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Outcome factors of idiopathic dilated cardiomyopathy in
children — a long-term follow-up review
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Abstract Background: Idiopathic dilated cardiomyopathy in children has a high rate of mortality. Cardiac
transplantation is the treatment of choice in those who fail to respond to therapeutics. Several studies have been
carried out to determine unfavourable prognoses, and to provide an early indication for cardiac transplantation.
Nevertheless, no consensus has been reached on the matter. Objective: To propose predictors of death in chil-
dren with idiopathic dilated cardiomyopathy. Methods: We reviewed data extending over 22 years from 142
consecutive children with idiopathic dilated cardiomyopathy, of whom 36 died. The criterions for inclusion
were the presence of congestive heart failure or cardiomegaly in a routine chest X-ray, confirmed by enlarge-
ment and hypo kinesis of the left ventricle in the echocardiogram. We included asymptomatic children in func-
tional class I. Based on Cox’s analysis of clinical and laboratory data, we sought any predictors of death. Resu/ts:
In univariate analysis, the predictors were functional class IV at presentation (p equal to 0.0001), dyspnoea
(p equal to 0.0096), and reduced pedal pulses (p equal to 0.0413). In chest X-ray, they were maximal cardiotho-
racic ratio (p equal to 0.0001) and pulmonary congestion (p equal to 0.0072). In the electrocardiogram, right
atrium overload (p equal to 0.0118), ventricular arrhythmias (p equal to 0.0148) and heart rate (p equal
to 0.027). In the echocardiogram, mitral regurgitation of grade 3 to 4 (p equal to 0.002), the left atrial to aortic
ratio (p equal to 0.0001), and left ventricle ejection fraction (p equal to 0.0266). In multivariate analysis, the inde-
pendent predictors were maximum cardiothoracic ratio (p equal to 0.0001), left ventricle ejection fraction (p equal
to 0.0013), mitral regurgitation of grade 3 or 4 (p equal to 0.0017), functional class IV at presentation (p equal
to 0.0028), and ventricular arrhythmias (p equal to 0.0253). Conclusion: Children, who have these predictors of
death should be considered for early heart transplantation when no improvement is observed in clinical treatment.
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is A well-recognized cause of congestive heart

failure in the absence of congenital cardiac dis-
ease. It is responsible for high rates of medical care
and mortality, ranging from 16% at 10 years to 49%
and 80%, at 5 years.'™
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Cardiac transplantation is the treatment of choice
in patients who fail to respond to medical treatment.
The cumulative survival rates vary from 75 to 80%
at 1 year, and from 60 to 75% at five years.®® Several
studies have been carried out to establish unfavourable
prognostic parameters, and hence provide an early
indication for cardiac transplantation.’~?~'? No con-
sensus on the matter, however, has been reached so far.

In the light of this lack of consensus on the pre-
dictors for death in the setting of infantile idiopathic
dilated cardiomyopathy, we carried out a retrospec-
tive review study of all children presenting to our
hospital over a period of 22 years, analyzing the
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evolution of clinical factors, and chest X-ray, electro-
cardiographic, and echocardiographic data. The sus-
pected risk factors were then submitted to statistical
analysis.

Methods

We trawled the database of the National Institute of
Cardiology Laranjeiras, Rio de Janeiro, Brazil, and
identified 142 children seen consecutively as suit-
able for retrospective analysis. The children had been
diagnosed with idiopathic dilated cardiomyopathy
from November 1982 to September 2004. The crite-
rions for inclusion were the presence of congestive
heart failure or the appearance of cardiomegaly in a
routine chest X-ray, confirmed by enlargement and
hypo kinesis of the left ventricle observed in the
echocardiogram. We also included asymptomatic
children in functional class I of the categorization of
the New York Heart Association. In the first chree
patients, diagnosis had been made on the basis of
angiographic studies. Echocardiographic studies were
started from June, 1984, and used from this time to
confirm the diagnosis. Patients with congenital car-
diac disease, anomalous origin of the coronary arter-
ies, excluded by angiographic study if necessary,
Kawasaki’s disease, arrthythmogenic cardiomyopathy,
ischaemic injury due to neonatal asphyxia or cardiores-
piratory arrest, those exposed to cardiotoxic agents,
such as anthracycline, and those with inborn errors
of metabolism, primary arrhythmias, rheumatic heart
disease, neuromuscular disease, systemic arterial
hypertension, septicaemia, infection with human
immunodeficiency virus, Chagas’ disease, and diph-
theria were all excluded.

