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Abstract

Objective: Acute heart failure due to heart muscle disease is potentially fatal in pediatric patients.
Heart transplantation (Tx) is utilized to improve survival. However, spontaneous recovery may
occur. The outcome of patients treated in centers with no Tx option was studied. Patients and Me-
thods: A retrospective review of infants and children (<16 years) who presented with heart muscle
disease (left ventricular shortening fraction, LVSF < 25%) between 1992 and 2007, in two medical
centers in Jerusalem, was performed. Results: There were 62 patients, mean age 2.5 years, mean
LVSF 16.3%. The 5-year survival was 73%. Lower LVSF at presentation (p = 0.006) was indepen-
dently associated with mortality. Recovery (normalization of LVSF) occurred in 56% of survivors.
Of the 38 patients who were eligible for Tx at their presentation, according to the AHA guidelines,
22 (58%) survived and 13 (34%) recovered. Conclusions: This study shows the long term outcome
of pediatric patients with acute heart muscle disease treated with no Tx option. These findings
may reflect the impact of improved medical management of these patients in recent years.
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1. Introduction

Pediatric patients with cardiomyopathies, presenting with acute heart failure, are known to have high mortality
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[1]. However, despite their severe presentation, survival and spontaneous recovery of left ventricular function
are possible [2]-[4]. As there are no known factors that could accurately determine who is at risk for death [5]
[6], the natural history of acute heart failure due to cardiomyopathy is still unpredictable. Therapy for this condi-
tion includes medications, mechanical support and heart transplantation. The latter is an irreversible procedure.
It is believed that heart transplantation improves the survival for selected patients [6] [7]. The American Heart
Association (AHA) published practical guidelines for heart transplantation in pediatric patients with heart failure
associated with cardiomyopathies [8]. Yet, the decision to proceed to transplantation is complex, as at the time a
donor heart becomes available, the risk for death is hard to determine, and some patients may undergo trans-
plantation despite having a curable disease.

As most reports combine death and heart transplantation as a measure of cardiac decompensation, the propor-
tion of patients who would have survived without heart transplantation is unknown. These data are important
since heart transplantation is associated with significant morbidity and mortality. Available historical figures
may not reflect the survival with the current medical and intensive care therapy.

The present study reviews the course of pediatric patients with heart failure due to heart muscle disease, in
two medical centers, where no pediatric heart transplantation was performed during the years of the study. The
results reflect the contribution of modern medications in clinical practice to the outcome of pediatric cardi-
omyopathy.

2. Methods
2.1. Patients and Data Collection

Data was obtained from two university medical centers: Hadassah University Hospital and Shaare Zedek Medi-
cal Center. The study population was confined to infants and children younger than 16 years of age, diagnosed
with heart muscle disease, between Jan 1, 1992 and Dec 31, 2007. Patients included were diagnosed with car-
diomyopathy (based on the attending cardiologist consultation) and had an echocardiographic evidence of left
ventricular dysfunction, defined as left ventricular shortening fraction (LVSF) <25%. In the medical centers of
this study, endomyocardial biopsy is not routinely performed, thus there was no distinction between myocarditis
and dilated cardiomyopathy. Elective cardiac biopsy was recorded when carried out. Patients with structural
congenital heart disease, metabolic disorders, ischemic injury, progressive neuromuscular disease, primary pul-
monary hypertension and septicemia were excluded.

Demographic and clinical data at presentation were retrospectively collected. Personal or familial history of
cardiomyopathy was noted, as well as a history of preceding viral illness within two weeks before admission
(acute fever, respiratory tract infection or gastrointestinal infection). Medications administered during hospitali-
zation, intensive care unit (ICU) admission and length of stay in ICU were also recorded. Mortality data was
obtained from patients files and computerized systems synchronized with the inhabitants’ registry.

Echocardiographic variables consisting of left ventricular end-diastolic diameter (LVEDD), left ventricular
end-systolic diameter (LVESD) and left ventricular shortening fraction (LVSF), were recorded during hospitali-
zation, and at follow up examinations. In order to overcome the age- and growth-related alternations in myocar-
dial mechanics [9], adjusted variables were used: an age-adjusted parameter of fractional shortening: LVSF/
Lower Normal Limit of LVSF according to age (%) and BSA-adjusted LVEDD (LVEDD 95%).

Among the study group, patients who were possible heart transplantation candidates according to the AHA
guidelines [8], were identified. In the guidelines, Class | recommendation indicates heart transplantation as
therapy for stage D heart failure associated with systemic ventricular dysfunction in pediatric patients with car-
diomyopathies. Stage D is defined as abnormal cardiac structure and/or function, with continuous infusion of
intravenous inotropes and/or mechanical ventilatory or mechanical circulatory support.

