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Abstract
Galectin-3 (Gal-3), a β-galactoside-binding lectin, has emerged as a potential diagnostic and prog-
nostic biomarker for various diseases, including certain heart and kidney diseases, as well as cancer. 
Its significance is particularly notable in the context of congenital heart defects (CHD), which are the 
most prevalent congenital malformations, occurring in 6 to 8 out of every 1000 live births. Symptoms  
of heart failure (HF) in patients with congenital heart defects can manifest early in life, but in some 
cases, the disease progresses gradually, leading to a progressive decline in quality of life and the devel-
opment of various complications. This variability underscores the need for early biomarkers to detect 
HF development in pediatric patients. Gal-3 plays a key role in myocardial remodeling, making it a 
promising candidate for advancing the diagnosis and management of HF in CHD patients. It is espe-
cially relevant in pediatric care, where early detection and intervention can significantly alter disease 
progression and patient outcomes. This review aims to consolidate current knowledge on the utility of 
Gal-3 in predicting HF among pediatric patients with CHD, highlighting its potential to transform the 
diagnostic and therapeutic approach in this vulnerable patient population.
Keywords: galectin-3, congenital heart defects, heart failure, biomarkers

Introduction

Congenital heart defects (CHD), the most 
common congenital defects in children, contribute 
to abnormal growth and development, impairing 
the cardiovascular system’s functioning. In pedia-
tric patients with these defects, cardiac muscle 
failure (HF, heart failure) may develop, which rep-
resents a major complication and poses a serious 
threat to health and life [1].

Heart failure is a complex pathological condi-
tion in which the heart is unable to supply adequate 
blood to the tissues for proper oxygenation and 
nutrition. Congenital heart defects affect both 
the structure and function of the heart, leading to 

hemodynamic disturbances and increased strain 
on the cardiac muscle, gradually impairing its 
efficiency. Consequently, this leads to decreased 
physical capacity, diminished quality of life, limita-
tions in daily activities, and, in severe cases, direct 
threats to the lives of pediatric patients [1–3].

Heart failure in children with CHD can have 
multifactorial origins, depending on the severity 
and type of heart defect. It may result from shunt 
lesions, obstructive lesions, severe valve disease 
or other more complex structural heart defects. 
While HF symptoms might be evident in the first 
days of a patient’s life in some cases, the disease 
might progress slowly, manifesting gradually over 
time in others [1–3].
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Early and prompt diagnosis, along with ap-
propriate HF treatment in children with CHD, 
pose a challenge for specialists in pediatrics and 
pediatric cardiology. A multi-stage approach, en-
compassing pharmacological therapy and surgi-
cal interventions, is often necessary to improve 
cardiac function and the quality of life for pediatric 
patients. Early detection can significantly impact 
the prognosis for children with HF [1, 2, 4].

The gold standard diagnostic tool for HF is 
an echocardiogram. However, due to the need for 
specialized equipment and experienced specialists, 
the lack of availability of equipment and short-
age of pediatric cardiologists in various regions 
worldwide might lead to delayed or incorrect diag-
noses [5].  Benavidez et al. [6] in a retrospective 
cohort study, highlighted those diagnostic errors 
in echocardiography significantly influenced clini-
cal management in up to 66% of pediatric patients 
with CHD. The analysis also indicated that up to 
77% of these errors were potentially preventable. 
A study conducted in 2015 evaluated the accuracy 
of diagnoses based on echocardiograms performed 
by non-specialized centers for children with CHD.  
It was found that only 8% of patients underwent 
echocardiography performed by a pediatric cardio-
logy specialist. Diagnostic errors were observed 
in 38% of children, and in 23% of the cases, this 
directly affected the implementation of inappropri-
ate therapeutic measures [7].

Biomarkers might be useful in diagnosing and 
monitoring HF in children. Usually, they would 
be used as a complement to echocardiography. 
Sometimes they could help determine patients that 
would need a more thorough follow up, which might 
be especially helpful in non-specialized centers or 
regions with few pediatric cardiologists. Some of 
biomarkers, such as N-terminal pro-B-type natriu-
retic peptide (NT-proBNP) are already commonly 
used [8]. However, researchers continuously seek 
other effective biomarkers. One of them, that could 
significantly influence HF diagnosis and monitor-
ing in future is galectin-3 (Gal-3). The advantages 
and possibilities of introducing this biomarker are 
summarized in the Central illustration.

The impact of galectin-3 on physiological 
cellular processes

Galectins belong to the lectin group, possess-
ing one or several carbohydrate-binding domains 
(CRD, C-type carbohydrate recognition domain) 
that bind to β-galactosides. Currently, 15 types  
of galectins have been identified among mammals, 
classified into three groups based on the organi-
zation of their domains. These include prototype 
galectins (with a single CRD), galectins with  
tandem repeats (with two CRDs), and chimera-type 
galectins (with a single CRD connected to a flexible 
N-terminal domain), among which the best-known 
to date is Gal-3 [9].

Central illustration. Diagnostic workflow for galectin-3 as a biomarker in pediatric heart failure. This illustration out-
lines the step-by-step process of identifying and verifying galectin-3 (Gal-3) as a biomarker for early heart failure (HF) 
in children with congenital heart defects (CHD). The workflow begins with CHD, the search for potential biomarkers 
of early HF is initiated. The process involves blood collection, ELISA tests, and echocardiographic verification to as-
sess biomarker levels and their correlation with HF. Finally, the diagnostic value of Gal-3 is verified, highlighting its 
potential role in early detection and management of pediatric HF

Verication of the diagnostic value of galectin-3

Congenital heart deffects 

Heart failure 

Searching for a potential biomarker of early heart failure 

Blood collection, ELISA tests, echocardiographic verication 
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Gal-3 is a protein with a molecular mass of 35 
kDa, encoded in the human body by a single gene 
LGALS3 located on chromosome 14. Its N-terminal 
domain is of fundamental importance for construct-
ing polymeric structures, undergoing proteolysis 
by matrix metalloproteinases, and interacting with 
other intracellular proteins [10].

The proper secretion process of Gal-3 and its 
penetration into the cell nucleus depend on the 
presence of the initial sequence of 12 amino acids 
[11]. Meanwhile, the C-terminal CRD domain of 
Gal-3 is responsible for binding to glycoconjugates 
containing N-acetyllactosamine, allowing it to form 
bonds with proteins in the presence or absence of 
carbohydrates.

Gal-3 is predominantly located in the cy-
toplasm and also within cell nuclei, where it is 
transported. Additionally, it can undergo secretion 
onto cell surfaces or into body fluids. Due to its 
numerous localizations, this protein is responsible 
for many biological functions. Through its inter-
action with anti-apoptotic proteins, Gal-3 plays  
a significant role in the process of programmed cell 
death. Moreover, it activates pre-mRNA splicing in 
the cell nucleus and supervises gene transcription. 
Furthermore, it is responsible for intercellular in-
teractions, including interactions between epithe-
lial cells and the extracellular matrix, thus playing 
a significant role in the extracellular space. This 
protein also plays a crucial role in various biologi-
cal processes, such as cell growth, differentiation, 
transformation, angiogenesis, the development of 
inflammation and fibrosis. Additionally, several re-
nowned research centers have confirmed that Gal-3 
is a significant factor involved in the pathogenesis 
of cardiovascular remodeling and various autoim-
mune and inflammatory processes [12].

Gal-3 is present in many tissues, including 
all types of immune cells such as macrophages, 
monocytes, dendritic cells, eosinophils, mast cells, 
NK cells, as well as T and B lymphocytes, and in 
epithelial cells, endothelial cells, and sensory neu-
rons [13]. The expression of the gene responsible 
for encoding Gal-3 in tissues is mainly regulated 
during embryonic development, where a more 
specific pattern of protein expression dominates 
in epithelial cells, kidneys, chondrocytes, and 
hepatocytes. Studies conducted on rodents have 
shown that in mice lacking LGALS3 gene ex-
pression, there was no increase in mortality, nor  
a higher percentage of developmental defects. The 
only noted negative consequence was a faster aging 
process [14]. Figure 1 illustrates selected cellular 
processes influenced by Gal-3.

Gal-3 can serve as a sensitive biomarker, in-
dependent of age, body mass, gender, or circadian 
rhythm. A slight increase in its concentration is 
observed during periods of increased activity,  
returning to baseline levels after a few hours [15]. 
Thanks to these properties, this marker has found 
application in the diagnosis and prediction of various 
diseases, making it a potential therapeutic target in 
treatment. Both an increase and decrease in Gal-3 
levels can indicate an ongoing pathological process, 
such as cardiovascular disease, tumor formation, 
infectious conditions, or abnormalities associated 
with kidney or liver function [16].

