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Introduction: 2—agonists are first election drugs for the treatment of respiratory disease that may
alter cardiac autonomic modulation. The aim of this study was to evaluate the effects of nebulized
Ventolin on electrocardiogram, particularly QTc interval to assess the potential arrhythmogenic
risks.

Methods: A total of 192 patients between 2 months and 15 years which received nebulized
Ventolin were enrolled in this study. Patients were divided into two groups. Electrocardiograms
of patients before and after nebulized Ventolin were taken. Differences between two groups were
assessed using a paired student’s ¢ test.

Results: There was statistically significant differences in QTc before and after Ventolin in each
groups (P<0.005).Ventolin effect on QTc interval in both groups did not differ. In first group,
there was statistically significant differences between heart rate before and after Ventolin taken
(P=0.009) but in second group there was not statistically significant differences between heart
rate (P=0.345).

Conclusion: Although Ventolin can cause changes in QTc, Ventolin with 0.15 mg/kg/dose in
comparison with 0.1 mg/kg/dose does not cause significant changes in QTc.
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Introduction

Patients with respiratory disease frequently use high doses
of B2-agonists. f2-agonists relax vascular smooth mus-
cle and cause peripheral vasodilation, with reflex cardiac
stimulation leading to tachycardia; direct stimulation of
cardiac f1- and P2-adrenoreceptors also contributes to
an increase in heart rate and contractility.! f2-agonists
can cause T wave changes and prolonged QTc interval
on the electrocardiogram.”? The World Health Organi-
zation (WHO) recommended name for albuterol base is
salbutamol. For children, initial dosing should be based
upon body weight (0.1 to 0.15 mg/kg per dose). Dosing
should not be more than 2.5 mg three to four times daily
by nebulization.’ A prolonged QT interval is a marker for
the potential of ventricular tachyarrhythmia like torsades
de pointes and a risk factor for sudden death. The QT in-
terval is commonly measured in lead II for evaluation of
serial electrocardiograms, with leads I and V5 being com-
parable alternatives to lead I1.* The main focus of this in-
vestigation was on the safety of inhaled B2-agonists in the
treatment of respiratory disease in children. In this study,
we used Ventolin as a 2-agonist and investigated its effect
on QTc and heart rate. Also comparison between two dif-
ferent doses of Ventolin (0.15 mg/kg/dose versus 0.1 mg/

kg/dose) was assessed.

Materials and Methods

The present investigation is a descriptive cross-sectional
prospective study from a leading cardiac center in south-
west of Iran (Golestan hospital, Ahvaz Jundishapur Uni-
versity Of Medical Sciences) during March 2013 to Febru-
ary 2014. A total of 192 patients aged between 2 months
and 15 years with respiratory disease referred to pediatric
emergency ward which was candidate for treatment with
Ventolin by physicians were divided into two groups.
Since dosage of inhaled Ventolin ranges between 0.1-
0.15 mg/kg/dose we divided the patients randomly into
two groups. The first group consisted of 128 patients who
received 0.15 mg/kg/dose nebulized Ventolin and second
group consisted of 64 patients received 0.1 mg/kg/dose
Ventolin in three times each 20-minute interval. Including
criteria consist of children aged between 2 months and 15
years, pulse oximetry above 92% in admission, not prior
use of P2-agonists and corticosteroid drugs, no chron-
ic disease such as renal, cerebral and metabolic, not use
any medication that could affect the electrocardiogram.
Patients with electrolyte disturbances were excluded from
this study. Normal ranges for potassium and sodium were
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considered as 3.5-5 meq/L, 130-150 meq/L and 8-10 mg/
dl for calcium. Heart rate before (HR1) and after (HR2)
nebulized Ventolin and also QTc was assessed from elec-
trocardiogram. Beginning of the Q to the end of the T
wave in electrocardiogram is the QT interval. Because of
patients” heart rate greater than 75 bps Fridericia formula
was used instead of Bazett’s formula. QT interval correc-
tions use Fridericia formula, defined as the observed QT
interval divided by has cube-root of R-R interval in sec-
ond if the standard clinical correction is to used Bazett’s
formula, defined as the QT interval divided by the square
root of the R-R interval in seconds.” Electrocardiographic
recording was performed at all leads but QTc interval was
measured in lead II for evaluation of serial electrocardio-
grams. Heart rate was taken from cardiac monitoring and
electrocardiogram. Data were analyzed by SPSS software
version 17. Differences between two groups were assessed
using a paired student’s ¢ test.

