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Predictors of Cardiac Risk
• NYHA Class III-IV 

• Prior cardiac event 

• HF, TIA, stroke, or arrhythmia 

• Left heart obstruction 

• Severe/symptomatic mitral stenosis; severe aortic stenosis 

• LVEF <40% 

• Pulmonary hypertension

Siu et al; Circ1997; Circ2001; Stout et al Heart 2006 



Blood volume increase during pregnancy



Pregnancy changes in maternal systemic hemodynamics



Mitral stenosis

• Decompensation common (increased HR and SV, 
peak weeks 20-24) 

• Atrial arrhythmias and HF often occur in 3rd trimester

MS Mild Moderate Severe

Pulmonary edema 11-24 % 34-61 % 56-78 %

Atrial arrhthmias 0-7 % 10-22 % 33%



Hemodynamic Alterations During Pregnancy

• Increased stroke volume and heart rate 

• 30-50% increase in cardiac output by end 1sttrimester 

• Decrease in SVR and BP 

• Decreased preload due to IVC compression 3rdtrimester 

• Hemodynamic changes usually resolve by 2 weeks 
postpartum



Mitral Stenosis Rx

• Mild symptomatic disease or mild-moderate 
asymptomatic disease ➜ MedRx 

• Diuretics, β-blockade 

• O2, IV diuretics, hospitalization if pulmonary edema 

• Anticoagulation if AF 

• Tocolytic agents (beta-mimetics) should not be used  
( tachycardia-mediated increase in LAP)



Prenatal open heart surgery

• Open heart surgery is only considered if other 
therapies have failed because it is associated 
with a significant fetal mortality risk of 20% to 
30%



Mode of Delivery 
What is your recommendation?

1. No limitations on mode of delivery 

2. Allow pushing with assisted vaginal delivery 

3. No pushing with assisted vaginal delivery 

4. Cesarean delivery



How to Deliver? Why all the drama?

• ↑ Cardiac output 

• ↑ Heart rate 

• ↑ Blood pressure 

• ↑ Venous return 

• ↑ Circulating blood volume with uterine contraction 

• Volume loss during delivery



Overall Goals

• Minimize hemodynamic variation 

• Avoid tachycardia 

• Avoid hypotension



Hemodynamic Alterations During L & D
• Increased CO 

• Catecholamine induced increase in SV and HR 

• Abrupt changes in fluid balance 

• Cessation of IVC compression 

• Redistribution of blood volume from lower extremities 

• Rapid volume load during delivery of placenta 

• Can lead to pulmonary edema



Labor & Delivery
• Increases in: 

• Cardiac output 

• Heart rate 

• Blood pressure 

• Venous return 

• Increase in preload acutely in postpartum period 
due to autotransfusion from uterine contraction

Hunter S, Br Heart Journ 1992



Planned cesarean vs. Planned vaginal

Liu et al CMAJ 2007 

• C/S should be reserved for obstetric indications 
• Failure to progress 
• Breech 
• Non–reassuring fetal status in labor - need to deliver fast 

• Women on OACs in labor 
• Marfan with aortic root 40-45 mm 
• Women with acute or chronic aortic dissection



Vaginal delivery 
• Disadvantage 

• Valsalva  

• Inrathoracic pressure 

• venous return 

• Uterine contraction - 
autotransfusion 

• Advantage  

• Decrease blood loss 
(300 ml) 

• Lower risk of infection 

• Decreased risk of 
thrombosis 



Cesarean delivery 
• Disadvantage 

• Increased blood loss (1000 cc) 

• Increased infection risk 

• Increased risk of VTE 

• Future pregnancy risk with 
multiple C/S 

•

• Advantage  

• Avoid contraction and 
valsalva 

• Faster 

• Safer for fetuses of mothers 
taking oral anticoagulants 

• May be preferred for women 
who are critically ill and in 
need of inotropic therapy or 
mechanical support



Labor & Delivery - Summary
• Vaginal delivery is preferred 

• Cesarean typically for obstetrical indication 

• Planned induction is usually advised 

• Arrhythmias , invasive BP monitoring during labor and 
delivery, and for 12 to 24 h post-partum in CCU 

