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Effectiveness of Budesonide Aerosol in 
Ventilator-Dependent Preterm Babies: 

A Preliminary Report 

S. Arnon, MD, J. Grigg, MD, MRCP, and M. Silverman, MD, FRCP 

Summary. The aim of this randomized, double-blind, placebo-controlled trial was to assess 
the short-term effect of a topical glucocorticoid (budesonide 600 pg twice daily) vs. placebo 
administered by metered dose inhaler (MDI) and spacer (Aerochamber MVl5) directly into the 
endotracheal tube of intubated infants for 7 days. Twenty preterm infants (mean birthweight, 
1,030 g; mean gestational age, 27.3 weeks) who still needed assisted ventilation at 14 days of 
age were randomly assigned to receive budesonide (n = 9) or placebo (n = 11) and completed 
the study. The primary outcome was the need for mechanical ventilation after 7 days of treatment. 
Other outcome variables included ventilator settings, blood gases, serum cortisol levels, and 
bronchoalveolar lavage inflammatory cell counts. No ventilated infant was extubated during the 
study period. The treatment group showed significant improvements in mean peak inspiratory 
pressure, ventilator efficiency index, and (A-a) oxygen difference. There were no changes in 
the placebo group. Serum cortisol levels and bronchoalveolar lavage cell counts did not change 
significantly during the study period. There was no difference in side effects between the groups. 
This trial demonstrates that topical budesonide administered by MDI and Aerochamber produces 
clinical improvement in ventilated preterm infants, without glucocorticoid side effects. Pediatr 
Pulmonol. 1996; 21:231-235. o 1996 Wiiey-Liss, inc. 
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INTRODUCTION 

Chronic lung disease of prematurity (CLD) is charac- 
terized by the persistence of respiratory distress and the 
need for supplemental oxygen beyond the first month of 
life. Among other treatments for CLD, corticosteroids 
have been used widely, especially systemic dexametha- 
sone. Their use has recently been reviewed.' In summary, 
when given to intubated infants, extubation was clearly 
facilitated in all but one study, but the overall duration 
of oxygen therapy and the length of hospitalization were 
in general unaffected. Reported side effects with systemic 
corticosteroids included systolic hypertension and hyper- 
glycemia. Side effects were generally mild and transient, 
but there was evidence of adrenal suppression of up to 
1 month's duration, even after only 1 week of therapy in 
one study, and there are case reports of gastrointestinal 
perforation. It is reasonable to speculate that topical ste- 
roid therapy administered by aerosol may be effective in 
CLD, and may have the advantage of providing pulmo- 
nary benefits without undesirable systemic side effects. 
La Force and Brundo2 treated ventilator-dependent infants 
with nebulized beclomethasone at 14 days of age. Lung 
function improved during the treatment period, but the 
clinical outcome was not reported. There are other obser- 
vational studies of topical corticosteroids and one small 
0 1996 Wiley-Liss, Inc. 

controlled trial in which extubation of ventilator depen- 
dent infants was facilitated by the use of topical steroids 
in comparison with pla~ebo.~-~ One major problem with 
the administration of topical corticosteroids is that the 
effects of device and technique on lung dose and distribu- 
tion have not been fully defined. The delivery of drugs 
by metered dose inhaler (MDI) into a small volume spacer 
attached to the endotracheal tube has been studied by two 
groups and is more efficient than jet nebulization.*-" At 
this stage, the choice of dose, device, and dosing interval 
is therefore arbitrary. 

The aim of the study was to assess the short-term effects 
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of the topical corticosteroid budesonide, administered by 
MDI and spacer to preterm, mechanically ventilated in- 
fants at risk of chronic lung disease. The choice of dose 
was based on preliminary work with a lung model9 that 
had been validated in another study by an in vivo compari- 
son.I0 The outcome measure was defined as the need for 
continued mechanical ventilation after 1 week of treat- 
ment. Additional outcome measures included the ventila- 
tory efficiency index (VEI) and level of inspired oxygen 
concentration. Pulmonary inflammation was monitored 
by means of bronchoalveolar lavage (BAL). 