Pathophysiological mechanisms of in-
creased galectin-3 levels in congenital 
heart disease

As previously mentioned, CHD can signifi-
cantly affect heart function and the development 
of HF. The pathophysiological mechanisms through 
which CHD contributes to increased levels of Gal-3 
include several key processes:

 — Chronic pressure and volume overload: CHD, 
such as aortic valve stenosis or pulmonary 
artery stenosis, lead to chronic pressure 
overload in the heart. Other defects, such 
as patent ductus arteriosus or atrial septal 
defect, lead to volume overload [17]. Both 
conditions can cause stretching and damage 
to the heart walls, stimulating the release of 
Gal-3. Gal-3, by stimulating fibroblast prolif-
eration and collagen production, plays a key  

Figure 1. The impact of galectin-3 on cell physiology. 
This figure illustrates the multifaceted roles of galectin-3 
(Gal-3) in cellular processes. Gal-3 influences critical 
aspects of cell physiology, including cell adhesion, pro-
liferation, differentiation and growth. It also plays a role 
in maintaining intercellular connections and regulating 
pre-mRNA splicing. Furthermore, Gal-3 is involved in 
the processes of inflammation and apoptosis, high-
lighting its importance in both normal cellular function 
and pathological conditions. These diverse effects un-
derscore its central role in cellular homeostasis and its 
potential as a biomarker in disease progression

Galectin-3Cell growth

Cell adhesion Cell proliferation Cell differentiation 

Intercellular 
connections 

Pre-mRNA splicing Apoptosis Inammation 
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role in this process, leading to further stiff-
ening of the heart muscle and progression 
of heart failure [18]. Additionally, in these 
conditions, levels of other heart failure bio-
markers, such as NT-proBNP, may also rise, 
indicating hemodynamic stress and heart 
overload [17].

 — Fibroblast activation and fibrosis: Chronic 
heart overload leads to the activation of fi-
broblasts in the heart muscle. Gal-3 plays  
a crucial role in the transformation of fibro-
blasts into myofibroblasts, which are the main 
cells involved in heart fibrosis. Myofibroblasts 
produce collagen and other extracellular ma-
trix components, leading to heart fibrosis and 
further increasing Gal-3 levels [19]. Studies 
have shown that the recombinant form of Gal-3 
can induce the transformation of inactive fibro-
blasts into myofibroblasts, leading to the pro-
liferation of cardiac fibroblasts and stimulating 
the synthesis of transforming growth factor-
beta, collagen production, and the expression 
of cyclin D1 [19, 20]. Other biomarkers, such 
as suppression of tumorigenicity 2 (ST2) and 
matrix metalloproteinase-9 (MMP-9), can also 
rise in response to fibrosis and remodeling 
processes [21].

 — Inflammatory response stimulation: CHD are 
often associated with chronic inflammation. 
Gal-3 is a protein involved in the inflamma-
tory response, binding to immune cells such 
as macrophages. Activation of macrophages by 
Gal-3 leads to the release of pro-inflammatory 
cytokines, such as interleukin-4 (IL-4) and 
interleukin-13 (IL-13), which further exac-
erbate inflammatory processes and fibrosis. 
MacKinnon et al. revealed that the binding 
of Gal-3 to the membrane protein CD98 on 
macrophages activates the phosphoinositide 
3-kinase (PI3K) pathway and alternative acti-
vation. This stimulation results in increased 
expression of IL-4, IL-13, and the accumulation 
of extracellular matrix components, particularly 
collagen [22, 23]. In these conditions, levels of 
C-reactive protein (CRP) and Tumor necrosis 
factor-α (TNF-α), markers of inflammation 
may also increase [24].

 — Endothelial dysfunction: CHD can cause dam-
age and dysfunction of endothelial cells in 
blood vessels, leading to disturbances in the 
production of nitric oxide and other vascular 
mediators. Endothelial dysfunction is associ-
ated with elevated Gal-3 levels, which promote 
inflammatory and fibrotic processes within 

the vessel walls and heart muscle [25]. Other 
biomarkers, such as asymmetric dimethylar-
ginine (ADMA) and the von Willebrand factor, 
can also indicate endothelial dysfunction [26].

 — Oxidative stress: Hemodynamic disturbances 
associated with CHD can lead to increased 
oxidative stress in heart cells. Gal-3 can in-
crease the expression of enzymes such as 
nicotinamide adenine dinucleotide phosphate 
hydrogen (NADPH) oxidase, leading to the 
production of reactive oxygen species (ROS). 
ROS cause cellular damage, enhance inflam-
matory states, and promote fibrosis, contri-
buting to further increases in Gal-3 levels. 
Reports indicate Gal-3’s ability to increase the 
expression of NADPH oxidase 4 (NOX4) in 
heart cells and to regulate levels of ROS origi-
nating from NOX4 during the cardiac fibrosis 
process [27]. In a study published in 2018 by 
Ibarrola et al. [28], it was demonstrated that 
Gal-3 can cause cardiac damage by promoting 
oxidative stress in human cardiac fibroblasts 
and in animal and human heart disease models. 
It was also shown that Gal-3 reduces the level 
of the protective enzyme fumarate hydratase, 
increases fumarate production, and stimulates 
the release of the oxidative stress mediator, 
which is present in the cardiac muscle of HF 
patients and correlates with left ventricular 
dysfunction [29, 30].
These pathophysiological mechanisms demon-

strate how CHD can lead to elevated levels of Gal-3 
through complex interactions between mechanical 
overload, inflammation, oxidative stress, and fibro-
sis processes. All these processes contribute to the 
progression of HF and highlight the importance 
of Gal-3 and other biomarkers in assessing and 
managing patients with CHD. Figure 2 illustrates 
pathways involved in HF development with the 
involvement of Gal-3.

Development based on extensive research, it 
can be speculated that Gal-3 may serve as a poten-
tial biomarker, which is promising in predicting and 
diagnosing HF [31, 32]. The aim of this review is to 
present the current knowledge on Gal-3 as a poten-
tial HF biomarker in pediatric patients with CHD.

Methods

A literature review was performed using the 
“PRISMA” criteria [33]. A review of the scientific 
literature was conducted on May 15, 2023, using 
online databases: PubMed and Scopus. “galectin 
3 AND heart failure pediatric patients congenital 
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heart defects (i) OR pediatric heart failure (ii) OR 
Congenital heart defects pediatric patients (iii)” 
were formulated as a research question for the 
review. Thirty-five (n = 35) records from the Pub-
Med database and thirty-two (n = 32) records from 
the SCOPUS database were obtained. Thirty-four  
(n = 34) duplicates were removed.

Two authors independently reviewed thirty-
three (n = 33) records selected in stage one. The 
inclusion criteria were: Polish or English language 
of the study (a), studies associated with utility of 
Gal-3 as a biomarker for HF in pediatric patients 
due to CHD (b). Studies older than 10 years (c), 
conducted on animal models (d) and in the form 
of reviews, conference reports or letters to the 
editor (e) were established as exclusion criteria. 
For further review authors included ten (n = 10) 
available reports which met the mentioned criteria. 
The study selection process is illustrated in Sup-
plementary Figure 1, which presents a PRISMA 
flowchart detailing the identification of studies via 
databases.

The risk of bias in the analyzed studies was 
assessed using the Critical Appraisal Skills Pro-
gramme (CASP) [34]. Two independent research-
ers conducted a bias risk assessment to ensure 

objectivity and accuracy of the results. Each re-
searcher analyzed the studies against key CASP 
criteria, such as clearly formulated research ques-
tions, cohort recruitment, accuracy in measuring 
exposure and outcomes, identification and consid-
eration of confounding factors, and completeness 
of observation. The results of the bias risk assess-
ment are presented in Supplementary Table 1.

Results

The review of studies indicates that Gal-3 is  
a sensitive and specific biomarker for early diag-
nosis and assessing the severity of HF in pediatric 
patients with CHD, significantly predicting rehos-
pitalization and mortality risks, although it does not 
show a significant correlation with HF development 
in cases of tetralogy of Fallot (ToF) and aortic coarc-
tation (CoA). The results of the review have been 
summarized and presented collectively in Table 1. 
The proposed cut-off points and concentrations of 
Gal-3 suggesting the diagnosis of HF are also pre-
sented in Table 1. The values should be interpreted 
with caution, taking into consideration other factors 
that may influence Gal-3 concentrations, which is 
further discussed below.

