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Background-—In peripartum cardiomyopathy, the prevalence of focal myocardial damage detected by late gadolinium
enhancement (LGE) cardiovascular magnetic resonance is important to elucidate mechanisms of myocardial injury and cardiac
dysfunction. LGE equates irreversible myocardial injury, but LGE prevalence in peripartum cardiomyopathy is uncertain.

Methods and Results-—Among 100 women enrolled within the Investigations of Pregnancy Associated Cardiomyopathy cohort, we
recruited 40 women at 13 centers to undergo LGE cardiovascular magnetic resonance, enrolled within the first 13 weeks
postpartum. Follow-up scans occurred at 6 months postpartum, and death/transplant rates at 12 months. Baseline
characteristics did not differ significantly in the parent cohort according to cardiovascular magnetic resonance enrollment except
for mechanical circulatory support. LGE was noted only in 2 women (5%) at baseline. While left ventricular dysfunction with
enlargement was prevalent at baseline cardiovascular magnetic resonance scans (eg, ejection fraction 38% [Q1–Q3 31–50%], end
diastolic volume index=108 mL/m2 [Q1–Q3 83–134 mL/m2]), most women demonstrated significant improvements at 6 months,
consistent with a low prevalence of LGE. LGE was not related to baseline clinical variables, ejection fraction, New York Heart
Association heart failure class, or mortality. Neither of the 2 women who died exhibited LGE. LGE was inversely associated with
persistent left ventricular ejection fraction at 6 months (P=0.006).

Conclusions-—Factors other than focal myocardial damage detectable by LGE explain the initial transient depressions in baseline
left ventricular ejection fraction, yet focal myocardial damage may contribute to persistent myocardial dysfunction and hinder
recovery in a small minority. Most women exhibit favorable changes in ventricular function over 6 months.

Clinical Trial Registration-—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01085955. ( J Am Heart Assoc. 2017;6:
e005472. DOI: 10.1161/JAHA.117.005472.)
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I n peripartum cardiomyopathy (PPCM), the prevalence of
focal irreversible myocardial damage detected by late

gadolinium enhancement (LGE) imaging cardiac magnetic
resonance (CMR) is unclear. This knowledge is important to

inform mechanisms of disease in PPCM, a clinical condition
that manifests a broad spectrum of severity.1 The overall
favorable prognosis of PPCM where most women recover
systolic function and fare well2 suggests a low prevalence of
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LGE. Yet, a recent study by Haghikia and colleagues reported
an unexpectedly high prevalence of LGE (71%)3 in PPCM,
which greatly exceeds the �30% prevalence of LGE reported
in large case series of dilated cardiomyopathy patients.4 The
reported high prevalence of LGE in PPCM appears at odds
with the clinical course of PPCM as well as prior reports from
smaller PPCM case series.5–7 Indeed, despite the high
prevalence of LGE, 59% of the women (16 of 27) in the
Haghikia study still had full recovery of systolic function. LGE
is clinically important.

While LGE can occur even when ejection fraction is
preserved,8–10 LGE is generally associated with persistent
myocardial dysfunction despite medical therapy,11,12 arrhyth-
mia,4,13,14 and in turn, hospitalization for heart failure,
arrhythmia, and mortality.4,8,10,14,15 Regardless of etiology,
LGE is prognostically adverse across the spectrum of left
ventricular ejection fraction (LVEF), even when preserved.4,8–10

LGE detects foci of irreversible myocardial damage manifest by
enhancement, regardless of the mechanism or the timing of
injury. The spatial distribution of LGE, its relation to myocardial
mass, and the clinical context inform disease mechanisms. The
volume of distribution for extracellular gadolinium contrast
agents (Gd) increases in necrotic myocardium (where cell
membranes lose integrity to exclude extracellular molecules),
fibrotic myocardium (where collagen fibrils accumulate in the
extracellular space), or even infiltrated myocardium (eg,
extracellular amyloid protein). Gd accumulates in foci of
irreversibly damaged myocardium not only during the initial
insult characterized by necrosis (or apoptosis), but also
throughout the transition to fibrosis.16,17 Fibrosis may also
occur from primary fibroblast activation and not solely from
“replacement” of necrotic or apoptotic myocytes.18

To understand the prevalence of focal myocardial damage
in PPCM, we conducted a prospective multicenter study
within the Peripartum Cardiomyopathy Network. We enrolled
40 women with PPCM and acquired CMR examinations with
LGE to characterize their myocardium.

