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Abstract

Left ventricle ejection fraction (LVEF) is still not well acknowledged in clas-
sification of pediatric heart failure (PHF). We categorized PHF according to
LVEF and aimed to determine the role of LVEF in PHF classification. Patients
who were diagnosed with HF were divided into three groups according to their
LVEF values: HF with reduced ejection fraction (HFrEF), HF with mildly
reduced ejection fraction (HFmrEF), and HF with preserved ejection fraction
(HFpEF). The clinical information of PHF patients was compared among
those three groups. Factors associated with HF with improved EF (HFimpEF)
and risk factors for in-hospital death in PHF patients were analyzed. A total
number of 1228 cases were collected. The proportion of HF patients with
preserved LVEF (66.3%) was significantly higher than those with mildly
reduced LVEF (21.7%) and reduced LVEF (12%). Clinical features such as age,
B-type natriuretic peptide (BNP) level, Ross classification, and E/A abnormal
proportion in HF children with different LVEF value were statistically
different. HF patients with younger age, lower BNP levels, minor cardiac
dysfunction and less E/A abnormality could be found with higher LVEF value.
The proportion of primary disease in PHF was largely different in HFpEF,
HFmrEF and HFrEF groups. Medication treatment was more aggressive in
patients with lower LVEF, except for vasoactive drugs. Children with
congenital heart disease in HFrEF group were more prone to develop into
HFimpEF. Sepsis, renal insufficiency, and an abnormal E/A ratio are risk
factors for in-hospital death of HF children. Clinical features of PHF could be
well classified by LVEF, which is an essential and helpful indicator for PHF
classification and management.
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1 | INTRODUCTION useful indicator of PHF classification. Different types of

Heart failure (HF) is a major threat to the global public
health, affecting approximately 43 million people world-
wide. In recent years, significant progress has been made
in the epidemiology, diagnosis, and treatment of HF in
adults." Owing to the frequent need for surgery or
interventional therapy, the cost of HF in children is much
higher than that in adults, which places a huge economic
burden on society.” However, the global epidemiology,
causes, treatment strategies, and outcomes of HF in
children remain largely unknown,® and only data from
local countries or regions have been reported. Studies
have shown that the incidence of primary HF in children
ranges from 0.87 per 100,000 (UK and Ireland) to 7.4
(Taiwan), and the prevalence of HF is approximately 83.3
per 100,000 (a large population-based study in Spain).”*

Left ventricular ejection fraction (LVEF) is an
important indicator of HF and may play an important
role in determining its pathophysiology and sensitivity to
HF treatment.' In recent years, patients with HF have
been classified according to LVEF in many clinical
guidelines, which have been updated several times.>” In
2021,% the “Universal Definition and Classification of
HF” issued by the Heart Failure Society of America
(HFSA), Heart Failure Association of the European So-
ciety of Cardiology (HFA), and the Japanese Heart Fail-
ure Society suggested that patients with HF should be
divided into four categories according to LVEF: HF with
reduced ejection fraction (HFrEF): EF <40%; HF with
mildly reduced ejection fraction (HFmrEF): LVEF >40%
and LVEF <49%; HF with preserved ejection fraction
(HFpEF): LVEF >50%. Studies have shown that™'® the
clinical feature, treatment options and prognosis of adult
patients with HF vary with LVEF. However, most of this
evidence comes from adults, and the role of LVEF in
pediatric HF patients remains controversial. At present, it
is unclear whether pediatric heart failure (PHF) can be
classified well by LVEF.

A LVEF category change in serial LVEF measure-
ments is reportedly an important prognostic factor in
Tohoku District-2 (CHART-2) Study and SwedeHF reg-
istries."""'? An increase in LVEF correlates with improved
long-term prognosis in patients with dilated cardiomy-
opathy.'* Conversely, LVEF reduction is an important
indicator of poor outcomes in those with drug-induced
cardiomyopathy.'* Therefore, it is important to manage
patients with HF by focusing on LVEF changes. In this
study, the clinical features, pharmacological therapies,
and risk factors for in-hospital death in children with HF
were analyzed. Children with HF were divided into three
groups according to their LVEF value: HFrEF, HFmrE,
and HFpEF. Our data demonstrates that LVEF is an

PHF, which are classified based on LVEF, show various
clinical features and medication treatment plans. We also
followed up children with HFrEF for 6 months and
summarized the characteristics of patients with an
improved LVEF (>10%).

