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Outline
• Pregnancy physiology

• TBF (throw back ….all the way back, to med school!)

• PPCM
• Incidence
• Risk factors and genetics
• Molecular biology
• Symptoms and presentation
• Treatment and long-term outcomes
• Why this all matters!



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

Presenter
Presentation Notes
SV drives the CO change in the beginning

HR in the end – this also rises by 15-20 bpm in pregnancy



Pregnancy hemodynamics

Clapp AF III, Capeleas E: Am J Cardiol 80:1469–1473, 1997



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 Physiology
Non-
pregnant

Pregnant Change

CO (L/min) 4.3 ± 0.9 6.2 ± 1.0 + 43%
HR (bpm) 71 ± 10 83 ±10 + 17%
SVR (dyne-
sec cm-5)

1530 ± 520 1210 ± 266 - 21%

PVR (dyne-
sec cm-5)

119 ± 47 78 ± 22 - 34%

CVP 
(mmHg)

3.7 ±2.6 3.6 ± 2.5 NS

COP 20.8 ± 1.0 18 ± 1.5 - 14%



Review of Maternal 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 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



PERIPARTUM 
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

Presenter
Presentation Notes
We know that women can present earlier in pregnancy than the last month



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
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Presentation Notes
Caucasians present earlier than AA patients – could be due to true genetic differences or care patterns




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

Presenter
Presentation Notes
Pre-eclampsia was more common in a meta-analysis of 979 women compared with an average background rate of 5% and other HTN 

The EURO registry enrolled 411 women and found 22.8% incidence of concomitant pre-eclampsia in their PPCM cohort



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

Presenter
Presentation Notes
These numbers come from a meta-analysis done on 22 studies including 979 patients 

The difference between PEC pulm edema and PPCM
	- hypertension-associated heart failure usually is associated with hypertrophy of the cardiac silouette and a preserved LVEF



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 



Clinical Presentation 



Clinical Presentation
• Most women present postpartum 

• Black women present later in postpartum (delay in care or true difference?)

• Physical exam/imaging findings:
• Tachycardia 
• Third heart sound
• Pulmonary edema
• Non-specific T wave abnormalities on EKG
• Elevated BNP (usually >100)
• +/- troponin rise 



Clinical Presentation: ECHO

• Evidence of LVEF < 45% and often (but not always) left ventricular dilation 
• May also show:

• Right ventricular dilation and dysfunction
• Pulmonary hypertension 
• Left atrial or biatrial enlargement 
• Functional tricuspid or mitral regurgitation
• Intracardiac thrombus

Presenter
Presentation Notes
In general, ECHO is the most useful imaging although you can also use MRI which we will talk about in the next slide. CXR can also be used which can show an enlarged cardiac silhouette 

This is a study from BMJ looking at two cases of PPCM in women. This particular woman was diagnosed at 26 weeks with severe LV dysfunction at 15%, underwent an extensive workup for metabolic disorder only to have all her testing negative. She was also negative for any gene variants in DCM. Interestingly her son was born with HOCM. She ultimately underwent a transplant a year later and per the article, was doing well a year out. But you can see here the significant left ventricular dilation of 76 mm, which can also be characteristic





Diagnostic testing in pregnancy
• CXR

• Remember the heart is going to be displaced upwards 
and left (mimicking a large heart)

• Shielding of the abdomen
• < 1 mRad exposure 

• MRI
• Particularly useful in women with aortopathies or aortic 

valve disease
• Should only be used when benefits clearly outweigh 

risks
• Crosses placenta, some studies have found higher uptake in 

fetal brain tissue, stillbirth and rheumatologic diseases
• CT

• Should only be used when benefits outweigh risks (not 
studied in PPCM)

• Cardiac Catheterization
• Exposes fetus to radiation but this can be minimized if 

procedure is necessary
• Can shorten fluoro time



Diagnostic testing in pregnancy



Prognosis: Investigation of Pregnancy-Associated 
Cardiomyopathy: IPAC Trial

McNamara D et al. Clinical outcomes for peripartum cardiomyopathy in North America. JACC. 2015; 66(8): 905-914.

