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Abstract

Background: Peripartum cardiomyopathy (PPCM) is a serious complication of pregnancy 

associated with variable degrees of left ventricular (LV) recovery. The aim of this study was to test 

the hypothesis that global LV strain at presentation has prognostic value in patients with PPCM.

Methods: One hundred patients with PPCM aged 30 ± 6 years were enrolled in the multicenter 

Investigation in Pregnancy Associated Cardiomyopathy study along with 21 normal female control 

subjects. Speckle-tracking global longitudinal strain (GLS) and global circumferential strain 

(GCS) analysis was performed. The predefined primary combined outcome variable was death, 

transplantation, LV assist device implantation, or evidence of persistent LV dysfunction (LV 

ejection fraction [LVEF] < 50%) at 1 year.

Results: GLS measurement was feasible in 110 subjects: 89 of 90 patients with PPCM (99%) 

with echocardiographic data and all 21 control subjects. Of 84 patients (94%) with 1-year follow-

up, 21 (25%) had unfavorable primary outcomes: four LV assist device placements, two deaths, 

and 15 patients with persistent LV dysfunction. GLS at presentation with a cutoff of 10.6% 

(absolute value) was specifically associated with the subsequent primary outcome with 75% 

sensitivity and 95% specificity. GCS at presentation with a cutoff of 10.1% was associated with 

the primary outcome with 78% sensitivity and 84% specificity. GLS and GCS remained 

significantly associated with outcomes after adjusting for LVEF (GLS odds ratio, 2.07; P < .001; 

GCS odds ratio, 1.37; P = .005). GLS was significantly additive to LVEF (C statistic = 0.76–0.91, 

net reclassification improvement = 1.32, P < .001).
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Conclusions: GLS and GCS in patients with PPCM at presentation were associated with 

subsequent clinical outcomes, including death, LV assist device implantation, and evidence of 

persistent LV dysfunction. Strain measures may add prognostic information over LVEF for risk 

stratification.
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Peripartum cardiomyopathy (PPCM) is a rare but important disease presenting in the later 

part of pregnancy or the first few months after childbirth.1–3 Race remains a risk factor for 

its development, but the causal mechanisms of PPCM are mostly uncertain, and the clinical 

course is heterogeneous.1 Although most patients with PPCM recover left ventricular (LV) 

function, a subset of patients have unfavorable clinical outcomes, with persistent LV 

dysfunction and heart failure being a major cause of maternal morbidity and mortality.2 

Routine measures of LV size and LVejection fraction (LVEF) at presentation have been 

shown to have prognostic information in PPCM but are not specific.4 Strain imaging by 

speckle-tracking echocardiography can provide LV functional and prognostic information 

additive to LVEF in several clinical scenarios.5–8 Accordingly, the objective of this study 

was to test the hypothesis that global LV strain at presentation has prognostic value for 

predicting LV recovery and clinical outcomes in PPCM.

METHODS

Study Population

The study population was taken from 100 women (>18 years of age) with newly diagnosed 

PPCM enrolled in the prospective multicenter Investigations of Pregnancy Associated 

Cardiomyopathy study. The study included 30 North American centers and investigated the 

demographics, inflammatory pathogenesis, treatment, and clinical predictors of outcome 

with PPCM. Details of the study protocol were published elsewhere.4 Briefly, the diagnostic 

criteria of PPCM included LVEF ≤ 45% with or without heart failure symptoms in the last 

month of pregnancy or within 13 weeks after delivery. Exclusion criteria were valvular heart 

disease, coronary heart disease, other known cardiomyopathy, blood culture–positive 

septicemia, current drug and alcohol abuse, and chemotherapy or chest radiation therapy 

within 5 years. The predefined unfavorable outcomes of death, heart transplantation, LV 

assist device (LVAD) implantation, or lack of LV recovery (LVEF < 50%) at 1 year were 

combined as the primary outcome variable. To compare echocardiographic strain analysis in 

a control group of healthy young women of similar age using identical methods, we included 

21 healthy young women (eight early postpartum and 13 nonpregnant volunteers). The study 

was approved by the institutional review board at each Investigations of Pregnancy 

Associated Cardiomyopathy participating center. All participating patients and control 

subjects gave written informed consent.