Results

Of 192 patients who had inclusion criteria, 142 cases
(74%) were male and 50 cases (26%) were female. Mean
age of patients was 4.93 +3.87 years. Demographic data
were shown in Table 1. In 170 patients (88.5%), QTc2 were
higher than QTcl and in 19 patients (9.9%) QTc2 were
equal to QTcl and 3 patients (1.6%) showed lower QTc2
than QTcl. Three patients out of 192 showed an unexpect-
ed QTc after receiving nebulized Ventolin that all were in
first group. One of them had QTc greater than 450 milli-
seconds and two of them had QTc less than 450 millisec-
onds but differences between QTc2 and QTcl were greater
than 50 milliseconds all those three patients did not show
any arrhythmia or any other symptoms. In first group,
mean QTcl was 352 + 32 milliseconds and mean QTc2 was
376+ 33 milliseconds. In second group, mean QTcl was
358 +23 milliseconds and mean QTc2 was 372 +24 mil-
liseconds. There was statistically significant differences
between QTcl and QTc2 in each groups (P<0.005). Ac-
cording to independent T test, mean QTc1 interval in both
groups were almost equal and there was not any signifi-
cant differences (P=0.2). The same as QTc1, QTc2 in both
groups did not show any significant differences (P=0.47).
In first group there was statistically significant differences

Table 1. Demographic data of patients in two groups

Groups  Sex

Male: 95 (74.2%)
Female: 33 (25.8%)

Male: 47 (73.4%)
Female: 17 (26.6%)

Mean age (year) Mean weight (kg)

Group 1* 4.07 £3.25 17.33+8.34

Group 2° 6.67 £4.42 26.60 +16.90

2Patients who received 0.15 mg/kg/dose nebulized Ventolin in three
times each 20-minute interval.
Ppatients who received 0.1 mg/kg/dose nebulized Ventolin in three
times each 20-minute interval.

between HR1 and HR2 (P=0.009) but in second group
there was no statistically significant differences between
HR1 and HR2 (P=0.345). To compare both groups for
mean HRI there was not any statistically significant dif-
ferences (P=0.1) but after nebulized Ventolin mean HR2
in first group were significantly greater than the second
group (P=0.02). Changes in mean QTc and mean heart
rate, before and after receiving Ventolin in two groups
were shown in Table 2.

Discussion

This study reflects the effect of Ventolin on electrocar-
diogram that showed Ventolin can prolong QTc interval
and increase heart rate. Use of p2-agonists in children is
common, either for acute management or for prophylaxis
of exercise induced bronchospasm. Salbutamol inhalation
decreased parasympathetic and increased sympathetic
cardiovascular autonomic balance.® Inhaled p2-agonists
can increase heart rate and systolic blood pressure, de-
crease diastolic blood pressure and prolong QTc interval
in healthy volunteers and patients with asthma and chron-
ic obstructive pulmonary disease.” B2-agonist inhalation
at doses recommended for bronchodilating therapy have
shown that salbutamol and fenoterol produce an increase
in heart rate and a decrease in diastolic blood pressure.®
These confirm the result of our study in increasing heart
rate of patients received Ventolin especially with higher
doses. Like other systemic effects, changes in heart rate,
QTc interval and T wave occurs after the use of long-term
inhaled 2-agonist.” A study showed that the increase of
the QTc is more significant with the use of a standard dose
of albuterol (0.15 mg/kg) in comparison with low dose al-
buterol (0.075 mg/kg) plus ipratropium.'® Although there
is controversy in the effect of hypoxia on QTc," in this
study we enrolled patients without hypoxia. Furthermore,
because of the effect of electrolyte imbalances on electro-
cardiogram,'” patients with normal electrolyte ranges were
enrolled. In addition, patients with a history of consump-
tion of corticosteroids and other drugs that could affect
electrocardiogram were excluded.” Also, In contrast with
Rosenkranz et al that found minimal changes in QTc in-
tervals after using a high dose of 2-agonist, results of this
investigation showed significant changes in QTc interval
after using nebulized Ventolin." Since certain conclusions
necessitate researches that evaluate long term effect of
[2-agonist on cardiac autonomic function and observe
whether changes are permanent or temporary, we recom-
mend furthermore widespread investigations in this field.

Conclusion

According to the result of this investigation nebulized
Ventolin can increase QTc interval. Ventolin with 0.15
mg/kg/dose in comparison with 0.1 mg/kg/dose did not

Table 2. Changes in mean QTc and mean heart rate before and after receiving Ventolin

Groups QTcl (ms) QTc2 (ms) QTc2-QTcl (ms) HR1 (beats/min) HR2 (beats/min) HR2-HR1 (beat/min)
Group 1 352132 376%33 23+15° 139422 142+21 2.9+12.5°
Group 2 358423 372124 14+10° 133124 134+23 1.2+410.2°

ip<0.05,°P=0.345
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make significant changes in QTc. A higher dose of Ven-
tolin could predispose children to tachycardia so arrhyth-
mias following Ventolin intake should be considered
and cardiac monitoring in children receiving Ventolin is
recommend.

