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ABSTRACT

Background: Bronchial asthma is a chronic airway disease. Cardiac affection in children with bronchial asthma was
reported mainly in cases with severe asthma and during acute exacerbations.

Aim of the Work: To study cardiac affection in children with mild and moderate bronchial asthma using conventional and
tissue Doppler imaging [TDI] echocardiography.

Patients and Methods: This was a prospective case control study. Study involved 160 children aged 6-14 years old who
were following in outpatient pediatric clinic, Al-Hussein hospital, Al-Azhar University, Cairo, Egypt, during the
period from January 4, 2016, till February 15, 2017. All children underwent peak expiratory flow rate [PEFR]
assessment. Echocardiography was done for all to assess systolic and diastolic functions of right ventricle [RV]
and left ventricle [LV] using conventional and tissue Doppler imaging [TDI] echocardiography.

Results: TDI parameters showed evidence of RV diastolic dysfunction in patients with moderate asthma in the form of
significantly lower tricuspid valve [TV] e’ [12.1 £ 2.7 cm/s], lower TV e'/a’ ratio [1.28 + 0.18], prolonged RV
isovolumetric relaxation time [IVRT] [71.8 £ 2.4 ms], and higher RV myocardial performance index [0.49 £ 0.04]
compared to control group. Also, patients with mild asthma had impaired RV diastolic function in the form of
significantly lower TV e’/a’ [1.51 + 0.13] and longer RV IVRT [65 + 2.9 ms] compared to control group. Pulmonary
artery pressure was significantly elevated in moderate asthma group [18.4 + 9.2 mmHg]. RV IVRT was the only
parameter showing a significant negative correlation to PEFR

Conclusion: Pediatric patients with mild and moderate bronchial asthma may have RV diastolic dysfunction. TDI is a good
screening tool to detect early changes in cardiac function in such patients. RV IVRT measured by TDI is a sensitive
tool to detect early diastolic impairment.

Keywords: Bronchial Asthma; Children; Ventricular Function; Tissue Doppler Imaging; Pulmonary Artery Pressure.
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INTRODUCTION

Bronchial asthma is a chronic inflammatory disease
involving the lung airways leading to recurrent airways
obstruction and hyper-responsiveness. Chronic nature of
bronchial asthma may lead to a gradual loss of lung
function and change of pulmonary circulation that occur due
to structural changes and remodeling of airways and
pulmonary vessels [1l,

Several mechanisms can explain the impact of chronic
lung diseases on the heart including recurrent hypoxemia,
the release of inflammatory mediators, changes in the
pulmonary vasculature, and increased intra-thoracic
pressure. These mechanisms directly affect the right
ventricle via increasing the pulmonary artery pressure. Left
ventricular dysfunction was also reported with chronic lung
diseases secondary to changes in the interaction between
the right and left ventricles and changes in the ventricular
preload and afterload 2.

Echocardiography is the primary noninvasive tool to
assess ventricular function. Using conventional echocardio-
graphy, it is easy to assess left ventricular function. On the
other hand, it is more difficult to assess RV function using
the same modality because of the very close relation of the
right ventricle to the sternum and its complex morphology
and heavy trabeculations on the endocardium I,

Tissue Doppler imaging [TDI] echocardiography
emerged as a unique method to assess regional ventricular
systolic and diastolic velocities and various time intervals
during the cardiac cycle. Moreover, it is more sensitive and
can detect abnormalities earlier than conventional echo-
cardiography [,

Although previous studies showed variable cardiac
affections in asthmatic patients, the results were not
universally homogenous. Many previous studies assessed
cardiac function in asthmatic patients without discrimination
between them according to asthma severity. Moreover, we
are not sure when these effects take place during the
course of bronchial asthma particularly in children, and if
those with milder forms of asthma are having any cardiac
function abnormality.

THE AIM OF THE WORK

Our study aimed to detect any changes in the systolic or
diastolic function of both ventricles using conventional
echocardiography and TDI in children having mild or
moderate bronchial asthma during remission and to assess
pulmonary artery pressure in these patients.
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PATIENTS AND METHODS

This was a prospective case control study conducted on
160 children aged 6-14 years old who were following in
outpatient pediatric clinic, Al-Hussein hospital, Al-Azhar
University, Cairo, Egypt, during the period from January 4,
2016, till February 15, 2017.

