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Abstract
Introduction. There are few published data on the efficacy of systemic corticosteroids in
preterm infants with very severe forms of bronchopulmonary dysplasia (BPD), requiring
respiratory support after 3 months of age. The aim of this study was to report the use of pulses
of methylprednisolone in this population and its consequences on the level of respiratory

support.

Methods. This retrospective monocentre study included infants over three months of age with
severe BPD who received at least one pulse of methylprednisolone (300mg/m?#/day IV over
three days). The primary outcome was the evolution of the pulmonary severity score (PSS)
during the three months preceding and the five months following the first pulse. The evolution
of the median PSS over time was analysed using linear segmented regression for interrupted

time series.

Results. Ten infants were included. During the three months preceding the first pulse, a
significant increase in the median PSS was observed (p=0.01), followed by a progressive
decrease during the five months after administration of the first pulse (p<0.01). Greater effects
were observed in more severe infants requiring mechanical or non-invasive ventilation than in

those receiving supplemental oxygen through nasal cannula.

Conclusion. High-dose 1V pulses of methylprednisolone were associated with a decrease in the
level of respiratory support required by infants with very severe forms of BPD, with a greater
effect in those on mechanical or non-invasive ventilation. Further studies are warranted to

confirm these preliminary results and assess the long-term safety of this therapy.



Intravenous pulses of methylprednisolone for infants with severe bronchopulmonary

dysplasia and respiratory support after 3 months of age

Introduction

Preterm birth interferes with correct alveolar development, with larger and fewer alveoli and
decreased pulmonary capillary density, which are the hallmarks of bronchopulmonary
dysplasia (BPD)3. These pathologic findings can clinically manifest as gas exchange
abnormalities, with infants requiring supplemental oxygen for hypoxemia and/or ventilatory
support for hypercarbia during their first weeks of life. Infants still requiring > 0.30 fraction of
inspired oxygen (FiO2) and/or positive pressure ventilation or continuous positive airway
pressure at 36 weeks’ postmenstrual age are considered to have a severe BPD*. The EPIPAGE-
2 cohort study conducted in France in 2011 found that severe BPD concerned 25% of infants
born before 27 weeks of gestational age (GA)°. Among these patients, a small proportion still
require respiratory support after three months of age. At that time, they often have been
transferred from neonatal intensive care to paediatric intensive care units or pulmonology
departments.

Because inflammation plays a prominent role in the pathogenesis of BPD, systemic steroids
have been used as anti-inflammatory agents to alter the course of lung disease in premature
infants®’. Administered early (0-7 days of age), short courses of dexamethasone and
hydrocortisone were associated with decreased rates of BPD and death at 36 weeks'
postmenstrual age®. These benefits were mitigated in infants who received dexamethasone by
an increased incidence of cerebral palsy®, which was not observed with hydrocortisone®®.

Administered later, between 7 and 28 days of age, systemic steroids were associated with



reductions in the rates of BPD or death at 36 weeks’ postmenstrual age, failure to extubate,
discharge on home oxygen, but not with neurological impairment!!. A trend towards increased
risks of infection, gastrointestinal bleeding and retinopathy of prematurity was reported*?.

The administration of systemic steroids after 2 months of age for infants with very severe BPD
still requiring oxygen therapy or ventilatory support remains understudied. Bhandari et al.
described the efficacy of a two-week tapering course of prednisolone in infants with mild to
moderate BPD and a mean age of 2.5 months'?. Of the 131 infants who received treatment, 82
(63%) were successfully weaned off oxygen. Linafelter et al*3 reported the use of prednisolone
therapy in a population of 43 infants with severe BPD and a median age of 3.5 months. An
extended course of prednisolone, with a median duration of 67 days, was associated with
modest short-term improvement in oxygenation, but impaired linear growth.

At our center, clinical practitioners in both pediatric intensive care and pediatric pulmonology
have developed the practice of trying high dose of intravenous (1) methylprednisolone pulses
in infants aged 3 months or more with very severe BPD requiring mechanical ventilation, non-
invasive ventilation (N1V), or oxygen therapy associated with repeated severe exacerbations.
The objective of this study was to describe the evolution of the levels of respiratory support
required by these infants with very severe BPD following the initiation of IV

methylprednisolone pulses.

