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Maternal mortality

• Pregnancy-associated Deaths
• Defined by CDC and ACOG as death of a woman while pregnant or 

within one year of the end of a pregnancy

• Includes both:
• Pregnancy-related: death from any cause related to or aggravated by pregnancy  

or its management

• Pregnancy-associated but not related

• Maternal mortality defined by WHO includes pregnancy-related 
deaths during pregnancy or within 42 days of termination of 
pregnancy



• Number of deaths per 100,000 live births, 2015







https://www.cdc.gov/reproductivehealth/maternal-mortality/pregnancy-mortality-
surveillance-system.htm



https://www.cdc.gov/reproductivehealth/maternal-mortality/pregnancy-mortality-
surveillance-system.htm



https://worldpopulationreview.com/state-rankings/maternal-mortality-rate-by-state

Georgia has the 
second highest 
maternal mortality 
rate in the US, 48.4 
per 100k



https://www.guttmacher.org/state-policy/explore/maternal-mortality-review-committees?gclid=Cj0KCQiAnNacBhDvARIsABnDa6-
0s2qST0_sSv6Y_pWNZ9d3H8bnjGHPMfKQcSvhaFHCr6z90oQgr7saArkuEALw_wcB



https://www.cdc.gov/reproductivehealth/maternal-mortality/pregnancy-mortality-
surveillance-system.htm



Physiologic changes of pregnancy

• Meet increased metabolic demands of mother and fetus

• Ensure adequate uteroplacental circulation

• Blood volume increases, cardiac output increases

• Systemic vascular resistance decreases



Physiologic changes of pregnancy

• Blood volume increases, cardiac output increases
• Blood volume increases 30-50%, peaking at 34 weeks
• Cardiac output increases from usual ~5L/min  → up to 8.7 L/min by 3rd

trimester
• Increased stroke volume and increase in heart rate

• Systemic vascular resistance decreases
• Falls 10-30% by week 8
• Overall fall of ~40%, nadirs by ~week 32

• Decrease in SVR leads to stimulation of catecholamines and an 
increase in sympathetic tone --> increase in HR and contractility



Cardiac changes

• Increase in left atrial size

• Increase in left ventricular size

• Increase in wall thickness

• Increase in left and right ventricular mass

• LVEF remains stable

• PCWP does not increase



Hemodynamic changes at delivery

• Cardiac output increases further
• Partly due to ”autotransfusion” of uretoplacental circulation to systemic 

circulation with contractions

• Heart rate increases

• After delivery, fall in stroke volume

• Gradual fall in heart rate



Marysia S. Tweet. Circulation: Cardiovascular Interventions. 

Pregnancy-Associated Myocardial Infarction, Volume: 13, Issue: 11, 

DOI: (10.1161/CIRCINTERVENTIONS.120.008687) © 2020 American Heart Association, Inc.









AMI in pregnancy

• 41 year old woman with history of endometriosis and PCOS

• G3P0SAb3

• Husband with 2 children from prior relationships

• Underwent IVF, 1 embryo was implanted, became pregnant with 
twins (split of one embryo or pregnancy from ovulated egg)

• Placenta previa, twins delivered via c-section

• Presented to OSH 5 days later with chest pain radiating to back into 
left shoulder and arm with dyspnea



Image of EKG



Cath lab images

Left main

Left Circumflex

LAD (Left Anterior Descending)



Acute myocardial infarction (AMI)

• Pregnancy associated MI: Myocardial infarction during pregnancy or 
the post-partum period

• Accounts for over 20% of maternal cardiac deaths

• 2.8-8.1 per 100,000 deliveries
• 4 fold higher than among non-pregnant reproductive age women
• Incidence is increasing: Older mothers, increased awareness, more 

comorbidities

• 5% associated mortality
• Higher than AMI among non-pregnant reproductive age women

• Peak incidence in third trimester and post-partum period



PAMI: risk factors

• Maternal risk factors:
• Smoking
• Hyperlipidemia
• Hypertension
• Diabetes
• Thrombophilia
• Age >35
• Anemia

• Pregnancy related risk factors: 
• Hemodynamic changes: increased cardiac output
• Hormonal changes: Excess progesterone
• Multiparity, post-partum infection, post-partum hemorrhage



