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Abstract

BACKGROUND: Left ventricular end-diastolic volume (LVEDV) on echocardiography is one of the tests performed
on heart failure. This refers to the volume of the left ventricle at the end of the diastolic phase, which would be
increased when there is a disturbance in preload, afterload, and contractility factors. Matrix metalloproteinase-2
(MMP2) is a marker of congestive heart failure that can be examined through laboratory examinations.

AIM: The objective of the study was to provide evidence of the association between MMP and inflammatory process
as well as its correlation with LVEDV in children with heart failure.

METHODS: This was a cross-sectional study conducted on children aged 3 months—12 years old with heart failure,
who visited Sanglah Hospital, Denpasar, Indonesia from May 2017 to March 2018. Echocardiographic examination
(LVEDV) and blood samples were taken to measure the serum level of MMP2 on day 1 after the subjects were
diagnosed with heart failure.

RESULTS: A total of 32 subjects with heart failure were analyzed in this study. Acyanotic congenital heart defect
(CHD) was the most common cause of heart failure, as observed in 23 subjects (71.9%). Characteristics data
revealed that 24 subjects (75%) were underweight, 23 (71.9%) had cardiomegaly, and 22 (68.8%) had mild heart
failure. Data analysis showed a moderate positive correlation between MMP2 levels with LVEDV after controlling for
the influence of age (p = 0.02; r = 0.425).

CONCLUSION: There was a moderate positive correlation between MMP2 level and LVEDV after controlling for the
age factor.
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Introduction

Heart failure is a public health problem that
causes high morbidity and mortality in the world [1].
The incidence of heart failure due to cardiac structural
abnormalities such as congenital heart disease is
around 1-2in 1000 live births, with the highestincidence
occurring in the 1 year of life [2], [3], [4].

The diagnosis of heart failure in children
is based on Ross criteria. These criteria have been
modified to provide a general assessment in the severity
of heart failure in children [3], [4], [5].

Left ventricular end-diastolic volume (LVEDV)
on echocardiography is one of the tests performed on
heart failure. This is the volume of the left ventricle at the
end of the diastolic phase, which would be increased
when there is a disturbance in the preload, afterload,
and contractility factors. Laboratory tests for markers
of heart failure are needed to support the diagnosis,
including matrix metalloproteinase (MMP). The MMPs
are a large family of Zn** enzymes responsible for tissue

remodeling, vascular remodeling, and degradation of
the extracellular matrix in various diseases [6].

Matrix metalloproteinase that is typically
increased in patients with heart failure is MMP2. An
increase in MMP2 above themean serum level is
associated with significantly high mortality and poor
prognosis in patients with heart failure [7].

In patients with heart failure, the serum level
of MMP2 was typically above the normal range in the
decompensated state and is rapidly decreased throughout
the process of compensation. The production of MMP is
affected by several mechanisms, including changes in
hemodynamic, neurohormonal, and inflammatory factors.
Neurohormonal factors such as catecholamines and
angiotensin Il were increased in heart failure. Elevated
plasma norepinephrine level activates the renin-angiotensin
in the myocardium, and angiotensin Il increases the level
of MMP in heart failure [7]. The renin-angiotensin system
increases the plasma level of angiotensin Il. These
hormonal changes will increase preload and afterload in
the heart and play a role in cardiac remodeling which is
considered to be the underlying cause of heart failure [8].
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The association between oxidative stress and
MMP also influences the mechanism of heart failure.
Reactive oxygen species (ROS) activates pro-MMP
and contributes to the activation of regulatory factors
such as nuclear factor kB (NF-kB) and activator
protein-1 (AP-1). Mediators such as angiotensin Il and
endothelin | directly or indirectly affect the myocardium,
which leads to heart failure [9].

MMP2 levels have increased significantly
in patients with heart failure compared to normal
adults [10]. The aim of this study is to prove that MMP2
level is increased in children with heart failure.

Methods

This was an observational study with a cross-
sectional design to determine the correlation between
serum level of MMP2 with left ventricular end-diastolic
volume in children with heart failure.