• Assisted second stage to minimize maternal expulsive 
effort for those in whom valsava is not recommended 

• Stenotic valves, HOCM, Aortopathy 

• Good pain management - Early, slow epidural



VHD & Pregnancy 
• Pre-conception counseling 

• Serial clinical and echo monitoring during 
pregnancy 

• Hemodynamic changes of pregnancy can lead to 
increased valve gradients on echo, with 
overestimation of the severity of the valve lesion 

• Some may need valve intervention prior to 
pregnancy 

• Prenatal open heart surgery is associated with 
20-30% fetal mortality , should only be considered 
as a last resort 



PCM Timing of presentation



Incidence of PPCM

Blauwet L A , Cooper L T Heart 2011;97:1970-1981



PPCM 
Rising proportion of peripartum maternal deaths in US

Cunningham. Obstet Gynecol 2012





Clinical Signs and Symptoms Observed in Normal Pregnancy



HF in Pregnancy 
• May mimic physiological changes occurring during pregnancy. Delayed 
Dx may occur.  

• Ddx 
• Pre-existing HD 

• VHD  
• Congenital heart disease 
• Cardiomyopathy  

• PPCM 
• Myocarditis 
• Pregnancy-associated myocardial infarction (PAMI)   

• Spontaneous coronary artery dissection (SCAD) 
• Pulmonary embolism, amniotic liquid embolism 

Cardiogenic shock

⎬



Ddx Peripartal acute dyspnea

J. Bauersachs et al. Eur J Heart Fail 2016



Pregnancy is contraindicated in women with severe 
systemic ventricular dysfunction (left ventricular 

ejection fraction <30%, NYHA class III or IV)



PPCM
• Initial therapy includes five main elements:  

1. optimization of the preload;  

2. optimization of oxygenation;  

3. restoration of haemodynamics with inotropes and/or 
vasopressors 

4. urgent delivery if heart failure occurs during pre-partum 

5. consideration of adjunctive therapies with bromocriptine 
(2.5 mg twice daily for 2 weeks followed by 2.5 mg per 
day for 6 weeks)



ESC HF Guidelines 2016

Cardiopulmonary distress 
SBP <90 mmHg, HR >130 or <45, RR >25/min; 
O2sat <90%, or signs of tissue hypoperfusion 

,blood lactate >2.0 mmol/L; CVO2 saturation <60%, 
altered mental state; cold, clammy skin; oliguria<0.5 mL/kg/h



ESC HF Guidelines 2016



AHF : Pulmonary edema
• Upright position 

• 100% Oxygen 

• Tight seal mask for CPAP, BiPAP 

• Furosemide iv 

• Continuous fetal monitoring by OB to direct delivery 

• Intubate and add PEEP if necessary 

• +/-Nitroglycerine/Nitroprusside (beware uterine atony)



AHF in PPCM
• Young & critically ill 

• Therapeutic interventions need always to consider the 
health of both the mother and the foetus 

• High mortality 

• Time frame and extent of recovery are unpredictable 

• Ventricular arrhythmias 

• Cardio-embolic complications



Peculiarities in the management of AHF caused by PPCM

• Multidisciplinary approach  

• Avoidance of HF drugs with foetal toxicity during pregnancy and 
breastfeeding 

• Bromocriptine (2.5 mg twice daily for 2 weeks, followed by 2.5 mg 
per day for 6 weeks)  

• Anticoagulation  

• Levosimendan (0.1 μg/kg/min for 24 h) instead of catecholamines as 
first-line inotropic drug.  

• Early evaluation of mechanical circulatory 

• Wearable cardioverter-defibrillator devices



FDA Drug Classification



       Pregnancy        Lactation

ACEi 🚫 Enalapril -ok

ARB 🚫 🚫

β-blockers ✅ ✅

MRA 🚫 🚫

Hydralazine ✅ ✅

Nitrates ✅ ✅

Digoxin ✅ ✅

Diretics ✅ ✅





Medications for peripartum cardiomyopathy 



Prolactin 16KD fragment: elevated in 
PPCM and eliminated by bromocriptine

Hilfiker-Kleiner et al, Cell, 2007



Yamac et al. Heart 2010;96:1352e1357



Yamac et al. Heart 2010;96:1352e1357



Evaluation of Bromocriptine in the Treatment of  
Acute Severe Peripartum Cardiomyopathy 