Figure 2. The impact of galectin-3 in the pathomechanism of heart failure development. The key molecular pathways 
and factors involved in HF progression related to Gal-3. TGF-β promotes the activation of inactive fibroblasts into 
myofibroblasts, leading to increased collagen production. CD98 and PI3K stimulate macrophages, which release 
IL-4 and IL-13, further enhancing collagen synthesis. The gene LGALS3, encoding Gal-3, plays a central role in these 
processes, including the activation of HL-1 cardiac muscle cells. Additional factors contribute to oxidative stress, type 
I and type III collagen production, and the transition to myofibroblasts, culminating in inflammation, fibrosis, and HF; 
CD98 — cluster of differentiation 98; Gal-3 — galectin-3; HF — heart failure; HL-1 — cardiac muscle cell line I; IL-4 
— interleukin-4; IL-13 — interleukin-13; LGALS3 — a gene encoding galectin-3; PI3K — phosphoinositide 3-kinase; 
TGF-β — transforming growth factor beta
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Discussion

The predictive value of galectin-3  
in predicting the development  
of heart failure in pediatric patients  
with congenital heart defects

Saleh et al. [35], recognizing the severity of 
HF development in pediatric patients with CHD, 
conducted a cohort study at Menoufia University 
to verify the clinical and diagnostic utility of Gal-3 
as a biomarker. The study involved three groups: 
pediatric patients with CHD and HF symptoms 
with reduced ejection fraction (n = 45), children 
with CHD but without HF symptoms and normal 
ejection fraction (n = 30), and a control group 
without cardiac conditions (n = 40). The findings 
revealed a significant increase in Gal-3 levels in 
the first group compared to the other subgroups 
(p < 0.001). Additionally, Gal-3 levels showed  
a positive correlation with the Ross classification 
(r = 0.69, p = 0.018) and a negative correlation 
with ejection fraction (r = −0.61, p < 0.001). 
Further statistical analysis demonstrated that 
Gal-3 provided superior prognostic value for early 
HF diagnosis in CHD patients compared to the 
Ross classification. A Gal-3 cutoff concentration of  
≥ 10.4 ng/dL exhibited high sensitivity (96.7%) and 
specificity (90%), with a positive predictive value 
of 93.2% and an area under the curve (AUC) of 
0.96, yielding an overall accuracy of 93%. Despite 
these strong diagnostic results, the study did not 
find a statistically significant correlation between 
serum Gal-3 levels and HF-related mortality  
(p = 0.08). However, the authors emphasized 
that Gal-3 measurement could serve as a valuable 
prognostic tool for enhancing the early detection 
of HF in pediatric patients [35].

While Gal-3 demonstrated impressive sen-
sitivity and specificity, the study also highlighted 
the importance of careful interpretation of these 
results in clinical settings. The test’s specifi-
city — its ability to accurately identify individu-
als without HF — can be influenced by broader 
clinical factors, such as infections or inflammation, 
which may elevate Gal-3 levels [9]. This potential 
for false positives introduces complexity into the 
use of Gal-3 as a diagnostic tool. Clinicians must 
account for these variables, ensuring that Gal-3 
results are considered in conjunction with other 
clinical assessments to avoid misinterpretation 
and over-diagnosis.

A team led by Elhewala [36] in 2020 conducted 
a similar study to assess the diagnostic utility 
of Gal-3 in predicting the development of HF in 

pediatric patients with CHD. Their analysis demon-
strated significantly higher Gal-3 levels in CHD pa-
tients compared to controls (18.62 ± 13.056 ng/dL  
vs. 4.67 ± 1.97 ng/dL). A statistically significant 
positive correlation was observed between Gal-3 
levels and the Ross classification, indicating that 
higher Gal-3 levels were associated with more 
severe HF progression. The study showed that 
Gal-3 had high predictive value, with sensitivity 
reaching 80% and specificity at 100% for detec-
ting heart muscle impairment in progressing HF 
cases. The authors suggested that Gal-3 could be 
an important supplementary tool for diagnosing HF 
in children with CHD, as it also serves as a marker 
for disease severity.

However, the findings from Elhewala’s team 
also emphasize the importance of contextualizing 
these results in real-world clinical practice. While 
the study reported perfect specificity, meaning 
that the test was highly effective in identifying 
patients without HF, the accuracy of such tests 
can be challenged by factors outside controlled 
environments. The factors mentioned earlier 
could elevate Gal-3 levels independently of HF, 
leading to false positives. This underscores the 
necessity of considering pre-existing conditions 
and the patient’s overall clinical presentation. 
Though the pre-test probability does not change 
the fundamental sensitivity or specificity of the 
biomarker, it plays a crucial role in how the test 
results are interpreted. Therefore, Gal-3 should 
not be viewed as a standalone diagnostic marker 
but as part of a broader diagnostic toolkit, ensuring 
that clinicians avoid overdiagnosing or overtreat-
ing conditions based solely on Gal-3 levels. In 
2020, Parker et al. [37] conducted a prospective 
cohort study (n = 145) assessing the application 
of innovative biomarkers such as ST2, Gal-3, and 
glial fibrillary acidic protein (GFAP) in predicting 
clinical complications in pediatric patients after at 
least one CHD operation. The Risk Adjustment 
for Congenital Heart Surgery-1 (RACHS-1) model 
enriched with ST2 and Gal-3 values showed a sta-
tistically significant improvement in the predictive 
model performance from area under the ROC curve 
(AUROC) = 0.719 to AUROC = 0.805 (p = 0.036). 
The authors emphasized the necessity for further 
multicenter studies to confirm the diagnostic ef-
fectiveness of Gal-3 [37].

Understanding the potential diagnostic and 
therapeutic uses of Gal-3, Cura et al. [38] published 
a study in 2022 aimed at verifying the association 
of this biomarker with left ventricular dilation in 
22 infants with ventricular septal defects. The 
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study also measured levels of aldosterone and 
NT-proBNP, comparing results with a healthy 
control group. They found a statistically significant 
difference in Gal-3 concentration, with a median of  
4.0 ng/mL in pediatric CHD patients and 2.5 ng/mL 
in healthy children (p = 0.015). NT-proBNP also 
demonstrated strong diagnostic utility (p = 0.003),  
while aldosterone levels showed no significant 
difference between the groups (p = 0.8). No sta-
tistically significant difference was noted between 
the predictive capabilities of Gal-3 and NT-proBNP  
(p = 0.6). At a cutoff of > 3.62 ng/mL, Gal-3 
showed a sensitivity of 59.1% and specificity of 
86.4%, which were comparable to NT-proBNP’s 
sensitivity (90.9%) and specificity (63.6%). The 
researchers concluded that Gal-3 levels increased 
independently with left ventricular enlargement, 
suggesting that Gal-3 has diagnostic potential 
similar to NT-proBNP [38]. Although Gal-3 demon-
strated acceptable specificity (86.4%) in this study, 
the authors pointed out that its real-world diagnos-
tic performance could be influenced by factors as 
mentioned earlier, which may elevate Gal-3 levels 
regardless of heart failure progression. Therefore, 
while Gal-3 presents promise as a biomarker, it 
should be used alongside other clinical data, and its 
application in complex cases requires careful con-
sideration. Further research is needed to confirm 
its broader clinical utility and therapeutic potential 
in pediatric heart failure cases.

The predictive value of galectin-3 in pre-
dicting the development of heart failure 
in pediatric patients with congenital heart 
defects after cardiac surgery

Rehospitalization within 30 days post-surgery 
is experienced by 10 to 20% of children undergoing 
CHD surgery, with 4% of these surgeries resul-
ting in death [39]. This constitutes a significant 
emotional and financial burden and is a notable 
issue for the healthcare system [40]. In recent 
years, scientists have discovered and developed 
predictive models that aid clinicians in identifying 
patients at the highest risk of complications after 
CHD surgeries in children with progressive HF. 
Unfortunately, there are few studies dedicated 
to predicting rehospitalization or mortality after 
such surgeries, especially concerning biomarker 
analysis compared to clinical data [41, 42]. There-
fore, in 2019, Brown et al. [43] decided to conduct 
a study to assess the relationship between new 
biomarker levels before and after surgery and 
30-day unplanned rehospitalization or mortality 
in a cohort of 162 pediatric patients, post-CHD 

surgery with progressive HF. Blood samples 
were collected to measure the concentrations 
of 4 examined biomarkers, including Gal-3. The 
analysis, using three predictive models developed 
by the research team, aimed to determine which 
serum biomarker concentration could serve as  
a potential prognostic marker. The introduction of 
new clinically available biomarkers showed a sta-
tistically significant increase in the effectiveness 
of predictive models, with AUC increasing from 
0.617 to 0.802 (p = 0.003). The study revealed 
that pre- and post-operative log-transformed Gal-3 
concentrations correlated with 30-day unplanned 
rehospitalization or mortality after CHD surgery 
in children (p < 0.05). Importantly, the research-
ers focused on a short-term postoperative period, 
assessing outcomes within the first 30 days after 
surgery. Interestingly, such correlation was not 
observed in case of NT-proBNP concentrations. 
Thus, the use of Gal-3 may enhance the ability to 
predict the risk of 30-day readmission or mortality 
after pediatric cardiothoracic surgeries.

