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ARDIOMYOPATHIES ARE HEART

muscle disorders that affect

ventricular systolic func-

tion, diastolic function, or
both. They are classified by the World
Health Organization as (1) dilated car-
diomyopathy (DCM), (2) hyper-
trophic cardiomyopathy, (3) restric-
tive cardiomyopathy, and (4)
arrhythmogenic right ventricular dys-
plasia-cardiomyopathy.! Most pa-
tients have “pure” forms of these dis-
orders that fulfill strict diagnostic
criteria, although some have overlap-
ping disorders with mixed forms of dis-
ease. Despite long-standing interest in
these high-impact disorders, the de-
mographics and underlying causes have
been difficult to ascertain, particularly
in children.

Dilated cardiomyopathy, a myocar-
dial disorder characterized by a dilated
left ventricular (LV) chamber and sys-
tolic dysfunction that commonly
results in congestive heart failure
(CHF),"? is the most common form of
cardiomyopathy and reason for car-

©2006 American Medical Association. All rights reserved.

Context Dilated cardiomyopathy (DCM) is the most common form of cardiomyop-
athy and cause of cardiac transplantation in children. However, the epidemiology and
clinical course of DCM in children are not well established.

Objective To provide a detailed description of the incidence, causes, outcomes, and
related risk factors for DCM in children.

Design and Setting Longitudinal study based on a population-based, prospective
cohort of children diagnosed as having DCM since January 1, 1996, at 89 pediatric
cardiac centers and a retrospectively collected cohort of patients seen primarily at large
tertiary care centers in North America and who had diagnoses between January 1, 1990,
and December 31, 1995, and were enrolled through February 2003.

Participants A total of 1426 children from the United States and Canada diag-
nosed as having DCM at younger than 18 years. Primary DCM was determined by
strict echocardiographic and/or pathologic criteria. Patients with disease due to en-
docrine, immunologic, drug toxicity, and other causes were excluded.

Main Outcome Measures Annual incidence per 100000 children; mortality; car-
diac transplantation.

Results The annual incidence of DCM in children younger than 18 years was 0.57
cases per 100000 per year overall. The annual incidence was higher in boys than in
girls (0.66 vs 0.47 cases per 100 000; P<<.001), in blacks than in whites (0.98 vs 0.46
cases per 100000; P<.001), and in infants (<1 year) than in children (4.40 vs 0.34
cases per 100 000; P<.001). The majority of children (66%) had idiopathic disease.
The most common known causes were myocarditis (46%) and neuromuscular dis-
ease (26%). The 1- and 5-year rates of death or transplantation were 31% and 46 %,
respectively. Independent risk factors at DCM diagnosis for subsequent death or trans-
plantation were older age, congestive heart failure, lower left ventricular fractional short-
ening Z score, and cause of DCM (P<<.001 for all).

Conclusions In children, DCM is a diverse disorder with outcomes that depend largely
on cause, age, and heart failure status at presentation. Race, sex, and age affect the
incidence of disease. Most children do not have a known cause of DCM, which limits
the potential for disease-specific therapies.
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diac transplantation in adults and chil-
dren.>* In some cases, right ventricu-
lar dysfunction is also noted and may
add to the clinical severity of disease.
The estimated cost of caring for
patients with this disorder is $4 billion
to $10 billion annually in the United
States alone.>® In adults, the incidence
of DCM has been reported to be 5.5
cases per 100 000 population per year,
with a prevalence of 36 cases per
100 000 population.”® The underlying
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cause in adults® is usually coronary
artery disease, but other causes are
also seen, including inflammatory
heart disease, myocardial toxins, and
genetic defects.”'® Approximately 30%
to 35% of patients are reported to have
a genetic form of DCM.'"""'* Infants
and older children, however, appear to
have a wider spectrum of causes,”>!”
although identifying these causes has
been difficult.

Relatively little information on the in-
cidence of cardiomyopathies in child-
hood has been published.'®* Arola et
al* reported an incidence of DCM of
0.34 cases per 100 000 children per year
and a prevalence of 2.6 cases per
100 000 children in Finland, a racially
homogeneous population. A large per-
centage of cases occurred in infants (<1
year of age; 3.8 per 100 000 cases per
year). Recently, our group, the Pediat-
ric Cardiomyopathy Registry (PCMR),
reported the incidence of pediatric car-
diomyopathy in 2 regions of the United
States, New England and the central
Southwest.?! A total of 467 cases of
childhood cardiomyopathy were re-
ported, yielding an annual incidence of
1.13 per 100 000 infants and children
overall, with differences by race, sex,
and region. These data are supported
by similar findings in Australia.”* The
PCMR report defines the overall inci-
dence of all forms of childhood cardi-
omyopathy but has limited details re-
garding the causes, risks, and outcomes
of specific forms of cardiomyopathy.
However, more detailed information fo-
cusing on particular forms of cardio-
myopathy is required for clinicians to
understand the clinical disorders of in-
dividual patients.

The current report provides the most
up-to-date estimates of the incidence of
DCM in patients younger than 18 years
living in 2 regions of the United States,
as well as a detailed description of the
causes, outcomes, and related risk fac-
tors for DCM in children.

METHODS

Study Design

Two PCMR cohorts were established.
The first is a population-based, pro-
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spective cohort of patients younger than
18 years who have been diagnosed as
having DCM between January 1, 1996,
and February 25, 2003, at 98 pediatric
cardiac centers and is based on identi-
fication at the time of diagnosis by a pe-
diatric cardiologist. For this cohort,
comprehensive patient enrollment was
conducted in 2 geographically dis-
tinct regions of the United States (New
England and the central Southwest).*!
In addition, a retrospective cohort of pa-
tients seen primarily at 39 tertiary care
centers in North America and who had
diagnoses between January 1, 1990, and
December 31, 1995, was identified by
chart review. Both groups are fol-
lowed up using annual chart review,
and enrollment of newly diagnosed
cases is ongoing. All participating
PCMR centers obtained institutional re-
view board or ethics committee ap-
proval with a waiver of consent autho-
rization. The participating centers and
associated investigators representing the
PCMR Study Group are detailed by Gre-
nier et al.”

Eligibility Criteria

All patients with cardiomyopathy were
identified by clinical presentation to a
pediatric cardiologist with signs and
symptoms of heart failure, sudden death
or aborted sudden death, or evalua-
tion for possible cardiomyopathy be-
cause of familial inheritance. In addi-
tion, autopsy reports were evaluated in
a retrospective case review. Sudden
death was captured by review of the car-
diology and pathology medical records.
A variety of diagnostic exclusion cri-
teria®® were used, including endocrine
disorders or immunologic diseases
known to cause heart muscle disease,
treatment with doxorubicin, and in-
flammation caused by human immu-
nodeficiency virus (HIV) infection (or
birth to an HIV-positive mother) or by
Kawasaki disease.