A Proof-of-Concept Pilot Study

Sliwa. Circulation, 2010



Bromocriptine use in a German Registry  
Impact on Outcomes

• Overall events in 9% (transplants/LVAD/death) with 
no significant difference by treatment

85%

92%

72%

47%

47%

47%

Haghikiaet al, Basic Card Res,2013 



Myocardial Recovery in IPAC study of 100 women from 
North American Peripartum Cardiomyopathy Network 

• IPAC Recovery: 

• D10 EF in 80% 

• final LVEF>55% in 
57% 

• Events in 7% (6/91) by 
one year (Tx/LVAD/
Death)Only 1 of 100 
treated with 
bromocriptine IPAC 

McNamara et al, JACC 2015



• Yes 
• No

Breastfeeding ?



IPAC: LVEF at entry, 6 month and 12 months by 
breastfeeding (Marino, Koczo, ACC 2017) 



V KA vs UFH in Pregnancy

Chan et. al., Arch Intern Med, 2000 



LMWH
• Decreased risk of fetal anomalies 

• Increased maternal risk of thrombosis 

• Increased risk with inadequate monitoring



Anticoagulation
• Heparin 

• Does not cross placenta 
• Maternal thrombocytopenia or osteoporosis 
• Increased thromboembolic risk 

• Warfarin 
• Spontaneous abortions 
• Embryopathy 
• Dose related (>5mg per day) 
• At risk weeks 6-12 of gestation 

• LMWH 
• Reports of fatalities in pregnant women with mechanical valves 
• May be related to lack of adequate anti-Xalevels



ACC VHD 2014



Maternal Complications Associated With 
Subsequent Pregnancy 

Elkayam et al NEJM 2001;344:1567 



Rate of relapse/worsening heart failure among 
61 post-PPCM pregnancies, 2003-2009.



Subsequent Pregnancy in Women 
who Recover from PPCM

• Risk of recurrence between 20 to 25% based on 
retrospective data 

• The impact of genomic background on the risk 
of recurrence of PPCM remains unknown 

• Do elevations in biomarkers precede and predict 
possible recurrence ?



Protocol of interdisciplinary work-up for AHF

J. Bauersachs et al. Eur J Heart Fail 2016



J. Bauersachs et al. Eur J Heart Fail 2016



J. Bauersachs et al. Eur J Heart Fail 2016



Proposed strategy for HF Rx in PPCM patients after delivery 
before and after complete recovery of LV structure and function

D. Hilfiker-Kleiner et al. European Heart Journal (2015) 36, 1090–1097



Proposed strategy for HF Rx in PPCM patients after delivery 
before and after complete recovery of LV structure and function

D. Hilfiker-Kleiner et al. European Heart Journal (2015) 36, 1090–1097



Management of PPCM diagnosed Postpartum

• Standard Heart Failure Therapy 

• Anticoagulation for LV thrombus, 
thromboembolic events 

• Consider external wearable defibrillator 
for high risk patients but the majority do 
not require.  

• Bromocriptine as adjunctive therapy 
remains controversial



Pre-Conception Counseling Considerations: 
Issues to Address With the Patient

• Pregnancy risk stratification 

•  Maternal cardiac risk 

•  Maternal obstetric risk 

•  Fetal and neonatal risks 

• Long-term effects of pregnancy 
on the heart 

• Maternal life expectancy

• Genetic consultation 

• Contraception safety and efficacy 

• Modification of cardiac medications 

• Optimization of cardiac status 

• Planning for pregnancy



Contraception 

• *Talk about it! 

• IUDs (Paraguardand Mirena) always safe 

• Progestin implant almost always safe 

• Combined Hormonal Contraceptives frequently 
unsafe



Conclusions
• The management of heart failure around pregnancy 

is challenging  

• Effect of hemodynamic changes of pregnancy on 
clinical status 

• Absence of evidence-based data 

• Interdisciplinary approaches (cardiologists, 
intensivists, obstetricians, neonatologists, 
anaesthetists,cardiac surgeons)