Echocardiography

Transthoracic echocardiography was performed on patients at each site at the time of 

enrollment (baseline), and repeat echocardiography was offered at 6 months and 1 year 
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postpartum. A flow chart of the study echocardiograms is presented in Figure 1. All 

echocardiographic examinations were analyzed in a core laboratory. Routine measures 

included LV volumes, LVEF, and left atrial volumes calculated using biplane Simpson’s 

methods using manual tracing of digital images. Left atrial volume was indexed to body 

surface area (left atrial volume index). All two-dimensional measurements were performed 

in accordance with the recommended guidelines of the American Society of 

Echocardiography.9,10 Speckle-tracking strain analyses were performed offline on routine 

Digital Imaging and Communications in Medicine data acquired at routine Digital Imaging 

and Communications in Medicine frame rates, typically at 30 Hz (Image Arena; TomTec 

Imaging Systems, Unterschleissheim, Germany). LV endocardium and epicardium were 

traced to set the regions of interest in images. Images were determined to be adequate for 

strain analysis by region of interest tracking on cine playback and inspection of time-strain 

curves for noise, as previously described.11,12 From the apical two-chamber, four-chamber, 

and long-axis views, the peak negative longitudinal strain values from each of the 18 LV 

segments over the entire cardiac cycle were averaged to calculate LV global longitudinal 

strain (GLS). From the parasternal short-axis view at the midventricular level, peak negative 

circumferential strain values from the six LV segments were averaged to calculate LV global 

circumferential strain (GCS; Figure 2).9 All echocardiographic parameters were analyzed by 

investigators blinded to all clinical and outcome data. Because strain values with a minus 

sign, where smaller values indicate better cardiac function, are not intuitive, especially for 

noncardiologists, we present longitudinal strain as absolute values in this study, as 

previously reported.13

Reproducibility

Reproducibility of GLS and GCS analyses was expressed using intraobserver and 

interobserver variability intraclass correlation coefficients from investigators blinded to 

clinical data. For the analysis of intraobserver variability, 20 subjects were randomly picked 

and evaluated by the same observer >1 month after the first analysis. The repeated 

measurements were performed by two readers for interobserver visibility and used images 

from the same cardiac cycle for both intraobserver and interobserver variability.

Outcomes

Clinical outcome data were tracked for 1 year postpartum. LV recovery was defined as 

LVEF ≥ 50% at the last echocardiographic study within the 1-year follow-up period. The 

primary combined outcome variable was predefined as death, transplantation, LVAD 

implantation, or evidence of persistent LV dysfunction at 1 year (LVEF < 50%) over 1 year. 

As a secondary analysis of the prognostic ability of strain parameters for persistent severe 

LV dysfunction, we defined the secondary combined outcome variable as a composite of 

severe LV dysfunction, defined as LVEF ≤ 35%, death, heart transplantation, or LVAD 

placement during 1-year follow-up.

Statistical Analysis

Continuous variables are presented as mean ± SD or as median (interquartile range [IQR]) if 

the Shapiro-Wilk test showed a lack of normal distribution. Comparisons of means were 

analyzed using Student’s unpaired and paired t tests. Proportions were compared using χ2 or 
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Fisher exact tests. Receiver operating characteristic curves were constructed, and areas under 

the curve (AUCs) were calculated for echocardiographic parameters’ ability to determine the 

cutoff values to discriminate between patients with and those without unfavorable outcomes. 

AUCs were compared using DeLong’s method. To explore the independent association of 

GLS and GCS with the primary outcome, multivariate logistic regression models were 

constructed using the clinically important covariates (i.e., age, race, New York Heart 

Association [NYHA] functional classification, and LVEF). Because there were only 21 

events, models were constructed including only two variables to avoid overfitting. For 

subgroup comparisons by race, P values were adjusted for multiple comparisons using the 

Bonferroni correction test. Statistical analyses were performed using JMP version 13.1.0 

(SAS Institute, Cary, North Carolina) and R (R Foundation for Statistical Computing, 

Vienna, Austria). Two-sided P values < .05 were considered to indicate statistical 

significance.

