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Abstract

Background—Studies of children with dilated cardiomyopathy (DCM) have suggested that 

improved survival has been primarily due to utilization of heart transplantation.
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Objectives—We determined transplant-free survival for these children over 20 years and sought 

to identify the clinical characteristics at diagnosis that predicted death.

Methods—Children less than 18 years old with some type of DCM enrolled in the Pediatric 

Cardiomyopathy Registry were divided by year of diagnosis into an early cohort (1990–1999) and 

a late cohort (2000–2009). Competing risks and multivariable modeling were used to estimate the 

cumulative incidence of death, transplant, and echocardiographic normalization by cohort and to 

identify the factors associated with death.

Results—Of 1953 children, 1199 were in the early cohort and 754 were in the late cohort. Most 

children in both cohorts had idiopathic DCM (64% vs. 63%, respectively). Median age (1.6 vs. 1.7 

years), left ventricular (LV) end diastolic z-scores (+4.2 vs. +4.2) and LV fractional shortening 

(16% vs. 17%) at diagnosis were similar between cohorts. Although the rates of echocardiographic 

normalization (30% and 27%) and heart transplantation (24% and 24%) were similar, the death 

rate was higher in the early cohort than in the late cohort (18% vs. 9%; p = 0.04). Being in the 

early cohort (hazard ratio [HR], 1.4; 95% CI, 1.04–1.9; p = 0.03) independently predicted death.

Conclusions—Children with DCM have improved survival in the more recent era. This appears 

to be associated with factors other than heart transplantation, which was equally prevalent in both 

eras.
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INTRODUCTION

Dilated cardiomyopathy (DCM) is characterized by left ventricular (LV) dilation and 

systolic dysfunction (1,2). Nearly 40% of children with DCM undergo heart transplantation 

or die within 2 years of diagnosis (3). However, heart transplantation appears to have 

improved survival over the past 3 decades (4,5). The annual number of heart transplants has 

remained relatively stable over the past 20 years, likely due to limitations in donor heart 

availability (6). Although some children experience normalization of LV size and function, 

the percentage of such children has not markedly improved during this same period (7,8). 

Advanced medical therapies, in particular, ventricular assist devices, are now being used to 

treat children with heart failure (9).

We sought to determine whether rates of heart transplantation and death had changed over 

time in children diagnosed with DCM and enrolled in the large, multicenter Pediatric 

Cardiomyopathy Registry (PCMR), which has collected demographic and clinical data on 

pediatric cardiomyopathy patients since 1990 (10). We sought to identify baseline clinical 

characteristics that were associated with death. Specifically, we determined transplant-free 

survival in two separate decades to determine whether the management of these children has 

changed since 1990.

Singh et al. Page 2

J Am Coll Cardiol. Author manuscript; available in PMC 2018 November 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



METHODS

Study Design

The PCMR is a National Heart, Lung, and Blood Institute-sponsored registry created to 

study the demographic features and clinical course of children with various 

cardiomyopathies (3,11). From 1990 to 2011, approximately 3,500 children less than 18 

years old with different types of cardiomyopathies were enrolled by 98 pediatric 

cardiomyopathy centers in the United States and Canada. Baseline demographic, 

echocardiographic, and clinical data were recorded for all children at enrollment. Follow-up 

clinical and echocardiographic data were obtained by annual chart review.

All participating centers obtained Institutional Review Board approval for the study. The 

data in the PCMR database as of January 14, 2013 were analyzed in this study.

Patient Classification

For this study, we included only children with a diagnosis of pure DCM. Children with 

mixed forms of DCM (such as DCM with hypertrophic, restrictive, and/or non-compaction 

cardiomyopathy features) were excluded. The PCMR defines DCM by the following 

criteria: LV dilation with diminished LV systolic function; pathologic findings of DCM on 

autopsy or endomyocardial biopsy; or other clinical findings of DCM provided by the 

clinician at enrollment (11). We analyzed all etiologies of DCM and classified children into 

the following types at enrollment: idiopathic, myocarditis, neuromuscular disorder, familial, 

error of metabolism, or malformation syndrome (12). To determine changes over time, 

children with DCM were divided into two cohorts based on year of diagnosis: an early 

cohort (1990–1999) and a late cohort (2000–2009).

