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Abstract

Background: Galectin-3 is a new biomarker, which plays an important role in tissue inflammation, cardiac
remodeling, and fibrosis. It can be readily measured in the circulation to detect early heart failure (HF). This study
aimed to assess the value of galectin-3 assay in early diagnosis of children with heart failure secondary to
congenital heart disease (CHD) and correlate it with the patients’ outcome.

Methods: This prospective cohort study included 75 children diagnosed to have CHD; {Group A: 45 CHD children
with HF symptoms and reduced ejection fraction (REF) and Group B: 30 CHD children with no HF symptoms and
normal ejection fraction (NEF)}. They were compared to 40 age- and sex-matched controls (Group C). Children with
CHD undergone history taking, Ross HF classification, Echocardiographic assessment and laboratory investigations
including serum galactin-3 level.

Results: Galectin-3 serum level increased in CHD children, and it showed significant increase in (Gp A) compared to
Gp B or Gp C (p =≤ 0.001). In addition, serum level of Galactin-3 was correlated positively with Ross classification
(r = 0.68, p = 0.018) and negatively correlated to EF% (r= -0.61, p ≤ 0.001). Galactin-3 showed better diagnostic value
than Ross HF classification in early diagnosis of HF in CHD children with a cut point (≥ 10.4), significantly had 96.7%
sensitivity, 90% specificity, 91% positive predictive value, 93.2% negative predictive value, with area under the curve
(AUC = 0.96) and 93% accuracy. While there was a significant correlation between Ross HF classification and HF
outcome in (Gp A) children (p = 0.05), we did not find any significant correlation between serum galectin-3 level
and HF mortality in same group (p = 0.08).

Conclusions: Galectin-3 assay is a promising marker for early diagnosis of HF in children with CHD; but it has no
role in detecting HF mortality.
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Background
Congenital heart diseases (CHD) are abnormalities within
the heart’s structure that are present since birth. It is the
most common birth defect, approximately affecting 1% of
all live born infants [1].
Heart failure (HF) in pediatrics represents a serious

purpose of morbidity and death in childhood. Clinically,
HF usually manifest as shortness of breath or fatigue
due to the functional or structural deterioration of
ventricular filling or cardiac output [2].
Three putative routes have been proposed for the

development of HF in CHD: monogenic entities that
cause both CHD and HF; severe CHD lesions in which
acquired hemodynamic effects of CHD or surgery result
in HF; and, most commonly, a combined effect of com-
plex genetics in overlapping pathways and acquired
stressors caused by the primary lesion [3].
The use of cardiac markers is an important way

in which suspected children can be assessed for the
existence of and/or grade of HF [4]. Galectin-3, a
soluble beta-galactoside-binding lectin, is subtle in
cardiomyocytes. In response to myocardial injury, it
freed by cardiac macrophages, provokes fibroblast
increase and deposition of collagen in the cardiac
muscle by inducing growth factor beta (TGF-b) and
exciting matrix production [5, 6].
A developing proof that galectin-3 is mainly associated

with the pathology of cardiac insult and the development
of HF, making it a likely early diagnostic, predictive and
therapeutic marker [7, 8].
This study aimed to assess the value of galectin-3

assay in early diagnosis of children with heart failure
secondary to CHD and correlate it with the patient’s
outcome (mortality).

Methods
Study population
A prospective cohort study was carried at pediatric
department, in Menoufia University, Egypt during the
period from October 2018 to September 2019.
According to the number of populations in the locality,
the prevalence of children with CHD and the number of
patients following-up in the pediatric cardiology clinic, a
sample of 75 children known to have CHD was consid-
ered. These children were divided into two groups; Group
(A) which included 45 children who were subsequently
admitted with HF symptoms and reduced ejection fraction
(REF) by Echo [24 (53.3%) males and 21 (46.7%) females;
age range: 0.6–9.3 years, mean age: 3.7 ± 2.89 years]. Then,
Group (B) which included 30 children who were
following-up in the cardiology outpatient clinic with
no HF symptoms and normal ejection fraction (NEF)
by Echo [13 (43.3%) females and 17 (56.7%) males;
age range: 0.8 − 9.6 years, mean age: 3.9 ± 2.01 years].
Both groups were compared to 40 age- and sex-
matched controls (Group C) [20 (50%) females and
20 (50%) males; age range: 0.5– 10.3 years, mean age:
5.1 ± 3.95 years].
Exclusion criteria were age ≥ 18 years, affected renal