We analysed age at presentation, gender, ethnic
origin, history of a preceding viral disease within
3 months before diagnosis, signs and symptoms at
presentation, and functional class within the catego-
rization of the New York Heart Association.
Functional class I was defined as no limitations
in normal activities for age, class II as comfortable at
rest, but with normal activities for age resulting in
symptoms of cardiac failure, class IIT as comfortable
at rest, but with mild activities for age resulting in
symptoms of cardiac failure, and class IV as symp-
toms of cardiac failure at rest. In addition, 2 of the
authors reviewed 806 radiographic films from all
142 patients, giving an average of 5.67 examinations
per patients, 479 tracings of the surface 12 lead elec-
trocardiogram from 131 patients, averaging 3.66
recordings per patient, and 490 echocardiograms
from 141 patients, averaging 3.47 recordings per
patient. The inter-observer and intra-observer rates
of reliability were 94.7%, with kappa of 0.938, for the
chest radiographs, 90.4% with kappa of 0.907 for the
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electrocardiograms, and 92.3%, with kappa of 0.918,
for the echocardiograms.

The 12 lead electrocardiograms all included 3 to 5
complexes by lead and lead DII taken over 15 to 30
seconds. If any arrhythmia was found on the surface
electrocardiogram, or if the patient had symptoms of
tachycardia or bradycardia, thoracic pain, or syncope,
a 24-hour electrocardiographic Holter recording was
performed.

Mitral regurgitation was assessed by pulsed and
colour Doppler according to the era of examination,
using the golden standard to each era, by the guide-
lines from the American Society of Echocardiography.'?
Left ventricle ejection fraction was measured by
Simpson’s method, at examination or by reviewing
the tapes.

The medical treatment employed was optimized
for the clinical and functional class of the patients, and
varied during the period of study. It was the conven-
tional regime employed at the time, and included
digitalis in 109 patients (76.8%), furosemide or
hydrochlorothiazide in 132 patients (93.0%) and
spironolactone in 87 patients (61.3%), inhibitors of
angiotensin converting enzyme in 90 patients
(63.4%), hydralazine in 37 patients (26.1%), and
acetylsalicylic acid in 35 patients (24.6%) for pre-
vention of thromboembolic events. The use of
inhibitors of angiotensin converting enzyme started
in 1986, and after then became a routine treatment.
Intravenous inotropic drugs were administered at least
once in the 45 patients (31.7%) in functional class
IV. The analysis of the influence of treatment on out-
come was not the primary purpose of this study.
Nevertheless, since use of inhibitors of angiotensin
converting enzyme is now considered a corner stone
of modern treatment for cardiac failure, we analyzed
1ts impact on outcome.

The assumption of myocarditis was based on clin-
ical findings such as fever and chest pain, laboratory
findings such as abnormalities in creatine phosphok-
inase, troponin and myoglobin, and electrocardio-
graphic criterions such as low voltage of the QRS
complexes and abnormalities of conduction. Over the
last years, myocarditis was confirmed by endomyocar-
dial biopsy and immunohistochemistry, albeit that
only five such investigations were made over the
period, thus limiting any analysis in terms of survival.

The statistical analysis was carried out using the
Epi Info 6.04 from Centers for Disease Control &
Prevention software and the Statistica 6 from Statsoft
Inc software. Dichotomous data was evaluated by
Chi-Square test, with confidence intervals of 95%
being calculated. Descriptive data was expressed as
means and standard deviation, and analyzed by
Student’s t-test. The Receiver Operating Curve was
built in order to test the best cut-off of continuous
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variables. Continuous dependent variables of time
were evaluated by analysis of variance for repeated
measures. Survival was analyzed by Kaplan-Meier
method. Cox’s analysis was used to predict the asso-
ciation of the clinical signs and abnormalities with
death. Variables that may have predicted a bad prog-
nosis in the univariate analysis (p equal to 0.1) were
divided into groups and analyzed using Cox’s regres-
sion model with casewise deletion, when any param-
eters were absent, to determine independent predictors
of death. Any value was considered significant when
alpha was less than 0.05. The study complies with
the Declaration of Helsinki, and was approved by our
institutional review committee, with all the subjects
or their families or guardians giving informed consent.