2 | METHODS

2.1 | Study population

Hospitalized children diagnosed with HF for the first
time at the Children's Hospital of Chongqing Medical
University between January 2012 and December 2020
were studied. The diagnostic criteria for HF were based
on “Recommendations for diagnosis and treatment of HF
in children (2020 revised edition)”, the latest version. In
brief, clinical manifestations (tachypnea, cyanosis,
feeding difficulty, being fidgety, pale, fatigue, edema,
liver enlargement, etc.), B-type natriuretic peptide (BNP)
levels, echocardiography, cMRI and heart function eval-
uation based on Ross classification were used to diagnose
PHF.">'® Patients with incomplete main clinical data
(such as lack of LVEF) were excluded. This study was
approved by the ethics committee of the Children's
Hospital of Chongging Medical University (96/2021).

2.2 | Data collection

Data for each patient were collected according to the
electronic medical record system, including social de-
mographic data, medical history, physical examination,
Ross classification, primary causes of HF, LVEF, left
ventricular stroke volume index (LVSVI), mitral E/A ra-
tio, BNP, length of hospital stay, rate of treatment aban-
donment, and in-hospital mortality. Ross classification
standard was based on the Canadian Cardiovascular So-
ciety Guidelines.'” LVEF was measured by M mode using
the Teichholz method. Mitral E/A <1 or >2 was defined
as abnormal.

The methods of classifying children with HF based on
LVEF values were as follows: according to the 2013 Ca-
nadian Cardiovascular Society Guidelines,'®> children
with EF <55% are considered to have abnormal systolic
function, while adults with EF <50% are considered to
have abnormal systolic function,® suggesting that adults
and children have different LVEF cutoff values. In this
study, LVEF <55% was used as the cutoff value for
abnormal left ventricular systolic function in children.
Children with HF were divided into three groups ac-
cording to LVEF value: HFrEF, EF <40%; HFmrEF,
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LVEF >41% and LVEF <54%; HFpEF, EF >55%. HFrEF
patients were followed for 6 months, and LVEF improved
more than 10% were collected in the HF with improved
EF (HFimpEF) group.

2.3 | Statistical analysis

Categorical variables were expressed as numbers (per-
centages), the chi-square test or Fisher's exact probability
analysis was used for comparison among groups, and the
Bonferroni method was used to correct o for multiple
comparisons. The mean value + standard deviation was
used for expression of normally distributed continuous
variables, analysis of variance was used for comparison
among groups. Continuous Skewed distribution variables
were expressed as median (P25, P75). Wilcoxon test was
used for comparison among groups, and Kruskal-Wallis
one-way ANOVA method was used for multiple com-
parisons. Risk factors were analyzed by binary logistic
regression, and odds ratio (OR) was presented with 95%
confidence intervals. IBMSPSS 25.0 software was used for
data statistical analysis, and statistical significance was
set at p < 0.05.

3 | RESULT
3.1 | Clinical features of HF children
with different LVEF

From January 2012 to December 2020, 1778 children with
HF were admitted to the Children's Hospital of
Chongqging Medical University. After the exclusion
criteria was implemented, 1228 cases were included in
this study (Table 1). More than half of the children with
HF were diagnosed with HFpEF (66.3%), 12.0% with
HFrEF and 21.7% with HFmrEF, indicating that HFpEF
might be the dominant type in pediatric HF patients. In
our cohort, most of the children with HF were infants
(68.7%), significantly more than preschool children
(18.7%), school-age children (8.2%), and adolescents
(4.4%) (>12 and <18 years old).

