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ABSTRAa.  The effect of inhaled bronchodilators in 
bronchiolitis has been difficult to evaluate due to problems 
with techniques for assessing respiratory function in in- 
fants. Two new techniques were used to assess the response 
to inhaled salbutamol in 17 infants with bronchiolitis. With 
one technique, expiratory flow, volume, and airway occlu- 
sion pressure were measured and used to derive compliance 
(Crs) and conductance (Grs) of the respiratory system from 
a passive expiration induced by a brief end-inspiratory 
airway occlusion. With the other technique, the maximum 
flow at functional residual capacity (VmaxFRC) was meas- 
ured from a partial maximum expiratory flow-volume curve 
generated by external chest compression. For the group, 
there was no change in compliance or conductance after 
salbutamol, but salbutamol caused a fall in maximum flow 
at functional residual capacity ( p  < 0.01) and in the time 
constant of tidal expiration ( p  < 0.01). The decrease in 
maximum flow at functional residual capacity with salbu- 
tam01 is consistent with increased airway collapse on forced 
expiration. The decrease in tidal time constant suggests 
that the drug decreases expiratory braking. Presence of 
such braking activity may be an important strategy for 
maintaining lung volume. In summary, salbutamol failed 
to produce a beneficial effect on airways in bronchiolitis, 
but did produce changes in expiration which may be harm- 
ful in some infants. (Pediatr Res 22: 83-86, 1987) 

Abbreviations 

Pao, airway pressure 
FRC, functional residual capacity 
VmaxFRC, maximum flow at FRC 
Tt, time constant of tidal expiration 
Trs, time constant of the respiratory system 
Ve, expired volume 
Crs, compliance of the respiratory system 
Rrs, resistance of the respiratory system 
Grs, conductance of the respiratory system 
TGV, thoracic gas volume 

Inhaled bronchodilators are widely used in many centers in 
the management of acute viral bronchiolitis. Their use has been 
encouraged by the observed strong association between bronchi- 
olitis and subsequent asthma ( I )  and by the clinical similarities 
of bronchiolitis to infantile asthma. There is little objective 
evidence to support the use of inhaled bronchodilators in viral 
bronchiolitis (2); some studies show no response to these agents 
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(3-8), others suggest some response (9-1 1). This inconsistency 
may be due to the lack of a reliable assessment of peripheral 
airways function (1 - 12). 

We have used the passive (1 3, 14) and forced (1 5, 16) expira- 
tory flow-volume maneuvers to assess the effect of inhaled sal- 
butamol on respiratory mechanics in 17 infants with acute viral 
bronchiolitis. The passive technique has the advantage of allow- 
ing compliance and conductance to be measured in the absence 
of artifacts due to both respiratory muscle activity (1 3) and the 
frequency dependence of the two variables (17, 18). The forced 
technique reflects small airway function (15) which has not 
previously been investigated in bronchiolitis. 

SUBJECTS AND METHODS 

The subjects were chosen from infants admitted to the Royal 
Children's Hospital, Melbourne, during the 1983 winter bron- 
chiolitis season. At the time of study, all infants exhibited the 
typical clinical pattern of bronchiolitis, with tachypnea, hyper- 
inflation, expiratory wheeze, and/or inspiratory crepitations on 
auscultation. Only infants with nasopharyngeal specimens posi- 
tive for respiratory syncytial virus antigen were studied. 

Seventeen infants were studied; ten were male and seven 
female. They were studied at a mean of 3.6 days (range 1-14) 
after admission to hospital. Mean duration of hospital admission 
was 5.7 days (range 3-17 days). Mean age was 20.6 wk (range 8- 
50 wk) and mean weight when studied was 6.5 kg (range 3.8- 
9.5). Mean weight at birth was 3.2 kg. All but two of the infants 
were born at full-term. The two born preterm were 25 and 34 
wk gestation with birth weights of 0.8 and 2.5 kg, respectively. 
Both these infants had been in apparently good health prior to 
this illness. Birth weight of the full-term infants ranged from 2.2 
to 3.9 kg. 

The study was performed with the approval of the Hospital 
Medical Ethics Committee and informed consent was given by 
the attending parent for each subject. Subjects were studied in 
the recovery phase of their illness soon after they no longer 
required supplementary oxygen. They were fasted for 4 h then 
sedated with chloral hydrate (50 mg/kg) orally, accompanied by 
either bottle or breast feeding. Subjects were studied asleep in 
the supine position. 

