American Journal of Medicine and Medical Sciences 2019, 9(9): 342-346

DOI: 10.5923/j.ajmms.20190909.07

Biochemical Indicators of Heart Failure and Myocardial
Damage in Children with Cardiomyopathy

Akhmedova Nilufar'”, Akhmedova Dilorom?

'PhD, Doctoral Student of the Department of Hospital Pediatrics Ne2, Tashkent Pediatric Medical Institute, Tashkent, Uzbekistan
2professor, Director, Republican Specialized Scientific and Practical Medical Center of Pediatrics, Tashkent, Uzbekistan

Abstract The article presents the results of the studies of 104 patients with cardiomyopathies hospitalized in
cardio-rheumatological department of the Republican Specialized Scientific and Practical Medical Centre of Pediatrics in
Tashkent and the National Children's multi-profile medical centre of Karakalpakstan. Analysis of the results of the study
showed that in children with cardiomyopathy marked increase in tissue levels (LDH, CPK) and cardiospecific (CPK-MB)
enzymes, regardless of region of residence and form of the disease, which is the testimony of et of myocardial dysfunction. In
this connection, these enzymes can be regarded as highly specific biochemical markers of myocardial damage, and the
increase in their activity can be regarded as criteria for the diagnosis of cardiomyopathy in children. Of the biochemical
parameters, a reliable prognostic criterion for the development and outcome of cardiomyopathies is a progressive increase in

the level of endothelin with increasing duration of the disease.
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1. Introduction

Diseases of the cardiovascular system have a special
significance associated not only and even not so much with
their wide distribution, as with the role that these diseases
play in the disability of children and in the formation of the
incidence of adults [3,16]. Among cardiovascular diseases in
children, cardiomyopathy (CMP) occupies a special place,
the growth of which has been noted recently, which is
associated with the widespread introduction of highly
informative instrumental methods for studying the heart
[5,19].

The need to further study the problem of cardiomyopathy
in children is also related to the fact that in recent years there
has been a tendency to overdiagnose them due to the
insufficiently active search for other known causes of
myocardial damage and circulatory failure [11,14,24]. High
disability and mortality of children suffering from
cardiomyopathy, the lack of clear clinical and functional
markers of diagnosis, the course of the process, and effective
treatment methods determine the urgency of the problem.

One of the early signs of the development of
cardiomyopathy is a violation of the contractile function of
the myocardium and chronic heart failure. In recent years,
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the attention of researchers has been drawn to the study of
the role of a number of peptides in cardiovascular diseases:
endothelin, neuropeptide Y and cytokines, chromogranin A,
troponins, etc. [1,4]. For the first time, scientists wrote about
the role of endothelial cells as a regulator of vascular tone
in 1980. Researchers have characterized endotheliocytes as
"a cardiovascular endocrine organ that promotes the
interconnection of blood and tissues at a critical moment". It
was also found that endothelin-1 is a marker and predictor of
the severity and outcome of cardiovascular diseases [7]. In
the heart muscle, the contractile function is regulated by a
special protein tropomyosin complex. Under pathological
conditions, the mechanism of functioning of the
troponin-tropomyosin component is largely determined by
the degree of hypoxic damage to the heart [13,15]. Currently,
the determination of components of the troponin complex of
cardiomyocytes is already quite widely used in cardiological
practice, mainly for the diagnosis of myocardial infarction.
Troponins are released from damaged myocardial cells and
through the lymphatic system they enter the general
bloodstream [8,9,13].

In this regard, the study of enzymes and cardiac markers
as markers of myocardial damage in children with
cardiomyopathy is relevant and appropriate.

2. The Purpose of the Study

About to limit the biochemical indicators of myocardial
damage in children c cardiomyopathies s, depending on the
form of the disease and the place of residence of children.
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3. Materials and Methods

We examined 104 patients hospitalized in
cardio-rheumatological department of the Republican
Specialized Scientific and Practical Medical Center of
Pediatrics in Tashkent and Children's multi-profile medical
centre of Karakalpakstan. The average age of the surveyed
was 8.9+0.6 years old and varied from 1 to 17 years.

Comprehensive examination of patients included:
collection of anamnestic data - family history, obstetric
history of the mother, hereditary predisposition, history of
the child's life, past diseases; term and nature of the onset of
the disease, assessment of the general condition and physical
development.

The diagnosis was made on the basis of complaints,
physical examination, laboratory and instrumental methods
of research (clinical and biochemical blood tests, chest X-ray,
ECG and Echo-KG). Analysis of anamnestic, clinical,
laboratory and instrumental data showed that all patients,
regardless of nosology, were united by the presence of
chronic heart failure at the time of the study. The average
disease duration was 19,2 + 3,1 months.