Material and methods

Study design and population
In this retrospective single centre study, we used the clinical data warehouse of the university
hospital Necker-Enfants Malades (Paris, France) containing about 400,000 patients to identify

our population®. Patients were included if they fulfilled the following criteria: they were born



preterm (< 37 weeks of GA) between January 2010 and December 2018, had a diagnosis of
BPD defined as the need for supplemental oxygen (> 0.30 FiO2) and/or ventilatory support at
36 weeks of post-menstrual age, were still requiring supplemental oxygen and/or ventilatory
support after three months of age, and had received at least one IV pulse of high-dose
methylprednisolone. Control patients responding to the same inclusion criteria except that they
did not receive methylprednisolone IV pulses were also included. Methylprednisolone 1V
pulses were administered at the dose of 300 mg/m2/day for three days. At the discretion of the
physician, methylprednisolone pulses could be repeated with a minimum interval of four weeks.
The study was approved by the Institutional Review Board of the French learned society for
respiratory (CEPRO 2019-015). Parents were informed of the study and provided oral consent

for the use of de-identified data from their children’s health electronic records.

Outcomes

The primary outcome was the evolution of the median pulmonary severity score (PSS) between
the three months preceding and the five months following the first pulse of methylprednisolone.
The PSS is a validated scoring system that considers respiratory support, FiO2, and respiratory
treatments to estimate the severity of lung disease in preterm infants®. It is expressed as the
fraction of inspired oxygen (Fio2) x (support) + (medications), where Fio2 is the actual or
“effective” (for nasal cannula) Fio2; support is 2.5 for a ventilator, 1.5 for nasal continuous
positive airway pressure, or 1.0 for nasal cannula or spontaneous ventilation; and medications
is 0.20 for systemic steroids for bronchopulmonary dysplasia, 0.10 each for regular diuretics or
inhaled steroids, and 0.05 each for methylxanthines or intermittent diuretics. The scores could
range from 0.21 to 2.95.

Secondary outcomes included the evolution of PSS on an individual basis, and adverse effects

associated with corticosteroids treatments. These adverse effects included the impact of pulses



on the weight and height. Weight and height z-scores adjusted by birth term were measured
three months before the first pulse, at the time of the first pulse, one month after the first pulse
and three months after the last pulse. Episodes of infection, hypertension, and/or

hyperglycaemia that occurred during the methylprednisolone pulses were also recorded.

Data collection

Data were obtained from the electronic health records of the infants and included antenatal data
(in utero exposure to tobacco, history of oligoamnios, antenatal steroids), neonatal data (gender,
gestational age, birth weight, history of hyaline membrane disease, pulmonary hypertension,
sepsis, necrotizing enterocolitis, duration of mechanical ventilation, NIV), infant’s data at the
time of starting the pulse(s) of methylprednisolone (age, comorbidities, respiratory support) and
during follow-up (respiratory support, weight and length converted to z-scores). Frequency of

other potential adverse effects was also collected.

Statistics

Descriptive statistics such as mean and standard deviations, median and interquartile ranges,
and proportions were used to summarize the data. A linear segmented regression analysis of
interrupted time series was used for the evaluation of our primary outcome'®. Through this
method, it is possible to measure the effect of an event (here the first pulse of
methylprednisolone), on a series of measures repeated over time (here the PSS). The set of
measures is divided into two segments, before and after the intervention. Each segment is
defined by two parameters: its level (the value of the series at the beginning of the period) and
its trend (its slope). The principle of segmented regression analysis is to examine the changes
in level and/or trend that follow an intervention, and can be specified as follows:

Yt=p0+ Bl Timet + B2 Interventiont + 3 Time after intervention; + e



Bo estimates the baseline level of the outcome, B1is the trend of the first segment, Bz is the
change of level of the outcome just after the intervention and {3 estimates the change in the
trend after the intervention compared to the trend before intervention (B1). The error term et
represents the random variability not explained by the model. A search for autocorrelation by a
Durbin-Watson test completed the validation of this method.