For the forced expiratory flow-volume method, the chest and 
abdomen were compressed using a plastic inflatable cuff with an 
outer layer of nonexpansile material. The cuff was inflated from 
a large gas reservoir, equipped with a blow-off valve to prevent 
excessive pressure. Reservoir pressure was measured using a 
water-filled manometer while cuff pressure was measured using 
a Statham P23 transducer. A moulded plastic putty face mask 
attached to a slide valve was placed over the mouth and nose. 
The slide valve (13) had three positions: 1) open to the atmos- 
phere; 2) airway occlusion; 3) breathing through a Fleisch "1" 
pneumotachograph. The pneumotachograph was attached to a 
Validyne DP-45 differential pressure transducer and a Validyne 
CD-19 camer amplifier. Volume was obtained by electronic 
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integration. Pao was measured from a port in the slide valve 
using a Statham P 23 transducer. 

To minimize the dead space effect, a catheter inserted into the 
side of the face mask provided air (5 1 /min) directly to the infant. 
This air flow was turned off immediately prior to the perform- 
ance of each flow-volume maneuver. Flow, volume, airway, and 
cuff pressures were recorded on a chart recorder (Hewlett-Pack- 
ard no. 7754A) run at 10 or 25 mm/s and simultaneously stored 
on tape (Racal Store 4D). Flow and volume signals were moni- 
tored during the study on a Tektronix 5223 digitizing storage 
oscilloscope. Tape signals were played back following the study 
at reduced speed onto a Hewlett-Packard 7046A x-y paper plot- 
ter. 

A series of forced flow-volume maneuvers was performed using 
gradually increasing cuff pressure until maximum flow was 
achieved. Cuff pressure required for maximum flow never ex- 
ceeded 50 cm H20. Following normal tidal breathing, the cuff 
was rapidly inflated at end-inspiration and the resulting flow- 
volume curve recorded. Maximum flow was then measured on 
the forced curve at the same volume as the end-expiratory lung 
volume on the tidal curve. By convention, this yolume is called 
FRC and the maximum flow at this volume is VmaxFRC (16). 
The time constant of Tt was measured on the breath preceeding 
the forced expiration. Tt was taken as the inverse to the mean 
slope of the straight line of best fit (determined by eye) to the 
downslope of the tidal expiratory flow-volume relationship. This 
downslope approached linearity in all infants. As Tt is volume 
divided by flow, it has the units of time. Tt for a given infant 
was calculated as the mean Tt for five breaths, each of which 
preceded a forced expiration. The mean coefficient of variation 

respiratory muscles to relax. Airway occlusion pressure is ob- 
tained, and the occlusion is released allowing the infant to expire 
passively. The flow-volume plot during passive expiration is 
linear, indicating that the respiratory muscles are relaxed and 
that both expiratory flow and volume are following a single 
negative exponential decline (1 3). The inverse of the downslope 
of the plot is the passive Trs and by extrapolating this line to the 
zero flow axis the total passive Ve is available. Extrapolation is 
necessary because infants inspire before completing a full passive 
expiration (13). The volume at which the extrapolated line 
intersects the zero flow axis is the volume in the relaxed system 
and this volume can be described as passive FRC. The volume 
at the end of tidal expiration can, therefore, be called dynamic 
FRC. Crs is Ve divided by Pao and Rrs is Trs by Crs; therefore, 
Grs is Crs divided by Trs. Crs and Grs were determined for each 
infant as the mean of five expirations. 

The passive and forced expiratory flow-volume maneuvers 
were performed before and after inhalation during tidal breathing 
of 0.2 ml(<5 kg body wt) or 0.3 ml(>5 kg) of 0.5% salbutamol 
respirator solution made up to 2 ml with normal saline. 

The clinical course in the hospital for each subject was re- 
viewed and details were obtained of any previous wheezing 
episodes as well as a family history of asthma and atopic disease. 

Variables measured during passive, forced, and tidal expiration 
were compared before and after nebulizations using the two- 
tailed paired Student's t test. These variables were also compared 
between groups subdivided according to history. 

RESULTS 
for Tt was 14.8% (range 3.4-26.2). 

Passive respiratory mechanics were measured using the passive A review of the hospital course following admission showed 

expiratory flow-volume method (1 3, 14). With this technique, that 121 17 (7 1 %) subjects required supplementary oxygen and 

the airway is briefly occluded at end-inspiration inducing the 5/17 (29%) required intravenous fluids as respiratory distress 
precluded oral feeding. Four of the 17 (24%) had a history of 
previous wheezing episodes and 5/17 (29%) had a familv history . ~ ,  
of asthma in firsthegree relatives. 