MATERIALS AND METHODS 

Thirty newborn infants, admitted to the neonatal inten- 
sive care unit between January 1992 and February 1993 
were randomly allocated to active or placebo treatment 
groups. The study was double blind. Infants were selected 
using the following criteria: 1) birthweight 5 2,000 g 
and gestational age I 33 weeks; 2) need for continuous 
mechanical ventilation [minimum ventilation rate 2 10/ 
min and fractional concentration of oxygen in inspired 
gas (Fi02) 2 30%] after recovery from the initial acute 
phase and any early complications of respiratory distress 
syndrome, at 14 days of age; and 3) no clinically signifi- 
cant changes in Fi02 or ventilator setting for 3 days prior 
to entry into the study. Exclusion criteria included actual 
or suspected sepsis, congential malformation that affected 
ventilation, patent ductus arteriosus (PDA), or continuing 
air leak. The study was approved by the Hospital Ethics 
Committee, and written parental consent was obtained. 
The primary outcome variable was weaning from the 
ventilator during the 7 day treatment period. All subjects 
had been treated with surfactant (Curosurf, Serono) soon 
after birth. 

Aerosol Administration 
Endotracheal suction was performed before therapy, 

but was avoided for 1 hour afterwards. An MDI of bude- 
sonide (Astra Draco, UK 200 kg/puff) or a placebo MDI 
identical in appearance was shaken and inserted into a 
small volume spacer (Aerochamber MV15, Trudell Medi- 
cal, Ontario, Canada). The rubber flap valve was removed 
since it was likely to increase turbulence and reduce drug 
delivery to the lungs. The distal end of the spacer was 
connected to a manual puffer with an appropriately set 
blow-off valve. The spacer was filled with oxygen and 
connected directly onto the endotracheal tube. Three puffs 
per dose (600 pg total dose) were given with five manual 
breaths after each dose. Budesonide or placebo were given 
twice a day for a total of 7 days, or until the infant had 
been extubated, whichever occurred earlier. The choice 
of dose was based on our data suggesting that about 14% 
of the nominal dose of budesonide could be delivered to 

a lung model using an MDI and Aer~chamber.~ Thus, the 
infants could be expected to receive a total lung dose of 
budesonide of 50-100 pgkg twice daily, 2040% of the 
initial dose of dexamethasone (250 pgkg twice daily), 
which we routinely use for the treatment of ventilator- 
dependent infants with chronic lung disease of prema- 
turity. 

Bronchoalveolar Lavage 
BAL was performed in place of routine suction. A #5 

French end-hole suction catheter loaded with 1 mlkg of 
normal saline was introduced down the endotracheal tube 
until slight resistance was felt. Saline was injected and 
BAL fluid (BALF) was immediately aspirated into a suc- 
tion trap. The procedure was repeated once without re- 
moving the suction catheter within a total time of less 
than 40 seconds. BALF was filtered thought a single 
layer of muslin gauze. Inflammatory cells in filtered 
BALF were counted in a hemocytometer and the total 
number of inflammatory cells calculated. Cell viability 
was assessed by trypan blue exclusion. Differential cell 
counts were performed on 300 cells, stained with Diff- 
quick (Merz & Dade AG, Germany). 

Serum Cortisol Levels 
Serum control levels were measured on blood samples 

collected between 8 and 10 AM on each occasion at the 
start of the trial and on days 4 and 8. 

Analysis 
The primary outcome variable (proportion of infants 

extubated for 24 hours within the 7 day study period) was 
compared in the two groups using Chi-square analysis. 
Further outcome variables were: VEI and alveolar-arterial 
oxygen difference, which were both calculated from the 
first daily arterial blood gas. VEI was adapted from Notter 
et al." as: VEI = k/f AP 7 PaC02, where k is a constant 
with an arbitrarily assigned value of 500, f is frequency 
of breathing (breathdmin), P is the driving pressure (peak 
pressure minus end-expiratory pressure, Ha),  and PaCOz 
expressed in kPa. The presence of such unwanted 
effects as infection, hypertension, hyperglycemia, and 
glycosuria was recorded daily. Suppression of the hypo- 
thalamic-pituitary axis was assessed by measuring the 
serum cortisol level before, during, and at the end of the 
study. Between-group comparisons of continuous vari- 
ables were made using Fisher's exact test or t-tests as 
appropriate. Analysis of variance (ANOVA) was per- 
formed to identify change in VEI and blood gases within 
groups. BALF cell counts and differentials were analyzed 
similarly. A P value less than 0.05 was considered signifi- 
cant. Bonferoni correction was applied for the multiple 
comparisons between budesonide and placebo responses. 

