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Article Info Abstract

Article history: Salbutamol is a primary bronchodilator for feline asthma management. However,
comprehensive data on its cardiovascular safety in cats are limited despite its widespread clinical
use. This study aimed to characterize the acute cardiovascular and respiratory responses following
nebulized salbutamol administration in healthy feline subjects, with an emphasis on clinical safety
assessment. Twenty healthy adult cats received nebulized salbutamol (3.75 mg per 20 min). A
comprehensive cardiovascular evaluation, including vital signs monitoring, electrocardiography,
and echocardiography, was performed before and 15 min after treatment. Salbutamol
administration was associated with minimal physiological alterations. Heart rate increased from a
mean of 204.10 + 33.09 to 218.35 * 4.84 beats per min. The E-wave/A-wave ratio increased from
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Cardiovascular safety 244 + 033 to 3.05 = 0.56. Normal sinus rhythm was maintained in all subjects (100%). Sinus
Echocardiography tachycardia was observed in 65.00% of cats, transient PR interval shortening in 25.00%, and
Electrocardiography isolated premature atrial contractions in 15.00%. No pathological arrhythmias or significant

conduction blocks were detected. Respiratory rate showed a minor increase from 38.05 + 5.87 to
40.05 *+ 5.96 breaths/min, while blood pressure and body temperature remained stable. Nebulized
salbutamol demonstrates a high margin of cardiovascular safety in healthy cats. The preservation of
normal sinus rhythm and clinically insignificant nature of the observed physiological changes
support its continued use as a first-line bronchodilator in feline respiratory medicine.

Feline asthma
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Introduction

Feline asthma affects approximately 1.00% of the
domestic cat population and is one of the most prevalent
respiratory disorders in small animal practice.l# This
chronic inflammatory condition shares key patho-
physiological characteristics with human asthma,
including reversible airway obstruction, bronchial hyper-
responsiveness, and inflammatory cell infiltration of
respiratory tissue.3 Current evidence-based therapeutic
protocols integrate anti-inflammatory corticosteroids with
bronchodilating beta-2 adrenergic agonists to achieve
optimal clinical control.14-9

Salbutamol has emerged as the preferred broncho-
dilator for managing feline asthma due to its rapid onset of
action, potent bronchodilatory efficacy, and relatively
selective beta-2 receptor activity.>10-12 The drug functions
via selective activation of beta-2 adrenergic receptors in
bronchial smooth muscle, leading to increased cyclic
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adenosine monophosphate levels and subsequent broncho-
dilation.!3 Despite its widespread clinical application,
concerns have been raised regarding potential cardio-
vascular effects, particularly given the theoretical possibility
of beta-1 adrenergic cross-reactivity at higher doses.!*
Comprehensive cardiovascular monitoring in cats
requires both echocardiographic and electrocardiographic
evaluations to properly assess drug-induced cardiac
effects. Echocardiography allows direct visualization of
cardiac structure and function, providing quantitative
measurements of systolic performance, such as ejection
fraction and shortening fraction, and diastolic function
through analysis of trans-mitral blood flow patterns.!516
The ratio of early ventricular filling velocity (E-wave) to
atrial contraction velocity (A-wave), known as the E/A
ratio, is a key indicator of left ventricular diastolic function
and has proven sensitive in detecting subtle cardiac
dysfunction in cats.1718 Studies have shown that echo-
cardiographic screening can identify structural or
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functional cardiac abnormalities in 15.00 - 16.00% of
apparently healthy cats, highlighting its importance in pre-
treatment assessment.19.20

Electrocardiography complements echocardiography
by evaluating cardiac electrical activity, rhythm stability,
and conduction system function, aspects that imaging
alone cannot capture?! For drug safety assessment, electro-
cardiogram (ECG) monitoring is particularly valuable in
detecting rhythm disturbances, including abnormal
heartbeats from the atria or ventricles, conduction delays,
and signs of myocardial stress, such as changes in the QT
interval.2223 Combining these two methods provides a
complete cardiovascular safety profile, since echo-
cardiography assesses mechanical function while
electrocardiography identifies electrical abnormalities.2*
This integrated approach is especially important when
evaluating medications with potential cardiovascular
effects, as adverse reactions may present through
mechanical dysfunction, electrical disturbances, or both.z

The unique cardiovascular physiology of cats, including
their pronounced susceptibility to stress-induced cardiac
changes and distinct adrenergic receptor distribution
patterns, necessitates species-specific safety evaluation.26
While beta-2 agonists have generally shown good
tolerability in canine studies, direct extrapolation of these
findings to felines is not advisable due to the considerable
inter-species physiological differences.?’” Furthermore,
recent feline studies have primarily focused on respiratory
efficacy or metabolic effects rather than comprehensive
cardiovascular safety assessment,?® as salbutamol is
frequently administered to cats with respiratory disease,
including geriatric patients who may have underlying sub-
clinical cardiac conditions, affecting up to 30.00% of older
cats; so, a thorough evaluation of the cardiovascular safety
is clinically imperative.29:30

This investigation addresses this critical knowledge
gap by providing a comprehensive assessment of the acute
cardiovascular responses to nebulized salbutamol in
healthy cats.