This study was conducted from May 2017 to
March 2018 in the Pediatric Ward of Sanglah Hospital,
Denpasar, Indonesia. Examination of serum MMP2
level was performed at Prodia Denpasar Laboratory.

Eligibility criteria

The subijects in this study were children aged3
months—12 years with heart failure, who fulfilled the
inclusion and exclusion criteria. Inclusion criteria
include children with heart failure due to acyanotic heart
disease aged 3 months—12 years. Exclusion criteria
include patients with comorbidities such as sepsis,
renal failure, diabetic ketoacidosis, and cancer.

Procedure

Sampling was conducted through consecutive
random sampling until the number of samples was
reached.

Subjects with heart failure, who fulfilled the
eligibility criteria were given complete information
regarding this study and were asked for their
willingness to participate in the study and signed the
informed consent after receiving and understanding the
information provided. Echocardiographic examination
(LVEDV) was performed by 1 pediatric cardiology
consultant, and blood samples were taken to measure
the serum level of MMP 2. The measurement serum
level of MMP2 using the Quantikine Immunoassay
method. Laboratory measurements were conducted by

Prodia laboratory staff on day | after the subjects were
diagnosed with heart failure.

Heart failure was diagnosed based on the
Ross criteria, and diagnoses were made by a pediatric
cardiology consultant at Sanglah General Hospital,
Denpasar, Indonesia. Based on the Ross score, we
divided into four groups: Those with scores of 0—2 were
without heart failure, those with scores of 3—6 were
diagnosed as mild heart failure, those with scores of
7-9 were diagnosed as moderate heart failure, and
those with scores of 10—12 were diagnosed with severe
heart failure [5].

MMP2 is an endopeptidase family that was
typically increased in heart failure. The level of MMP2
in the serum was examined using the Quantikine
Immunoassay method, with a standard range of
0.5-32 ng/ml. A serum MMP level of >32 ng/ml was
considered increased. LVEDV is the volume of the left
ventricle at the end of the diastolic phase, as measured
through echocardiography performed by a pediatric
cardiology consultant, using a modified Simpson
technique. Results were expressed in ml/m®.

Statistics

Data were analyzed using a statistical program:
The normality of the study was tested using the Shapiro-
Wilk test. Descriptive analysis was performed on the
characteristics of the subjects. Correlation analysis was
conducted for data with normal distribution using the
Spearman correlation test, with a p < 0.05 considered
statistically significant.

Ethical aspect

This study was approved by the ethical
committee of Sanglah Hospital, with protocol number
1027/UN.14.2/KEP/2017.

Results

This study was conducted from May 2017 to
March 2018 in the Pediatric Ward at Sanglah Hospital,
Denpasar, Indonesia. During the study period, there
were 32 children with heart failure who fulfilled the
inclusion criteria.

Characteristics of subjects are shown in
Table 1, including gender, age, type of heart disease,
nutritional status, cardiomegaly, and heart failure score.
The most common cause of heart failure in the study
was acyanotic heart disease, which was observed in 23
subjects (71.9%).
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Table 1: Characteristics of subjects

Characteristics n =32
Gender, n (%)
Male 12 (37.5)
Female 20 (62.5)
Age (years), median
<1 years 13 (40.7)
1-5 years 5(15.6)
> 5 years 14 (43.7)
Heart disease, n (%)
Acyanotic CHD 24 (75)
VSD 13 (40.6)
PDA 10 (31.3)
ASD 1(3.1)
Cardiomyopathy 1(3.1)
Dilated 1(3.1)
Acquired heart disease (RHD) 7(21.9)
Nutritional status, n (%)
Well-nourished 7(21.9)
Underweight 24 (75.0)
Severe malnutrition 1(3.1)
Cardiomegaly, n (%)
Yes 23 (71.9)
No 9(28.1)
Ross criteria, n (%)
Mild 22 (68.8)
Moderate 9(28.1)
Severe 1(3.1)

Characteristics of heart failure score

The most common physical examination finding
in heart failure as measured using Ross criteria was
tachypnea (22 subjects). Heart failure characteristics
based on Ross criteria are presented in Table 2.

