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PRESENTATION OF CASE

Dr. Daniel S. Ong (Cardiology): A 40-year-old woman was admitted to this hospital
10 days post partum, because of dyspnea and hypoxemia.

Ten days before admission, the patient went into labor at 39 weeks of gestation.
A low transverse cesarean section and tubal ligation were performed electively at
another hospital with the patient under spinal anesthesia, without complications.
A healthy infant was delivered; the 1-minute and 5-minute Apgar scores were 8
and 9, respectively. A tuberculin skin test was negative, and a tetanus—diphtheria—
acellular pertussis vaccine was administered to the patient. The patient returned
home on the third postpartum day. She remained well until approximately 5 days
before admission (5 days after the cesarean section), when gradually increasing
orthopnea and dyspnea on exertion developed, associated with mild leg edema.
Two days before admission, intermittent substernal chest tightness developed, asso-
ciated with nausea, vomiting, and a cough productive of blood-tinged sputum but
without fever or chills. The night before admission, she went to the emergency
department of another hospital because of worsening dyspnea.

On examination, the blood pressure was 140/74 mm Hg, the pulse 113 beats per
minute, the respiratory rate 16 breaths per minute, and the oxygen saturation 99%
while the patient was breathing ambient air; the temperature was normal. The lungs
were clear. An electrocardiogram (ECG) showed sinus rhythm at 130 beats per min-
ute and possible left atrial enlargement, with no ST-segment elevation or depression.
Blood levels of total bilirubin, total protein, albumin, calcium, alanine amino-
transferase, and aspartate aminotransferase were normal, as were tests of renal
function; other test results are shown in Table 1. Computed tomographic (CT) angi-
ography, performed according to the pulmonary embolism protocol with the admin-
istration of iopamidol, reportedly revealed an enlarged heart; small, bilateral pleural
effusions; patchy air-space disease, with areas of patchy consolidation and thicken-
ing of the interlobular septa bilaterally; and no evidence of pulmonary embolism,
aortic aneurysm, or pericardial effusion.

Two hours after the patient’s arrival at the other hospital, marked anxiety and
increased dyspnea developed. Lorazepam was administered, followed by heparin.
The blood pressure rose to 201/176 mm Hg and the pulse to 173 beats per minute,
the respiratory rate was 21 to 30 breaths per minute, and the oxygen saturation
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fell to 64%. Etomidate and propofol were admin-
istered, the trachea was intubated, and manual
ventilation was begun. Approximately 200 ml of
frothy, pink secretions were suctioned. Ten min-
utes later, the blood pressure fell transiently to
76/43 mg Hg; the pulse was 111 beats per min-

ute, the respiratory rate 31 breaths per minute, and
the oxygen saturation 81%. During the next hour,
succinylcholine, furosemide (40 mg), and mid-
azolam were administered intravenously. One liter
of clear urine was collected by catheter. The oxy-
gen saturation was 90% with manual ventilation

Table 1. Laboratory Data.*
On Admission,

Variable Reference Range, Adults7 Other Hospital This Hospital
Hematocrit (%) 36.0-46.0 315 40.1
Hemoglobin (g/dl) 12.0-16.0 11.0 13.6
White-cell count (per mm?) 4500-11,000 8700 20,900
Differential count (%)

Neutrophils 40-70 67.6 88

Lymphocytes 22-44 24.1 9

Monocytes 4-11 5.4 2

Eosinophils 0-8 2.1 1

Basophils 0-3 0.8 0
Platelet count (per mm?) 150,000-400,000 292,000 608,000
Sodium (mmol/liter) 135-145 143 142
Potassium (mmol/liter) 3.4-48 33 3.1
Chloride (mmol/liter) 100-108 112 107
Carbon dioxide (mmol/liter) 23.0-31.9 26 17.5
Anion gap (mmol/liter) 3-15 5 18
Glucose (mg/dl) 70-110 100 174
Alkaline phosphatase (U/liter) 30-100 109 162
Creatine kinase (U/liter) 40-150 187
Troponin (ng/ml)

| (quantitative) 0.00-0.04 0.03

| (screening) Negative Positive

T <0.03 0.12
Lactic acid (mmol/liter) 0.5-2.2 3.3
N-terminal pro—B-type natriuretic peptide 0-450 (age <50yr) 1090

(pg/ml)

Arterial blood gases

Fraction of inspired oxygen 1.00

pH 7.35-7.45 7.29

Partial pressure of carbon dioxide 35-42 45

(mm Hg)

Partial pressure of oxygen (mm Hg) 80-100 268

Bicarbonate (mmol/liter) 24-30 21

Base excess (mmol/liter) -5.3
Mixed venous oxygen saturation (%) 83 (7 hr after arrival)

* To convert the values for glucose to millimoles per liter, multiply by 0.05551. To convert the values for lactic acid to

milligrams per deciliter, divide by 0.1110.