Materials and Methods

Study population. Twenty healthy adult cats (10
males and 10 females) with an age range of 6 months to 2
years and a mean body weight of 3.20 + 0.70 kg were
recruited for this study. The study was conducted at
Karma Veterinary Clinic, Tehran, Iran. The cohort
comprised nine Domestic Shorthair, three Persian, five
Scottish Fold, one British Shorthair, and two Domestic
Longhair cats. Young adult subjects were selected to
minimize age-related cardiovascular variability and
establish baseline safety data in a healthy population. All
cats underwent a comprehensive pre-enrollment
screening, including physical examination, complete blood
count, serum biochemistry, and baseline electro-

cardiographic and echocardiographic evaluations, to
confirm optimal health and exclude any sub-clinical
cardiac disease. Strict exclusion criteria included any
structural cardiac abnormalities, concurrent medications
affecting cardiovascular function, evidence of systemic
illness, or stress-related behaviors that could compromise
data accuracy. This study was approved by the Ethics
Committee of Shahid Chamran University of Ahvaz, Ahvaz,
Iran (Approval ID: IRSCU.REC. 1404.087). Written
informed consent was obtained from all owners prior to
enrollment. All procedures were performed free of charge.
Comprehensive  stress-reduction  protocols  were
implemented, including dim ambient lighting, a 15-min
environmental acclimation period, continuous owner
presence, and gentle handling by experienced staff, to
minimize stress-induced cardiovascular artifacts.

Study design. A placebo-control group was not
incorporated due to the well-documented challenges in
feline research. Cats exhibit pronounced stress sensitivity
to repeated handling and monitoring sessions, and the
volunteer-based nature of the study made multiple-visit
protocols impractical for maintaining an adequate sample
size. Furthermore, the established pharmacological profile
of salbutamol made a placebo-controlled design ethically
questionable in healthy subjects. Therefore, the study
employed immediate pre- and post-treatment comparisons
within individual subjects to serve as their own controls, a
design minimizing confounding variables and has been
validated in previous feline cardiovascular research.

Drug administration. A salbutamol solution was
prepared by diluting 3.75 mg of ALDO Union
Pharmaceutical Co., Barcelona, Spain, to a total volume of
500 mL with 0.90% sterile saline (Shahid Ghazi
Pharmaceutical Co., Tabriz, Iran). This dose was selected
based on the protocol established by Leemans et al,
demonstrating optimal anti-spasmodic effects at this
concentration in healthy cats under controlled
experimental conditions3! An ultrasonic nebulizer
(NE100; Rossmax International Ltd., Taipei, Taiwan)
connected to ICU chamber (MX-BL500N; Autolex Rcom,
Gimhae-si, South Korea) was used to deliver the
medication over a 20-min period. Following nebulization,
cats remained in the chamber for an additional 5 min to
ensure complete drug inhalation.