Table 1. Pulmonar~functiofl data before and after salbutamol Respiratory function data are summarized in Table 1. There 
nebulization in 17 infants [mean (SD)] was no significant change in compliance, conductance, or passive 

Presalbutamol Postsalbutamol p time constant following salbutamol nebulization. For the group 
there was a significant fall in maximum flow at FRC (p < 0.01) 

Crs (ml . cm H20-I) 
Grs (ml . s-' . cm 

6.9 (2.29) 6.35 NS and in Tt (p < 0.0 1) following salbutamol. 
19.9 (7.4) 18.8 (6.7) NS The individual changes of Crs, Grs, VmaxFRC, and Tt follow- 

HZO-') ing salbutamol are illustrated in Figure 1. There was no signifi- 
Trs (s) 0.37 (O.lO) 0.35 (0.08) NS cant difference in maximum flow between subjects with and 
YmaxFRC (ml's-l) 81.3 (42.5) 60.9 (30.5) <O.O1 without a family history of asthma or between subjects with and 
Tt (s) 0.49 (0.16) 0.39 (0.08) <O.O1 without a previous history of wheezing. 
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Fig. I .  Crs and Grs of the respiratory system, V ~ ~ X F R C ,  and the Tt in each of the 17 subjects before and after salbutamol nebulization. 
V ~ ~ X F R C  and Tt decreased after salbutamol ( p  < 0.01). 
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Fig. 2. Forced expiratory flow-volume curve with preceding tidal curve (smaller curve) before and after salbutamol nebulization in one subject. 
The patient was 9 wk old, weighed 3.8 kg, and was studied 7 days after admission. After salbutamol there is a marked increase in the slope of the 
tidal expiration (i.e. a decrease in the time constant Tt). If the two sets of curves are superimposed using the same point for FRC, flow is the same 
for the forced curves for the first half of expiration, but flow for the postsalbutamol curve is below the presalbutarnol curve for the latter half of 
expiration. 

Figure 2 illustrates an example of maximal expiratory flow- 
volume curves from one patient before and after salbutamol. 
With the administration of salbutamol the slope of tidal expira- 
tory flow is increased (the time constant of Tt is decreased), 
whereas forced expiratory flow is the same for the first half of 
expiration but less for the last half of expiration. 

DISCUSSION 

The question of whether or not infants with bronchiolitis 
should be treated with a bronchodilator agent has remained 
unresolved (2). There are two main reasons for this. The first is 
that there have been methodologic problems in making meas- 
urements of respiratory function in infants. The techniques 
commonly employed, body plethsmography (3,8, 11, 12), esoph- 
ageal balloon manometry (3, 9, 12), and respiratory conductance 
by the forced oscillation method (5, 10, 1 I), are affected by 
airway closure and large airway (including nasal) patency and do 
not specifically assess lower airway function. Silverman (2) re- 
cently pointed out that the forced flow-volume method could 
provide the necessary sensitivity for measuring small airway 
patency and therefore should be a more appropriate technique 
for assessing bronchodilator response in bronchiolitis. 

The second reason the question remains unresolved is that 
controlled studies on the use of bronchodilators in bronchiolitis 
have not shown a significant bronchodilator (4-8) response. A 
single dose of a nebulized sympathomimetic agent failed to 
produce a group response in several studies (3-5, 7-9) and 
nebulized ipratropium bromide, although initially thought to 
induce bronchodilation (9, 1 l), failed to do so in a double-blind 
trial (6). However, all these studies employed techniques which 
do not adequately reflect small airway caliber. Were the tech- 
niques so insensitive that a response was missed, or was there no 
response to measure? 

In the current study, we have found that salbutamol has no 
beneficial effect on basic respiratory function, but does cause a 
significant alteration in the pattern of breathing. For the group 
there was no significant change in compliance or conductance 
with salbutamol (Table 1, Fig. I ) .  This is in line with findings 
from previous studies in which dynamic resistance (4), airway 

conductance (8), and total resistance (9) were unaffected by 
sympathomimetic agents. 

We also found that salbutamol caused a fall in forced expira- 
tory flow at FRC. A similar observation has been made in a 
preliminary study by Spier et a/. (19) who studjed wheezy infants 
and noted that salbutamol caused a fall in VmaxFRC but no 
change in lung resistance (measured by the forced oscillatory 
technique). 