In another previously cited study from the 
USA, researchers observed a statistically signifi-
cant association between preoperative Gal-3 levels 
and a twofold increased risk of rehospitalization 
or death within a year following CHD operations  
(p< 0.05) [37]. The same research team conducted 
a study in 2019 involving 244 children undergoing 
CHD-related cardiothoracic procedures hospital-
ized at Johns Hopkins Children’s Center in the 
USA. To predict the development of postoperative 
complications, the authors decided to use com-
monly known markers of cardiomyocyte fibrosis, 
namely Gal-3 and ST2. Biomarker concentrations 
were measured both before and after cardiotho-
racic surgery in heparinized plasma. The analysis 
of the results showed that the postoperative mid-
dle tertile of Gal-3 concentration was significantly 
associated with rehospitalization in the 30-day 
postoperative period, progressive HF and morta-
lity [odds ratio (OR): 6.17; 95% confidence interval 
(CI): 1.50–25.43], similar to the highest tertile of 
both pre- and post-operative ST2 concentrations. 
The study indicates that elevated postoperative 
Gal-3 levels are significantly associated with 
increased rehospitalization or mortality risk in 
the postoperative period for pediatric patients. 
The scientists also confirmed the predictive ef-
fectiveness of ST2 protein. Moreover, the find-
ings demonstrate the potential utility of Gal-3 as  
a marker in classifying the risk of developing car-
diac complications and in improving postoperative 
care quality [44].
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Patients undergoing Fontan surgery are at high 
risk of developing multiple complications, including 
HF [45]. To understand which biomarkers can aid in 
predicting the development of these complications, 
van den Bosch et al. [46] conducted a multicentred 
study in 2021 involving 133 pediatric patients who 
underwent Fontan surgery. The study focused on 
long-term outcomes, with a median follow-up of 
17.3 years after surgery, and the median age at the 
time of biomarker assessment 19.2 years (range 
14.6–25.7 years). Researchers aimed to verify the 
predictive value of 10 biomarkers, including Gal-3. 
However, no statistically significant correlation was 
found between Gal-3 levels and the development of 
HF in pediatric patients after Fontan surgery (p = 
0.9). The study also used a composite endpoint that 
included cardiac death, arrhythmias, hospitalization 
for arrhythmias, or a VO2 max ≤ 65% of predicted. 
Importantly, not all components of this composite 
endpoint may be relevant to the review, as VO2 
max reduction, though useful for prognosis, may 
not directly reflect hard clinical outcomes like death 
or hospitalization. Nevertheless, the scientists 
confirmed that certain biomarkers, particularly NT-
proBNP (p = 0.004) and ST2 (p = 0.04), may play 
a significant role in long-term clinical observation 
and risk stratification in these patients [46]. 

Tetralogy of Fallot (ToF) is among the most 
common CHD, with current survival rates reaching 
95% in patients at 10 years old and over 90% in 
those at 25 years old. However, patients still often 
experience long-term problems, mainly associated 
with residual pulmonary valve insufficiency. Addi-
tionally, frequent occurrences of right ventricular 
dilation, ventricular dysfunction, and arrhythmias 
are observed during long-term follow-ups [47, 
48].Despite significant progress in diagnosing and 
predicting HF, there is still a lack of sufficient re-
search on biomarkers in young patients with CHD, 
particularly in ToF cases. In 2022, van den Bosch 
et al. [49], conducted a study focused on the long-
term outcomes of 137 patients who underwent ToF 
repair surgery. The study assessed patients with 
a median of 17.3 years after surgery and followed 
them for a median of 8.7 years, aimed to evaluate 
the predictive value of several biomarkers. Im-
portantly, the median age of patients at the time 
of biomarker assessment was 19.2 years (ranging 
from 14.6 to 25.7 years), meaning biomarkers 
were measured in young adults and older adoles-
cents, long after their surgical interventions. The 
study found no statistically significant correlation 
between Gal-3 levels (p = 0.09) and the develop-
ment of HF in ToF patients [49]. However again, 

it is important to highlight that the study used  
a composite endpoint, which included cardiac 
death, arrhythmias, hospitalization for arrhythmias, 
or a VO2 max ≤ 65% of predicted. While VO2 max 
is an important prognostic indicator, it may not 
directly reflect harder clinical outcomes, such as 
death or hospitalization, which should be consid-
ered when interpreting the study’s conclusions.  
In 2022, Di Lorenzo et al. [50] conducted a study 
on 60 pediatric patients who underwent cardiac 
surgery for ToF, aiming to compare the concentra-
tions of selected markers, including Gal-3, with car-
diac muscle remodeling observed through cardiac 
magnetic resonance (CMR). The analysis did not 
show a statistically significant correlation between 
Gal-3 levels and changes in the cardiac muscle  
(p > 0.05). However, higher levels of another bio-
marker — matrix metalloproteinase-1 (MMP-1)  
— were strongly correlated with a higher left and 
right ventricular mass index (p < 0.05), indicating 
ongoing remodeling processes. The study focused 
on long-term outcomes after ToF repair, with pa-
tients being evaluated a median of 15 years post-
surgery, and the median age of the participants at the 
time of biomarker assessment was 15 years. While 
Gal-3 did not show statistically significant correla-
tions with clinical or imaging markers of ventricular 
remodeling, MMP-1 emerged as a promising indica-
tor, particularly in relation to ventricular mass and 
the right ventricular mass-to-volume ratio.

Isolated coarctation of aorta (CoA) occurs in 
about 8% of all CHD cases, and most patients with 
severe CoA require an operation to reduce the left 
ventricular (LV) strain caused by high pressure [51]. 
Additionally, children affected by the disease are at 
risk of long-term complications, including chronic 
hypertension, cardiac mechanical disorders, and 
LV hypertrophy, present in as many as 50–65% of 
cases [52]. Heart remodeling is noticeable in many 
patients already during the first operation [53]. 
The presence of echocardiographic indicators of 
LV remodeling at the time of diagnosis suggests 
the possibility of activating significant pathological 
pathways earlier [54]. Mechanisms behind early  
LV remodeling and the variable process of reversed 
remodeling in this population remain unexplored. 
A better understanding of such pathways and pat-
terns of their activation represents a promising 
perspective for understanding disease progression 
mechanisms, improving prognostic accuracy, and 
delineating targeted therapy in the future. In 2019, 
Frank et al. [55] conducted a study to evaluate the 
role of several promising biomarkers in a pediatric 
cohort of 27 patients with CoA undergoing surgery.  
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Biomarker concentrations were measured in hepari-
nized plasma before and after surgery. The study 
found no statistically significant correlation between 
Gal-3 levels (p > 0.05) and the development of HF 
or persistent LV abnormalities. Additionally, no as-
sociation was observed between preoperative levels 
of other biomarkers and factors such as the type of 
surgical procedure, use of preoperative prostaglan-
din or milrinone infusion, or prenatal diagnosis of 
CoA. Focusing on long-term outcomes, the study 
followed patients for about a year post-surgery. The 
average age at surgery was 0.70 years, ranging from 
neonates to children up to 18 years. Endothelin-1 
(ET-1) was significantly associated with increased 
LV mass index and relative wall thickness at follow-
up (p < 0.05), indicating its potential as a marker 
for persistent LV remodeling. Lower ST-2 levels 
were also linked to LV abnormalities, enhancing 
the predictive accuracy when combined with ET-1. 
In contrast, BNP and norepinephrine (NE) showed 
expected changes based on the patients’ condition 
but did not correlate with long-term LV remodeling. 
Overall, while Gal-3 lacked predictive value, ET-1 
and ST-2 emerged as key markers for assessing 
long-term risks in post-CoA repair patients, war-
ranting further research [54].

Limitations of the studies
The limitations of the studies can be charac-

terized as follows:
 — Small sample size: The study was conducted at 

a single facility and involved a rare condition, 
resulting in a limited number of cases. This 
small sample size hindered detailed multi-
variate analyses to fully assess all potential 
confounding factors [43, 44, 50, 55].

 — Clinical heterogeneity: There was significant 
diversity in clinical presentations and ages 
among patients, which could introduce ad-
ditional variables affecting biomarker levels 
independently or in conjunction with LV pres-
sure load [46, 50, 55].

 — Low incidence of persistent LV abnormalities: 
The incidence of persistent LV abnormalities 
was lower than previously reported, reducing 
the statistical power of the study. This discrep-
ancy might be due to differences in observation 
periods or classification methods [55].

 — Observational study design: The prospective 
and longitudinal design of the study is limited 
by its observational nature, which prevents 
drawing definitive conclusions about causality 
between biomarkers and myocardial changes 
[44, 46, 55].

 — Single center study: Conducting the study at 
a single center may limit the generalizability 
of the findings. The results might not be fully 
representative of the broader population with 
CHD, as practices, patient demographics, and 
care standards can vary between different 
institutions [36, 43].

