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The use of bronchodilators in people with recently acquired
tetraplegia: a randomised cross-over trial

DJ Barratt1,2, LA Harvey1, PA Cistulli2,3, L Nier2 and S Denis4

Study design: A within-participant, double-blind, cross-over, randomised control trial.
Objectives: To determine the short-term effects of bronchodilator therapy on respiratory function in people with recently acquired
motor complete tetraplegia.
Setting: Hospital, Australia.
Methods: A total of 12 people with recently acquired tetraplegia were randomised to receive either a one-off dose of a bronchodilator
followed by an equivalent dose of a placebo propellant between 1 day and 1 week later or visa versa. The three outcomes were forced
expiratory volume in 1 s (FEV1), peak expiratory flow rate (PEF) and forced vital capacity (FVC). These were measured while supine
by a blinded assessor 10 and 30min after treatment. Data were analysed on 11 participants and reported as percentage of predicted.
Results: The FEV1, FVC and PEF mean between-group differences (95% confidence interval) at 10min post treatment were 7.3%
(2.7–11.9%; P¼0.003), 5.5% (1.6–9.4%; P¼0.008) and 20.1% (1.1–40.4%; P¼0.039). Similar effects were observed at
30min for FVC and FEV1 but not for PEF.
Conclusion: Bronchodilator therapy has a beneficial effect on FEV1, FVC and PEF in participants with recently acquired tetraplegia.
Spinal Cord (2012) 50, 836–839; doi:10.1038/sc.2012.62; published online 29 May 2012
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INTRODUCTION

People with tetraplegia are highly susceptible to respiratory complica-
tions in the early days after injury. This is due to a number of factors
including the adverse effects of respiratory muscle paralysis, imposed
immobility and pain.1 Recent clinical guidelines have advocated the
use of bronchodilator therapy as an effective way to treat and prevent
respiratory complications.2 However, these recommendations are not
based on clinical trials involving patients with recently acquired
tetraplegia. Instead, they are based on trials involving people with
established tetraplegia. Trials in people with established tetraplegia
have demonstrated that bronchodilator therapy improves forced
expiratory volume in 1 s (FEV1) and peak expiratory flow rate
(PEF) and aids the removal of secretions.3–7 However, it cannot be
assumed that the response of people with recently acquired tetraplegia
to bronchodilator therapy is the same as the response of people with
established tetraplegia. One important difference may be the
implications of the isolated sympathetic nervous system. Although
all patients with complete tetraplegia loose supraspinal control of the
sympathetic nervous system, those recently injured may also have an
interim loss of reflex-mediated sympathetic activity associated with
spinal shock. This may last for 1–3 months.8 It is not clear how loss of
reflex-mediated sympathetic activity in the first few months after
injury affects a patient’s response to bronchodilator therapy. The
purpose therefore of this study was to determine the immediate

effects of bronchodilator therapy on respiratory function in people
with recently acquired tetraplegia.

MATERIALS AND METHODS

Participants
A within-participant, double-blind, cross-over randomised control trial was

undertaken where participants received both treatment and placebo interventions

between 1 day and 1 week of each other. All the patients admitted to a Sydney

spinal injury unit were screened for inclusion between May 2009 and February

2012. Inclusion was based on a recent (o8 weeks) motor complete cervical SCI

(that is, an American Injury Impairment Scale (AIS) A or B according to the

International Standards for Neurological Classifications of Spinal Cord Injury).

Exclusion criteria were pre-existing diagnosis of asthma, other diagnosed respi-

ratory diseases (chronic obstructive pulmonary disease and emphysema), long-

term pre-morbid bronchodilator-therapy use or unstable respiratory status at the

time of screening. Smokers and mild undiagnosed asthmatics were not excluded.

All the participants were randomised to receive either the placebo or the

bronchodilator-therapy treatment first. They received the alternate intervention

within a median (interquartile range) of 6 days (4–7) later. Randomisation

occurred after baseline measurements to ensure participants were able to perform

acceptable spirometry according to the American Thoracic Society guidelines

modified for SCI.9 The randomisation schedule was computer generated by an

independent person and stored off site in opaque sequentially numbered

envelopes. Once an envelope was opened, the participant was considered to

have entered the trial.
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Both the placebo and bronchodilator therapy (Inhaler, salbutamol (as

sulfate) 100mg per actuation) were administered with a puffer via a spacer.