A patient is eligible for the PCMR
if he/she is younger than 18 years,
strict quantitative echocardiographic
criteria of LV dilation and systolic
dysfunction are met, the pattern
of cardiomyopathy conforms to a

defined semiquantitative pattern, the
diagnosis is confirmed by autopsy or
tissue analysis, or the investigator
has other compelling evidence of
cardiomyopathy.

This analysis focuses on pure DCM,
defined as the presence of DCM at di-
agnosis, excluding any additional over-
lapping cardiac phenotype (n=1426).
Cases of mixed functional DCM,
including a combination of DCM
with hypertrophic, restrictive, arrhyth-
mogenic, noncompaction without gene
mapping, or other functional types of
cardiac disorder, were excluded. A suf-
ficient number of significant differ-
ences in characteristics at diagnosis
were found between patients in these
2 categories, and genetic and clinical
studies indicate that mixed functional
types of DCM have different causes than
pure DCM and therefore are not rep-
resentative of DCM as a classification.
In addition, classification schemes for
cardiomyopathy were developed on the
basis of pure DCM.'*

Data Collection

Following patient identification, con-
firmation of eligibility and enrollment
are established by chart review per-
formed by study personnel using a
unique study identifier to ensure con-
fidentiality. Supplemental informa-
tion on clinical history, procedures, and
outcomes is obtained annually for all
patients, and information on family his-
tory, results of laboratory studies, and
therapies administered is additionally
collected for retrospective cohort pa-
tients. All patients are seen by their pri-
mary pediatric cardiologist in follow-
up, and data reported are based on
comprehensive chart review of each pa-
tient visit.

Statistical Methods

The clinical components of this report
include all patients who were enrolled
in the PCMR as of February 25, 2003,
and the incidence rates are based on all
cardiomyopathy diagnoses in the New
England and central Southwest re-
gions between January 1, 1996, and De-
cember 31, 2002. The retrospective co-
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Figure 1. Estimated Freedom From Death or Transplantation for Patients With Pure Dilated
Cardiomyopathy by Cohort

hort cannot be confirmed to include all
cases and, therefore, was not used for
incidence estimates. Population de-
nominators used for incidence rate cal-
culations were obtained from the state- 90+
specific US census counts for 1996 801
through 2002.

Race/ethnicity was assessed to cre-
ate a subgroup factor for incidence rates
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and clinical outcomes. As a result of dif- 401
ferences between race/ethnicity defini- 301
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Asian/Pacific Islander, or other. How-
ever, the census data on race/ethnicity
cross-tabulates Hispanic status by ra-
cial category. Therefore, we calcu-
lated both lower-bound and upper-
bound estimates of race-specific
incidence rates. The lower-bound es-
timate includes all white Hispanics and
black Hispanics in the white and black
population counts, respectively, and the
upper bound includes none of the white
Hispanics and black Hispanics in the
white and black population counts, re-
spectively. The lower-bound estimate
for the Hispanic rate includes all His-
panics of any race (white, black, or
other race) in the population count, and
the upper-bound estimate for the His-
panic rate includes only Hispanics with
a racial background not classified as
white or black in the population
count.”

Descriptive statistics are presented as
percentages or means and standard de-
viations, with skewed continuous data
summarized as medians and interquar-
tile ranges. The distributions of cat-
egorical variables were compared us-
ing the Fisher exact test, except for
comparisons by cause, for which the x?
statistic was used. Two groups of nor-
mally distributed variables were com-
pared using the ¢ test, and analysis of
variance was used to compare more
than 2 groups. Skewed data were ana-
lyzed using the Wilcoxon rank-sum test
and the Kruskal-Wallis test. The Man-
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Retrospective: diagnosed 1990 to 1995, 491 patients; prospective: diagnosed 1996 to 2002, 935 patients.

tel-Haenszel test for linear trend was
used to examine age at diagnosis of car-
diomyopathy grouped categorically by
cause.

Left ventricular end-diastolic dimen-
sion, posterior wall thickness, septal
thickness, and mass were measured and
expressed conditional on body surface
area.”**?° Fractional shortening is a mea-
sure of LV contractility and is defined by
the ratio of the difference between the
end-diastolic dimension (LVEDD) and
end-systolic dimension (LVESD) to the
LVEDD, expressed as fractional short-
ening=(LVEDD-LVESD)/LVEDD
X100. Quantitative right ventricular
structure and function data were not
collected.

Outcome measures were death, car-
diac transplantation, and the compos-
ite end point of death or transplanta-
tion. Because of varying amounts of
follow-up, survival figures and esti-
mates were calculated using the Kaplan-
Meier method and were compared with
the log-rank test, with time from DCM
diagnosis as the origin. Cox regres-
sion modeling was used to find predic-
tors of death or transplantation in pa-
tients with pure DCM, excluding those
with neuromuscular disease and in-
born errors of metabolism.

To control for the large number of
subgroup analyses as well as multiple

comparisons, only P<<.01 was consid-
ered to be statistically significant. All
analyses were conducted using SAS ver-
sion 9.1 (SAS Institute Inc, Cary, NC)
and S-Plus version 6.1 (Insightful Corp,
Seattle, Wash).

RESULTS

Registry Characteristics

A total of 1426 patients with pure DCM
were enrolled as of February 25, 2003,
including 491 (34%) enrolled retro-
spectively and 935 (66%) enrolled pro-
spectively. These patients resided in
New England (n=195 [14%]), the cen-
tral Southwest (n=397 [28%]), and the
remainder of North America (n=834
[58%]) at the time of diagnosis.

Cohort Differences

The retrospective and prospective co-
horts are similar with respect to sex, age,
region, cause, presence of CHF at di-
agnosis, and outcome (FIGURE 1).
Therefore, although there were statis-
tical differences according to race
(slightly more white children were en-
rolled in the retrospective cohort: 61%
[298/485] vs 54% [497/918]) and rate
of idiopathic disease (67% [331/491] vs
76% [710/934] for retrospective vs pro-
spective), these 2 cohorts were com-
bined for all other analyses.
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Table 1. Pediatric Cardiomyopathy Registry Annual Incidence of Pure Dilated
Cardiomyopathy in 422 Patients Diagnosed Between 1996 and 2002 in the New England

and Central Southwest Regions of the United States*

No. of Annual Incidence per 100 000 Children P
Characteristics Patients (95% Confidence Interval) Value
Total 422 0.57 (0.52-0.63)t
Regiont
New England 146 0.64 (0.54-0.75) :I 09
Central Southwest 276 0.54 (0.48-0.60) '
Sex
Mal . .58-0.
ale 252 0.66 (0.58-0.75) ] <.001
Female 170 0.47 (0.40-0.55)
Race/ethnicity§
White, lower/upper 207 0.33/0.46 (0.29-0.38/0.40-0.53)
Black, lower/upper 87 0.98/1.05 (0.78-1.21/0.84-1.30) <.001
Hispanic, lower/upper 109 0.58/32.99 (0.48-0.70/27.08-39.79)
Age group, y
<1 181 4.40 (3.78-5.09) :|
<.001
1to <18 241 0.34 (0.30-0.39)

*The registry aim was complete capture of cases in these 2 regions, representing a subset of the overall registry sample.
1The population denominator was obtained from state-specific US census estimates for 1999-2006 and totals 74 212 292
children younger than 18 years across the 7-year period.

