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Effects of Inhaled Beclomethasone Compared to
Systemic Dexamethasone on Lung Inflammation in
Preterm Infants at Risk of Chronic Lung Disease

P. Groneck, mp,'* B. Goetze-Speer, RrT,2 and C.P. Speer, mMD, FRCP (E)?

Summary. The purpose of this study was to compare the effects of daily inhaled beclometha-
sone (3 x 500 pg) started on day 3 of life, with that of systemic dexamethasone (0.5 mg/kg/day)
started between days 11-13 on clinical variables, lung inflammation, and pulmonary microvas-
cular permeability in preterm infants at risk for chronic lung disease (CLD). Following adminis-
tration of surfactant, preterm neonates with RDS and a birth weight of less than 1,200 g were
included in this comparative observational pilot study when still mechanically ventilated and with
an oxygen requirement on the third day of life. The patients (gestational age 26.1 + 0.9 weeks,
birth weight 826 + 140 g, mean + SD) were alternately allocated to prophylactic treatment with
inhaled beclomethasone (n = 7), or to early systemic dexamethasone therapy after day 10 of life,
if clinically indicated (n = 9). Pulmonary inflammation and lung permeability were assessed by
analyzing the levels of interleukin-8, elastase «, proteinase inhibitor, free elastase activity, and
albumin in tracheal aspirates on days 10 and 14 of life. The secretory component of IgA served
as reference protein.

We observed no significant differences in the concentrations of interleukin-8, elastase o
proteinase inhibitor, and albumin between the two groups on day 10 of life. On day 14, 3
(median; range, 1-3) days following initiation of dexamethasone treatment, concentrations of the
inflammatory mediators and of albumin were significantly lower in the group on systemic steroid
therapy than in the group treated with inhaled steroids (P < 0.01). Additionally, there was a
significant difference in oxygen requirements between both groups on day 14. In the group
treated with inhaled steroids, concentrations of the inflammatory mediators, albumin, and oxy-
gen requirements did not show a difference between day 10 and 14.

We conclude that, in contrast to systemic dexamethasone treatment, a 12-day course of
inhaled beclomethasone does not affect lung inflammation and pulmonary microvascular per-
meability in preterm infants at risk for CLD within the first 2 weeks of life. Pediatr Pulmonol.
1999; 27:383-387.  © 1999 Wiley-Liss, Inc.
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INTRODUCTION clinical variables and on lung inflammation in preterm
infants at risk for CLD (birth weight <1,200 g). Pulmo-
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albumin in tracheal aspirates. We hypothesized thatngechanical ventilation. Systemic dexamethasone was
12-day course of treatment with inhaled beclomethasomgven at a starting dose of 0.5 mg/kg/day for 3 days;
started on day 3 of life, would lead to a reduction othereafter, the dose was gradually tapered over 10 or 28
pulmonary inflammation and microvascular permeabilitslays, according to the clinical status of the infant. Dura-
comparable to that observed following 1-3 days of sytien of treatment was at the discretion of the attending
temic dexamethasone therapy. physician. There were no differences between both treat-
ment groups regarding birth weight (inhaled steroids:
METHODS 800 g (500-1,020), systemic steroids: 847 g (660-1,030),
o , mean (range); gestational age (26.1 (25-28) vs. 26.2 (25—
Drug Administration Protocol 28)) , male/female ratio (3/4 vs. 3/6); prenatal treatment

