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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Previous reports have demonstrated a link

between inhaled b2-agonist use and
cardiovascular morbidity and mortality.

• The underlying mechanism for this
relationship, however, remains controversial.

WHAT THIS STUDY ADDS
• Inhalation of a therapeutic dose of

salbutamol resulted in significant
haemodynamic changes, which were
accompanied by a shift in cardiovascular
autonomic tone towards increased
sympathetic outflow in the absence of
baroreceptor activation.

• The observed changes in cardiac autonomic
function may contribute to an increased
cardiac risk associated with inhaled
b2-agonist treatment.

AIMS
To investigate short-term effects of inhaled salbutamol on haemodynamic
changes and cardiovascular autonomic control.

METHODS
A randomized, single-blinded, placebo-controlled study of 0.2 mg of
inhaled salbutamol was conducted on 12 healthy nonsmoking volunteers
with a mean age of 24 � 2 years at two different testing sessions.
Non-invasively obtained continuous haemodynamic measurements of
cardiac output, beat-to-beat arterial blood pressure, and total peripheral
resistance were recorded prior to and for a total of 120 min after inhalation
of the respective study drug. Continuous cardiovascular autonomic tone
was recorded using power spectral analysis of heart rate and blood
pressure variability. Spontaneous baroreceptor activity was assessed by the
sequence method.

RESULTS
There were no significant changes in any of the baseline parameters
between the different testing sessions. Inhalation of salbutamol caused a
significant increase in cardiac output from 6.7 � 1.3 to 7.7 � 1.4 l min-1 (P <
0.05), and a decrease in total peripheral resistance from 1076 � 192 to 905
� 172 dyne s-1 cm-5 (P < 0.05) within 15 min after inhalation. Moreover,
salbutamol significantly increased sympathetically mediated low-frequency
heart rate variability (P < 0.01), whereas parasympathetically mediated
high-frequency heart rate variability decreased (P < 0.01). All changes
persisted for approximately 30 min and were fully reversible at 120 min.
There were no significant changes in systolic blood pressure variability or
spontaneous baroreceptor activity.

CONCLUSIONS
Inhalation of therapeutic doses of salbutamol in healthy subjects resulted
in significant haemodynamic changes and a shift of sympathovagal
balance towards increased sympathetic tone in the absence of
baroreceptor activation.

British Journal of Clinical
Pharmacology

DOI:10.1111/j.1365-2125.2009.03377.x

394 / Br J Clin Pharmacol / 67:4 / 394–402 © 2009 The Authors
Journal compilation © 2009 The British Pharmacological Society

mailto:valipour@wienkav.at


Introduction

Selective b2-agonists, such as salbutamol, are in wide-
spread use for patients with asthma or chronic obstructive
pulmonary disease (COPD). In addition to their bronchodi-
lating effect, b2-agonists are capable of causing unfavour-
able effects on the cardiovascular system. A number of
previous reports have described a relationship between
oral or inhaled b2-agonist use and increased cardiovascular
morbidity and mortality [1–7]. Using a case–control study,
Au and co-workers [7] have previously shown that patients
hospitalized for myocardial infarction or unstable angina
were significantly more likely than control subjects to have
received prior inhaled b2-agonist treatment. Their findings
did not appear to be confounded by tobacco use,
COPD history, cardiovascular disease or cardiovascular risk
factors, suggesting a direct link between inhaled
b2-agonist use and cardiovascular ischaemic events. A
number of factors may contribute to the increased cardio-
vascular risk associated with inhaled b2-agonists: (i) an
increase in heart rate due to systemic absorption of the
drug, which may result in a shortening of the diastole,
thereby increasing myocardial oxygen consumption and
reducing the time for coronary artery perfusion; (ii) a
decrease in potassium concentrations, which may exert
pro-arrythmogenic effects [8]; and (iii) direct effects of
salbutamol on b-adrenoceptors of the heart, resulting in
increased sympathetic outflow [9]. A recent report by
Kallergis and coworkers [10] has furthermore demon-
strated that nebulized salbutamol leads to significant elec-
trophysiological effects, such as increased atrioventricular
nodal conduction and decreased atrial and ventricular
refractoriness.