 — Need for further research: To validate these 
findings and gain a better understanding of the 
mechanisms leading to persistent LV chang-
es, further studies involving larger cohorts 
and multiple centers are needed [36, 37, 44,  
46, 55].
These limitations indicate the need for further, 

more comprehensive research to fully understand 
and confirm these findings.

Comparison of other potential biomarkers 
of HF investigated in pediatric patients 
with congenital heart defects

The studies analyzed various biomarkers 
for diagnosing HF in patients with CHD, inclu-
ding Gal-3, NT-proBNP, ST2, Insulin-like growth 
factor-binding protein 7 (IGFBP-7), MMP1, and 
matrix metalloproteinase-2 (MMP2). Elevated ST2 
levels, both pre- and post-surgery, were linked to 
a higher risk of rehospitalization or death within  
a year. High pre-surgery Gal-3 levels also indicated 
a similar risk. NT-proBNP, although a recogni-
zed marker in adults, was not associated with  
increased risk in this study. In terms of diagnostic ac-
curacy, Gal-3 had a sensitivity of (59.1%) and a spec-
ificity of (86.4%) at a threshold of 3.62 ng/mL, while  
NT-proBNP, with a threshold of 96.42 pg/mL, 
showed a sensitivity of (90.9%) and specificity  
of (63.6%) [43].

The significant associations between ST2 and 
Gal-3 levels both before and after pediatric heart 
surgeries and the risk of rehospitalization or mor-
tality within 30 days were confirmed. Even after 
considering clinical factors and new preoperative 
biomarkers, a significant correlation between pre-
operative ST2 levels and subsequent readmission 
or mortality remained significant. NT-proBNP did 
not show an association with 30-day readmission 
or mortality in this study. Higher levels of ST2 
and Gal-3 both before and after surgeries were 
associated with the risk of rehospitalization or 
morta lity. Even after adjustment, higher levels 
of these biomarkers in the highest tertiles often 
correlated with a greater probability of readmission 
or morta lity. Patients with lower levels of these 
biomarkers had significantly lower risk of 30-day 
readmission or mortality [43].
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Comparison between NT-proBNP and ga-
lectin-3: Limits and practical usefulness in 
clinical diseases

NT-proBNP is a biomarker released from the 
heart in response to ventricular stretching and vol-
ume overload [56]. It is widely used for diagnosing 
and managing HF, with well-established thresholds 
aiding in prognosis and therapeutic decision-
making. However, NT-proBNP has its limitations. 
It lacks specificity as its levels can be elevated in 
conditions other than HF, such as renal dysfunc-
tion, acute coronary syndromes, and pulmonary 
hypertension, complicating differential diagnosis. 
Additionally, NT-proBNP levels increase with age 
and can be affected by gender, necessitating age- 
and gender-specific reference ranges. Impaired 
renal function significantly impacts NT-proBNP 
levels, often leading to false positives due to the 
role of kidneys in NT-proBNP clearance. Moreover, 
while effective in acute HF settings, NT-proBNP 
is less specific for chronic, stable HF and may not 
accurately reflect disease progression or response 
to treatment [8, 57, 58].

In contrast, as previously described, Gal-3 is  
a novel biomarker involved in inflammation, fibro-
sis, and remodeling processes [9, 16]. It is consid-
ered valuable for HF and other fibrotic diseases, 
reflecting myocardial fibrosis and remodeling more 
directly than NT-proBNP. Gal-3 levels can be 
elevated in various conditions, including chronic 
inflammatory diseases, liver cirrhosis, and some 
cancers, potentially leading to false positives [9, 10,  
13, 16]. There is also a lack of standardized cut-
off values for Gal-3, and its use is not as deeply 
integrated into clinical practice guidelines as NT-
proBNP. Additionally, Gal-3 may not be as useful in 
acute HF settings where rapid changes in hemo-
dynamics need quick and reliable assessment [59].

In clinical practice, NT-proBNP is well-vali-
dated for both diagnosing and prognosing HF. Its 
levels correlate with HF severity, guide treatment, 
and predict outcomes [58, 59]. Gal-3, on the other 
hand, provides additional prognostic information, 
particularly in chronic HF, by reflecting fibrosis and 
inflammation. It may help in identifying patients at 
risk of disease progression and adverse outcomes 
[60]. In patients with renal disease, NT-proBNP 
levels are often elevated, complicating interpreta-
tion and requiring adjustments for renal function. 
Gal-3 is less affected by renal function compared to 
NT-proBNP, making it a potentially more reliable 
marker in patients with concurrent renal disease. 
In acute coronary syndromes (ACS), NT-proBNP’s 
elevated levels can indicate myocardial strain, 

providing prognostic information [8, 61, 62]. Gal-3 
can indicate adverse remodeling post-ACS, offer-
ing insights into long-term prognosis and potential 
therapeutic targets [60].

While NT-proBNP is not specific for fibrotic 
processes, Gal-3 is directly involved in fibrotic 
pathways, making it valuable for diseases char-
acterized by fibrosis, such as liver cirrhosis and 
certain cancers [10]. Despite NT-proBNP’s estab-
lished role in cardiology, its limitations, especially 
in patients with renal dysfunction and other co-
morbidities, highlight the need for complementary 
markers like Gal-3 [58–60]. Gal-3 offers additional 
insights into fibrosis and inflammation, providing 
prognostic value in HF and other fibrotic diseases 
[9, 10, 60].

Understanding the context in which these 
biomarkers are utilized is crucial. In situations 
where stability and consistency in assessment 
are crucial, Gal-3 might outperform NT-proBNP 
[37, 43]. On the other hand, the responsiveness of 
NT-proBNP to various physiological states makes 
it an irreplaceable tool in diagnosing various heart 
conditions, albeit requiring more complex consid-
erations in its interpretation.

Conclusions

In relation to studies concerning the use of 
Gal-3 as a biomarker in CHD, the findings sug-
gest that its prognostic value in diagnosing HF 
is complex and requires further research. Most 
studies confirmed that Gal-3 can be sensitive and 
specific biomarker of HF in pediatric patients with 
CHD, especially among non-operated patients 
and those with simple heart defects, such as ven-
tricular septal defects. Some research emphasized  
a higher prognostic value of Gal-3 in comparison to 
well established and commonly used NT-proBNP 
[29, 35]. In contrast, published results suggest 
that in patients undergoing surgery for complex 
CHD, the effectiveness of Gal-3 in predicting HF 
may be lower. To fully verify the diagnostic utility 
of Gal-3 in early HF detection, more multicenter 
studies with larger cohorts focusing on specific 
CHDs are needed.

A key limitation of both this review and the 
current knowledge is the lack of standardized met-
rics across studies, hindering result comparisons. 
Standardizing data presentation would improve 
outcome comparisons. This challenge, due to var-
ied methodologies, should be seen as a limitation 
in the field, not in just this review. Addressing it 
would clarify Gal-3’s role as a biomarker in CHD.

www.cardiologyjournal.org 11

Daniel Gondko et al., Galectin-3: Heart failure biomarker in pediatric heart defects



Funding: Medical University of Silesia in Kato-
wice.

Conflict of interest: The authors declare no finan-
cial or personal relationships with other people or 
organizations that could inappropriately influence 
the content of this publication or claim rights to this 
publication.

Supplementary material: Suppl. Table 1, Suppl. 
Figure 1

References

1. Stout KK, Broberg CS, Book WM, et al. Chronic heart fail-
ure in congenital heart disease: A scientific statement from 
the american heart association. Circulation. 2016; 133(8): 
770–801, doi: 10.1161/CIR.0000000000000352, indexed in Pub-
med: 26787728.

2. Kurmani S, Squire I. Acute heart failure: Definition, classification 
and epidemiology. Curr Heart Fail Rep. 2017; 14(5): 385–392, 
doi: 10.1007/s11897-017-0351-y, indexed in Pubmed: 28785969.

3. Jayaprasad N. Heart failure in children. Heart Views. 2016; 
17(3): 92–99, doi: 10.4103/1995-705X.192556, indexed in Pub-
med: 27867456.

4. Hsu D, Pearson G. Heart failure in children. Circ Heart Fail. 
2009; 2(1): 63–70, doi: 10.1161/circheartfailure.108.820217, in-
dexed in Pubmed: 19808316.

5. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines 
for the diagnosis and treatment of acute and chronic heart failure. 
Eur Heart J. 2021; 42(36): 3599–3726, doi:  10.1093/eurheartj/
ehab368, indexed in Pubmed: 34447992.

6. Benavidez OJ, Gauvreau K, Geva T. Diagnostic errors in con-
genital echocardiography: importance of study conditions. 
J Am Soc Echocardiogr. 2014; 27(6): 616–623, doi:  10.1016/j.
echo.2014.03.001, indexed in Pubmed: 24709004.

7. Saraf RP, Suresh Pv, Maheshwari S, et al. Pediatric echocar-
diograms performed at primary centers: Diagnostic errors 
and missing links! Ann Pediatr Cardiol. 2015; 8(1): 20–24, 
doi: 10.4103/0974-2069.149514, indexed in Pubmed: 25684883.