RESULTS

Clinical Characteristics and Echocardiographic Findings

There were 111 subjects with echocardiographic data: 90 patients with PPCM with baseline 

echocardiographic data available and 21 normal female control subjects. As detailed in 

Figure 1, 100 patients with PPCM were enrolled, six did not comply with echocardiography, 

and four withdrew entirely from the study, leaving 90 patients with PPCM. Of these, strain 

analysis was feasible in 89 of 90 (99%), and five were lost to follow-up. No patient was 

enrolled in the last month of pregnancy, and the median time from delivery to first 

echocardiography was 22 days (range, 10–45 days). Baseline clinical characteristics and 

routine echocardiographic data in 90 patients with PPCM and 21 control subjects appear in 

Table 1. Patients with PPCM were younger (median age, 31 years [IQR, 25–34 years] vs 35 

years [IQR, 31–41 years]; P = .001) and had a higher proportion of black race (27% vs 5%, 

P = .011) compared with normal control subjects. Heart rate was higher in patients with 

PPCM (median, 86 beats/min [IQR, 74–99 beats/min] vs 72 beats/min [IQR, 70–75 beats/

min]; P < .001), while systolic and diastolic blood pressures were similar in both groups 

(Table 1). In the PPCM cohort, 9% had family histories of dilated cardiomyopathy, and 43% 

had histories of chronic or gestational hypertension. At the time of study entry, 87% of 

patients with PPMC were receiving β-blockers, 81% were receiving angiotensin-converting 

enzyme inhibitors or angiotensin II receptor blockers, and 26% were receiving aldosterone 

blockers. Patients with PPCM at baseline had significant differences compared with control 

subjects, as expected, including dilated left ventricles (median LV end-diastolic diameter, 55 

mm [IQR, 51–60 mm] vs 44 mm [IQR, 42–49 mm] [P < .001]; median LV end-systolic 

diameter, 47 mm [IQR, 41–52 mm] vs 31 mm [IQR, 29–33 mm] [P < .001]) and reduced LV 

systolic function (median LVEF, 35.6% [IQR, 41.1%–29.5%] vs 60.5% [IQR, 58.0%–

61.6%]; P < .001). GLS was also significantly different than in control subjects (median, 

11.4% [IQR, 9.2%–14.7%] vs 21.5% [IQR, 19.2%–24.5%]; P < .001; absolute values) and 

GCS (median, 11.8% [IQR, 8.6%–16.6%] vs28.3% [IQR, 25.1%–31.2%]; P < .001; absolute 

values).
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Echocardiographic Parameters, LV Recovery, and Clinical Outcomes

Five patients were lost to follow-up. Accordingly, there were 84 patients (93%) with 

baseline strain imaging and follow-up outcome data available. Among these patients, 63 

(75%) showed LV functional recovery, defined as LVEF ≥ 50%. There were 21 patients 

(25%) with primary unfavorable clinical outcomes over 1-year follow-up. Two patients died, 

four required LVAD support, and 15 (19%) showed a lack of LV recovery (LVEF < 50%), 

with a median LVEF of 38% (IQR, 26%–45%), including five patients (7%) with persistent 

severe LV dysfunction (LVEF ≤ 35%). Receiver operating characteristic analyses showed 

that LVEF and GLS had significant associations with the primary outcomes. GLS at 

presentation with a cutoff value of 10.6% had sensitivity of 75% and specificity of 95% 

(AUC = 0.91). This was significantly greater than the AUC for LVEF (0.77, with a cutoff 

value of 30%), which had sensitivity of 84% and specificity of 67% (P = .048 vs LVEF). 

GCS at presentation with a cutoff value of10.1% was also associated with the primary 

combined outcome, with sensitivity of 78% and specificity of 84%. The AUC for GCS was 

0.86, which was not statistically different from the AUC for LVEF (P = .21 vs LVEF; Figure 

3). GLS and GCS remained significantly associated with clinical outcomes after adjusting 

for LVEF (GLS odds ratio, 2.07; P < .001; GCS odds ratio, 1.37; P = .005). GLS was 

significantly additive to LVEF (C statistic = 0.76–0.91, net reclassification improvement = 

1.32, P < .001).

There were nine patients whose LVEFs did not recover fully (≥50%) at 6 months but 

recovered afterward (late recovery group) and nine patients whose LVEFs were without 

recovery at 6 months and remained decreased afterward (persistently low LVEF group). 

There was no significant difference in baseline LVEF between the late recovery and 

persistently low LVEF groups (median, 32% [IQR, 27%–39%] vs 27% [IQR, 23%–30%]; P 
= .18). However, both baseline GLS and baseline GCS were significantly higher in the late 

recovery patients than the persistently low LVEF patients: for GLS, 11.6% (IQR, 10.7%–

17.2%) versus 9.1% (IQR, 7.5%–12.4%; P = .002), and for GCS, 11.6% (IQR, 10.8%–

17.9%] versus 6.7% (IQR, 3.6%–8.8%; P = .002). These results suggest that baseline strain 

values may also be predictive of patients with later LVEF recovery.