Reference values are affected by many variables, including the patient population and the laboratory methods used. The

ranges used at Massachusetts General Hospital are for adults who are not pregnant and do not have medical conditions
that could affect the results. They may therefore not be appropriate for all patients.
I The oxygen saturation was measured through a pulmonary-artery catheter.
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(the fraction of inspired oxygen was not recorded);
desaturation to 56 to 80% occurred when the
patientwas mechanicallyventilated. Approximately
3.5 hours after arrival, she was transferred by
ambulance to this hospital for admission. During
transfer, she was manually ventilated; the blood
pressure was 88/61 mm Hg, and the pulse was
1306 beats per minute, weak, and regular.

Seven years earlier, the patient’s first child was
delivered at 40 weeks’ gestation by cesarean section
because of failure to progress and fetal distress.
The patient had had two spontaneous abortions,
16 months and 13 months before this admission.
She had a history of Graves’ disease, carpal tunnel
syndrome, anemia, and urinary tract infections.
Medications before admission included ibuprofen,
docusate, and methimazole, and she had taken
micronized progesterone and propylthiouracil
during the first trimester. She had no known al-
lergies. She was born in South America and had
moved to the United States 5 years earlier. She
lived with her husband and children and worked
as a housecleaner. She did not drink, smoke, or
use illicit drugs. Her father had died at 60 years
of age from myocardial infarction, her maternal
grandmother had died of a stroke, her father and
maternal grandmother had had hypertension
and hypercholesterolemia, as did her mother,
and her sister had nephrolithiasis and asthma.

On examination, the patient was sedated and
intubated. She was breathing spontaneously and
showed movement when examined. The tempera-
ture was 36.3°C, the blood pressure 126/87 mm Hg,
the pulse 164 beats per minute, the respiratory
rate 24 breaths per minute, and the oxygen satu-
ration 94% while she was breathing 100% oxy-
gen. The skin was diaphoretic. Jugular venous
distention could not be assessed. There were
crackles at both lung bases, without wheezing.
The heart sounds were rapid and regular. The
abdomen was soft and nondistended, the surgi-
cal incision appeared clean, and the extremities
were cool. Blood levels of total protein, albumin,
globulin, total and direct bilirubin, alanine ami-
notransferase, aspartate aminotransferase, cal-
cium, phosphorus, magnesium, lipase, amylase,
and thyrotropin were normal, as were results of
tests of coagulation and renal function; testing
for antinuclear antibodies (ANA) and anti—double-
stranded DNA (dsDNA) antibodies was nega-
tive. Other test results are shown in Table 1.
Urinalysis revealed 1+ occult blood and trace
albumin, with mucin in the sediment, and was

otherwise normal; testing for urinary legionella
antigen and human chorionic gonadotropic
hormone was negative.

Dr. Christopher M. Walker: A chest radiograph
(Fig. 1) shows an endotracheal tube with its distal
end 2 cm above the carina. The heart is enlarged,
and there is haziness over both costophrenic an-
gles, indicating small bilateral pleural effusions.
There are patchy opacities in the middle and
lower lung zones, more in the right lung than in
the left lung, findings that are most consistent
with pulmonary edema.

Dr. Ong: An ECG showed sinus tachycardia with
nonspecific ST-segment and T-wave abnormalities.

In the emergency department, a catheter
was inserted into the radial artery. Furosemide
(a 40-mg bolus), midazolam, and fentanyl were
administered intravenously. Approximately 2 hours
after arrival, the blood pressure decreased to
61/35 mm Hg, and norepinephrine bitartrate was
infused, with improvement to 81/61 mm Hg.

Diagnostic procedures were performed.

DIFFERENTIAL DIAGNOSIS

Dr. Zoltan P. Arany: This is a dramatic presentation
of a young, generally healthy woman with respi-
ratory failure and hemodynamic collapse in the pu-

Figure 1. Chest Radiograph on Admission.

An anteroposterior chest radiograph shows an endo-
tracheal tube with its distal end 2 cm from the carina.
The heart is enlarged, and there is haziness over both
costophrenic angles, indicating small bilateral pleural effu-
sions. There are patchy opacities in the middle and lower
lung zones, more in the right lung than in the left lung,
findings that are most consistent with pulmonary edema.
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erperium. Causes of dyspnea and hypoxemia in the
peripartum period are predominantly of pulmo-
nary or cardiovascular origin, the latter generally
associated with pulmonary edema. The peripartum
period predisposes women to a number of patho-
logic conditions, including pulmonary embolism,
amniotic-fluid embolism, infection, aspiration, pre-
eclampsia, and peripartum cardiomyopathy.