Most children with HF in the HFpEF group were
infants (73.8%), and the proportion of infants in the
HFrEF (50.7%) and HFmrEF (62.8%) groups was
significantly lower. Therefore, as illustrated in Table 1,
the median age (years) in the three groups showed a
decreasing trend as LVEF increased: HFrEF 0.98 (0.39,
5.40), HFmrEF 0.43 (0.13, 3.20), and HFpEF 0.39 (0.13,
1.08). This pattern was also found in BNP level (pg/mL),
HFrEF 896 (404, 2197), HFmrEF 360 (127, 1163), and
HFpEF 198 (62, 631), and the proportion of E/A

Discovery

abnormality, HFrEF 68.5%, HFmrEF 45.2%, and HFpEF
25.9%. Ross score is one of the most widely used and
convincing indicators of cardiac function in patients
with PHF. Our data showed that the heart function of
58.2% of HFpEF patients was level II, which was
significantly higher than that of HFrEF patients (32.4%).
In contrast, the proportion of children with level IV
cardiac function in the HFrEF group was higher than
that in HFpEF group (33.8% vs. 7.1%). Meanwhile, sex
distribution also showed a significant difference between
HFpEF and HFrEF patients, with more males in the
HFpEF (54.8% vs. 43.9%) group than that in HFrEF
group. These results suggest that clinical features, such
as age, heart function, BNP level, and anomalous E/A
ratio, were well classified in different LVEF-driven types
of PHF.

3.2 | Primary causes in PHF patients
with different LVEF

The distribution of the primary causes in the 1228
children with HF is shown in Table 2. There were 685
patients (55.8%) with congenital heart disease (CHD),
147 (12.0%) with cardiomyopathy, 91 (7.4%) with
pneumonia, 85 (6.9%) with arrhythmia, 34 (2.8%) with
renal insufficiency, 32 (2.6%) with neonatal respiratory
distress syndrome (NRDS), 28 cases (2.3%) with sepsis,
27 cases (2.2%) with primary pulmonary hypertension
(PPH), and 25 cases (2.0%) with myocarditis. These re-
sults suggest that CHD is the most common cause of HF
in children, followed by cardiomyopathy, pneumonia,
arrhythmia, renal insufficiency, NRDS, sepsis, PPH, and
myocarditis.

Compared to HFrEF group, the proportion of CHD in
the HFpEF group was higher (HFpEF vs. HFTEF, 65.7%
vs. 13.5%), and cardiomyopathy (HFpEF vs. HFrEF, 1.6%
vs. 65.5%), myocarditis (HFpEF vs. HFrEF, 0.9% vs. 4.1%),
and coronary artery disease (HFpEF vs. HFrEF, 0.7% vs.
4.7%) were lower (p < 0.05). These data suggest that the
etiology composition in the HFrEF group was largely
different from that in the HFpEF group. It is not sur-
prising that the proportion of CHD (48.9%) and cardio-
myopathy (13.9%) in primary disease of HFmrEF was in
between. However, it is worth noting that these differ-
ences (CHD ratio and cardiomyopathy ratio) between
HFmrEF and HFpEF or between HFmrEF and HFrEF
were all statistically significant. Taken together, the
classification of PHF based on LVEF could be a rational
way, as the dominant primary diseases of PHF are well
organized. For other primary diseases, we failed to find
an orderly pattern of HFmrEF between HFpEF and
HFrEF patients. This might be caused by a small number
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TABLE 2 Etiology in children with HF with different LVEF.
Total HFrEF HFmrEF HFpEF
n=1228) (=148) (M =266) (n = 814) H/)? value pvalue Test
CHD, n (%) 685 (55.8) 20 (13.5) 130 (48.9)* 535 (65.7)*°  144.976 <0.001 Chi-square test
Cardiomyopathy, n (%) 147 (12.0) 97 (65.5) 37 (13.9)* 13 (1.6)*° 487.123 <0.001 Chi-square test
Pneumonia, n (%) 91 (7.4) 3 (2.0) 16 (6.0) 72 (8.8)% 9.448 0.009 Chi-square test
Arrhythmia, n (%) 85 (6.9) 4(2.7) 25 (9.4) 56 (6.9) 6.624 0.036 Chi-square test
Renal insufficiency, n (%) 34 (2.8) 6 (4.1) 13 (4.9) 15 (1.8)° 7.935 0.019 Chi-square test
ARDS, n (%) 32 (2.6) 1 (0.7) 5(1.9) 26 (3.2) 3.835 0.147 Chi-square test
Sepsis, n (%) 28 (2.3) 0 (0.0) 6 (2.3) 22 (2.7) 4.106 0.128 Chi-square test
PPH, n (%) 27 (2.2) 0 (0.0) 1 (0.4) 26 (3.2)° 11.188 0.004  Chi-square test
Myocarditis, n (%) 25 (2.0) 6 (4.1) 12 (4.5) 7 (0.9)*° 16.839 <0.001 Chi-square test
AIRD, n (%) 17 (1.4) 0 (0.0) 6 (2.3) 11 (1.4) 3.324 0.17 Fisher's exact
Coronary artery disease, n (%) 18 (1.5) 7 (4.7) 5(1.9) 6 (0.7)* 11.627 0.002 Fisher's exact
Mechanical factors, n (%) 12 (1.0) 2(1.4) 4 (1.5) 6 (0.7) 1.98 0.36 Fisher's exact
Valve dysfunction, n (%) 9 (0.7) 0 (0.0) 4 (1.5) 5(0.6) 2.689 0.243 Fisher's exact
Others, n (%) 18 (1.5) 2(1.4) 3(1.1) 13 (1.6) 0.224 0.935 Fisher's exact