8. Panagopoulou V, Deftereos S, Kossyvakis C, et al. NTproBNP: 
An important biomarker in cardiac diseases. Curr Top Med 
Chem. 2013; 13(2): 82–94, doi: 10.2174/1568026611313020002
, indexed in Pubmed: 23470072.

9. Argüeso P, Panjwani N. Focus on molecules: Galectin-3. Exp Eye 
Res. 2011; 92(1): 2–3, doi: 10.1016/j.exer.2010.11.009, indexed in 
Pubmed: 21111733.

10. Newlaczyl AU, Yu LG. Galectin-3 — a jack-of-all-trades in 
cancer. Cancer Lett. 2011; 313(2): 123–128, doi: 10.1016/j.can-
let.2011.09.003, indexed in Pubmed: 21974805.

11. Menon RP, Hughes RC. Determinants in the N-terminal domains 
of galectin-3 for secretion by a novel pathway circumventing the 
endoplasmic reticulum-Golgi complex. Eur J Biochem. 1999; 
264(2): 569–576, doi: 10.1046/j.1432-1327.1999.00671.x, indexed 
in Pubmed: 10491105.

12. Ruvolo PP. Galectin 3 as a guardian of the tumor micro-
environment. Biochim Biophys Acta. 2016; 1863(3): 427–
437, doi:  10.1016/j.bbamcr.2015.08.008, indexed in Pub-
med: 26264495.

13. de Oliveira FL, Gatto M, Bassi N, et al. Galectin-3 in autoimmun-
ity and autoimmune diseases. Exp Biol Med (Maywood). 2015; 
240(8): 1019–1028, doi: 10.1177/1535370215593826, indexed in 
Pubmed: 26142116.

14. Dumic J, Dabelic S, Flögel M. Galectin-3: An open-ended story. 
Biochim Biophys Acta. 2006; 1760(4): 616–635, doi: 10.1016/j.
bbagen.2005.12.020, indexed in Pubmed: 16478649.

15. Issa SF, Christensen AF, Lottenburger T, et al. Within-day varia-
tion and influence of physical exercise on circulating Galectin-3 
in patients with rheumatoid arthritis and healthy individuals. 
Scand J Immunol. 2015; 82(1): 70–75, doi:  10.1111/sji.12301, 
indexed in Pubmed: 25857722.

16. Dong R, Zhang M, Hu Q, et al. Galectin-3 as a novel biomarker 
for disease diagnosis and a target for therapy (Review). Int J 
Mol Med. 2018; 41(2): 599–614, doi:  10.3892/ijmm.2017.3311, 
indexed in Pubmed: 29207027.

17. Oosterhof T, Tulevski II, Vliegen HW, et al. Effects of volume 
and/or pressure overload secondary to congenital heart dis-
ease (tetralogy of fallot or pulmonary stenosis) on right ven-
tricular function using cardiovascular magnetic resonance and 
B-type natriuretic peptide levels. Am J Cardiol. 2006; 97(7): 
1051–1055, doi: 10.1016/j.amjcard.2005.10.047, indexed in Pub-
med: 16563914.

18. Kowalik E, Kuśmierczyk-Droszcz B, Klisiewicz A, et al. Galec-
tin-3 plasma levels in adult congenital heart disease and the pres-
sure overloaded right ventricle: reason matters. Biomark Med. 
2020; 14(13): 1197–1205, doi: 10.2217/bmm-2020-0250, indexed 
in Pubmed: 33021383.

19. Slack RJ, Mills R, Mackinnon AC. The therapeutic potential of 
galectin-3 inhibition in fibrotic disease. Int J Biochem Cell Biol. 
2021; 130: 105881, doi: 10.1016/j.biocel.2020.105881, indexed in 
Pubmed: 33181315.

20. Sharma UC, Pokharel S, van Brakel TJ, et al. Galectin-3 marks 
activated macrophages in failure-prone hypertrophied hearts and 
contributes to cardiac dysfunction. Circulation. 2004; 110(19): 
3121–3128, doi: 10.1161/01.CIR.0000147181.65298.4D, indexed 
in Pubmed: 15520318.

21. Guzel S, Serin O, Guzel E, et al. Erratum: Interleukin-33, matrix 
metalloproteinase-9, and tissue inhibitor of matrix metallopro-
teinase-1 in myocardial infarction. Korean J Intern Med. 2013; 
28(3): 386, doi: 10.3904/kjim.2013.28.3.386.

22. Henderson NC, Mackinnon AC, Farnworth SL, et al. Galectin-3 
expression and secretion links macrophages to the promotion of 
renal fibrosis. Am J Pathol. 2008; 172(2): 288–298, doi: 10.2353/
ajpath.2008.070726, indexed in Pubmed: 18202187.

23. Song X, Qian X, Shen M, et al. Protein kinase C promotes cardiac 
fibrosis and heart failure by modulating galectin-3 expression. 
Biochim Biophys Acta. 2015; 1853(2): 513–521, doi: 10.1016/j.
bbamcr.2014.12.001, indexed in Pubmed: 25489662.

24. Hernández-Díaz Y, Tovilla-Zárate CA, Juárez-Rojop I, et al. As-
sociation between CRP and tnf-α genes variants and cardiovas-
cular heart disease in a Mexican population: protocol for a case-
control study. Int J Environ Res Public Health. 2016; 13(1): 103, 
doi: 10.3390/ijerph13010103, indexed in Pubmed: 26751459.

25. Tsigkou V, Siasos G, Oikonomou E, et al. The prognostic role of 
galectin-3 and endothelial function in patients with heart failure. 
Cardiol J. 2023; 30(5): 725–733, doi: 10.5603/cj.a2022.0074, in-
dexed in Pubmed: 35975796.

26. South K, Lane DA. ADAMTS-13 and von Willebrand factor: A dy-
namic duo. J Thromb Haemost. 2018; 16(1): 6–18, doi: 10.1111/
jth.13898, indexed in Pubmed: 29108103.

12 www.cardiologyjournal.org

Cardiology Journal

http://dx.doi.org/10.1161/CIR.0000000000000352
https://www.ncbi.nlm.nih.gov/pubmed/26787728
http://dx.doi.org/10.1007/s11897-017-0351-y
https://www.ncbi.nlm.nih.gov/pubmed/28785969
http://dx.doi.org/10.4103/1995-705X.192556
https://www.ncbi.nlm.nih.gov/pubmed/27867456
http://dx.doi.org/10.1161/circheartfailure.108.820217
https://www.ncbi.nlm.nih.gov/pubmed/19808316
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1093/eurheartj/ehab368
https://www.ncbi.nlm.nih.gov/pubmed/34447992
http://dx.doi.org/10.1016/j.echo.2014.03.001
http://dx.doi.org/10.1016/j.echo.2014.03.001
https://www.ncbi.nlm.nih.gov/pubmed/24709004
http://dx.doi.org/10.4103/0974-2069.149514
https://www.ncbi.nlm.nih.gov/pubmed/25684883
http://dx.doi.org/10.2174/1568026611313020002
https://www.ncbi.nlm.nih.gov/pubmed/23470072
http://dx.doi.org/10.1016/j.exer.2010.11.009
https://www.ncbi.nlm.nih.gov/pubmed/21111733
http://dx.doi.org/10.1016/j.canlet.2011.09.003
http://dx.doi.org/10.1016/j.canlet.2011.09.003
https://www.ncbi.nlm.nih.gov/pubmed/21974805
http://dx.doi.org/10.1046/j.1432-1327.1999.00671.x
https://www.ncbi.nlm.nih.gov/pubmed/10491105
http://dx.doi.org/10.1016/j.bbamcr.2015.08.008
https://www.ncbi.nlm.nih.gov/pubmed/26264495
http://dx.doi.org/10.1177/1535370215593826
https://www.ncbi.nlm.nih.gov/pubmed/26142116
http://dx.doi.org/10.1016/j.bbagen.2005.12.020
http://dx.doi.org/10.1016/j.bbagen.2005.12.020
https://www.ncbi.nlm.nih.gov/pubmed/16478649
http://dx.doi.org/10.1111/sji.12301
https://www.ncbi.nlm.nih.gov/pubmed/25857722
http://dx.doi.org/10.3892/ijmm.2017.3311
https://www.ncbi.nlm.nih.gov/pubmed/29207027
http://dx.doi.org/10.1016/j.amjcard.2005.10.047
https://www.ncbi.nlm.nih.gov/pubmed/16563914
http://dx.doi.org/10.2217/bmm-2020-0250
https://www.ncbi.nlm.nih.gov/pubmed/33021383
http://dx.doi.org/10.1016/j.biocel.2020.105881
https://www.ncbi.nlm.nih.gov/pubmed/33181315
http://dx.doi.org/10.1161/01.CIR.0000147181.65298.4D
https://www.ncbi.nlm.nih.gov/pubmed/15520318
http://dx.doi.org/10.3904/kjim.2013.28.3.386
http://dx.doi.org/10.2353/ajpath.2008.070726
http://dx.doi.org/10.2353/ajpath.2008.070726
https://www.ncbi.nlm.nih.gov/pubmed/18202187
http://dx.doi.org/10.1016/j.bbamcr.2014.12.001
http://dx.doi.org/10.1016/j.bbamcr.2014.12.001
https://www.ncbi.nlm.nih.gov/pubmed/25489662
http://dx.doi.org/10.3390/ijerph13010103
https://www.ncbi.nlm.nih.gov/pubmed/26751459
http://dx.doi.org/10.5603/cj.a2022.0074
https://www.ncbi.nlm.nih.gov/pubmed/35975796
http://dx.doi.org/10.1111/jth.13898
http://dx.doi.org/10.1111/jth.13898
https://www.ncbi.nlm.nih.gov/pubmed/29108103