PULMONARY CAUSES OF DYSPNEA AND HYPOXEMIA
POST PARTUM
This patient’s tachycardia and bloody sputum are
findings that are consistent with, but not diag-
nostic of, pulmonary embolism. Venous thrombo-
embolism occurs in 1 or 2 in 1000 pregnancies*
and is approximately 10 times as likely post par-
tum as during pregnancy. The peripartum period
is a hypercoagulable state, most likely an evolu-
tionary adaptation to minimize postpartum
hemorrhaging. Pregnancy-associated venous sta-
sis and endothelial damage further contribute to
clotting risk. CT with the administration of ap-
propriately timed arterial-phase contrast materi-
al renders a large pulmonary embolism highly
unlikely in this patient. Emboli in the small
branches of the pulmonary arteries cannot be
ruled out, but it is unlikely that these would be
manifested as hemodynamic collapse.
Pneumonia needs to be considered. Pregnant
women have immune tolerance, which is most
likely an evolutionary adaptation to preclude
maternal rejection of the fetus. Immune toler-
ance, anatomical changes during pregnancy,
and the risk of aspiration during labor or cesar-
ean delivery place women in the puerperium at
risk for infection, including common causes of
community-acquired pneumonia. Influenza pneu-
monia and varicella pneumonia can be virulent,
and the acute respiratory distress syndrome is a
more common complication among pregnant
women than among nonpregnant women.> The
absence of both fever and an elevated leukocyte
count on presentation, in concert with the find-
ings on chest radiography and CT, makes infec-
tion unlikely in this patient. The immune-tolerant
state of pregnancy can also provide a “holiday”
from vasculitides, which can rebound post par-
tum. However, the absence of inflammatory signs
and negative tests for ANA and dsDNA make a
diagnosis of vasculitis unlikely. Results of tests for
antineutrophil cytoplasmic antibodies and human
immunodeficiency virus would be helpful.
Advanced maternal age and delivery by cesarean

section place this patient at risk for amniotic-fluid
embolism, a rare but catastrophic complication
of pregnancy or labor.#5 Patients with amniotic-
fluid embolism usually present with cardiorespira-
tory collapse, which this patient had; this is typi-
cally accompanied by disseminated intravascular
coagulation and systemic inflammatory responses,
which this patient did not have. Delayed manifes-
tation of amniotic-fluid embolism beyond 48 hours
after delivery is extremely rare, and thus this
diagnosis is unlikely in this case.

Other pulmonary causes of peripartum dyspnea
and hypoxemia are listed in Table 2. There are
few indications of a pulmonary cause for this
patient’s presentation. However, the patient’s
orthopnea, copious pink and frothy discharge,
bilateral pleural effusions, leg edema, elevated
serum B-type natriuretic peptide and troponin
levels, tachycardia, cool extremities, and hypo-
tension, although not pathognomonic individu-
ally, together suggest pulmonary venous conges-
tion and a cardiovascular cause.

CARDIOVASCULAR CAUSES OF DYSPNEA
AND HYPOXEMIA POST PARTUM

Acute pulmonary edema complicates approxi-
mately 1 in 1000 pregnancies and could explain
this patient’s symptoms. Peripartum acute pul-
monary edema is most commonly due to iatro-
genic causes, preeclampsia, or cardiac disease.®

Fluid Overload

Iatrogenic fluid overload, which compounds on-
going reabsorption of extracellular fluids, is the
leading cause of acute pulmonary edema post
partum. Women with this diagnosis usually have
had a positive fluid balance of 3 to 9 liters for the
preceding 48 hours. Tocolysis (the prevention of
uterine contractions) predisposes to pulmonary
edema by unclear mechanisms; pulmonary ede-
ma usually occurs within hours after the admin-
istration of a tocolytic agent and occurs most
frequently when multiple tocolytic agents are used
simultaneously. This patient was not reported
to have received tocolytic agents or excess fluid
administration.

