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Educational Objectives: 
 
1. Describe a diagnostic approach to peripartum cardiomyopathy.   
2. Create a treatment plan for peripartum cardiomyopathy. 
3. Describe mitral valve regurgitation and list its common causes.  
4. Outline primary and secondary prevention of rheumatic fever.  
 

CASE ONE: 
Ms. Bauque is a 34-year-old previously healthy mother of three children who presents with cough and 
dyspnea 2 days after the delivery of her third child. One month prior to delivery, she began feeling weak 
with associated shortness of breath (SOB). She also experienced an episode of coughing, nausea, and 
vomiting around that time. A village midwife noted that she had high blood pressure then. She declined 
further medical evaluation because she attributed her fatigue and dyspnea to pregnancy and the 
nearest clinic was 10 kilometers away. She reports significant lower extremity swelling, which she notes 
is worse compared to her prior pregnancies. Her third pregnancy was otherwise uncomplicated, and the 
delivery was uneventful. 
 
On physical exam, she appears anxious with a blood pressure of 156/88 mmHg, a pulse of 105 heart 
beats per minute, and a respiratory rate of 22 breaths per minute. She has an estimated jugular venous 
pressure (JVP) of 12 cm H2O. Pulmonary exam demonstrates bilateral crepitations at posterior lung 
bases. Cardiovascular exam is notable for sinus tachycardia, an S3 gallop, and 2+ bilateral lower 
extremity pitting edema. 

 
Questions: 
 
1. What is your initial differential diagnosis for Ms. Bauque’s dyspnea? 
 
The differential diagnosis is broad and entails different organ systems as described in the first heart 
failure (HF) module. However, for pregnant women, the differential diagnosis should include: 
pneumonia facilitated by the immune tolerance in pregnancy, asthma, pulmonary embolism resulting 
from the hypercoagulable peripartum period, amniotic fluid embolism, pulmonary edema due to severe 
preeclampsia or eclampsia, peripartum cardiomyopathy (PPCM), previously undiagnosed valvular 
disease, Takotsubo cardiomyopathy, and myocardial infarction.1 Venous thromboembolism is 
approximately 10 times more common in pregnant women compared with the non-pregnant population 
of the same age group.2 The risk of peripartum pulmonary embolism increases by 20-fold in the 
postpartum period until at least 12 weeks postnatal.2 Amniotic fluid embolism syndrome is a condition 
characterized by circulatory collapse and respiratory failure during labor or immediately postpartum and 
often accompanied by bleeding.3 The risk of myocardial infarction, from atherosclerotic plaque rupture 
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or spontaneous coronary artery dissection, is 3 to 4 times higher in the peripartum period and, more 
frequently, the early postpartum period compared with non-pregnant women.3 This medical condition 
may present with chest pain, dyspnea, and/or heart failure.3 
 
2. What parts of the history and physical exam guide your differential? 
  
Ms. Bauque’s history of hypertension, dyspnea, and lower extremity edema are suggestive of heart 
failure. An S3 gallop, elevated JVP, and bibasilar lung crepitations, which often denote pulmonary 
edema, are physical exam findings that also increase the clinical suspicion for HF. The lack of fever and 
productive cough make pneumonia less likely. 
  
3. What diagnostic tests would you like to order for this patient? 
 
If available, the diagnostic testing should include: 

• Cardiac ultrasound or transthoracic echocardiogram (TTE):  
o Why is this important? In practice, a TTE is the most useful form of imaging to assess cardiac 

structure and function in PPCM.3,4 This test can evaluate for decreased contractility of the heart, 
abnormal valvular function, as well as dilated ventricles and/or atria. The lack of exposure to 
radiation makes echocardiography the ideal imaging modality in pregnant women.3  

• Chest radiograph or x-ray (CXR): 
o Why is this important? A chest radiograph usually demonstrates pulmonary venous congestion 

and may show cardiac enlargement, pleural effusions, or both.1,3 Diagnostic radiologic 
procedures should be avoided during pregnancy if similar information can be obtained by other 
means, such as ultrasound. 