Abbreviations: AIRD, autoimmune rheumatic disease; ARDS, acute respiratory distress syndrome; CHD, congenital heart disease; HF, heart failure; HFmrEF,
HF with mildly reduced ejection fraction; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; LVEF, left ventricular

ejection fraction; PPH, primary pulmonary hypertension.
“Compared with HFrEF, corrected p < 0.05.
®Compared with HFmrEF, corrected p < 0.05.

of cases, and/or the cutoff value of LVEF in the definition
of HFmrEF is not sufficiently solid, as there are currently
few reports on this concept in PHF.

3.3 | Pharmacologic therapy for HF in
children with different LVEF

Medications used in the 1228 patients with PHF mainly
included six categories (as shown in Table 3):
angiotensin-converting enzyme inhibitors (ACEI)
(59.9%), diuretics (92.4%), vasoactive drugs (26.9%), pos-
itive inotropic drugs (84.9%), B-blockers (10.3%), and
myocardial energy metabolizers (87.3%). The usage rates
of ACEI, diuretics, inotropic agents, beta-blockers, and
myocardial energy metabolizers in HFTEF patients were
significantly higher than those in HFpEF children. When
comparing the HFmrEF and HFpEF groups, the use of
positive inotropic drugs, f-blockers, and myocardial en-
ergy metabolizers was higher in the HFmrEF group. The
usage rates of ACEI and diuretics in the HFmrEF group
were lower than those in the HFrEF group. These data
indicate that pediatricians tend to select more aggressive
pharmacologic therapy plans in patients with lower
LVEF values.

3.4 | In-hospital outcomes of children
with HF with different LVEF

Of the 1228 children with HF, 121 (9.9%) died during
hospitalization (Table 4). There was no statistically sig-
nificant difference in in-hospital mortality among the
HFrEF (8.9%), HFmrEF (10.5%), and HFpEF (9.8%)
groups. The treatment abandonment rate of each group
was not statistically different. In our cases, treatment
abandonment included two conditions: (1) patients
refused further rescue (DNR), and (2) patients discharged
without a sufficient course of treatment.