Methods

Patients
The Investigations of Pregnancy Associated Cardiomyopathy
(IPAC) cohort has been described previously.1 Briefly, among
100 women from 30 centers enrolled within the IPAC study,
we recruited a subset of 40 women who provided written and
oral informed consent after institutional review board approval
to undergo CMR scans with Gd contrast to permit LGE
imaging. This subset of women was enrolled within the first
13 weeks postpartum at 13 centers (Table S1) between
December 2009 and September 2012. Inclusion criteria were
as follows: age ≥18 years of age, lack of prior cardiac disease,

estimated ejection fraction <45% by echocardiography at
enrollment, and clinical evaluation consistent with idiopathic
nonischemic cardiomyopathy. Exclusion criteria were as
follows: significant valvular disease, coronary artery disease
(>50% stenosis of a major epicardial vessel or a positive
noninvasive study), evidence of ongoing bacterial septicemia
(eg, positive blood cultures), ongoing substance abuse, history
of chemotherapy or chest radiation with 5 years of enroll-
ment, or a history of a previous cardiomyopathy. Demographic
information (including self-designated race), comorbidity,
previous clinical evaluations, and current medical therapy
were recorded at the time of enrollment.

CMR Scans
CMR scans with Gd were performed within 2 weeks of study
entry. A sample protocol with parameters was provided to
centers (Table S1). A repeat scan was performed at 6 months
postpartum. Scans included cine images for volumetric
assessment and LGE to identify focal myocardial damage.

After localizer images, breath held retrospectively ECG-
gated steady-state free precession cine images were acquired
over the entire left ventricle to permit direct measurement of
left ventricular mass, volumes, and ejection fraction (sample
parameters: 30 phases per cardiac cycle, field of view
3609320 cm, 2569144 matrix, bandwidth 700 Hz/pixel,
slice thickness 6 mm, gap 4 mm, and TR/TE 4/1.8 ms).
Additional 2-, 3-, and 4-chamber views provided assessment
of wall motion, systolic function, and valvular function. End-
systolic and end-diastolic phases were identified and endo-
cardial and epicardial borders were traced to compute
volumes, ejection fraction, and left ventricular mass without
geometric assumptions in the standard fashion. Volumes and
mass were indexed to body surface area using the Mosteller
formula. Previously published age-dependent reference values
defined left ventricular enlargement.19 LVEF <55% was
considered abnormal. Right ventricular size and function were
assessed qualitatively with “eyeball” estimation of normal,
mild, moderate, or severe dysfunction/enlargement given
values of 1, 2, 3, and 4, respectively. The tricuspid annular
plane systolic excursion was quantified from the 4-chamber
cine. Myocardial edema on T2-weighted imaging acquired
before contrast administration was interpreted qualitatively
with the intent of prioritizing specificity over sensitivity.
Thresholding approaches were not pursued, given the lack of
surface intensity correction and variability of scan parameters
across sites.

To identify focal myocardial damage, LGE was performed
10 minutes after an intravenous dose of standard
extracellular Gd contrast (0.2 mmol/kg) with agents
possessing similar relaxivity of gadoteridol (Gd HP-DO3A),
�4 to 5 L/mmol per second. Use of plasma protein bound
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contrast agents (eg, gadobenate dimeglumine) was avoided
because of their lower partition coefficient that diminishes
dispersion into the interstitial space, a property that could
obscure myocardial disease.20,21 When available, use of
phase-sensitive inversion recovery was preferred since signal
intensity reflects the extent of T1 recovery, varies minimally
as a function of distance from the coils, and has greater
signal-to-noise ratios compared to conventional inversion
recovery magnitude images without phase-sensitive recon-
struction (which are not truly T1-weighted and lack surface
coil intensity correction).22 The inversion time was set to null
normal myocardium (for magnitude LGE images) and manually
increased to adjust for the clearance of Gd contrast;
segmented k-space lines were acquired every other heartbeat
with a parallel imaging acceleration factor of 2. If available,
free breathing single-shot LGE images with steady-state free
precession readout were also acquired.