• Electrocardiography (ECG/EKG): 
o Why is this important? The electrocardiogram is a very helpful diagnostic test for patients with 

suspected cardiac disease. It helps to determine heart rhythm, heart rate, QRS complex 
morphology and duration, as well as to detect other relevant abnormalities. It can aid in defining 
the etiology of heart failure. For instance, it can be helpful to detect signs of myocardial 
ischemia, including ST-segment elevations or depressions and T-wave inversions, as a cause of 
heart failure. A right ventricular strain pattern, which entails simultaneous T-wave inversions in 
the inferior (II, III and aVF) and right precordial leads (V1 through V4), is a very specific ECG 
feature in favor of pulmonary embolism. In most women with PPCM, ECG typically shows sinus 
tachycardia along with non-specific ST-segment and/or T-wave abnormalities.1,3 

• B-type natriuretic peptide (BNP), N-terminal prohormone BNP (NT-proBNP) and cardiac troponin: 
o Why are these important? No specific diagnostic biomarkers for PPCM currently exist.1,4 

Nonetheless, markers of cardiac function, such as NT-proBNP, BNP, and cardiac troponin, are 
likely clinically useful in diagnosing PPCM.4 Unlike during or after normal pregnancy, BNP and 
NT-proBNP are typically elevated and troponin may be slightly raised in PPCM.1,3  

• Urinalysis for hypertensive women: 
o Why is this important? Urinalysis is especially important for women presenting with increased 

blood pressure during pregnancy or the first 6 weeks postpartum to assess for preeclampsia.4 

• Other laboratory tests: 
o Suggested laboratory tests include complete blood count, basic metabolic panel, aspartate 

aminotransferase, alanine aminotransferase, human immunodeficiency virus screening, and 
thyroid-stimulating hormone as indicated.4 Refer to the first part of the heart failure module for 
further discussion on additional diagnostic testing for HF. 
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Figure 1. A Chest Radiograph of Patient with Heart Failure.5  
 

 
 
Credit: Radiopaedia.org. 
 
Notice in Figure 1 the enlarged cardiac silhouette, which is usually defined as more than 50% of the 
chest cavity. Other relevant findings include increased pulmonary vascular congestion, as noted by 
thickened interstitial markings in the upper lungs, as well as generalized increased haziness in the lower 
lung fields. Some mild Kerley B lines, which are thin lines perpendicular to the chest wall and in the lung 
periphery, are noted and reflect pulmonary edema.  
 
4. Define peripartum cardiomyopathy (PPCM). What are its timeframes of onset and clinical course? 
 
According to the European Society of Cardiology, PPCM is a rare cardiomyopathy presenting with left 
ventricular systolic dysfunction (left ventricular ejection fraction or LVEF <45%) and often, but not 
always, left ventricular dilatation towards the end of pregnancy or in the early postpartum period, in the 
absence of another identifiable cause of heart failure.1,3,4 Etiology remains unknown. Many potential 
causes have been proposed, including viral myocarditis, nutritional deficiencies, autoimmunity, vascular 
dysfunction, hormonal insults, genetic, and hemodynamic stresses.1 Its clinical course is highly 
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unpredictable. It may vary from rapid progression to end-stage heart failure within a few days to 
spontaneous resolution and complete recovery in a few weeks to months.6 Most women recover 
complete left ventricular systolic function, but a significant minority experience a chronic 
cardiomyopathy with long-lasting morbidity and/or mortality.1,3,4 
 
5. Name risk factors for peripartum cardiomyopathy (PPCM). What countries have the highest 
incidence rates of PPCM? 
 
The main risk factors for peripartum cardiomyopathy include:  

• Older maternal age: Even though this disease can affect women of any age, over 50% of cases occur 
in women 30 years of age and older.1  

• Multiple gestations: PPCM frequently presents in cases of multigestational status.1,3 

• Race/ethnicity: Black women have an increased risk of PPCM and have worse outcomes compared 
with white women.1,3,4 

• Pre-eclampsia or eclampsia: A history of pre-eclampsia and/or eclampsia strongly predisposes to 
PPCM.1,3 These conditions may share pathophysiological mechanisms.1,3 

 
PPCM incidence seems to be highest in Nigeria (one in 100 live births) and Haiti (one in 300 live births).3 
  

CASE ONE CONTINUED: 
Given the constellation of symptoms, time of onset, and lack of prior cardiac medical history, you are 
concerned that your patient has PPCM. You perform a bedside cardiac ultrasound to confirm. 