FNew England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont; central Southwest:

Arkansas, Oklahoma, Texas.

§See “Methods” section of text for description of race/ethnicity data collection. Lower and upper bounds were
estimated for incidence rates by racial/ethnic subgroup. The P value compares the upper white to lower black
estimated incidence rates (ie, the most conservative comparison).

Annual Incidence of DCM

Incidence rates were based on 422 cases
of DCM diagnosed from 1996 to 2002
in 2 regions of the United States. The
overall rate of pure DCM in childhood
was 0.57 cases per 100 000 per year.
The incidence was higher in boys than
in girls (0.66 vs 0.47 per 100 000 per
year; P=.0006), in blacks than in whites
(0.98-1.05vs 0.33-0.46 per 100 000 per
year; P<<.001), and in infants (<1 year)
than in older children (4.40 vs 0.34 per
100 000 per year; P<<.001) (TABLE 1).

Clinical Presentation

Clinical findings, therapy, and out-
comes are based on the entire cohort
of 1426 patients with pure DCM un-
less otherwise specified. The median age
at diagnosis was 1.5 years (interquar-
tile range, 0.3-11.3 years) (TABLE 2).
Age younger than 1 year was the most
common age at diagnosis of DCM
(n=591 [41%]). The 6- to younger than
12-year-old age group was the least
common (n=194 [14%]) age at initial
diagnosis. The majority of patients had
clinical evidence of CHF at diagnosis
(71% [999/1415]), with 27% (261/
967) overall classified as having class
IV heart failure 2!232728
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Echocardiogram results were avail-
able for 97% of patients (1378/1419).
The mean LVEDD Z score was 4.17
(SD, 2.70), whereas the mean LVESD
Z score was 5.96 (SD, 2.86) (Table 2).
Left ventricular fractional shortening
was severely depressed, with a median
Z score of -9.16 (interquartile range,
-11.08 to -6.10). Left ventricular end-
diastolic posterior wall thickness and
septal wall thickness were, on aver-
age, normal, but LV mass was mildly
abnormal, with a mean Z score of 2.34
(SD, 2.89).

Causes of DCM

The cause of DCM was identified in
34% of patients (Table 2). Of the 485
patients with a known cause, the most
common causes were myocarditis
(46% [222/485]) and neuromuscular
disease (26% [125/485]). Half of myo-
carditis cases (52% [116/222]) met
strict Dallas histopathologic criteria.
Specific viral or other causes were
known for very few cases because cul-
tures and polymerase chain reaction
information were not available in
most cases. The majority of children
with neuromuscular disorders had
Duchenne (80% [100/125]) or Becker

(10% [12/125]) muscular dystrophy,
both caused by mutations in dys-
trophin. Three children (2%) had
Emery-Dreifuss muscular dystrophy.

The majority of patients with famil-
ial DCM (14% [66/485]) had autoso-
mal dominant inheritance (68% [45/
66]), and 24% (16/66) had autosomal
recessive inheritance. The remainder had
X-linked inheritance (2% [1/66]) or the
complex phenotype of LV noncompac-
tion with gene mapping (6% [4/66]). An
additional 48 cases had LV noncompac-
tion that was identified as the cause of
DCM,; of these, 45 remained idiopathic
and 2 had unspecified chromosomal de-
fects and 1 had Barth syndrome as the
primary cause of DCM. Causative gene
abnormalities were identified in 4 fami-
lies with autosomal dominant disease,
including mutations in 8-sarcoglycan in
2 families and ZASP (Z-band alterna-
tively spliced PDZ domain protein) in
2 families. In addition, mutations in 2
families with LV noncompaction (ZASP)
and in 2 with X-linked disease (dystro-
phin mutation in 1 and tafazzin muta-
tion in 1) were also identified.**>?

Among the 54 patients with inborn
errors of metabolism, the largest sub-
groups were mitochondrial disorders
(46% [20/54]), Barth syndrome (24%
[13/54]), and primary or systemic car-
nitine deficiency (11% [7/54]). Mal-
formation syndromes were the least
common cause of DCM, and these dis-
orders affected 15 patients, with Al-
strom syndrome occurring in 5 cases
(33%) and a chromosomal defect oc-
curring in 7 cases (47%).

Therapy

At the time of diagnosis of DCM, 82%
of patients (1120/1370) were pre-
scribed an anticongestive agent and 64%
(307/478) an angiotensin-converting en-
zyme inhibitor, with 38% (182/478) re-
ceiving an antiarrhythmic agent, 15%
(67/458) using L-carnitine supplemen-
tation, and 13% (65/487) having other
dietary modification. Antithrombotic
therapy was prescribed in 19% of cases
and inotropes in 16%. There was low use
of calcium channel blockers (3% [12/
473]) and B-blockers (4% [17/474]).
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Pacemaker and balloon pump use at di-
agnosis was rare (1% each [7/480 and
7/486, respectively]), as was use of an
(left or right ventricular) assist device
(2% [97486]) and extracorporeal mem-
brane oxygenation (3% [13/486]).

Clinical Outcomes

The median age of the patients at the time
of diagnosis was 1.5 years (TABLE 3), the
median age at listing for transplanta-

DILATED CARDIOMYOPATHY IN CHILDREN

tion was 4.0 years, and the median age
at transplantation was 4.8 years. Death
occurred (for all patients who died) at a
median age of 3.0 years. Median fol-
low-up time from diagnosis of DCM
among survivors who did not undergo
transplantation was 1.6 years, with 25%
having more than 4 years of follow-up.

Kaplan-Meier analysis of survival af-
ter DCM diagnosis revealed 1-year sur-
vival of 87%, 2-year survival of 83%,

5-year survival of 77%, and 10-year sur-
vival of 70% (Table 3). Similarly, the
rate of freedom from transplantation at
1, 2, 5, and 10 years was 79%, 74%,
70%, and 66%, respectively. Freedom
from death or transplantation was 69%
at 1 year, 61% at 2 years, 54% at 5 years,
and 46% at 10 years.