CMR scans were interpreted qualitatively in the core lab
at the University of Pittsburgh/UPMC cardiovascular Mag-
netic Resonance Center blinded to all clinical information (by
author EBS with over a decade of clinical CMR experience
and research that involves LGE validation work,23 LGE
population and cohort studies,8,24 and emerging novel
parametric mapping techniques25,26), and 6-month scans
were interpreted in no particular order blinded to the
baseline scan. Identification of foci of LGE required confir-
mation in orthogonal imaging planes. Formal assessment of
interobserver and intraobserver variability was not pursued
because of (1) the variation in pulse sequences and
parameters across centers, which would limit generalizabil-
ity; and (2) the low prevalences of LGE and T2-weighted
abnormalities.

Statistical Analysis
Continuous variables were summarized by their medians and
interquartile ranges, where unpaired data were compared with
the Wilcoxon-Mann–Whitney test, and paired data were
compared with the Wilcoxon signed-rank sum test. Since
the sample size was small, we made no assumptions about
normal distributions. Categorical variables were summarized
by frequencies and compared with the v2 test or Fisher’s test
as appropriate. Differences in LGE prevalence at baseline and
at 6 months were assessed using McNemar’s test. Continu-
ous variables (eg, LVEF) were modeled with linear regression,
and dichotomous variables (eg, LGE) were modeled with
logistic regression. Analyses were performed using SAS 9.3
(Cary, NC). There were few deaths, so the relationship
between LGE and death was assessed qualitatively without
formal hypothesis testing, focusing on the direction of the
association (whether LGE was found in survivors or those who
died) rather than the magnitude.

Results

Enrollment
Among participants in the parent study, baseline character-
istics among those who enrolled to receive CMR scans (n=40)
did not differ significantly compared to those who did not
(n=60), with the exception of the need for mechanical support
(Table 1). Patient characteristics did not vary according to
receipt of any CMR scanning. For example, women who
received the baseline CMR scan, follow-up CMR scan, or both
CMR scans did not different significantly from the parent
cohort (data not shown). Also, among women who received at
least 1 CMR scan, those who received the baseline scan or
follow-up scan did not differ from those who did not (data not
shown). In the non-CMR group, 2 women had intra-aortic
balloon pumps, and 1 woman had a ventricular assist device,
whereas no patient had mechanical support in the CMR
group. One individual could not complete the baseline CMR
scan and withdrew from further CMR scanning, leaving a total
of 39 patients who received CMR scans. Thirty-four individuals
received baseline scans, which occurred 31�24 days post-
partum and 25 individuals received 6-month scans
188�30 days postpartum, 3 of whom did not have a baseline
scan. Thus, 22 women had paired baseline and 6-month
scans.

Left Ventricular Parameters
Left ventricular dysfunction with low LVEF and enlargement of
both end-systolic and end-diastolic volumes was commonly
observed at baseline CMR scans, but most women demon-
strated significant improvements at 6 months (Table 2 and
Figure 1). At the time of the baseline scan, 9 of 34 women
(26%) already had improvement in LV function with LVEF
>50%. These women with preserved LVEF had their baseline
scans on average 51�20 days postpartum. Twenty-six of 34
women (76%) had LVEF <50% at baseline, whereas 5 of 25
women (20%) had ventricular ejection fraction <50% at
6 months. Measures of left ventricular mass, end-diastolic
volume, and end-systolic volume also decreased over time
(Figure 1, Table 2). The 2 women with the worst LVEF at
6 months exhibited alternate pathologies potentially distinct
from other women with PPCM (Figure 1).

Right Ventricular Parameters
Right ventricular systolic dysfunction was not prevalent, noted
in 21% (7 of 34) at baseline and 8% (2 of 25) at 6 months
when assessed qualitatively. Six women at baseline had
tricuspid annular peak systolic excursion ≤1.5 cm at baseline,
but only 3 women had tricuspid annular plane systolic
excursion ≤1.5 cm at 6 months. Right ventricular ejection
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fraction related to left ventricular parameters. For example,
qualitative “eyeball” estimation of right ventricular size
correlated inversely with LVEF (P<0.01). Qualitative ratings

of right ventricular function as well as tricuspid annular plane
systolic excursion correlated positively with LVEF (P<0.01 and
P=0.035, respectively).

