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Abstract : Short term inhaled dexamethasone therapy was evaluated in a double blind placebo
controlled trial in 36 ventilator dependent preterm neonates (BW < 1500 gm, postnatal age > 7
days) who were at risk for bronchopulmonary dysplasia. Pulmonary and systemic effects were
compared at early (day 3), late (7-10 days) and post (14 days after initiation) phases of therapy.
Airflow mechanics improved as demonstrated by a net 101% improvement in pulmonary resistance
(a decrease from 139 to 101 cm H20/L/s in the dexamethasone treated infants as compared to an
increase from 153 to 267 cmH20/L/s in the placebo treated infants during the early phase of
therapy); this was associated with a 45% increase in inspiratory airflow (1.29 + 0.43 to 1.87 + 0.978
L/min; p < 0.01), and 37% increase in expiratory airflow. These changes resulted in a significant
reduction in the work of breathing such that the mean tidal driving pressure significantly decreased
from 13.6 cmH20 to 9.4 cm H20 with inhaled steroid administration. Though the brief duration of
therapy did not result in cessation of ventilatory support, the level of support was significantiy.
reduced (decreased values of oxygen supplementation, mean airway pressure and oxygenation
index and increased ventilatory efficiency index). The inhaled dexamethasone therapy was
also associated with systemic absorption of the drug as evidenced by transient but apparently
reversible reduction in serum cortisol levels. No systemic side effects of hypertension,
hyperglycemia or nosocomial sepsis were observed. These data demonstrate beneficial effects of
short term inhaled dexamethasone on the resistive airflow properties of preterm infants at risk for
BPD and may provide adjunctive means to facilitate weaning in the ventilator dependent neonates.
(Indian J Pediatr 1998; 65 : 273-282)
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Postnatal glucocorticoid therapy has been
resurging with the hope of improving the
respiratory status of the ventilator depend-
ent preterm neonates recovering from res-
piratory distress syndrome (RDS). Several
clinical reports and clinical trials have pre-
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viously suggested the beneficial use of ster-
oids for bronchopulmonary dysplasia
(BPD) defined by oxgyen dependancy at 4
weeks of age or ventilator dependency at 2
weeks of age.l23 In these instances, reports
have shown improvements in pulmonary
mechanics, gas exchange and facilitation in
weaning from ventilatory support. The use
of postnatal steroids have also been sug-
gested within the first three days of life to
reduce the severity of RDS.4 The most fre-
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quent route of glucocorticoid administra-
tion has been systemic, though its duration
has varied at different centers.5¢7 Pro-
longed systemic usage (> 3 weeks) has
been associated with hypertension, hyper-
glycemia, adrenal suppression and the pos-
sibility of an increased incidence of sepsis;
somatic growth retardation has been con-
sidered but not proven.? Inhalational mode
of glucocorticoid administration has been
suggested by some investigators and more
recently, LaForce and Brudno have report-
ed an improvement in pulmonary compli-
ance and resistance in a controlled trial of 4
weeks treatment with nebulized beclom-
ethasone dipropionate in ventilator de-
pendent infants at 2 weeks of age.?

Our study evaluates the pulmonary and
systemic effects of nebulized dexametha-
sone in a placebo controlled randomized
trial in ventilated preterm neonates (<
1500g birth weight) of > 7 days of age who
were predicted to develop BPD, and in
those between 2 to 4 weeks of age who had
failed to wean with standard techniques
and were likely to develop BPD. We specif-
ically selected a shorter duration of treat-
ment (10 days) to assess the changes in the
level of ventilatory support and pulmo-
nary and airflow function.

MATERIALS AND METHODS

This study was conducted in the intensive
care nursery at Pennsylvania Hospital and
was reviewed and approved by the Institu-
tional Review Board. Study patients of less
than 1500g birth weight were enrolled with
informed parental consent. The neonates
selected for the study were evaluated in
two study phases. The first phase was the
pilot study of 9 neonates who were indi-
vidually matched to a group of controlled
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infants by birth weight, gestational age and
PNA. The mean birthweight was 915 gm
and mean gestational age was 26.5 weeks.
The second phase was the double blind
placebo-controlled randomized study of 18
neonates with similar inclusion criteria. In-
fants were considered eligible if they were :
(i) older than 7 days of age and predicted
to have more than 75% probability of BPD
based upon the previously described pre-
diction model?, (ii) older than 2 weeks of
age and predicted to develop BPD based
on the BPD predictive model, and (iii) be-
ing ventilator dependent had failed stand-
ard weaning techniques and had abnormal
pulmonary funtions. “Pre BPD” babies
were administered methylxanthine thera-
py- Those over 2 weeks of age were admin-
istered diuretics. None of these therapies
were instituted or altered during the study
period. Infants with congenital anomalies,
congenital heart disease, pulmonary hypo-
plasia, and sepsis were excluded.