There were 11 patients (13%) who experienced more unfavorable outcomes in the secondary 

combined outcome analysis during 1-year of follow-up: two deaths, four LVAD placements, 

and five patients with persistent severe LV dysfunction, defined as LVEF ≤ 35%. Both GLS 

and GCS were significantly associated with more unfavorable outcomes by univariate 

analysis (GLS odds ratio, 1.79; 95% CI, 1.29–2.47; P < .001; GCS odds ratio, 1.50; 95% CI, 

1.17–1.91; P < .001). The AUC for GLS (0.90; P = .73 vs LVEF) was slightly higher 

compared with those for GCS (0.88; P = .93 vs LVEF) and LVEF (0.87), but the difference 

was not statistically significant. The specificity and sensitivity of GLS were 91% and 88%, 

while those of GCS were 90% and 63%, respectively.

Changes in GLS and GCS and Racial Differences

Race remains an important risk factor in PPCM, and McNamara et al.4 previously 

demonstrated that recovery of LVEF was different between patients of black and nonblack 

race. Accordingly, GLS and GCS were analyzed with respect to race. There was a subgroup 
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of 73 patients who had 6-month echocardiograms available for serial strain analysis. LV 

function improved during follow-up, with median LVEF of 36% (IQR, 30%–42%), 53% 

(IQR, 46%–58%), and 56% (IQR, 51%–60%) and median GLS of 11.7% (IQR, 9.6%–

15.1%),19.2% (IQR, 15.4%–21.2%), and 20.0% (IQR, 18.5%–21.7%) at baseline, 6 months, 

and 1 year, respectively. GLS significantly improved from baseline to 6 months and 

remained improved at 1 year (Figure 4). From baseline to 6 months and 1 year, GLS values 

were worse in blacks than in nonblacks (10.1 ± 3.5% vs 12.3 ± 4.1% [P = .02], 16.5 ± 5.8% 

vs 19.2 ± 3.7% [P = .03], and 16.8 ± 6.6% vs 19.6 ± 3.1% [P = .03]). GCS also improved, 

with changes in mean GCS at baseline, 6 months, and 1 year postpartum of 12.7% (IQR,

8.9%–17.5%), 24.6% (IQR, 20.3%–28.1%), and 24.7% (IQR,21.9%–29.1%), respectively. 

GCS at 6 months was worse in blacks than in nonblacks (20.6 ± 8.9% vs 24.9 ± 5.3%, P = .

01), while there were no significant racial differences in GCS at baseline and 1 year (10.7 

± 4.4% vs 13.0 ± 5.9% [P = .08] and 21.2 ± 9.7% vs 25.1 ± 5.8% [P = .06], respectively).

Independent and Incremental Value of Strain Parameters

In univariate logistic regression analyses performed on the 84 patients with 1-year follow-up 

data, both GLS and GCS at presentation were associated with unfavorable outcomes at 1 

year postpartum. Both GLS and GCS remained significant after adjusting for each clinical or 

echocardiographic parameter, which were significantly different between patients with 

PPCM and normal control subjects (age, race, NYHA functional classification, heart rate, 

body mass index, LVEF, LV end-diastolic diameter ≥ 6.0 cm; Table 2). Consistent with the 

relatively small number of clinical events in this study, statistical models were restricted to 

include a relatively small number of independent variables in each. Both GLS and GCS 

remained significant even after adjustment for age, race, NYHA functional classification, or 

LVEF (Table 2). To test if these parameters have incremental value over baseline LVEF, the 

predictability of multivariate models adjusted with LVEF were compared with the 

predictability of LVEF alone. Adding GLS or GCS to LVEF significantly improved the 

prediction of primary clinical outcomes (GLS: C-statistic = 0.76–0.91, net reclassification 

improvement = 1.32, P < .001; GCS: C-statistic = 0.76–0.86, net reclassification 

improvement = 0.98, P < .001; Figure 5).

Reproducibility of Strain Analysis

The intraclass correlation coefficients for intraobserver variability were 0.98 (95% CI, 0.96–

0.99) for GLS and 0.98 (95% CI, 0.95–0.99) for GCS. The intraclass correlation coefficients 

for interobserver variability were 0.98 (95% CI, 0.96–0.99) for GLS and 0.98 (95% CI, 

0.96–0.99) for GCS. The coefficients of variation for intraobserver variability approximately 

1 month apart were 6.16% for GLS and 7.96% for GCS. The coefficients of variation for 

interobserver variability approximately 1 month apart were 5.78% for GLS and 7.47% for 

GCS.