Ethical approval
This study has been approved by Ahvaz Jundishapur Medical
Sciences ethical committee (Thesis number: U-92138).

Competing interests
Authors declare no conflict of interests in this study.

Acknowledgments

We acknowledge all the parents and patients for their commit-
ment to the study. The authors would like to thank the Deputy
of Research and Technology of Ahvaz Jundishapur University of
Medical Sciences for supporting this research.

References

1. Yee KC, Jacobson GA, Wood-Baker R, Walters EH.
Albuterol enantiomer levels, lung function and QTc
interval in patients with acute severe asthma and COPD in
the emergency department. Int ] Emerg Med 2011;4(1):30.
doi: 10.1186/1865-1380-4-30

2. Kallergis EM, Manios EG, Kanoupakis EM, Schiza SE,
Mavrakis HE, Klapsinos NK, et al. Acute electrophysiologic
effects of inhaled salbutamol in humans. Chest
2005;127(6):2057-2063. d0i:10.1378/chest.127.6.2057

3. Ahrens RC, Smith GD. Albuterol: an adrenergic agent
for use in the treatment of asthma pharmacology,
pharmacokinetics and clinical use. Pharmacotherapy
1984;4(3):105-121. doi: 10.1002/j.1875-9114.1984.
tb03330.x

4.  Panicker GK, Salvi V, Karnad DR, Chakraborty S, Manohar
D, Lokhandwala Y, et al. Drug-induced QT prolongation
when QT interval is measured in each of the 12 ECGleads in
men and women in a thorough QT study. J Electrocardiol
2014;47(2):155-157. doi: 10.1016/j.jelectrocard.2013.11.004

5. Moss AJ. Measurement of the QT interval and the risk
associated with QTc interval prolongation: a review.

10.

11.

12.

13.

14.

Am J Cardiol 1993;26;72(6):23B-5B. doi: 10.1016/0002-
9149(93)90036-C.

Jartti T, Kaila T, Tahvanainen K, Kuusela T, Vanto T, Valimaki
I. The acute effects of inhaled salbutamol on the beat-to-
beat variability of heart rate and blood pressure assessed by
spectral analysis. Br J Clin Pharmacol 1997;43(4):421-428.
doi: 10.1046/j.1365-2125.1997.00565.x

Lipworth BJ, Clark RA, Dhillon DP, Brown RA, McDevitt
DG. Beta-adrenoceptor responses to high doses of inhaled
salbutamol in patients with bronchial asthma. Br J Clin
Pharmacol 1988;26(5):527-533. doi: 10.1111/j.1365-
2125.1988.tb05292.x

Bennett JA, Smyth ET, Pavord ID, Wilding PJ, Tattersfield
AE. Systemic effects of salbutamol and salmeterol in
patients with asthma. Thorax 1994;49(8):771-774. doi:
Lipworth BJ. Antagonism oflong-acting beta2-adrenoceptor
agonism. Br J Clin Pharmacol 2002;54(3):231-245. doi:
10.1046/j.1365-2125.2002.01651.x

Coskun S, Yuksel H, Tikiz H, Danahaliloglu S. Standard
dose of inhaled albuterol significantly increases QT
dispersion compared to low dose of albuterol plus
ipratropium bromide therapy in moderate to severe acute
asthma attacks in children. Pediatr Int 2001;43(6):631-636.
doi: 10.1046/j.1442-200X.2001.01471.x

Roche F, Reynaud C, Pichot V, Duverney D, Costes E Garet
M, et al. Effect of acute hypoxia on QT rate dependence and
corrected QT interval in healthy subjects. Am J Cardiol
2003;91(7):916-919. doi: 10.1016/S0002-9149(03)00040-7
El-Sherif N, Turitto G. Electrolyte disorders and
arrhythmogenesis. Cardiol J 2011;18(3):233-245.

Taylor DR, Wilkins GT, Herbison GP, Flannery EM.
Interaction between corticosteroid and beta-agonist drugs.
Biochemical and cardiovascular effects in normal subjects.
Chest 1992;102(2):519-524. doi: 10.1378/chest.102.2.519
14. Rosenkranz B, Rouzier R, Kruse M, Dobson C,
Ayre G, Horowitz A, et al. Safety and tolerability of
high-dose formoterol (via Aerolizer) and salbutamol in
patients with chronic obstructive pulmonary disease.
Respir Med 2006;100(4):666-672. doi: doi:10.1016/j.
rmed.2005.07.017

J Cardiovasc Thorac Res, 2016, 8(2), 83-85 |85