  
6. What findings would you expect on the cardiac ultrasound? 
  
A cardiac ultrasound or transthoracic echocardiogram (TTE) of PPCM typically reveals:1,3,4 

• Reduced left ventricular ejection fraction (LVEF) <45% 

• Left ventricular dilatation of variable degrees (common, but not always present) 
 
Additional echocardiographic findings may include: 

• Right ventricular and biatrial enlargement 

• Mitral and tricuspid regurgitation 

• Pulmonary hypertension 

• Intracardiac thrombus 
 
7. What medications would you prescribe to this patient? 
  
Limited data exist on treatment approaches to PPCM.1,3,4 Medical management for PPCM is thus based 
primarily on clinical experience and extrapolation from research regarding treatment of other forms of 
systolic heart failure.1,3 Women with PPCM should be treated with guideline-directed medical therapy 
for heart failure with reduced ejection fraction (HFrEF), taking into account the safety of specific 
medications during pregnancy and breastfeeding.4 Refer to the first part of the heart failure module for 
further discussion on medical management of HF. 
 

Diuretic agents, specifically loop diuretics, are the agents of choice for volume control, although caution 
is advised if used before delivery to avoid maternal hypotension and impaired uterine perfusion.1 
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Hydralazine and nitrates may be used as vasodilator therapy.1,3 Angiotensin-converting enzyme (ACE) 
inhibitors and angiotensin receptor blockers are contraindicated before delivery due to their 
teratogenicity, but some ACE inhibitors can safely be used during breastfeeding.1,3 Once the heart failure 
exacerbation is addressed and the patient is hemodynamically stable, beta-blockers should be 
considered and are likely safe during pregnancy.1 Beta-1-selective agents (e.g. bisoprolol and 
metoprolol) may be preferable during pregnancy to avoid stimulating uterine contraction through beta-
2 innervation.1,3 Mineralocorticoid antagonists (MRA) should be avoided in pregnancy due to their anti-
androgenic effects, but may be used safely during breastfeeding.3 Digoxin may be used safely during 
pregnancy.1,3 

 
Anticoagulation should be initiated if intracardiac thrombus is present. The peripartum period is a 
hypercoagulable state, which is likely an evolutionary adaptation to minimize postpartum 
hemorrhaging.1 PPCM is associated with higher rates of thromboembolism than other forms of 
cardiomyopathy.1,3 In light of this high risk, anticoagulation is advisable in PPCM with LVEF <35% at least 
during pregnancy and the first 8 weeks postpartum.1,3,4 Warfarin crosses the placenta and is teratogenic, 
but can be taken while breast feeding.3 Unfractionated and low molecular weight heparin do not cross 
the placenta, are safe during pregnancy, and are considered the anticoagulants of choice for pregnant 
women with PPCM.1,3 
 
If possible, this patient should be referred for consultation to a cardiac specialist for acute management 
and follow-up. 
 
8. Ms. Bauque improves on medical therapy. What specific counseling would you provide to this 
patient? 
  
It is very important to counsel these patients about avoiding future pregnancy and the risk of recurrence 
or progression during future pregnancy. Even if their left ventricular (LV) function has recovered, women 
with a history of PPCM have a high risk of recurrence, which could lead to severe, persistent decline in 
LV function and/or life-threatening complications.1,3 Risk of recurrence is even higher in those with LVEF 
<25% and no subsequent normalization. Patients should be counseled on condom use and other birth 
control measures, with strong preference for highly effective forms of contraception, including 
intrauterine devices, etonogestrel implants, and sterilization procedures, if available. Combined 
estrogen-progestin contraceptives (e.g. pills, patch, and vaginal ring) may increase fluid retention and 
worsen heart failure, so these medications should be avoided. In the case of a recurrent pregnancy 
following a diagnosis of PPCM, close monitoring of symptoms, LV function, and BNP are highly 
recommended during and after pregnancy.1,4 
 
