
Iran J Pediatr. 2017 October; 27(5):e9363.

Published online 2017 August 1.

doi: 10.5812/ijpbs.9363.

Research Article

Relation between Vascular Endothelial Markers and Right Ventricular

Function in the Children with Asthma

Mecnun Cetin,1,* Bertan Karaboga,2 Ozge Yilmaz,3 Munevver Yilmaz,1 Hasan Yuksel,3 and Senol

Coskun1

1Celal Bayar University, Department of Pediatric Cardiology, Manisa, Turkey
2Celal Bayar University, Department of Pediatrics, Manisa, Turkey
3Celal Bayar University, Department of Pediatric Allergy and Pulmonology, Manisa, Turkey

*Corresponding author: Dr. Mecnun Cetin, Yuzuncu Yil University, Department of Pediatric Cardiology, Van, Turkey. Tel: +90-4322150473, E-mail: drmecnun@hotmail.com

Received 2016 October 16; Revised 2017 April 30; Accepted 2017 June 05.

Abstract

Objectives: The aim of the study was to evaluate the possible relationship of clinical severity during asthmatic exacerbation with
the ventricular functions and the levels of vascular endothelial-related biomarkers endothelin-1 (ET-1) and platelet-derived growth
factor-BB (PDGF-BB) in the condensed breathing air in the children with asthma.
Methods: The study included a total of 80 children with acute asthmatic episode; of these, 28 had a mild, 26 had a moderate, and
26 had a severe attack. Samples of condensed breathing air were obtained for being analyzed for ET-1 and PDGF-BB levels during the
study. All patients were evaluated by echocardiography at the beginning of the study and two weeks after the treatment of asthmatic
episode.
Results: Before treatment, mPAP in moderate and severe asthma groups was significantly higher than in mild asthma group (21.6
± 7.3, 30.1 ± 9.8 and 32.7 ± 7.8; P < 0.01, P < 0.001, respectively). After treatment, no significant difference was detected between
the asthma groups (P > 0.05). Am and Em waves, and IVRT, IVCT, ET and RV MPI during the asthmatic attack and after treatment
did not change significantly between the groups; pre- and post-treatment values of these parameters also did not show significant
differences. In exhaled air samples of the group with severe asthma exacerbation ET-1 and PDGF-BB were higher than those in the
moderate and mild group (0.80 ± 0.42, 0.58 ± 0.30, 0.50 ± 0.15; P = 0.002 and 281.7 ± 253.2, 167.3 ± 148.1, 135.9 ± 74.9; P = 0.008
respectively).
Conclusions: Our study results showed that mPAP in direct proportion with the increased inflammatory cytokines was significantly
higher in asthma attacks and levels of ET-1 and PDGF-BB were significantly increased with severity of asthma, indicating a vascular
response.

Keywords: Asthma, Doppler Echocardiography, Endothelin-1, Platelet-Derived Growth Factor-BB, Ventricular Function

1. Background

Asthma is a frequently existing chronic inflammatory
disease that both genetic and environmental factors play a
role in, and that affects the inflammatory cells and media-
tors of the airways (1). During an asthma attack, dramatic
changes develop which may affect the heart, the whole
body, and primarily the pulmonary bronchospasm. Hy-
poxia is one of the major changes during the episode (2).
Hypoxia causes pulmonary vasoconstriction, which leads
to increased right ventricle load, and, thus, cardiac dys-
function in the course of time. Another change during an
episode is the increased mediators of inflammation, and
the effects of these mediators on the pulmonary bed and
the myocardium (3, 4). Cytokines that lead to constric-
tion of the airways and vascular epithelium at the time
of episode are primarily the endothelin (ET) and platelet-
derived growth factor (5).