Preterm neonates with a birth weight <1,200 g weith steroids (5 vs. 7); history of prenatal maternal in-
included in the study while they were still mechanicalljection (2 vs. 4); airway colonization with Ureaplasma
ventilated and had an oxygen requirement (Fi©0.3) urealyticum at birth (total cultures_, 13/16; positive cql-
on the third day of life. During a 5-month period, 3¢ures, 3/13; 1/6 vs. 2/7); and maximum oxygenation in-
infants with birth weights <1,200 g were consecutivel§€X on day 1 (9.5 (5.6-19.6) vs. 10.5 (5.3-16.0)).
admitted to the neonatal intensive care units of the Chil- The diagnosis of respiratory distress syndrome (RDS)
dren’s Hospital in Cologne, and the Perinatal Center WS based on a typical chest radiograph, oxygen depen-
Women's Hospital, Cologne-Holweide. Three neonaté’§f”cy’ and clinical signs _of respiratory distress. Ratlents
died within the first 3 days of life. Of the remaining 27Vith RDS were treated with natural surfactémrterial
infants, 5 did not receive mechanical ventilation, 3 we/@Ygen saturation (Safp was continuously recorded,
extubated within 3 days after birth, and 3 ventilated if2nd supplemental oxygen was administered to keep SaO
fants did not have an oxygen requirement of 30% or moY&/ues between 90-95%. All neonates received intrave-
on day 3 of life. Sixteen patients entered the study, af@us indomethacin for prophylactic treatment of patent
were alternately allocated to treatment with inhaled bguctus arteriosus (PDA) on the first day of life. Before
clomethasone or systemic dexamethasone. Systedfiiation of indomethacin therapy, ductus-dependend
dexamethasone was the standard treatment of edifjfdiac malformations had been ruled out by Doppler
chronic lung disease in our institution whenever extub&0d two-dimensional echocardiography. A second course
tion was not possible within the first 10 days of life, an@f indomethacin treatment was performed in one patient
if the infant had an oxygen requirement with an Fi© of both groups in whom reopening of PDA occurred.
0.3. Due to the poor clinical results (CLD in 6 of 7Chronic lung disease of the newborn (CLD) was defined
patients), allocation to inhaled steroids was stopped f8Y oxygen dependency and radiological abnormalities on
ethical reasons after treatment of 7 neonates. Thus, 708 28-° The study was approved by the hospital ethics
16 patients were treated with inhaled steroids, and 9 (mmittee, and informed parental consent was obtained.
tients received systemic steroids. Inhaled beclometf@é ; ;

mpling of Tracheal Aspirates, and Assays of
sone (Sanasthmax, GIaxp, Bad OIdesIoc_e,_Germany) Wﬁﬁammatory Mediators, Albumin, and
given from day 3-28 of life. It was administered by a%ecretory Component
Aerochamber (Trudell Medical, London, Ontario, ) ,
Canada) into the ventilatory circuit at a dose3ox 2 The sampling of tracheal aspirates and the assays of
puffs of 250pg (= 1.5 mg/day). This system has beefterleukin-8, elastase, proteinase inhibitor, free elas-
shown to deliver reproducible quantities of drug to thESe activity, albumin, and the secretory component (SC)
lower respiratory tract® After extubation, inhalation for IgA were performed as recently describéd.o avoid
therapy was continued by face mask, and the Aerochaf{lors due to the sam_pllng procedure,.concentratlons of
ber was connected to a ventilation bag. No systemic stB¢ inflammatory mediators and albumin were related to
roids were given to infants treated with inhaled steroid®ncentrations of the secretory component of IgA as the
during the first month of life. However, systemic dexaléférence protein (mediator/SC ratio).
methasone was given thereafter if the infant was still W) tistical Analysis

On day 14, the biochemical and clinical data were

Abbreviations compared between the systemic dexamethasone treat-
CLD Chronic lung disease ment group (post-treatment, 1-3 days after initiation of
FiO, Fraction of inhaled oxygen therapy) and the inhaled beclomethasone treatment group
PDA Patent ductus arteriosus (post-treatment, 12 day days after initiation of therapy)

RDS Respiratory distress syndrome
SaQ, Arterial oxygen saturation
SC  Secretory component

using the Mann-Whitney U test. Data between days 10—
14 of life within each group were compared using the
Wilcoxon signed rank tesk < 0.05 was considered sta-
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TABLE 1—Concentrations of Elastase  «,-Proteinase Interleukin-8
Inhibitor, and Numbers of Patients With Detectable Free (Pg/ugSC)
Elastase in Tracheal Aspirate Fluid in the Groups of

Neonates Treated With Inhaled Beclomethasone (Started 5000
on Day 3) and Systemic Dexamethasone (Started on m
Day 11-13)* 4000 -
Mediator Treatment Day 10 Day 14
Ea,-PI 3000
(ng/lwgSCY¥  Beclomethasone 111 (9-211) 94 (48-130)
Dexamethasone 79 (22-112) 12 (4-45)*** T
Elastasg Beclomethasone 17 3/7 2000 i ///// ,;’//
Dexamethasone 1/9 0/9 /4//7// T .
Walues are expressed as median, with ranges from minimum to maxi- 1000 - /////’,//f 54,/%,;’, o)
mum. ; 5 .
e i #
“Elastasax,-proteinase inhibitor. 0 S 1 - =
®No. of patients with free elastase activity/total numbers of patients. day 10 day 14
*P < 0.01, before vs. after dexamethasone.
** P < (.01, beclomethasone group compared to dexamethasone group.
L. . e Albumin
tistically significant. As some of the data were not nor- (ygjugsc)
mally distributed, values were expressed as medians g9 -
(25th—75th percentile). Demographic and clinical out- m
come data were expressed as mean * SD; differences *
were analyzed by t-test. 150
RESULTS i A
. _ _ 100 T A’%
Inflammatory Mediators in Tracheobronchial T
Aspirate Fluid and Oxygen Requirements
50 7
Concentrations of interleukin-8, elastasgproteinase Z -
inhibitor, free elastase, and albumin in tracheobronchial T -
aspirate fluid are shown in Table 1 and Figure 1. 0
day 10 day 14

