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Objective: To investigate the changes in serum levels of ghrelin, tumor necrosis factor-o. and
interleukin-6 in Children with Congenital Heart Disease (CHD) at pre and post percutaneous
management of the lesions. Material & Methods: We measured the serum levels of ghrelin,
tumor necrosis factor-o (TNF-a) and interleukin-6 (IL-6) by enzyme linked immunosorbent
assays (ELISA) in 67 patients with CHD and in 20 control subjects; and compared these
markers of inflammatory reaction between groups of pre-closure (37 patients) and at
the end of 5 minutes (37 patients), 1 month (22 patients) and 3 month (8 patients) post
percutaneous management of the lesions. Results: Our results showed that the patients
with CHD had significantly higher serum level of Ghrelin, TNF-a and IL-6 in comparison of
the controls but gradually return towards the baseline levels at the end of 3 months post
percutaneous management of the lesions. Conclusion: The inflammatory reaction is activated
in pre-closure and self-limited post-closure in children with CHD. Percutaneous management
could improve the inflammatory process, which is safe and effective in children with CHD.
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INTRODUCTION

Ghrelin is a hormone that is produced mainly by the
stomach and is not secreted into the gastrointestinal tract
like digestive enzymes but into blood vessels to circulate
throughout the body. It might also be synthesized in other
organs, where it might have autocrine or paracrine effects."”
Ghrelin causes weight gain by increasing food intake and
reducing fat use. It has effects on nutrient intake and growth
hormone release, subsequently on physical development
and growth.** Nagaya et al® have shown that plasma ghrelin
level is increased in cachectic patients with congestive
heart failure as a compensatory mechanism in response
to anabolic-catabolic metabolic.

Tumor necrosis factor a (TNF-«) and Interleukin-6
(IL-6) are pleiotropic cytokines with numerous

immunologic and metabolic actions.*” IL-6 is generally
considered to be an important cytokine in the network
of cytokines that regulate immune reactions and acute
phase responses.”

The relationship between congenital heart disease (CHD),
malnutrition and growth retardation is well documented. "
The children in early age with CHD are very easy to have
malnutrition due to many reasons including decreased
energy intake, increased energy requirement or both.
Different types of cardiac malformations can affect
nutrition and growth to varying degrees.'"'* The main
aim of the study to evaluate the serum level of ghrelin,
TNF-a and 1L-6 in children with CHD at pre and post-
percutaneous procedure of the lesions, and effectiveness
of percutaneous management for these markers to be
discussed.
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MATERIAL & METHODS

Study population

The study was conducted on 67 Children with congenital
heart disease (CHD) and 20 healthy children as control
subjects. All patients were completed physical examination,
checking their weight and height. They were supposed
to be abnormal if they were below the 5 percentile
compared with standard reference data for age-matched
children.” All patients’ cardiac diagnoses were made on the
basis of clinical examinations, laboratory investigations,
electrocardiography, echocardiography and catheterization
procedure. Informed consent was obtained from the
parents of the patients. The patients have treated with
percutaneous procedure at the Heart Center, Children’s
Hospital of Chongqing Medical University, Chongqing,
P. R. China between January 2013 to September 2013.
During the percutaneous procedure, no death occurred.
We retrospectively selected into 4 groups: Group A
(Pre-closure), Group B (post-closure 5 minutes), Group C
(post-closure 1 month), Group D (post-closure 3 months)
and control subjects group; and compared the parameters
(Ghrelin, TNF-a and 11.-6) between the groups.

Laboratory investigation and immunoassay

All blood samples were drawn during the percutaneous
procedure by venipuncture and the control group blood
have collected in the OPD (Out Patient Department)
laboratory; each blood sample was three milliliter. Serum
was separated by centrifugation at 3500 r.m.p. for 5 minutes
and then stored at -20°C. Quantitative determination of
ghrelin, TNF-« and IL.-6 in serum was done using ELISA
kits (Shanghai Hushang Biological Technology Co., Ltd.
China).

Statistical analyses

All data were analyzed by SPSS software, version 17.0
for Windows. Data were presented as mean * standard
deviation. The given data were compared between groups
using student t-test. Correlations between the parameters
were explored with Pearson correlation. P values less than
0.05 were considered statistically significant.

RESULTS

Sample description

Patients’ and controls’ baseline characteristics are presented
in Table 1. Sex, age, weight were not statically different
between the groups: Group A, Group B, Group C,
Group D and control subjects. None of the patients
presented with pulmonary hypertension during the cardiac
catheterization (pulmonary artery pressure >30 mm Hg
and/or pulmonary mean pressure >20 mm Hg). The
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children with type of congenital heart diseases are listed
in the Table 2.