Condensed breathing air/exhaled breath condensate
(EBC) is a non-invasive method and it is the collection of
cooled breathing air. Exhaled breath condensate has been
used in various studies to evaluate indicators specific to
the airway diseases in children and has been proven to
be reliable (6). Analysis of endothelin and PDGF in the
condensed breathing air (EBC) is the way of determining
the existing damage by these effective mediators and it
is a clinically valuable method (5, 7). There is a small
number of studies evaluating the ventricle functions by
Tissue Doppler imaging (TDI) in asthmatic children. The
aim of our study was to investigate the ventricle func-
tions by Doppler echocardiography (DE) in children with
asthma attacks in different degrees of severity and to in-
vestigate the importance of TDI in determining early ven-
tricular dysfunction in the subclinical period, as well as
to investigate whether there is a relationship between the
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Doppler echocardiographic parameters and disease sever-
ity, and to indicate if any effect exists on the mediators like
endothelin-1 (ET-1) and PDGF-BB correlating with the attack
severity.

2. Methods

This cross-sectional study was conducted in children
referred to the Pediatric Pulmonary and Allergy Clinic with
an acute asthma attack. The children were being followed
with the diagnosis of asthma according to the interna-
tional guide for the diagnosis and treatment of asthma (8).
Our study group included a total of 80 children between
the ages of 6 and 15 years who were diagnosed with an
acute asthmatic attack based on the clinical signs and lab-
oratory results.

The following criteria were used for exclusion: any
pathology causing upper airway obstruction, acquired or
congenital heart diseases, primary pulmonary hyperten-
sion, obesity, systemic disease and genetic syndrome.

All patients with asthma were questioned for the an-
nual number of attacks, the presence of allergic diseases
such as atopic dermatitis and allergic rhinitis associated
with asthma, and the positivity of specific IgE. The pa-
tients underwent pulmonary function tests. Spirometric
evaluations were performed using the Spirobank G (Rome,
Italy) device for respiratory function tests (RFT). Measure-
ments by RFT device were administered at room tempera-
ture, in the sitting position and by clicking the nose with
a latch. Each measurement was repeated three times and
the most reliable values were selected. Spirometric evalua-
tions of the forced expiratory volume in one second (FEV1),
peak expiratory flow (PEF), forced vital capacity (FVC), and
forced expiratory volume in one second/forced vital capac-
ity (FEV1/FVC) values were used. The Global Initiative for
Asthma Guidelines (GINA) was used to determine clinical
severity of the asthma (8). Twenty-eight patients had a
mild asthma attack, 26 had a moderate, and 26 had a se-
vere asthma attack. All children enrolled had acute asthma
exacerbation and received inhaled steroid, inhaled beta2
agonist as bronchodilator and systemic steroids for three
days. Inhaled steroids were included in their long term
treatment and were continued until asthma exacerbation
was over clinically.

2.1. Obtaining and Analysis of the Condensed Breathing Air
Samples

Device for condensed breathing air condensate (Eco-
screen; Jaeger, Hoechberg, Germany) was used for obtain-
ing condensed breathing air (EBC) samples of the patients;
the subjects had to inhale and exhale normally into the

device for 10 minutes without using nose tongs, and the
fluid volume of the breath was collected. EBC measure-
ments were performed considering the recommendations
of ERS/ATS (6). The procedure was started following a 2-
hour fasting, after gargling. Fluid volume of the breath
was collected by this method. Accumulated fluid por-
tions of the collected air were transferred into the translu-
cent Eppendorf tubes of 130 µL volume that are made
up of polypropylene, and the samples were stored at -
80°C till the assay day. ET-1 and PDGF-BB levels were an-
alyzed in the EBC fluid. Serum PDGF-BB and ET-1 values
were tested by ELISA method, using commercial kits (Hu-
man PDGF-BB Platinum, Vienna, Austria and Enzyme Im-
munoassay for the quantitative determination of human
endothelin-1, Vienna, Austria, respectively). Following the
EBC measurements, the patients were investigated by con-
ventional echocardiography and TDI. Control echocardio-
graphic evaluations were repeated 15 days after the asth-
matic attack treatments.