Preeclampsia

Pulmonary edema is a frequent complication of
preeclampsia, a systemic vascular disease that
affects 3 to 5% of all pregnancies.” The hallmarks
of preeclampsia are hypertension and protein-
uria, which are most likely elicited by the secre-
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tion of antivascular factors, including soluble
fms-like tyrosine kinase 1 (sFlt-1, also known as
soluble vascular endothelial growth factor recep-
tor 1), from the placenta in late gestation.®® Pre-
eclampsia-associated pulmonary edema often
becomes evident post partum and is thus a con-
sideration in this case. Pulmonary edema in cases
of preeclampsia is multifactorial: endothelial dam-
age confers a predisposition to vascular leak, dia-
stolic dysfunction®*° and acutely elevated blood
pressure confer a predisposition to pulmonary
venous congestion, and loss of serum protein
lowers intravascular oncotic pressure. In this case,
neither elevated blood pressure nor proteinuria
was noted during or after pregnancy, including at
the time of the patient’s initial presentation at
the other hospital (before acute decompensation).
Postpartum preeclampsia cannot be ruled out, but
it is not a likely diagnosis. Testing of antepartum
blood, if available, for the levels of sFlt-1 and pla-
cental growth factor may be useful to rule out
preeclampsia.®

Myocardial Infarction

Could this patient have an acute myocardial in-
farction? The risk of acute myocardial infarction
among pregnant or recently pregnant women is
three times as high as that among nonpregnant
women.** The absolute incidence is less than 1 in
10,000 but has climbed as maternal age at the
beginning of pregnancy increases. Coronary dis-
section causes one third of acute myocardial in-
farctions in this population, most of which occur
peripartum.*2 In this patient, the absence of ECG
changes, the normal serum creatine kinase level,
and the only slightly elevated serum troponin
level, make this diagnosis unlikely, although it
cannot be ruled out. Myocardial infarction could
have occurred days before the presentation. Echo-
cardiography would be useful, since segmental
wall-motion abnormalities or papillary muscle
rupture and mitral regurgitation would suggest a
diagnosis of recent myocardial infarction.

The presence of preexisting myocardial or
valvular heart disease must also be considered.
The patient is from South America, which places
her at risk for Chagas’ cardiomyopathy, rheu-
matic heart disease, or both. Pregnancy gener-
ates profound hemodynamic changes, includ-
ing increases in total blood volume, cardiac
output, and cardiac work.'**# Underlying car-
diac disease is thus frequently aggravated or
unmasked by pregnancy. However, the hemo-

Table 2. Causes of Dyspnea and Hypoxemia Post Partum.

Pulmonary causes

Common
Pulmonary embolism
Pneumonia
Aspiration pneumonitis
Reactive airway disease
Rare
Acute respiratory distress syndrome
Amniotic-fluid embolism
Vasculitis
Pulmonary hypertension
Pneumothorax

Cardiovascular causes

Common
Preeclampsia
latrogenic fluid overload
Edema associated with tocolysis
Myocardial infarction
Preexisting cardiac disease
Peripartum cardiomyopathy
Rare
Septic cardiomyopathy
Pericardial process
Takotsubo cardiomyopathy
Toxic cardiomyopathy (e.g., from alcohol or cocaine)
Thyrotoxicosis
Aortic dissection
Pericardial process
Mitral-valve chordal rupture (usually with mitral-valve
prolapse)

dynamic changes of pregnancy primarily occur
during the first two trimesters, and clinical pre-
sentation with heart failure typically occurs dur-
ing this time, unlike the timing in this patient.

Peripartum Cardiomyopathy

The patient’s hypotension and evidence of periph-
eral vasoconstriction suggest a state of low cardiac
output, which in the absence of a more likely ex-
planation, suggests a diagnosis of peripartum
cardiomyopathy. Peripartum cardiomyopathy is
characterized by congestive heart failure and left
ventricular systolic dysfunction toward the end
of pregnancy or in the months after delivery, in the
absence of other identifiable causes of cardiac dis-
ease. The ejection fraction on echocardiography is
nearly always less than 45%.151° More than 90%
of cases are manifested in the first weeks post
partum,” as in this case. The incidence varies
from 1 in 300 live births to 1 in 3000 live births;
two “hot spots” are Haiti and Nigeria. Peripartum
cardiomyopathy is most common in women of Afri-
can descent but is seen throughout the world. The
manifestation is similar to that of other cardiomy-
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opathies, including such signs and symptoms of
venous congestion as dyspnea, orthopnea, edema,
and, in extreme cases (as in this patient), hypox-
emia. B-type natriuretic peptide levels do not nor-
mally rise during pregnancy but are typically elevat-
ed in peripartum cardiomyopathy, as are troponin
levels. Chest radiographs typically show cardio-
megaly, as in this case, although peripartum car-
diomyopathy can occur without cardiac dilatation.