After four puffs were dispensed into the spacer chamber, the participant was

instructed to perform deep breaths with inspiratory holds of 3 s for a period of

1min. This was performed while supine. Participants remained supine until all

assessments were completed. Therapist and participant blinding were achieved

by ensuring that an independent person prepared each placebo or broncho-

dilator therapy solution according to the randomisation schedule. Puffers were

taped to disguise the contents. The placebo solution contained propellant only.

All outcome measures were taken by a blinded assessor. Three outcomes were

measured, namely, forced vital capacity (FVC), FEV1 and PEF. These were

performed while supine using a calibrated spirometer (spirolab II, manufac-

tured by MIR, Rome, Italy) 10 and 30min after inhalation of spacer contents.

Three FVC manoeuvres were performed but only the highest results were

recorded. The original protocol specified 1 h follow-up measurements of all the

outcomes but this was abandoned because participants were unwilling to lie

flat for an hour.

Statistical analysis
Initially, one-way ANOVAs were used to test for period effects. That is, effects

solely due to the passage of time. None were detected (Po0.05) and hence

data were analyzed using a two-way ANOVA to determine the interaction

between intervention (that is, bronchodilator therapy versus placebo) and

assessment (that is, pre versus post versus follow-up). Data on one participant

who was clearly uncooperative in the second round of testing was excluded

from the analysis.

RESULTS

The flow of participants through the study is shown in Figure 1.
A total of 118 patients admitted with AIS A and AIS B tetraplegia
were screened for inclusion into the study and 12 were ultimately
randomised. One participant was a smoker but he was the unco-
operative patient whose data were excluded from the analyses.
Participants received both interventions according to the protocol,
and all the participants and the assessor remained blind for all aspects
of the study. The median (interquartile range) age and time since
injury were 30 (25–37) years and 24 (18–35) days, respectively. All the
participants had motor complete lesions with neurological levels
ranging from C5 to C7 (Table 1). Ten participants had AIS A lesions
and two participants had AIS B lesions.
Table 2 summarises the results. The FEV1, FVC and PEF mean

between-group differences (95% confidence interval) at 10min post
treatment were 7.3% (2.7–11.9%; P¼ 0.003), 5.5% (1.6–9.4%;
P¼ 0.008) and 20.1% (1.1–40.4%; P¼ 0.039). Similar effects were
observed at 30min for FVC and FEV1 but not for PEF.

Experimental Intervention

• Bronchodilator via
a spacer   

Control Intervention
• Placebo

bronchodilator via
spacer

Meet the inclusion criteria (n = 12)

Baseline spirometry in supine then randomised

(n = 6)
Min 0 

Experimental Intervention

• Bronchodilator via a
spacer

Min 10 Measured spirometry in supine
(n = 6)

Measured spirometry in supine 

(n = 6)
Min 30 

Minimum washout period of 24 hours

Baseline spirometry in supine
(n = 6)Min 0 

Measured spirometry in supine 

(n = 5)

Control Intervention
• Placebo

bronchodilator via
spacer 

Min 10 

Measured spirometry in supine

(n = 5)
Min 30 

118 participants with
acute tetraplegia

admitted to tertiary
hospital 

Excluded from study (106):
17 deceased 
60 AIS C, D 
17 unstable at time of screening 
10 >8 weeks post injury when screened
2 pre-existing ventolin use  

(n = 6)

(n = 6)

(n = 6)

(n = 6)

(n = 6)

(n = 5)

Figure 1 Flow of participants through the trial.
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DISCUSSION