Left ventricular dilation was defined as a LV end-diastolic dimension (LVEDD) more than 2 

standard deviations (SD) above normal (a z-score >+2) for body-surface area (BSA). 

Diminished LV systolic function was defined as LV fractional shortening (FS) or a LV 

ejection fraction (EF) more than 2 SD below normal for age (a z-score <−2). Left ventricular 

myocardial recovery was determined for each patient by comparing the echocardiographic 

values of LV dilation and LV systolic function obtained at least 30 days after the initial 

echocardiogram (7). “Echocardiographic normalization” was defined as a return to normal 

LV size (an LVEDD z-score ≤2) and normal LV systolic function (an LVFS or LVEF z-score 

≥−2) on any subsequent echocardiogram. Children with persistently abnormal 

echocardiograms had continued LV dilation or diminished LV systolic function on follow-up 

echocardiograms.

Data Collection

Baseline demographic information (i.e., age, sex, race) was collected at enrollment. Clinical 

information on the type of DCM, evidence of heart failure, use of diuretic therapy, and 

echocardiographic measurements of LVEDD, LV end-systolic dimension (LVESD), LVFS, 

end-diastolic septal thickness (SWT) and posterior wall thickness (PWT), and LV mass were 

collected at enrollment and during annual follow-up visits. We calculated z-scores for LV 

measurements to adjust for age and BSA.
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Statistical Methods

The descriptive statistics for each cohort include counts and percentages for categorical data 

and means and SD for normally distributed, continuous data. Skewed distributions are 

described with medians and interquartile ranges (IQR). Categorical variables were compared 

by Fisher exact tests. Normally distributed, continuous variables were compared with 

Student’s t tests, whereas skewed data were compared with Wilcoxon rank sum tests.

The time-related probability of death and transplant were estimated with the Kaplan-Meier 

method. Data were censored at the time of heart transplant in the freedom-from-death 

analysis. Nonparametric, competing-risks methodology was used to estimate the cumulative 

incidence of death versus heart transplant versus persistently abnormal echocardiogram 

versus echocardiographic normalization in each cohort (13,14). Risk factors for the outcome 

of death without heart transplant were identified with univariate Cox regression modeling. A 

multivariable Cox regression model was used to identify the factors independently 

associated with time-to-death without heart transplant. To adjust for variance among centers, 

the model accounted for subjects clustered within center by computing the robust sandwich 

covariance matrix estimate using “covs(aggregate)” and then adding center as a covariate.

Alpha was set at 0.05, and all tests were two tailed. All data were analyzed with the SAS 

statistical program, version 9.3 (SAS Institute Inc., Cary, North Carolina) by the Data 

Coordinating Center at the New England Research Institutes (Watertown, Massachusetts).

RESULTS

Patient Characteristics

Of the 1953 children with pure DCM diagnosed between 1990 and 2009, 1199 were in the 

early cohort (1990–1999) and 754 were in the late cohort (2000–2009; Table 1). Median 

ages were similar at the time of diagnosis. The cohorts had similar percentages of children 

with idiopathic DCM (64% vs. 63%), and the late cohort had a higher percentage of children 

with myocarditis (17% vs. 12%, respectively) and a lower percentage of children with 

neuromuscular disease (5% vs. 9%; p = 0.002). Both groups had a similar percentage of 

children with any heart failure symptoms at diagnosis (71%). The late cohort was more 

likely to present with New York Heart Association (NYHA) class IV symptoms (57% vs. 

43%, p = 0.027) and to receive diuretic therapy (89% vs. 84%, p = 0.002) at time of 

diagnosis. An endomyocardial biopsy at time of diagnosis was more commonly performed 

in the early cohort (34% vs. 22%, p < 0.001). The cohorts had similar echocardiographic 

values at time of diagnosis, including mean LVFS, and LVEDD z-scores (Table 2). Variation 

by center was examined among the 12 largest sites with at least 50 patients. There were 

significant variations among centers in race, ethnicity, etiology, and echocardiographic 

parameters such as LVFS, LV posterior wall thickness, septal wall thickness, and LV mass z-

scores.