PAMI: Presentation

• Cardiac arrest/ventricular 
arrhythmias

• Ischemic changes on EKG

• Elevated cardiac 
biomarkers

• CK and CKMB, HS-Trop can 
be elevated after delivery

• Severe JVD

• Murmur of MR, diastolic 
murmurs

• Crackles

• Wall motion abnormalities 
on echocardiogram



AMI: Common mechanism

Mechanism of acute MI related to atherosclerotic 
disease:
1. Lipoprotein driven disease with traditional cardiac 

risk factors influencing progression
2. Plaque formation occurs at specific sites of arterial 

tree
3. Most often culprit lesion is a ”vulnerable lesion” 

with a thin fibrous cap and acellular, highly 
thrombogenic lipid rich core



PAMI: Mechanisms

• Atherosclerotic coronary artery disease
• 1/3 cases

• SCAD: Spontaneous coronary artery dissection
• 1/3 cases (25% - >40%)
• In nonpregnant populations SCAD is cause of AMI in 0.28-1.1% of cases

• Embolic event or in-situ thrombosis
• Hypercoagulable state

• Coronary vasospasm
• Increased vascular reactivity 

• Microvascular dysfunction
• Will present as NSTEMI



PAMI: Mechanisms
• Review of 150 patient with PAMI, published in literature from 2006-

2011 or presented in other forums



▪︎ 75% STEMI

▪︎ ~80% Third 
trimester or 
post-partum



• SCAD: 73% presented post-partum, 21% in 3rd trimester
• LAD affected in 39 patients, LM in 24.  
• 34/56 with only single vessel involvement

• Atherosclerotic heart disease: evenly distributed among trimesters



Interventions:

59 underwent PCI

30 required CABG



General management strategies

• Early revascularization is the goal in patients with STEMI and unstable 
NSTEMI

• Increased risk of complications and limited technical success in SCAD
• Open heart surgery associated with 20-33% fetal death 

• Thrombolytics should generally be avoided due to risk of maternal and 
fetal hemorrhage, worsening of dissection

• Drug safety data is limited: 
• ACE-I and statins are contraindicated
• Clopidogrel suggested reserved for PCI with stenting
• Beta blockers generally advised
• Aspirin is considered safe, 81 mg ok throughout pregnancy
• Heparin may be used, but might not be appropriate once SCAD is diagnosed
• Loop diuretics are considered safe



Marysia S. Tweet. Circulation: Cardiovascular Interventions. 

Pregnancy-Associated Myocardial Infarction, Volume: 13, Issue: 11, 

DOI: (10.1161/CIRCINTERVENTIONS.120.008687) © 2020 American Heart Association, Inc.



Labor and delivery

• Delivery should wait 2-3 weeks

• If CABG is indicated, may consider early c-section if pregnancy is 
advanced enough

• Vaginal delivery, early pain control (epidural)

• Future pregnancy is high risk



SCAD

• Separation within the arterial wall by intramural hematoma
• Spontaneous intramedial hemorrhage

• Intimal rupture leading to medial dissection



Ram Vijayaraghavan. Circulation. Pregnancy-Related Spontaneous 

Coronary Artery Dissection, Volume: 130, Issue: 21, Pages: 1915-

1920, DOI: (10.1161/CIRCULATIONAHA.114.011422) © 2014 American Heart Association, Inc.



Physiologic changes of pregnancy can be 
predisposing
• Weakening of vascular wall related to estrogen and progesterone:

• Decreased collagen synthesis

• Increased media mucopolysaccharide content

• Inflammatory changes and release of proteolytic enzymes

• Degradation of collagen matrix

• → Lack of structural support of the vessel and weakening of vessel wall

• Increase in cardiac output with pregnancy and labor/delivery →
increased shear stress on coronary arteries

• Shear stress is the frictional force generated by blood flow on the 
endocardium



P-SCAD

• Mean presenting age 33 years

• Patients may present with chest pain, dyspnea, heart failure 
symptoms, ventricular arrhythmias, and cardiogenic shock

• Gold standard imaging is coronary angiography
• Risk of propagation of dissection

• Presents as long diffuse stenosis

• Atherosclerotic plaques are usually absent

• Tendency of proximal coronary involvement (including LM and LAD), 
multivessel dissections, and worse LVEF



P-SCAD management

• Many dissections will heal on their own

• Percutaneous coronary intervention (stenting) can be technically 
challenging

• Identifying true lumen can be challenging

• Dissection extension is a real risk

• CABG is reserved for LM dissection or when PCI is not feasible or fails
• Can also be technically challenging

• Spontaneous healing of native coronary vessel can lead to graft failure

• Mechanical support (balloon pump, ECMO) may be needed



Ram Vijayaraghavan. Circulation. Pregnancy-Related Spontaneous 

Coronary Artery Dissection, Volume: 130, Issue: 21, Pages: 1915-

1920, DOI: (10.1161/CIRCULATIONAHA.114.011422) © 2014 American Heart Association, Inc.

