Peripartum Cardiomyopathy: Timing of Diagnosis 

Elkayam U. Clinical Characteristics of Peripartum Cardiomyopathy in the United States: 
Diagnosis, Prognosis, and Management. JACC. 2011; 58 (7): 659-670



Peripartum Cardiomyopathy: Risk Factors
• Multifetal gestation

• Up to 10% of cases world-wide 
• Overall incidence of 9% of PPCM cases (compared to twin incidence 

of 3%)

• Parity
• Silwa et al, world-wide registry reported mean avg parity of 3.6

• Diabetes
• Recently added to list 



Genetics of PPCM
• Current thinking favors two hit model with genetic underpinning 

• Vascular insult + underlying predisposition

• First noted familial clusters

• Similar gene variants to women with DCM
• 172 women with PPCM and compared variants in gene sequencing to women with 

DCM
• Of the 43 genes known to DCM sequenced in women with PPCM, discovered 26 

variants, of which 65% were in titin gene
• Identified in 15% of the PPCM cohort, similar to the 17% in reports of DCM
• Presence also dictated lower EF at 12 months 
• Also found more commonly in Black women (Ware JS et al, NEJM 2016) 



Pathophysiology of PPCM

Honigberg MC, Givertz MM. Peripartum Cardiomyopathy. BMJ. 2019; 364: k5287 



MYOCARDIAL INFARCTION AND SCAD



Myocardial Infarction and SCAD
• Pregnancy increases the risk for MI by 2-fold

• Accounts for 1/5 of all pregnancy-related CVD 
deaths

• Prevalence of 6.2 per 100K pregnancies
• Atherosclerosis with or without coronary sclerosis = 

27-40%
• SCAD = 27-43%
• Intracoronary thrombus without sclerosis = 8-17%
• Coronary artery spasms = 2%

• Risk factors
• Obesity
• Diabetes
• Hypertension 
• Older age 
• Use of fertility medications 

- Garcia M, Mulvagh SL, Bairey Merz CN, Buring JE, Manson JE. Cardiovascular Disease in Women: Clinical Perspectives. Circ Res. 2016;118(8):1273-1293. 
doi:10.1161/CIRCRESAHA.116.307547
- Charishma Nallapati, Ki Park. Ischemic Heart Disease in Pregnancy. Cardiology Clinics. Volume 39, Issue 1,2021.Pages 91-108,ISBN 9780323809269,
https://doi.org/10.1016/j.ccl.2020.09.006.



Briguori C, Laboratory of Interventional Cardiology, Clinica Mediterranea and ‘Vita e Salute’ University School of Medicine, San Raffaele Hospital; Director, Catheterisation Laboratory, EMO Centro Cuore Columbus, Colombo A, 
Laboratory of Interventional Cardiology, Clinica Mediterranea and ‘Vita e Salute’ University School of Medicine, San Raffaele Hospital; Director, Catheterisation Laboratory, EMO Centro Cuore Columbus. Microvascular Complications 
and Outcome after Drug-eluting Stent Implantation in Diabetic Patients. European Cardiology Review. 2007;3(1):95. doi:10.15420/ecr.2007.0.1.95







Training Providers in the Care of Cardio-OB Patients



Establish a Protocol Cardio-OB Patients

• Identification of pregnancy-
related complications (toolkits)

• Who to call (cardiology, MFM, 
anesthesiology, NICU)

• Escalate to higher levels of 
care (new levels of care in 
Missouri)
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Recognition of Cardiovascular Symptoms



Antenatal Management











Defining Key Metrics



How To Define Important 
Metrics?

Daming et al. J Matern Fetal Neonatal Med. 2019



Two Outcome 
Metrics for CCOC

• Implementing the SMART goal 
mantra

• Two metrics for CCOC Bundle
• Cesarean delivery rate
• Preterm birth rate 



How to Interpret 
Outcome 
Metrics

• Measured over time course (trend rather than single point in 
time)

• Comfort level increase in caring for women with cardiac 
disease

• Discussions in a multidisciplinary fashion





What is Respectful Care?

Meeting the patient 
where they are, when
they need it, and how 

and from who

https://www.aft.org/hc/spring2021/taylor



Respectful 
Care: 

Where Can Refer 
to…

Location
• Tertiary care facilities

• Access to multiple disciplines
• Resources
• Alternative models

Social/Cultural
• Provider resources that align with literacy, cultural needs and language



Respectful 
Care: When
Can Refer To…

• Actual timing of visits

• When to engage support structure and family



Respectful Care: 
How Can Refer 
To…

• Screening for social drivers of 
health

• Provide linkages to resources that 
align with patient needs

• Engage in open, transparent and 
empathetic communication

• Include patients and support 
network in decision-making



Respectful 
Care: Who Can 
Refer To…
• ALL of the patients’ health 

care team
• Providers
• Nursing staff
• Community health 

workers
• Support network

• Alignment of 
patient/provider



Community Integration



The Strength of Missouri Quality 
Improvement 



THANK YOU!!
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