Outcomes

Median follow-up was 1.6 years (IQR, 0.5 to 5.0 years) in the early cohort and 1.0 years 

(IQR 0.5 to 3.0 years) in the late cohort. Heart transplantation rates were similar between 
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cohorts, but children in the early cohort were more likely to die without heart transplant (p 

<0.001; Figure 1). Heart transplantation and death rates varied by centers (p<0.01).

Among the 1953 children, 73% had both LV dilation and depressed LV function at diagnosis 

as well as at least one follow-up echocardiogram acquired at least 30 days after the initial 

echocardiogram. Of the 882 children in the early cohort and the 549 children in the late 

cohort who met these criteria, 30% and 27%, respectively, recovered both normal LV 

function and size (median time from diagnosis to first echocardiographic normalization, 19.4 

vs. 12.0 months), 24% in both cohorts underwent heart transplantation (median time from 

diagnosis to heart transplant, 5.0 vs. 3.8 months), and 18% and 9%, respectively, died 

(median time from diagnosis to death, 5.3 months vs. 3.2 months). Of the 317 children in the 

early cohort and the 205 children in the late cohort excluded for not meeting these 

echocardiographic criteria, 28% in both cohorts underwent heart transplantation (median 

time from diagnosis to heart transplant, 1.2 vs. 0.8 months), and 29% and 12%, respectively, 

died (median time from diagnosis to death, 0.5 vs, 0.4 months).

The cumulative incidence of the four competing outcomes (echocardiographic 

normalization, death, heart transplant, and persistently abnormal LV function or LV dilation) 

revealed that survival was better in the late cohort (Figure 2). At any given time point, the 

probabilities associated with the 4 states totals to 1.0. For example, at 3 years after diagnosis 

in the early cohort, 27% of children had normal echocardiographic values, 12% had died, 

21% had undergone heart transplant, and 39% remained abnormal with respect to LV size or 

function. In comparison, at 3 years after diagnosis in the late cohort, 29% of children had 

normal echocardiographic values, 8% had died, 24% had undergone heart transplant, and 

40% remained abnormal with respect to LV size or function. While the rates of 

echocardiographic normalization and heart transplantation were similar between cohorts (p 

= 0.22 and p = 0.35, respectively), the early cohort had a higher death rate in comparison to 

the late cohort (p = 0.04).

We analyzed the outcomes by cohort for each of the four largest types of DCM (idiopathic 

DCM, myocarditis, neuromuscular, and familial DCM), which included 97% of all children 

(Central Illustration). Heart transplantation rates were similar in children with idiopathic 

DCM in both cohorts, but children in the early cohort were more likely to die without heart 

transplant (p = 0.006). Children with myocarditis in the late cohort had higher 

transplantation rates, although both cohorts had similar death rates (p = 0.13). No other 

outcomes differed significantly between types of DCM.

The cumulative incidences of the four competing outcomes were calculated for each of the 

four most common DCM types in each cohort. Rates of echocardiographic normalization, 

death, or transplant did not differ by cohort among children with idiopathic DCM, 

myocarditis, or familial DCM. The rates of death and heart transplantation were similar 

between cohorts in the neuromuscular group, but the late cohort had a higher rate of 

echocardiographic normalization (Figure 3).
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Predictors at Diagnosis for Death without Heart Transplant

We also analyzed the baseline characteristics of children who died without heart transplant 

in each cohort to identify potential risk factors for early death. More children died in the 

early cohort (220 [18%] vs. 71 [9%]), but baseline characteristics did not differ between 

cohorts, including median age, heart failure symptoms, NYHA classification, type of DCM, 

and echocardiographic values, such as LVEDD z-score and LVFS.

We performed univariate modeling to identify predictors of death in the entire sample. 

Cohort, age, heart failure symptoms, certain DCM types (neuromuscular disease, 

myocarditis, and familial), and echocardiographic values such as LVESD z-score, LV end-

diastolic SWT z-score, and LVFS z-score were associated with death (Table 3). 

Multivariable analysis identified early cohort, presence of heart failure symptoms at 

diagnosis, neuromuscular disease, and lower LVFS z-score as independent risk factors for 

death. Myocarditis was associated with better survival (Table 4). After controlling for these 

variables and variation by center, children in the early cohort were 40% more likely to die 

than were children in the late cohort (hazard ratio [HR] = 1.4; 95% CI, 1.04 to 1.89; p = 

0.028).