Research suggests that peripartum cardiomy-
opathy is triggered by insults to the cardiac vas-
culature that occur during late pregnancy and the
postpartum period,*# including inappropriate
cleavage in the heart of circulating prolactin into
a potently antivascular fragment'®° and the se-
cretion of sFlt-1 from the late gestational pla-
centa.® Prolactin and sFlt-1 begin to circulate late
in pregnancy, which may explain the timing of
peripartum cardiomyopathy. The sFlt-1 level is
also elevated in preeclampsia and in multiple
gestation, a finding consistent with the epide-
miologic association between peripartum cardio-
myopathy and these conditions.*3-2°

Other cardiac causes of postpartum dyspnea
and hypoxemia are listed in Table 2. Because of
the normal results of thyrotropin tests in this
patient, severe thyrotoxicosis (thyroid storm)
from reactivation of Graves’ disease is unlikely.
There is low suspicion in this case for toxic car-
diomyopathy from cocaine or another drug, al-
though the postpartum period can predispose to
depression, drug abuse, and suicidal ideation.
Aortic dissection may occur at higher frequency in
the peripartum period than at other times, and a
high degree of suspicion must be maintained for
this diagnosis, since it is often missed. CT angi-
ography did not show a dissection in this case.

Echocardiography is diagnostic in peripartum
cardiomyopathy. I assume that it was the diag-
nostic procedure in this case.

How should this patient be treated? As with
other cardiomyopathies, management of peripar-
tum cardiomyopathy should focus on reducing
preload and afterload and interrupting the mal-
adaptive neurohormonal response to systolic heart
failure. Diuretic agents and nitrates are the treat-
ments of choice for volume overload, although
caution is required with the use of these agents
before delivery. Angiotensin-converting—enzyme
inhibitors and angiotensin II-receptor blockers
could be administered in this patient but would
be contraindicated if she were still pregnant. In
light of the hypercoagulability of the puerperium,

N ENGLJ MED 371;3

anticoagulation is advised for the prevention of
systemic embolism, if her ejection fraction is less
than 35%. Implantation of an automatic implant-
able cardioverter—defibrillator, to prevent death
from arrhythmia, is relatively contraindicated, be-
cause systolic function frequently recovers. If the
patient were pregnant, neither premature discon-
tinuation of pregnancy nor delivery by cesarean
section would be indicated.

The implication of prolactin in the cause of
peripartum cardiomyopathy suggests that bromo-
criptine, which suppresses the secretion of pro-
lactin from the pituitary, may have therapeutic
use. A small, randomized, phase 1 trial showed
promising results?* but awaits confirmation from
ongoing larger trials. By the same reasoning,
discontinuation of breast-feeding has been advo-
cated, although a retrospective Internet-based
study showed that breast-feeding was associated
with a better rather than a worse outcome.
Neither bromocriptine nor discontinuation of lac-
tation can thus be recommended for this patient.

What is the patient’s prognosis? As many as
50% of women with peripartum cardiomyopathy
eventually recover cardiac function, but 25% have
progression to advanced heart failure, which
often leads to cardiac transplantation or death.
A lower ejection fraction at presentation predicts
a worse outcome and delayed recovery.222* Peri-
partum cardiomyopathy usually recurs in subse-
quent pregnancies,?> so decisions about repeat
pregnancies in a patient such as this one need to
be considered on an individual basis.

Dr. Nancy Lee Harris (Pathology): Dr. Ong, can you
tell us the thinking of the team that was caring
for the patient?

Dr. Ong: Because of the patient’s initial clinical
presentation, peripartum cardiomyopathy was at
the top of the list in our differential diagnosis.
We also considered acute coronary syndrome,
coronary-artery dissection, pulmonary embolism,
pericardial tamponade, and thyroid storm. We
had the great benefit of a preliminary workup at
the outside facility, including CT imaging that
did not identify pulmonary embolism or a large
pericardial effusion. Thyroid-function tests and
a transthoracic echocardiogram were obtained to
confirm that the most likely diagnosis was peri-
partum cardiomyopathy.

CLINICAL DIAGNOSIS

Peripartum cardiomyopathy.
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DR. ZOLTAN P. ARANY’S DIAGNOSIS

Peripartum cardiomyopathy.