2.2. Statistical Methods

Outcome measures included death or survival. Within surviving group, two subgroups were defined, according
to their last follow-up echocardiographic examination: patients with persistent cardiomyopathy (Myopathy), and
patients who recovered (Recovery—defined by LVSF > lower normal limit of LVSF according to age).

The two-tail t-test, as well as the non-parametric Mann-Whitney test, was applied in order to compare quan-
titative variables among patient outcomes. The Kruskal-Wallis non-parametric test was used to compare the
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quantitative variables among final three outcomes (Death, Myopathy and Recovery), since the number of pa-
tients in each group was small. Chi-square test was applied for the comparison of our results to published data.
In order to test the association between patient categorical variables and outcome, the Chi-square test and the
Fisher’s exact test were performed. Based on the results of the univariate analyses, the logistic regression model
was applied. A hazard ratio, with 95% confidence interval, was generated for each covariate, which was predic-
tive of outcome. Kaplan-Meier models were used to assess survival, using the log-rank test for the comparison
of survival curves. All tests applied were two-tailed, and a p-value of 0.05 or less was considered as statistically
significant.

3. Results

Sixty five patients met the inclusion criteria. Three of them were lost to follow up, thus excluded. Mean follow-
up interval (i.e time from admission to the last examination recorded in the study medical centers) was 34
months.

3.1. Clinical Presentation and Initial Therapy

Table 1 summarizes the characteristics of the study population. The median age at presentation was 1.15 years
(range, 0 - 14 years). The distribution of the study population according to age-groups is shown in Table 1. The
left ventricular shortening fraction ranged from 8% to 25% (median 16.75%). The majority (n = 48, 77%) had
LVSF <20%. Congestive heart failure as presenting symptom was reported in 55 patients (89%), 11 (18%) pre-
sented with cardiogenic shock, 37 patients (60%) were admitted to intensive care unit at first presentation. Three

Table 1. Patients characteristics at presentation.

Variables No of patients (%)
Age at presentation:

<1 month 10 (16.1)
> 1 month and <I year 20 (32.3)
> ] year and < 5 years 24 (38.7)
> 5 years 8 (12.9)
Female gender 36 (58.1)
ICU admission at presentation 37 (59.7)
Preceding viral illness 28 (46.7)
Family history of cardiomyopathy 7(11.3)
Medications within 1 week of presentation

Digoxin 38 (61.3)
Diuretics 41 (66.1)
ACE 40 (64.5)
Steroids 23 (37.1)
IVIG 19 (30.6)
Inotrops (Dopamine, Dobutamine) 33(53.2)
Milrinone 14 (22.6)
LVSF at presentation

<15 24 (38.7)
>15 and <20 20 (32.3)
>20 18 (29)
LVEDD > 95%tile [n = 48] 28 (58)

IVIG = Intravenous immunoglobulins; LVSF = Left Ventricular; Shortening Frac-
tion; LVEDD = Left Ventricular End Diastolic Diameter; This echocardiographic
result was not available for some subjects.
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patients (5%) presented with arrhythmia and 4 patients (6%) were asymptomatic. Two of the 4 were diagnosed
because of a heart murmur, and another two were diagnosed on screening of familial cardiomyopathy. Familial
cardiomyopathy was identified in 7 patients (11%). Other causes included 2 cases of left ventricular noncom-
paction cardiomyopathy and 1 antracycline-induced cardiomyopathy. Biopsy confirmed myocarditis was re-
ported in 1 patient (parvovirus myocarditis) and another endomyocardial biopsy taken revealed lymphocytic in-
filtrates consistent with acute myocarditis. Overall, only these 2 biopsies, out of 8 performed, had diagnostic
significance. Four patients had suggestive signs and inflammatory markers of myocarditis, with positive poly-
merase chain reaction for enterovirus, RSV, rotavirus and CMV. A history of viral illness before diagnosis was
reported in 28 patients, 22 patients (35%) had respiratory tract infection signs, 5 (8%) had gastroenteritis and 1
had acute fever with rash. The medications delivered are presented in Table 1. Intravenous inotropic support
was administered to 33 patients (53%) on first admission. Twenty nine patients required mechanical ventilation.
Since extracorporeal membrane oxygenation (ECMO) was not available in the study medical centers, only 3 pa-
tients were considered to be transported to centers where ECMO is used. None of them survived until ECMO
was available. Heart transplantation was discussed in the medical records of 5 patients. Two children and 1 in-
fant died before transplantation could be carried out. Another patient was transferred to a European transplanta-
tions center, but did not undergo transplantation since she was diagnosed with viral myocarditis based on an en-
domyocardial biopsy. The fifth patient was found to have secondary pulmonary hypertension, hence was not
suitable for heart transplantation.