Table 1. Patient Characteristics According to Whether Cardiovascular Magnetic Resonance (CMR) Scans Were Performed

Variable CMR Performed (N=40) No CMR Performed (N=60) P Value

Demographics

Age, y, median (Q1–Q3) 31 (27–33) 30 (24–35) 0.92

Hispanic, n (%) 8 (20%) 7 (12%) 0.27

Black, n (%) 9 (23%) 21 (35%) 0.27

Days elapsed to enroll after delivery, median (Q1–Q3) 22 (10–44) 24 (12–52) 0.40

Comorbidity and past medical history

Diabetes mellitus, n (%) 3 (8%) 8 (13%) 0.51

Hypertension, n (%) 18 (45%) 27 (45%) 1.00

Smoking, n (%) 13 (33%) 22 (37%) 0.44

Substance abuse, n (%) 3 (8%) 7 (12%) 0.74

Autoimmune disease, n (%) 2 (5%) 3 (5%) 1.00

Family history of dilated cardiomyopathy, n (%) 2 (5%) 8 (13%) 0.31

Gravida, n (%) 2 (1–4%) 2 (1–4%) 0.92

Para, n (%) 2 (1–3) 2 (1–3) 0.89

Cesarean delivery, n (%) 18 (45%) 32 (53%) 0.41

Multiple birth, n (%) 7 (18%) 12 (20%) 0.75

NYHA class distribution (I, II, III, IV), n (%) 7, 18, 9, 6 (18%, 45%, 23%, 15%) 5, 28, 16, 11 (8%, 47%, 27%, 18%) 0.57

Biometrics

BMI, median (Q1–Q3) 29 (24–35) 27 (24–33) 0.41

Height, in, median (Q1–Q3) 65 (64–66) 63 (61–66) 0.05

Weight, lbs, median (Q1–Q3) 177 (132–216) 149 (130–191) 0.29

Systolic blood pressure, mm Hg, median (Q1–Q3) 109 (98–118) 110 (100–128) 0.38

Diastolic blood pressure, mm Hg, median (Q1–Q3) 71 (59–80) 68 (62–79) 0.77

Heart rate, bpm, median (Q1–Q3) 86 (75–100) 86 (72–99) 0.40

Medications

Inotropes, n (%) 4 (10%) 11 (18%) 0.25

ACE inhibitors, n (%) 32 (80%) 40 (80%) 1.00

Angiotensin receptor blocker, n (%) 1 (3%) 0 (0%) 0.40

b-Blocker, n (%) 34 (85%) 54 (90%) 0.54

Diuretic, n (%) 27 (68%) 43 (72%) 0.66

Digoxin, n (%) 3 (8%) 5 (8%) 1.00

Laboratories

Sodium, median (Q1–Q3) 139 (137–141) 139 (137–141) 0.34

BUN, median (Q1–Q3) 13 (9–16) 14 (10–20) 0.23

Cr, median (Q1–Q3) 0.85 (0.70–1.00) 0.80 (0.70–1.00) 0.74

Hematocrit, %, median (Q1–Q3) 35 (31–38) 35 (32–39) 0.78

White blood cells, median (Q1–Q3) 7.8 (5.6–9.8) 7.2 (6.0–9.0) 0.65

ACE indicates angiotensin-converting enzyme; BMI, body mass index; bpm, beats per minute; BUN, blood urea nitrogen; Cr, creatinine; NYHA, New York Heart Association.
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Late Gadolinium Enhancement
Consistent with recovery of left ventricular systolic function
observed in the volumetric data, irreversible myocardial
damage detectable by LGE was not prevalent, being present
on only 2 women at baseline and 3 women at 6 months
(Figure 2) on blinded interpretations. One individual exhibited
a pattern suggestive of myocarditis with midwall and epicar-
dial LGE (Figure 2A). Another participant with suboptimal
CMR data quality was equivocally read as negative for LGE at
baseline because of uncertainty about LGE confirmation on
orthogonal views, but subsequent retrospective review of all
images indicated the presence of bona fide enhancement
(Figure 2C). The prevalence of LGE was not significantly
different across time for the 22 participants with paired
images (P=0.31). The 6-month LVEFs were 53%, 41%, and 19%
for the participants with LGE in Figure 2A through 2C,
respectively.

LGE was not related to mortality or baseline clinical
variables. No LGE was detected in the 2 individuals who
subsequently died (Figure 3). No clinical variables were
associated with LGE at baseline or 6 months. In logistic
models, age, gravida, para, diabetes mellitus, hypertension,
active smoking, history of illicit substance abuse, history of
autoimmune disease, family history of cardiomyopathy, mul-
tiple births, and delivery method were not significantly related
to LGE (P>0.25 for all).