DIAGNOSTIC TESTING

Dr. Lin Wang: On admission, transthoracic echocar-
diography (Fig. 2A and 2B; and Videos 1 and 2, avail-
able with the full text of this article at NEJM.org)
revealed that the left ventricular cavity was dilated
and the left ventricular systolic function was se-
verely impaired, with an estimated left ventricu-
lar ejection fraction of 11%, as determined with
the use of the Quinones method.?° The left ven-
tricular walls appeared diffusely hypokinetic and
did not correspond to any specific coronary-
artery territory. There was incomplete closure of
the mitral-valve leaflets, a finding consistent with
papillary muscle displacement, and there was re-

duced mitral leaflet excursion, a finding consis-
tent with decreased cardiac output. There was
mild-to-moderate mitral regurgitation on color
and spectral Doppler imaging. The left atrium
was dilated. The right ventricle was normal in
size and systolic function. There was evidence of
mild tricuspid insufficiency on color and spectral
Doppler imaging. The right ventricular systolic
pressure was estimated at 30 mm Hg from the
regurgitant tricuspid velocity, which makes the
diagnosis of pulmonary embolism unlikely.
There was no evidence of pericardial effusion.
The echocardiographic findings are consistent
with peripartum cardiomyopathy.

Dr. Harris: Dr. Sarswat, would you tell us how
you treated the patient and how she is doing?

Dr. Nitasha Sarswat (Cardiology): The patient
was taken directly from the emergency depart-
ment to the cardiac catheterization laboratory,

Figure 2. Transthoracic Echocardiographic Studies.

biplane Simpson’s method.?”

Parasternal long-axis (Panel A) and apical four-chamber (Panel B) views from a transthoracic echocardiographic
study obtained on admission show a diffusely hypokinetic and dilated left ventricle and severely impaired left ven-
tricular systolic function. The left ventricular ejection fraction was 11%, as determined with the use of the Quinones
method.2® Parasternal long-axis (Panel C) and apical four-chamber (Panel D) views from a transthoracic echocardio-
graphic study obtained at the 7-month follow-up visit show that the left ventricular systolic function has improved
and the ventricle is less dilated. The left ventricular ejection fraction was 46%, as determined with the use of the
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where a coronary angiogram showed patent
coronary arteries. Right heart catheterization
revealed a right atrial pressure of 7 mm Hg (ref-
erence range, 2 to 0), right ventricular pressure
of 32/6 mm Hg (reference range, 15 to 28 systolic
and 0 to 8 diastolic), pulmonary-artery pressure of
31/22 mm Hg (reference range, 15 to 28 systolic
and 8 to 15 diastolic) with a mean pulmonary-
artery pressure of 25 mm Hg (reference range, 10
to 20), and a pulmonary-capillary wedge pressure
of 11 mm Hg (reference range, 6 to 12). Her car-
diac output (as measured by thermodilution) was
6 liters per minute (reference range, 4 to 8), with
a cardiac index of 3.3 liters per minute per
square meter of body-surface area (reference
range, 2.5 to 4.0). Systemic vascular resistance
was calculated to be 1000 dyn-sec-cm™ (refer-
ence range, 800 to 1200). These hemodynamic
results are not typical of cardiogenic shock, but
they must be considered in the context of the
patient’s postpartum state, during which we ex-
pect cardiac output to be high and systemic vas-
cular resistance to be low. An intraaortic balloon
pump was placed.

On arrival in the coronary care unit, the pa-
tient was noted to have a fever, with a peak
temperature of 39°C. An abdominal ultrasound
examination showed no retained intrauterine
products of conception, and specimens of blood
and urine were cultured. She was given broad-
spectrum antibiotics until the cultures were
negative. We thought the fever could have been
due to a component of distributive shock or may
have been a marker of inflammation due to pe-
ripartum cardiomyopathy.

The patient required hemodynamic support
with norepinephrine for 24 hours, as well as
diuresis with small doses of intravenous furose-
mide, to which she had a good response. The
trachea was extubated approximately 48 hours
after her arrival at this hospital.

There was concern for thyrotoxicosis, and an
endocrinology consultation was obtained. The
patient had normal levels of free thyroxine (T,),
triiodothyronine (T;), and thyrotropin. The total
T, level was slightly elevated, although this was
thought to be due to excess binding protein
present in the peripartum state and therefore
was consistent with appropriate thyroid func-
tion. Her preadmission dose of methimazole
was continued. Other pertinent negative studies

included an ANA test, an antibody titer for Lyme
disease, a titer for Trypanosoma cruzi, and iron
studies.

Shortly after the patient was weaned from the
norepinephrine, hypertension developed, and
she was treated with nitroprusside. Captopril
and spironolactone were administered, and the
balloon pump was removed. She remained in the
coronary care unit for 4 days and was transferred
to the cardiac step-down unit. The administra-
tion of captopril was discontinued, and treat-
ment with lisinopril and carvedilol was begun.
She was discharged home on the 10th day.

