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groups. Our analyses for pulmonary adverse events as well 

as for pulmonary complications reported on death certifi-

cates and autopsy reports did not suggest a negative impact 

of inhaled budesonide on these outcomes.  Conclusion:  The 

current analysis does not support the assumption that respi-

ratory tract infections explain the increased mortality seen in 

the glucocorticoid group in the NEuroSIS trial. 

 © 2017 S. Karger AG, Basel 

 Background 

 The NEuroSIS trial, a recently published large ran-
domized controlled trial investigating inhaled budesonide 
for the prevention of bronchopulmonary dysplasia (BPD) 
in infants <28 weeks gestational age, showed a significant 
reduction in the incidence of BPD. However, the primary 
outcome (a composite of death or BPD at 36 weeks post-
menstrual age) was only of borderline significance as a 
result of a non-significant trend to increased mortality in 
the treatment group  [1, 2] .
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 Abstract 

  Background:  Inhaled glucocorticoids may increase the risk 

of pneumonia in adults. Thus, respiratory infections may be 

a potential explanation for the non-significantly increased 

mortality seen in the glucocorticoid group in the largest ran-

domized trial on inhaled glucocorticoids for preventing 

bronchopulmonary dysplasia in preterm infants published 

to date (NEuroSIS).  Objective:  To evaluate the effect of in-

haled budesonide on the risk of death due to respiratory in-

fections in the NEuroSIS trial.  Methods:  We performed post 

hoc analyses of prospectively collected data from 856 pre-

term infants on presumed but not culture-proven sepsis and 

antimicrobial drug use. Additionally, pulmonary complica-

tions reported on adverse event forms, death certificates 

and autopsy reports were compared between study groups. 
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  As inhaled glucocorticoids have been shown to in-
crease the risk of pneumonia in adults with asthma or 
chronic obstructive pulmonary disease  [3, 4]  it is plausi-
ble that pneumonia could be a potential biological reason 
for the observed increased mortality  [5] . The aim of the 
present analysis was therefore to evaluate the effect of in-
haled budesonide on respiratory infections by post hoc 
analysing prospectively collected data from NEuroSIS 
case report and adverse event forms.

  Methods 

 The trial design and its primary outcome have been reported 
previously  [1, 6] . The research ethics boards of all participating 
centers approved the trial. Written parental consent was obtained 
prior to study entry. Infants with a gestational age from 23 weeks 
and 0 days to 27 weeks and 6 days were randomly assigned to 
early treatment with inhaled budesonide or placebo. Infants re-
ceived the study drug within 24 h of birth. Study drugs were ad-
ministered by means of a metered-dose inhaler connected to a 
spacer. The dose of budesonide was 2 puffs (200 μg per puff) ad-
ministered every 12 h in the first 14 days and one puff adminis-
tered every 12 h from day 15 until the last dose of the study drug 
had been administered. The treatment was stopped when infants 
reached a postmenstrual age of 32 weeks and 0 days or when no 
longer requiring supplemental oxygen and positive pressure sup-
port for 72 h.

  Eight hundred and sixty-three infants with a gestational age 
under 28 weeks were randomized to early inhaled budesonide or 
placebo. The outcome for 7 infants was unknown owing to with-
drawal of consent or of the right to use the data, leaving 856 in the 
analysis population  [1] .

  Post Hoc Analyses 
 To further explore potential infections, particularly pulmonary 

complications of inhaled budesonide, we performed additional 
analyses for presumed, but not culture-proven sepsis, antimicro-
bial drug use, pulmonary adverse events as well as for pulmonary 

complications reported on death certificates and autopsy reports. 
Information about the use of topical or systemic antifungal and 
antibacterial drugs was collected prospectively by filling in daily 
case report forms for each randomized patient. The tasks of defin-
ing and reporting of adverse events were left to the discretion of 
the local physician using additional case report forms containing 
the day of onset and a free-text field for a detailed description. All 
events were classified according to international GCP guidelines. 
Additionally, 2 blinded neonatologists at the coordinating study 
centre classified all reported events using the preferred term of the 
standardised 8-digit Medical Dictionary for Regulatory Activities 
(MedDRA) Coding System. Respiratory infections were regarded 
as ventilator-associated, if an endotracheal tube was in place for at 
least 48 h. For the present analysis, all MedDRA Codes relating to 
any infection of the respiratory tract were searched in a blinded 
fashion. Additionally, free-text fields were searched with special 
attention given to the causal pathogen of the respiratory tract in-
fection with physicians also being blinded to study group assign-
ment. If a patient died, a copy of the death certificate and if avail-
able of the autopsy report had to be sent to the coordinating study 
centre. Death certificates and autopsy reports were hand-searched 
and if they indicated any infection of the respiratory tract, they 
were compared for both study groups by 2 neonatologists unaware 
of treatment group assignment.

  Descriptive statistics were used to summarize the data, using 
median and range for continuous variables and frequency (per-
centage of total) for dichotomous variables.

  Results 

 As reported previously, the baseline characteristics of 
the infants and of the mothers were similar in the 2 groups 
 [1] . The prespecified secondary outcomes, culture-prov-
en sepsis, culture-proven meningitis, necrotising entero-
colitis and oral candidiasis requiring treatment did not 
differ between the groups  [1] . Rates of severe adverse 
events were similar in the 2 groups  [1] . No single cause of 
death recorded on autopsy reports explained the differ-
ence in mortality between the 2 groups ( Table 1 ).