Dexamethasone Inhalation

Injectable dexamethasone preparation
was used for inhalational purposes. Using
a protocol developed by our pharmacist,
0.4 mg/ml of dexamethasone was pre-
pared in 1.0 ml vials. The dosage for the pi-
lot study was 0.5 mg/kg/day from days 0
to 3 and was reduced to 0.25 mg/kg/day
from days 4 to 7. During the second phase,
the dosage and duration was increased to
1.0 mg/kg/day from days 0 to 7 and then
reduced to 0.5 mg/kg/day from days 8 to
10. The calculated amount of dosage was
diluted in 2 cc normal saline, and adminis-
tered with a jet nebulizer over a 20 to 30
minute period every 8 hours during the
study period. For intubated neonates, the
nebulizer was connected to the inspiratory
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port of the ventilator circuit closest to the
endotracheal adapter. Infants who were ex-
tubated prior to the completion of the
study continued to receive the therapy by
face mask nebulization.

Placebo was normal saline administered
in a similar volume and manner. The 10 ml
vials prepared by the pharmacist were la-
belled with a code for a double blind study.
Since both study and placebo medications
were clear solutions and dosage calculated
on the basis of volume, the ICN staff re-
mained unaware of the type of medication.

Ventilatory support and respiratory
management were provided by the ICN
staff in their usual manner. Blood gases
were monitored by indwelling arterial lines
or by non-invasive techniques of pulse oxi-
metry and transcutaneous CO; monitoring.
The magnitude of respiratory support was
gauged by calculating (i) the oxygenation
index (OI) where, OI = MAP x FiO,/Pa0O;
and (ii) the ventilator efficiency index (VEI)
where, VEI = 5/(PIP-PEEP) x IMV x
(PaCO;7/760). Additional data evaluated
were systemic blood pressure (doppler
technique), serum glucose, and evidence of
sepsis. Serum cortisol was measured in
samples collected between 7 and 8 AM (to
standardize for diural fluctuations) prior to
onset of therapy and on days 7 and 24 of
the study period.

Pulmonary Function Measurement

The pulmonary functions were meas-
ured prior to the initiation of therapy and
repeated at days 3 (early), 7 and 10 (late) of
the therapy and post therapy (at 14 days
after initiation of study). Each evaluation
was done for the infant in a non-sedated,
supine, head neutral posture. Oropharyn-
geal and tracheal suction were done 30 to
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35 minutes prior to the study and the stud-
ies were done 2 hours beyond the last feed
for those on enteral nutrition. Using the
methodology described previously, pulmo-
nary functions were measured by the si-
multaneous determinations of airflow and
transpulmonary pressure by the use of a
pneumotachometer and the esophageal
balloon technique!®. Data were obtained
for 60 to 100 seconds to sample and ana-
lyze 25 to 60 breaths, and the mean values
of the collected data were used to provide
measured values of tidal volume, minute
ventilation, inspiratory /expiratory airflow
and peak to peak esophageal pressure
(driving pressure). Calculated values of
pulmonary functions, dynamic compliance
and pulmonary resistances for the total
and inspiratory/expiratory phases of the
respiratory cycles were obtained by the
least mean squares analysis technique.!?
All data were measured during spontane-
ous breathing.

Statistical Analysis

The initial pilot study was conducted
with age/weight matched controls to both
ascertain the technical feasibility of using
dexamethasone as an inhalational agent;
and determine if any effect on pulmonary
mechanics was demonstrable. Using the
experience and data of the pilot study, the
second phase of the study was designed to
examine the pulmonary airflow and sys-
temic effects of inhaled dexamethasone.
Based upon earlier experience, a decision
was made to use a larger dose and longer
duration of dexamethasone. Using the data
from the pilot study!! and literature®, a 35%
improvement in pulmonary function pa-
rameters was deemed appropriate. Pow-
er analysis determined a sample size of 9
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for each arm of the study. The statistical de-
sign of the study was based on a double
blinded prospective randomized analysis.
Data were analyzed with SAS/STAT Soft-
ware (SAS Institute, Cary, NC). Compari-
sons were made using student t-test and
repeated measure analysis of variance
(ANOVA); p values < 0.05 were considered
significant.