Despite the large number of clinical studies showing a
relationship between inhaled b2-agonist treatment and
cardiovascular risk, only few reports have systematically
investigated the effects of b2-agonist inhalation on hae-
modynamic parameters and cardiovascular autonomic
control. Quantitative data of cardiovascular autonomic
tone can be obtained by spectral analysis of blood pres-
sure and heart rate variability, which have been shown to
be independent predictors of cardiovascular morbidity
and mortality [11–13]. Thus, the aims of the present study
were to assess the acute effects of inhaled salbutamol on
cardiovascular autonomic regulation in healthy, nonsmok-
ing volunteers, using continuously obtained haemody-
namic measurements, blood pressure and heart rate
variability, and baroreceptor activity.

Methods

Test subjects
Twelve healthy nonsmoking volunteers (medical stu-
dents), seven women and five men, were studied in a
prospective, subject-blinded, placebo-controlled study.

Subjects were free from any cardiac, respiratory, neurologi-
cal or hormonal disease and had normal pulmonary
function testing (spirometry). None of the subjects was
receiving acute or chronic medication. Each participant
was informed about the details of the study in a personal
interview and all gave their written informed consent. The
protocol was approved by the institutional review board.

Experimental setting
Each subject attended two different testing sessions sepa-
rated by 1 week. An instruction period preceded the first
session to familiarize subjects with the use of the study
inhaler. Subjects were asked to refrain from heavy exercise
for at least 24 h prior to the testing sessions. Alcohol, coffee
and tea were prohibited for at least 12 h. The studies were
performed between 11.00 and 13.00 h to avoid potential
circadian variations in measurements of cardiovascular
parameters.

On the study day, subjects were taken to a quiet, dimly
lit room.They rested in a supine position on a comfortable
bed for �20 min to stabilize cardiovascular parameters
before starting the measurements. Thereafter, a 15-min
recording of baseline parameters was obtained during
quiet normal breathing (baseline), which was followed by
inhalation of the study drug in a randomized fashion (salb-
utamol 0.2 mg or placebo with a dummy device). Subjects
inhaled the study drug after full expiration and then held
their breath for 10 s. A spacer device (ACE-Kit; Smiths
Medical ASD, Rockland, MA, USA) was used to maximize
drug delivery to the lower airways. After inhalation, sub-
jects were continuously monitored for a total of 120 min.
Subjects were questioned about side-effects from the test
drug after each testing session.

To assess the individual bronchodilatory effect of the
study drug, each participant underwent spirometric mea-
surements of forced expiratory volume in 1 s (FEV1), forced
vital capacity (FVC) and FEV1/FVC ratio before and after
inhalation of either salbutamol or placebo, using a hand-
held spirometer (Easyone; ndd Medical Technologies,
Andover, MA, USA). In order to avoid a potential influence
of the breathing manoeuvres on the haemodynamic
parameters, spirometric measurements were performed
on a separate visit.

Measurements
For monitoring and automatic online calculation of all hae-
modynamic parameters as well as autonomic cardiovascu-
lar tone we used the Task Force Monitor (CNSystems, Graz,
Austria). Continuous measurements of systolic (SBP) and
diastolic (DBP) beat-to-beat arterial blood pressure were
obtained by use of the vascular unloading technique on
the finger [14]. Mean arterial blood pressure (mBP) was
obtained by integration of the digital pressure waveform.
Beat-to-beat blood pressure values were automatically
corrected to an offset obtained from oscillometric blood
pressure measurements at the contralateral arm (brachial
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artery). Real-time beat-to-beat stroke volume (SV) was
derived using an improved method of transthoracic
impedance cardiography [15, 16]. Impedance cardiogra-
phy utilizes changes in thoracic electrical impedance to
estimate changes in blood volume in the aorta and
changes in fluid volume in the thorax [15]. By measuring
the maximum rate of thoracic electrical impedance during
ventricular ejection, dividing it by the base impedance,
multiplying by the left ventricular ejection time and a
volume constant of the chest (determined by age, weight,
height, and body surface area), the SV of the left ventricle
can be calculated [15].