Kaplan-Meier estimates showed sig-
nificant differences in survival, free-
dom from transplantation, and the

- _______________________________________________________________________________________]
Table 2. Characteristics at Diagnosis of 1426 Patients With Pure DCM From the Pediatric Cardiomyopathy Registry, by Cause*

Neuromuscular

Inborn Errors  Malformation

Characteristics All Patients  Idiopathic DCM  Myocarditis Disorders Familial DCM of Metabolism  Syndrome P
at DCM Diagnosis (N=1426) (N=941[66%]) (n=222[16%]) (n=125[9%]) (n=66 [5%)]) (n=54[4%]) (n=15[1%]) Valuet
Region, No. (%)
New England 195 (14) 87 (9) 51 (23) 25 (20) 11(17) 17 (31) 427) 7
Central Southwest 397 (28) 248 (26) 74 (33) 39 (31) 17 (26) 12 (22) 6 (40) <.001
Other 834 (58) 606 (64) 97 (44) 61 (49 38 (58) 25 (46) 5(39) -
Male, No. (%) 769 (54) 465 (49) 102 (46) 121 (97) 36 (55) 39 (72) 6 (40) <.001
Age at diagnosis, No. (%), y
<1 591 (41) 460 (49) 65 (29) 22 26 (39) 28 (52) 10 (67) 7]
1to <6 314 (22) 197 (21) 91 (41) 1(1) 9 (14) 13 (24) 3(20) 001
6to <12 194 (14) 116 (12) 32 (14) 23 (18) 14 (21) 8 (15) 1(7) '
12to <18 327 (23) 168 (18) 34 (15) 99 (79) 17 (26) 5(9) 1)
Age at diagnosis, 1.54 1.07 1.59 14.14 4.04 0.89 0.61 <.001
median (IQR), y (0.35t011.28) (0.29t09.13)  (0.93t08.61) (12.8210 15.77) (0.22t0 13.45) (0.07 t05.61) (0.17 to 1.81)
Race/ethnicity, No. (%)
White 795 (57) 490 (53) 120 (55) 91 (73) 43 (65) 38 (72) 13 (93)
Black 282 (20) 202 (22) 55 (25) 15(12) 8(12) 1) 0 <001
Hispanic 235 (17) 166 (18) 29 (13) 15 (12) 12(18) 10 (19) 1(7) '
Other 91 (6) 67 (7) 14 (6) 3(2) 35 48 0
Congestive heart failure present 999 (71) 693 (74) 184 (84) 43 (35) 35 (563) 32 (60) 10 (67) <.001
at diagnosis, No. (%)
Family history at diagnosis, No. (%)t
Cardiomyopathy 180 (19) 92 (14) 7 (6) 12 (18) 60 (92) 6(19) 3(30) <.001
Sudden death 85 (9) 36 (5) 11(8) 2@ 24 (44) 9 (24) 3(27) <.001
Congenital structural heart disease 32 (4) 22 (4) 32 49 0 3(33) <.001
Arrhythmia 27 (3) 17 (3) 1(1) (5) 6 (13) 0 .001
Genetic syndromes 68 (7) 24 (4) 2(1) 25 (32) 6 (13) 7 (20) 4 (44) <.001
LV echocardiographic Z scores
at diagnosis§
ED dimension, mean (SD) 417 (2.70) 4.65 (2.65) 3.87 (2.59) 1.89(1.87) 3.28 (2.68) 3.42 (2.28) 2.32(2.55)  <.001
ES dimension, mean (SD) 5.96 (2.86) 6.45 (2.80) 5.89 (2.66) 3.46 (2.28) 4.84 (2.91) 5.19 (2.39) 3.90 (2.68)  <.001
Fractional shortening, -9.16 -9.62 -9.11 -5.88 -7.07 -8.94 -5.95 <.001
median (IQR) (-11.08 to -6.10) (-11.42 to -7.16) (-11.05 to —6.67) (-8.02 t0 -3.32) (-9.63 to —-3.68) (-10.30 to -5.33) (-9.49 to -5.10)
ED posterior wall thickness, -0.56 -0.63 0.21 -1.62 -0.75 -0.05 -0.88 <.001
median (IQR) (-1.84t00.96) (-1.80t00.95) (-1.22t01.84) (-2.88t0-0.09) (-2.07t00.87) (-1.33t0 1.51) (-1.33to0 1.30)
ED septal wall thickness, -0.74 -0.80 -0.26 -1.34 -0.74 -0.20 -1.18 <.001
median (IQR) (-1.77t00.29) (-1.86t00.20) (-1.12t00.62) (-2.27 t0-0.26) (-1.87100.29) (-0.91t0 1.24) (-2.28t0-0.15)
Mass, mean (SD) 2.34 (2.89) 2.58 (2.92) 2.70 (2.26) 0.17 (2.90) 2.07 (3.33) 2.30 (2.27) 1.22(2.19) <.001
ED posterior wall thickness 0.13 0.12 0.14 0.13 0.14 0.15 0.16 <.001
to ED dimension, ratio (0.10t0 0.16) (0.10t0 0.15) 0.11t00.17) (0.11t00.16) (0.11t00.17) (0.13t00.17) (0.141t00.19)

at diagnosis, median (IQR)

Abbreviations: DCM, dilated cardiomyopathy; ED, end-diastolic; ES, end-systolic; IQR, interquartile range; LV, left ventricular.

*Causes of DCM were determined from all available follow-up information. Three patients had causes (1 lupus and 2 postpartum cardiomyopathy) that could not be categorized into any
of the 5 subgroups but that are included in the overall analysis.

TP values represent the overall comparison of idiopathic DCM vs myocarditis vs neuromuscular disorder vs familial DCM vs inborn error of metabolism vs malformation syndrome.
P values are based on analysis of variance or the Kruskal-Wallis test with the exception of age, for which the Mantel-Haenszel test for linear trend was used.

FFamily history information was unavailable for more than one third of cases.

§A Z score of zero represents the mean for healthy children of similar age or body surface area.
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composite end point of freedom from
death or transplantation by cause
(Table 3 and FIGURE 2 and FIGURE 3).
Patients with neuromuscular disor-
ders had the worst long-term out-
come, with 57% survival at 5 years
after diagnosis of DCM. Familial
DCM had the best survival, with 94%
at 5 years after diagnosis. Patients
with myocarditis (92% survival at 1
year and 90% at 2 and 5 years) and
inborn errors of metabolism (86%
with 1- and 2-year survival and 83%
with 5-year survival) had plateaued
curves.