Results

The incidence was approximately 6.4 new cases per
year, or 0.39 per 100,000. Mean age at presentation
was 2.48 years, with a median of 0.83 year, and a
range from 1 month to 15.7 years, with follow-up of
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Figure 1.

Cumulative proportional survival and confidence interval of 95%
of the 142 children and adolescents with idiopathic dilated
cardiomyopathy.
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4.0 years, ranging from 1 day to 15.96 years. At the
end of the study, 64 (45.1%) patients were symptom-
free, 42 (29.6%) had developed chronic congestive
heart failure, and 36 (25.3%) had died. Survival rates,
with confidence intervals of 95%, and the numbers
of patients at risk, are presented in Figure 1.

The results and confidence limits for the presumed
risk factors are demonstrated in Tables 1-3. In this
cohort, most of patients (71.1%) were younger than 2
years old, with a mean of 0.67 years plus or minus
0.47, and a majority was female (56.3%), but no dif-
ference was observed in ethnic origin (Table 1).

A history of a preceding viral disease within 3
months before diagnosis was reported by 61 (42.9%)
patients, with respiratory viral disease reported in 54
patients (88.5%), and gastrointestinal viral infection
in 7 patients (11.5% — p equal to 0.0001). Myocarditis
was presumed in 60 (42.2% — confidence interval
34.1% to 50.8%) patients on the basis of clinical,
laboratory and electrocardiogram criterions as
described above. Presence or absence of myocarditis,
however, did not confer any difference with regard to
death (p equal to 0.1472). There was no difference in
survival between those presenting at age younger or
older than 2 years (p equal to 0.751), nor for the gen-
ders (p equal to 0.477), for any ethnic group (p equal
to 0.083), nor the presence of previous viral disease
(p equal to 0.226) or the assumption of myocarditis
(p equal to 0.241).

At presentation, 11 (7.7%) patients were in func-
tional class I, 13 (9.2%) in functional class II, 35
(24.6%) in functional class III, and 83 (58.5%) in
functional class IV. The majority (83.1%) was in func-
tional class III and IV (p equal to 0.0001). All 36
deaths occurred in patients in these functional
classes (p equal to 0.0040). Presentation in func-
tional class IV was a strong marker of death (p equal
to 0.0001), with relative risk of 2.15, and confidence
intervals from 1.73 to 2.67 (chi square 27.75).

The clinical markers of death at presentation in uni-
variate analysis are presented in Table 2. Multivariate

Table 1. Epidemiological characteristic of the cohort, confidence interval of 95% and significance.

n—% 95%CI )

Gender Girls 80 -56.3% 47.8% — 64.5% 0.0327
Boys 62 -437% 35.4% —52.3% '

Ethnicity Black 75 -52.8% 443% — 61.2% 0.3424
White 67 —47.2% 38.8% — 55.7% ’

Age group Less 2 years 101 -71.1% 62.8% —78.3% 0.0001
Over or equal 2 years 41 -28.9% 21.7% - 37.2% '

Viral disease Yes 61 —42.9% 34.8% —51.5% 0.0176
No 81-57.1% 48.5% — 65.2% ’

Functional class I-1I 24 -16.9% 11.3% — 24.3% 0.0001
-1V 118 -83.1% 75.7% — 88.7% ’

Abbreviations: n: number; 95%CI: confidence interval of 95%
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Table 2. Clinical markers of death.
Survivor (106): n — % Deceased (36): n — %
(95%CI) (95%CI) RR (95%CI) Chi Square  p

Functional class IV 48 —45.3% (45.3% — 55.2%) 35 -97.2% (83.8% — 99.8%) 2.15 (1.73 to 2.67) 27.75 0.0001
Hepatomegaly 71 —-67.0% (57.1% — 75.6%) 34 —94.4% (80.0% — 99.0%) 1.41 (1.21 to 1.65) 9.14 0.0025
Dyspneoa 51 —-48.1% (38.4% — 58.0%) 32 —-88.9% (73.0% — 96.4%) 1.85 (1.47 to 2.32) 16.76 0.0001
Mitral 47 —44.3% (34.8% — 54.3%) 33 -91.7% (76.4% — 97.8%) 2.07 (1.63 to 2.61) 22.58 0.0001