DISCUSSION

Children with DCM have a poor prognosis, with about half dying or requiring heart 

transplantation within 5 years of diagnosis (3). Improved survival in these children has been 

primarily attributed to heart transplantation (15,16). Although transplantation has remained 

the preferred treatment for end-stage heart failure, children listed for heart transplantation 

have some of the highest waitlist mortality rates in solid-organ transplantation (17). Thus, 

the survival advantage associated with transplantation is limited by donor availability.

We found that children with DCM in the late cohort survived longer, despite stable rates of 

heart transplantation in both cohorts. Our competing risks analysis revealed a 33% relative 

risk reduction (8% vs. 12%) in the cumulative incidence of death at 3 years after diagnosis 

in the more recent cohort. No differences in baseline characteristics between cohorts could 

explain the difference in survival. In multivariable modeling, the diagnosis of DCM in the 

early cohort remained an independent predictor of death.

A few baseline characteristics did differ between cohorts (Table 1). Although the late cohort 

had fewer white and more Hispanic children, univariate analysis (Table 3) indicated that 

Hispanic race was not associated with death. The late cohort also had more children with 

myocarditis and fewer children with neuromuscular disease. We hypothesize that this 

difference might be explained by improved recognition and diagnosis of myocarditis (e.g., 

increased use of cardiac magnetic resonance imaging, MRI) in the late cohort. In addition, 

clinicians in the later period may have been early adopters and proponents of using heart 

failure medications in children with neuromuscular DCM, possibly leading to less LV 

dysfunction and dilation in this cohort (18–21).

Multivariable modeling of the entire sample (Table 4) revealed that being in the early cohort 

remained an independent predictor of death, even after controlling for the improved survival 
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of children with myocarditis and poorer survival in children with neuromuscular DCM. 

Finally, children in the early cohort were more likely to have a cardiac biopsy performed at 

diagnosis. This change in practice is likely due to more recent efforts to incorporate non-

invasive tests, such as cardiac MRI, into clinical diagnostic algorithms in cases of suspected 

myocarditis (22). The higher use of cardiac biopsy in the early cohort is unlikely to affect 

differences in survival between cohorts because the incidence of procedure-related mortality 

is estimated to be about 0.1% (23).

Competing risk analysis in each of the four most common types of DCM (idiopathic, 

myocarditis, neuromuscular, and familial) revealed no statistically significant differences in 

the death rate by cohort, despite each type in the late cohort having consistently lower 

cumulative incidence rates of death. Because combining all DCM types reduced the death 

rate in the late cohort (p = 0.04), we hypothesize that statistical power was insufficient to 

detect a difference in death rate in each type by cohort. We acknowledge the possibility that 

this cohort effect on survival might be the result of chance, given the borderline significant p 

value. Our competing risk analysis also identified an improved rate of echocardiographic 

normalization in the neuromuscular group in the late cohort. This improvement may be 

explained by improvements in medical management of these children, such as increased use 

of steroids and angiotensin-converting enzyme inhibitors (24).

Prior studies have shown that heart transplant-free survival in children with DCM has not 

improved over time. In a retrospective, single institutional study of children with DCM 

diagnosed between 1976 and 2005, survival did not improve over time (25). In contrast, 

other studies have found that improved survival in these children was primarily related to 

increased heart transplantation rates. In the Pediatric Heart Transplant Study (PHTS) 

database, waitlist mortality declined from 16% to 7% as the heart transplantation rate 

increased from 68% to 77% between 1995 and 2005 (16).

In our study, the incidence of echocardiographic normalization at 3 years was similar in both 

cohorts (27% vs. 29%). This is similar to the results of other studies evaluating the incidence 

of cardiac improvement (26). An early study of the PCMR evaluating children with 

idiopathic DCM reported that younger age, specifically less than 10 years of age, and less 

LV dilation at diagnosis independently predicted echocardiographic normalization within 2 

years of presentation (7). A population-based study from Australia reported 

echocardiographic normalization in 33% of children 15 years after diagnosis, with higher 

LVFS z-scores at diagnosis predicting an increased likelihood of normalization (27).