3.5 | Analysis of risk factors for in-
hospital death in PHF patients

We then compared the differences in the primary dis-
eases, proportion of abnormal E/A ratio and levels of
BNP and LVSVI between patients who died or survived
in-hospital. Statistically different factors, age, sex, and the
three groups divided according to LVEF value, were
entered into a binary logistic regression analysis as in-
dependent variables, and in-hospital death was defined as
the dependent variable.
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TABLE 4 In-hospital outcomes of children with HF with different LVEF.
Total HFrEF HFmrEF HFpEF ;(2 P
(n = 1228) (n = 148) (n = 266) (n = 814) value value Test
In-hospital death 121 (9.9) 13 (8.8) 28 (10.5) 80 (9.8) 0.327 0.849 Chi-square
test
Treatment abandonment 299 (24.3) 41 (27.7) 71 (26.7) 187 (23.0) 2.533 0.282 Chi-square
test
DNR 46 (3.7) 2 (1.4) 10 (3.8) 34 (4.2) 2.773 025 Chi-square
test
Discharged without sufficient course of 253 (20.6) 39 (26.4) 61 (22.9) 153 (18.8) 5.497 0.064 Chi-square
treatment test

Abbreviations: DNR, do not resuscitate; HF, heart failure; HFmrEF, HF with mildly reduced ejection fraction; HFpEF, HF with preserved ejection fraction;
HFrEF, HF with reduced ejection fraction; LVEF, left ventricular ejection fraction.

Data in Table 5 show that sepsis (OR = 6.559), renal
insufficiency (OR = 4.351) and an abnormal E/A ratio
(OR = 3.275) increased the risk of in-hospital death in
children with HF. LVEF was not an independent risk
factor for in-hospital mortality, after adjusting for con-
founding factors.

3.6 | Characteristics of HFrEF patients
with and without improved EF

After 6 months of follow-up, HFimpEF patients were
compared with those who's EF fail to increase by >10%.
As shown in Table 6, HFimpEF patients were younger
(0.67 [0.39, 2.79] vs. 4.03 [0.87, 11.35] years), with minor
Ross classification (level 11, 39.7% vs. 22.2%, and level IV,
20.6% vs. 44.4%), compared with patients without
improved EF.

4 | DISCUSSION

In this study, the clinical features and risk factors for in-
hospital death of children with HF in our hospital were
analyzed, and patients were grouped according to LVEF
value for the first time, referring to adult HF classification.
Our data indicated that HFpEF (66.3%) is the dominant
type of PHF, accompanied by younger age, milder heart
function, and lower BNP levels. In contrast, 12.0% of pa-
tients with PHF were classified in the HFrEF group, with
older age, more severe cardiac dysfunction, and a much
higher BNP level. The children in the HFmrEF group had
an in-between condition. Interestingly, our data indicated
a higher E/A abnormal proportion in HFrEF patients

compared with HFpEF children, which is different from
adult conditions, as diastolic dysfunction is necessary to
diagnose HFpEF in adults. This does not mean that the
cardiac diastolic function of children with HFpEF might be
superior to that of adults. We assume that in children with
HF, the E/A ratio might not be a suitable or an early marker
for pediatric patients. Our ongoing prospective research
indicates low sensitivity of E/A ratio in the diagnosis of
heart diastolic dysfunction (data not published). In addi-
tion, in children with HFrEF, both systolic and diastolic
heart functions are more likely to be diminished to a great
extent.

The common etiology of HF in adults are coronary
heart disease, hypertension, valvular disease, arrhythmia
and cardiomyopathy.”!” Studies have shown that the
underlying disease spectrum of HF in children is
different from that in adults, with CHD and cardiomy-
opathy being the most common primary disease.'®'**
Shaddy et al.* conducted a systematic review of literature
on HF in children from 1996 to 2016. They found that the
main causes of HF in children are cardiomyopathy, CHD,
parasitic infections, lower respiratory tract infections,
malnutrition, severe anemia, and rheumatic heart dis-
ease. A study of 67,349 children with HF in the United
States showed that 87% had CHD and 6% had cardio-
myopathy.?® In the present study, we found that the main
causes of HF in children were CHD, cardiomyopathy,
pneumonia, and arrhythmia, which is consistent with
previous studies. Data from the present study indicate
that the proportion of primary diseases of different types
of PHF were largely different. Taken together, the clinical
features, types of primary disease, and pharmacological
treatment plan of PHF could be well classified according
to LVEF.
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TABLE 5 Analysis of risk factors for in-hospital death in children with HF.
Variable B SE
Renal insufficiency 1.47 0.39
Abnormal E/A 1.186 0.302
LVSVI —0.029 0.006
Sepsis 1.881 0.608
Cardiomyopathy —-0.793 0.546
Arrhythmia —0.647 0.462
ARDS —0.948 1.101
Malnutrition —0.366 0.52
BNP 0 0
Valve dysfunction —0.135 0.33
HFrEF (control)
HFmrEF —0.613 0.517
HFpEF —0.267 0.487
Age —0.063 0.038
Gender 0.067 0.285