A trial size of 40 was expected to permit a difference 
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TABLE 3-Serum Cortisol Level During the Trial 
Period (nmol/L)' 

Timine of samde (davs) 

TABLE 1-Entry Characteristics of Those Infants Who 
Completed the Trial' 

Budesonide Placebo 
Characteristic (n = 9) (n = 11) 

Birth weight (8) 1024 (92.3) 1041 (113) 
Gestational age (wk) 27.5 (0.7) 27.1 (0.89) 
Postnatal age at entry (days) 15 (0.6) 14 (0.5) 
Sex (W) 514 516 
Prenatal steroids 7 8 
Maternal infection 1 
Intrauterine growth retardation 2 3 

- 

(< lo  centile) 

1 minute 4.4 (0.5) 4.6 (0.7) 
5 minutes 7.2 (0.5) 7.5 (0.7) 

Apgar scores 

'Values are mean 2 (SEM) or number of infants. There were no statisti- 
cal differences between groups. 

in the rate of extubation between cases and controls of 
35% with 80% power. We report preliminary results in 
30 infants, 20 of whom completed the study. The trial 
was terminated to facilitate the initiation of a large multi- 
center study. 

RESULTS 

Only 20 of the 30 newborns who entered the trial 
completed the study. Reasons for withdrawal were: sepsis 
(three placebo and two treatment patients), clinical evi- 
dence of PDA (two patients in each group), and occur- 
rence of air leak (one in treatment group). Among the 
infants for whom complete data were available, there 
were no clinical differences between groups on entry into 
the trial (Table 1). 

No infant achieved the primary outcome of extubation 
during the 7 day trial period. However, significant im- 
provements in peak inspiratory pressure (PIP), frequency 
of ventilation, FiO,, VEI, and A-a oxygen difference oc- 
curred in the budesonide group without change in the 
placebo group (Table 2, Fig. 1). At the end of the 7 day 
trial period, PaCO,, Fi02, and VEI were significantly 
lower in the treatment than in the control group. No 
immediate adverse effects were noted during the trial. 

0 4 8 

Budesonide 548 (148) 588 (88) 415 (54) 
Placebo 504 (103) 467 (181) 456 (74) 

'Values are mean (SEM). No significant differences were found. 

Serum cortisol levels were not influenced by treatment, 
and there was no difference between the groups before, 
during, or after the trial period (Table 3). Clinical compli- 
cations potentially attributable to corticosteroids were not 
different between the groups. The five cases of sepsis 
recorded during the trial period were successfully treated 
with antibiotics (see exclusions above). No other side 
effects were recorded. No differences were found in total 
or differential BALF cell counts (Table 4). 

DISCUSSION 

The results of our trial indicate that inhaled budesonide 
given by MDI and spacer to ventilator-dependent preterm 
infants at 14 days of age for 7 days had beneficial effects 
on parameters assessing the effectiveness of mechanical 
ventilation and gas exchange, but did not accelerate extu- 
bation. This trial selected babies who were treated with 
surfactant in the early phase of respiratory distress syn- 
drome, but who nevertheless had ventilator-dependent 
disease. We started our treatment at 14 days of age to 
give the clinicians the opportunity to treat the infants 
with systemic glucocorticoids at 3 weeks of age, when 
necessary and before irreversible chronic lung changes 
had developed. We did not measure lung function as 
an indicator of improvement for technical reasons, and 
because we were more interested in the clinical outcome 
and in the influence of treatment on lung inflammation. 
Thus far, in addition to our study, two other controlled 
trials have demonstrated physiological improvement or 
more speedy extubation after topical dexamethasone4 or 
beclomethasone dipropionate.2 The range of devices, 
drugs, and doses used in these controlled trials, together 

TABLE 2-Ventilator Settings and Blood Gases Before, During, and Immediately After the 7 Day Trial Period' 

Parameter Before 4 days End Before 4 days End 

Mean PIP (cmH20) 21.3 (1.3) 16.3 (0.68)* 15.2 (0.5)* 19.8 (1.3) 17.7 (1.1) 17.1 (1.1) 
ventilatory rate (min-l) 37.8 (5.3) 33.3 (4.3)*.** 31.5 (3.6) 45.1 (6.8) 45 (6.2) 43.5 (3.6) 
Fi02 (W) 50.5 (5.2) 40.0 (4.1)*.** 35.0 (3.1)**** 61.7 (6.6) 55 (7.2) 53.8 (7.2) 
PaC02 @Pa) 6.3 (0.38) 6.0 (0.3) 5.3 (0.3)*,** 6.7 (0.4) 6.5 (0.48) 6.3 (0.4) 
PaOz (kPa) 7.1 (0.36) 7.8 (0.4) 7.0 (0.1) 6.9 (0.25) 7.3 (0.3) 7.1 (0.4) 

IValues are mean (SEM). 
*P < 0.05 significantly different from values before treatment by ANOVA. 
**P < 0.05 significantly different from the placebo treatment group by t-test, with Bonferoni correction. 