function (Glomerular filtration rate (GFR) ≤ 70 ml/
min/1.73 m2), primary hepatic and lung diseases,
(e.g., hepatic cirrhosis and lung fibrosis, multiple con-
genital anomalies, or heart failure secondary to
cardiomyopathy).
All children exposed to thorough history taking docu-

menting heart failure symptoms, detailed clinical exam-
ination and signs of heart failure were recorded. Staging
of the heart failure was performed per the “symptom-
based Modified Ross Heart Failure Classification for
Children” [9].
Investigations included Vivid-7 echocardiography

system (GEMedical Systems, Waukesha, Wisconsin,
USA) per the suggestions of the American Society of
Echocardiography. Apical chamber views and M-mode
were used for left ventricular end diastolic volume
(LVEDD) and left ventricular end systolic volume
(LVESD); left ventricular ejection fraction (EF %) and
fractional Shortening (FS %) were determined with
modified Simpson’s method using biplane apical (2- and
4-chamber) views. All the echocardiography examinations
were done by expert pediatric cardiologists blinded to the
results of the serum biomarker assay. To evaluate intra-
observer changeability, echocardiography data from video
recordings of 15 randomly chosen children were exam-
ined twice by the same cardiologist within a period of time
between the two observations around 10 days interval; the
intra-observer changeability in the assessment of EF %
and FS % was found to be < 5%.
Laboratory tests included, complete blood count

(CBC) assessment, kidney function tests (serum
creatinine, GFR). For the assay of serum galectin-3,
blood samples were collected in plastic syringes, and
rapidly conveyed to chilled tubes. The serum was
separated by centrifugation at 4 °C for 20 min and stored
at -80 °C. Serum galactin-3 was measured using ELISA
kit that is manufactured for research use only
(SunRed Bio-technology Co., Shanghai, China). Briefly,
serum was incubated with galactin-3-HRP conjugate
for 1 h followed by washing. A blue colored product
was obtained after incubation with a substrate for
HRP enzyme, which turned into yellow color after
adding the stop solution. The intensity of color was
measured spectrophotometrically at 450 nm. Sensi-
tivity was 0.24 ng/ml, the intra-assay and inter-assay
reproducibility coefficient of variation was 7.8% &
5.4% respectively, and linearity range 94–109%. The
children’s clinical data were dumped from the staff
at the laboratory facility.
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Statistical analysis
Data were collected, organized and statistically analyzed
using statistical Package of Social Science (SPSS)
version 20. Quantitative data were expressed as mean ±
standard deviation (SD). Qualitative data were
expressed as frequency and percentage. The following
tests were done as appropriate: Chi-squared test (χ2),
student t-test (T), Kruskal wails test (K), one-way
ANOVA test (F), Mann-Whitney test (U). Spearman
correlation’s correlation coefficient (r) test was used for
correlating data. p value ≤ 0.05 considered statistically
significant.

Results
The demographic, clinical and laboratory characteristics
of the studied population are summarized in Table 1.
There was no significant difference found between the
studied groups regarding age, sex, weight, and systolic
blood pressure. On the other hand, there was statistical
significant difference between the three groups as regard
height, and BMI, heart rate, respiratory rate (p value was
0.031, 0.032, ≤ 0.001, and ≤ 0.001, respectively).

Echo measurements in children with CHD (Group A &
B) showed significant difference between both groups
regarding EF%, FS%, and LVESD (p value was ≤ 0.001). A
significant negative correlation was found between serum
galectin-3 levels with EF% and FS% (r= -0.61, p value ≤
0.001, and r= -0.66, p value ≤ 0.001, respectively). While
there was a positive correlation between Galectin-3 serum
level with LVESD (r = 0.69, p value ≤ 0.003), but no correl-
ation with LVEDD was reported (r= -0.04, p value = 0.821).
The negative correlation between serum galectin-3 and
EF% is shown in Fig. 1.

There were statistical significant difference between
the three groups regarding total leucocyte count (p value
was ≤ 0.001). In addition, Galectin-3 serum level
increased in children with CHD, and it showed signifi-
cant increase in group (A) when compared to the both
groups (B & C), p value ≤ 0.001.
Table 2 showed the detailed types and statistical

significance between different congenital heart diseases
in the study population (Group A versus Group B,
acyanotic versus cyanotic subtypes).