This is the first randomised controlled trial to investigate the short-
term effects of bronchodilator therapy on respiratory function in
people with recently acquired tetraplegia. It is important to determine
the effectiveness of bronchodilator therapy because this therapy is
widely advocated but its efficacy has only been investigated in people
with established tetraplegia. People with recently acquired tetraplegia
may respond differently to bronchodilator therapy than people with
established tetraplegia because of their interim loss of sympathetic-
mediated reflexes immediately after injury. The results indicate a
small and statistically significant immediate effect of bronchodilator
therapy on FEV1, FVC and PEF that was sustained at 30min for
FEV1 and FVC.
The improvement in FEV1 with bronchodilator therapy may be

indicative of underlying bronchoconstriction in people with recently
acquired tetraplegia. It is not surprising that PEF in this group did not
improve. Peak flow in this group is primarily limited by expiratory
muscle weakness. Any changes in airway diameter due to bronchodi-
lator therapy would not influence the underlying weakness. Improve-
ments in FEV1 without any change in expiratory muscle strength
indicate a decrease in airway resistance that can be attributed to
smooth muscle relaxation. Bronchoconstriction has been reported in
people with established tetraplegia but not examined in people
with recently acquired tetraplegia.3–7 The physiological basis for
bronchoconstriction in people with established tetraplegia is debated,

although it is most commonly attributed to loss of supraspinal control
of the sympathetic nervous system.8 The sympathetic nervous system
is important for dampening parasympathetic nervous system
activity. Without its dampening effects, the parasympathetic nervous
system can stimulate the bronchial smooth muscles causing
bronchoconstriction.10 Bronchoconstriction may be more prominent
in people with recently acquired tetraplegia than those with established
tetraplegia because of the effects of spinal shock. Spinal shock results in
an interim loss of reflexes. The loss of the sympathetic reflexes may
result in unmodulated parasympathetic nervous system activity,
thereby precipitating bronchoconstriction. It is also likely that bron-
choconstriction in this population occurs as a result of breathing at
low lung volumes.11–14 Perhaps a more important feature of spinal
shock in this population is reduced reflex-mediated sympathetic input
to the adrenal gland.15 This results in a low level of circulating
catecholamines and is responsible for the haemodynamic instability
observed in acute tetraplegia. Circulating catecholamines from the
adrenal gland directly stimulate the B2 adrenoreceptors in lungs,
causing bronchodilation of smooth muscles.16 Without circulating
catecholamines during spinal shock, there is less stimulus for
bronchodilation resulting in bronchoconstriction.
Some participants did not respond as well to the bronchodilator

therapy as others. One possible explanation is the differences in
underlying bronchoconstriction. This may have been due to partici-
pants’ varying levels of spinal shock. We crudely defined spinal shock
by the absence of the patella tendon reflex, although this definition is
debated. Only three participants had an absent patella tendon reflex,
suggesting that most were not in spinal shock, yet the median time
since injury was 24 (18–35) days, suggesting that most were in spinal
shock. Regardless, the results reflect the response of people with recent
tetraplegia. Responses may also have been influenced by the partici-
pants’ levels of co-operation. Spirometry is effort-dependant and
influenced by factors such as mood and fatigue.
Some of the noted between-group differences may have in part

been due to a decline in FEV1 and FVC in response to the placebo
rather than an increase in FEV1 and FVC in response to the
bronchodilator therapy. The propellant in the placebo solution may
have acted as an irritant indicative of airway hyperactivity. Airway
hyperactivity has been previously demonstrated in participants with
established tetraplegia in response to methacholine and capsin and is
also an important feature of asthma.2,4 Future studies could clarify
this issue by including a third arm of the study in which participants
received no intervention.
The effect of bronchodilator therapy on all the outcomes was

moderate. The mean effect on FEV1 was 7.3% of predicted but there

Table 1 Characteristics of participants including age (years), time

since injury (days), gender, AIS classification and neurological level

Participants n¼11

Age (years), median (IQR) 30 (25–37)

Time (days) since injury, median (IQR) 24 (18–35)

Male:female participants, n 9:3

AIS A:B, n 10:2

Motor level, n,

C5 8

C6 2

C7 1

PEF(lmin�1) 3.76 (1.3)

FVC(l) 2.29 (0.5)

FEV1(l) 1.79 (0.4)

Abbreviations: AIS, American Injury Impairment Scale; FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity; IQR, interquartile range; PEF, peak expiratory flow rate.