Wald p value OR (95% CI)
14.207 <0.001 4.351 (2.026-9.347)
15.442 <0.001 3.275 (1.812-5.918)
22.458 <0.001 0.971 (0.96-0.983)
9.555 0.002 6.559 (1.99-21.618)
2.103 0.147 0.453 (0.155-1.321)
1.961 0.161 0.524 (0.212-1.295)
0.741 0.389 0.388 (0.045-3.354)
0.497 0.481 0.693 (0.25-1.92)
0.437 0.509 1.000 (1.000-1.000)
0.167 0.682 0.874 (0.457-1.669)
1.64 0.44
1.407 0.235 0.541 (0.197-1.492)
0.301 0.584 0.766 (0.295-1.99)
2.767 0.096 0.939 (0.871-1.011)
0.055 0.814 1.069 (0.611-1.871)

Abbreviations: ARDS, acute respiratory distress syndrome; BNP, B-type natriuretic peptide; CI, confidence intervals; E/A, E: peak mitral flow velocity in early
diastole; A: peak mitral flow velocity in late diastole; HF, heart failure; HFmrEF, HF with mildly reduced ejection fraction; HFpEF, HF with preserved
ejection fraction; HFrEF, HF with reduced ejection fraction; LVSVI, left ventricular stroke volume index; OR, odds ratios; SE, standard error.

Studies on adult HF patients found that HFmrEF was
heterogeneous and derived from HFrEF patients with
improved EF or HFpEF with decreased EF.*’"* Our
study found that the clinical features of children with
HFmrEF, including age, severity of HF symptoms, BNP
level, and etiology composition showed an in-between
condition, indicating that children with HFmrEF may
also be derived from patients with HFrEF and HFpEF.

Studies in the United States have indicated that the
in-hospital all-cause mortality of children with HF
ranged from 6.3% to 7.4%, and many comorbid condi-
tions, such as arrhythmia, pulmonary hypertension,
sepsis, and renal failure are risk factors for in-hospital
death.*** Our study suggests that the all-cause mortal-
ity of children with HF was 9.9%. Sepsis, renal insuffi-
ciency, and abnormal E/A ratio are risk factors for in-
hospital mortality. The mortality rate among the three
different groups of HF patients is quite similar. Here,
the mortality rate was referred to in hospital death rate,
which cannot stand for the long-term mortality of HF.
Meanwhile, patients discharged without a sufficient
course of treatment also induced a bias in analysis of in-
hospital mortality. Most of those children with HF were
chronic, discharge follow-up with longer terms would
be of great value in study of survival rate of PHF
children.

Multiple observational studies have shown that the risk
of death in adults with HFpEF is as high as that in adults
with HFrEF'%*>?°, However, an adjusted meta-analysis
showed that HFpEF patients had a 32% lower risk of
death than HFrEF patients."*” Our study found that there
was no statistically difference in in-hospital mortality be-
tween children with HFrEF and HFpEF. This is not sur-
prising, because we only showed the in-hospital mortality
of PHF patients, and a long-term follow-up is strongly
needed to compare mortality in different types of PHF. The
treatment abandonment rate in patients with HFrEF was
higher than that in patients with HFpEF, indicating that
children with HFTEF might require a longer treatment
course in PHF.

5 | CONCLUSION

The present study suggests that PHF can be well classi-
fied based on LVEF, and this classification is helpful in
management of patients with PHF. This was a single-
center retrospective study with a small sample size, in
which bias may exist. Also, in the primary cause part, as
the limitation of retrospective study, those basic diseases
which were causes or just complications of HF could not
be well distinguished. Therefore, a multicenter, large-
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sample, prospective study is planned to further improve
the reliability of this study.
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