Our study population was composed of three groups:
the first group involved 40 children who were diagnosed to
have mild bronchial asthma and the second group involved
40 children with moderate bronchial asthma according to
guidelines of the Global Strategy for Asthma Management
and Prevention L,

All asthmatic patients were assessed during remission.
None of them was having acute exacerbation or history of
acute upper or lower respiratory infection during the last
month. The third group involved 80 normal children as a
control group. Control children were recruited from the
outpatient pediatric clinic who came for other minor
complaints.

Exclusion criteria were children diagnosed as severe
bronchial asthma or having any comorbidity that
compromises respiratory or cardiovascular systems
including cardiac diseases, respiratory infections, chronic
lung diseases, acute asthmatic attacks during the last 30
days, morbid obesity, gastroesophageal reflux, or chest
deformity.

We also excluded children with suboptimal echocardio-
graphic views. All patients were subjected to complete
history taking and thorough physical examination, including
taking anthropometric measurements and vital signs.

The peak expiratory flow rate [PEFR] was measured for
each patient using Mini Wright peak flow meter [by Climent
Clark International, New York, USA]. The best reading from
three forced expirations was taken. A chest X-ray was done
to exclude underlying lung disease.

Echocardiography was performed using GE vivid 3
echocardiography machine [General Electric Medical
Systems, Milwaukee, USA] equipped with 3 MHz and 5
MHz transducers. Parameters recorded according to
guidelines of the American Society of Echocardiography
using two-dimensional recording [2D echocardiography],
pulsed wave Doppler [PW], continuous wave Doppler [CW],
TDI and M-mode 7],

Ventricular dimensions were assessed by M-mode:
right ventricular diameter in diastole [RVDd], thickness of
RV free wall [RVWT], left ventricular diameter in diastole
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[LVDd] and left ventricular posterior wall thickness
[LVPWT].

Right ventricle [RV] systolic function was evaluated by
measuring fractional area change [RV FAC] by 2D echo-
cardiography, Tricuspid annular plane systolic excursion
[TAPSE] by M-mode and lateral tricuspid annulus systolic
velocity [S'] by TDI.

LV systolic function was determined by measuring
gjection fraction [EF] using M-mode and lateral mitral
annulus systolic velocity [S'] using TDI.

The diastolic function of both ventricles was assessed
using conventional echocardiography and TDI. Early [E]
and late [A] diastolic inflow velocities of the corresponding
atrioventricular valve were measured by conventional
pulsed-wave Doppler and then E/A ratio for each was
calculated.

TDI was used to measure lateral tricuspid annulus and
lateral mitral annulus peak early diastolic velocity [e'] and
peak late diastolic velocity [a’], isovolumetric relaxation time
[IVRT], isovolumetric contraction time [IVCT] and ejection
time [ET].

The ratio e/a’ at tricuspid and mitral valves was
calculated for each patient. Myocardial performance index
[MPI] for each ventricle was calculated according to the
formula: MPI = [ICT + IRT}J/ET. MPI assesses the combined
systolic and diastolic function.

Evaluation of pulmonary artery pressure [PAP] was
done using CW Doppler to measure peak tricuspid valve
regurgitation velocity [TRV]. PAP was calculated according
to the formula: PAP = TRV? + right atrial pressure. Right
atrial pressure was assumed to be 5 mmHg in all included
children. Pulmonary acceleration time [AT] and ejection
time [ET] were also measured and the ratio AT/ET was
determined.

Ethical considerations

Ethical approval was obtained from the local health
committee. For all children involved in our study, we
obtained informed written consent from parents. Privacy
and confidentiality were maintained throughout the study
process using a unique code number for each patient.

Statistical analysis of data
Statistical package for social sciences was used for data

analysis. We used package version 25.0 [IBM SPSS.
Armonk, NY: IBM Corporation, USA]. For descriptive
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statistics: the mean + SD was used for quantitative
variables while the number and percentage were used for
qualitative variables. For analytic statistics: Chi-square test
was used to assess the differences in frequency of
qualitative variables while One-Way ANOVA test was
applied to assess the differences in means of quantitative
variables between more than two groups. Post Hoc test
with Bonferoni adjustment was used to determine which
differences between groups were significant. Pearson's
correlation coefficient was used to correlate various
quantitative variables. The statistical methods were verified,
assuming a significant level of p <0.05 and a highly
significant level of p < 0.001.