Table 2 Mean (s.d.) 10 and 30min pre and post FEV1, PEF and FVC for bronchodilator therapy and placebo interventions (percentage of

predicted). The mean (95% CI) between-group differences are also shown

Outcome Groups Difference within groups Difference between groups

Baseline 10min 30min 10min�baseline 30min�baseline 10min�baseline 30min�baseline

Exp

(n¼11)

Con

(n¼11)

Exp

(n¼11)

Con

(n¼11)

Exp

(n¼11)

Con

(n¼11)

Exp Con Exp Con Exp-Con Exp-Con

PEF(lmin�1) 42 (13.3) 45 (15.0) 47 (15.6) 45 (13.1) 47 (18.3) 44 (13.3) 4.5 (7.8) 0.0 (4.0) 2.0 (8.1) �4.6 (6.5) 20.1* (1.1–40.4) 4.7 (�1.0 to 10.1)
FVC(l) 49 (9.6) 55 (10.6) 51 (11.3) 53 (11.0) 51 (13.3) 50 (10.3) 4.2 (6.8) �1.2 (4.0) 4.3 (5.4) 4.3 (5.4) 5.5* (1.6–9.4) 6.6* (0.1–13.1)
FEV1(l) 46 (11.1) 51 (9.4) 50 (13.0) 48 (11.1) 49 (13.9) 48 (11.2) 2.2 (4.9) �3.2 (3.7) 3.0 (5.1) �2.8 (4.7) 7.3* (2.7–11.9) 5.9* (1.5–10.2)

Abbreviations: CI, confidence interval; Con, control group (placebo therapy); Exp, experimental group (bronchodilator therapy); FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;
PEF, peak expiratory flow rate.
*significant Po0.0.
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was imprecision around this estimate as reflected in the 95%
confidence interval. The lower end of the 95% confidence interval
was 3%. An effect this small may not be therapeutic. However, the
upper end of the 95% confidence interval was 12%. An effect this
large may be therapeutic. The precision of all the estimates was
reasonable despite the small sample size. This reflects the strength of
cross-over trials for studies of this kind. Cross-over trials are more
efficient and require fewer participants than parallel trials because
participants act as their own controls. The research question explored
in this trial was very conducive to a cross-over trial because the effects
of bronchodilator therapy are short-lived minimising any potential
for carry-over between the two phases of the study.
A limitation of this study is its external validity. Only a small

sample of people from one spinal injury unit in Sydney was included.
In addition, despite screening 118 patients admitted with recent
tetraplegia, only 11 met the inclusion criteria (see Figure 1). The main
reason for exclusion was a motor incomplete lesion. This exclusion
criterion was used because we were primarily interested in under-
standing the effects of bronchodilator therapy in patients with
minimal supraspinal control of the sympathetic nervous system.
The effects of bronchodilator therapy in people with motor incom-
plete lesions requires further investigation. The next step would be to
recruit a larger sample and compare regular administration of
bronchodilator therapy over a sustained period of time with placebo
in people with recently acquired tetraplegia and concurrent respira-
tory complications. It would be helpful to include outcome measures
which reflect variables such as length of hospital stay, quality of life
and serious respiratory complications. These types of outcome
measures were not used in this study because we firstly wanted to
establish the effect of bronchodilator therapy on surrogate outcomes
such as FEV1, FVC and PEF. Without an effect on these outcomes,
there is no obvious plausible way that bronchodilator therapy can
affect more global health measures. Future studies may also want to
examine the possible preventative effects of bronchodilator therapy on
the development of respiratory complications. However, this type of
trial will present a challenge to trialists.

CONCLUSIONS

This study demonstrates that bronchodilator therapy has short-term
effects on FEV1, FVC and PEF in people with recently acquired
tetraplegia. Further studies need to determine the therapeutic benefits
of bronchodilator therapy provided regularly over an extended period
of time and to people with concurrent respiratory complications.
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