LGE was not related to baseline function or New York
Heart Association heart failure class. Baseline LV ejection
fraction was not associated with baseline LGE in univariable
linear regression models (P=0.83). Yet, LGE did relate to a
lack of functional recovery at 6 months. The presence of
LGE at 6 months was inversely associated with LV ejection
fraction at 6 months (P=0.006) in a linear regression
model.

Other CMR Data
No atrial or ventricular thrombi were observed by LGE at any
time point. No foci of regional myocardial edema were
observed on T2-weighted spin echo sequences for any of the
CMR scans.

Discussion
In this multicenter prospective study employing CMR with LGE
to characterize PPCM, we observed a low prevalence of LGE.
Consistent with the absence of focal myocardial damage on
LGE imaging, most patients exhibited significant improve-
ments in left ventricular systolic function with favorable
changes in left ventricular mass and volumes. Baseline
ejection fraction was not associated with LGE, whereas
6-month ejection fraction was associated with LGE in the
minority who experienced persistent systolic dysfunction.
Regardless of function, LGE did not appear to be related to
baseline clinical variables in the few women who exhibited
LGE. The 2 women who died did not exhibit LGE. Right
ventricular systolic dysfunction was uncommon and less
prevalent over time. No cardiac thrombi were observed by
LGE imaging. No foci of myocardial edema were observed on
T2-weighted imaging.

These observations suggest that factors other than focal
myocardial irreversible damage detectable by LGE explain the
initial transient depressions in baseline LVEF seen in PPCM.
Indeed, neither of the 2 women who died exhibited LGE in
their baseline CMR scan, which further supports the concept
that focal myocardial damage is not a major contributor to
PPCM pathophysiology. In the small minority of women in
whom LGE was encountered, focal myocardial damage may
have contributed to persistent myocardial dysfunction and
hindered recovery. We could not exclude that the few women

Table 2. Cardiovascular Magnetic Resonance (CMR) Data for Those With Paired Studies (n=22)

CMR Parameter
Baseline
CMR Scan

6-Month
CMR Scan Difference P Value

LV ejection fraction (%), median (Q1–Q3) 41 (31–53) 57 (51–60) 11 (3–24) <0.001

LV end diastolic volume, mL, median (Q1–Q3) 171 (137–259) 145 (124–167) �22 (�55 to 0) <0.001

LV end diastolic volume index, mL/m2, median (Q1–Q3) 101 (81–129) 84 (70–96) �12 (�32 to 0) <0.001

LV end systolic volume, mL, median (Q1–Q3) 101 (63–171) 60 (52–74) �25 (�74 to �7) <0.001

LV end systolic volume index, mL/m2, median (Q1–Q3) 64 (36–92) 34 (30–42) �13 (�38 to �5) <0.001

LV mass, g (Q1–Q3) 94 (80–112) 79 (58–104) �22 (�32 to �2) 0.009

LV mass index, g/m2 (Q1–Q3) 56 (44–62) 43 (34–55) �12 (�18 to �1) 0.009

Prevalence of LGE, N (%) 2 (9%) 3 (14%) 1 (5%) 0.31*

LGE indicates late gadolinium enhancement; LV, left ventricular.
*For the 20 individuals with paired data; P value reflects McNemar’s test.
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with baseline LGE may have had other non-PPCM concurrent
disease processes (eg, idiopathic or familial dilated car-
diomyopathy) that was simply exacerbated by pregnancy. We
also could not exclude that some may have developed
myocarditis in the peripartum period. Since the diagnostic
criteria for PPCM are not entirely specific, this issue of

diagnostic criteria for PPCM requires further study. Indeed,
the 2 women with the worst LVEF at 6 months exhibited
pathology potentially distinct from PPCM, suggesting that
alternate pathology may exist given the nonspecific diagnos-
tic criteria of PPCM, especially when follow-up LVEF remains
poor. As our understanding of PPCM advances with

Figure 1. Left ventricular ejection fraction improved over time in most participants (A), resulting from
decreased end diastolic volumes (B) and end systolic volumes (C) at 6 months compared to baseline. Since
cardiovascular magnetic resonance (CMR) occurred 31�24 days postpartum, some women exhibited
significant recovery by the time they were scanned. The 2 women with the worst ejection fraction at
6 months exhibited evidence of pathology distinct from the others (A, adjacent thumbnail insets). One
woman exhibited marked trabeculations on cine images suggesting left ventricular noncompaction
cardiomyopathy (arrow), and the other woman exhibited focal myocardial scar on late gadolinium
enhancement (LGE) images indicating irreversible myocardial injury (arrow) also shown in Figure 2C.
Alternate pathologies may exist given the nonspecific diagnostic criteria of peripartum cardiomyopathy.
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identification of causal factors, more specific criteria might
emerge.