DISCUSSION

This is the first multicenter study of patients with PPCM to demonstrate the prognostic 

utility of echocardiographic strain imaging at the time of presentation. We previously 

reported from this PPCM cohort that the routine echocardiographic measures of larger LV 
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end-diastolic dimensions and lower LVEF at presentation were associated with lower LVEF 

at 1-year follow-up.4 The present study extends these observations to demonstrate that 

measures of GLS and GCS were additive to routine LV functional measures and clinical 

factors, such as black race, for identifying patients at risk for unfavorable clinical outcomes. 

Specifically, patients with more impaired LV global strain at presentation had a higher 

incidence of lack of LV recovery, death, or LVAD implantation.

Factors proposed to be related to the pathogenesis of PPCM have included oxidative stress 

and inflammation due to PI3KAkt signaling14; 6-kD prolactin (full-length prolactin is 23 

kD), which inhibits angiogenesis and induces endothelial apoptosis15; soluble Fms-like 

tyrosine kinase-1 from placenta possibly related to cardiac toxicity16; and mutations of TTN.
17 It is unclear how these potential mechanisms affect GLS, but strain imaging measures 

appear to be useful indicators of disease severity in patients with PPCM.

Elkayam et al.2 previously reported that 63% of patients with PPCM recovered LV function, 

and 29% of patients with PPCM had residual or heart failure symptoms.2 Several clinical 

prognostic factors associated with unfavorable clinical outcomes, including worse NYHA 

functional class, multiparity, older age, black race, PPCM-concomitant eclampsia, and 

delayed diagnosis as PPCM.18,19 Full recovery of LVEF before subsequent pregnancies was 

associated with better clinical outcomes.20 Biomarkers have also been used for prognosis, 

including increased troponin T,21 N-terminal pro–brain natriuretic peptide, oxidized low-

density lipoprotein, inter-feron-γ,22 and microRNA-164a,15 and endothelial microparticles23 

relate with the pathophysiology of PPCM.

Previous studies have reported echocardiographic strain data in normal pregnant women.
24–26 Savu et al.26 documented serial changes in LV function and myocardial deformation in 

each trimester and 3 to 6 months postpartum in normal women. They reported LV 

enlargement, increased stroke volume, and a mild decrease in GLS in the third trimester. 

They subsequently observed that LV size, stroke volume, and GLS would normalize over 

time postpartum.26 There have been previous studies of patients with PPCM. Briasoulis et 
al.27 studied GLS in 47 patients with PPCM with reduced LVEFs. They reported that 

reduced GLS was associated with increased heart failure hospitalization (hazard ratio, 1.19; 

P = .034). However, they did not find reduced GLS to be an independent predictor of all-

cause death, hospitalization, or lack of LVEF recovery. We acknowledge that this result 

differs from our observations, perhaps because of their smaller sample size. Right 

ventricular (RV) function determined by fractional area change at baseline was associated 

with subsequent LV recovery and clinical outcomes, which we previously reported in these 

patients with PPCM.28 In our present study, 21 of 84 patients (25%) at 1-year follow-up had 

persistent LV dysfunction or an unfavorable clinical event, such as LVAD or death, even 

though all patients received standard heart failure therapy. Our results suggest that GLS > 

10.6% at presentation was additive to LVEF for its prognostic value. The precise mechanism 

accounting for LV strain parameters to add prognostic value to LVEF remains unknown. We 

speculate that perhaps wall deformation properties, such as inflammation and edema in 

PPCM, relate to strain measures. Alternative imaging approaches for PPCM prediction are 

also under investigation. Schelbert et al.29 recently reported in a subgroup analysis that 

myocardial damage and fibrosis was an uncommon finding by cardiac magnetic resonance 
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imaging late gadolinium enhancement in patients with PPCM but may be a marker for 

residual myocardial dysfunction. Only one patient (1%) enrolled in this study was treated 

with bromocriptine; accordingly, no observations regarding strain imaging and this potential 

treatment for PPCM may be reported.30

The clinical severity of heart failure at entry has been reported to be an important predictor 

for unfavorable events.31,32 Clinical outcomes were also associated with race in our series. 