Baseline Ghrelin, TNF-o, IL-6 and controls

The serum level of ghrelin were significantly higher in
children with CHD at the pre-percutaneous procedure
compared to the healthy subjects (controls) (P = 0.0004).
On comparison the serum level of ghrelin in group A
with group B, group C and goup D, there were no any
significant difference where the P-value is P = 0.8854,
P=0.1931 & P = 0.1449 respectively. The serum TNF-«
levels in the children with CHD were significantly higher
than in the control subjects (P < 0.0001) and group D
(P = 0.0739). The serum level of TNF-o in group A vs
group B (P = 0.7795), vs group C (P = 0.2502) have no
any significant differences. At the same time, the serum
level of 1L-6 was significantly higher in the children with
CHD to compare with the control group (P< 0.0007). To
compare for the serum level of 11.-6 between the group A
vs group B, vs group C and vs group D (P = 0.8201,
P =0.17113 & P = 0.0835 respectively) have no any
significant differences (Table 3)

At the end of the first month, a mild decrease in serum level
of ghrelin, TNF-« and I1.-6 were noted. By end of the third
month post-percutaneous procedure, we found that the
serum level of ghrelin, IL.-6 progressively decrease as well.
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Figure 1: Corelation of serum ghrelin level between the groups:
a. Pre-closure(37) vs controls (20) P-value = 0.0004; b. Pre-closure(37)
vs Post-closure 5 minutes (37) P-value=0.8854; c. Pre-closure (37) vs
Post-closure 1 month (22) P-value = 0.1931; and d. Pre-closure (37)
vs Post-closure 3 month (8) P-value=0.1449
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Group-A & B (n=37) Group-C (n=22) Group-D (n=8) Controls (n=20) P-value
Age (years) 4.214+2.400 6.272+4.261 5.043+3.391 5.800+3.334 0.0995
Male:female 19/18 8/14 117 12/8 0.099*
Weight (kg) 15.6114.499 15.89+5.429 18.24+4.794 17.75+4.697 0.2712

Note: There are no any significant difference between groups; P>0.05

Group-A & B Group-C Group-D
VSD 16 3 1
PDA 9 14 4
ASD 8 5 3
PS 1 0 0
ASD+PDA 1 0 0
PDA+VSD 1 0 0
ASD+VSD 1 0 0

Note: VSD: Ventricular Septal Defect; PDA: Patent Ductus Arteriosus; ASD: Atrial
Septal Defect; PS: Pulmonic stenosis

Ghrelin (pg/ml) TNF-a (ng/L) IL-6 (ng/L)
Controls (n=20)  20.73+4.155 53.00+11.41  32.55+6.585
Group A (n=37)  38.64+2.668*  103.3+5.374* 73.79+5.751%
Group B (n=37)  39.17+2.555*  101.1£5.785* 72.05+4.950*
Group C (n=22)  32.65%£3.835*  92.67+7.663* 59.23+6.522*
Group D (n=8) 29.53+4.561*  88.21+13.06** 58.37+9.921*

Note: #Compared with Controls, p<o.o05; *Compared with Group A, p>0.05,
**Compared with Group A, p<o.05
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Figure 2: Corelation of serum TNF-c level between the groups: a. Pre-
closure (37) vs controls (20) P-value < 0.0001; b. Pre-closure (37) vs
Post-closure 5 minutes (37) P-value = 0.7795; c. Pre-closure (37) vs
Post-closure 1 month (22) P-value = 0.2502; and d. Pre-closure (37)
vs Post-closure 3 month (8) P-value = 0.0139

Although, the serum level of these three markers were not
decrease very significantly (except TNF-o) but it showed that

itis heading toward the baseline of as control subjects level.

DISCUSSION

Ghrelin has received attention as an appetite stimulant,
but receptors are found in heart and vessels and numerous
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Figure 3: Corelation of serum IL-6 level between the groups: a. Pre-
closure (37) vs controls (20) P-value < 0.0001; b. Pre-closure (37) vs
Post-closure 5 minutes (37) P-value = 0.8201; c. Pre-closure (37) vs
Post-closure 1 month (22) P-value = 0.1113; and d. Pre-closure (37)
vs Post-closure 3 month (8) P-value = 0.0835

cardiovascular effects have been described." It is well
known that malnutrition accompanies and contributes
to morbidity in CHD. The cause of growth retardation
in CHD is multifactorial.”>"" Inadequate caloric intake,
malabsorption and increased energy requirements caused
by increased metabolism may all contribute. However,
inadequate caloric intake appears to be the most important
cause of growth failure in CHD'® and growth failure is a
strong independent risk factor for mortality in patients
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with CHD." In our study, we have not found increasing
body weight significantly at the end third month of post-
percutaneous management.

