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Background: Dilated cardiomyopathy (DCM) is the most common childhood cardiomyopathy. The epidemiological profiles and prognosticators of clinical outcomes in Asian populations are not well elucidated.

Methods: Data of 104 children aged <18 years with a diagnosis of primary DCM from January 1990 to December 2019 in our institutional database were retrospectively investigated. Relevant demographic, echocardiographic, and clinical variables were recorded for analysis. A P <0.05 was considered statistically significant.

Results: The median age at diagnosis was 1.4 years (interquartile range = 0.3–9.1 years), and 52.9% were males. During a median follow-up duration of 4.8 years, 48 patients (46.2%) were placed on the transplantation waitlist, and 52.1% of them eventually received heart transplants. An exceptionally high overall waitlist mortality rate was noted (27.1%), which was even higher (43.5%) if the diagnostic age was <3 years. The 1-, 5-, and 10-year transplant-free were 61.1, 48.0, and 42.8%. Age at diagnosis >3 years and severe mitral regurgitation at initial diagnosis were independent risk factors for death or transplantation (hazard ratios = 2.93 and 3.31, respectively; for both, P <0.001). In total, 11 patients (10.6%) experienced ventricular function recovery after a median follow-up of 2.5 (interquartile range = 1.65–5) years. Younger age at diagnosis was associated a higher probability of ventricular function recovery.

Conclusions: Despite donor shortage for heart transplantation and subsequently high waitlist mortality, our data from an Asian cohort indicated that transplant-free long-term survival was comparable with that noted in reports from Western populations. Although younger patients had exceptionally higher waitlist mortality, lower diagnostic age was associated with better long-term survival and higher likelihood of ventricular function recovery.
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INTRODUCTION

Dilated cardiomyopathy (DCM), characterized by left ventricular (LV) dysfunction and dilatation, is the most common childhood cardiomyopathy (1, 2). According to large-scale registry data from Australia and the United States, the incidence of newly diagnosed DCM was approximately 0.6 per 100 000 individuals per year in children younger than 18 years (1, 3). Although previous reports have indicated that LV size and function have normalized in approximately one-fourth to one-third of these patients at follow-up (4, 5), DCM remains associated with a significantly high morbidity and mortality in children (3–5). Approximately one-half of patients die or require heart transplantation within 5 years of the initial diagnosis (3, 4). Several prognosticators for recovery and death or transplantation in childhood DCM have been proposed in reports from western countries (3–5). However, little information is available regarding Asian pediatric populations (6), and detailed analyses of clinical outcomes are virtually absent. This study aimed to clarify the clinical spectrum and long-term outcomes of childhood primary DCM and to explore the potential outcome prognosticators in a large Asian patient cohort.



METHODS


Study Population

In total, 194 patients with a DCM diagnosis (International Classification of Diseases, Ninth Revision, Clinical Modification codes 425.4 and International Classification of Diseases, Tenth Revision, Clinical Modification code I42.0), who were younger than 18 years, and who were in our institutional database from January 1990 to December 2019 served as the participants of this study. On the basis of echocardiography findings at diagnosis, only patients with both LV ejection fraction (EF) <45% and LV end-diastolic dimension (EDD) Z score > 2 were included. Those with secondary DCM—such as inflammatory diseases, myocardial ischemia (e.g., anomalous origin of the left coronary artery from the pulmonary artery), neuromuscular disorders, chronic cardiac pacing, and pre-excitation-related DCM—were excluded. Furthermore, those with mixed forms of DCM, including DCM with restrictive or hypertrophic features, were excluded. Finally, 104 patients with primary DCM were included in this study. The institutional review board approved this study protocol and waived the need for written informed consent.