Although impedance cardiography may have limits
regarding the accuracy of the absolute values of SV and
cardiac output (CO), it is a non-invasive tool being increas-
ingly used for physiological and clinical studies when rela-
tive changes of haemodynamic recordings are of primary
interest [17]. In fact, recent work suggests that measure-
ments as obtained by impedance cardiography are less
variable and more reproducible than by the thermodilu-
tion technique [18]. Total peripheral resistance (TPR) was
calculated as mBP/CO.

Heart rate (HRV) and systolic blood pressure variability
(SBPV) were obtained with an adaptive autoregressive
model as proposed by Bianchi et al. [19] using a recursive
least squares algorithm [20]. Both HRV and SBPV were dis-
played as three-dimensional sliding power spectra [16].
The total power and the power of user-defined frequency
bands were then computed.The defaults were set to three
bands: (i) the very low-frequency band between 0 and
0.05 Hz, which are not reported in this study, (ii) the low-
frequency band (LF-HRV, LF-SBPV) between 0.05 and
0.17 Hz, and (iii) the high-frequency band (HF-HRV,
HF-SBPV) between 0.17 and 0.40 Hz. The power density of
each spectral component was calculated both in absolute
values (ms2) and normalized units (nu). The ratio between
LF- and HFHRV was computed.

In addition, an automatic evaluation of respiratory rate
was derived from the impedance signal by extracting the
instantaneous respiratory rate without the need for further
instrumentation such as spirometric equipment for the
chest, mouthpieces or mouth masks. The high-frequency
content of the impedance signal was removed by applying
a moving average window before further bandpass filter-
ing the resulting signal. Detection of breathing cycles was
performed by applying an upper and lower threshold to
the respiratory signal and looking for sequences where
these thresholds were crossed in the required order to
form a complete breathing cycle.

Spontaneous baroreflex activity was evaluated using
the sequence method. The sequence method is based on
the computer identification in the time domain of sponta-
neously occurring sequences of consecutive beats in
which progressive increases in SBP of � 1 mmHg beat-1 for
at least three consecutive heart beats are followed with a
one-beat delay by a progressive lengthening in pulse inter-

val (PI) of �4 ms beat-1 (PI+/SBP+ sequences) or, vice versa,
progressive decreases in SBP are followed by a progressive
shortening in PI (PI-/SBP- sequences) [21].The slope of the
regression line between SBP and PI interval changes was
taken as an index of the sensitivity of arterial baroreflex
modulation of heart rate, as with the laboratory method
based on intravenous injection of vasoactive drugs [22].
Using this technique, we have previously demonstrated
a reduction in spontaneous baroreceptor activity in
response to cardiac preload reduction manoeuvres [23].
Only episodes with correlation coefficients >0.95 were
selected, and from all regressions a mean slope of barore-
flex sensitivity was calculated for each steady-state period.

Statistical analysis
Results are given as means � SD and are expressed as
absolute values or changes from baseline. Mean values for
haemodynamic variables, measurements of HRV and SBPV,
baroreflex sensitivity and respiratory rate were calculated
as the average of the corresponding time series: baseline,
5 min (T5), 15 min (T15), 30 min (T30) and 90–120 min after
inhalation of the study drug (T90). Changes in cardiovas-
cular parameters were examined by analysis of variance for
repeated measures (ANOVA). If trends reached statistical
significance, a Tukey–HSD-Post-Test correction was per-
formed to determine differences between the respective
ventilatory settings.The null hypothesis was rejected at the
5% level.

Results

We studied 12 subjects with a mean age of 24 � 2 years
and body mass index of 22 � 2 kg m-2. Spirometric results
prior to inhalation of the study drug were within normal
limits with a FEV1 of 3.9 � 0.7 l min-1, FVC 4.7 � 0.8 l min-1,
and a FEV1/FVC ratio of 95%. Inhalation of salbutamol did
not result in significant changes of the spirometric param-
eters in the subjects.

There was no evidence of any cardiac arrhythmias after
inhalation of the test drugs. After inhalation of salbutamol,
however, four subjects (33%) reported slight palpitations,
one subject (8%) complained of a headache, and one (8%)
perceived a hot flush. No adverse effects were observed
after inhalation of placebo.