RESULTS

There was no significant difference between the three
groups regarding age, sex, anthropometric measurements,
or vital signs. PEFR was significantly less in both mild
asthma group and moderate asthma group compared to the
control group [table 1].

Table [2] shows different echocardiographic RV
parameters for the three groups. There was no significant
difference in RV systolic function parameters: FAC, TAPSE,
and lateral TV annular Systolic velocity [S']. There was no
significant difference between the three groups regarding
RV diastolic parameters measured by conventional
Doppler: E and A and the E/A ratio. On comparing
moderate asthma group to control group four RV
parameters measured by TDI showed significant difference:
e, e'/a’, IVRT, and MPI. Both € and e'/a’ were lower in
moderate asthma group, while IVRT and MPI were higher.
On the other hand, on comparing mild asthma group to
control group only e'/a” and IVRT were significantly different
from the control group. RV dimensions showed no
significant difference in all groups.

All systolic and diastolic LV parameters showed no
significant difference between the three groups. Also, LV
dimensions were similar in the three groups [Table 3].

Pulmonary artery pressure showed significant increase
in moderate asthma group compared to control with
significant decrease in pulmonary AT and significant
decrease in AT/ET ratio. On the other hand, these
parameters were comparable between mild asthma and
control groups [Table 4].

We tried to find a relation between RV diastolic
parameters measured by TDI and PEFR. We selected
these parameters that came significantly different in
asthmatic children. IVRT was the only parameter that had a
significant negative correlation to PEFR [Table 5].
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Table [1]: Demographic, anthropometric and clinical characteristics

Asthmatic group

Variable Mild (n=40) Moderate (n=40) Control group (n=80) P-value
Age [years] 114 +£3.0 12728 128+238 0.134
Sex n [%]
Male 21[52.0] 22 [55.0] 40 [50.0] 0.895
Female 19[48.0] 18 [45.0] 40 [50.0]
Weight [kg] 41+£57 41146 40+6.2 0.708
Height [cm] 135+ 11 132+£12 134+ 14 0.694
Heart rate [bpm] 105.7 £ 16.2 101+£10.9 1026+ 154 0.508
Systolic blood pressure (mmHg) 106.8+7.3 108 £6.9 1094 +£5.8 0.293
Diastolic blood Pressure (mmHg) 64.2+£5.7 66.2+4.7 62.7+64 0.065
PEFR [L/min] 251.8+17.2 2394 +17.8 266 + 15.5 <0.001*¥

Abbreviations: PEFR, peak expiratory flow rate. Values present as mean + SD were analyzed by One-way ANOVA test. Values present as number and % were analyzed by
Chi-square test. *: Significant, between moderate asthma group and the control group. ¥: Significant, between mild asthma group and the control group.

Table [2]: Right ventricular functions and dimensions

Variable Asthmatic group Control group
Mild (n=40) Moderate (n=80) P-value
(n=40)
RV Systolic function FAC [%] 38.94£3.1 378126 39223 0.110
TAPSE [cm] 1.8 £0.19 1.8+0.23 1.9+0.19 0.071
Lateral TV annular Systolic velocity S’ [cm/s] 10.94£0.91 10.8 £0.85 11.2+0.69 0.115
RV Diastolic function TV E velocity [cm/s] 84.1£9.5 83.8+8.6 86.6+8.8 0.379
TV A velocity [cm/s] 57.1+4.9 56.2 £ 8.2 55.8+9.1 0.811
TV E/A ratio 1.5 +0.45 15+0.37 1.6+0.49 0.578
Lateral TV e’ velocity [cm/s] 13.212.8 121127 148132 0.002*
Lateral TV a’ velocity [cm/s] 87+19 84114 8.6+2.1 0.746
TV e'/a’ ratio 1.51£0.13 1.28 £0.18 1.77 £ 0.51 <0.001*¥
IVRT [ms] 65+29 718124 60.1+2.8 <0.001*¥
IVCT [ms] 65+55 66.1+3.8 631159 0.076
MPI 0.42+0.07 0.49 £0.04 0.40 £0.02 <0.001*
RV dimensions RVDd [cm] 09+02 09+0.3 08+0.2 0.133
RVWT [cm] 0.4840.13 0.49 £0.03 0.48 £0.06 0.293