Significance was set at p <0.05. Analyses were performed with SAS version 9.3 software (SAS
Institute, Inc, Cary, NC), and graphics with GraphPad prism software v5.03 (La Jolia,

California).

Results

Ten infants who received methylprednisolone IV pulses were identified from the clinical data
warehouse. Their antenatal and neonatal characteristics are presented in Table 1. All these
infants required mechanical ventilation during their neonatal life. Infants who received pulses
of methylprednisolone had their first pulse at a median age (IQ1-3) of 6 months (6-9),
specifically at a median age of 6 months (6-6) for those who were on mechanical ventilation or
NIV, and 9 months (6-15) for those who were on nasal cannula. Their characteristics at the
starting of the methylprednisolone pulse(s) are presented in Table 2. All pulses of
methylprednisolone 1V were administered at a dose of 300 mg/m2/day over four to eight hours,
for three days. The median number of pulses (1Q1-3) administered per patient was 2.5 (1-4),
with a minimum of one and a maximum of nine, and the interval between two pulses was four
weeks.

Eight of the 10 infants included had received at least one course of oral corticosteroid therapy
in the month prior to their first pulse. Of these, six were considered corticosteroid-dependent

by their medical team. Details regarding the molecule, dose and timing of the oral courses



administered are provided in the supplemental Table S1. For the 10 infants, the median (1Q1-
3) number of courses of oral corticosteroid therapy administered during the 3 months preceding
the first IV pulse of methylprednisolone was 1 (1-2), for a median duration of 14 days (8-24).

Six infants who responded to the same inclusion criteria except that they did not receive any 1V
pulse of methylprednisolone were identified. All were on nasal cannula and constituted a
control group for the five infants who received IV pulse(s) of methylprednisolone for O2
weaning. These controls were born at a lower gestation age, with a lower birthweight, and had
a longer duration of mechanical ventilation compared to the infants who received 1V pulses

(Table 1).

Evolution of the level of respiratory support after methylprednisolone pulse(s)

The evolution of the level of respiratory support assessed by the PSS during the three months
preceding and the five months following the administration of the first methylprednisolone
pulse is illustrated in Figure 1A. Before the starting of the first methylprednisolone pulse, there
was a slight but regular increase in the median PSS of the infants included, whereas it was the
reverse after, with a regular decrease in the median PSS following the first pulse. The linear
segmented regression analysis of interrupted time series confirmed a statistically significant
increase in median PSS during the three months preceding the first pulse (coefficient 1= 0.06;
p=0.01), a non-significant decrease just after the introduction of the first pulse (coefficient p2=-
0.0; p=0.98), and finally a statistically significant change in slope, with inversion of the slope
following the introduction of the first pulse (coefficient 3= -0.10; p=0.001). The value of
Durbin Watson test was inconclusive (2.71). The decrease in PSS following the starting of the
IV pulses of methylprednisolone was greater in the five patients who required mechanical
ventilation or NIV than in the five patients who required supplemental oxygen through nasal

cannula (Figure 1B and 1C).



Two patients (patients 1 and 2) received methylprednisolone pulses with the objective of
weaning them off mechanical ventilation (Figure 2). Both patients were weaned from
mechanical ventilation within 15 days after their first pulse, with a NIV relay. Patient 1 received
two additional pulses to wean him off NIV, without success. Three other patients (patients 3-5)
received methylprednisolone pulses with the objective of weaning them off NIV 24h/24 (Figure
2). Patient 3 was weaned off NIV after two pulses, patient 4 kept NIV only 12h/24 (at night)
after the first pulse and was definitely weaned off after the third pulse. Patient 5 kept NIV only

12h/24 (at night) after the third pulse and was weaned off after 5 pulses.

The evolution of the median PSS of the infants who required supplemental oxygen on nasal
cannula is illustrated in Figure 3 (All patients with nasal cannula), with the evolution of those
who received IV pulses of methylprednisolone and of controls. No statistical test was performed
due to the small sample size of each group (n=5 and n=6, respectively), but it seemed that
infants who received methylprednisolone IV pulse(s) had increasing PSS before the starting of
the pulses and higher PSS at the start of the pulses compared to the six infants belonging to the
control group who had decreasing or stable PSS at the same ages, and lower PSS values. The
individual PSS evolution for each infant who received IV pulse(s), compared to the median
PSS of the six controls at the same ages, is also presented in Figure 3 (Patients 6-10). Beside
the higher respiratory morbidity of each infant who received 1V pulse(s) reflected by higher
PSS, the changes in PSS appeared to parallel those of control infants. Except patient 9, all the
patients who received IV pulses of methylprednisolone were weaned off their oxygen therapy

after one or two pulses.