RESULTS

A total of 36 neonates were studied. Dur-
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ing the first phase of the study, changes in
pulmonary mechanics were measured (Ta-
ble 1). Significant improvements in pulmo-
nary compliance and total pulmonary re-
sistance were observed with the inhaled
dexamethasone therapy. Extubation was
not facilitated and the effect on weaning or
reduction of ventilatory support was not
clearly or consistently evident. The demo-

“graphic and the overall ICN course of the

eighteen neonates assigned to the second
phase of the study are shown in Table 2.
There were no statistical differences be-

Taste 1. Pulmonary Function Data in Phase I of Inhaled Steroid (0.5 mg/kg/day)

Pulmonary function Pre therapy

Post 7 days therapy

No dexamethasone

Dexamethasone No dexamethasone Dexamethasone

(n=9) n=9) (n=9) (n=9)
Tidal volume (mg/kg) 5.70+0.35 6.22 +0.54 575+0.53 5.67 £ 0.44
Minute ventilation 408.0 +£28.7 428.0 +31.8 383.5+302 402.8 +29.1
(ml/min/kg)
Compliance 0.71 £ 0.08 0.46 £ 0.06 0.96 +0.13 0.74 £ 0.10
(ml/emH20/kg)
Resistance 88.6 +14.8 121.1 £ 18.1 70.5 +10.6 919 +141.2
(ecmH,0/L/s)

Data are mean + SEM ; dexamethasone treated babies compared to age and weight matched

controls do not show significant changes

Tasire 2. Demographic Data Phase II of Inhaled Steroid Study (1.0 mg/kg/dose)

Dexamethasone Placebo

(n=9) (n=9)
Birthweight (g) 828 + 64 849 + 89
Study weight (g) 866 + 62 845+ 72
Gestational age (weeks) 268+1.1 26.6 +0.8
Male to female 5:4 5:4
Days on ventilator 62.6 +10.3 58.6 +8.9
Days on oxygen 91.4+15.8 883179
Age study began (days) 226 3.0 19.13+1.6
Age study ended (days) 325+3.0 278+1.6
Age at discharge (days) 100.0 +20.3 124.7 + 16.4
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Effect of inhaled dexamethasone therapy (shaded bars) as compared to placebo (open bars)

on airflow and pulmonary function parameters during early (day 1 to 3), late (day 7 to 10)
phases of treatment and 3 days after its discontinuation (post). *p < 0.01 by ‘t’ test and p <
0.05 by ANOVA. No significant changes were observed in the placebo group over the dura-

tion of the study.

tween the study or the placebo group for
birth weight, gestational age, duration of
ventilatory support, oxygen administration
or duration of stay in the hospital.

Effect on airflow and pulmonary func-
tion parameters for the second phase of the
study are illustrated in Fig. 1. The total pul-
monary resistance improved significantly
immediately after initiation of dexametha-
sone. During the early phase of the dexam-
ethasone treatment, the pulmonary resist-
ance value decreased by 27% from a mean
value 139 £ 54 SD cmH20/L/s to 101 £ 29
SD emH>0/L/s while in the placebo group

these values increased by 74% from 153
37 SD cmHO/L/s to 267 + 104 SD
cmH;0/L/s (p < 0.01). Fourteen days after
the initiation of a ten day therapy, the in-
spiratory airflow remained significantly
improved in the dexamethasone group.
These values were 45% higher from a mean
pre-study value 1.29 + 0.43 SD L/min to a
value of 1.87 £ 0.78 SD L/min, (p < 0.05) as
compared to only a 12% increase in the pla-
cebo group during the same study period
(1.27 + 0.37 to 1.39 + 0.55 SD L/min).
Minute ventilation during spontaneous
breathing and values of dynamic compli-
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TasLe 3. Level of Ventilatory Support for Phase II of Inhaled Steroid Study

Ventilatory parameters

Phases of inhaled therapy

Pre Early Late Post
Placebo | FiQ, 0.52 £ 0.08 0.61£0.08 0.43 +0.05 0.53 £0.05
n=9 MAP (cmH,0) 7.00+0.46 7.88 £0.74 7.50 £0.65 7.57 £0.78
IMV (br/min)  40.50 £ 1.92 39.75 £3.76 34.50 + 3.86 3571 +4.25
Ol 0.06 £ 0.01 0.09 £0.01 0.07£0.01 0.08 +0.01
VEJ 0.17 £ 0.04 0.17 £ 0.07 0.21+0.12 0.23 £0.15
Dexamethasone FiO, 0.55 +0.08 0.47 £0.05 0.39 +0.05 0.38+4.0
n=9) MAP (cmH,0) 7.89+0.54 6.22 £0.55 5.11 £0.51* 5.29 £ 0.29
IMV (br/min)  0.22 £5.53 28.00 £ 3.37 2144 £352* 2543 £3.65
01 0.09 £0.01 0.05 + 0.005 0.04 £0.005*  0.04 = 0.008*
VEI 0.26 £ 0.02 0.32 £ 0.02* 0.49 £ 0.12* 0.37 £0.12*