regurgitation 3—4
Reduced pedal 28 —26.4% (18.5% — 36.0%) 27 —75.0% (57.5% — 87.3%) 2.84 (1.96 to 4.11) 24.72 0.0001

pulses
Rales 21 —58.3% (40.9% — 74.0%) 33 -91.7% (76.4% — 97.8%) 1.87 (1.26 to 2.78) 7.32 0.0068
Peripheral oedema 12-11.3% (6.20% — 19.3%) 13 -36.1% (21.3% — 53.8%) 3.19 (1.60 to 6.34) 9.74 0.0018
Ascites 5—4.72% (1.75% — 11.2%) 13 -36.1% (21.3% — 53.8%) 7.66(2.93 t0 19.9) 21.18 0.0001
Hypophonesis 10-9.43% (4.87% — 17.1%) 9—25.0% (12.7% — 42.5%) 2.65(1.17 to 6.00) 4.36 0.0246
Tricuspid 7 —6.60% (2.92% — 13.6%) 10 —27.8% (14.8% — 45.4%) 4.21(1.73t010.23) 9.51 0.0018

regurgitation 3—4
Anaemia 36 —34.0% (25.2% — 43.9%) 20 -55.5% (38.3% — 71.7%) 1.64 (1.10 to 2.43) 4.38 0.0363
Malnutrition 18 -17.0% (10.6% — 25.8%) 16 —44.4% (28.3% — 61.7%) 2.62(1.50 to 4.57) 9.67 0.0019
Cardiac third sound 66 —62.3% (52.3% — 71.3%) 32 -88.9% (73.0% — 96.4%) 1.43 (1.18 to 1.72) 7.71 0.0055

Abbreviations: n: number; 95%CI: confidence interval of 95%; RR: Relative Risk

Table 3. The markers of death in complementary exams.

Initial chest roentgenogram

Survivor (106): n — % (95%CI) Deceased (36): n — % (95%CI) RR (95%CI) Chi Square p

91 —85.8% (77.7% — 91.8%)
67 —63.2% (53.2% — 72.2%)

36 —100% (88.0% — 100%)
32 —-88.9% (73.0% — 96.4%)

1.16 (1.08 to 1.26)
1.41 (1.17 to 1.69)

4.30
7.22

0.0122
0.0072

Cardiomegaly
Pulmonary congestion

Electrocardiogram

Survivor (98): n — % (95%CI) Deceased (33): n — % (95%CI) RR (95%CI) Chi Square p

Right atrial overload 33 -33.7% (24.6% — 44.0%) 26 —78.8% (60.6% —90.4%) 2.34 (1.68 to 3.25) 18.52 0.0001
Left atrial overload 55 -56.1% (45.7% — 66.0%) 27 —81.8% (63.9% — 92.4%) 1.46(1.15 to 1.85) 5.91 0.0151
Right ventricular overload 41 —41.8% (32.1% — 52.2%) 21 —63.6% (45.1% —79.0%) 1.52(1.07 to 2.15) 3.87 0.0490
Left ventricular overload 74 -75.5% (65.6% — 83.4%) 30 —90.9% (74.5% — 97.6%) 1.20(1.03 to 1.41) 2.70 0.1005
Ventricular arrhythmias 8—8.16% (3.84% — 15.92%) 15 — 45.4% (28.5% — 63.4%) 5.57 (2.60t0 11.9) 21.21 0.0001

Echocardiogram

Survivor (106): n — % (95%CI) Deceased (35): n — % (95%CI) RR (95%CI) Chi Square p

Mitral regurgitation 3—4 31 -29.2% (21.0% — 39.0%) 20-57.1% (39.5% —73.2%) 1.95(1.29 t0 2.95) 7.70 0.0055
Tricuspid regurgitation 3—4 14 —13.2% (7.67% —21.5%) 13 —37.1% (22.0% —55.1%) 2.81 (1.47 t0 5.39) 8.25 0.0041
Pulmonary regurgitation 3—4 3 —2.8% (0.73% — 8.65%) 5 —14.3% (5.40% — 31.0%) 5.05 (1.27 to 20.0) 4.49 0.0229

Abbreviations: n: number; 95%CI: confidence interval of 95%; RR: Relative Risk

analysis showed that the presence of dyspnea (p equal
t0 0.0096), and reduced pedal pulses (pequal to
0.0413), were independent clinical markers of death.
Mitral regurgitation of grade 3 or 4 (p equal to
0.0570), and auscultation of rales (pequal to
0.0573), came close to achieving significance.