Assessments and timing. Due to the lack of
veterinary-specific pharmacokinetic data on inhaled
salbutamol in cats, human clinical research was referenced
to guide the assessment timing!! demonstrating that
inhaled salbutamol induces measurable cardiovascular
effects within 5 min of administration, with these effects
persisting for up to 20 min. Accordingly, all post-treatment
cardiovascular assessments were performed exactly 15
min after the completion of nebulization to ensure that
evaluations were conducted during the window of
maximal anticipated drug effect.
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Clinical, echocardiographic, and electrocardio-
graphic evaluations. Vital signs were measured pre- and
post-treatment using standardized veterinary techniques.
Heart rate assessment utilized Littmann Classic Il
stethoscope (3M Health Care, St. Paul, USA) with thoracic
auscultation and manual counting over 1-min intervals to
ensure accuracy. Blood pressure was measured using a
calibrated non-invasive oscillometric device (Contec08A;
Contec Medical Systems Co., Qinhuangdao, China), being
validated for feline use. Core temperature was recorded
using a digital rectal thermometer (TG100; Rossmax
International Ltd.). Comprehensive echocardiographic
assessments were performed by a single experienced
operator using a Sonoscape E2Vet ultrasound system with
a 4.00 - 13.00 MHz microconvex probe (Sonoscape
Medical Corp., Shenzhen, China). Cats were positioned in
right and left lateral recumbency on a specialized ultra-
sound table with a cut-out section to allow optimal probe
contact. A standardized imaging protocol based on the
American College of Veterinary Internal Medicine
guidelines for feline echocardiography was followed.32
Standard views were obtained systematically, including
right parasternal long-axis four-chamber view and right
parasternal short-axis views at the level of the chordae
tendineae and papillary muscles. Two-dimensional
imaging was performed first to evaluate chamber size and
wall thickness, followed by M-mode measurements taken
perpendicular to the interventricular septum and left
ventricular free wall at the chordal level.33 For transmitral
flow assessment, pulsed-wave Doppler was performed
from the left apical four-chamber view with the sample
volume placed at the tips of the mitral valve leaflets during
diastole.34 This positioning allowed accurate measurement
of E-wave velocity, A-wave velocity, E-wave/A-wave (E/A)
ratio, E-wave deceleration time, and isovolumic relaxation
time. All measurements represented the mean of three
consecutive cardiac cycles to ensure accuracy. The M-
mode measurements were used to calculate systolic
function indices (shortening fraction and ejection
fraction), and pulsed-wave Doppler was used for trans-
mitral flow analysis to assess diastolic function (E-wave

velocity, A-wave velocity, E/A ratio, and isovolumic
relaxation time). Six-lead ECG recordings using Cardimax
FX-7302 ECG monitor (Fukuda Denshi Co., Ltd., Tokyo,
Japan) were obtained at a paper speed of 50.00 mm per
sec and an amplitude of 10.00 mV. All ECGs were
analyzed by two independent observers for rhythm, rate,

interval measurements (PR, QRS, and QT), and
morphological abnormalities.
Statistical analysis. Statistical analyses were

performed using GraphPad Prism version 10.0 (GraphPad
Software Inc., San Diego, USA). Data are presented as mean
+ standard deviation. The normality of data distribution
was assessed using the Shapiro-Wilk test. Comparisons
between pre- and post-treatment measurements were
performed using the paired t-test for normally distributed
variables. Pearson's correlation coefficient (r) was used to
assess the relationships between selected physiological
variables. Effect sizes were calculated using Cohen's d and
interpreted as small (< 0.50), medium (0.50 - 0.80), or
large (> 0.80). A two-tailed p value of < 0.05 was
considered statistically significant.

Results

All twenty cats successfully completed the study
protocol. No adverse events requiring medical
intervention occurred, and all cats tolerated the
nebulization procedure with minimal signs of stress.

Cardiovascular and respiratory parameters. The
cardiovascular changes following salbutamol
administration were minimal and clinically insignificant
(Table 1). Heart rate showed a statistically significant but
modest increase of 7.00% from baseline (p < 0.05). The
E/A ratio also demonstrated a statistically significant
elevation (p < 0.001), primarily reflecting changes in
diastolic filling patterns secondary to the increased heart
rate. However, all individual values for these parameters
remained within clinically acceptable ranges for healthy
cats. While E-wave velocity, E-wave deceleration time, and
isovolumic relaxation time showed borderline statistical
significance (p = 0.05), these changes were minimal and

Table 1. Cardiovascular and respiratory parameters before and after nebulized salbutamol administration in healthy cats (n=20.00).

Values are expressed as mean * standard deviation.

Parameters Before treatment After treatment p-value
Heart rate (beats per min) 204.10 = 33.09 218.35+4.84 0.03
Respiratory rate (breaths per min) 38.05+£5.87 40.05+£5.96 0.04
Systolic blood pressure (mm Hg) 142.50 + 18.20 145.80 £ 16.90 0.23
Diastolic blood pressure (mm Hg) 98.40 £12.10 101.20 £ 14.30 031
Body temperature (°C) 38.70 £ 0.40 38.80+0.30 0.45
Shortening fraction (%) 42.10 +£6.80 43.20+£7.10 0.58
Ejection fraction (%) 71.2+890 72.50+£9.20 0.62
Number of E-wave 68.29 + 14.87 68.15+5.75 0.05
Number of A-wave 2843 +7.50 23.20+713 0.01
E-wave deceleration time (ms) 63.95+13.39 61.65 +10.45 0.05
E-wave/A-wave ratio 244 +0.33 3.05+0.56 0.001
Isovolumic relaxation time (ms) 30.75+8.13 29.6 +7.83 0.05
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not considered clinically relevant. Systolic blood pressure,
diastolic blood pressure, and body temperature remained
stable with no post-treatment significant changes (p >
0.05). Respiratory rate increased minimally by 5.30% (p <
0.05). Systolic function parameters, including ejection
fraction and shortening fraction, showed no significant
changes, indicating preserved myocardial contractility.