IMV = Intermittent Mandatory Ventilation; MAP = Mean Airway Pressure; FiO, = Fraction of In-
spired Oxygen; OI = Oxygenation Index; and VEI = Ventilatory Efficiency Index. Data are mean *
SD, level of significance (*), p values < 0.05 for dexamethasone treated group compared to placebo

group (ANOVA and Students ‘t’ tests).

ance were not significantly altered by the
inhaled dexamethasone during the 10 day
therapy. However, the driving pressure to
achieve the tidal breath was significantly
reduced both during the early and late
phases of the therapy (p < 0.05). The mean
values of driving pressure reduced by 37%
from values of 13.6 + 3.8 SD ¢cmH>O pre
study to 9.4 + 4.0 cmH-0 at the end of the
therapy. Similar changes were observed
with resistive work of breathing.
Concomitant changes in the level of
ventilatory support and oxygen adminis-
tration are described by the FiOz, mean air-
way pressure, ventilatory efficiency index,
and intermittent mandatory ventilation
rate at days 3, 7 and 14 of initiation of
therapy (Table 3). Significant reductions in
mean airway pressure (MAP), oxygenation
index (OI), fractional inspiratory oxygen
(FiO,) and intermittent mandatory ventila-

tion (IMV) were evident by 7 days of
dexamethasone therapy and persisted
upon completion of therapy when com-
pared to placebo. The ventilatory efficiency
indices were also significantly improved
over the duration of the therapy as com-
pared to placebo.

Data on systemic blood pressure and
cortisol are shown in Table 4. There was no
statistical evidence of either systolic or di-
astolic hypertension. The serum cortisol
levels were significantly lower at day 7
upon dexamethasone therapy; no differ-
ences were observed upon completion of
therapy. There was no difference in the in-
cidence of hyperglycemia or nosocomial
sepsis during one week post therapy for
the two groups. No differences in blood
gas tension values were demonstrated.

During the study period, the incidence
of successful extubation was not remarka-
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TasLE 4. Blood Pressure and Serum Cortisol Data in Phase II of Inhaled Steroid Study (1.0 mg/kg/

day)
Parameter Phases of inhaled therapy
Pre Early Late Post
Blood pressure Placebo 62/34 68/36 63/37 64/36
Systolic/Diastolic n=9
Dexamethasone 65/35 66/38 68/38 64/34
n=9)
Serum cortisol + Placeb» 105+ 3.1 - 13.3x6.3 7.88+26
(IU/100 ml) n=9)
Dexamethasone 10622 - 27+1.1* 494 +3.2
n=9)

Blood pressure data is presented as mean vaues. + Serum cortisol data are presented as mean =

SD; level of significance (*), P < 0.05

bly different. Systemic steroids were ad-
ministered in 4/9 infants within a week of
study completion in the placebo group as
compared to 2/9 infants in the inhaled dex-
amethasone group.

DISCUSSION

Inhalational steroids administered to pre-
term neonates at risk for BPD for a dura-
tion of 7 to 10 days improve their resistive-
airflow function and facilitate their wean-
ing from ventilatory assistance. Our data
demonstrates a net 101% improvement in
pulmonary resistance, a 45% increase in in-
spiratory airflow, a 37% increase in expira-
tory airflow and a net 37% reduction in
driving pressure for each tidal breath.
Thus, the mean tidal driving pressure was
reduced from 13.6 + 3.8 cmH20O to 9.4 + 4.0
cmH>0. Though the brief duration of ther-
apy did not result in cessation of ventilato-
ry support, the level of support was signifi-
cantly decreased and thus weaning from
support could have been facilitated. These
data are similar to the improvements previ-

ously observed with 4 weeks of inhalation-
al steroids initiated at 2 weeks of age®.

The role of systemic corticosteroid thera-
py for BPD has been evaluated by several
controlled clinical trials®7-12. These have
confirmed the beneficial responses by re-
duction in the need for supplemental in-
spired oxygen and ventilatory support as
well as an improvement in pulmonary
compliance and facilitation of extubation.
The age of initiation (1 to 4 weeks of age)
and the duration of therapies (2 to 8 weeks)
have generally varied and are currently
guided by the Colloborative Dexametha-
sone Trial Group data3 that suggest that the
adverse effects of dexamethasone therapy
do not appear to outweigh their benefits.
However, experience would suggest that
prolonged usage of steroids, the early age
of therapy initiation, repeat courses of ster-
oid therapy, or susceptibility of the very,
very low birthweight neonate who war-
rants therapy, could place them at an in-

creased risk of steroid related adverse ef-

fects. It is in this context that the role of an
inhalational routine was conceived to facil-
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itate weaning ventilator dependent ne-
onates!!.