There were no significant differences in the concen-
trations of interleukin-8, elastasg proteinase inhibitor Fig. 1. Concentrations of interleukin-8 (top) and albumin (bot-
and albumin between the two groups on day 10 of lif@m) in tracheal secretions of ventilated preterm infants treated
On day 14, 3 (median; range, 1-3) days following iniwith inhaled beclomethasone, started on day 3 of life (hatched
tiation of dexamethasone treatment, concentrations of f€s). or with systemic dexamethasone, started between day
inflammatory mediators and of albumin were signifi—i.l'13 of life (open bars). Initiation of systemic treatment is in-

. . . djcated by arrow. Concentrations of interleukin-8 and albumin
cantly lower in the group treated with systemic steroige agjusted to concentrations of the secretory component of
therapy than in the group treated with inhaled steroRIs (ga (SC). Bars indicate medians (25th-75th percentile). * P <
< 0.01). Additionally, there was a significant differenc®.01, systemic dexamethasone vs. inhaled beclomethasone on
in oxygen requirements between the two groups on d 14. #P < 0.01, before (day 10) vs. after (day 14) dexametha-
14 (FiO, inhaled vs. systemic steroid group, day 10: 0.3%"*
+ 0.07 vs. 0.38 £ 0.06, n.s.; day 14: 0.38 £ 0.06 vs. 0.23
+ 0.02, P < 0.05). Concentrations of the inflammatory(Table 2). Additionally, development of CLD was more
mediators, showed no difference, but albumin and ox¢ommon in the group treated with inhaled beclometha-
gen requirements slightly increased between days 10-Sane. There was one late death beyond day 28 due to
in the group treated with inhaled steroids. In contrast, dlecrotizing enterocolitis in an infant belonging to the
variables decreased significantly in the group treat@foup treated with inhaled beclomethasone. The overall
with systemic dexamethasone. frequency of CLD in all infants surviving for more than

28 days was 8/27 (29.6%).

Outcome Data

, o DISCUSSION
Patients treated with inhaled beclomethasone spent

more days on mechanical ventilation and in supplementalln this small observational pilot study we found that, in
oxygen compared to dexamethasone-treated neonatestrast to systemic dexamethasone treatment, a 12-day
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TABLE 2—Outcome Data of Patients treatment with inhaled steroids have not been investi-
Beclomethasone  Systemic gated so far. The results of this pilot study indicate that,

inhalation ~ dexamethasone in contrast to systemic treatment, topical application of

(n=17) (hn=19 the drug does not affect lung microvascular permeability

Days on mechanical ventilation ~ 21.0+ 7.0 15.2+1.2~ and concentrations of inflammatory mediators. A pos-
Days on supplemental oxygen ~ 38.2+11.8 22.7+11.5"  gjble explanation could be that the dose of steroids reach-

CLD 6 2 ing the alveoli may be too low. It has been shown in
'Data are presented as mean * SD. experimental settings that following administration of
*P<0.05. beclomethasone via an Aerochamber, only 1-3% of the