Estimation of freedom from trans-
plantation by cause revealed that pa-
tients with idiopathic or familial DCM
had the worst outcomes (62% free-
dom from transplantation at 5 years af-
ter diagnosis). Individuals with myo-
carditis had a 5-year rate of freedom
from transplantation of 81%. Free-
dom from death or transplantation by
5 years was disappointing for all diag-
nostic categories, particularly for those
with idiopathic disease (47%), neuro-
muscular disorders (52%), and famil-

ial DCM (59%). Patients with myo-
carditis, malformation syndrome, or
inborn errors of metabolism had the
best 5-year composite outcomes (73%,
76%, and 78% freedom from death or
transplantation, respectively).

Predictors of Clinical Outcome

Risk factors for the composite end
point of death or transplantation
(TABLE 4) were identified after exclud-
ing cases caused by neuromuscular
disease and inborn errors of metabo-
lism because transplantation is not
typically considered a treatment
option for these groups. The final mul-
tivariate model included age at diagno-
sis, cause, CHF at diagnosis, and frac-
tional shortening Z score (P<<.001 for
all). Children with diagnoses after age
6 years were at a 2-fold greater risk of
an event, and those with idiopathic
disease had a 2-fold worse outcome
than those with myocarditis. Patients
with CHF at diagnosis had a 4-fold
hazard of death or transplantation in
the first year after diagnosis compared
with those without CHF (P<<.001);

however, there was no additional risk
for patients with CHF after 1 year
(hazard ratio, 1.12) relative to those
without CHF present at diagnosis. A
higher fractional shortening Z score
was associated with better outcome;
risk decreased 0.9 times for each unit
increase in Z score. All echocardio-
graphic measures examined were
univariately associated with DCM out-
come except for septal and posterior
wall thickness, but fractional shorten-
ing was the only independent echocar-
diographic risk factor.

Based on our multivariable model, a
patient presenting with DCM and a mod-
erate degree of LV dysfunction witha LV
fractional shortening of -8 SD (frac-
tional shortening, 20%) has a risk of
death or cardiac transplantation in-
creased by 2.2 times (hazard ratio, 2.19;
95% confidence interval, 1.55-3.08) com-
pared with a patient with normal LV
function (LV fractional shortening Z
score, 0 SD [fractional shortening, 32%])
associated with LV dilation (as seen in
familial DCM, treated myocarditis, or
other primary heart muscle disease).

]
Table 3. Age at Diagnosis and Outcomes in 1426 Patients With Pure DCM From the Pediatric Cardiomyopathy Registry, by Cause*

Idiopathic Neuromuscular  Familial Inborn Errors  Malformation
All Patients DCM Myocarditis Disorders DCM of Metabolism  Syndrome
(N=1426) (n=941) (n=222) (n=125) (n=66) (n=54) (n=15)
Age at DCM diagnosis, median (IQR), y 1.54 1.07 1.59 14.14 4.04 0.89 0.61
(0.35-11.28) (0.29-9.13) (0.93-8.61)  (12.82-15.77) (0.22-13.45) (0.07-5.61) (0.17-1.81)

No. of deaths 206 139 21 35 1 8 2
Survival rate, % (95% Cl), yt

1 87 (85-89) 84 (81-87) 92 (88-96) 89 (83-95) 100 86 (77-96) 91 (74-100)

2 83 (81-86) 80 (77-84) 90 (86-95) 79 (70-88) 100 86 (77-96) 91 (74-100)

5 77 (74-80) 76 (71-80) 90 (86-95) 57 (44-70) 94 (84-100) 83 (71-94) 76 (45-100)

10 70 (64-75) 74 (68-79) 78 (64-91) 29 (9-49) 94 (84-100) 83 (71-94) 76 (45-100)
No. of cardiac transplantations 292 231 32 8 19 2 0
Transplantation-free rate, % (95% Cl), yt

1 79 (76-81) 73 (70-76) 86 (81-91) 93 (88-98) 81 (72-91) 97 (92-100) 100

2 74 (71-76) 66 (62-70) 82 (77-88) 91 (86-97) 76 (64-87) 94 (87-100) 100

5 70 (66-73) 62 (58-66) 81 (74-87) 91 (86-97) 62 (48-76) 94 (87-100) 100

10 66 (61-71) 58(51-64) 77 (67-86) 91 (86-97) 62 (48-76) 94 (87-100) 100
No. of end-point events (deaths and cardiac 498 370 53 43 20 10 2

transplantations)
End-point event—free rate, % (95% Cl), yt

1 69 (66-71) 61 (58-65) 79 (74-85) 83 (76-90) 81 (72-91) 84 (74-94) 91 (74-100)

2 61 (68-64) 53 (50-57) 74 (68-81) 72 (63-81) 76 (64-87) 81 (70-92) 91 (74-100)

5 54 (60-57) 47 (43-51) 73 (66-79) 52 (40-65) 59 (44-74) 78 (65-90) 76 (45-100)

10 46 (41-51) 42 (37-48) 60 (47-72) 26 (8-44) 59 (44-74) 78 (65-90) 76 (45-100)

Abbreviations: Cl, confidence interval; DCM, dilated cardiomyopathy.

*Causes of DCM were determined from all available follow-up information. Event rates are based on Kaplan-Meier estimates at 1, 2, 5, and 10 years following diagnosis of DCM.
Three patients had causes (1 lupus and 2 postpartum cardiomyopathy) that could not be categorized into any of the 5 subgroups but are included in the overall analysis.

1The Greenwood formula was used for estimation of standard error with no transformation to the survivor function.
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Figure 2. Estimated Survival and Freedom From Transplantation for Patients With Pure Dilated Cardiomyopathy (DCM), by Cause
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Time Since Diagnosis of Dilated Cardiomyopathy, y Time Since Diagnosis of Dilated Cardiomyopathy, y
No. at Risk No. at Risk
Cohort Cohort
Idiopathic DCM 941 252 132 68 30 13 0 Idiopathic DCM 941 252 132 68 30 13 0
Myocarditis 222 95 55 32 12 1 0 Myocarditis 222 95 55 32 12 1 0
Neuromuscular 125 56 25 8 5 1 0 Neuromuscular 125 56 25 8 5 1 0
Disorder Disorder
Familial DCM 66 33 21 11 4 1 0 Familial DCM 66 33 21 11 4 1 0
Inborn Error of 54 27 20 8 1 0 0 Inborn Error of 54 27 12 8 5 1 0
Metabolism Metabolism
Malformation 15 6 6 2 2 1 0 Malformation 15 6 6 2 2 1 0
Syndrome Syndrome
COMMENT

Dilated cardiomyopathy in childhood
is a diverse disorder with outcomes
that depend on cause and age at pre-
sentation, as well as heart failure sta-
tus. We previously reported that
early failure of medical management,
high mortality rates, and progressive
deterioration are found regardless of
etiology.’