Figure 2 showed the positive correlation between
Galectin-3 serum level with Ross HF classification score
(r = 0.68, p value ≤ 0.001).

The validity of galectin-3 assay and Ross HF classifica-
tion score for the early diagnosis of HF in children with
CHD are compared (Table 3; Fig. 3). Serum Galectin-
3 at cut point (≥ 10.4) significantly had 96.7% sensitivity
(p value = 0.028), 90% specificity, 91% positive predictive
value, 93.2% negative predictive value, with area under
the curve (AUC = 0.96) and 93% accuracy; while Ross
score at cutoff point (≥ 1.5) significantly (p value = 0.04)
has 83.3% sensitivity, 74.3% specificity, 72.8% positive
predictive value, 82.1% negative predictive value, with
area under the curve (AUC = 0.86) and 78% accuracy in
diagnosis of heart failure of patients with congenital
heart disease.

A follow-up of the outcome of the CHD children
at the end of the study was done. Group (A)
children presenting with HF and REF {33 children
were controlled on medication, symptoms of HF
improved and normal ejection fraction (NEF) were
restored; on the other hand, 12 children showed
more deterioration of the presenting HF symptoms,
no response to medical treatment, and finally passed
away}. On the other hand, Group (B) children
presenting with NEF showed no significant morbidity
or mortality during the study period.
A comparison was held between serum galectin-3 and

Ross HF classification score at presentation with the
outcome (mortality) of CHD children (Group A). While,
no statistical significant were found between Ross HF
classification score at presentation and the outcome of
CHD children (p value = 0.2379), there was a statistical
significance regarding early presenting galectin-3 serum
level and mortality of CHD children (p value = 0.0011),
(Table 4).
Discussion
Congestive heart failure is a serious condition where
the heart can’t pump efficient blood to supply meta-
bolic demands. Over time, the inefficient cardiac out-
put triggers a cascade of compensatory mechanisms
aiming directly or indirectly at maintaining normal
perfusion to vital organs and tissues [10]. An approxi-
mate of 5–25% of children with structural heart
disease develop HF [11].
Galectin-3 has been increasingly identifiable as a

major modulator of different biological reactions, by
co-interacting with several molecules both inside and
outside the cell .Tissue fibrosis is a major contribut-
ing factor in the developing of heart failure. Fibrosis
deteriorates cardiac function and significantly
promotes to both systolic and diastolic dysfunction.
Studies have shown that galectin-3 as a biomarker
plays a significant part in tissue fibrosis and ventricu-
lar remodeling. It is highly expressed inside cardiac
fibroblasts [12].



Table 1 Demographic, clinical, echocardiographic findings, and laboratory investigations of the studied groups
Data Group A (No.=45) Group B

(No =30)
Group C
(No=40)

Test of significance P value

Clinico-demographic data

Sex

Male no. (%) 24 (53.3) 17 (56.7) 20 (50) χ2(0.03) 0.95

Female no. (%) 21 (46.7) 13 (43.3) 20 (50)

Age(years)

Mean ± SD 3.7 ± 2.89 3.9 ± 2.01 5.1 ± 3.95 K (0.88) 0.76

Range 0.6-9.3 0.8-9.6 0.5– 10.3

Weight (Kg)

Mean ± SD 8.35±3.9 8.5±3.8 9.8±4.7 K (0.95) 0.32

Height (cm)

Mean ± SD 65.23 ± 15.9 70.8 ±16.2 72.2±22.4 F (0.61) 0.031*

BMI (Kg/m2)

Mean ± SD 13.1± 2.9 14.4±2.6 16.7±2.3 F (0.60) 0.032*

HR

Mean ± SD 127.5±17.1 81.4±9.3 70.3±6.7 F (159.2) ≤0.001*

Post Hoc : P1=≤0.001, P2=≤0.001, P3=0.03

RR

Mean ± SD 46.5±13.4 37.5±6.5 35±7.1 F (10.1) ≤0.001*

Post Hoc : P4≤0.001, P5=≤0.001, P6=0.36

Systolic blood pressure

Mean ± SD 93 ± 12.1 93.3 ±9.8 87±5.4 F (2.9) 0.06

Echo Findings

Ejection fraction %

Mean ± SD 36.9±3.9 61.1±5.2 NA T (36.8) ≤0.001*

Range 32.8 – 40.8 55.7 – 66.9

Fractional Shortening %

Mean ± SD 23.3±4.1 42.4±3.2 NA T (20.1) ≤0.001*

Range 18.8 – 28.5 37.6 – 45.1

LVEDD

Mean ± SD 32.6± 11.1 29.1±3.1 NA T (1.68) 0.0971

LVESD

Mean ± SD 23.7± 6.7 13.7±2.3 NA T (7.85) ≤0.001*

laboratory investigations

Hb (gm/dl)