dose was detectable in the lurfg&t Although we treated
course of inhaled beclomethasone did not affect lurmwr infants with a large dose of beclomethasone (1,500
inflammation and pulmonary microvascular permeabilityg/day), only 45ug is likely to have reached the lung
in preterm infants at risk for CLD. The experience witlparenchyma, the site of the predominant lesion in CLD.
inhaled steroids in premature infants with CLD is limAdditionally, important target cells might not be reached
ited. Although therapeutic trials in selected patientsy the inhaled route. If lung inflammation is an important
started as early as 1989most reports are abstracts, wittcause of increased pulmonary vascular permeability in
few patients treatetf-1” and there are only three ran-CLD, the alveolar cells are not the only cells affected, but
domized, placebo-controlled studies evaluating the effabe endothelial and interstitial cells are also damaged. If
of inhaled steroids in ventilated preterm infants withithis is the case, the intravascular route may be the more
the first month of lifel®-2%It has been shown that inhaledeffective route for an adequate therapeutic or prophylac-
steroids exert some effect on pulmonary function durirtgc effect in early CLD. Favorable results of inhaled ste-
long-term treatment in ventilated preterm infants. Howreids on lung function have been reported in infants with
ever, the onset of this effect is delayEdCompared to established CLD at age 3—-24 mon#is?” At this late
placebo, inhaled beclomethasone facilitated extubationstage of the disease, bronchial inflammation may con-
ventilator dependent neonates more than 2 weeks tobute more to the clinical symptoms than during the
age?!® In preterm infants with mild oxygen dependencyery early phase, i.e., the first 2 weeks of life.
treated at a median age of 4 weeks, there was a market¢h conclusion, this study shows that a 12-day course of
difference in the speed of action of systemic compared poophylactic inhaled steroids did not affect lung inflam-
inhaled steroids. A significant effect of systemic dexanation and pulmonary microvascular permeability in
methasone on gas exchange and lung mechanics \esterm infants at risk for CLD. The role of inhaled ste-
observed 36 h following initiation of treatment. Inhaledoid in the prevention or therapy of CLD remains to be
steroids showed an effect on these variables only aftedéfined. Our data do not support a preventive effect of
week of treatment! In our study, pulmonary function treatment with inhaled beclomethasone in the early
was not evaluated. However, on day 14 oxygen requiresurse of the disease. However, larger studies are neces-
ments were markedly lower in infants on systemic dexaary to compare the effects of inhaled steroids and sys-
methasone therapy compared to patients treated with iemic dexamethasone on the development of CLD.
haled steroids. This difference persisted until day 28.
Systemic dexamethasone treatment significantly de-
creased lung microvascular permeability in preterm iREFERENCES
fants at risk for CLD>#There is evidence that this effect
was, at least in part, due to a downregulation of pulmos1. rush MG, Hazinski TA. Current therapy of bronchopulmonary
nary inflammation, as the concentrations of inflamma- dysplasia. Clin Perinatol 1992;19:563-589.
tory mediators in tracheal aspirate fluid were de-2. Yoder MC, Chua R, Tepper R. Effect of dexamethasone on pul-
creased-2223 The effects of systemic dexamethasone monary infl_ammatior_1 and pulmonary function of 'ventilator-
treatment on inflammatory indicators and microvascular GePendent fants wih bronctiopuimonary dysplasia. Am Rev
e . . . . espir Dis 1991;143:1044-1048.
permeability in traCheOt_)ronChlal aSplraFe fluid found N3 Watts CL, Bruce MC. Effect of dexamethasone on fibronectin and
the present study are in agreement with the results of apumin levels in lung secretions of infants with bronchopulmo-
other investigator$:3220nly one study has investigated nary dysplasia. J Pediatr 1992;121:597-607.
the effect of inhaled steroids on lung inflammati®h. 4. Groneck P, Reuss D, @e-Speer B, Speer CP. Effects of dexa-
Although some improvement of gas exchange variables methasone on_chemo_tactic activity and _inflammato_ry mediators_in
was noted, the authors found that 7 days of treatment trache_obronchlal asplrates of preterm infants at risk for chronic
S . . lung disease. J Pediatr 1993;122:938-944.
Wlth inhaled bUdes.omde had no effect on total O.r dlffer'E. Ng PC. The effectiveness and side effects of dexamethasone in
ential cell counts in bronchoalveolar lavage fluid com-" preterm infants with bronchopulmonary dysplasia. Arch Dis Child
pared to controls. Concentrations of inflammatory me- 1993:68:330-336.
diators in tracheal secretions of preterm infants followings. Botas CM, Kurlat I, Young SM, Sola A. Disseminated candidal



10.

11.

12.

13.

14.

15.

16.

17.

infections and intravenous hydrocortisone in preterm infants. Pe-
diatrics 1995;95:883-887.

. Everard ML, Stammers J, Hardy JG, Milner AD. New aerosaisg.

delivery system for neonatal ventilator circuits. Arch Dis Child
1992;67:826-830.

. Grigg J, Arnon S, Jones T, Clarke A, Silverman M. Delivery ofig.

therapeutic aerosols to intubated babies. Arch Dis Child 1992;67:
25-30.