As expiratory flow is volume dependent, it is important that 
expiratory flow be measured at comparable lung volumes. Thus, 
the fall in VmaxFRC after salbutamol could either reflect a 
decrease in caliber of small airways or a reduction in lung 
volume. Plethysmograhic determination of lung volume was not 
undertaken in this study, as the technique may be unreliable in 
the presence of airways obstruction (20). However, there are 
several lines of evidence suggesting that lung volume did not 
change significantly after salbutamol. First, TGV was unaffected 
by salbutamol in two previous studies in similar infants (8. 10). 
Radford (8) investigated 10 infants and found the mean TGV to 
be 306 ml presalbutamol and 309 ml postsalbutamol. In our 
department, Soto et al. (10) studied 50 infants with bronchiolitis 
and also found that there was no effect of salbutamol on TGV. 
Second, Crs and Grs were not changed by salbutamol in the 
present study. If obstructed airways were opened up after bron- 
chodilator therapy, hyperinflation would be expected to diminish 
the Crs and Grs would increase. Third, an additional comparison 
was made using passive FRC as a volume landmark for the 
measurement of maximum expiratory flow. VmaxFRC is usually 
measured using dynamic FRC (the lung volume at the end of a 
tidal expiration) as a volume landmark; if dynamic FRC changed 
after salbutamol, VmaxFRC could be measured at a different 
lung volume. Passive FRC could be expected to be a more reliable 
volume landmark, as it should only be affected by a change in 
elasticity. As elasticity (i.e. compliance) did not change after 
salbutamol, passive FRC would not be expected to change. 
Therefore maximum expiratory flows were compared at the same 
volume above passive FRC for pre- and postsalbutamol expira- 
tions. This was done as follows. From superimposed tidal and 
passive flow-volume loops the difference between dynamic FRC 
and passive FRC can be easily derived (1 3); this difference was 
obtained both before and after salbutamol in each infant. For 
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the study group, there was a small decrease [mean 2.6 ml (SD 
2.9) p < 0.011 in the difference between dynamic and passive 
FRCs after salbutamol. A correction was now made in each 
infant to account for the change in dynamic FRC (passive FRC 
was assumed, using the above rationale, to be unchanged by 
salbutamol). This correction was made by comparing the pre- 
nebulization VmaxFRC (measured, as usual, at dynamic FRC) 
with maximum flow after salbutamol measured at the same 
volume above passive FRC as had been the case in the presal- 
butamol curves. Applying this correction, flows post salbutamol 
remained lower than those presalbutamol (p < 0.02). 

As the fall in maximum expiratory flow after salbutamol does 
not appear to be to result from a decrease in lung volume, it may 
be due to a reduction in either airway caliber or airway stiffness. 
The latter situation has been implicated in cystic fibrosis; the 
decrease in expiratory flow in children with cystic fibrosis after 
,8-2 sympathomimetic therapy (21) was thought to result from 
airway compression secondary to reduced bronchomotor tone. 
Perhaps in infants, airway smooth muscle has a more important 
function holding the airway open than in altering its diameter. 

We also found that salbutamol induced a change in the pattern 
of tidal breathing: the tidal expiratory time constant was de- 
creased by salbutamol (Table 1, Fig. 1). The likely cause is a 
change in the caliber of the upper airway. We suggest that glottic 
narrowing to brake expiration may be used by an infant with 
bronchiolitis as a strategy for maintaining a relatively high end- 
expiratory volume, and that this strategy may be lost after 
salbutamol administration. This concept is supported by our 
data, as the change in tidal time constant could not be due to a 
change in lung physiology; passive respiratory mechanics were 
unaltered (Table 1, Fig. 1) and forced maximum expiratory flow 
fell with salbutamol (Table 1, Figs. 1 and 2). Furthermore, 
dynamic FRC was closer to passive FRC after salbutamol. Al- 
though this effect of salbutamol was small, the finding is consist- 
ent with a decrease in expiratory braking. As infants with bron- 
chiolitis could achieve better expiratory flow by being hyperin- 
flated, a loss of laryngeal expiratory braking might be hazardous 
for some infants. 

The decreased tidal expiratory time constant after salbutamol 
has important implications. First, the conventional method of 
measuring conductance in infants, including the measurement 
of airway conductance by plethysmography (2, 8, 1 1, 12), the 
esophageal balloon technique (3,9, 12), and the forced oscillation 
method ( 5 ,  7, 10, 1 1, 19), are performed during tidal breathing, 
so any change in upper airway caliber will be recorded as a 
change in conductance. Thus the "improvement" in lung func- 
tion seen in some subjects in some studies using these techniques 
(9-1 1) could be explained by a change in laryngeal caliber if 
measurements are made during expiration. However, this prob- 
lem may not be present if measurements are confined to inspi- 
ration provided inspiratory laryngeal caliber is unchanged by 
salbutamol. Second, the infant with the postsalbutamol pattern 
of expiration might appear to be breathing more easily, despite 
no improvement in lung function. Our finding therefore raises 
new doubts about both the ability of conventional techniques to 
measure bronchodilator response accurately and the reliability 

of assessing bronchodilator response in infants by clinical scores 
based on observation. 

Many infants with acute viral bronchiolitis have significant 
respiratory distress and hypoxemia (22-24). The handling and 
attendant distress that may be created during the administration 
of a nebulized bronchodilator to these infants in the acute phase 
of their illness as well as the lack of physiologic evidence of its 
effectiveness do not support the routine use of this form of 
therapy. 
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