CMR has emerged as an important tool to identify the
etiology of nonischemic cardiomyopathies,27 and predict risk
of adverse outcomes based on the extent of LGE.4,8,10,14,15,27

LGE can detect foci of myocardial damage as small as 0.7 g of
myocardial tissue.28 In the absence of coronary artery disease
associated with ischemic cardiomyopathy,29 LGE can likely
detect myocardial damage associated with vasospasm,
embolization, cocaine, or recanalized myocardial infarction.30

Figure 2. Examples of focal myocardial damage detected by late gadolinium enhancement (LGE, arrows)
in 3 participants. In (C), the 2-chamber orientation is rotated, rendering the LGE not clearly visible. None of
these participants exhibited extensive myocardial damage, and none experienced adverse events. The LGE
pattern in patient in (A) resembles the injury pattern in myocarditis. The 6-month left ventricular ejection
fractions were 53%, 41%, and 19% for the participants in (A through C), respectively. Coronary artery
disease in the patients in (B and C) could not be excluded definitively. Given: (1) the low pretest probability
of coronary disease in younger premenopausal women, and (2) the limited involvement in the long-axis
direction (ie, base to apex) that is unusual for coronary disease, we believed the probability of coronary
artery disease was low. Still, we could not exclude vasospasm, embolization, cocaine, or recanalized
myocardial infarction as potential etiologies.
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PPCM data remain significantly limited, and our results
contrast with another multicenter PPCM study by Haghikia
and colleagues.3 The origins of the discrepancy in LGE
prevalence between our study and the study by Haghikia and
colleagues remain uncertain. Yet, the low prevalence of LGE
reported in our work is concordant with the observed
improvement in systolic function shown by echocardiographic
results from the parent study.1 Since LGE indicates irre-
versible focal myocardial damage, even when ejection fraction
is preserved,8–10 the overall low prevalence of LGE in this
study represents an optimistic finding. Indeed, the CMR
literature consistently indicates that LGE is associated with
persistent myocardial dysfunction despite medical ther-
apy,11,12 arrhythmia,4,13,14 and in turn, adverse clinical events
such as hospitalization for heart failure, arrhythmia, and
mortality.4,8,10,14,15 In the setting of severe heart failure from
PPCM, the low prevalence of LGE might inform decision
making when contemplating advanced heart failure therapies
such as mechanical circulatory support as a bridge to
recovery and heart transplantation.

Our work has limitations. Patients had a 13-week window
for the baseline CMR scan so the extent of initial disease

might not be fully captured in this cohort. Given the
multicenter multivendor setting, there was variable CMR
expertise and limited availability of advanced pulse
sequences such as parametric mapping.31–33 Advances in
CMR quantification of myocardial tissue parameters such as
T1 mapping and extracellular volume fraction measure-
ment,25 which appear prognostically relevant in other disease
states,26,34–36 were not available at most centers. CMR
services continue to evolve and expand but still vary across
centers. Yet, this work represents the first prospective
multicenter study employing LGE in the United States, and
we believe these data represent a significant advance in
understanding PPCM. Second, lower participant enrollment
for the CMR portion of the study also diminished statistical
power to detect associations. For example, we lacked the
statistical power to examine the relationship between death
and LGE since only 2 deaths occurred. Still, we believe the
absence of LGE in women with PPCM who died represents an
important hypothesis-generating clinical observation. Third,
CMR scanning was not always acquired in the immediate
postpartum period, and so some women had already
exhibited significant functional recovery on their baseline
scan. Since participation in the IPAC study required an
ejection fraction <45% by echocardiography to meet enroll-
ment criteria, we believe these women had PPCM with early
recovery.