Table 2: Characteristics of heart failure

Characteristics n =32
Diaphoresis, n (%)

Head only, at exertion 19 (59.4)

Head and body at exertion 12 (37.5)

Head and body at rest 1(3.1)
Tachypnea, n (%)

Rare 10 (31.3)

Several times 18 (56.3)

Frequent 4(12.5)
Breathing, n (%)

Normal 1(3.1)

Retractions 30 (93.8)

Dyspnea 1(3.1)
Respiratory rate, n (%)

Normal 0(0)

Fast 22 (68.8)

Very fast 10 (31.3)
Heart rate, n (%)

Normal 2(6.3)

Fast 21 (65.6)

Very fast 9(28.1)
Hepatomegaly, n (%)

<2cm 17 (53.1)

2-3cm 11(34.4)

>3 cm 4 (12.5)

Correlation between serum MMP2 level
and LVEDV

Table 3 showed the normality test of MMP2
level and LVEDV preceding the correlation analysis.
The distribution of LVEDV data, as shown in the table,
was non-normally distributed with a p = 0.003. Median
LVEDV was 60.1 with IQR of 60.6. Data distribution for

Table 3: Normality test of LVEDV and serum MMP2 level

Variable Mean (SD) p
LVEDV (ml) 68.98 +45.27 0.003
Serum level of MMP 2 (ng/dl) 324 +103.1 0.296

serum level of MMP 2 was normal with a mean of 324,
and a p = 0.296.

Spearman correlation test was used due to the
fact that not all of the data were normally distributed.
Data analysis revealed there was no correlation
between serum level of MMP2 and LVEDV in children
with heart failure, with a p = 0.873. An analysis was
performed to determine whether age affected LVEDV;
thus, a partial correlation analysis was performed. The
analysis revealed a correlation between serum level of
MMP2 with LVEDV after controlling for the influence of
age, with a p = 0.02. The result of this analysis is shown
in Table 4.

Table 4: Partial correlation between MMP2 and LVEDV before
and after controlling for age factor

Variable Adjustment LVEDV

r coefficient p value
MMP2 Non-adjusted -0.029 0.873
MMP2 Age-adjusted 0.406 0.02

Figure 1 presented a scatter plot diagram of the
partial correlation analysis, which showed a moderate
correlation between serum level of MMP2 and LVEDV
after controlling for age with an r value = 0.425. The
analysis revealed a significant correlation between
serum level of MMP2 and LVEDV in subjects aged
2 years and above.
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Figure 1: Scatter plot diagram of a partial correlation between MMP2
and LVEDV in children >2 years old

Discussion

A total of 32 subjects participated in this study.
Most of the subjects were female (20 subjects), and
a majority of the subjects belong to the >5 years age
group. Sani et al. found that rheumatic heart disease
was the most common heart disease in children
>5 years of age (42.7%) [11]. In this study, we found
that the most prevalent heart disease was congenital
heart disease, which made up for 75% of all cases.

The most common cause of heart failure in
children was congenital heart disease (CHD). Ventricular
septal defect is the most common CHD observed in
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children. In this study, we found that the most common
cause of heart failure was VSD. Similarly, Abdulkadir
et al. also found that the most prevalent CHD in children
was VSD (40.6%) [12].

Malnutrition is a very common problem in
children with CHD [13]. High basal metabolic rate
and inadequate nutrient intake are the main causes
of malnutrition in children with CHD [14]. In this study,
we found that most subjects (24 subjects, 75%) were
underweight. Similarly, Isezuo et al. found that 72.9% of
children with CHD were underweight [15].

Diagnoses of heart failure were made using
modified Ross Criteria. In this study, we found that most
subjects had mild heart failure (22 subjects, 68.8%).
Based on characteristics data, the most common
symptoms were retraction (93.8%), rapid respiratory
rate (68.8%), tachycardia (65.6%), diaphoresis in the
head during activities (59.4%), tachypnea (56.3%), and
hepatomegaly of <2 cm (53.1%).