Electrocardiographic findings. The electrocardio-
graphic analysis provided the most clinically significant
evidence of cardiovascular safety. Key findings included:
Rhythm stability) Normal sinus rhythm was preserved in
100% of subjects (20/20 cats). Absence of pathological
arrhythmias) No cases of atrial fibrillation, atrial flutter,
ventricular arrhythmias, or other clinically significant
ectopy were observed. Stable cardiac conduction) No
second- or third-degree atrioventricular blocks, bundle
branch blocks, or pre-excitation syndromes were detected.
One cat (5.00%) exhibited a post-treatment mild first-
degree atrioventricular block, being considered clinically
insignificant. Normal ST segments) No evidence of ST-
segment deviation suggestive of myocardial ischemia was
noted. Physiological changes consistent with beta-
adrenergic stimulation were observed, including sinus
tachycardia in 65.00% of cats (13/20) and transient
shortening of the PR interval in 25.00% (5/20). All PR
intervals remained within the normal reference range for
felines. Isolated, non-sustained premature atrial
contractions were noted in 15.00% of cats (3/20) and
deemed clinically insignificant.

Reference range, effect size, and correlation
analysis. To assess clinical safety, the percentage of cats
remaining within normal physiological reference ranges
was analyzed (Fig. 1). All subjects (100%) remained
within the normal range for heart rate (120 - 240 beats per
min) and ejection fraction (> 55.00%), both before and
after salbutamol administration. Post-treatment, 95.00%
of cats remained within the normal range for systolic
blood pressure (120 - 180 mmHg) and respiratory rate
(20 - 40 per min). To quantify the clinical magnitude of the
observed changes, an effect size analysis was performed
using Cohen's d (Fig. 2). The analysis revealed a large
effect size for the E/A ratio (d > 0.80), a medium effect for
heart rate (d = 0.50), and small effects for respiratory rate
and ejection fraction (d < 0.50). A correlation analysis was
performed to investigate the relationships between key
physiological parameters (Table 2). A strong, statistically
significant positive correlation was found between the

heart rate and E/A ratio (r = 0.72; p < 0.001). A moderate
positive correlation was also observed between the heart
rate and respiratory rate (r = 0.45; p < 0.05), while a weak,
non-significant negative correlation was noted between
the heart rate and ejection fraction (r = - 0.12; p > 0.05).
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Fig. 1. Percentage of cats within normal reference ranges (pre- vs.
post-treatment. The chart demonstrates the proportion of
subjects maintaining normal physiological values before (blue
bars) and after (green bars) salbutamol administration across
key clinical parameters.
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Fig. 2. Individual parameter effect sizes. Bar chart showing
Cohen's d values for different physiological parameters, with
effect size categories, including small (< 0.50), medium (0.50 -
0.80), and large (> 0.80).

Table 2. Detailed correlation analysis between physiological parameters.

Parameter pairs Correlation (r) p-value Strength Clinical interpretation
Heartrate & E-wave/A-wave ratio 0.72 <0.001 Strong positive Expected physiological coupling
Heart rate & Respiratory rate 0.45 0.048 Moderate positive Normal cardiopulmonary coordination
Heart rate & Ejection fraction -0.12 0.61 Weak negative No significant relationship
E-wave/A-wave < Ejection fraction -0.08 0.732 Negligible Independent parameters
Respiratory rate < Blood pressure 0.23 0.321 Weak positive Minimal clinical significance
Blood pressure & Temperature 0.15 0.527 Negligible No meaningful association
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Discussion

This study provides compelling evidence for the
cardiovascular safety of nebulized salbutamol in healthy
cats. From a clinical cardiology perspective, the universal
preservation of normal sinus rhythm across all subjects is
the most significant finding, demonstrating an absence of
the pro-arrhythmic effects that would pose the greatest
clinical risk.

The observed sinus tachycardia in 65.00% of cases
represents a predictable and physiological response to
beta-2 agonist administration. Importantly, these heart
rate elevations were modest and remained well within the
normal feline reference range (120 - 240 beats per min),
occurring  without any associated pathological
arrhythmias. Similarly, the transient PR interval
shortening in 25.00% of subjects reflects enhanced atrio-
ventricular conduction due to the mild sympathetic
stimulation and is not considered an adverse event.