The incidence of DCM was 0.56 cases
per 100 000 per year, 10-fold lower than
in adults.?"*? This may relate to fewer
chronic health habit-associated risk fac-
tors, a longer latency period for clini-
cal expression of the effects of genetic
and environmental factors on the
heart, and the wider age span of adult-
hood compared with childhood, giv-
ing adults more opportunity to de-
velop DCM. When study differences are
accounted for, the incidence of pedi-
atric DCM in the United States is simi-
lar to that reported in Finland (0.65 per
100 000 aged =20 years) and, after ac-
counting for age, Australia (1.09 per
100 000 aged =10 years).?*** Boys have
a higher DCM incidence than girls re-
lated to X-linked genetic causes and

©2006 American Medical Association. All rights reserved.

Figure 3. Freedom From Death or Transplantation for Patients With Pure Dilated

Cardiomyopathy (DCM)
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neuromuscular disorders. Black chil-
dren have higher rates of DCM and dif-
ferent causes of DCM than do white
children.

Dilated cardiomyopathy is signifi-
cantly more likely to present in the first
year of life than at older pediatric ages.
Infants had more than 13 times the in-
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cidence of older children. The most com-
mon causes of infantile DCM include id-
iopathic, inborn errors of metabolism,
and malformation syndromes. How-
ever, DCM presenting at older pediat-
ric ages is, in general, associated with
worse outcomes. In addition to older age,
worse ventricular dysfunction at pre-
sentation and more advanced CHF at

presentation were associated with worse
outcomes. Congestive heart failure was
present in 71% of patients presenting
with DCM and was more common in
myocarditis and idiopathic DCM and
less common in those presenting with
neuromuscular, familial, or inborn er-
rors of metabolism-associated DCM.
Most mortality or transplantation oc-

curs early, within 2 years of DCM pre-
sentation, except with neuromuscular
etiologies.

The cause of DCM was an indepen-
dent predictor of the composite out-
come of death or transplantation. Out-
comes by cause varied widely from 57%
to 94% survival at 5 years, suggesting
the need to establish an etiology to de-

|
Table 4. Cox Regression Modeling Results for Death or Transplantation, Excluding Cases With Neuromuscular Disorders

and Inborn Errors of Metabolism*

Univariate Analysis

Final Multivariate Model

[
Hazard Ratio for Death

I
Hazard Ratio for Death

or Transplantation P or Transplantation P
Covariates No. (95% Cl) Valuet (95% ClI) Valuet
Age at diagnosis of DCM (3 df) 1244 <.001 <.001
Tto<Bvs<ly 0.95 (0.74-1.22) .67 1.20 (0.89-1.63) .23
6to<i12vs <1y 1.43 (1.09-1.87) .01 2.31 (1.67-3.20) <.001
12to<18vs <1y 1.48 (1.15-1.89) .002 2.40 (1.75-3.30) <.001
Sex (male vs female) 1244 1.17 (0.97-1.40) 1
Race/ethnicity (white vs Hispanic vs black vs other race) (3 df) 1223 16
Region (New England vs central Southwest vs other) (2 df) 1244 <.001
Central Southwest vs New England 1.73 (1.17-2.54) .006
Other vs New England 2.02 (1.41-2.90) <.001
Cohort (prospective vs retrospective) 1244 1.08 (0.89-1.32) 42
Etiology (idiopathic vs known) 1244 2.01 (1.57-2.58) <.001
Cause of DCM (8 df) 1244 <.001 <.001
Idiopathic vs malformation syndrome 4.06 (1.01-16.32) .05 1.81 (0.45-7.30) 41
Idiopathic vs familial 1.76 (1.12-2.77) .01 1.65 (0.96-2.84) .07
|diopathic vs myocarditis 2.03 (1.562-2.70) <.001 2.06 (1.47-2.87) <.001
Family history (present vs absent)
Cardiomyopathy 846 1.04 (0.79-1.36) .81
Sudden death 868 1.06 (0.73-1.54) .75
Congenital heart disease 794 1.24 (0.74-2.09) 41
Arrhythmia 787 0.60 (0.28-1.26) 18
Genetic syndromes 822 1.02 (0.60-1.75) .94
CHF at diagnosis (present vs absent) (2 df) 1235
Risk at <1y after diagnosis 3.03 (2.19-4.20) <.001 3.67 (2.40-5.60) <.001
Risk at =1 y after diagnosis 1.30 (0.83-2.05) .25 1.12(0.66-1.91) .67
LV ED dimension Z score (per SD increase) 941 1.14 (1.10-1.20) <.001
LV ES dimension Z score (per SD increase) 830 1.16 (1.11-1.22) <.001
LV fractional shortening Z score (per SD increase) 998 0.91 (0.88-0.94) <.001 0.90 (0.87-0.94) <.001
LV ED posterior wall thickness Z score quartiles (3 df)f 756 .78
LV ED septal wall thickness Z score quartiles (3 df)t 691 .48
LV mass Z score (per SD increase) 748 1.07 (1.08-1.11) .001
Ratio of LV ED posterior wall thickness to LV ED dimension 826 <.001
quartiles (3 df)t
First vs second 1.43 (1.04-1.96) .03
First vs third 1.87 (1.33-2.64) <.001
First vs fourth 1.76 (1.25-2.48) .001

Abbreviations: Cl, confidence interval; DCM, dilated cardiomyopathy; df, degrees of freedom; ED, end-diastolic; ES, end-systolic; LV, left ventricular.
*Data are from 1244 patients with pure DCM from the Pediatric Cardiomyopathy Registry. Multivariate modeling is based on 990 patients in whom 282 transplantations and 163
deaths occurred. Three additional patients had causes (1 lupus and 2 postpartum cardiomyopathy) that could not be categorized into any of the 5 etiologic subgroups and,

therefore, are not included in modeling analyses.

TRaw (unadjusted) P values are presented for pairwise comparisons of subgroups where an omnibus difference is detected.
FLeft ventricular ED posterior wall thickness and LV ED septal wall thickness Z scores as well as ratio of LV ED posterior wall thickness to LV ED dimension were categorized by

quartiles because of nonlinear effects.
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termine the subsequent optimal man-
agement and to more accurately pre-
dict prognosis. However, understanding
the cause of DCM remains difficult,
with only 34% of pediatric patients hav-
ing an identifiable cause. The spec-
trum of disease etiologies in child-
hood is quite different than that
reported in adults. In pure DCM, myo-
carditis and neuromuscular disorders
are the most common causes during
childhood, with familial DCM, inborn
errors of metabolism, and malforma-
tion syndromes less common. In adults,
coronary artery disease is a common
cause of DCM, which is rare in child-
hood, and explains some differences be-
tween incidence rates in childhood vs
adulthood.