Left ventricular end-diastolic volume (LVEDV)
is the volume of the left ventricle at the end of the
diastolic phase, which would be increased when there
is a disturbance in preload, afterload, and contractility
factors. Increased LVEDV results in increased heart
load, causing the body to perform a compensation
mechanism. When the heart compensation mechanism
failed, a decompensation mechanism occurs which
results in ROS activation, which then activates MMP
production. The production of MMP is affected by
neurohormonal factors, such as catecholamines
and angiotensin 1l, which were typically increased in
heart failure. Elevated plasma norepinephrine level
activates the renin-angiotensin in the myocardium,
and angiotensin |l increases the level of MMP in heart
failure [7]. The renin-angiotensin system increases the
plasma level of angiotensin Il. These hormonal changes
will increase preload and afterload in the heart and play
a role in cardiac remodeling which is considered to be
the underlying cause of heart failure [8].

The current study on the correlation between
MMP2 and LVEDV in children with heart failure is the
first conducted in children. A study by Cheng et al. in
pediatric population showed a significant increase
in serum level of MMP2 in CHD children with VSD
compared to the control group, with a p < 0.01 [16].
Another study by Kihc et al. on pediatric population with
CHD showed that there was no significant increase
in serum level of MMP in the cyanotic CHD group
compared to the control group [17]. A study by Yamazaki
et al. in adult population showed that the serum level of
MMP2 was significantly higher in patients with severe
heart failure than in patients with mild heart failure, with
a p < 0.01 [18]. Another study by Shirakabe et al. in the
adult population with acquired heart disease showed
that serum level of MMP2 was significantly higher in
patients with heart failure on the 1% day. Serum level
of MMP2 was significantly decreased on the third day
compared to the 1% day with a p < 0.001 [7]. In this

study, we found that there was no correlation between
serum level of MMP2 and LVEDV in children with heart
failure (p = 0.873). This finding may be due to some
of the samples for MMP2 level examination was taken
after the 1 day of the decompensation phase of heart
failure. Serum level of MMP2 was found to be increased
in the decompensation phase of heart failure [7].

Correlation between serum level of MMP2
and LVEDYV in children with heart failure after
controlling for age

Matrix metalloproteinase is associated with
diastolic dysfunction and heart failure [19]. Diastolic
function is an important component of the left ventricular
function that can cause symptoms of heart failure [20].
The mechanism underlying heart failure includes
impaired cardiac contractility, which results in lower-
than-normal cardiac output [21]. The decreased cardiac
output is due to decreased contractility, increased
afterload, or increased preload, resulting in decreased
ejection fraction and increased LVEDV. Age is one of
the factors that affect LVEDV. This is due to the fact that
with increasing age, structural, and functional changes
in the heart also increases. Functional changes and
compensation mechanisms that occur with increasing
age include changes in heart rate, cardiac systolic
function, cardiac diastolic function, and contractility.
Normal diastolic filling can be divided into two phases,
namely the passive (represented by the “E wave” on
echocardiographic study of transmitral flow) and active
(represented by an A wave and produced by atrial
contraction) phases. Diastolic filing phase becomes
slower with age, resulting in a difference in the proportion
of diastolic filling in the passive phase. As the bulk of
ventricular filling shifts to later in diastole and there is
significant atrial enlargement with aging, the atrium
contributes a greater portion of the total LVEDV [22].

In this study, we found that the younger
the age of the child, the lower the value of LVEDV. A
study by Cain et al. showed an increase in LVEDV in
adolescence, and there were no significant differences
between the sexes with a p = 0.65 [23]. In this study,
we found a correlation between serum level of MMP2
with LVEDV after controlling for age with a p = 0.02. We
also obtained significant results in subjects over 2 years
of age. The scatter plot graph (Figure 1) showed a
moderate correlation between serum level of MMP2 and
LVEDV after controlling for age factor with an r of 0.425.

Conclusion

This study showed a moderate positive
correlation between MMP2 levels with LVEDV after
controlling the influence of age.
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