Distribution of children depending on the type of
cardiomyopathy presented in fig. 1. As can be seen from the
figure, most of the examined patients were children with
dilated cardiomyopathy (DCMP) (45,2%) and hypertrophic
cardiomyopathy (HCMP) (34,6%), and in a smaller
percentage of cases, restrictive cardiomyopathy (RCMP)
was diagnosed (4,8%).

4,8%

34,6%

BHCMP ODCMP BRCMP

Figure 1. The distribution of children depending on the type of
cardiomyopathy

Biochemical methods included determining total protein
and protein fractions, C-reactive protein, blood electrolytes
(potassium, sodium, calcium); the activity of lactate
dehydrogenase (LDH), creatine phosphokinase (CPK),
alanine  aminotransferase  (ALT) and  aspartate
aminotransferase (AST), as well as a cardiospecific enzyme -
creatine phosphokinase - MB (CPK-MB) and cardiac
markers (troponin | and endothelinyn-1). Enzymes were
determined on a biochemical automat analyzer " Cobas 6000
R " c using reagents of the company “ Human ” (Germany).

Cardiac markers were determined by immunofluorescence
analysis on an “IMAXIZ» and «Multickan» semi-automatic
machines using «Hema» reagents (Russia).

Statistical processing of the results was carried out using
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the program " Statistica 6.0 ". The significance of differences
in the compared parameters was calculated using Student's
criterion.

4. Results and Discussions

The goal was to identify specific biochemical markers of
damage to the heart muscle in this pathology. We carried out
laboratory studies, including the study of the activity of
tissue enzymes and cardiac markers in children with
cardiomyopathies. Analysis of the results of indicators of
tissue and cardiac enzyme indicates that the median
indicators of LDH, CPK and CPK-MB were significantly
increased in comparison with the norm. It should be noted
that in children living in the Republic of Karakalpakstan,
these changes were more pronounced and significantly
higher than those of children in Tashkent. The values of the
remaining enzymes (AST and ALT) were within the normal
range (Table 1).

Table 1. Indicators of the level of tissue and cardiospecific enzymes in
children with cardiomyopathy

ALTéié IJr}oI;m of 26427 29437 005
AST,S_U4(/) IU(n/oI;m of 35431 38+34 - 005
Lz?)g-'zllbjo/ LIJ(;‘T;e 491'13*29'3 501.8 + 30.8 *** [ <0,05
Kzgiﬂé Iu(r;?)r " 205'33*23'2 227.41+232*** [<0.001
E;l:'lj\g?(; ll"gl'js‘//l)l 22.73+2.7%* | 28.4+29** |<0.001

Note: ** (P <0.02) and *** (P <0.001) - reliability relative to normal values;
P - reliability of the difference in performance between the compared groups.

During the studies revealed increase in cardiac enzymes
(CPK, creatine kinase MB fraction) in serum reflects the
degree of damage to myocardial cells. It should also be noted
that these biomarkers reflect the presence of necrosis of
cardiomyocytes, but do not allow to clarify the cause of its
development [8,9,12]. Our results determining enzyme
levels revealed high accuracy increase of tissue enzymes
LDH and CPK and cardiospecific isoenzyme of creatine
phosphokinase MB fraction, the most pronounced increase
in these enzymes has been common in children living in
Karakalpakstan, as well as in ecologically unfavorable
region. Based on these results, it can be concluded that the
above enzymes can be regarded as highly specific
biochemical markers of damage to the heart muscle, and the
increase in their activity can be considered as criteria for the
development of cardiomyopathies in children.

Determination of the components of the cardiomyocyte
troponin complex is the most sensitive and specific
biochemical marker of myocardial necrosis and therefore is
already widely used in cardiology practice mainly for the
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diagnosis of myocardial infarction. [1,2,5,20]. In 2000, the
leading cardiological communities of Europe and the USA
developed the so-called “ consensus ” document in the
definition of myocardial infarction, in which troponin was
approved as the main diagnostic criterion for myocardial
infarction. In the past few years, the definition of troponins
has been used in pediatrics, mainly in neonatology [2]. In
these works, the examination of newborns was carried out on
the 1st week of life, the study included children with CNS
pathology, premature and low birth weight infants.
Exclusion criteria were congenital heart defects (CHD),
cardiac arrhythmias, genetic abnormalities. At the same time,
an increase in troponins was noted in children in serious
condition (intraventricular hemorrhages, prolonged artificial
ventilation of the lungs, etc.).

Based on these data, we found it appropriate to determine
the degree of significance of troponin and endothelin-1 as a
marker of the development of CMP in children. An increase
in troponin concentration in children suggests that the
terminal stage of chronic heart failure (CHF) is accompanied
by the death of cardiomyocytes and the release of
cardiospecific proteins into the blood.