Safety of methylprednisolone pulse(s)



The median weight z-scores (1Q1-3) measured three months before the first pulse, at the time
of the first pulse, one month after the first pulse and three months after the last pulse did not
differ significantly with values of -1.5 (-2.7; -1.0); -2.3 (-2.6; -1.8); -1.7 (-3.2; -1.5) and -1.5 (-
2.2;-0,2), respectively (p=0.64). The median height z-scores (1Q1-3) did not differ significantly
either with values of -2.0 (-3.5; -1.5); -2.0 (-2.5;-1.0); -1.25 (-3.0;-0.6); and -2.0 (-3.06;-0.60),

respectively (p=0.60).

Other adverse outcomes included adrenal insufficiency in four infants after the pulses, including
two infants with pre-existing adrenal insufficiency before the start of the pulses, high blood
pressure requiring a pause during the administration of the first two pulses in an infant (patient

10), and agitation during the second pulse of patient 9. No hyperglycaemia was observed.

Discussion

In this retrospective monocentre study, the administration of IV methylprednisolone pulses at
a dose of 300 mg/mz2/day over three days to infants aged more than three months with severe
BPD was associated with improvements in the PSS of those requiring mechanical ventilation
or NIV, whereas the effect in those with nasal cannula for supplemental oxygen was more
questionable.

For the two infants who were critically ill and required mechanical ventilation, the 1V
methylprednisolone pulses were provided as a rescue treatment. Both were weaned off from
mechanical ventilation rapidly after the start of the pulses, with a NIV relay. The effect of
corticosteroids on hastening weaning from mechanical ventilation had been reported in

preterms with BPD in neonatal intensive care units, but not in older infants with BPD aged

10



more than 3 monthst!. The improvements observed after the start of high-dose 1V
methylprednisolone in these two infants aged 6 and 7 months advocates for a persisting lung
inflammation linked to their severe BPD and acutely exacerbated by mechanical ventilation,
that was counteracted by this anti-inflammatory treatment®’. Two of the three infants who
required chronic NIV in our study also seemed to improve after the IV pulse(s) of
methylprednisolone. Similarly to our study, Linafeter et al reported the outcomes of 43 infants
with severe BPD requiring mechanical ventilation or NIV at a median age of 3.5 months, who
received tapering course of systemic corticosteroids®. Prednisone or methylprednisolone was
administered either orally or IV, at a lower dose than in our study (0.5-2 mg/kg/day) and for a
median duration of 67 days (range 31 to 406 days). They observed a significant decrease in the
PSS mainly attributable to improvement in FiO2 one week after the initiation of the treatment.
These results were consistent with ours, supporting an effect of systemic corticosteroids on
respiratory outcomes of infants with severe BPD, even when administered lately, after the first
weeks of life.

By contrast, the effect of the IV pulses of methylprednisolone on the PSS of infants who
required supplemental oxygen through nasal cannula was less clear, especially when compared
to the natural evolution of the PSS scores of the six controls included. Bhandari et al. reported
the effects of prednisolone administered in infants aged 2.5 months on average and still
requiring oxygen therapy due to severe BPD*. Oral prednisolone was administered at the dose
of 2 mg/kg for five days and then gradually tapered over ten days. Of the 131 infants who
received treatment, 82 (63%) were successfully weaned off oxygen. By contrast, in our
population, only two out of five infants could be weaned off their oxygen after a single pulse
of IV methylprednisolone of 300 mg/m2/day for three days. This is explained by the greater
severity of our population who did not respond significantly to several courses of oral steroids

before the initiation of 1V pulses of methylprednisolone and still required oxygen at a median

11



age of 9 months. Nevertheless, the benefit/risk ratio seemed less favourable in this population
of infants on nasal cannula compared to the benefit/risk ratio observed for infants on mechanical
ventilation or NIV, especially when comparing to the natural evolution of controls and taking

in account potential side-effects such as steroid induced adrenal insufficiency.