Management



Our patient





Our patient

• Underwent stenting to LAD

• Started on DAPT, statin, BB, and ARB

• LVEF 30-35%, discharged on LifeVest

• NYHA class III, doing well, exercising and active

• LVEF improved to 40-45%, but MRI shows scarring in LAD 
distribution, risk for future cardiac arrhythmias





Arrhythmias in pregnancy

• 28 year old woman, first pregnancy

• Baseline HR 80, got Apple Watch during pregnancy and found HR 
>100, usually 120-130







• Treated with beta blocker, resting heart rate down 80-100 bpm



Arrhythmias in pregnancy

• Common!

• Can be continuation of known arrhythmia or new manifestation

• Hemodynamic, hormonal, and autonomic changes of pregnancy 
contribute

• Increased blood volume → atrial and ventricular stretch

• Increased heart rate may be arrhythmogenic

• Estradiol and progesterone proarrhythmic 

• Adrenergic responsiveness increased in pregnancy

• Estrogen increases number of adrenergic receptors in the myocardium



General management themes for arrhythmias

• Exclude contributing medical conditions (hyperthyroidism, PE, etc)

• Treat when significant symptoms or risk to mother or fetus

• Try to prevent by curative management of arrhythmia prior to 
pregnancy

• Most drugs are category C (risk cannot be ruled out), but many are 
safely used

• Cardioversion does not appear to compromise blood flow to the fetus 
and unlikely to induce fetal arrhythmias

• Adenosine appears safe to use (can acutely terminate SVT)

• Ablation is an option with low radiation exposure to the fetus





Arrhythmia specifics

• PACs and PVCs are common, generally don’t require treatment

• SVT is the most common sustained arrhythmia during pregnancy
• 24 per 100,000 hospital admissions

• 20-50% of patients with preexisting SVT will experience exacerbation

• Medical treatment: Beta blockers, verapamil

• Refractory: flecainide, quinidine for AVRT,

digoxin for AVNRT

• WPW with atrial fibrillation: Procainamide



Arrhythmia specifics

• Atrial fibrillation and atrial flutter are uncommon
• 2 per 100,000 hospital admissions
• 50% of those with pre-existing atrial fibrillation will have symptomatic 

episodes
• Sotalol or flecainide are the preferred antiarrhythmics for long term 

suppression

• Ventricular fibrillation and ventricular tachycardia are uncommon
• 2 per 100,000 hospital admissions
• 27% of those with prior VT will experience recurrence
• Usually in setting of structural heart disease
• In normal hearts, more likely RVOT/fascicular VT
• Sotalol, lidocaine, mexiletine, procainamide are drug options



Specific populations that predispose to 
ventricular arrhythmias
• LQTS (increased risk of arrhythmias in post-partum period)

• HCM

• ARVC

• Congenital heart disease

• CPVT



CIEDs (Pacemaker and ICD)

• Brady-arrhythmias are uncommon during pregnancy
• Congenital AV block may be identified at pregnancy

• Data on ICDs are lacking: literature review showed 133 pregnant 
women with ICD.  Does not seem to be increased of ICD therapies 
during pregnancy or delivery



Ablation for arrhythmias in pregnancy

• Reasonable threshold for concern for fetal exposure is 50 mGy – this 
level has not been associated with fetal anomalies or pregnancy loss

• One study investigated theoretic fetal radiation exposure during 
catheter ablation for SVT, found to be <1 mGy









Patient follow up

• At 36 weeks fetus was diagnosed with fetal growth restriction

• C-section at 37 weeks (baby breech), 5 lb, 5 oz

• Almost immediate drop in heart rate



1 week prior to delivery



2 weeks post delivery



• Brought her to EP lab to try induce AT, unsuccessful



Take home points

• Cardiovascular disease is one of the leading causes of maternal 
mortality in the US

• Acute MI is more common in pregnancy then in a similar non-
pregnant population

• Arrhythmia in pregnancy is common: SVT and atrial arrythmias are 
more common than ventricular arrhythmias

• A multi-disciplinary approach should be taken to managing these 
patients: Invasive procedures can be utilized for cases that pose high 
risk to mother and fetus
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