Acute effects of inhaled salbutamol on
haemodynamic measurements
Table 1 demonstrates results of the haemodynamic mea-
surements in the study population. Baseline haemody-
namic measurements were similar between the different
testing sessions. Overall, inhalation of salbutamol resulted
in a significant increase in heart rate from 62 � 10 to 75 �
11 beats min-1 (P < 0.05), an increase in CO from 6.1 � 1.2
to 7.7 � 1.4 l min-1 (P < 0.05), and a decrease in TPR from
1066 � 249 to 905 � 172 dyne s-1 cm-5 (P < 0.05) at T5 after
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drug administration (Figures 1 and 2). The observed hae-
modynamic changes peaked at T15, persisted up to T30
and were fully reversible at T90. There were no significant
changes in beat-to-beat blood pressure or stroke volume
after inhalation of salbutamol, nor were there any signifi-
cant changes in any of the haemodynamic parameters
after inhalation of placebo.

Acute effects of inhaled salbutamol on heart
rate and blood pressure variability
We observed no significant alterations in respiratory rate
following inhalation of either study drug that might have
had an influence on changes in HRV. An example of power
spectral analysis of HRV is given in Figure 3.

There were no significant changes induced by inhala-
tion of either study drug in HRV across the frequency

bands when using absolute units (Table 2). Administration
of salbutamol, however, significantly decreased parasym-
pathetically mediated HF-HRV expressed in normalized
units at T5 (P < 0.05). In contrast, normalized units of sym-
pathetically mediated low-frequency components of HRV
were significantly (P < 0.05) increased after inhalation of
salbutamol, resulting in an overall increased LF to HF ratio
(P < 0.05). The peak of the observed changes in cardiovas-
cular autonomic tone was observed at T5, and similar to
the haemodynamic changes was fully reversible at T90.

Baseline measurements of SBPV were similar between
the different testing sessions. There were no significant
changes in high- or low-frequency components using
absolute or normalized units of SBPV in response to inha-
lation of the study drugs (Table 3).

Table 1
Haemodynamic parameters prior to (baseline) and after inhalation of the study drugs (T5, T15, T30, T90)

Baseline
Salbutamol Placebo
T5 T15 T30 T90 T5 T15 T30 T90

HR, beats min-1 62 � 10 75 � 11* 75 � 10* 73 � 12* 67 � 11 63 � 11 61 � 11 60 � 10 61 � 11
SV, ml 99 � 15 103 � 14 105 � 17 104 � 17 97 � 14 99 � 14 96 � 14 97 � 13 96 � 15

SBP, mmHg 116 � 6 116 � 8 117 � 10 117 � 9 117 � 8 115 � 8 115 � 6 114 � 5 117 � 7
DBP, mmHg 75 � 4 73 � 6 73 � 7 74 � 6 76 � 8 75 � 4 74 � 5 74 � 4 77 � 3

CO, l min-1 6.1 � 1.2 7.7 � 1.4* 7.8 � 1.4* 7.5 � 1.5*† 6.5 � 1.3 6.1 � 1.3 5.9 � 1.2 5.8 � 1.1 5.8 � 1.2
CI, l min-1 m-2 3.4 � 0.8 4.3 � 0.8* 4.4 � 0.9* 4.2 � 0.9† 3.6 � 0.8 3.5 � 0.8 3.3 � 0.8 3.2 � 0.7 3.3 � 0.8

TPR, dyne s-1 cm-5 1066 � 249 905 � 172* 883 � 192* 938 � 195*† 1109 � 269 1169 � 287 1207 � 248 1203 � 254 1241 � 244
TPRI, dyne s-1 m-2 cm-5 2100 � 517 1624 � 356* 1505 � 575* 1682 � 377† 1991 � 514 2108 � 597 2175 � 522 2166 � 518 2237 � 522