Heart failure symptoms at diagnosis, seen in 71% of our children, independently predicted 

death. Similarly, in a retrospective, single-institutional study of 142 consecutive children 

with idiopathic DCM, NYHA class IV symptoms at presentation independently predicted 

death (28). Asymptomatic children likely have a better prognosis because they are usually 

diagnosed through screening mechanisms, such as a positive family history, and thus tend to 

have less severe disease at diagnosis.

In our study, children with neuromuscular DCM were 3.4 times as likely to die than were 

children with idiopathic DCM, a finding also reported in other studies of children with 
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neuromuscular DCM (29). Progressive neuromuscular diseases tend to affect other organ 

systems (such as respiratory failure), and children with these diseases are less likely to be 

eligible for heart transplantation. In contrast, in both our and other studies, children with 

myocarditis were much less likely to die (30–32, 22). A retrospective, multicenter, database 

study of 216 children with myocarditis reported a survival-to-hospital-discharge rate of 92% 

(33).

Worse LV systolic function at diagnosis (a lower LVFS z-score) independently predicted 

death in our study and in others (27, 34–37). A prospective, multicenter study of 127 

children with DCM determined that an LVEF of less than 38% was associated with disease 

progression and worse prognosis (38).

The improved heart transplant-free survival in our late cohort may be attributed to multiple 

factors. The increased use of ventricular assist devices has greatly improved waitlist 

mortality in children with DCM (39). Although this increase might lead to increased heart 

transplantation rates, some children recover enough LV function with ventricular assist 

devices that they no longer need heart transplantation (40, 41). Another possibility is that 

changing medical management of these children has improved transplant-free survival. In 

the past decade, more children have been treated early with beta-blockers and angiotensin-

converting enzyme inhibitors for extended periods of time (25, 42, and 43). In addition, the 

improved recognition and management of acute heart failure at initial diagnosis or at 

exacerbation with enhanced intensive care unit level care may have led to better transplant-

free survival in the more recent decade. Finally, more pediatric centers are now providing 

multidisciplinary heart failure care for these children which may lead to improved outcomes 

in these patients (44).

Limitations of the Study

Although we were able to demonstrate an era effect in terms of transplant-free survival in 

the final multivariable model, this effect was not as robust as other predictors such as 

etiology of DCM and presence of heart failure symptoms when comparing the HR and p 

values. In addition, the observational design of the PCMR data set does not allow 

associations between survival and various therapeutic modalities to be assessed. In addition, 

information on the clinical care of these children after diagnosis is limited. Knowing the use 

and duration of inotropic support, mechanical ventilation, and mechanical circulatory 

support might have clarified the improved survival in the late cohort. In addition, data on 

potentially important echocardiographic variables, such as mitral or tricuspid regurgitation, 

were not available for most children. Similarly, although beta-blockers and angiotensin-

converting enzyme inhibitors have improved morbidity and mortality in large studies of 

adults in heart failure (42), data on the use of these drugs were not collected in more than 

half the children and thus were not included as possible predictors of death in the 

multivariable model.

CONCLUSIONS

In this large, multicenter registry study, 754 children with DCM diagnosed between 2000 

and 2009 survived longer than did the 1199 children diagnosed between 1990 and 1999. 
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This improvement appears to be related to treatment modalities other than heart 

transplantation, the rates of which were the same in both cohorts. Even when controlling for 

the degree of LV systolic dysfunction, the cause of DCM, and the presence of heart failure 

symptoms at diagnosis, children with DCM in the early cohort were 40% more likely to die 

than were children in the late cohort. Further investigations into the changing management 

of DCM children, including the use newer ventricular assist devices and medication therapy, 

are warranted to better elucidate this improvement in transplant-free survival.
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CLINICAL PERSPECTIVES

Competency in Medical Knowledge: Children with dilated cardiomyopathy have 

improved survival in the more recent era. This appears to be associated with factors other 

than heart transplantation, which was equally prevalent in both eras.
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CONDENSED ABSTRACT