Clinical Data Collection

Demographic data were collected from medical records, including age at diagnosis, sex, symptoms at presentation, electrocardiography (ECG), echocardiography findings, and cardiac medication types. The QRS duration and T wave anomalies on 12-lead ECG at initial diagnosis were recorded, and QRS prolongation was defined as a value above the 95th percentile for age (7). On the basis of the echocardiography examination at the initial diagnosis, LV EDD and LV end-systolic dimension (ESD) data were collected and converted into Z scores (8). The LV EF was calculated using the Teichholz formula in a standard parasternal long-axis view. Mitral regurgitation (MR) was categorized into four severity groups (no, mild, moderate, and severe) using the American Society of Echocardiography guidelines (9). Moreover, the surgical and transplantation history were recorded, including surgery types, being on the waiting list, age at transplantation, and transplantation outcomes.



Clinical Outcomes

The primary outcome of this study was a composite of all-cause mortality or heart transplantation. The secondary outcome was recovery of LV function at the follow-up, which was defined as LV EF > 45% and LV EDD Z score < 2 in at least two consecutive echocardiography examinations (5). Patients whose cardiac function improved after either cardiac resynchronization therapy or surgical intervention were not included.



Statistics

Variables are summarized as the mean ± standard deviation, median and interquartile range (IQR), or numbers and percentages, as appropriate. To investigate potential changes in medical care and clinical outcomes over time, the study period was divided equally into an early era (1990–2004) and late era (2005–2019) on the basis of year of diagnosis. Comparisons between groups were performed using the independent-samples t test or Mann–Whitney U test for continuous variables and using the chi-squared or Fisher's exact test for categorical variables, as appropriate. The Kaplan–Meier analysis and log-rank test were used for survival analysis. Survival analysis with Bonferroni correction was employed for post-hoc comparison of survival of different risk groups (10). To compare and to estimate the cumulative incidence of LV function recovery, persistently abnormal LV function, and death/heart transplant, non-parametric competing-risks methodology was used. To explore the factors related to the primary and secondary outcomes, univariate correlates with P < 0.1 in the Cox proportional hazard regression analysis were selected for the multivariate regression model. We used the receiver operating characteristics curve to identify potential cutoff values for age that were predictive of clinical outcomes. Further subgroup analysis was performed through the classification of patients into younger and older groups. The analysis was conducted using SAS University Edition and SPSS (version 20 for Windows) for the statistical analyses. P < 0.05 was considered statistically significant.




RESULTS


Patient Characteristics

The demographic characteristics of the study population (N = 104) and comparisons of the early and late eras are presented in Table 1. The median age at diagnosis was 1.4 years (IQR = 0.3-9.1 years), and 55 of the patients (52.9%) were males. In total, 22 patients (21.2%) had severe MR, and 19 (18.3%) had QRS prolongation at initial diagnosis. T wave abnormality, such as biphasic or inverted T waves in lateral leads, was noted in 45 patients (43.3%). The mean LV EDD and LV ESD Z scores were 7.13 ± 3.41 and 10.11 ± 3.91, respectively. The mean LV EF was 29.6% ± 9.3%. Patients who received a DCM diagnosis in the early era had greater LV size at the time of diagnosis. Significant differences in the prescriptions of cardiac medications were also noted between these 2 year-based groups. Digoxin was more commonly prescribed in the early era than in the late era (94.1 vs. 64.2%, P < 0.001), whereas beta-blockers were more often prescribed in the late era (37.3 vs. 62.3%, P = 0.011).


Table 1. Demographic characteristics of the study population and comparisons between early and late eras.
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During the median follow-up duration of 4.8 years (IQR = 0.5-10.4 years), 67 patients (64.4%) had history of requiring intravenous inotropes, and cardiopulmonary resuscitation was applied in 25 patients (24.0%). Mitral valve repair was attempted in 11 patients. Among 11 patients who received mitral valve repair, four patients died, four had transplant. Among the other three patients survived without transplantation, two had persistently abnormal LV function, and one experienced LV function recovery.

Extracorporeal membrane oxygenation (ECMO) was used in 17 patients (16.3%), and an LV assist device (LVAD) was implanted in 16 patients (15.4%). Among 17 ECMO uses, 11 of them was later bridged to LVAD. Among patients who received either ECMO or LVAD (n = 22), 13 patients died and six received heart transplant. The other three patients were still alive.