The patient has made regular visits to the out-
patient clinic. She remains euvolemic and has not
required further diuretic therapy, but she contin-
ues to take lisinopril and carvedilol. She has not
had dose-limiting side effects from her medica-
tions and is happy at home with her baby.

Dr. Wang: The left ventricular systolic function
improved, with an ejection fraction of 27% on
day 1, 36% on day 6, and 39% at the 2-month
follow-up visit. Transthoracic echocardiography
performed at the 7-month follow-up visit re-
vealed that the left ventricular systolic function
was mildly impaired, with an ejection fraction
of 46%, as determined with the use of the bi-
plane Simpson’s method?” (Fig. 2C and 2D, and
Videos 3 and 4). The left ventricular size and left
atrial size had decreased, and there was reduced
mitral regurgitation. The right ventricular size
and function remained normal.

Dr. Harris: Dr. Arany, do you have any comments?

Dr. Arany: The patient recovered fairly quickly
but not completely, which is fairly typical. Did
she breast-feed the baby?

Dr. Sarswat: The patient was pumping breast
milk for a short time, and then stopped.

ANATOMICAL DIAGNOSIS

Peripartum cardiomyopathy.

This case was presented at Obstetrics and Gynecology Grand
Rounds.

Dr. Walker reports receiving royalties from Amirsys. No other
potential conflict of interest relevant to this article was reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Dr. Michael Greene for his assistance with organiz-
ing the conference; Drs. Karen Miller, Mark Semigran, and
James Januzzi for their assistance with preparing the case his-
tory; and Dr. Mary Etta King for her assistance with reporting
the echocardiography studies.

N ENGLJ MED 371;3 NEJM.ORG JULY 17, 2014

The New England Journal of Medicine

Downloaded from nejm.org by JOHN VOGEL on July 16, 2014. For personal use only. No other uses without permission.

Copyright © 2014 Massachusetts Medical Society. All rights reserved.


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



CASE RECORDS OF THE MASSACHUSETTS GENERAL HOSPITAL

REFERENCES

1. Marik PE, Plante LA. Venous thrombo-
embolic disease and pregnancy. N Engl J
Med 2008;359:2025-33.

2. Heit JA, Kobbervig CE, James AH,
Petterson TM, Bailey KR, Melton LJ III.
Trends in the incidence of venous thrombo-
embolism during pregnancy or postpar-
tum: a 30-year population-based study.
Ann Intern Med 2005;143:697-706.

3. Brito V, Niederman MS. Pneumonia
complicating pregnancy. Clin Chest Med
2011;32:121-32, ix.

4. Conde-Agudelo A, Romero R. Amni-
otic fluid embolism: an evidence-based
review. Am J Obstet Gynecol 2009;201(5):
445.e1-445.e13.

5. Case Records of the Massachusetts
General Hospital (Case 40-2012). N Engl J
Med 2012;367:2528-36.

6. Sciscione AC, Ivester T, Largoza M,
Manley J, Shlossman P, Colmorgen GH.
Acute pulmonary edema in pregnancy.
Obstet Gynecol 2003;101:511-5.

7. Steegers EA, von Dadelszen P, Du-
vekot JJ, Pijnenborg R. Pre-eclampsia.
Lancet 2010;376:631-44.

8. Powe CE, Levine RJ, Karumanchi SA.
Preeclampsia, a disease of the maternal
endothelium: the role of antiangiogenic
factors and implications for later cardio-
vascular disease. Circulation 2011;123:
2856-069.

9. Patten IS, Rana S, Shahul S, et al.
Cardiac angiogenic imbalance leads to
peripartum cardiomyopathy. Nature 2012;
485:333-8.

10. Melchiorre K, Sutherland GR,
Baltabaeva A, Liberati M, Thilaganathan
B. Maternal cardiac dysfunction and re-
modeling in women with preeclampsia at
term. Hypertension 2011;57:85-93.

11. James AH, Jamison MG, Biswas MS,

Brancazio LR, Swamy GK, Myers ER.
Acute myocardial infarction in pregnancy:
a United States population-based study.
Circulation 2006;113:1564-71.

12. Koul AK, Hollander G, Moskovits N,
Frankel R, Herrera L, Shani J. Coronary
artery dissection during pregnancy and
the postpartum period: two case reports
and review of literature. Catheter Cardio-
vasc Interv 2001;52:88-94.

13. Ouzounian JG, Elkayam U. Physio-
logic changes during normal pregnancy
and delivery. Cardiol Clin 2012;30:317-29.
14. Robson SC, Hunter S, Boys RJ,
Dunlop W. Serial study of factors influ-
encing changes in cardiac output during
human pregnancy. Am J Physiol 1989;256:
H1060-5.