2.2. Echocardiography

The ultrasound device of GE-Vingmed Vivid 7 system
(GE-Vingmed Ultrasound AS, Horten, Norway) and 3S-RS
probe (3.5 MHz) were used for echocardiographic investi-
gation in left lateral decubitus and supine position. The 2D,
M-mode and Doppler echocardiographic techniques were
used to take the images from parasternal and apical posi-
tions. IVS measurement was done through the parasternal
long axis at the end of diastole. RV size measurement was
taken in apical 4C sight basally between septum at the level
of the tricuspid valve and RV anterior wall (basal diame-
ter) at the end of diastole and systole. RV global systolic
function was examined as the tricuspid annular plane sys-
tolic excursion (TAPSE) by the two dimensional difference
of the end-diastolic and end-systolic lines located between
the center of the ultrasound fan origin and the junction
of the RV lateral tricuspid annulus in the apical 4C sight
(9). The pulmonary acceleration time (PAcT) was measured
using the pulse wave Doppler with the pulse wave sam-
ple volume placed within the RV outflow tract. PAcT is
the time interval between the onset of the systolic veloc-
ity and the peak systolic velocity (10). The mean pulmonary
artery pressure (mPAP) was calculated by the equation (Ma-
han formula): mPAP = 79 - (0.45 × PAcT) (11, 12). The Ma-
han formula has been investigated and found to have a
good correlation in the measurement of mPAP when com-
pared to direct invasive catheterization method (13). TDI
was assessed from the apical 4C view with the pulse wave
Doppler sample volume traced on the tricuspid lateral an-
nulus. Peak early (Em) and peak late (Am) diastolic myocar-
dial annular velocity, ejection time (ET), isovolumic con-
traction time (IVCT), and isovolumic relaxation time (IVRT)
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were obtained. Myocardial performance index (MPI) was
measured with the Tei index formula (Figure 1) (14, 15). The
study approved by local ethics committee. The parents of
participants signed the informed consent.

Figure 1. Calculation of Right Ventricular MPI with TDI

IVRT, isovolumic relaxation time; IVCT, isovolumic contraction time; ET, ejection
time; MPI, myocardial performance index.

2.3. Statistical Analysis

The statistical analyses were performed using the sta-
tistical package for social sciences v15.0 (SPSS15.0). In de-
scriptive statistical analysis of the data, sociodemographic
and disease-related variables were expressed in the num-
ber and percentage, and the mean and the standard devi-
ation. The chi-square test was used for the univariate anal-
ysis. Significances of differences between the mean values
of two independent groups were analyzed using Student’s
t-test. One-way analysis of variance (ANOVA) test was used
for analysis of the differences in mean values among three
independent groups. The post-hoc Tukey test was applied
to analyze the group which was responsible for the differ-
ence. Paired t-test was used in the groups paired as pre- and
post-treatment. The statistical significance was accepted
when P value < 0.05.

3. Results

3.1. Sociodemographic Characteristics

The severity of asthmatic attacks in the 80 patients was
distributed as follows: 28 (35%) mild, 26 (32.5%) moderate,
and 26 (32.5%) severe. 51.2% of the patients were males (n =
41), and 48.7% females (n = 39). Age, weight, height, BMI,
blood pressure, and heart rate did not differ statistically
between groups (Table 1). Allergic rhinitis was associated
with asthma in 40% (n = 32) of the patients and atopic der-
matitis was diagnosed in 5% (n = 4).

3.2. Clinical Asthma Characteristics

Of the 80 patients with asthma, 18 had a mean duration
of diagnosis of 4 ± 1.5 (2 to 8) years with a mean follow-up
of 3.2 ± 2.1 (1 to 9) years. The rest of the patients includ-
ing 62 patients were those recently diagnosed and sched-
uled for being followed. None of the patients with asthma
received inhaled steroids, systemic steroids or leukotriene
receptor antagonists during the study.

3.3. Echocardiographic DATA

No statistically significant difference was found in
the comparison of RVedD, RVesD, IVS, and TAPSE between
groups (P > 0.05) (Table 2).

Pre- and post-treatment values of PAcT and mPAP de-
termined by conventional DE did not differ significantly in
the group existing with mild asthmatic attacks (P = 0.86).
Pre- and post-treatment values of PAcT and mPAP showed a
statistically significant difference in the group with mod-
erate asthmatic attacks (P = 0.031 and P = 0.030, respec-
tively). Similarly, PAcT and mPAP values determined in the
pre- and post-treatment periods revealed a statistically sig-
nificant difference in the group with severe asthmatic at-
tacks (P < 0.001) (Table 3).