Transplantation

In our cohort, 48 patients (46.2%) with advanced-stage heart failure were placed on the national transplantation waitlist. However, only 25 of them (52.1%) eventually received a heart transplant after a waiting duration of 14.9 ± 21.5 months. Thirteen patients died while on the waitlist, and six patients lost to follow-up after being listed on the waitlist. One patient had LV recovery 2 years later, and the other one received cardiac resynchronization therapy with fairly good response. The other two patients still had subnormal LV function and are still on the transplant waitlist.



Mortality

The 1-, 5-, and 10-year transplant-free survival rates were 61.1, 48.0, and 42.8%, respectively (Figure 1A). In patients who received transplantation, the 1-, 5-, and 10-year survival rates after the transplant were 100, 91.7, and 75.0%, respectively (Figure 1B). The transplant-free survival and survival after transplantation were comparable between those diagnosed in the early and late eras.


[image: Figure 1]
FIGURE 1. Transplant-free survival (A) and post-transplant survival (B) for patients with primary dilated cardiomyopathy. Gray shaded, 95% confidence intervals.




Recovery

In total, the LV function of 11 patients (10.6%) recovered after a median follow-up of 2.5 years (IQR = 1.65–5.00 years). The cumulative incidence rates of LV function recovery in the presence of competing risk factors, including death or transplantation, are depicted in Figure 2. The cumulative incidence rate of recovery at 1, 3, and 5 years after the diagnosis was 1.2, 9.3, and 12.1%, respectively. Patients with LV function recovery during follow-up were significantly younger at the initial diagnosis than those without recovery (2.1 ± 2.5 vs. 4.8 ± 5.8 years, P < 0.001). No other significant differences were observed in clinical characteristics or electrocardiogram or echocardiographic parameters. Additionally, two patients had LV function recovery after intervention. One underwent pulmonary artery banding at the age of 4 months, and recovery was documented 5 months after the surgery (11). The other underwent cardiac resynchronization therapy at the age of 3 years, and recovery was documented 6 months later (12).


[image: Figure 2]
FIGURE 2. Cumulative incidence of left ventricular normalization (recovery) in patients with primary dilated cardiomyopathy (Competing risk factors, death or transplant).




Impacts of Age on Clinical Features and Outcomes

To investigate the potential influences of age at diagnosis on primary and secondary outcomes, receiver operating characteristics curve analysis was performed. The cutoff age of 3 years had the highest power for predicting death or transplantation, with the area under the curve being.69 (95% CI:0.58–0.79, P = 0.001). Regarding age in relation to LV function recovery, the area under the receiver operating characteristics curve was not significant.

Significant differences in clinical features were observed between patients <3 (n = 65) and ≥3 (n = 39) years (Table 2). The number of female patients was higher in the younger group (61.5%), whereas the male:female ratio was 3.3 in the older group. The initial presentation of clinical symptoms differed significantly between these two groups. Furthermore, patients in the younger group had larger LV EDD and LV ESD Z scores at diagnosis. The application of either LVAD or ECMO was more prevalent in the older aged group. Among various classes of medications, we found that digoxin was prescribed more frequently in younger aged group, while there was no difference in the prescription frequency among other medications. Considering clinical outcomes at the end of the follow-up, patients aged >3 years at diagnosis were at higher risk of either death or transplantation than those aged <3 years of age (71.8 vs. 32.3%, P < 0.001). In addition, patients in the older group had a lower chance of LV function recovery (15 vs. 3%, P = 0.028). The cumulative incidences of LV function recovery based on age at diagnosis are shown in Figure 3. Younger patients were less likely to be included in the transplantation waitlist, and they had a significantly lower chance of receiving heart transplantation once listed (5/23 vs. 20/25, P < 0.001); thus, the waitlist mortality rate was significantly higher in the younger group (10/23 vs. 3/25, P = 0.022) compared with the patients aged >3 years.