. Speer CP, Robertson B, Cursted T, Halliday H, Compagnone by

Gefeller O,Harms K, Herting E, McClure G, Reid M, Tubman R,
Herin P, Noack G, Kok J, Koppe J, van Sonderen L, Laufkoetter
E, Koehler W, Boehnisch H, Albrecht K, Hanssler L, Haim M,
Oetomo SB, Okken A, Altfeld PC, Groneck P, Kachel W, Relier
JP, Walti H. Randomized European multicenter trial of surfactant
therapy for severe neonatal respiratory distress syndrome: singf
versus multiple doses of Curosurf. Pediatrics 1992;89:13-20.
Bancalari E, Abdenour GF, Feller R, Gannon J. Bronchopulmo-
nary dysplasia: clinical presentation. J Pediatr 1979;95:819-823.
Groneck P, Gae-Speer B, Oppermann M, Eiffert H, Speer CP,
Association of pulmonary inflammation and increased microvags:
cular permeability during the development of bronchopulmonary
dysplasia: a sequential analysis of inflammatory mediators in re-
spiratory fluids of high risk preterm infants. Pediatrics 1994;93:
712-718.
Dunn M, Magnani L, Belaiche M. Inhaled corticosteroids in se-
vere bronchopulmonary dysplasia. Pediatr Res 1989;25:213.
Pappagallo M, Blondheim O, Bhutani V. Effect of inhaled dexa-
methasone in ventilator dependent preterm infants. Pediatr Res
1990;27:219.
Liu E, Heldt G. Effect of inhaled beclomethasone in intubated
neonates: phase | trial. Pediatr Res 1993;33:334.

Gal P, Diaz PR, Ransom JL, Carlos RQ, Thorson DW. Becl@6.
methasone for treating premature infants with BPD: guidelines for
patient selection [letter]. J Pediatr 1993;123:490-491. 27.
Pokriefka E, Mehdizadeh B, Rabbani A. Inhaled flunisolide in
bronchopulmonary dysplasia. Pediatr Res 1993;33:341.

Avent ML, Gal P, Ransom JL. The role of inhaled steroids in the

Steroids in CLD of Newborns 387
treatment of bronchopulmonary dysplasia. Neonatal Network
1994;13:63-69.

LaForce W, Brudno D. Controlled trial of beclomethasone dipro-
pionate by nebulization in oxygen- and ventilator-dependent in-
fants. J Pediatr 1993;122:285-288.

Giep T, Raibble P, Zuerlein T, Schwartz ID. Trial of beclometha-
sone dipropionate by metered-dose inhaler in ventilator-dependent
neonates less than 1500 g. Am J Perinatol 1996;13:5-9.

Arnon S, Grigg J, Silverman M. Effectiveness of budesonide aero-
sol in ventilator-dependent preterm babies. Pediatr Pulmonol
1996;21:231-235.

Dimitriou G, Greenough A, Giffin FJ, Kavadia V. Inhaled versus
systemic steroids in chronic oxygen dependency of preterm in-
fants. Eur J Pediatr 1997;156:51-55.

Murch SH, MacDonald TT, Wood CBS, Costeloe KL. Tumor
necrosis factor in bronchoalveolar secretions of infants with the
respiratory distress syndrome and the effect of dexamethasone
treatment. Thorax 1992;47:44-47.

Groneck P, Goetze-Speer B, Speer CP. Dexamethasone decreases
pulmonary production of interleukin-8 in ventilated preterm in-
fants at risk for bronchopulmonary dysplasia. Appl Cardiopulm
Pathophysiol 1995;5:201—-205.

24. Fok TF, Monkman S, Dolovich M, Gray S, Coates G, Paes B,

Rashid F, Newhouse M, Kirpalani H. Efficiency of aerosol medi-
cation delivery from a metered dose inhaler versus jet nebulisation
in infants with bronchopulmonary dysplasia. Pediatr Pulmonol
1996;21:301-309.

25. Yiksel B, Greenough A. Randomized trial of inhaled steroids in

preterm infants with respiratory symptoms at follow up. Thorax
1992;47:910-913.

Cloutier MM, McLellan N. Nebulized steroid therapy in broncho-
pulmonary dysplasia. Pediatr Pulmonol 1993;15:111-116.

Konig P, Shatley M, Levia C , Mawhinney TP. Clinical obser-
vations of nebulized flunisolide in infants and young children with
asthma and bronchopulmonary dysplasia. Pediatr Pulmonol 1992;
13:209-214.