Conclusion
Women with PPCM exhibit a very low prevalence of focal
irreversible myocardial damage detectable by LGE. Accord-
ingly, most patients exhibited significant improvements in
their LVEF with favorable changes noted in left ventricular
mass and volumes. Baseline ejection fraction was not
associated with LGE, whereas 6-month LVEF was associated
with LGE in the minority who experienced persistent systolic
dysfunction.
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Supplemental Material 



Table S1. Pulse Sequence Parameters for Cardiac Magnetic Resonance Imaging 



  

Precontrast T2 imaging  

Pulse sequence Double Inversion recovery 

Field of View (mm) Frequency: 360-450 

Phase: 260-450 depending on body habitus 

Image Matrix Frequency:  256 

Phase: 96-140 

Slice thickness (mm) 8-10 (use thicker slice for faster heart rates e.g., >80 bpm) with 2 

mm gap 

Number of slices  Enough to cover the entire left ventricle in short axis (~8-10) as 

well as one slice each for the 2-, 3-, and 4- chamber views 

Trigger pulse  Every other heart beat 

Repetition time (TR) Depending on heart rate 

Echo time (TE) in msec 60-80  

Echo train Heart rate <70 bpm:     20 

Heart rate 70-80 bpm: 15 

Heart rate ≥80 bpm: 12 

Pixel bandwidth (Hz) ~235 

Breath hold time  <20 sec (lower phase matrix to 96 if necessary) 

Parallel processing 

rate/acceleration factor 

2 

  

Precontrast T2 quantification  

Identical to above except for the 

following: 

 



Number of slices One mid ventricular slice, acquired 4 times with variable echo 

times 

echo times 5 msec, 15 msec, 30 msec, 60 msec 

Slice thickness 15 mm 

  

Cine Images  

Pulse sequence Steady state free precession (SSFP) 

Field of View (mm) Frequency: 360-450 

Phase: 260-450 depending on body habitus 

Image Matrix Frequency:  256 

Phase: 160-196 

Slice thickness (mm) 6 with 2-4 mm gap (at least 8 short axis slices are required) 

Number of slices  Enough to cover the entire left ventricle in short axis (~10-12) as 

well as one slice each for the 2-, 3-, and 4- chamber views 

ECG Gating  retrospective 

Repetition time (TR) <3.5 

Echo time (TE) in msec <1.5  

Frames per cardiac cycle 30 

Parallel processing 

rate/acceleration factor 

2 

Flip angle  65-85 

  

Post Contrast Late gadolinium 

enhancement images—Breath 

Held 

 



Pulse sequence Phase sensitive inversion recovery (segmented turbo FLASH) 

Field of View (mm) Frequency: 360-450 

Phase: 260-450 depending on body habitus 

Image Matrix Frequency:  256 

Phase: 128 

Slice thickness (mm) 6 with 2-4 mm gap (at least 8 short axis slices are required) 

Number of slices  Enough to cover the entire left ventricle in short axis (~10-12) as 

well as one slice each for the 2-, 3-, and 4- chamber views 

Trigger pulse  Heart rate < 100 bpm: Every other heart beat 

Heart rate ≥ 100 bpm: Every 3rd heart beat 

 

Repetition time (TR) Depending on heart rate 

Echo time (TE) in msec <4  

Inversion time (msec) Manually adjusted to null normal myocardium (~250-300 msec). 

Views per segment 20-25 

Parallel processing 

rate/acceleration factor 

2 

Flip angle  25 

Post Contrast Late gadolinium 

enhancement images—Free 

Breathing 

 

Pulse sequence Phase sensitive inversion recovery (SSFP) 

Field of View (mm) Frequency: 360-450 

Phase: 260-450 depending on body habitus 



Image Matrix Frequency:  192 

Phase: 100-128 (use lower matrix heart rates >80 bpm 

Slice thickness (mm) 6 with no gap  

Number of slices  Enough to cover the entire left ventricle in short axis (~14-20) as 

well as optional slices each for the 2-, 3-, and 4- chamber views 

Trigger pulse  Heart rate < 100 bpm: Every other heart beat 

Heart rate ≥ 100 bpm: Every 3rd heart beat 

 

Repetition time (TR) Depending on phase matrix 

Echo time (TE) in msec <1.5  

Inversion time (msec) Manually adjusted to null normal myocardium (~250-300 msec) 

Views per segment n/a 

Parallel processing 

rate/acceleration factor 

2 

Flip angle  50-60 
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