9. If a diagnosis of PPCM had been made antepartum instead of postpartum, how would management 
differ? 
 
No published data exist to indicate that early delivery or elective caesarian delivery can improve 
maternal or fetal outcomes.1 Early delivery needs to be weighed against the risks to the newborn and 
should generally be reserved for cases of advanced heart failure with impending clinical deterioration.1 

Women who become stable with medical therapy can continue pregnancy with close monitoring, 
whereas urgent delivery should be considered in cases of heart failure exacerbation.3 Decisions 
regarding the timing and mode of delivery in PPCM should be made based upon combined input from 
cardiology, obstetrics, anesthesiology, and pediatric services, if available.1 
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CASE TWO 
Ms. Doane is a 29-year-old woman who presents to your clinic for a leg injury, which you determine to 
be a sprain. However, while completing your physical exam, you notice an irregularly irregular heart 
rhythm and an abnormal heart sound: a holosystolic murmur rated IV/VI heard at the cardiac apex. You 
also notice a diminished S1 heart sound. On further questioning, the patient endorses baseline fatigue 
and exertional dyspnea that have been stable for years. She also reports that she had a fever many 
years ago as a child that required hospitalization for several days. She recalls high fevers, joint pains, 
and being told she had a new heart murmur. 

 
10. Identify the abnormal heart findings. What are the most likely cardiac conditions and their 

underlying causes? 
  
A murmur indicates there is turbulent blood flow in the heart. Heart murmurs can be a common, benign 
physical exam finding, but several murmurs reflect pathology. Usually, any loud or diastolic heart 
murmur merits further investigation. Accurate grading of murmur intensity is necessary to distinguish 
physiological from pathological murmurs, with louder murmurs (i.e. grade ≥III) thought more likely to 
represent cardiac defects.7 Table 1 demonstrates the Levine system, which is a 6-point rating scale for 
grading heart murmur intensity.7 Review of all heart murmurs is beyond the scope of this module. If you 
are interested in learning more about cardiac murmurs, these are links to two helpful videos: Part 1  at 
https://www.youtube.com/watch?v=6YY3OOPmUDA and Part 2 at 
https://www.youtube.com/watch?v=ZUHpAaVpiY8. 
  
Table 1. Levine System for Grading Heart Murmur Intensity. 7 

 

Grade Description 

I Faintest audible murmur (heard with difficulty; murmur clearly softer than S1 and S2) 

II Faint murmur with the same intensity as S1 and S2 

III Murmur louder than S1 and S2 without palpable thrill 

IV Loud murmur is accompanied by palpable thrill 

V Very loud murmur with a thrill; can be heard with the slightest touch of the stethoscope 

VI Loudest murmur; can be heard without contact between stethoscope and chest wall 

 
 
 
 
 
 
 
 
 
 

https://www.youtube.com/watch?v=6YY3OOPmUDA
https://www.youtube.com/watch?v=ZUHpAaVpiY8
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Figure 2. Mitral Regurgitation.8 

 

 
 
Credit: “Holosystolic murmur” by Raviteja Reddy Guddeti. License: CC BY-SA 3.0. 
 
Mitral valve regurgitation is a holosystolic murmur, best heard at the cardiac apex, left 5th midclavicular 
line, with possible radiation to the left axilla. The first heart sound S1 is often soft. As depicted by Figure 
2, this holosystolic murmur has a high intensity throughout systole, beginning at the first heart sound S1, 
which represents closure of the atrioventricular (i.e. mitral and tricuspid) valves as the ventricular 
pressures exceed atrial pressures at the beginning of systole, and ending at the second heart sound S2, 
which represents closure of the semilunar (i.e. aortic and pulmonary) valves. A third heart sound S3 is 
common in severe mitral regurgitation due to blood volume loading of the left ventricle during early 
diastole. 
 
Ms. Doane’s physical exam findings are indicative of mitral valve regurgitation. Retrograde flow of blood 
from the left ventricle through the mitral valve into the left atrium defines mitral regurgitation (MR). 
This patient also has an irregularly irregular heartbeat suggestive of atrial fibrillation, which is the most 
common ECG finding in patients with MR.9 While murmurs describe disturbances in blood flow, atrial 
fibrillation is due to a disturbance of electrical activity in the atria. 
 