In the initial chest X-ray, the majority of children
had cardiomegaly (89.4% — p equal to 0.0122), with
relative risk of 1.16 (confidence intervals from 1.08
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to 1.26), and pulmonary congestion (69.7% — p equal
to 0.0072), with relative risk of 1.41, and confidence
intervals from 1.17 to 1.69. These features proved to
be markers for death (Table 3). The analysis of the
cardiothoracic ratios is summarized in Table 4. A
maximal cardiothoracic ratio was also a strong
marker of death (p equal to 0.0001). Analysis of vari-
ance demonstrated a division by groups, starting at
one month of follow-up (p equal to 0.0001 — Fig. 2).
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Table 4. Univariate analysis of complementary exams.

Mean (Standard deviation)

Survivor Deceased p
Maximum CTR 0.649 (0.079) 0.748 (0.053)  0.0001
Mean CTR 0.605 (0.084) 0.715 (0.060)  0.0001
Heart rate 110.4 (31.7) 123.0 (30.5) 0.0005
Mean LA/Ao 1.44 (0.38) 1.99 (0.53) 0.0001
Mean LVEF 57.9 (18.0) 36.3(13.2) 0.0001
Mean Mass/BSA  120.8 (68.0) 202.7 (82.3) 0.0001

Abbreviations: CTR: cardiothoracic ratio; LA/Ao: left atrium/aorta
ratio; LVEF: left ventricle ejection fraction; Mass/BSA: left ventricle
mass/body surface area

0,85
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CTR
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p < 0.0001
0,45

0,40
0 1 3 6 12 18 24 36 48 60 72

Time of Follow-Up (months)

Figure 2.
Cardiothoracic ratio and confidence interval of 95%, by time of
Jollow-up (months), between groups (alive versus dead).

Interestingly, no difference was detected in terms of
the cardiothoracic ratio between the groups previ-
ously exposed to viral disease (p equal to 0.6114), but
the ratio was lower in those with myocarditis (p equal
to 0.0192).

Holter recordings were performed in 35 patients
(24.6%), and confirmed the presence of arrhythmias
in 31 patients (88.6%, confidence interval 72.3% to
96.3%). Premature ventricular complexes, seen in
9 patients, non-sustained ventricular tachycardia in
10 patients, and sustained ventricular tachycardia
that degenerated in non-reversible ventricular fibril-
lation in 4 patients, were all observed during follow-
up. Supraventricular complexes at greater than 30
per hour were seen in 2 patients, supraventricular
tachycardia in 5 patients, and disturbances of con-
duction in 1 patient.

Electrocardiographic predictors of mortality are
shown in Table 3. Right atrial overload (p equal to
0.0118) and ventricular arrhythmias (p equal to
0.0148) were confirmed as independent predictors of
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Survival analysis by Kaplan-Meier method and log-rank test by
groups of ventricular arrbythmias with confidence interval of 95%.
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Heart rate on electrocardiogram and confidence interval of 95%, by
time of follow-up (months), between groups (alive versus dead).

death by multivariate analysis. Ventricular arrhyth-
mias were also deleterious to survival (Fig. 3). The
analysis of heart rate is summarized in Table 4.
Analysis of variance demonstrated a higher heart rate
in those dying (p equal to 0.0275 — Fig. 4).

In univariate analysis of the echocardiograms,
mitral, tricuspid and pulmonary regurgitations of
grades 3 or 4 all emerged as markers of death (Table 3).
Multivariate analysis confirmed that mitral regurgi-
tation at grade 3 or 4 (pequal to0.0017) was
an independent echocardiographic marker of death,
with a relative risk of 1.95, and intervals of 1.29 to
2.95 (chi square 7.70). Tricuspid regurgitation of
grade 3 or 4 was weak associated with death (p equal
to 0.0885). The continuous variables are summa-
rized in Table 4. Analysis of variance demonstrated
two different groups, for left ventricular ejection
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Left ventricle ejection fraction and confidence interval of 95%, by
time of follow-up (months), between groups (alive versus dead).
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Left atrium/aorta ratio and confidence interval of 95%, by time of
Jollow-up (months), between groups (alive versus dead).