When pre-treatment mPAP values were compared be-
tween the three groups, it was found to be significantly
lower in the group with mild asthmatic attacks, compared
to the groups existing with moderate and severe asthmatic
attacks (P < 0.01 and P < 0.001, respectively). However, pre-
treatment mPAP value did not differ significantly when the
groups with moderate and severe asthmatic attacks were
compared with each other (P = 0.521) (Table 3).

When the RV functions were evaluated by TDI; Am and
Em waves, and IVRT, IVCT, ET and RV MPI values determined
during the asthmatic attack and after treatment did not
differ significantly between the groups (Table 4).

When the ET-1 and PDGF-BB levels in EBC were eval-
uated; ET-1 value in the group with severe asthmatic at-
tacks was found to be significantly higher compared to
the groups with mild and moderate asthmatic attacks (P
= 0.002). PDGF-BB value in the group with severe attacks
was also significantly higher, compared to the group with
mild attacks (P = 0.008). PDGF-BB value did not show signif-
icant difference between the groups with severe and mod-
erate asthmatic attacks; however a borderline P value was
detected (0.051) (Table 5).

4. Discussion

In this study, before the treatment in moderate and
severe asthma group mPAP was significantly higher than
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Table 1. Overall Characteristics of the Study Populationa

Mild Asthma Attack (n = 28) Moderate Asthma Attack (n = 26) Severe Asthma Attack (n = 26) P Value

Age, y 10.5 ± 2.2 8.5 ± 2.7 9.8 ± 3.1 > 0.05

Sex (male/female) 13/15 14/12 14/12

Weight, kg 34.1 ± 12.5 33.5 ± 17.9 36.4 ± 19.8 > 0.05

Height, cm 124.6 ± 16.6 122.1 ± 14.5 125.3 ± 17.2 > 0.05

BMI, kg/m2 22.0 ± 4.2 22.4 ± 4.6 23.1 ± 3.7 > 0.05

SBP,mmHg 102.6 ± 11.8 107.6 ± 11.1 108.7 ± 12.5 > 0.05

DBP,mmHg 69.2 ± 9.7 66.7 ± 10.8 73.1 ± 8.0 > 0.05

Heart rate, beats/min 78 ± 21 84 ± 17 86 ± 19 > 0.05

FVC, % predicted 69 ± 4.6 55 ± 5.2 48 ± 4.6 < 0.05

FEV1, % predicted 71 ± 8.2 65 ± 6.2 49 ± 4.5 < 0.05

FEV1/FVC, % 75 ± 6.3 67 ± 5.5 52 ± 5.1 < 0.05

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure, FVC, forced vital capacity; FEV1, forced expiratory volume in one second; SBP, systolic blood pressure.
aValues are expressed as mean ± SD.

Table 2. Right Ventricular Two-Dimensional Echocardiographic Measurements of Groupsa

Mild Asthma Attack (n = 28) Moderate Asthma Attack (n = 26) Severe Asthma Attack (n = 26) P Value*

Pre-Treatmnet Post-Treatment Pre-Treatmnet Post-Treatment Pre-Treatmnet Post-Treatment

RVedD,mm 30.7 ± 3.6 30.2 ± 4.0 29.3 ± 3.3 29.9 ± 4.4 30.0 ± 3.6 29.1 ± 4.4 > 0.05

RVesD,mm 20.8 ± 1.8 20.0 ± 3.1 20.5 ± 2.0 21.0 ± 3.2 20.4 ± 2.8 20.1 ± 2.4 > 0.05

IVS,mm 4.89 ± 1.0 4.80 ± 0.7 4.22 ± 0.7 4.70 ± 0.9 4.66 ± 0.9 4.85 ± 1.1 > 0.05

TAPSE,mm 21.05 ± 3.7 22.03 ± 2.9 20.68 ± 3.1 21.18 ± 2.6 21.17 ± 3.3 21.69 ± 2.1 > 0.05

Abbreviations: IVS, interventricular septum; RVedD, right ventricle end-diastolic diameter; RVesD, right ventricle end-systolic diameter; TAPSE, tricuspid annular plane
systolic excursion.
aValues are expressed as mean ± SD.