Primary (organic) MR is due to intrinsic valvular disease (i.e. lesion in the mitral apparatus), whereas 
secondary (functional) MR is due to disruption of an otherwise normal mitral valve because of left 
ventricular geometrical alterations.10 Causes of primary MR include infective endocarditis, mitral annular 
calcification, rheumatic heart disease, degenerative valvular disease (e.g. mitral valve prolapse), 
connective tissues disorders, congenital anomalies, and certain drugs.10 Etiologies of secondary MR 
entail ischemic and non-ischemic cardiomyopathies.10 Ms. Doane’s clinical history is highly consistent 
with chronic rheumatic heart disease, which is a common cause of primary mitral regurgitation and 
heart failure decades after acute rheumatic fever.  
 
11. What is acute rheumatic fever (ARF)? What are its long-term sequelae? 
 
Acute rheumatic fever is an inflammatory reaction to group A streptococcal (GAS) infection of the 
pharynx, which typically occurs two to three weeks after the GAS pharyngitis. This clinical syndrome 
most frequently comprises fevers, arthritis and carditis. Carditis occurs in about 80% of patients with 

https://www.wikidoc.org/index.php/File:MR_murmur_2.JPG#filelinks
https://creativecommons.org/licenses/by-sa/3.0/
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acute rheumatic fever and commonly affects the mitral and aortic valves, resulting in regurgitation.11 
The pathophysiology of acute rheumatic fever leading to mitral valve involvement is complicated and 
has not been fully studied. Other less frequent manifestations of ARF include chorea (i.e. abnormal 
involuntary movements), erythema marginatum (i.e. bright pink, blanching, non-pruritic maculopapular 
rash involving rings on the torso and inner surfaces of the extremities), and subcutaneous nodules.11 
Most cases of acute rheumatic fever occur in children aged 5 to 15 years, but it may occasionally occur 
in young adults.  
 
The inflammatory process of acute rheumatic fever slowly resolves over weeks to months, but about 
60% of these individuals develop chronic rheumatic heart disease (RHD).11 Chronic RHD causes 
considerable morbidity, including arrhythmias, stroke, infective endocarditis, valvular insufficiency or 
stenosis, and heart failure. 
  
12. What is the global burden of ARF and RHD? How can these two conditions be prevented?  
 
Worldwide, approximately 500,000 new cases of acute rheumatic fever occur annually, and around 34 
million people have chronic rheumatic heart disease.11,12 The global burden of disease caused by 
rheumatic heart disease currently falls disproportionately on children and young adults living in low-
income countries and is responsible for over 300,000 deaths annually.12  
 
Treatment of GAS pharyngitis with antibiotics is an effective way to prevent long-term sequelae of the 
infection, including acute rheumatic fever and chronic rheumatic heart disease. 
 
13. How would you advise this patient given her heart murmur today?  
 
Given the severity and chronicity of this heart murmur and associated symptoms, an evaluation for 
heart failure may be appropriate. ECG can help qualify the irregularly irregular rhythm further. Ms. 
Doane should be informed of her cardiac disease and arrhythmia. She should be counseled on and 
evaluated regularly for disease progression. Severity of heart failure symptoms by New York Heart 
Association (NYHA) functional class is correlated with survival.  
 
14. What secondary prevention should you offer Ms. Doane? 
 
Recurrent rheumatic fever is associated with development or worsening of rheumatic heart disease. 
Prevention of recurrent GAS pharyngitis is the most effective method of preventing severe RHD. For 
patients like Ms. Doane with chronic rheumatic heart disease, physicians should consider antibiotics for 
secondary prophylaxis for a prolonged period. Some patients may require life-long therapy. Penicillin 
prophylaxis (either by mouth daily or intramuscular every 2 to 4 weeks) is indicated in almost all 
circumstances:13 

● For 5 years after last attack of acute rheumatic fever, or until age 18 (whichever is longer) 
● For 10 years after the last attack of acute rheumatic fever, or until age 25 (whichever is longer) 

for patients with mild mitral regurgitation or healed carditis 
● For any patient with severe valvular heart disease and after valve surgery, the prophylaxis is for 

lifetime 
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