Mean ± SD 10.1±1.4 9.9±1.4 10.1±1.3 F ( 0.39) 0.67

Leucocyte count /cm3

Mean ± SD 13.3± 3.9 13.7±3.7 7.4±3.7 K (24.4) ≤0.001*

Platelet/cm3

Mean ± SD 240.6±62.2 236.7±61.2 236.4±59.2 F (0.04) 0.96

Serum creatinine

Mean ± SD 0.59± 0.25 0.54±0.22 0.48±0.12 K (0.42) 0.0516

Galectin-3 (ng/dl)

Mean ± SD 20.3±5.3 6.3±4.4 3.08±1.5 K (50.7) ≤0.001*

Post Hoc: P7=≤0.001, P8=≤0.001, P9=0.01

*Statistical significance
P1=comparison of HR between Group A and Group B, P2=comparison of HR between Group A and Group C
P3=comparison of HR between Group B and Group C
P4=comparison of RR between Group A and Group B, P5=comparison of RR between Group A and Group C
P6=comparison of RR between Group B and Group C
P7=comparison of serum galectin-3 between Group A and Group B, P8=comparison of serum galectin-3 between Group A and Group C, P9=comparison of serum
galectin-3 between Group B and Control group
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This study agrees with El-Amrousy, et al. study who
found that there was no significant difference between
heart failure group and control group in age, sex, or
body weight [13], But a statistical significance between
the studied groups regarding height, and BMI was
reported, which agrees with Rubia and Kher study who
demonstrated that there is an evidence of growth retard-
ation and hence BMI in children with CHD [14].
Schwartz, et al. found that decreased energy intake, mal-
absorption and increased basal energy requirements
might all lead to compromised growth and underweight
in children with CHD [15].
This study found that there was statistical signifi-

cant difference between the three groups as regard
heart rate and respiratory rate. This agreed to the
studies of El-Amrousy, et al., and with Masatsugu &
Hiroshi in which their studies found that heart rate
and respiratory rate are mainly regulated by auto-
nomic nervous activities; specifically increased with
attenuated vagal nerve activity or enhanced sympa-
thetic nerve action in children with HF [13, 16].
Mohammed et al. who found a significant positive

correlation between galectin-3 levels with LVESD and
LVEDD, indicating an early detection of heart failure
before any functional changes, and a negative correlation
was detected between galectin-3 levels with FS% and
EF%. His findings are concordant with our study, except
for the LVEDD; as we didn’t find any correlation
Fig. 1 Correlation between serum Galectin-3 level and EF%
with LVEDD. The previous study considered that the
correlation between the clinical and cardiac changes
with galectin-3 level give an indirect proof supporting a
probable function for galectin-3 in the pathogenesis of
cardiac remodeling in HF, and demonstrated that after an
early injury to the cardiac muscles compensatory mechan-
ism of cardiac remodeling occurs, leading to left ventricu-
lar dysfunction and HF [17].
Iqbal, et al. study showed that there was significant

evidence of cardiac remodeling and worsening of EF% --
detected by echocardiography- between cardiac and healthy
children. They considered that the cardiac structural changes
- in the form of inflammation & fibrosis - and the clinical
worsening correlations with galectin-3 level were considered
as an indirect supporting evidence of a significant action of
galectin-3 in the substantial pathogenesis of heart failure
[18]. Also, similar to our study. Kotby, et al. study showed
a strong correlation between the level of galectin-3 and
EF% (p value ≤ 0.001) [19].
This study also found significant increase in total

leucocyte count, which is considered as an innate
marker of acute or chronic systemic inflammation. Also,
total leucocyte count act as a risk marker for cardiovas-
cular disease. Engström, et al. studies showed that
moderate increase of leukocyte concentrations is associ-
ated with incidence of hospitalizations due to HF [20].
There was mild non-significant increase in creatinine

level in CHD children. This was in line with Shlipak,



Table 2 The detailed types and statistical significance between different congenital heart diseases in the study population (Group A
versus Group B, acyanotic versus cyanotic subtypes)