This study does not address the question of the choice of the best molecule between the different
corticosteroids, nor its best administration route. There were three reasons why we chose to use
high-dose 1V pulses of methylprednisolone. Firstly, most infants had already received several
courses of oral corticosteroids with insufficient results, and high-dose IV pulses appeared as a
second-line treatment to attempt a weaning from their respiratory support. Both the increase in
doses and the use of the intravenous route could explain the greater efficacy observed with the
IV pulses of methylprednisolone compared to the oral courses of corticosteroids. The
pharmacokinetics of corticosteroids in infants born preterm remain poorly studied*®, but in older
children there is a marked variability in absorption and metabolism of oral prednisone’®, and at
the same dose, an oral course can result in a decreased bioavailability of the corticosteroid
compared to an IV course®. Secondly, for infants mechanically ventilated, systemic steroids
were considered life-saving measures, and high-dose IV pulses were expected to be associated
with the most rapid and significant improvements. Safety was the third consideration to choose
between high-dose, monthly, IV pulses, and daily oral corticosteroids. Imbasciati et al
conducted a study in patients with nephrotic syndrome which compared the administration of
three-day pulses of methylprednisolone followed by low doses of oral corticosteroids for six
months, to one month of treatment with high-dose oral corticosteroids followed by five months
of oral corticosteroids at low dose?*. They found a reduction in the adverse effects observed in
the group who received the pulses of methylprednisolone. Similarly, we did not find a

concerning impact of the pulses of methylprednisolone on the linear growth of the infants we

12



included whereas Linafelter et al., who used extended courses of oral prednisone, did observe

impaired linear growth after four weeks of continuous therapy by prednisolone®®.

The main limitations of this study are its retrospective nature and its small sample size that
preclude the establishment of a causal link between the improvements in the levels of
respiratory support observed and the administration of methylprednisolone pulses. Infants with
severe BPD still requiring respiratory support after three months of age are rare, explaining the
small sample size. Another major limitation is that our study lacks a full assessment of long-
term neurological outcomes, whereas there is a large body of evidence that both severe BPD
and corticosteroids can be associated with poor neurological outcomes in children born
preterm??-25, However, both the use of methylprednisolone, which is safer than dexamethasone
regarding neurological outcomes?®, and its late administration?’, after three months of age,

decrease the likelihood of adverse neurological outcomes in the infants we included.

Conclusion

The results of this retrospective study suggest that the administration of IV methylprednisolone
pulses to infants over 3 months of age with severe BPD is associated with a positive benefit/risk
ratio in the most severe ones requiring mechanical ventilation or NIV, whereas the effect was
less clear in those receiving supplemental oxygen only. Further studies are needed to confirm

these preliminary results.
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Figure 1: Evolution of the median pulmonary severity scores during the three months
before and five months after the first pulse of methylprednisolone.

Legend: The evolution of the pulmonary severity scores is presented for all patients (A,
n=10), and then specifically for patients on mechanical ventilation (MV) or non-invasive
ventilation (NIV) (B, n=5), and patients on nasal cannula (C, n=5). M: month
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Figure 2: Evolution of the pulmonary severity scores at an individual level in infants on
mechanical ventilation or non-invasive ventilation.
Legend: M: month; MV: mechanical ventilation; NIV: non-invasive ventilation; P: pulse
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Figure 3: Evolution of the pulmonary severity scores at an individual level in infants on
nasal cannula who received pulses of methylprednisolone (patients) and controls.