CI, cardiac index; CO, cardiac output; HR, heart rate; SBP, DBP, systolic and diastolic blood pressure; SV, stroke volume; TPR, total peripheral resistance; TPRI, total peripheral resistance
index. *P < 0.05 for salbutamol compared with baseline. †P < 0.05 for salbutamol compared with placebo at isotime.
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Figure 1
Short-term effects of inhaled salbutamol on cardiac output measure-
ments. T5, T15, T30, T90, indicating 5, 15, 30 or 90 min after inhalation of
the study drugs, respectively. *P < 0.05 for salbutamol vs. placebo inhala-
tion. Salbutamol (——); Placebo (······)
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Figure 2
Short-term effects of inhaled salbutamol on total peripheral resistance.
T5,T15,T30,T90, indicating 5, 15, 30 or 90 min after inhalation of the study
drugs, respectively. *P < 0.05 for salbutamol vs. placebo inhalation.
Salbutamol (——); Placebo (······)
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Acute effects of inhaled salbutamol on
baroreflex sensitivity
An example of the relationship pulse interval and SBP
sequences recorded from a subject prior to and after inha-

lation of salbutamol is demonstrated in Figure 4. Inhalation
of salbutamol did not result in a significant change in
spontaneous baroreceptor reflex sensitivity expressed as
the mean slope of PI+/SBP+ and PI-/SBP- sequences, as
outlined in Table 3.

Discussion

The present study was designed to investigate short-term
effects of inhaled salbutamol on continuously obtained
haemodynamic parameters and cardiovascular autonomic
function using measurements of heart rate and blood
pressure variability.

Salbutamol is an adrenergic agonist whose principle
effect is stimulation of b2-receptors with resultant bron-
chodilation. Compared with oral or parenteral routes of
administration, inhalation of salbutamol has reportedly
been associated with fewer systemic side-effects for
equivalent bronchodilator effect [24–26]. Nevertheless,
there is evidence of systemic absorption of the inhaled
drug, which may result in clinically significant haemody-
namic changes [27]. Most previous studies investigating
cardiovascular effects of inhaled bronchodilators, however,
have been restricted to measurements of heart rate and/or

HRV
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Figure 3
Original tracing from a representative subject during normal breathing
and after inhalation of a single therapeutic dose of salbutamol. Drug
inhalation resulted in a significant increase in LF-HRV indicating a shift of
autonomic tone towards increased sympathetic activity. Peaks are indi-
cated by arrows. LF-HRV and HF-HRV, low-frequency and high-frequency
heart rate variability expressed as normalized units.T15,T30, 15 or 30 min
after inhalation of the study drug, respectively

Table 2
Heart rate variability and respiratory rate prior to (baseline) and after inhalation of the study drugs (T5, T15, T30, T90)

Baseline
Salbutamol Placebo
T5 T15 T30 T90 T5 T15 T30 T90

LFnu-HRV 43.1 � 16.6 61.0 � 13.5* 54.7 � 13.3 51 � 15 46.3 � 15.1 55.3 � 13.4 46 � 11 44.2 � 11.5 43.9 � 16.0
LF-HRV, ms2 2128 � 2638 1248 � 1208 741 � 553 448 � 388 1062 � 1208 2564 � 2257 1740 � 1764 1655 � 1863 1782 � 2585

HFnu-HRV 56.9 � 16.5 39.0 � 13.5* 45.3 � 13.3 49 � 15 53.7 � 15.1 44.7 � 13.4 54 � 11 55.8 � 11.5 56.1 � 16.0
HF-HRV, ms2 3632 � 6166 1094 � 1633 827 � 913 580 � 784 1753 � 3255 2965 � 4350 2841 � 4133 2727 � 3575 2893 � 5205

LF/HF ratio 1.3 � 1.5 2.3 � 1.6* 1.7 � 1.3 1.6 � 1.2 1.1 � 0.7 1.4 � 1.1 1.1 � 0.7 0.9 � 0.5 0.9 � 0.5
Respiratory rate min-1 15 � 3 15 � 4 16 � 3 16 � 3 15 � 4 15 � 3 12 � 3 14 � 3 15 � 3

*P < 0.05 for salbutamol compared with baseline. LF-HRV and HF-HRV, low-frequency and high-frequency heart rate variability expressed as normalized units (nu) or absolute
values (ms2).