Table 3. Pulmonary Flow Evaluations and mPAP Values Obtained by Conventional Doppler Echocardiographya , b

Pre-Tratment Post-Treatment P Value

PAcT,msn

Mild asthma attack (n = 28) 127.4 ± 16.2 128.2 ± 16.2 0.86

Moderate asthma attack (n = 26) 108.4 ± 21.9 119.1 ± 10.5 0.031

Severe asthma attack (n = 26) 102.8 ± 17.4 124.3 ± 15.3 < 0.01

mPAP,mmHg

Mild asthma attack (n = 28) 21.6 ± 7.3 21.3 ± 7.3 0.86

Moderate asthma attack (n = 26) 30.1 ± 9.8 25.3 ± 4.7 0.030

Severe asthma attack (n = 26) 32.7 ± 7.8 23.1 ± 6.8 < 0.01

Abbreviations: mPAP, mean pulmonary artery pressure; PAcT, acceleration time.
aValues are expressed as mean ± SD.
bBefore the treatment in moderate and severe asthma group mPAP was significantly higher than mild asthma group (P = 0.01, P = 0.00, respectively). No significant
difference was detected between moderate and severe asthma group (P = 0.521).

mild asthma group. After the treatment no significant dif-
ference was detected between asthma groups. Exhaled air
samples evaluated ET-1 and PDGF-BB compared with the
group with severe asthma exacerbations was higher than

the moderate and mild group. Am and Em waves, IVRT,
IVCT, ET and RV MPI values during the asthmatic attack
and after treatment did not differ significantly between
the groups; pre- and post-treatment values of these param-
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Table 4. RV TDI Values of Groupsa

Mild Asthma
Attack (n = 28)

P Value Moderate
Asthma Attack

(n = 26)

P Value Severe Asthma
Attack (n = 26)

P Value

E, cm/sn
Pre-treatment 17 ± 2.7

> 0.05
18.4 ± 4.0

> 0.05
16.5 ± 3.1

> 0.05
Post-treatmen 16.7 ± 2.4 16.1 ± 3.2 15.7 ± 3.0

A, cm/sn
Pre-treatment 11.4 ± 3.3 > 0.05 12.1 ± 3.7

> 0.05
12.3 ± 4.2

> 0.05
Post-treatment 10.8 ± 2.2 10.9 ± 2.6 11.6 ± 3.7

IVRT,msn
Pre-treatment 51.1 ± 9.4

> 0.05
44.9 ± 9.3

> 0.05
44.3 ± 9.1

> 0.05
Post-treatment 50.1 ± 4.9 46.8 ± 5.6 46.0 ± 8.7

IVCT,msn
Pre-treatment 52.5 ± 10.0

> 0.05
45.7 ± 8.3 > 0.05 46.4 ± 7.1

> 0.05
Post-treatment 51.1 ± 7.5 46.8 ± 6.0 52.1 ± 7.5

ET,msn
Pre-treatment 251 ± 29.2

> 0.05
239.0 ± 47.1

> 0.05
232.7 ± 26.3

> 0.05
Post-treatment 253.8 ± 27.3 244.8 ± 25.5 255.2 ± 22.0

MPI
Pre-treatment 0.41 ± 0.06

> 0.05
0.38 ± 0.08

> 0.05
0.39 ± 0.07

> 0.05
Post-treatment 0.39 ± 0.06 0.38 ± 0.04 0.38 ± 0.04

Abbreviations: Am, late diastolic myocardial velocity; ET, ejection time; Em, early diastolic myocardial velocity; IVRT, isovolumic relaxation time; IVCT, isovolumic con-
traction time; MPI, myocardial performance index; Sm, systolic myocardial velocity.
aValues are expressed as mean ± SD.

Table 5. Cytokine Values of Groupsa

Mild Asthma (n = 28) Moderate Asthma (n = 26) Severe Astma (n = 26) P Valueb

Endotelin-1, pg/mL 0.50 ± 0.15 0.58 ± 0.30 0.80 ± 0.42c 0.002

PDGF-BB, pg/mL 135.9 ± 74.9 167.3 ± 148.1 281.7 ± 253.2c 0.008

Abbreviations: PDGF-BB, platelet derived growth factor-BB.
aValues are expressed as mean ± SD.
bOne-way ANOVA testi,
cGroup that makes a difference according to Post hoc Tukey.

eters were also not found to differ significantly within each
separate group.