Table 2. Comparisons between patients with a diagnostic age <3 years and ≥3 years.
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FIGURE 3. Cumulative incidence of left ventricular normalization (recovery) by age. (Competing risk factors, death or transplant). Estimated cumulative incidence rate of recovery was higher in those diagnosed before age 3 years (A) than those diagnosed after age 3 years (B), P = 0.028.




Prognosticator for Clinical Outcomes

In the univariate analysis, age at diagnosis ≥ 3 years, male sex, severe MR, and lower LV EF at the initial diagnosis were significant predictors of mortality or transplantation (Table 3). In the multivariate Cox regression analysis, only age ≥ 3 years (adjusted hazard ratio = 2.93, 95% CI = 1.66–5.2, P < 0.001) and severe MR at diagnosis (adjusted hazard ratio = 3.31, 95% CI = 1.77–6.2, P < 0.001) were independent predictors of death or transplantation. Transplantation-free survival curves, stratified based on diagnostic age and MR severity, are displayed in Figure 4.


Table 3. Hazard ratios from univariate and multivariate Cox regression model of risk factors for death or transplantation.
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FIGURE 4. Transplant-free survival stratified by risk factors. Transplant-free survival of those without risk factors, namely severe mitral regurgitation and age at diagnosis ≥3 years, was significantly higher than those with one or two risk factors. Both P < 0.001. There was no significant survival difference between those with one risk factor and those with two risk factors, P = 1.00. Gray shaded, 95% confidence intervals.





DISCUSSION

We report long-term outcomes of pediatric primary DCM in an Asian population. Large-scale studies on Asian populations have been few, and the organ donation rate in Asia is low. As the largest pediatric cardiac center and heart transplantation center in Taiwan, we compared long-term survival and survival after transplantation in the Asian population with those in published reports from western countries (3, 13). In addition, we found that age at diagnosis had significant effects on both clinical outcomes and access to heart transplantation in this Asian population. The results from our study may aid risk stratification and clinical decision making regarding this severe disease.

Reports from western countries have revealed that the transplant-free survival rates among pediatric patients with primary DCM at 1 and 5 years are 61–82% and 47–72%, respectively (Table 4) (3, 13). The present study discovered comparable survival rates in an Asian cohort, with the 1- and 5-year survival being 61 and 48%, respectively. Although improved survival in the recent era has been noted in a multicenter registry in North America (5). We did not find a significant difference in survival between early and late diagnostic eras in our study cohort. Beta-blockers were used more frequently in our cohort from the recent era. However, a randomized, double-blind, placebo-controlled trial (17) showed that beta-blockers do not significantly improve clinical heart failure outcomes in children and adolescents with symptomatic heart failure. Furthermore, a retrospective review revealed that the combination of angiotensin-converting enzyme inhibitor and beta-blocker therapy was not associated with significant improvement of transplantation-free survival compared with conventional digoxin-based therapy in a pediatric population (13). The outcome of pediatric DCM may be likely based on underlying patient characteristics and disease severity rather than the choice of medical therapy.


Table 4. Comparisons of transplant-free survival rates, recovery rates, and waitlist mortality rates among western countries and the present Asian cohort.
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We demonstrated that age at diagnosis is a crucial prognosticator of clinical outcomes in an Asian cohort of pediatric primary DCM. At a younger age, although the likelihood of receiving heart transplantation is low and waitlist mortality is high, younger age at diagnosis (<3 years) was independently related to lower risk of mortality and transplantation in our cohort. Lower incidence of either ECMO or LVAD implantation in younger aged patients might also reflect more favorable clinical outcomes in this patient subgroup. This is concordant with several reports from western countries (3, 18–21). In addition, we demonstrated that younger age at diagnosis may be related to higher probability of LV function recovery. Moreover, this finding is similar to that reported in the US Pediatric Cardiomyopathy Registry (14). The exact explanation for this observation is unclear. In our cohort, female patients were significantly more predominant than male patients among the younger patients, whereas the opposite was the case in the older group. Such reversal in sex predominance in different age groups has not been reported before. In pediatric DCM, male sex has been reported to be associated with higher disease incidence (2, 3) and increased risk of disease progression (22). Additionally, younger patients may be more likely to have underlying inborn metabolism anomalies or malformation syndromes, which are generally associated with better survival (3). Further studies incorporating more comprehensive data derived from genetics-based diagnostic tools are required to explore the mechanistic explanation of age's effects on the outcomes of pediatric DCM.