Table 3
Systolic blood pressure variability and spontaneous baroreceptor sensitivity prior to (baseline) and after inhalation of the study drugs (T5, T15, T30, T90)

Baseline
Salbutamol Placebo
T5 T15 T30 T90 T5 T15 T30 T90

LFnu-SBPV 40 � 12 45 � 13 45 � 13 44 � 10 39 � 9 45 � 14 42 � 14 42 � 14 40 � 13
LF-SBPV, ms2 5.9 � 6.9 3.7 � 2.4 2.9 � 1.8 2.5 � 1.5 4.6 � 4.2 4.8 � 3.3 3.8 � 2.4 3.1 � 1.7 5.5 � 5.2

HFnu-SBPV 13 � 14 12 � 11 12 � 10 12 � 9 11 � 5 11 � 6 11 � 6 12 � 6 14 � 6
HF-SBPV, ms2 1.6 � 2.1 0.9 � 0.8 0.7 � 0.7 0.6 � 0.5 1.0 � 0.8 1.2 � 1.0 1.1 � 0.9 1.0 � 0.8 1.6 � 1.0

LF/HF-SBPV 5.5 � 4.2 6.0 � 4.0 5.9 � 4.7 6.1 � 5.0 4.8 � 2.9 5.2 � 2.9 4.8 � 2.5 4.2 � 2.3 3.3 � 1.5
PI+/SBP+ 26 � 14 21 � 13 30 � 16 29 � 16 32 � 22 39 � 41 36 � 22 42 � 26 41 � 30

PI-/SBP- 31 � 14 25 � 11 23 � 13 23 � 13 30 � 25 36 � 22 31 � 20 36 � 24 33 � 22

LF-SBPV and HF-SBPV, low-frequency and high-frequency systolic blood pressure variability expressed as normalized units (nu) or absolute values (ms2); PI+/SBP+, PI-/SBP-, sequences
of consecutive beats in which progressive increases in SBP of at least 1 mmHg beat-1 for at least three consecutive heart beats are followed by a progressive lengthening in pulse
interval (PI) of at least 4 ms beat-1 (PI+/SBP+ sequences) or, vice versa, progressive decreases in SBP are followed by a progressive shortening in PI (PI-/SBP- sequences).
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blood pressure, which may not adequately reflect the full
extent of the haemodynamic response that may occur
[28–31].

Continuous measurements of heart rate, beat-to-beat
arterial blood pressure and cardiac output were used to
assess the immediate haemodynamic effects of salbutamol
inhalation in healthy subjects in addition to parameters of
cardiovascular autonomic tone, including spontaneous
baroreceptor activity. Using this approach we observed a
significant increase in heart rate and cardiac output in
response to inhaled salbutamol, which were accompanied
by an increase in sympathetically mediated HRV.

Interpretation of the study results
At least two important pathways may contribute to explain
the cardiovascular effects of inhaled salbutamol: (i) direct
effects of salbutamol on b2-cardiac adrenoceptors, where
they facilitate norepinephrine release [9], and (ii) stimula-
tion of endothelium-dependent nitric oxide-mediated
dilation of resistance arterioles resulting in reflex vagal
withdrawal and baroreceptor activation [32].

Oscillations in heart rate are being increasingly used as
a non-invasive measure of autonomic cardiovascular
control [33].The high-frequency components of HRV result
from efferent vagal activity, which has been validated in
clinical and experimental observations of autonomic
manoeuvres [33, 34]. LF-HRV, in contrast, is increased in
conditions known to increase sympathetic outflow such as
tilting [35], mental stress [33], infusions with sodium nitro-
prusside or exercise [35, 36]. Furthermore, there is evidence
that spectral analysis of muscle sympathetic nerve activity
and HRV share almost identical oscillatory components
with a high correlation between both measures in the
human subject [37–39]. Blood pressure variability, in con-
trast, reflects subclinical organ damage independently of
absolute blood pressure values rather than acute changes
in autonomic cardiovascular control [40, 41].