Echo Findings Group A (=45 children)
No. (%)

Group B (=30 children)
No. (%)

Test of significance p value

Congenital acyanotic heart diseases

ASD 6 (13.3 %) 4 (13.3 %) χ2(0.000) 1.0000

VSD 14 (31.1 %) 10 (33.4 %) χ2(0.04085) 0.8398

PDA 7 (15.6 %) 5 (16.7 %) χ2(0.01653) 0.8977

ASD+VSD 4 (8.9 %) 4 (13.3 %) χ2(0.05247) 0.8188

PS 8 (17.8 %) 5 (16.7 %) χ2(0.01551) 0.9009

Congenital MR 1 (2.2 %) 0 (0 %) χ2(0.6757) 0.4111

Galectin-3 (ng/dl) in acyanotic heart diseases

Mean ± SD 20.1±4.9 5.8±4.9 T (12.382) < 0.0001*

Congenital cyanotic heart diseases

TGA 2 (4.4 %) 1 (3.3 %) χ2(0.05787) 0.8099

TOF 3 (6.7 %) 1 (3.3 %) χ2(0.01100) 0.9165

Galectin-3 (ng/dl) in cyanotic heart diseases

Mean ± SD 19.9±5.1 6.2±4.3 T (12.114) < 0.0001*

p value P1= 0.8500 P2= 0.7380 - -

*Statistical significance
χ2= Chi-squared test with Yate’s continuity correction, T= student t-test
P1=comparison of serum galectin-3 between acyanotic and cyanotic heart disease (in Group A)
P2=comparison of serum galectin-3 between acyanotic and cyanotic heart disease (in Group B)
ASD atrial septal defect, VSD ventricular septal defect, PDA patent ductus arteriosus, PS pulmonary stenosis, MR mitral regurgitation, TGA transposition of great
arteries, TOF tetralogy of fallot

Fig. 2 Correlation between serum Galectin-3 level and Ross HF classification score
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Table 3 Comparing the validity of Galectin-3 assay and Ross HF classification for the early diagnosis of heart failure in children with
congenital heart disease

Test AUC P value Cutoff point Sensitivity Specificity NPV PPV Accuracy

Galectin-3 (ng/dl) 0.96 0.028 ≥10.4 96.7% 90% 93.2% 91% 93%

Ross Score 0.86 0.04 ≥1.5 83.3% 74.3% 82.1% 72.8% 78%

AUC area under the curve, NPV negative predictive value, PPV positive predictive value
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et al. study that have declared the value of measuring
kidney function in heart failure. The increased creatinine
levels while hospitalized is a marker of low cardiac
output that contributes to decreased renal vascular flow
and decreased ability to bear the inpatient heart failure
management. Thus, the change in creatinine level is
mostly indicative of the severity of cardiac muscle
dysfunction instead of acute kidney damage [21].
There was a significant increase of serum galectin-3

level between the studied groups mainly in CHD
children with HF (Group A). This was in a line with
Kotby, et al. and Meeusen, et al. studies who found that
children with HF had a significant elevation of galectin-3
serum level in comparison to controls with mean galectin-
3 of (5.75 ± 1.427 ng/ml) at control group (P value ≤
0.001) compared to mean of (18.40 ± 11.5 ng/ml) at HF
patients [19, 22]. Numano, et al. explanation is that the
myocyte insult induces multiple inflammatory mediators
like osteopontin and these mediators stimulate the
activated macrophages to secrete galectin-3 [23].
A positive correlation was noticed between serum

galectin-3 level and the Ross HF classification score.
Fig. 3 Roc curve of: (a) Serum Galectin-3 level, (b) Ross score
This can be interpreted by the fact that apoptosis is con-
cerned in the transition to decompensated HF, and since
galectin-3 is entangled in apoptosis; thus, the increase in
galectin-3 levels is may be prompted to heart failure
decompensation [24].
Galactin-3 showed a better diagnostic value than Ross