  Non-Culture-Proven Sepsis 
 Treatment groups did not differ in the number of epi-

sodes with suspected but not culture-proven sepsis: 184 
out of 437 (42.1%) in the budesonide versus 171 out of 
419 (40.8%) in the placebo group.

  Antimicrobial Drug Use 
 There were no group differences in the prophylactic or 

therapeutic administration of topical and systemic anti-
fungal treatment or in the duration of this treatment. Nei-
ther the number of patients receiving antibacterial drugs 
nor the length of antibiotic treatment differed between 
groups ( Table 2 ).

Table 1.  Primary cause of death according to autopsy report

Primary cause of death Budesonide 
group, n

Placebo 
group, n

Pulmonary complication 5 8
Cardiac complication 1 0
Gastrointestinal complication 6 5
Sepsis/infection 2 3
Intraventricular haemorrhage/

periventricular leukomalacia 6 3
Prematurity/extremely low-birth-

weight infant 2 2
No autopsy performed 52 36
All 74 57
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  Pulmonary Adverse Events and Pulmonary 
Complications Reported on Death Certificates or 
Autopsy Reports 
 We observed a total of 1,963 adverse events (570 severe 

adverse events) in our population: 444 infants with at 
least one adverse event, 412 infants without any adverse 
event (302 infants with at least one severe adverse event, 
554 without any severe adverse event)  [1] . Overall, 46 
events of respiratory tract infection in 40 patients were 
reported. Forty of these events were indicated as adverse 
events. Three events of infection were indicated both by 
reporting an adverse event and on the death or autopsy 
report. Six events were exclusively mentioned on the 
death or autopsy report.

  In the budesonide group, 15 events of respiratory tract 
infection in 13 patients occurred compared to 31 events 
in 27 patients in the placebo group. Two patients in the 

budesonide group and 4 in the placebo group had 2 inde-
pendent episodes of respiratory tract infection. Overall, 
in 11 patients, death was at least partially related to a re-
spiratory tract infection, 2 in the budesonide and 9 in the 
placebo group ( Table 3 ). There was no difference in the 
median day of onset of the respiratory tract infection be-
tween both groups. At the time of onset of the respiratory 
tract infection, 34 infants were still inhaling the study 
drug, 24 in the placebo group and 10 in the budesonide 
group. Thirty-one (67.4%) respiratory tract infections 
may be considered ventilator associated, as these infants 
had an endotracheal tube in place for at least 48 h. There 
was no obvious difference in ventilator-associated pneu-
monias between the budesonide and placebo groups. In 
15 cases, bacteria (5 with  Staphylococcus aureus ; 2 each 
with  Serratia marescens ,  Escherichia coli ,  Klebsiella pneu-
moniae , and  Bacillus cereus ; one each with coagulase-neg-

Table 2.  Use of antifungal and antibacterial drugs

Budesonide group 
(n = 437)

Placebo group
(n = 419)

Patients receiving local antifungal treatment 
(prophylactic and therapeutic), n (%) 112 (25.6) 99 (23.6)

Days with locally administered antifungal treatment, 
median (range) 24 (1 – 81) 22 (1 – 82)

Patients receiving systemic antifungal treatment, n (%) 159 (36.4) 160 (38.2)
Days with systemically administered antifungal treatment, 

median (range) 8 (1 – 69) 9 (1 – 81)
Patients receiving antibacterial drugs, n (%) 424 (97.0) 408 (97.4)
Days with antibacterial drug treatment, median (range) 12 (1 – 85) 14 (1 – 72)

Table 3.  Pulmonary adverse events and pulmonary complications

MedDRA-Code Preferred term Budesonide group Placebo group

10053584 Pneumonia 5 9
10035664 Neonatal pneumonia 1 7
10060946 Bacterial pneumonia 5 4
10053584 Pulmonary mycosis 0 1
10006469 Bronchopneumonia 0 3
10047482 Upper respiratory tract infection 1 0
10061907 Parainfluenza infection 1 0
10061603 Respiratory syncytial virus infection 1 2
Events of respiratory infection exclusively reported in death certificates 1 5
Reported events of respiratory tract infection 15 31
Reported patients with respiratory tract infection 13 27
Death due to respiratory tract infection 2 9
Ventilator-associated pneumonia 11 20
Median day of life of onset of pneumonia 18 16
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ative Staphylococcus and Ureaplasma urealyticum), in 4 
cases viruses (3 with respiratory syncytial virus and one 
with parainfluenza virus) and in one case  Candida albi-
cans  was isolated from tracheal aspirates or nasal swabs.

  Discussion 

 Our post hoc analyses of the NEuroSIS data do not 
support the suggestion that respiratory infections were 
different between the inhaled budesonide and placebo 
groups and do not explain the observed non-significant 
increased mortality with inhaled budesonide in the NEu-
roSIS trial. However, it is possible that inhaled steroids 
mask the usual signs of respiratory and systemic infec-
tions. Other plausible reasons for the increase in the num-
ber of deaths in the budesonide group are discussed in the 
online supplementary appendix (for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000468507) of 

the original publication and so far no single cause of death 
recorded on death certificates or autopsy reports ex-
plained the difference in mortality between the 2 groups 
 [1] . Unfortunately, autopsies were performed in only one 
third of the cases. A major limitation of our analyses is 
their post-hoc nature, although the results are in line with 
the results of the prespecified secondary outcomes relat-
ing to infections  [1] . While the use and duration of anti-
fungal and antibacterial treatment were recorded for all 
patients included in our trial, the reporting of pulmonary 
adverse events and of pulmonary complications men-
tioned on death certificates or autopsy reports was depen-
dent on the individual physicians and should therefore be 
interpreted with caution.
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