In the present study we did not observe significant dif-
ferences in HRV across the frequency bands when absolute
units were used; however, when the power of HRV was
calculated in normalized units, diminished high-frequency
and increased low-frequency HRV was observed. This is of
particular importance, since interpretation of changes in
the total power of HRV may affect spectral components of
low frequency and high frequency expressed in absolute
units in the same direction and may prevent appreciation
of the fractional distribution of the energy [36]. The
observed decrease in normalized units of HF-HRV and
increase in normalized units of LF-HRV after salbutamol
inhalation may therefore suggest a change in the sym-
pathovagal balance toward increased sympathetic tone
[33, 35, 36, 42]. In the absence of significant changes in
SBPV and spontaneous baroreceptor activity, our findings
are compatible with the hypothesis of a direct effect of
salbutamol on cardiac adrenoceptors, rather than barore-
ceptor activation due to the fall in peripheral resistance.

The effects of inhaled salbutamol on
cardiovascular function in previous studies
Using echocardiography to assess haemodynamic
changes after inhalation of a single dose of fenoterol in
healthy subjects, Chapman et al. [27] found a similar
pattern of haemodynamic changes with an increase in
heart rate accompanied by a fall in total peripheral resis-
tance. In contrast to our findings, however, the authors
reported a wide range in the magnitude of the haemody-
namic response among individual subjects, suggesting dif-
ferential drug delivery to the bronchial tree in that study,
which may occur when metered dose inhalers are used
without inhaler augmentation devices. Similarly, Waring
and coworkers [43] observed an increase in cardiac index
and a decrease in systemic vascular resistance after salb-
utamol inhalation (0.2 mg) in both healthy subjects and
pretreated patients with asthma. Extending their findings,
we observed that the cardiovascular changes returned to
baseline values within 90 min after salbutamol inhalation.
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Figure 4
Original record of the relationship between pulse interval (PI) and systolic
blood pressure (SBP) in a healthy subject at baseline, 5 (T5), 15 (T15) and
30 (T30) min after inhalation of salbutamol. N, total number of identified
spontaneous baroreceptor sequences

Effects of inhaled salbutamol on cardiovascular autonomic control

Br J Clin Pharmacol / 67:4 / 399



Stimulation of the b2-adrenoceptor further exerts
important effects on autonomic cardiovascular control.
Administration of salbutamol via the oral route has pre-
viously been shown to reduce overall heart rate variability
and increase sympathetic components of HRV [44]. Only
few reports, however, have investigated the effects of
inhaled short acting b2 agonists on HRV. Kaya et al. [30]
did not observe significant changes in HRV after inhala-
tion of salbutamol (0.1 mg) in resting healthy probands.
Similarly, Dagnone and coworkers [45] did not find any
significant changes in heart rate variability after inhala-
tion of higher doses of albuterol (0.4 mg). The lack of
monitoring respiratory rate [29, 31], or haemodynamic
measurements such as cardiac output [29, 30, 45, 46] and
blood pressure [28, 30] in these reports, however,
may have prevented observation of important clinical
sequels that may be associated with changes in HRV.
Furthermore, both above-mentioned studies may have
neglected the acute effects of inhaled salbutamol within
the first 45 min of application. This is of particular impor-
tance, since our findings as well as others [28, 29] suggest
that the peak of haemodynamic changes accompanied
by alterations in HRV is observed within 15 min of drug
delivery. Finally, our study is the first to provide data on
the effects of inhaled b2-agonists on both SBPV and spon-
taneous baroreceptor activity.

Clinical implications
A number of previous studies have reported an association
between the use of inhaled b2-agonists and increased car-
diovascular morbidity and mortality in patients with both
asthma [1, 3–6, 47] and COPD [2]. In a recent meta-analysis
of randomized controlled trials of inhaled b2-agonists [48],
there was a significantly higher risk for cardiovascular
events in the treatment compared with the placebo
groups. Our findings may support these observations by
providing evidence of altered autonomic cardiovascular
tone due to inhaled salbutamol. In fact, the decrease in
parasympathetically mediated LF-HRV observed in our
report has previously been shown to be predictive of car-
diovascular morbidity and mortality [49, 50].

In summary, the present study may suggest that inha-
lation of a single therapeutic dose of salbutamol results in
significant haemodynamic changes in healthy subjects,
which are accompanied by a shift in cardiovascular auto-
nomic control towards decreased parasympathetic
outflow in the absence of significant changes in sponta-
neous baroreceptor activity. The observed changes in
cardiac autonomic function may contribute to the
increased cardiac risk associated with inhaled b2-agonist
treatment.
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