Mortality and cardiac transplanta-
tion rates did not match for specific
causes of pediatric DCM. There was
lower mortality but a higher rate of car-
diac transplantation for familial DCM
compared with idiopathic DCM. Idio-
pathic DCM had high rates of both
death and cardiac transplantation. This
raises questions about optimal cardiac
transplantation management. One con-
clusion would be that patients with id-
iopathic DCM are not undergoing trans-
plantation as often as they should, since
mortality remains elevated, or that more
needs to be done to establish etiolo-
gies for idiopathic DCM in pediatric pa-
tients. Similar questions are raised for
myocarditis, in which deaths con-
tinue to occur years after presenta-
tion. The continuing mortality risk con-
tradicts the previously held belief of a
high recovery rate in this population.
Familial DCM has high early transplan-
tation rates and lower mortality com-
pared with other causes, suggesting that
families and their care providers may
be more prepared to allow transplan-
tation in these young patients early.

There are limitations to this study.
First, subclinical cases of DCM are, by
definition, not completely captured by
the methods used in this study. For
this reason, the incidence of DCM is
probably underestimated and disease
severity is possibly overestimated. In
addition, the large percentage of
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infants and children with no known
etiology reduces the predictability of
etiology-based outcomes. The regions
captured may not be fully representa-
tive of the United States, and potential
endemic outbreaks or genetic or
acquired factors might be overlooked.
Finally, the observational nature of the
study plus the fact that detailed treat-
ment data were only collected from
the retrospective cohort preclude reli-
able conclusions regarding potential
associations between therapy and out-
comes in this cohort. However, thera-
pies have not been shown to affect
outcomes dramatically.*??

Despite the billions of dollars used
to care for these patients, develop new
therapies, and perform genetics-based
studies, survival is still poor. New
methods for early diagnosis®* and risk
stratification, as well as new therapies,
need to be developed for infants and
children with DCM to avoid trans-
plantation and premature death.’*
The identification of patient character-
istics and underlying diseases with the
worst and best outcomes should
enable focused investigations regard-
ing these issues.

Author Contributions: Drs Towbin and Sleeper had
full access to all of the data in the study and take re-
sponsibility for the integrity of the data and the ac-
curacy of the data analysis.

Study concept and design: Towbin, Colan, Lurie,
Lipshultz.

Acquisition of data: Towbin, Colan, Clunie, Messere,
Hsu, Canter, Lipshultz.

Analysis and interpretation of data: Towbin, Lowe,
Colan, Sleeper, Orav, Cox, Lurie, Hsu, Canter, Wilkinson,
Lipshultz.

Drafting of the manuscript: Towbin, Lowe, Colan,
Sleeper, Lipshultz.

Critical revision of the manuscript for important in-
tellectual content: Lowe, Colan, Sleeper, Orav, Clunie,
Messere, Cox, Lurie, Hsu, Canter, Wilkinson, Lipshultz.
Statistical analysis: Lowe, Sleeper, Orav, Lipshultz.
Obtained funding: Towbin, Colan, Lurie, Lipshultz.
Administrative, technical, or material support: Colan,
Clunie, Messere, Wilkinson, Lipshultz.

Study supervision: Towbin, Colan, Sleeper, Lipshultz.
Financial Disclosures: None reported.
Funding/Support: This study was supported by Na-
tional Heart, Lung, and Blood Institute (NHLBI) grant
RO1 HL53392. The PCMR is supported by a grant
funded by the NHLBI (grant RO1 HL53392 to Dr Lip-
shultz, principal investigator). The work is also funded
in part by grants from the National Institutes of Health
(grants P01 HL67155 to Dr Towbin and RO1 HL78522,
RO1 HL72705, RO1 CA79060, PO1 CA68484, and NO1
HR96041 to Dr Lipshultz), Parker Family Foundation
(to Dr Lipshultz), the John Patrick Albright Foundation
(to Dr Towbin), Abby Glaser Children's Heart Fund (to
Dr Towbin), the Amanda McPherson Foundation (to
Dr Towbin), Glover-Crask Trust (to Dr Lipshultz), Perini

Quality of Life Program (to Dr Lipshultz), Lance Arm-
strong Foundation (to Dr Lipshultz), and the Chil-
dren’s Cardiomyopathy Foundation (to Dr Lipshultz).
Dr Towbin is supported by the Texas Children's Hos-
pital Foundation Chair in Pediatric Cardiac Research.
The University of Miami serves as the PCMR Admin-
istrative Coordinating Center, with Texas Children's Hos-
pital, Houston, and Children's Hospital, Boston, serv-
ing as regional clinical coordinating centers. The New
England Research Institutes is the data and statistical
coordinating center. An NHLBI-appointed observa-
tional study monitoring board assists in data
monitoring.

Role of the Sponsors: The NHLBI provided oversight
of the study with an independent observational study
monitoring board, but neither the NHLBI nor any other
funders had any role in the design and conduct of the
study, in the collection, analysis, and interpretation of
the data, or in the preparation, review, or approval
of the manuscript.

Acknowledgment: We thank the participating clini-
cal centers for patient recruitment and Tom Lang, MA,
professional medical editor, Tom Lang Communica-
tions and Training, for editorial assistance. Mr Lang
was compensated for his presubmittal editorial re-
view of the manuscript.

REFERENCES

1. Richardson P, McKenna W, Bristow M, et al. Re-
port of the 1995 World Health Organization/
International Society and Federation of Cardiology
Task Force on the definition and classification
of cardiomyopathies. Circulation. 1996;93:841-842.
2. Maron BJ, Towbin JA, Thiene G, et al; American
Heart Association Council on Clinical Cardiology, Heart
Failure and Transplantation, Council on Clinical Car-
diology, Heart Failure and Transplantation Commit-
tee, Quality of Care and Outcomes Research and Func-
tional Genomics and Translational Biology
Interdisciplinary Working Groups, and Council on Epi-
demiology and Prevention. Contemporary defini-
tions and classifications of the cardiomyopathies: an
American Heart Association scientific statement from
the Council on Clinical Cardiology, Heart Failure and
Transplantation Committee; Quality of Care and Out-
comes Research and Functional Genomics and Trans-
lational Biology Interdisciplinary Working Groups; and
Council on Epidemiology and Prevention. Circulation.
2006;113:1807-1816.

3. Tsirka AE, Trinkaus K, Chen SC, et al. Improved out-
comes of pediatric dilated cardiomyopathy with uti-
lization of heart transplantation. J Am Coll Cardiol.
2004,;44:391-397.