Table 5. Multivariate analysis through Cox’s regression method of prognostic factors of death considering mitral regurgitation severity

(covariate) — Phase 1.

Cox’s regression method
Dependent variable: Time of follow-up
Censoring indicator: Death

N = 333; Chi-Square = 105.374; Degree of freedom = 11; p = 0.0001

Beta Standard error t-value Exponent beta Wald statist P
Maximum CTR 8.1216 2.3534 3.4509 3366.45 11.9091 0.0006
Function class IV —2.3284 1.1119 —2.0940 0.097 4.3851 0.0363
Ventricular arrhythmia —0.8167 0.4053 —2.0150 0.442 4.0603 0.0439
LVEF —1.6692 0.8882 —1.8792 0.188 3.5316 0.0602
Right atrium overload 0.3351 0.3248 1.0315 1.398 1.0641 0.3023
Rales —0.3415 0.3530 —0.9674 0.711 0.9361 0.3333
Left atrium/Aorta 0.2392 0.3284 0.7284 1.271 0.5305 0.4664
Heart rate 0.0043 0.0061 0.6981 1.004 0.4872 0.4852
Pulmonary congestion 0.2698 0.4887 0.5521 1.311 0.3048 0.5809
Dyspnoea 0.8189 0.4166 0.4366 1.199 0.1906 0.6624
Small pulses —0.1795 0.4413 —0.4067 0.8361 0.1654 0.6842

Abbreviations: CTR: cardiothoracic ratio; LVEF: left ventricle ejection fraction

fraction (p equal to 0.0266) and the left atrial aortic
ratio (p equal to 0.0001), starting at three months of
follow-up (Figs. 5, 6), but did not show any effect of
left ventricular mass indexed to body surface area
(p equal to 0.1997). The multivariate analysis con-
firmed left ventricular ejection fraction (p equal to
0.0001), and the left atrial aortic ratio (p equal
to 0.0073), as independent predictors of death. Cox’s
regression method was performed using the poten-
tially prognostic factors identified in the previous
analyses of clinical and laboratory data. To avoid
bias, multivariate analysis was performed on the
basis of grouping by the severity of mitral regurgita-
tion. The dependent variable was time of follow-up.
Examinations that did not have one of the parame-
ters were discarded from the analysis. The analysis
was carried out in two steps, with the second step
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carried out only using those parameters producing p
values of less than 0.10 in the first analysis (Table 5).

The independent predictors of death proved to be
ventricular arrhythmias (p equal to 0.0253), maxi-
mal cardiothoracic ratio in the chest radiograph (p equal
t0 0.0001), presentation in functional class IV (p equal
to 0.0028), and left ventricular ejection fraction
(p equal to 0.0013 — Table 6). Mitral regurgitation
of grade 3 or 4 identified in the echocardiogram had
proved to be an independent marker of death in pre-
viously analysis (p equal to 0.0017).

With regard to therapeutic regimes, only use of
inhibitors of angiotensin converting enzyme reached
near significance in multivariate analysis when con-
sidering all functional classes (p equal to 0.0856), or
when selecting those patients in functional classes
IIT and IV (p equal to 0.0656). When contrasting the
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Table 6. Multivariate analysis through Cox’s regression method of prognostic factors of death — Phase 2.

Cox’s regression method

Dependent Variable: Time of Follow-up

Censoring indicator: Death

N = 487 Chi-Square = 149.18 Degree of freedom = 5 p = 0.0001

Standard Exponent Wald
Beta Error t-Value Beta Statist P
Maximum CTR 9.4841 1.5770 6.0138 13147.79 36.1662 0.0001
LVEF —2.1423 0.6676 —3.2086 0.1173 10.2957 0.0013
Mitral regurgitation 3—4 —19112 0.6111 —3.1274 0.1479 9.7806 0.0017
Function class IV —1.8101 0.6052 —2.9908 0.1636 8.9452 0.0028
Ventricular Arrhythmia —0.4831 0.2159 —2.2370 0.6168 5.0041 0.0253
Abbreviations: CTR: cardiothoracic ratio; LVEF: left ventricle ejection fraction
Maximum CTR LVEF
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Figure 7.