Abbreviations: FAC, fractional area change; IVCT, isovolumetric contraction time; IVRT, isovolumetric; relaxation time; MPI, myocardial performance index; RVDd, right
ventricular diameter in diastole; RVWT, right ventricular wall thickness; TAPSE, Tricuspid annular plane systolic excursion; TV, Tricuspid valve. Values present as mean +
SD were analyzed by One-way ANOVA test. *: Significant, between moderate asthma group and the control group. ¥: Significant, between mild asthma group and the
control group.

Table [3]: Left ventricular functions and dimensions

Asthmatic group
Variable Mild (n=40) Moderate (n=40) | Control group (n=80) P-value
LV systolic function EF [%] 63+5.8 67+7.7 65+5.9 0.094
Lateral MV systolic velocity S’ [cm/s] 120+ 2.1 11.8+1.6 12217 0.101
MV E velocity [cm/s] 97.3+56 98.6 +11.2 100.2+ 9.6 0.457
MV A velocity [cm/s] 71987 714+85 73.1+£9.2 0.730
MV E/A ratio [cm/s] 1.3+0.21 144018 141024 0.152
Lateral MV e’ [cm/s] 129+14 124+£1.3 13.1+£1.6 0.176
LV diastolic function I 7orerarvy o 65£15 6717 64£19 0.684
MV e'la’ 205+0.35 1.93+0.39 21104 0.219
IVRT [ms] 63.8+3.7 64.2+24 62.7+6.2 0.420
IVCT [ms] 60.8+£5.1 60.4+4.8 61.7+54 0.583
MPI 0.41£0.06 0.41£0.09 0.39+0.1 0.564
LV dimensions LVDd [cm] 39105 39+03 4106 0.181
LVPWT [cm] 0.51£0.03 0.5+0.02 0.5+0.05 0.546

Abbreviations: EF, ejection fraction; IVCT, isovolumetric contraction time; IVRT, isovolumetric relaxation time; LVDd, left ventricular diameter in diastole; LVPWT, left
ventricular posterior wall thickness; MPI, myocardial performance index; MV, Mitral valve. Values present as mean + SD were analyzed by One-way ANOVA test.
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Table [4]: Assessment of pulmonary artery pressure

Asthmatic group
Variable Mild (n=40) Moderate (n=40) Control group (n=80) P-value
PAP [mmHg] 14+£74 18492 13+84 0.040*
AT 124 £13.2 114 +14.4 121£12.0 0.023
ATIET 0.42£0.15 0.39£0.12 048 £0.15 0.039*

Abbreviations: AT, acceleration time; ET, ejection time; PAP, pulmonary artery pressure. Values presented as mean + SD were analyzed by One-way ANOVA test.

Significant, between moderate asthma group and the control group.

*.

Table [5]: Correlation between echocardiographic parameters and asthma severity

PEFR
Parameter r P
Ve 0.005 0.973
Tveld 0.205 0.152
RV IVRT -0.458 0.001*
RV MPI -0.115 0.238

Abbreviations: MPI, myocardial performance index; IVRT, isovolumetric relaxation time. *: Significant.

DISCUSSION

We aimed to assess changes in cardiac function may
occur in children with mild and moderate spectrum of
bronchial asthma during remission. In our study, there was
no statistically significant difference between asthmatic
children groups and the control group regarding weight,
heart rate, systolic and diastolic blood pressure. In
addition, there was no significant difference between the
three groups regarding RV or LV dimensions.

Although similar findings were found by other studies
B3] earlier reports revealed variable results on assessing
cardiac dimensions in asthmatic children. Some studies
described RV hypertrophy in asthmatic patients [10-12],
Another study described RV dilatation rather than
hypertrophy '3, These variations can be explained by the
difference in study populations and the fact that we did not
include patients with severe asthma in our study.