Black women with PPCM had more unfavorable outcomes than nonblack women. GLS at 

entry, 6 months, and 1 year showed comparatively more impaired LV function in black than 

nonblack women with PPCM. Of interest, patients with PPCM of black race had 

comparatively worse GLS than nonblack patients at entry. Patients with PPCM of black race 

also showed less improvement in GLS over 1 year of follow-up. These results are supportive 

of previous observations of racial differences in PPCM.1,33,34 Although depressed LVEF is 

one of the criteria for the diagnosis of PPCM diagnosis by definition, GLS remained a 

significant predictor for unfavorable events in our study. This result was supported by a 

previous meta-analysis in which GLS played a major role in predicting heart failure 

prognosis.35 In patients with acute and chronic systolic heart failure, GLS has been shown to 

have additive prognostic information to LVEF with respect to risk stratification.7,13 

Furthermore, the addition of GLS or GCS has improved incremental prognostic value to 

routine echocardiographic parameter in patients with acute and chronic heart failure.13,36

Study Limitations

Although our study was a multicenter study of a rare disease, the overall sample size was 

relatively small. Further validation in future larger studies would be of interest. It is a 

limitation that there were intervals with incomplete echocardiographic data and where strain 

imaging was not feasible. However, there was a high yield of high-quality images in this 

patient population of young women, with LV strain data being feasible in 99%. It may be 

considered a limitation that RV strain was not part of this present study. We observed 

previously that RV function was associated with clinical outcomes by routine measures in 

patients with PPCM, but RV strain was not predictive.28 It may be considered a limitation 

that the control group consisted of healthy postpartum women and healthy normal women of 

similar age. However, we observed no significant clinical or echocardiographic differences 

between normal postpartum and normal control women. It is a limitation that the cutoffs for 

strain parameters were derived from the present study cohort and will need to be validated 

prospectively in a future study. We acknowledge that major unfavorable clinical events, such 

as death or LVAD implantation, represent a different spectrum of disease severity than 

persistent LV dysfunction defined by LVEF, and it was a limitation that there was a small 

number of these events. The relationship of the pathophysiology of PPCM including 

biomarkers or molecular biology to strain imaging remains unknown, and future study is 

warranted.

CONCLUSION

Impaired speckle-tracking strain parameters at presentation in patients with PPCM was 

predictive of a subsequent lack of LV recovery or unfavorable clinical outcomes, such as 
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LVAD implantation or death. GLS and GCS may add prognostic information over LVEF for 

risk stratification of patients with PPCM.
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Abbreviations

AUC Area under the curve

GCS Global circumferential strain

GLS Global longitudinal strain

IQR Interquartile range

LV Left ventricular

LVAD Left ventricular assist device

LVEF Left ventricular ejection fraction

NYHA New York Heart Association

PPCM Peripartum cardiomyopathy

RV Right ventricular
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HIGHLIGHTS

• Ninety PPCM patients and 21 control subjects were studied.

• GLS and GCS were assessed.

• GLS and GCS at presentation were associated with subsequent clinical 

outcomes.

• GLS and GCS were of additive prognostic value to ejection fraction at 

presentation.
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Figure 1. 
Study flowchart showing enrolled patients with PPCM and breakdown of echocardiographic 

and follow-up data available.
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Figure 2. 
Cardiac strain measurements. Echocardiographic strain imaging examples of a normal 

control subject (left) and patients with PPCM (right) from the study. Longitudinal strain 

curves from the LV apical four-chamber view (top row), apical two-chamber view (second 
row), and apical long-axis view (third row) and circumferential strain curves from the LV 

short-axis views (bottom row) are shown.
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Figure 3. 
Association between LV measurements and clinical outcomes. Receiver operating 

characteristic curves for association of the primary composite end point of lack of LV 

recovery, death, or need for mechanical circulatory support with GLS (red), GCS (orange), 
and LVEF (green).
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Figure 4. 
Change in cardiac strain. Subgroup analysis of GLS in 73 patients with 6-month 

echocardiograms. Bar graphs show GLS at baseline presentation, 6 months, and 1 year in 

patients with PPCM grouped by race. Strain values are shown as absolute values. GLS was 

significantly lower in black patients compared with nonblack patients at each time point. 

Significant increases in GLS occurred from baseline presentation to 6 months and were 

sustained at 12 months, with GLS increases attenuated in black patients.
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Figure 5. 
Incremental prognostic value of GLS and GCS. Net reclassification improvement analysis 

showed incorporating LVEF as a conventional echocardiographic parameter and additive 

prognostic value of GCS and GLS.
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