15. Sliwa K, Fett]J, Elkayam U. Peripartum
cardiomyopathy. Lancet 2006;368:687-93.
16. Sliwa K, Hilfiker-Kleiner D, Petrie
MC, et al. Current state of knowledge on
aetiology, diagnosis, management, and
therapy of peripartum cardiomyopathy:
a position statement from the Heart
Failure Association of the European
Society of Cardiology Working Group on
peripartum cardiomyopathy. Eur J Heart
Fail 2010;12:767-78.

17. Demakis JG, Rahimtoola SH. Peri-
partum cardiomyopathy. Circulation 1971;
44:964-8.

18. Hilfiker-Kleiner D, Kaminski K, Podew-
ski E, et al. A cathepsin D-cleaved 16 kDa
form of prolactin mediates postpartum
cardiomyopathy. Cell 2007;128:589-600.
19. Halkein J, Tabruyn SP, Ricke-Hoch M,
et al. MicroRNA-146a is a therapeutic
target and biomarker for peripartum car-
diomyopathy. J Clin Invest 2013;123:2143-
54.

20. Bello N, Rendon IS, Arany Z. The rela-

tionship between pre-eclampsia and peri-
partum cardiomyopathy: a systematic re-
view and meta-analysis. ] Am Coll Cardiol
2013;62:1715-23.

21. Sliwa K, Blauwet L, Tibazarwa K, et al.
Evaluation of bromocriptine in the treat-
ment of acute severe peripartum cardio-
myopathy: a proof-of-concept pilot study.
Circulation 2010;121:1465-73.

22. Goland S, Modi K, Bitar F, et al.
Clinical profile and predictors of compli-
cations in peripartum cardiomyopathy.
J Card Fail 2009;15:645-50.

23. Rasmusson KD, Stehlik J, Brown RN,
etal. Long-term outcomes of cardiac trans-
plantation for peri-partum cardiomyopathy:
a multiinstitutional analysis. ] Heart Lung
Transplant 2007;26:1097-104.

24. Berg CJ, Callaghan WM, Syverson C,
Henderson Z. Pregnancy-related mortality
in the United States, 1998 to 2005. Obstet
Gynecol 2010;116:1302-9.

25. Elkayam U, Tummala PP, Rao K, et al.
Maternal and fetal outcomes of subse-
quent pregnancies in women with peri-
partum cardiomyopathy. N Engl J Med
2001;344:1567-71. [Erratum, N Engl ] Med
2001;345:552.]

26. Quinones MA, Waggoner AD, Reduto
LA, et al. A new, simplified and accurate
method for determining ejection fraction
with two-dimensional echocardiography.
Circulation 1981;64:744-53.

27. Schiller NB, Shah PM, Crawford M, et
al. Recommendation for quantitation of
the left ventricle by two-dimensional echo-
cardiography: American Society of Echo-
cardiography Committee on Standards,
Subcommittee on Quantitation of Two-
Dimensional Echocardiograms. ] Am Soc
Echocardiogr 1989;2:358-67.

Copyright © 2014 Massachusetts Medical Society.

LANTERN SLIDES UPDATED: COMPLETE POWERPOINT SLIDE SETS FROM THE CLINICOPATHOLOGICAL CONFERENCES

Any reader of the Journal who uses the Case Records of the Massachusetts General Hospital as a teaching exercise or reference
material is now eligible to receive a complete set of PowerPoint slides, including digital images, with identifying legends,
shown at the live Clinicopathological Conference (CPC) that is the basis of the Case Record. This slide set contains all of the
images from the CPC, not only those published in the Journal. Radiographic, neurologic, and cardiac studies, gross specimens,
and photomicrographs, as well as unpublished text slides, tables, and diagrams, are included. Every year 40 sets are produced,
averaging 50-60 slides per set. Each set is supplied on a compact disc and is mailed to coincide with the publication of the

Case Record.

The cost of an annual subscription is $600, or individual sets may be purchased for $50 each. Application forms for the current
subscription year, which began in January, may be obtained from the Lantern Slides Service, Department of Pathology,
Massachusetts General Hospital, Boston, MA 02114 (telephone 617-726-2974) or e-mail Pathphotoslides@partners.org.

Downloaded from nejm.org by JOHN VOGEL on July 16, 2014. For personal use only. No other uses without permission.

N ENGL J MED 371;3

NEJM.ORG JULY 17, 2014

The New England Journal of Medicine

Copyright © 2014 Massachusetts Medical Society. All rights reserved.

269