4. Harmon WE, McDonald RA, Reyes JD, et al. Pe-
diatric transplantation, 1994-2003. Am J Transplant.
2005;5:887-903.

5. O'Connell JB, Bristow MR. Economic impact of
heart failure in the United States: time for a different
approach. J Heart Lung Transplant. 1994;13:5107-
S$112.

6. Digiorgi PL, Reel MS, Thornton B, Burton E, Naka
Y, Oz MC. Heart transplant and left ventricular
assist device costs. J Heart Lung Transplant. 2005;24:200-
204.

7. Codd MB, Sugrue DD, Gersh BJ, Melton LJ. Epi-
demiology of idiopathic dilated and hypertrophic car-
diomyopathy: a population-based study in Olmsted
County, Minnesota, 1975-1984. Circulation. 1989;80:
564-572.

8. Manolio TA, Baughman KL, Rodeheffer R, et al.
Prevalence and etiology of idiopathic dilated cardio-
myopathy (summary of a National Heart, Lung, and
Blood Institute Workshop). Am J Cardiol. 1992;69:
1458-1466.

9. Towbin JA. Pediatric myocardial disease. Pediatr
Clin North Am. 1999;46:289-312.

10. Shaddy RE. Cardiomyopathies in adolescents: di-

(Reprinted) JAMA, October 18, 2006—Vol 296, No. 15 1875

Downloaded from www.jama.com at Harvard University Library, on October 19, 2006


http://www.jama.com

DILATED CARDIOMYOPATHY IN CHILDREN

lated, hypertrophic, and restrictive. Adolesc Med. 2001;
12:35-45.

11. Towbin JA, Bowles NE. The failing heart. Nature.
2002;415:227-233.

12. Michels VV, Moll PP, Miller FA, et al. The fre-
quency of familial dilated cardiomyopathy in a series
of patients with idiopathic dilated cardiomyopathy.
N Engl J Med. 1992;326:77-82.

13. Keeling PJ, Gang Y, Smith G, et al. Familial
dilated cardiomyopathy in the United Kingdom.
Br Heart J. 1995,73:417-421.

14. GrunigE, Tasman JA, Kucherer H, Franz W, Kubler
W, Katus HA. Frequency and phenotypes of familial
dilated cardiomyopathy. J Am Coll Cardiol. 1998;31:
186-194.

15. Towbin JA, Lipshultz SE. Genetics of neonatal
cardiomyopathy. Curr Opin Cardiol. 1999;14:250-
262.

16. Griffin ML, Hernandez A, Martin TC, et al. Di-
lated cardiomyopathy in infants and children. J Am
Coll Cardiol. 1988;11:139-144.

17. Kelly DP, Strauss AW. Inherited cardiomyopathies.
N Engl J Med. 1994;330:913-919.

18. Ferencz C, Neill CA. Cardiomyopathy in infancy:
observations in an epidemiologic study. Pediatr Cardiol.
1992;13:65-71.

19. Bilgic A, Ozbarlas N, Ozkutlu S, Ozer S, Ozme S.
Cardiomyopathies in children: clinical, epidemiologi-
cal, and prognostic evaluation. Jpn Heart J. 1990;31:
789-797.

20. Arola A, Jokinen E, Ruuskanen O, et al. Epidemi-

1876

JAMA, October 18, 2006—Vol 296, No. 15 (Reprinted)

ology of idiopathic cardiomyopathies in children and
adolescents: a nationwide study in Finland. Am J
Epidemiol. 1997;146:385-393.

21. Lipshultz SE, Sleeper LA, Towbin JA, et al. The in-
cidence of pediatric cardiomyopathy in two regions
of the United States. N Engl J Med. 2003;348:1647-
1655.

22. Nugent AW, Daubeney PEF, Chondros P, et al.
The epidemiology of childhood cardiomyopathy
in Australia. N Engl J Med. 2003;348:1639-1646.
23. Grenier M, Osganian SK, Cox GF, et al. Design
and implementation of the North American Pediatric
Cardiomyopathy Registry. Am Heart J. 2000;139(2)(pt
3):586-S95.

24, Colan SD, Parness IA, Spevak PJ, Sanders SP. De-
velopmental modulation of myocardial mechanics: age
equals number and growth-related alterations in af-
terload and contractility. / Am Coll Cardiol. 1992;19:
619-629.

25. Sluysmans T, Colan SD. Theoretical and empiri-
cal derivation of cardiovascular allometric relation-
ships in children. J Appl Physiol. 2005;99:445-457.
26. Lipshultz SE, Miller TL. Establishing norms for
echocardiographic measurements of cardiovascular
structures in children. J Appl Physiol. 2005;99:386-388.
27. Connolly D, Rutkowski M, Auslender M, Art-
man M. The New York University Pediatric Heart
Failure Index: a new method of quantifying chronic
heart failure severity in children. J Pediatr. 2001;138:
644-648.

28. Ross RD, Bollinger RO, Pinsky WW. Grading the

severity of congestive heart failure in infants. Pediatr
Cardiol. 1992;13:72-75.

29. Ichida F, Tsubata S, Bowles KR, et al. Novel gene
mutations in patients with left ventricular noncom-
paction or Barth syndrome. Circulation. 2001;103:
1256-1263.

30. Tsubata S, Bowles KR, Vatta M, et al. Mutations
in the human delta-sarcoglycan gene in familial and
sporadic dilated cardiomyopathy. J Clin Invest. 2000;
106:655-662.

31. Vatta M, Mohapatra B, Jimenez S, et al. Muta-
tions in Cypher/ZASP in patients with dilated cardi-
omyopathy and left ventricular non-compaction. J Am
Coll Cardiol. 2003;42:2014-2027.

32. Feng J, Yan JY, Buzin CH, Sommer SS, Towbin
JA. Comprehensive mutation scanning of the dystro-
phin gene in patients with nonsyndromic X-linked di-
lated cardiomyopathy. J Am Coll Cardiol. 2002;40:
1120-1124.

33. Lipshultz SE. Ventricular dysfunction clinical re-
search in infants, children and adolescents. Prog Pe-
diatr Cardiol. 2000;12:1-28.

34. McMahon CJ, Nagueh SF, Eapen RS, et al. Echocar-
diographic predictors of adverse clinical events in chil-
dren with dilated cardiomyopathy: a prospective clini-
cal study. Heart. 2004,;90:908-915.

35. Rosenthal D, Chrisant MR, Edens E, et al. Inter-
national Society for Heart and Lung Transplantation:
practice guidelines for management of heart failure
in children. J Heart Lung Transplant. 2004;23:1313-
1333.

©2006 American Medical Association. All rights reserved.

Downloaded from www.jama.com at Harvard University Library, on October 19, 2006


http://www.jama.com