3.2. Outcome

Seventeen patients (27%) died during the 15-years period of the study. Fifty two percent (n = 9) died within the
first week of their first hospitalization. Actuarial survival is presented in the Kaplan-Meier survival curve (Figure
1(a)). The 5-year survival in this study group was 73%. This result is not significantly different from the 5-year
survival reported by tertiary care centers, utilizing pediatric heart transplantations, while their survival rates in-
cluded the transplanted patients [1] [6] [10]-[15].

In the present study, at the last follow up, 25 patients (40%) showed recovery (normalization of LV function)
and 20 (32%) had persistent cardiomyopathy. Recovery occurred mostly during the first year (88% of patients,
36% recovered within one month); however the left ventricular function of 3 patients recovered more than a year
after presentation.

3.3. Factors Related to Outcome

There was a difference in survival according to age-groups at presentation (p = 0.035). Only 40% (4 out of 10)
of patients aged 1 month or younger at presentation survived, whereas 75% of those presenting between 1 month
and 1 year, and 87.5% between 1 to 5 years, survived. Children over 5 years of age had a survival rate of 62.5%.
Fifty percent of the patients younger than 1 month of age presented with severe acute myocardial failure, and
were in cardiogenic shock. The survival of all patients older than 1 month was 79%. The differences in survival
according to age-groups are shown in Figure 1(b). Other factors associated with mortality were the use of
intravenous inotropic support and lower left ventricular shortening fraction at presentation. Left ventricular
shortening fraction was significantly lower in patients who died (mean 13.8% Vs 17.2% in survivors, p = 0.014).
For every unit percent lower fractional shortening, there was a 1.22 higher risk for death. No association was
found between LVEDD or LVESD and outcome. Other factors with no significant correlation to specific out-
come were gender, family history of cardiomyopathy, preceding viral illness, admission to ICU at presentation
or the use of any cardiac medications. Factors found to be predictive for death in the multivariable proportional
hazard model were fractional shortening and the use of inotropic support (Table 2).

3.4. Characteristics and Outcome of Potential Heart-Transplant Candidates

Thirty eight patients (61%) were potential candidates for transplantation on admission to hospital, since they met
stage D criteria. Figure 2 shows the number of patients suitable for transplantation over one month of hospitali-
zation, categorized by their outcome according to the last follow-up examination. Recovery of left ventricular
function (normalization of LVFS) was found in 34% of patients who could potentially be transplanted on the
first day of hospitalization, and 47% of patients—on the fifth day. Within the group of patients categorized as
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Figure 1. Survival of pediatric patients with cardiomyopathy. Kaplan Meier survival curve: (a) the entire group; (b) pa-
tients grouped by age at presentation. Last follow-up times are indicated by “+” for patients alive at the end of the study.
A significant survival difference is observed between age groups (p < 0.035).

Table 2. Factors at presentation related to death”.

Hazard Ratio 95% ClI Significance
Low LVSF' 1.22 1.060 1.412 0.006
Inotropic support 5.494 1.24 24.4 0.025

“Cox proportional hazards model; "Per unit - percent reduction in fractional shortening.
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Figure 2. Outcome probabilities of patients eligible for heart
transplantation. The final outcome (death, recovery or myo-
pathy) of patients, eligible for heart transplantation, on dif-
ferent days from admission.

stage D on the day of admission, lower LVSF% at presentation was associated with death (p = 0.01). Among pa-
tients who still met stage D criteria on day 5 of hospitalization, the majority who recovered, were female (p =
0.01). However, the association between mortality and lower LVSF% did not remain significant, in that group
(Table 3).

4. Discussion

At present, cardiac transplantation provides the final alternative when medical treatment apparently fails in cases
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Table 3. Characteristics associated with specific outcomes in patients eligible for heart transplantation (stage D).

Recovery Persistent Myopathy Death p Value

Stage D on day 1 [n = 38]

Gender

Female 39% 26% 35% 0.443"

Male 20% 27% 53%

LVSF, % (mean + SD) 15.3+3.6 16.7+3.1 123+34 0.01"

LVEDD 95% (mean + SD) 1059+154 107.8 £ 20.4 107.2 +28.3 0.916
Stage D onday 5 [n =19]

Gender

Female 66% 17% 17% 0.01"

Male 0% 43% 57%

LVSF, % (mean + SD) 14+35 152+24 115+27 0.096"

LVEDD 95% (mean + SD) 106.6 + 18.8 107.7 £ 23.8 118.6 + 30.7 0.748"

“Chi Square test; TKruskal Wallis test.