The level of troponin in our examined children
corresponded to permissible values regardless of the region
of residence, which indicates non-sensitivity and
non-specificity this biochemical marker for this disease, and
is most characteristic of the myocardial necrosis. (Table 2).

Table 2. Indicators cardiac markers in children with cardiomyopathy
Indicators Tashkent K;Zii?;:(;fan P

(an.f’r‘r’r?'gfo'_s"n”gg // n:]l') 024001 03£002 | >005

E”g)"tlhfl"gnmlm rgm;/ | 067501 | o087:013 | >005

Note: P - reliability of the difference in performance between the compared
groups.

According to the literature [10,21,22], endothelin is
considered as a marker and predictor of the severity and
outcome of cardiovascular diseases. Endothelin is among the
biologically active bicyclic broad-spectrum polypeptides,
there are three isoforms endothelin: endothelin-1,
endothelin-2 and endothelin-3  [7,17,18,23]. Today,
endothelin-1 is one of the most significant regulators of the
functional state of the wvascular endothelium and the
determination of plasma endothelin- 1 concentration helps to
establish the diagnosis of heart failure in the early stages of
the disease. [6,21,22]. But at the same time, according to the
results of our research, high indices of endothelin -1 with
severe CHF were observed as the disease progressed (Fig. 2).

As can be seen from Figure 2, in patients with a disease
duration of 5 years, the level of endothelin is -1 averaged 1 3
+ 0,08 mmol/l, in patients with a disease duration of 9 years,
this average was 1.7 + 0.1 mmol/l, and in a patient with a
disease duration of 15 years - 1.98 + 0.2 mmol/l, which is 2
times higher than normal values. A correlation analysis

between the prescription of CMP, the severity of CHF and
the level of endothelin -1 revealed a strong direct correlation
(r =+ 0.97). In this regard, the level of endothelin -1 can be
regarded as a prognostic criterion for the course and outcome
of the CMP.
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Figure 2. Indicators of endothelin -1 depending on the duration of the
disease

Further, in order to assess the state of the myocardium in
children with CMP, we analyzed tissue and cardiospecific
enzymes depending on the form of the disease, which
indicated the presence of similar changes in these indicators,
as well as depending on the place of residence of the children.
However, it should be noted that in children with DCMP, the
indicators of LDH, CPK, CPK-MB tissue enzymes were
significantly higher compared with the comparison group
(Table 3). In both forms of the CMP, the level of ALT and
AST enzymes differed slightly and corresponded to the
average values of the norm.

Table 3. Indicators of tissue and cardiac enzymes depending on the form
of cardiomyopathy

Indicators DCMP HCMP P
ALT, U /1 (norm of
540U /1) 258+ 2.2 205+1.9 <0,05
AST, U/I (norm of
540U /1) 334+41 36.7+3.1 >0.05
LDH, U/ (rate 493.6+27.7 | 396.3+26.6
200-400 U /1) Fkk kel <0.001
KFK, U /1 (norm 198.6 £9.9 183,5+11.4
30-170 U/ 1) - sk <0001
KFK-MB, Units /| 19.2£21 -
(rate upto 10 U /1) sl 15613 <0.001

Note: *** - reliability with respect to indicators of the norm (P <0.001); P -
reliability of the difference in performance between the compared groups.

Indicators troponin children were also at the regulations
and overt performance regardless of the disease, and
endothelin -1 level was significantly higher in children with
HCMP and corresponded to the upper limit of normal, as
compared with children with DCMP (Table 4).

The results of our studies revealed that with
cardiomyopathy, the level of troponin does not significantly
differ from the normal values, whereas the level of
endothelin-1 increases significantly with the progression of
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the disease, which indicates the significance of this indicator
in the development and prediction of the outcome of CMP in
children.

Table 4. Indicators cardiac markers depending on the form of
cardiomyopathy
Indicators DCMP HCMP P
Troponin- 1, ng / ml
(norm 0-0.5 ng / ml) 0.2+0.019 0.4 £0.038 >0.05
Endothelin-1, m mol / mi
(0.1-1.0 mmol / 1) 0.76 £ 0.1 1.0+0.2 <0.01

Note: P - reliability of the difference in performance between the compared
groups.

5. Findings

In Children with CMP regardless of the form of the
disease marked increase in tissue (LDH, CPK), and
cardiospecific (CPK-MB) enzymes that testify about
myocardial damage. The most pronounced increase in the
level of these enzymes is characteristic of children living in
the Republic of Karakalpakstan. Reliable prognostic
criterion of development and outcome of the CMP is also a
progressive increase endothelin -1 level with increasing
duration of the disease.

Based on this, we can conclude that LDH, CPK, CPK-MB
and endothelin-1 cardiac marker can be regarded as highly
specific biochemical markers of myocardial damage, and an
increase in their activity can be considered as criteria for the
development of cardiomyopathies in children.
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