HF classification score in early diagnosis of HF in CHD
children. This may be due to the concentrations of
galectin-3 have been linked to markers of extracellular
matrix turnover, including a correlation between macro-
phage activation and collagen turnover. In addition, the
clinical manifestations of heart failure may be preceded
many years by active fibrosis, so the presentation of high
galectin-3 level may occur before manifest HF and thus
may be more effective for the prevention and prediction
of disease sequelae [17, 25].
The study outcome (mortality) percentage of CHD

with or without heart failure was in agreement with
Moussa, et al. and Zomer, et al. studies who found that
HF is a significant event in CHD and is associated with a
high mortality rate (20%). They found mortality five-fold
more in CHD children with HF in comparison with



Table 4 Comparison between serum galectin-3 level & Ross HF classification with the outcome of CHD children presenting with HF
symptoms (Group A = 45 children)

Variables Improved Children
(No. = 33)

Died Children
(No. = 12)

Test of significance P value

Galectin-3 (ng/dl)

Mean ± SD 10.1±5.4 17.4±8.1 (U) 3.49 0.0011*

Range 0.7-12.7 1.6-27

Ross score

Mean ± SD 3.1±2.8 4.2±2.5 (U) 1.197 0.2379

Range 0-8 0-8

U Mann-Whitney test
*Statistical significance
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patients without. Moreover, hospitalization due to HF
was related to a significant increase in the risk of cardio-
vascular events [26, 27]. However, to date, this study is
the first one to report the correlation between the pre-
senting serum Galactin-3 and prediction of mortality in
the HF group. Limitation of the study: Serial measure-
ments of serum galectin-3 levels were not performed.

Conclusions
Galectin-3 has been emerged as an evolving biomarker
for early diagnosis of HF in children with CHD; and has
a valuable predictive role for the patient’s outcome.

Abbreviations
CHD: Congenital heart diseases; EF: Ejection fraction; FS: Fractional
Shortening; HF: Heart fraction; NEF: Normal ejection fraction; REF: Reduced
ejection fraction; ROC: Receiver operating characteristic

Acknowledgements
The authors acknowledge all the children and their parents who so willingly
participated in this study.

Authors’ contributions
NS: Proposed the study idea, Shared in study design, shared in database
design, and data collection. AK: Shared in study design, and shared in
database design. MR: Undertook biochemical assay, interpretation of
analysis. SS: Data collection, and reporting. HA: Conceptualization of the
study, interpretation of results’ analysis, and initial drafting of the
manuscript. All authors read and approved the final manuscript.

Funding
Authors did not receive any specific funding for this work.

Availability of data and materials
Readers can get the datasets and materials of the current study by
contacting the corresponding author of Hany Abo-Haded (hany_haded@ya-
hoo.com) for a reasonable request.

Ethics approval and consent to participate

This study was performed in line with the principles of the Declaration of
Helsinki, ethics approval of the study was granted by Institutional Review
Board (IRB) of Menoufia University, Egypt (Proposal code: R.19.12.681).
Written consent from parents was obtained for study participation before
enrolling the patients.

Consent for publication

Not applicable.
Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Pediatrics, Faculty of Medicine, Menoufia University,
Menoufia, Egypt. 2Department of Medical Biochemistry, Faculty of Medicine,
Menoufia University, Menoufia, Egypt. 3Pediatric Cardiology Unit, Department
of Pediatrics, Faculty of Medicine, Mansoura University, Mansoura, Egypt.

Received: 25 March 2020 Accepted: 13 November 2020
References
1. Timothy JN, Susana CP. Stem Cell Therapy and Congenital Heart Disease. J

Cardiovasc Dev Dis. 2016;3(3):24. .
2. Min-Seok K, Ju-Hee L, Eung J, et al. Korean Guidelines for Diagnosis and

Management of Chronic Heart Failure. Korean Circ J. 2017;47(5):555–643. .
3. Fahed AC, Roberts AE, Mital S, et al. Heart failure in congenital heart disease:

a confluence of acquired and congenital. Heart Failure Clinics. 2014;10(1):
219–27.

4. Felker GM, Fiuzat M, Shaw LK, et al. Galectin-3 in ambulatory patients with
heart failure: results from the HFACTION study. Circ Heart Fail. 2012;5:72–8.

5. Kramer F. Galectin-3: clinical utility and prognostic value in patients with
heart failure. Res Rep Clin Cardiol. 2013;4:13–22.

6. My-Nhan N, Yidan S, Donna V, et al. Mechanisms responsible for increased
circulating levels of galectin-3 in cardiomyopathy and heart failure. Sci Rep.
2018;8(1):8213.