Legend: M: month; MV: mechanical ventilation; NIV: non-invasive ventilation; P: pulse
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Table 1: Antenatal and neonatal data

Variables All Pulses for Pulses for ~ Controls for
n=16 NIVIMV 02 02 weaning
weaning weaning n=6
n=5 n=5
General characteristics
= Sex, % male 8 (50%) 2 (40%) 4 (80%) 2 (33%)
= Gestational age, median, 26 (25-28) 25 (25-27) 29 (28-31) 25 (25-26)
weeks (Q1-Q3)
Min- max 23-31 24-29 23-31 24-28
= Birth weight, median, g 747 740 929 (680- 767.5
(Q1-Q3) (675-856.2) (700-740) 1380) (665-780)
Min- max 610-1490 660-1330 610-1490 610-835
= Small for gestational age 2 (12.5%) 1 (20%) 1 (20%) 0
Antenatal data
= Maternal smoking 1/10 (10%) 0/2 1/4 (25%) 0
= Oligoamnios 5/15(33%) 0 2 (40%) 3/5 (60%)
= Antenatal steroids 13/15 (87%) 4 (80%) 4 (80%) 5/5 (100%)
Neonatal history
= Hyalin membrane disease 13/15 (87%) 5 (100%) 4 (80%) 4/5 (80%)
= Pulmonary hypertension 7/14 (50%) 2 (40%) 2 (40%) 3/5 (60%)
= Patent ductus arteriosus 11/15 (73%) 5 (100%) 3 (60%) 3/5 (60%)
= > sepsis 14/16 (87%) 5 (100%) 4 (80%) 5/6 (83%)
= Necrotizing enterocolitis 0 0 0 0
Respiratory support
= Duration of MV, median, 19 (7-36) 14 (11-14) 4 (1-10) 36 (33-52)
days (Q1-Q3)
Min - max 0.5-55 6-55 0.5-30 32-98
= Duration of NIV, median, 68.5 (53-108) 180 (90-233) 65 (5-74) 54 (48-58)
days (Q1-Q3)
Min- max 1-278 69-278 1-114 32-68

NIV: non invasive ventilation. MV : mechanical ventilation.
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Table 2: Characteristics of patients, at the starting of the pulse(s) of methylprednisolone
or at nine months of age in controls.

Characteristics All Pulses for Pulses for Controls for
n=16 NIV/IMV O2 weaning  O2 weaning
weaning n=5 n=6
n=5

Comorbidities

= Heart disease (except 4 (25%) 1 (20%) 1 (20%) 1 (16%)
ductus arteriosus)

= Pulmonary hypertension 5/15 (33%) 2 (40%) 1/4 (25%) 1 (16%)

= (Gastro esophageal reflux 9 (56%) 4 (80%) 3 (60%) 2 (33%)
treated by proton-pump
inhibitor

= Enteral feeding by 2 (12%) 1 (20%) 1 (20%) 0
gastrostomy

= History of Nissen 2 (12%) 1 (20%) 1 (20%) 0
fundoplication

Respiratory drugs 15 (94%) 5 (100%) 4 (80%) 6 (100%)

= Diuretics 5 (31%) 3 (60%) 1 (20%) 2 (33%)

= Inhaled corticosteroids 14 (87%) 5 (100%) 4 (80%) 5 (83%)

= Oral steroids 12 (75%) 4 (80%) 4 (80%) 4 (67%)

= Azithromycin 2 (12%) 0 1 (20%) 1 (17%)

Preventive measures

= Influenza vaccination 12 /13 (92%) 5 (100%) 5 (100%) 6 (100%)

= Palivizumab 16 (100%) 4/4 (100%) 2/3 (67%) 6 (100%)
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Supplemental Material

Intravenous pulses of methylprednisolone for infants with severe bronchopulmonary

dysplasia and respiratory support after 3 months of age

Table S1: courses of oral steroids used before the first pulse of IV methylprednisolone

Patient

10

Molecule

Betamethasone

Betamethasone
Betamethasone

Hydrocortisone
hemisuccinate
Betamethasone

Betamethasone
Betamethasone
Betamethasone
Betamethasone
Betamethasone

Betamethasone
Betamethasone
Betamethasone
Prednisolone
Prednisolone
Prednisolone

Betamethasone
Prednisolone

Prednisolone
Prednisolone

Betamethasone
Betamethasone

Dose
prednisolone)
N/A

2
0.75

0.5

1.25

Duration
(mg/kg/equivalent (days)

24

9

10
15

10
10

Age
(months)

Timing of
administration
before 1%
pulse

M-3

M-2.5
M-1
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