In the previous studies performed by echocardiogra-
phy in the cases with asthma, left and right ventricular di-
astolic dysfunction was found to develop particularly in
the patients with severe asthma. RV diastolic dysfunction
has been reported to be related with RV hypertrophy and
total pulmonary resistance (16, 17). RV diastolic param-
eters in the children with moderate asthma were deter-
mined before and after the treatment of inhaled steroid,
in a study performed by conventional DE, and parameters
of RV diastolic filling were found to improve markedly af-
ter treatment (18). In our study, M-mode measurements
(RVedD, RVesD and IVS) did not differ significantly between
the groups (Table 2).

Cardiac catheterization is the gold standard for mea-
surement of RV pressure and mPAP. The PAcT value, which
is measured for estimation of pulmonary arterial pressure

(PAP), may provide important information about mPAP.
Previous studies have stated a negative correlation be-
tween mPAP and PAcT (19). In our study, Mahan formula
was used for calculation through the PAcT (11, 12). Increased
PAP as the attack severity increases is an expected conse-
quence of asthma. In our study, before the treatment in
moderate and severe asthma group mPAP was significantly
higher than in mild asthma group. No significant differ-
ence was detected between moderate and severe asthma
group. In moderate and severe asthma group, PAcT was
significantly lower than in mild asthma group. After the
treatment mPAP and PAcT values in the groups were sim-
ilar (Table 3). Bagnato et al. suggested that shortening in
PAcT might be an early sign of right ventricular systolic dys-
function, before the diastolic dysfunction develops (20).
Increased mPAP in our study might be associated with the
changes in Em and Am waves, as well as IVCT, IVRT and MPI
values; however, we did not find significant differences in
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these values. This may be due to the fact that these evalu-
ations were performed when the patients were admitted
due to their respiratory complaints they had no frequent
attacks previously.

On the other hand, TAPSE is a quite useful method
for evaluation of RV systolic function with M-mode echo
which is particularly well-correlated with RVEF and mea-
sured by radionuclide method (14, 15, 21). Being an easily
applicable and measurable parameter that demonstrates
the ineffectiveness of heart rate in children on longitudi-
nal motion of atrioventricular annulus, it increases TAPSEs’
applicability in pediatric patients (22). In our study, no
differences existed in TAPSE measurements between the
groups. This indicates that changes to a degree which
could affect the right ventricular functions did not exist in
the patients.

The RV diastolic dysfunction is the earliest hemody-
namic change in cases with asthma. RV dysfunction is re-
lated with the RV hypertrophy and pulmonary resistance
(18). TDI gives the chance of possibility to evaluate both
systolic and diastolic functions independently from ven-
tricular geometry and partially from volume load (23). The
studies that evaluated TDI measurement in patients with
asthma found decreased Em, Am, and Sm waves and short-
ened ET with concomitant prolongation in IVRT and con-
sequent prolongation in MPI (24). As an indication of di-
astolic dysfunction, the prolonged IVRT and decreased Em
are the signs of delay in RV relaxation. Decreased Am ve-
locity is a sign of restrictive RV physiology. Elongation in
IVCT is a sign of systolic activation delay (25). MPI is a reli-
able and useful index which can show information about
the global RV function (26). MPI increases in diseases with
RV dysfunction. In the study of Uyan et al. ventricular
functions of 90 children with asthma were evaluated with
DE and right and left ventricular diastolic dysfunctions
were determined in the groups with moderate and severe
asthma (18). Evaluation of RV by TDI revealed no significant
statistical differences between the groups in the pre- and
post-treatment periods regarding IVRT, IVCT, Em, Am, ET
and MPI (Table 4). Patients included in our study had acute
attacks, and most (77.5%) of them were the cases diagnosed
initially. Nonsignificant differences in the results revealed
by TDI values, patients with averagely short follow-up du-
rations, and low mean age values of the patients made us
consider that asthma might not exert its effects on the car-
diac functions.