Studies of children with dilated cardiomyopathy have suggested that improved survival 

has been primarily due to utilization of heart transplantation. A NHLBI-funded registry 

was analyzed to compare 1,199 children diagnosed with dilated cardiomyopathy in the 

years 1990–1999 to 754 children diagnosed with dilated cardiomyopathy in the years 

2000–2009. Children diagnosed with dilated cardiomyopathy in the early cohort were 

40% more likely to die as compared with the late cohort. This appears to be associated 

with factors other than the availability of heart transplantation, which was equally 

prevalent in both eras.
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Figure 1. Estimated A) time to death (log rank p ≤ 0.001) and B) time to heart transplantation 
(log rank p = 0.12) in 1953 children with dilated cardiomyopathy, by cohort
Follow-up times were censored at time of heart transplantation, where applicable.
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Figure 2. Estimated cumulative incidence rates for echocardiographic normalization in the 
presence of the competing risk for death or transplant among 1953 children with dilated 
cardiomyopathy. A) Early cohort (diagnosed between 1990 and 1999). B) Late cohort (diagnosed 
between 2000 and 2009)
At any given time, the probabilities associated with the 4 states sum to 1.0. Although the 

rates of echocardiographic normalization and transplantation were similar between cohorts 

(p = 0.22 and p = 0.35, respectively), the early cohort had a higher death rate (p = 0.04).
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Figure 3. Estimated cumulative incidence rates of echocardiographic normalization in the 
presence of the competing risk for death or transplant for children with dilated cardiomyopathy, 
by type. A) Early cohort (diagnosed between 1990 and 1999); B) Late cohort (diagnosed between 
2000 and 2009)
At any given time, the probabilities associated with the 4 states sum to 1.0. Rates of 

echocardiographic normalization, death and transplantation did not differ by cohort among 

children with familial DCM, idiopathic DCM, or myocarditis. Although the rates of death 

and transplantation were similar between cohorts among children with neuromuscular 

disease, the late cohort had a higher rate of echocardiographic normalization (p<0.001). 

FDCM, familial dilated cardiomyopathy; IDCM, idiopathic dilated cardiomyopathy, NM, 

neuromuscular disease.
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Central Illustration. Survival in Pediatric Dilated Cardiomyopathy: Estimated time to death and 
time to heart transplantation among 1,953 children with dilated cardiomyopathy, by type
Follow-up times were censored at the time of heart transplantation, where applicable. 

FDCM: familial dilated cardiomyopathy; IDCM: idiopathic dilated cardiomyopathy, NM: 

neuromuscular disease
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Table 1

Characteristics of 1953 Children with Dilated Cardiomyopathy, by Era of Diagnosis.

Characteristic

Era of Diagnosis

p
Early cohort, 1990–1999

n=1199
Late cohort, 2000–2009

n=754

Age at diagnosis, median (IQR)1, years 1.58 (0.34 to 11.3) 1.68 (0.3 to 11.7) 0.45

Race, % 0.006

 White 58.1 50.2

 Black 20.1 22.8

 Hispanic 15.9 18.7

 Other 6.0 8.2

Male, % 54.1 54.2 0.96

Type, % 0.002

 Idiopathic 64.1 63.0

 Myocarditis 12.3 17.3

 Neuromuscular disease 9.2 4.9

 Familial 11.4 12.3

 Error of metabolism 2.4 1.9

 Malformation syndrome 0.6 0.5

Heart failure at diagnosis, % 71.2 71.1 0.99

NYHA2 class IV at diagnosis, % 42.7 57.0 0.03

Diuretic therapy, % 83.8 88.9 0.002

Endomyocardial biopsy, % 33.5 22.3 <0.001

Follow up since diagnosis, median (IQR), years 1.6 (0.5, 5.0) 1.0 (0.5, 3.0)

1
IQR, interquartile range

2
NYHA, New York Heart Association functional classification
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Table 2

Left Ventricular Echocardiographic Profile of 1953 Children with Dilated Cardiomyopathy at Diagnosis, by 

Era of Diagnosis.