Receiver operating curve of maximum cardiothoracic ratio reached (a) and left ventricular ejection fraction (b).

independent predictors of death described above, the
use of inhibitors of angiotensin converting enzyme
did not produce any interaction (p equal to 0.1138).

Our next step was to find the cut-offs for the max-
imal cardiothoracic ratio and left ventricular ejection
fraction. We used receiver operating curve to deter-
mine the best values (Fig. 7). The cut-off for maxi-
mal cardiothoracic ratio reached was 0.69, this value
having 91.7% sensitivity, 65.1% specificity, and a
ficted area within the receiver operating curve of
0.848. The cut-off for left ventricular ejection frac-
tion was 0.32, with 73.3% sensitivity, 68.6% speci-
ficity, and fitted area within the receiver operating
curve of 0.752.

Discussion

Our Institute is a tertiary referral centre that concen-
trates the follow-up of all children with idiopathic

https://doi.org/10.1017/51047951107000170 Published online by Cambridge University Press

dilated cardiomyopathy in Rio de Janeiro, Brazil.
The last census, in 2000, estimated a population for
our catchment area of 14.4 million people, with 3.6
million of these being under the age of 15 years. The
incidence of dilated cardiomyopthy, therefore, was
6.4 new cases per year, or 0.39 per 100,000 children.
This incidence of new cases per year is similar to that
found in a Finnish study,’ but was lower proportion-
ately than the figures cited in the Finnish and
Australian studies.”'# These differences may be due
to our rural population, that has more difficulties in
gaining access to medical facilities. As far as we are
aware, our cohort is the largest thus far collected, and
has been followed over the longest period. Previous
reports have studied cohorts varying from 15 to 81
children,'® albeit that Lipshultz et al.!” reported find-
ings in 196 children with human immunodeficiency
virus infection and left ventricular dysfunction due
to viral myocarditis.
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In our study, most of patients had presented symp-
toms before 2 years of age, in keeping with a previous
study.'® This may reflect greater susceptibility for
viral diseases in our cohort. Such susceptibility has
also been suggested by Griffin et al.,’ and Burch
et al,'" albeit that it has not emerged from
other reports.'""!? Mean age at presentation of our
patients was 2.48 years, this being in agreement
with some previous series,>*>!>2-22 but not with
others.>!°

We confirmed previous reports showing gender
to have no influence on survival,1_5’9’11’14’15’23_25
and similarly with ethnicity and age at presenta-
tion.!416:25-26 Arola et al.® found greater mortality
in patients with endocardial fibroelastosis who were
less than 1 year old and in male teenagers, while for
others, the mortality was higher in patients over
2 years old.”!10%

A history of previous viral disease was present in
just over two-fifths of our patients, with previous
studies showing a range from 4.8% to 54.2%.%1°
Taliercio et al.” described lower mortality in such
patients, but this observation is neither by us nor by
other series.’

At presentation, most of our patients were already
seriously ill, and all deaths occurred in this group,
again in keeping with the experience of others.'®*’
Silva et al.'' reported that the majority of their
patients were in functional class I and II, but they
did not mention the influence of functional class on
mortality. Nogueira et al.? like us, found that death
was related to initial severity of illness, and they also
identified presentation in functional class IV as an
important marker of death.

Perhaps surprisingly, few have demonstrated a
relationship between clinical presentation and
death. Friedman et al.? reported that the persistence
of congestive heart failure in follow-up was a predic-
tor of death, despite the clinical therapeutics.
Taliercio et al.* did not find any correlations, but
reported that severe mitral regurgitation as discov-
ered at cardiac catheterization was a bad prognostic
marker. Right ventricular failure at presentation
has also been described as a predictor of death,’®
although Nogueira et al.”> focussed attention on
low systemic perfusion. Clinical data at presentation
that are supposed to be predictors of death in uni-
variate analysis reflect the severity of initial cardiac
failure, which implies a worse prognosis.
Multivariate analysis of our data reveals dyspneoa
and reduced pedal pulses as the highest markers of
death, with mitral regurgitation of grade 3 or 4, and
auscultation of rales, as approaching significance.
These symptoms are simple to detect at the bedside,
and suggest severe cardiac failure, and hence an
increased risk of death. This indicates the need for
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closer follow-up, and optimization of therapeutic
regimes, aiming at improving the catastrophic natu-
ral history.