We did not find any significant difference between the
three groups regarding RV systolic function parameters
[FAC, TAPSE, and Lateral TV annular systolic velocity].
Preserved RV systolic function in asthmatic children was
previously reported in the literature [6.14.19],

Other studies found evidence of RV systolic
dysfunction in asthmatic patients in the form of lower
TAPSE or lower lateral TV systolic velocity than the control
group ", Discordance between our results and previous
studies can be because we excluded patients with severe
asthma, relatively younger age of our patients.

RV diastolic function parameters obtained by
conventional Doppler at TV [E, A, and E/A] were similar in
the three groups of our study. Concordant results were
obtained by previous studies ®11, Some studies showed
evidence of RV diastolic dysfunction using conventional
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Doppler in the form of lower TV E velocity or lower TV E/A
ratio in asthmatic children but they included patients with
severe asthma in their study population 1819,

We further assessed RV diastolic function using TDI.
We found a significant difference between moderate
asthma group and control group in TV €', TV e'/a’, IVRT,
and MPI indicating that those with moderate asthma have
impaired RV diastolic function. This was in agreement with
previous studies that assessed RV diastolic function in
asthmatic children 111,16,

In our study, we assessed patients with mild asthma as
a separate group. RV e’/a’ and IVRT were the only RV
parameters showed significant difference suggesting
milder diastolic dysfunction in this group. Only very few
studies investigated cardiac affection in patients with mild
asthma as a separate group. Zeybek et al. found that
patients with mild asthma are different from the control
group regarding both RV e’ and IVRT 5],

We did not find any significant difference between all
groups regarding parameters of LV diastolic functions.
These findings were in line with previous studies [10.13],

LV diastolic dysfunction was reported in patients with
chronic obstructive lung diseases and it was more evident
in those having severe pulmonary hypertension [17-9],
Some studies found evidence of LV diastolic dysfunction
mainly in patients with severe asthma 821,

Zeybek et al. noticed LV diastolic dysfunction in
bronchial asthma groups when measured by TDI not by
conventional echocardiography ['8l. Elmasry et al. showed
that asthmatic patients had LV diastolic dysfunction during
acute exacerbation evidenced by lower E/A ratio and
longer IVRT and these changes were normalized after
clinical improvement [201,
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LV systolic function can be affected in patients with
severe asthma secondary to RV affection due to inter-
dependence between both ventricles [152122],

Hirono et al. found that bronchial asthma patients who
are using beta agonists for a long period had lower LV
systolic function 1231, Tuleta et al. found reduction in the LV
longitudinal strain in patients with severe asthma 4. This
explains why there was normal LV systolic function in our
asthmatic groups who had milder spectrum of asthma and
younger age.

We found significant increase in pulmonary artery
pressure in moderate asthma group. This was in line with
previous studies who found that asthmatic patients had
higher pulmonary artery pressure compared to controls
(25,261, Pulmonary artery pressure in mild asthma group was
comparable with control group. While we can explain
diastolic dysfunction in moderate asthma group by
pulmonary hypertension, diastolic dysfunction in mild
asthma group may be due to cardiac stress during asthma
exacerbations resulting from acute increase in pulmonary
artery pressure and the concomitant inflammatory
response. Released cytokines in such situation was
reported as a direct cause of myocardial impairment [27.28],

Our study showed that pediatric patients with moderate
bronchial asthma during remission have evidence of RV
diastolic dysfunction and patients with mild bronchial
asthma during remission have milder diastolic dysfunction
in the absence of significant increase in pulmonary artery
pressure. TDI is a sensitive tool to detect RV diastolic
dysfunction. RV IVRT and RV e’/a’ measured by TDI can
be used as a screening tool to pick up early RV diastolic
dysfunction even in patients with mild asthma. RV IVRT is
correlated to pulmonary function so it can be used as a
predictor of asthma severity. Early screening and follow up
for cardiac function in asthmatic patients should be
considered. More effort is needed to understand the
pathophysiology of cardiac affection in asthmatic patients.

Limitations to our study included a relatively small
number of the study population. Also, we assessed
pulmonary function using PEFR as a single parameter.
However, PEFR was shown to be a reliable alternative to
forced expiratory volume in one second as a primary lung
function endpoint especially when measured under
supervision in the clinic (1. We assessed pulmonary artery
pressure only by measuring tricuspid valve regurgitation
velocity. Echocardiography was proved to be a reliable
alternative to right heart catheterization in measuring
pulmonary artery pressure (0,
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