The statistically significant increase in the E/A ratio
warrants careful interpretation. This change was not
indicative of pathological diastolic dysfunction but was
rather a physiological consequence of the increased
heart rate. Tachycardia reduces the diastolic filling
period, disproportionately shortening the contribution
of atrial contraction (A-wave) to ventricular filling. This
leads to a mathematical increase in the E/A ratio, a
finding that is expected with mild chronotropic effects
and does not imply a safety concern. The excellent
concordance between the stable systolic function on
echocardiography and stable rhythm on ECG further
strengthens this interpretation.

The integration of effect size and correlation analyses
provides a more nuanced interpretation of the
physiological responses. The strong positive correlation
between the heart rate and E/A ratio (r = 0.72), combined
with a large effect size for the E/A ratio change,
statistically substantiates that the significant increase in
this parameter is a predictable physiological consequence
of tachycardia-induced shortening of diastolic filling time.
This finding confirms the change was not indicative of
direct adverse effects on diastolic function. Furthermore,
this interpretation is strongly supported by the negligible
effect size observed for ejection fraction and the weak,
non-significant correlation between the heart rate and
ejection fraction. Together, these results indicate that the
increased heart rate did not compromise myocardial
contractility, reinforcing the overall cardiovascular safety
profile of salbutamol at the studied dose. These findings
align with recent veterinary research and human clinical
data. Salva et al?® recently reported minimal cardio-
vascular effects of inhaled salbutamol in cats, and human
pediatric studies using comparable dosing protocols
report cardiovascular effects of a similar magnitude,
typically limited to mild, transient tachycardia.3s> The

absence of significant arrhythmias in our study contradicts
early theoretical concerns about beta-1 cross-reactivity in
felines and supports the drug’s cardiovascular selectivity
at this therapeutic dose.

Our findings align well with previous feline studies
examining bronchodilator safety. Leemans et al3!
evaluated several inhaled bronchodilators, including
salbutamol, in healthy cats and reported minimal
cardiovascular effects, though their study did not include
detailed diastolic function assessment by echocardio-
graphy. More recently, Salva et al.28 investigated metabolic
effects of inhaled salbutamol in healthy cats and found
changes in potassium levels but no clinically significant
cardiovascular adverse events, being consistent with our
cardiovascular safety results. Studies of terbutaline,
another beta-2 agonist commonly used for feline asthma,
have shown similar cardiovascular safety profiles with
mild, transient increases in heart rate as the main
finding.3® Human studies using therapeutic doses of
inhaled salbutamol have similarly demonstrated modest
transient increases in heart rate, consistent with the
expected pharmacological effects of -agonists.3537 The
consistency between our feline data and human pediatric
findings is noteworthy, as both populations receive
weight-adjusted therapeutic doses and both demonstrate
good cardiovascular tolerance to standard bronchodilator
treatment. Our study adds to this body of knowledge by
providing  simultaneous echocardiographic  and
electrocardiographic evaluations with systematic effect
size analysis, offering the most thorough cardiovascular
safety assessment of nebulized salbutamol in cats to date.

The primary limitation of this study is its focus on
healthy, young adult cats, which may limit direct
extrapolation to geriatric patients or those with pre-
existing cardiovascular disease (e.g.,, hypertrophic
cardiomyopathy). However, establishing safety in a
healthy population provides an essential baseline for
clinical decision-making. The absence of a placebo-
control group, necessitated by the practical and ethical
constraints of feline research, was mitigated using each
subject as an own control. Finally, this was a single-dose
study, and the cumulative effects of chronic
administration were not assessed.

Future studies should investigate dose-response
relationships to establish comprehensive safety margins.
Additionally, research on the long-term effects of chronic
administration and studies in high-risk populations, such
as geriatric cats and those with known cardiac disease, are
warranted to provide crucial guidance for real-world
clinical scenarios.

This comprehensive investigation provides the first
evidence that a standard therapeutic dose of nebulized
salbutamol has a cardiovascular safety profile in healthy
cats. The preservation of normal sinus rhythm, absence of
pathological arrhythmias, and maintenance of stable
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hemodynamic parameters provide scientific support for
its clinical use. The minimal changes observed, modest
sinus tachycardia and subtle, physiologically explained
alterations in diastolic filling, are predictable
pharmacological responses rather than adverse effects.
These findings address a critical knowledge gap in feline
respiratory medicine and support the continued use of
salbutamol as a first-line bronchodilator for conditions,
like feline asthma.

This study provides veterinary clinicians with essential
safety data for evidence-based therapeutic decisions,
supporting the use of salbutamol in feline asthma
management with appropriate clinical monitoring. The
results offer reassurance regarding cardiovascular safety
while emphasizing the importance of individualized
patient assessment, particularly in high-risk populations.
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