The majority of children had cardiomegaly, which
is a characteristic of idiopathic dilated cardiomyopa-
thy, along with pulmonary congestion on the initial
chest X-ray. Pulmonary congestion is due to dias-
tolic left ventricular dysfunction, made worse by sig-
nificant mitral regurgitation, and could predict
death. Cardiomegaly has previously been reported in
over three-quarters of some series of patients,'"*
depending on the severity of the studied population,
but as far as we know it has not previously been
related to death. We found that pulmonary conges-
tion had been present in nine-tenths of our patients
dying, and it clearly represents a marker of worse
prognosis.

The maximal cardiothoracic ratio reached was
lower in those surviving that in those who died, as
was the case for the mean cardiothoracic ratio. Our
calculated cut-off value was 0.69, above which our
patients had a higher risk of death. Measurement of
cardiothoracic ratio is very easy, and it was the most
powerful method of predicting death in our cohort,
as with others.?” Others have found cardiothoracic
ratios at presentation of between 0.60 and 0.66.%"
Griffin et al.” did not find any differences regarding
death at presentation, but subsequently found ratios
of 0.57 in those who survived, in contrast to 0.69 for
those who died. Akagi et al.,” however, reported
ratios of 0.57 for survivors, and 0.65 for those dying, at
presentation. We found that the cardiothoracic ratio
was lower in our patients with myocarditis. It could
be argued that, in this subgroup, the compensatory
mechanisms had not been overcome by the relative
shorter time of disease.

In terms of electrocardiographic findings, our
multivariate analysis identified right atrial overload
as a marker of death. This finding was found in one-
twentieth of the cases seen by Ciszewski et al.,*? and
in one-quarter of the patients studied by Friedman
et al.,? although neither group described its influ-
ence on mortality. Such right atrial overload reflects
the severity of tricuspid regurgitation, itself due
to pulmonary arterial hypertension secondary to
increased left atrial pressure in consequence of left
ventricular failure and severe mitral regurgitation.
Our analysis showed that ventricular arrhythmias
indicated a worse prognosis after both univariate and
multivariate calculations. In this respect, Nogueira
et al.?> also found a higher frequency of malignant
arrhythmias in those who died, while Griffin et al.?
found an association between supraventricular arrhyth-
mias and complex ventricular arrhythmias with a
bad prognosis, although Miiller et al.?® failed to find
such a correlation.
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Mean heart rate was higher in those who died
(Fig. 4). As far as we could establish, there are no
previous accounts of the significance of heart rate in
follow-up, nor its correlation with the outcome in
children. Perhaps our finding supports the benefits of
beta blockade in the treatment of idiopathic dilated
cardiomyopathy in childhood.

Echocardiographic findings supported our previous
comments with regard to the severity of mitral regur-
gitation.?”*" In this respect, the mean left atrial aortic
ratio was greater than 38.2% in those dying. This ratio
was also increased in those who died as from 6 months
of follow-up, a finding also reported previously.”’
Cabrera et al.>* described a mean ratio of 1.50, but did
not mention if it had any significance for follow-up.
Mean left ventricular ejection fraction was greater in
those who survived, and the analysis of variance
showed an increase in survivors from 3 months of
follow-up. Using Cox’s analysis of the echocardio-
graphic parameters, we determined that an increased
ratio of the left atrium to the aorta, and a decreased left
ventricular ejection fraction, were independent predic-
tors of death. The literature also shows series in which
decreased left ventricular ejection fraction, and similar
features, were predictors of death,!>19:2%:26:31

In conclusion, recognising the lack of current con-
sensus on predictors of mortality in children with
idiopathic dilated cardiomyopathy, we propose that
clinical and complementary laboratory data, which
are easy to be obtained, and which can be performed
everywhere from a tertiary referral center to a com-
munitarian center with few resources, can function
as prognostic markers. These markers may be helpful
in establishing those children at a high risk of death,
and these patients should then be considered for early
cardiac transplantation, particularly if they fail to
respond to conventional clinical treatment. This might,
of course, mean that some patients could be subject
to unnecessary procedures, or might even be referred
for transplantation too early. In this era of scarce
donors, it is probably better to be more discriminat-
ing when it comes to referrals, although we suppose
that it is better to refer too early rather than too late.
Therein continues to lie the dilemma.
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