Echocardiography plays an essential role in outcome prediction for pediatric DCM. We found that of the various echocardiographic parameters, severe MR was independently related to death or transplantation. This is compatible with the finding of a systematic review conducted by Alvarez et al. (18). Other reports have shown that poor LV EF can contribute toward identifying patients at risk of poor outcomes (19). In our analysis, a low LV EF at initial diagnosis was predictive of death or transplantation in the univariate analysis. However, LV EF became a significant predictor in the multivariate regression analysis only when MR severity was excluded (data not shown). In cases of severe MR, LV EF may overestimate LV systolic function because of altered loading conditions. This phenomenon may explain why LV EF lost its predictive role when severe MR was considered. Surgery for severe MR was performed in a few patients in our study. Reports have demonstrated that mitral valve repair is safe and can decrease the cardiac dimension and improve symptoms in children with DCM (23, 24). Although MR is crucial in predicting outcomes, whether it is a modifiable factor in relation to clinical outcomes remains uncertain. Further studies are needed to ascertain the benefits of surgery.

Racial and ethnic differences are considered crucial factors contributing to different clinical phenotypes and prognoses in pediatric DCM (2, 3, 25). Although outcome predictors are similar between our patient cohorts and previous Western patient populations, some differences were indeed observed, such as a distinct difference in sex predominance between younger and older groups and a lower rate of LV function recovery (Table 4). In addition to potential biological factors underlying racial differences, cultural factors linked to racial differences may influence pediatric DCM outcomes. The transplantation rate (52.1%) in our cohort was much lower than that in western countries (75%), and the waitlist mortality rate was exceptionally high in our study (27%), as opposed to 11% in another report (Table 4) (15). This is largely attributed to there being few heart donors in Taiwan, particularly infants and young children. Several major barriers to organ donation have been noted in Asian populations (26–28). East Asians traditionally desire an intact body at death to comply with the concept of filial piety within Confucianism (26). Furthermore, religions such as Buddhism and Taoism play crucial roles in decision-making regarding organ donation (29). A survey in Taiwan revealed that many donor families experienced negative psychocognitive bereavement because of their decision to donate (30). Because the survival after transplantation in our study was comparable with that in contemporary registry data (15), we believe that the overall survival of pediatric DCM in this Asian population can be improved through public education and promotion of organ donation.


Limitations of This Study

This was a retrospective study investigating participants from a single institution. Although our institute is the single largest pediatric cardiac center in Taiwan, referral bias could not be completely avoided. For example, there were nine patients (8.7%) who were referred to our hospital specifically for heart transplant evaluation. Besides, lack of routine genetic testing throughout the study period is another limitation of this study. Although we excluded patients with a clinical history of acute myocarditis, histology evaluation was usually not performed in our study subjects. Although our single-institute database enabled us to collect detailed data on the use of heart failure medications, information related to the dosage and treatment duration was insufficient for analyzing their association with clinical outcomes. Lastly, we did not collect data on right ventricular function, which were not consistently assessed in our previous evaluation.




CONCLUSIONS

In this Asian pediatric DCM cohort, the transplant-free survival and survival after heart transplantation were comparable with those in other reports involving Western populations. Approximately half of the patients were on the transplant waitlist, but only half of them eventually received transplantation. Although younger patients had a lower chance of receiving heart transplantation and higher waitlist mortality, lower age at diagnosis was associated with better survival and higher likelihood of LV function recovery. Distinct difference in the predominant sex between the younger and older patient groups and lower rate of LV function recovery were unique features of this Asian pediatric DCM cohort. The information provided by our study can assist risk stratification and clinical decision making in pediatric primary DCM.
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Clinical outcomes*
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