In this study, the serum levels of ghrelin were investigated
in the children with congenital heart diseases pre-
percutaneous procedure, post-percutaneous procedure
(at 5 minutes, 1 month and 3 month) and control subjects.
We got to know that the serum level of all these three
markers at pre-percutaneous procedure were very high in
children with CHD in the comparison of control subjects.
Contrarily, at end of first month after percutaneous
procedure, there was no significant change in ghrelin
concentrations but has decrease mildly. While at the end
of third month after percutaneous procedure moderately
decrease was found in the serum level of ghrelin in
comparison of the pre-percutaneous procedure levels. The
increased concentrations of ghrelin found in children with
CHD could be the main cause for poor development in
the present study subjects, have poor body weight. A larger
number of patients and long series over 6 month to one
year of the study could have given the significant deference
in the weight of patients. Unfortunately, we are lacking
patients of third month (8 cases) follow up.

Present study found that the serum levels of TNF-o in child
with CHD before percutaneous procedure were significantly
higher than the control subjects. Similarly the serum level
of 1L-6 in the children with CHD before percutaneous
procedure was significantly higher than the control subjects.
Given that TNF-« constitutes one of the important stimuli
for IL-6 petipheral production,” the solitary increase of
IL-6 levels appears as a ‘paradox’. IL-6 emerges as a risk
factor and sensitive marker of various cardiovascular
disorders including congenital heart diseases®* and an
independent predictor of future cardiovascular events in
high-risk patients.”® TNF-o is increasingly expressed in the
failing myocardium, it affects cardiomyocyte contractility
and participates in the left ventricular dysfunction and
hypertrophy.®' There is evidence that in asymptomatic
or with mild symptoms congenital heart disease patients,
TNF-« is not elevated, in contrast to 11.-6.%

Taken all together, these data may suggest that 1L.-6
represents a more sensitive inflammatory marker of
myocardial dysfunction which increases during the initial
steps of the inflammatory process, whereas TNF-a could
be released to the peripheral circulation after heart failure
reaches an advanced stage. This may be attributed to a
different, than the TNF-«, initial stimulus of the II.-6
release in congenital heart diseases.

During the follow up period, we observed that there were
slightly decrease in the serum level of TNF-a and IL-6
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at the end of the first month post-closure and a marked
decrease in the serum level of these markers, which is
reaching toward control levels at the end of third month.
These findings suggest that percutaneous closure does not
deteriorate the inflammatory status in patients with the
congenital heart diseases. However, we assume that the
serum level of ghrelin, TNF-o and 1L-6 could go as far
as to normalize the serum level of TNF-a and 11.-6 with
time going, Unfortunately, relative data in the post-closure
3 month of patients are lacking;

Obur results need to be tested in a larger sample of patients
where subgroup comparisons could be allowed (i.e. children
vs adults, different functional status). Furthermore, a longer
follow up with end point data is necessary in order to
determine if ghrelin, TNF-o and IL-6 levels can be used as
predictive factors for late complications (i.e. arrhythmias)
or deterioration of functional status. A study with a longer
follow-up period would have allowed us to explain the
results of a number of studies demonstrating the increased
ghrelin, TNF-a and IL-6 levels in adult patients long-
term after the percutaneous closure. We should observe,
however, that in a number of studies supporting the latter
assumption, the study sample included a variety of cardiac
abnormalities with a rather small cohort of patients with
CHD and the treatment of choice should be percutaneous
closure.

Finally, the possible correlations between IL-6 and TNF-u
may be attributed to another transcriptional factor not
evaluated by this study. Therefore, the pathophysiology
involving ghrelin and cytokine expression of 11.-6 & TNF-«
in CHD patient remains to be clarified.

CONCLUSION

In our study, we found that the serum level of ghrelin,
TNF-a and IL-6 elevated in children with CHD. Probably
increased ghrelin levels represent growth retardation in
these patients. The inflammatory reaction is activated in pre-
closure and self-limited post-closure in children with CHD.
Percutaneous closure could improve the inflammatory
process that changed the serum level of ghrelin, TNF-u
and IL-6 gradually toward the control subjects, which is
safe and efficient in children. We speculate that the longer
duration of the study like at the end of 6 month, 1 year
and 2 year post-closure, the investigations of these markers
will probably give the great result.
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