7. Hrynchyshyn N, Jourdain P, Desnos M, et al. Galectin-3: a new biomarker for
the diagnosis, analysis and prognosis of acute and chronic heart failure.
Arch Cardiovasc Dis. 2013;106(10):541–6.

8. Filipe MD, Meijers WC, Rogier, van der Veld, et al. Galectin-3 and heart
failure: Prognosis, prediction & clinical utility. Clin Chim Acta. 2015;443:48–
56.

9. Ross RD. The Ross classification for heart failure in children after 25 years: a
review and an age-stratified revision. Pediatr Cardiol. 2012;33:1295–300.

10. Daniele M, Fabio V, Marta R, et al. Pediatric Heart Failure: A Practical Guide
to Diagnosis and Management. Pediatr Neonatol. 2017;58(4):303–12.

11. Madriago E, Silberbach M. Heart Failure in Infants and Children. Pediatrics in
Review. 2010;31(1):4–12.

12. French B, Wang L, Ky B, et al. Prognostic Value of Galectin-3 for Adverse
Outcomes in Chronic Heart Failure. J Card Fail. 2016;22(4):256–62.

13. El-Amrousy D, Samir H, Hossam H. Prognostic value of homocysteine and
highly sensitive cardiac troponin-T in children with acute heart failure. J
Saudi Heart Assoc. 2018;30(3):198–204.

14. Rubia B, Kher A. Anthropometric assessment in children with congenital
heart disease. Int J Contemp Pediatr. 2018;5(2):634–9.

15. Schwartz S, Olsen M, Woo JG, et al. Congenital heart disease and the
prevalence of underweight and obesity from age 1 to 15 years: data on a
nationwide sample of children. BMJ pediatrics open. 2017;1:e000127.

16. Masatsugu H, Hiroshi O. Heart rate as a target of treatment of chronic heart
failure. Journal of cardiology. 2012;60(2):86–90.



Saleh et al. BMC Pediatrics          (2020) 20:537 Page 9 of 9
17. Mohammed LA, Gafar HS, Hussien NR, et al. Galectin-3 as early detector of
heart failure in children with congenital acyanotic heart disease. Clin Med
Diagn. 2014;4(5):90–8.

18. Iqbal N, Wentworth B, Choudhary R, et al. Cardiac biomarkers: new tools for
heart failure management. Cardiovasc Diagn Ther. 2012;2(2):147–64.

19. Kotby A, Youssef I, Elmaraghy O, et al. Galactin-3 in Children with Chronic
Heart Failure with Normal and Reduced Ejection Fraction: Relationship to
Disease Severity. Pediatr Cardiol. 2017;38(1):95–102.

20. Engström G, Melander O, Hedblad B. Leukocyte Count and Incidence of
Hospitalizations Due to Heart Failure. Circ Heart Fail. 2009;2(3):217–22.

21. Shlipak MG, Chertow GC, Massie BM. Beware the rising creatinine level. J
Card Fail. 2003;9(1):26–8.

22. Meeusen JW, Johnson JN, Gray A, et al. Soluble ST2 and galectin-3 in
pediatric patients without heart failure. Clin Biochem. 2015;48(18):1337–40.

23. Numano F, Shimizu C, Jimenez-Fernandez S, et al. Galectin-3 is a marker of
myocardial and vascular fibrosis in Kawasaki disease patients with giant
aneurysms. Int J Cardiol. 2015;201:429–237.

24. Berardinis B, Magrini L, Zampini G et al. Usefulness of combining galectin-3
and BIVA assessments in predicting short and long-term events in patients
admitted for acute heart failure. Biomed Res Int. 2014;2014(983098):1–10.

25. Loffredo FS, Nikolova AP, Pancoast JR, et al. Heart failure with preserved
ejection fraction: molecular pathways of the aging myocardium. Circ Res.
2014;115:97–107.

26. Moussa NB, Karsenty C, Pontnau F, et al. Characteristics and outcomes of
heart failure-related hospitalization in adults with congenital heart disease.
Arch Cardiovasc Dis. 2017;110(5):283–91.

27. Zomer C, Vaartjes I, van der Velde T, et al. Heart failure admissions in adults
with congenital heart disease: risk factors and prognosis. Int J Cardiol. 2013;
168(3):2487–93.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