Echocardiographic Characteristic

Era of Diagnosis

p
Early cohort,

n=1199
Late cohort,

n=754

LV end-diastolic dimension, mean (SD), z-score 4.16 (2.7) 4.19 (2.64) 0.84

LV end-systolic dimension, mean (SD), z-score 5.93 (2.93) 5.85 (3.05) 0.63

LV fractional shortening, mean (SD), % 16.0 (8.3) 16.5 (10.2) 0.28

LV fractional shortening, mean (SD), z-score −8.42 (3.68) −8.18 (4.41) 0.25

LV posterior wall thickness, mean (SD), z-score −0.60 (2.62) −0.38 (2.48) 0.12

Septal wall thickness, mean (SD), z-score −0.86 (1.9) −0.71 (1.96) 0.18

LV mass, mean (SD), z-score 2.19 (2.82) 2.37 (2.72) 0.25

LV PWT:EDD* ratio, mean (SD) 0.13 (0.05) 0.13 (0.05) 0.38

*
PWT: posterior wall thickness, EDD: end-diastolic dimension
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Table 3

Unadjusted Cox Proportional Hazards Regression Analysis of Predictors of Death among 1953 Children with 

Dilated Cardiomyopathy not Undergoing Heart Transplantation.

N Hazard ratio (95% CI) p

Age, year 1953 1.02 (1.003, 1.04) 0.02

Male 1953 1.09 (0.87, 1.38) 0.45

Race 1917 0.13

 White Reference

 Black 1.35 (1.02, 1.78)

 Hispanic 0.94 (0.67, 1.31)

 Other 0.93 (0.55, 1.55)

Era of diagnosis 1953 <0.001

 Early cohort (1990–1999) 1.59 (1.22, 2.09)

 Late cohort (2000–2010) Reference

Type 1952 <0.001

 Idiopathic Reference

 Myocarditis 0.48 (0.30, 0.76)

 Neuromuscular disease 1.86 (1.36, 2.54)

 Familial 0.42 (0.19, 0.94)

 Error of metabolism 1.39 (0.76, 2.55)

 Malformation syndrome 2.09 (0.78, 5.61)

Heart failure at diagnosis 1943 1.80 (1.37, 2.37) <0.001

Diuretic therapy 1890 1.00 (0.73, 1.38) 0.67

Family history of sudden death 1121 1.14 (0.71, 1.81) 0.51

LVEDD‡ z-score 1527 1.04 (0.99, 1.09) 0.12

LVESD§ z-score 1338 1.07 (1.01, 1.12) 0.01

LV** fractional shortening z-score 1580 0.93 (0.89, 0.96) <0.001

LV posterior wall thickness z-score 1235 0.94 (0.89, 1.01) 0.08

Septal thickness z-score 1127 0.91 (0.84, 0.99) 0.04

LV mass z-score 1217 1.01 (0.95, 1.06) 0.86

‡
LVEDD, left ventricular end-diastolic dimension

§
LVESD, left ventricular end-systolic dimension

**
LV, left ventricular
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Table 4

Final Multivariable Cox Regression Model of Predictors of Death among 1953 Children with Dilated 

Cardiomyopathy not Undergoing Heart Transplantation.

Characteristic at diagnosis N Hazard ratio (95% CI) p

Era of diagnosis 1953 0.028

 1990–1999 1.40 (1.04, 1.89)

 2000–2010 Reference

Type 1952 <0.001

 Idiopathic Reference

 Myocarditis 0.44 (0.28, 0.69)

 Neuromuscular disease 3.37 (2.37, 4.80)

 Familial 0.56 (0.27, 1.13)

 Error of metabolism 1.71 (1.04, 2.83)

 Malformation syndrome 2.76 (0.96, 7.94)

Heart failure at diagnosis 1943 2.34 (1.72, 3.18) <0.001

LV fractional shortening z-score 1580 0.93 (0.88, 0.98) 0.007

J Am Coll Cardiol. Author manuscript; available in PMC 2018 November 28.


	Abstract
	INTRODUCTION
	METHODS
	Study Design
	Patient Classification
	Data Collection
	Statistical Methods

	RESULTS
	Patient Characteristics
	Outcomes
	Predictors at Diagnosis for Death without Heart Transplant

	DISCUSSION
	Limitations of the Study

	CONCLUSIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Central Illustration
	Table 1
	Table 2
	Table 3
	Table 4