27. He J, Li X, Luo H, et al. Galectin-3 mediates the pulmonary arte-
rial hypertension-induced right ventricular remodeling through 
interacting with NADPH oxidase 4. J Am Soc Hypertens. 2017; 
11(5): 275–289.e2, doi:  10.1016/j.jash.2017.03.008, indexed in 
Pubmed: 28431936.

28. Ibarrola J, Arrieta V, Sádaba R, et al. Galectin-3 down-regulates 
antioxidant peroxiredoxin-4 in human cardiac fibroblasts: A 
new pathway to induce cardiac damage. Clin Sci (Lond). 2018; 
132(13): 1471–1485, doi: 10.1042/CS20171389, indexed in Pub-
med: 29674526.

29. Ibarrola J, Sádaba R, Garcia-Peña A, et al. A role for fumarate hy-
dratase in mediating oxidative effects of galectin-3 in human car-
diac fibroblasts. Int J Cardiol. 2018; 258: 217–223, doi: 10.1016/j.
ijcard.2017.12.103, indexed in Pubmed: 29544935.

30. Belch JJ, Bridges AB, Scott N, et al. Oxygen free radicals and 
congestive heart failure. Br Heart J. 1991; 65(5): 245–248, 
doi: 10.1136/hrt.65.5.245, indexed in Pubmed: 2039668.

31. Zhong X, Qian X, Chen G, et al. The role of galectin-3 in heart 
failure and cardiovascular disease. Clin Exp Pharmacol Physiol. 
2019; 46(3): 197–203, doi: 10.1111/1440-1681.13048, indexed in 
Pubmed: 30372548.

32. Wu CK, Su MY, Lee JK, et al. Galectin-3 level and the severity of 
cardiac diastolic dysfunction using cellular and animal models and 
clinical indices. Sci Rep. 2015; 5: 17007, doi: 10.1038/srep17007, 
indexed in Pubmed: 26582585.

33. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic re-
views. BMJ. 2021; 372(71): 103–112, doi: 10.1136/bmj.n71, in-
dexed in Pubmed: 33782057.

34. CASP UK. CASP systematic review checklist [Internet]. Ox-
ford: CASP UK; 2018: 4.  https://casp-uk.net/wp-content/
uploads/2018/01/CASP-Systematic-Review-Checklist_2018.
pdf (18.01.2020).

35. Saleh N, Khattab A, Rizk M, et al. Value of Galectin-3 assay in 
children with heart failure secondary to congenital heart diseases: 
A prospective study. BMC Pediatr. 2020; 20(1): 537, doi: 10.1186/
s12887-020-02427-9, indexed in Pubmed: 33248453.

36. Elhewala AAS, Ibrahem MM, Abdel Hafez ES. Galectin-3 as a 
biomarker of heart failure in children with congenital heart dis-
ease. Egypt J Hosp Med. 2020; 80(3): 1008–1013, doi: 10.21608/
ejhm.2020.106017.

37. Parker DM, Everett AD, Stabler ME, et al. Novel biomark-
ers improve prediction of 365-day readmission after pediat-
ric congenital heart surgery. Ann Thorac Surg. 2020; 109(1): 
164–170, doi: 10.1016/j.athoracsur.2019.05.070, indexed in Pub-
med: 31323208.

38. Cura C, Argun M, Koçer D. Aldosterone, galectin-3, and NTproB-
NP levels and their values as biomarkers in infants with ventricu-
lar septal defect. Turk Kardiyol Dern Ars. 2022; 50(2): 131–138, 
doi: 10.5543/tkda.2022.71734, indexed in Pubmed: 35400635.

39. Yang Q, Chen H, Correa A, et al. Racial differences in infant 
mortality attributable to birth defects in the United States, 1989–
2002. Birth Defects Res A Clin Mol Teratol. 2006; 76(10): 706–
713, doi: 10.1002/bdra.20308, indexed in Pubmed: 17022030.

40. Mackie AS, Gauvreau K, Newburger JW, et al. Risk factors for 
readmission after neonatal cardiac surgery. Ann Thorac Surg. 
2004; 78(6): 1972–1978; discussion 1978, doi: 10.1016/j.athorac-
sur.2004.05.047, indexed in Pubmed: 15561011.

41. Kansagara D, Englander H, Salanitro A, et al. Risk prediction 
models for hospital readmission: a systematic review. JAMA. 

2011; 306(15): 1688–1698, doi: 10.1001/jama.2011.1515, indexed 
in Pubmed: 22009101.

42. Tregay J, Wray Jo, Bull C, et al. Unexpected deaths and un-
planned re-admissions in infants discharged home after cardiac 
surgery: A systematic review of potential risk factors. Cardiol 
Young. 2015; 25(5): 839–852, doi: 10.1017/S1047951114002492, 
indexed in Pubmed: 25547262.

43. Brown JR, Stabler ME, Parker DM, et al. Biomarkers improve 
prediction of 30-day unplanned readmission or mortality after 
paediatric congenital heart surgery. Cardiol Young. 2019; 29(8): 
1051–1056, doi: 10.1017/S1047951119001471, indexed in Pub-
med: 31290383.

44. Parker DM, Everett AD, Stabler ME, et al. Biomarkers associat-
ed with 30-day readmission and mortality after pediatric congeni-
tal heart surgery. J Card Surg. 2019; 34(5): 329–336, doi: 10.1111/
jocs.14038, indexed in Pubmed: 30942505.

45. Gersony WM. Fontan operation after 3 decades: what we have 
learned. Circulation. 2008; 117(1): 13–15, doi: 10.1161/CIRCU-
LATIONAHA.107.748566, indexed in Pubmed: 18172049.

46. van den Bosch E, Bossers SSM, Kamphuis VP, et al. Associa-
tions between blood biomarkers, cardiac function, and adverse 
outcome in a young fontan cohort. J Am Heart Assoc. 2021; 
10(5): e015022, doi: 10.1161/JAHA.119.015022, indexed in Pub-
med: 33624507.

47. van der Ven JPG, van den Bosch E, Bogers AdJ, et al. Current 
outcomes and treatment of tetralogy of Fallot. F1000Res. 2019; 
8: 1530, doi: 10.12688/f1000research.17174.1, indexed in Pub-
med: 31508203.

48. Luijten LWG, van den Bosch E, Duppen N, et al. Long-term 
outcomes of transatrial-transpulmonary repair of tetralogy of Fal-
lot. Eur J Cardiothorac Surg. 2015; 47(3): 527–534, doi: 10.1093/
ejcts/ezu182, indexed in Pubmed: 24801339.

49. van den Bosch E, van Genuchten WJ, Luijnenburg SE, et al. 
Associations between blood biomarkers, cardiac function and 
adverse outcome in a young tetralogy of Fallot cohort. Int J Car-
diol. 2022; 361: 31–37, doi: 10.1016/j.ijcard.2022.04.065, indexed 
in Pubmed: 35487320.

50. DiLorenzo MP, DeCost G, Mai AD, et al. Comparison of serum 
biomarkers of myocardial fibrosis with cardiac magnetic reso-
nance in patients operated for tetralogy of Fallot. Int J Cardiol. 
2022; 358: 27–33, doi:  10.1016/j.ijcard.2022.04.064, indexed in 
Pubmed: 35487317.

51. Hoffman JIE, Kaplan S, Liberthson RR, et al. The incidence 
of congenital heart disease. J Am Coll Cardiol. 2002; 39(12): 
1890–1900, doi:  10.1016/s0735-1097(02)01886-7, indexed in 
Pubmed: 12084585.

52. Bocelli A, Favilli S, Pollini I, et al. Prevalence and long-term 
predictors of left ventricular hypertrophy, late hypertension, and 
hypertensive response to exercise after successful aortic coarc-
tation repair. Pediatr Cardiol. 2013; 34(3): 620–629, doi: 10.1007/
s00246-012-0508-0, indexed in Pubmed: 23052661.