of acute heart failure due to heart muscle disease. The complexity of the decision to proceed with transplantation
is attributable, in part, to the possibility of eventual improvement and resolution of left ventricular dysfunction
[3] [4]. When comparing outcome of pediatric dilated cardiomyopathy with and without transplantation, studies
of 20 - 30 years ago are used for outcome with no heart transplant option [16]. The present study provides
prognostic information on pediatric DCM with modern medical management and no heart transplantation and
relates to the heart transplantation eligibility as reflected by the guidelines. In a recent report of pediatric Heart
transplant registry, of patients on the waiting list who were not transplanted, 52% were alive and 48% dead at 2
years [17]. Similar figures are reported in 261 children with dilated cardiomyopathy [18]. In the present study,
of patients whose clinical presentation was severe enough to fulfill class | recommendation for heart transplanta-
tion, according to the AHA guidelines (n = 38), 58% survived and 34% recovered. Amongst patients who were
eligible for transplantation 5 days following admission (n = 19), the rate of eventual recovery was considerably
high (47%). These figures suggest that patients eligible for heart transplantation at early stages of the disease
have about 50% chance for survival without transplantation. Our data further suggests that significant minority
of these patients may recover. In centers with transplant option the mean time from diagnosis to listing is re-
ported to be 0.62 + 1.3 years [18], suggesting that most centres do not list patients for transplantation in the first
days after admission.

The patients admitted with stage D heart failure, as their first presentation, give rise to critical questions re-
garding their management. The dilemma of whether to go ahead with transplant or wait is difficult [12]. The
present study adds important information when facing a patient with deteriorating left ventricular function who
requires intravenous or mechanical support, and a suitable heart becomes available. Early in the course of the
disease both mortality and the potential for recovery are high and it is often hard to predict the prognosis. Fur-
thermore, there is no absolutely reliable and accurate diagnostic test, for determining the underlying etiology. As
the optimal timing for transplantation has not yet been defined, according to current transplantation guidelines,
patients who might have recovered and lived on with their own heart—may be condemned to living with an im-
plant, and the considerable morbidity and mortality it implies. The results of the present study suggest that there
is a significant rate of survival and recovery without transplantation. Mechanical support was not available in the
study period, suggesting that survival may have been even better than reported here. There is no doubt that many
patients are saved by heart transplantation, but if one follows the current AHA recommendations, some can be
transplanted early in their clinical course when they may have done better without transplantation. Recent data
shows a 5-year survival of children with dilated cardiomyopathy after heart transplant of 83% [17].

In the present study, significant independent risk factors for death, in patients with heart muscle diseases, in-
cluded requirement of intravenous inotropic support and reduced left ventricular shortening fraction on the ini-
tial echocardiogram. Similar associations were reported by others as well [1] [5] [6] [10] [15]. The age at pres-
entation may have a predictive value, as the youngest patients (less than 4 weeks of age) were less likely to sur-
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vive. The low number of patients in this age group (n = 10) limited the ability to achieve statistical significance,
but this trend of poorer outcome according to similar age distribution has been reported [5].

Gender, family history of cardiomyopathy or a history of previous viral illness were found to have no indica-
tive significance regarding any outcome. These findings are in agreement with other reports [2] [10] [11]. Evi-
dently, as already indicated by others, a more comprehensive risk profile is required in order to provide better
selection of care to pediatric patients with cardiomyopathy.

5. Study Limitations

The data in this study were retrospectively collected. As a result, there were considerable differences between
patients’ medical records. Clinical management did not follow a standardized protocol, and various considera-
tions of the attending cardiologist at the time, led to the use or no-use of different medications.

It is possible that there is dissimilarity between the patients included in this study, that represent the popula-
tion of Jerusalem and its rural areas, and the population of other studies, with which survival rates were com-
pared. However, the degree of left ventricular dysfunction, as expressed by LVSF in our study, is similar to the
reported in other studies. Another limitation of this study is the diverse etiological considerations. Since endo-
myocardial biopsy is not routinely undertaken in the study medical centers, the etiology of left ventricular dys-
function was not always well established. The risk of endomyocardial biopsy seems to outweigh its benefit in
children [14] [15]. Thus, current practice does not necessitate cardiac biopsy in the acute clinical setup. As in
many centers there is no definite etiological diagnosis to a patient with acute heart failure due to left ventricular
dysfunction, the data presented here is relevant to real life situations.

Follow up was not optimal for all patients, since the population of the study represents both locals and refer-
rals from other regions. The latter lacked frequent follow-up examinations, and had a limited follow-up interval.

6. Conclusion

This study shows that dilated cardiomyopathy in childhood carries significant morbidity and mortality. A sig-
nificant proportion of patients who fulfill the criteria for heart transplantation may survive and even recover with
medical therapy.
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