Budesonide Placebo 
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TABLE &Total and Differential Cell Counts in Bronchoalveolar Lavage 
Fluid (BALF)' 

Budesonide Placebo 

Before 4 days End Before 4 days End 

White cells 95 (7.4) 84 (6.5) 92 (5.3) 89 (8.2) 107 (10.3) 97 (6.7) 
Neutrophils 64 (7.1) 58 (3.9) 67 (4.2) 52 (5.1) 74 (7.8) 61 (5.8) 
Macrophages 30 (4.5) 27 (1.9) 25 (2.8) 37 (3.6) 33 (5.4) 36 (4.8) 

'Values are mean (SEM) cell numbers X l@/BALF sample. No significant differences were found. 

Budesonide 

Placebo 

0 4 8 0 4 8 
Days of trial Days of trial 

Fig. 1. Ventilatory efficiency index (VEI) and alveolar-arterial (A-a) difference before, during, 
and end of trial. Values are expressed as mean with SEM bar. *,P < 0.05, significantly different 
from pre-treatment values. +, P < 0.017, significantly different from placebo group. 

with other observational studies,'-' is considerable. We 
used an MDI attached to a small spacer because of ease of 
use and great efficiency.' Using a mechanically ventilated 
lung model that had previously been shown to be accurate 
in comparison with mechanical ventilation in vivo, we 
were able to deliver about 14% of the dose of budesonide 
to the distal end of the endotracheal tube. The size-related 
lung doses that we administered to intubated neonates 
were far in excess of those normally given to older asth- 
matic subjects, but we reasoned that it was important 
to give an adequate lung dose, while reducing the total 
systemic dose below the routine amount used for paren- 
teral dexamethasone therapy. 

The clinical effects of parenteral dexamethasone are 
often seen within 48 hours and have been demonstrated 
by physiological and clinical recordings .'*,13 This suggests 
a rapid pharmacological action that we did not see in the 
present trial. We speculate that the immediate effects of 
dexamethasone could be largely vascular, leading to a 
reduction in capillary permeability, while the later effects 
may be dependent on altered gene transcription leading 
to a reduction in cytokine production. We anticipate that 

with more prolonged corticosteroid therapy, neutrophil 
influx into the lungs should decline, with a fall in BALF 
cell counts as has been demonstrated in response to dexa- 
metha~0ne.l~ The marked differences between subjects, 
together with the small trial size, may have obscured any 
cellular changes in our study. It might be beneficial to 
start therapy with inhaled steroids much earlier in the 
preterm infant's extrauterine life before chronic lung 
changes have developedI5 and to explore the relative bene- 
fits of early treatment in those who are born with lung 
inflammation associated with amnionitis.'6 

We have shown in this pilot study that topical budeson- 
ide given to mechanically ventilated preterm infants by 
MDI and a small volume spacer has beneficial effects on 
ventilation and gas exchange. Further trials are needed 
to establish the most appropriate dose and the usefulness 
of early therapy. A randomized, placebo-controlled trial 
is the only appropriate design in view of the trend toward 
improvement seen in this disorder. Trials must also ad- 
dress the problems of drug administration. While there 
are few difficulties with intubated babies, the problems 
of topical therapy by nebulizer or by MDI, spacer, and 
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tests and fluid balance in neonates with chronic lung disease during 
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13. Greenough A, Chan V, Emery EF, Gamsu HR. Respiratory status 
and diuresis following treatment with dexamethasone. Early Hum 
Dev. 1993; 3237-91. 

14. Yoder MC, Chua R, Tepper R. Effect of dexamethasone on pulmo- 
nary inflammation and pulmonary function of ventilator dependent 
infants with bronchopulmonary dysplasia. Am Rev Respir Dis. 
199 1 ; 143: 1044-1048. 

15. Yeh TF, Torre JA, Castogi A, Angelino MA, Pullas RS. Early 
postnatal dexamethasone therapy in premature infants with severe 
respiratory distress syndrome: A double blind, controlled study. J 
Pediatr. 1990; 117:273-282. 

16. Grigg JM, Arnon S, Chase A, Silverman M. Inflammatory cells 
in the lungs of premature infants on the first day of life: Perinatal 
risk factors and origin of cells. Arch Dis Child. 1993; 69:40-43. 

13:172-175. 

67:25-30. 

facemask for those who are successfully extubated are 
considerable. Measurements of lung function, lung cellu- 
larity, and inflammatory mediators will help to elucidate 
the mechanisms of any response to corticosteroids, but 
short- and long-term clinical responses are the most valu- 
able outcome measures. 
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