53. Klitsie LM, Roest AAW, Kuipers IM, et al. Blood pressure re-
sponse during exercise in children, adolescents and young adults 
with a history of aortic coarctation repair. J Hypertens. 2014; 
32(7): 1548–1556.

54. Crepaz R, Cemin R, Romeo C, et al. Factors affecting left ven-
tricular remodelling and mechanics in the long-term follow-up 
after successful repair of aortic coarctation. Cardiol Young. 2005; 
15(2): 160–167, doi:  10.1017/S104795110500034X, indexed in 
Pubmed: 15845159.

www.cardiologyjournal.org 13

Daniel Gondko et al., Galectin-3: Heart failure biomarker in pediatric heart defects

http://dx.doi.org/10.1016/j.jash.2017.03.008
https://www.ncbi.nlm.nih.gov/pubmed/28431936
http://dx.doi.org/10.1042/CS20171389
https://www.ncbi.nlm.nih.gov/pubmed/29674526
http://dx.doi.org/10.1016/j.ijcard.2017.12.103
http://dx.doi.org/10.1016/j.ijcard.2017.12.103
https://www.ncbi.nlm.nih.gov/pubmed/29544935
http://dx.doi.org/10.1136/hrt.65.5.245
https://www.ncbi.nlm.nih.gov/pubmed/2039668
http://dx.doi.org/10.1111/1440-1681.13048
https://www.ncbi.nlm.nih.gov/pubmed/30372548
http://dx.doi.org/10.1038/srep17007
https://www.ncbi.nlm.nih.gov/pubmed/26582585
http://dx.doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://casp-uk.net/wp-content/uploads/2018/01/CASP-Systematic-Review-Checklist_2018.pdf
https://casp-uk.net/wp-content/uploads/2018/01/CASP-Systematic-Review-Checklist_2018.pdf
https://casp-uk.net/wp-content/uploads/2018/01/CASP-Systematic-Review-Checklist_2018.pdf
http://dx.doi.org/10.1186/s12887-020-02427-9
http://dx.doi.org/10.1186/s12887-020-02427-9
https://www.ncbi.nlm.nih.gov/pubmed/33248453
http://dx.doi.org/10.21608/ejhm.2020.106017
http://dx.doi.org/10.21608/ejhm.2020.106017
http://dx.doi.org/10.1016/j.athoracsur.2019.05.070
https://www.ncbi.nlm.nih.gov/pubmed/31323208
http://dx.doi.org/10.5543/tkda.2022.71734
https://www.ncbi.nlm.nih.gov/pubmed/35400635
http://dx.doi.org/10.1002/bdra.20308
https://www.ncbi.nlm.nih.gov/pubmed/17022030
http://dx.doi.org/10.1016/j.athoracsur.2004.05.047
http://dx.doi.org/10.1016/j.athoracsur.2004.05.047
https://www.ncbi.nlm.nih.gov/pubmed/15561011
http://dx.doi.org/10.1001/jama.2011.1515
https://www.ncbi.nlm.nih.gov/pubmed/22009101
http://dx.doi.org/10.1017/S1047951114002492
https://www.ncbi.nlm.nih.gov/pubmed/25547262
http://dx.doi.org/10.1017/S1047951119001471
https://www.ncbi.nlm.nih.gov/pubmed/31290383
http://dx.doi.org/10.1111/jocs.14038
http://dx.doi.org/10.1111/jocs.14038
https://www.ncbi.nlm.nih.gov/pubmed/30942505
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.748566
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.748566
https://www.ncbi.nlm.nih.gov/pubmed/18172049
http://dx.doi.org/10.1161/JAHA.119.015022
https://www.ncbi.nlm.nih.gov/pubmed/33624507
http://dx.doi.org/10.12688/f1000research.17174.1
https://www.ncbi.nlm.nih.gov/pubmed/31508203
http://dx.doi.org/10.1093/ejcts/ezu182
http://dx.doi.org/10.1093/ejcts/ezu182
https://www.ncbi.nlm.nih.gov/pubmed/24801339
http://dx.doi.org/10.1016/j.ijcard.2022.04.065
https://www.ncbi.nlm.nih.gov/pubmed/35487320
http://dx.doi.org/10.1016/j.ijcard.2022.04.064
https://www.ncbi.nlm.nih.gov/pubmed/35487317
http://dx.doi.org/10.1016/s0735-1097(02)01886-7
https://www.ncbi.nlm.nih.gov/pubmed/12084585
http://dx.doi.org/10.1007/s00246-012-0508-0
http://dx.doi.org/10.1007/s00246-012-0508-0
https://www.ncbi.nlm.nih.gov/pubmed/23052661
http://dx.doi.org/10.1017/S104795110500034X
https://www.ncbi.nlm.nih.gov/pubmed/15845159


55. Frank BS, Urban TT, Lewis K, et al. Circulating biomarkers 
of left ventricular hypertrophy in pediatric coarctation of the 
aorta. Congenit Heart Dis. 2019; 14(3): 446–453, doi: 10.1111/
chd.12744, indexed in Pubmed: 30650250.

56. Oeun B, Nakatani D, Hikoso S, et al. Osaka CardioVascular 
Conference (OCVC) Heart Failure Investigators. Factors associ-
ated with elevated N-terminal pro B-type natriuretic peptide 
concentrations at the convalescent stage and 1-year outcomes 
in patients with heart failure with preserved ejection fraction. 
Circ Rep. 2020; 2(8): 400–408, doi: 10.1253/circrep.CR-20-0051, 
indexed in Pubmed: 33693261.

57. Jering KS, Claggett BL, Pfeffer MA, et al. Prognostic impor-
tance of NT-proBNP (N-terminal pro-b-type natriuretic peptide) 
following high-risk myocardial infarction in the PARADISE-MI 
trial. Circ Heart Fail. 2023; 16(5): e010259, doi:  10.1161/CIR-
CHEARTFAILURE.122.010259, indexed in Pubmed: 37125529.

58. Palazzuoli A, Gallotta M, Quatrini I, et al. Natriuretic peptides 
(BNP and NT-proBNP): measurement and relevance in heart 

failure. Vasc Health Risk Manag. 2010; 6: 411–418, doi: 10.2147/
vhrm.s5789, indexed in Pubmed: 20539843.

59. Castiglione V, Aimo A, Vergaro G, et al. Biomarkers for the di-
agnosis and management of heart failure. Heart Fail Rev. 2022; 
27(2): 625–643, doi:  10.1007/s10741-021-10105-w, indexed in 
Pubmed: 33852110.

60. Zaborska B, Sikora-Frąc M, Smarż K, et al. The role of galec-
tin-3 in heart failure-the diagnostic, prognostic and therapeutic 
potential-where do we stand? Int J Mol Sci. 2023; 24(17): 13111, 
doi: 10.3390/ijms241713111, indexed in Pubmed: 37685918.

61. Takase H, Dohi Y. Kidney function crucially affects B-type 
natriuretic peptide (BNP), N-terminal proBNP and their rela-
tionship. Eur J Clin Invest. 2014; 44(3): 303–308, doi: 10.1111/
eci.12234, indexed in Pubmed: 24372567.

62. Tsutamoto T, Sakai H, Yamamoto T, et al. Renal clearance of 
N-terminal pro-brain natriuretic peptide is markedly decreased 
in chronic kidney disease. Circ Rep. 2019; 1(8): 326–332, 
doi: 10.1253/circrep.CR-19-0063, indexed in Pubmed: 33693158.

14 www.cardiologyjournal.org

Cardiology Journal

http://dx.doi.org/10.1111/chd.12744
http://dx.doi.org/10.1111/chd.12744
https://www.ncbi.nlm.nih.gov/pubmed/30650250
http://dx.doi.org/10.1253/circrep.CR-20-0051
https://www.ncbi.nlm.nih.gov/pubmed/33693261
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.122.010259
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.122.010259
https://www.ncbi.nlm.nih.gov/pubmed/37125529
http://dx.doi.org/10.2147/vhrm.s5789
http://dx.doi.org/10.2147/vhrm.s5789
https://www.ncbi.nlm.nih.gov/pubmed/20539843
http://dx.doi.org/10.1007/s10741-021-10105-w
https://www.ncbi.nlm.nih.gov/pubmed/33852110
http://dx.doi.org/10.3390/ijms241713111
https://www.ncbi.nlm.nih.gov/pubmed/37685918
http://dx.doi.org/10.1111/eci.12234
http://dx.doi.org/10.1111/eci.12234
https://www.ncbi.nlm.nih.gov/pubmed/24372567
http://dx.doi.org/10.1253/circrep.CR-19-0063
https://www.ncbi.nlm.nih.gov/pubmed/33693158