Initial LVEF at presentation Initial LVEDD at presentation

Presenter
Presentation Notes
Dictated by LVEF and LVEDD at presentation
LVEF < 30% and LVEDD > 6  less chance of recovery
Prospective trial of 100 women who were enrolled and followed for one year after the diagnosis of PPCM
Of the 27 women who had LVEF < 30 only 10 had recovered to normal at 12 months
None who had LVEF of < 30 and LVEDD > 6 had recovery
Although 50 of 55 with LVEF > 30 and LVEDD < 6 recovered
Initial LV of < 30%, LVEDD of > 6 cm, black race and presentation after 6 weeks PP were all associated with lower EF at 12 months
Black women overall had a lower LVEF at 12 months compared to white women (47% v 56%)
To put it into perspective: only 16 of 27 black women recovered function to > 50%  compared with 50 of 65 white women




Complications
• Thromboembolism 

• Affects up to 6.6% 
• Can occur in both left and right side
• Mechanism: cardiac dilation, hypocontractility, endothelial injury, hypercoagulable state of 

pregnancy

• Arrhythmias
• Can affect up to 18.7% (Mallikethi-Reddy S et al, Clin Res Cardiol 2017)
• Risk of sudden death from ventricular tachyarrhythmias

• Cardiogenic shock and need for assist device



Medical Management
• Standard HF treatments

• Sodium restriction 
• Loop diuretics
• 𝛽𝛽-blockade if hemodynamics permit (preferably 𝛽𝛽1 selectives)
• ACE inhibitors (not while pregnant)
• Hydralazine and nitrites 
• Digoxin
• Spironolactone (not while pregnant) 
• Anticoagulation
• Antiarrhythmics 

• Cardioversion is compatible with pregnancy

Presenter
Presentation Notes
Because few studies have been performed in women with PPCM specifically, mgmt. recommendations are extrapolated from other forms of heart failure

Beta 1 selectives include metoprolol tartrate)- this helps to avoid stimulating uterine contractions with beta 2 innervation

Hydralazine and nitrites are used for vasodilation therapy

ESC guidelines recommend anticoagulation in anyone with PPCM and LVEF < 35% but the AHA recommends initiation at < 30%





Experimental Treatments
• Prolactin inhibition

• Bromocriptine is a dopamine agonist and inhibits release of prolactin
• PPCM is driven by 16kD form of prolactin  will this work??
• Multiple European and African trials showing success

• German trial: observational registry showed 72% improvement with bromocriptine use compared to 
35% without treatment

• African trial: 20 women received and experienced larger improvement in LVEF from 27% to 58% vs. 
non-medical intervention group (27% to 36%)



Subsequent Pregnancies with PPCM
• LVEF is predictor of subsequent outcomes

• Review of 191 subsequent pregnancies
• Women with LVEF < 50% = 50% risk of acute heart failure with worsening cardiomyopathy (Elkayam U et 

al, ACC 2014)
• Series from South Africa

• 20-25% mortality rates (Elkayam U et al, ACC 2014)
• Normalized LVEF

• Still have a 20% risk of deterioration 

• Fetal outcomes
• Stillbirth, miscarriage and preterm delivery are more common in women with persistent LVEF < 

45%

• Recommendations for future pregnancy
• Strong counseling re: permanent loss of function
• Use of stress echo to evaluation contractile reserve??



Contraception
• Do not shy away from 
this conversation!!

• Consideration of 
systemic hormones, 
local hormones, desire 
to breastfeed, uterine 
structure, and future 
fertility plans

• In general, LARC 
preferred for this 
population









LEADING CAUSE OF PREGNANCY-
RELATED DEATH IN MO 2017-2019

Of the 18 cases where the board disagreed with cause of death, 72% of the 
pregnancy-related were deemed to be from CVD and 50% died postpartum 



Why is this happening??



Who is affected??



Timing of Deaths



Pregnancy-
Related 
Deaths: 

Preventability

56% of deaths due to CVD were determined to be preventable and the leading 
cause was access/financial barriers, assessment and continuity of care

Presenter
Presentation Notes
Of note, ALL those due to mental health conditions were determined to be preventable and the leading cause was assessment

56% of deaths due to cardio disease were determined to be preventable and the leading cause was access/financial barriers, assessment and continuity of care



What can we do about it??



Summary
• There are a number of cardiovascular changes in pregnancy that contribute to 

disease states
• PPCM is likely a two-hit disease, with vasogenic insult coupled on top of 

genetic predisposition
• The signs and symptoms of PPCM can be subtle so don’t blow them off for 

“normal pregnancy symptoms”
• Treatment is similar to HF, with some exceptions during gestation
• The risk for poor outcomes and future pregnancy complications are predicted 

on the LVEF and LVEDD
• Don’t be afraid of the contraceptive talk



Questions??
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