Previous studies have demonstrated an
improvement in pulmonary functions with
prolonged therapy!?8; other investigators
have attributed this effect to enhanced sur-
factant synthesis, stabilization of lysosomal
and cell membrane, reduction of pulmo-
nary edema and a down regulation of the
lung inflammation and decrease in the in-
flammatory response and microvascular
permeability seen in BPD.131415 Our obser-
vations of improvement primarily in resis-
tive airflow functions within 1 to 3 days of
therapy suggest an early airway response
to steroids. These changes may be attribut-
ed to reduction of tracheo-bronchial mu-
cosal edema, enhancement of B-adrenergic
activity, amelioration of any of broncho-
provocation, and/or inhibition of prostag-
landin and leukotriene synthesis. In fact,
inhaled steroids have been used successful-
ly in the management of asthmatics to de-
crease bronchial inflammation and the en-
suing hyperresponsiveness. On the other
hand, preliminary bronchoscopic evalua-
tion of ventilator-dependent preterm ne-
onates has shown an early onset of tracheo-
bronchial mucosal lesions suggestive of
necrotizing tracheobronchitis!é. Early onset
of tracheo-bronchial mucosal edema and
hyperemia and even obstructive granula-

tion lesions soon after initiation of ventila--

tion have also been reported by our labora-
tory!’. Thus, it is quite feasible that corti-
costeroid therapy may play an adjunctive
beneficial role in treating “occult” obstruc-
tive tracheo-bronchial mucosal changes.
The clinical improvement observed with
aerosol therapy is thus directly related to
the ability of steroids to relieve broncho-
spasm, decrease mucosal edema and liqui-
fy bronchial secretions. The magnitude of
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improvement also depends on the actual
area that the drug is in contact with bron-
chial mucosa. To enhance topical delivery,
it'is important to consider the mode of de-
livery, particle size and the physico-chemi-
cal properties of the carrier, the tempera-
ture of the mist and the dosage of the drug.
It is also feasible that in the non-intubated
neonate, the steroids may be swallowed
and enterally absorbed. So far, there has
been little consensus regarding the mode of
delivery, dosage or frequency. We initially
selected a dosage of 0.5 mg/kg/day of
dexamethasone and only observed a mar-
ginal improvement in pulmonary function.
Based on these data, we elected to use a
dosage of 1.0 mg/kg/day and standard-
ized the delivery method for each use to
ensure accurate dosage and drug delivery.
The duration of therapy in our study is 10
days and differs from the 4 weeks used by
LaForce and Brudno®. Beclomethasone and
budenoside have also been used in a simi-
lar manner and have shown a stmilar mag-
nitude of improvement in pulmonary func-
tion. The advantages of these two drugs is
that they are rapidly degraded and less
well absorbed from the lungs and thereby
have a more topical effect’®. Our choice of
dexamethasone was based upon its easy
availability and familiarity, the ability to
adjust specific dosage for the neonates
body weight and the choice to use an agent
without preservations.

Adrenal suppression with intravenous
dexamethasone has been transient. In two
separate studies dexamethasone therapy
was weaned over a 7 day and 45 day peri-
od and resulted in an initial suppression of
the hypothalamic-pituitary axis func-
tion1920, Eventually, the serum cortisol lev-
els returned to normal either with low dose
dexamethasone or its discontinuation. Our
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study also shows evidence of transient ad-
renal suppression with increasing values of
serum cortisol 4 days after discontinuation
of therapy, while the placebo treated in-
fants were unaffected. No other systemic
side effects of hypertension, hyperglycemia
or nosocomial sepsis were observed in our
steroid treated group.

In conclusion, we report a direct benefi-
cial effect of inhaled dexamethasone ad-
ministration on the airflow resistive prop-
erties of preterm newborns at risk for BPD.
This response is immediate within the first
few days of therapy and facilitates wean-
ing from ventilatory support as shown by
significant improvements in VEI and re-
duction in oxygen supplementation and
actual reduction in ventilatory parameters.
The effect on adrenal suppression was
transient and reversible and side effects
were negligible. Thus, inhaled steroids can
be used to reduce the level of ventilatory
support and improve the airway function
in preterm neonates at risk for BPD.
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