There is a limited number of data on the specific role
of PDGF on the cardiac myocytes. Most of the studies eval-
uating PDGF in the literature are conducted with animal
models in which fibrosis and proliferation in the vascular
smooth muscle cells were investigated. Fibroblasts are the
primary source of hyaluronic acid which plays an impor-

tant role in the cardiac hypertrophy, and PDGF-BB levels
were shown to correlate with the levels of hyaluronic acid
(27, 28).

Endothelins are naturally produced in the body and
they are known to be the most potent vasoconstrictor
molecules. Hypoxia is one of the various factors which af-
fect the release of ET. In the studies performed with ani-
mal models, ET-1 infusion was shown to produce ventric-
ular dysfunction, myocardial infarction and arrhythmias
(29, 30). ET-1 levels in the arterial blood and exhaled air
were shown to be significantly higher in the patients with
pulmonary arterial hypertension, and it was reported to be
a helpful method in diagnosis of the critical disease and
starting the treatment (31). A negative correlation was re-
ported in the literature between the plasma oxygen levels
and ET in humans. Decreased PAP following oxygen ad-
ministration was reported to be associated with decrease
in plasma ET (32).

In our study, ET-1 and PDGF-BB levels in the EBC samples
were determined to be significantly higher in the group
with severe asthmatic attacks, compared to the groups ex-
isting with mild and moderate asthmatic attacks.

Inflammatory response exists in tissues in the patients
with asthma which depends on the degree of hypoxia, and
tissue damage is produced related to the severity of the
response. As also shown in the literature, our analysis in
the inflamed tissue indicated that PDGF-BB and ET-1 levels
increased in the damaged tissue, which was directly pro-
portional to the attack severity. These cytokines play a role
in the embryonic development and the existing patholog-
ical conditions, and evaluation of them in the children ex-
posed to acute and chronic effects of asthma disease which
frequently exist in the population, may be an important
prognostic indicator. We found that depending on the at-
tack severity, mPAP values increased in proportion to the
increases in cytokine levels, and this result is in accordance
with the literature. The increase in mPAP with the increase
in attack severity, and the parallely increasing cytokine lev-
els, are significant indicators showing that cardiac effects
exist in this period to play role in the increased mPAP.

In addition, there is a limited number of studies in-
vestigating the direct cardiac effects of cytokines that are
produced during the asthmatic episode in the literature.
High levels of ET and PDGF-BB were shown to increase car-
diac damage in the animal models (33). This indicates that
the effect of cytokines on the pulmonary arteriolar system
causes an increased cardiac load, and thus, indirectly pro-
duces this effect on the heart. Besides, we conclude that cy-
tokines may worsen the myocardial damage by their direct
effect on the heart.

This study was planned due to these considerations
and these effects and interactions should be kept in mind
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during clinical evaluation which may lead to the existence
of new options in the prediction of prognosis and in the
application of treatment methods in asthma disease that
exists with an extremely high incidence and prevalence. In
the present study, we showed that non-invasive evaluation
of mPAP by echocardiography during an acute asthmatic
episode is a method with a high clinical value, and also
that high cytokine levels are correlated with the increased
mPAP values, in consistent with the literature data. Param-
eters which showed diastolic functions determined by DE
were found to be normal. We found that increased ET-1
and PDGF-BB levels in the exhaled air do not produce dias-
tolic dysfunction. However, the following factors may also
contribute to the existing results: patients included in our
study had not chronically increased afterload, most of the
patients were recently considered for being followed-up in
our clinic, and had less numbers of acute attacks, which is
a characteristic of asthma disease. In addition, response of
asthmatic attacks to treatment was found to be successful
in the controls in the vast majority of cases, and this also
indicates that the heart was not exposed to an effect and
extra work which would lead to diastolic dysfunction.

In conclusion, application of non-invasive methods in
the collection of samples and evaluation of effects dur-
ing a study would be advantageous in maintaining the pa-
tient’s comfort and cooperation. In the present study, no
systolic or diastolic dysfunction was determined in the car-
diac evaluations during the asthmatic attacks; however,
mPAP was found to increase in the cases with moderate
and severe asthma. Levels of ET-1 and PDGF, which are the
biomarkers released as a response to vascular stress, were
evaluated in the EBC; this is another non-invasive method,
and these markers were found to increase significantly
with the increased severity of asthmatic attacks.
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