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Abstract

Background: extremely low birth weight (ELBW) infants are prone to develop bronchopulmonary dysplasia 
(BPD). Dexamethasone treatment is indicated in order to treat BPD, however previous reports showed adverse 
neurological side eff ects of this treatment.
Objective: to investigate the infl uence of early dexamethasone treatment on neurological outcome at 2 years of 
age in ELBW infants in relation to perinatal risk factors.
Patients and methods: double blind, randomised, placebo-controlled trial. Inclusion criteria were: gestation 
<31 weeks, birth weight <1000 grams and respiratory failure by the age of 4 hours. The infants received 4 doses 
of dexamethasone (0.25 mg/kg at 12 h intervals) or placebo. First dose was given before the age of 6 hours. Early 
neurological outcome was obtained by the assessment of the quality of the early motor repertoire according to 
Prechtl. At 2 years of age a neurological examination according to Touwen was performed.
Results: 20 infants (gestational age 26.9 ± 1.2 weeks, birth weight 815 ± 116 g) were included. Ten infants 
received early dexamethasone treatment, ten infants received placebo. No signifi cant diff erences in neurological 
outcome were found between infants who received early dexamethasone versus placebo. In the group of infants 
who received early dexamethasone, adverse neurological outcome was more often observed in infants who 
had gone through a prenatal hypoxic episode when compared to infants without such an episode. (Chi2 test for 
trend=5.7; p<0.05). The quality of the FMs and the concurrent motor repertoire was associated with neurological 
outcome at 2 years of age (Chi2 test for trend; p<0.05, resp p<0.05).
Conclusions: neurological damage might be aggravated in ELBW infants when dexamethasone treatment is 
preceded by a perinatal hypoxic episode. The quality of the motor repertoire at 11-16 week post-term age is 
associated with neurological outcome at 2 years of age. 

Introduction

Bronchopulmonary dysplasia (BPD) is a major problem in extremely low birth weight (ELBW) 

infants.1 Use of systemic steroids, in particular dexamethasone, became popular after several 

studies provided evidence for improvement in the clinical condition of infants requiring prolonged 

mechanical ventilation.2-5 These studies reported on improvements in lung function and shorter 

duration of intubation combined with a lower prevalence of CLD after treatment with steroids. 

During the 1990s more studies were performed looking at the possible side eff ects of the steroid 

treatment in ELBW infants. These studies found that treatment with systemic steroids was associated 

with several major side eff ects varying from hyperglycemia and gastro-intestinal perforation to 

severe neurodevelopmental defi cits, particularly when treatment was given within the fi rst week 

after birth.6-9 The neurological outcome of infants receiving dexamethasone after the fi rst postnatal 

week, has been investigated less thoroughly, and there are confl icting reports with regards to 

the association with cerebral palsy (CP).10-12 The question arises whether timing of postnatal 

dexamethasone treatment could explain the diff erences in outcome.

A method that might aid is Prechtl’s method on the qualitative assessment of the motor repertoire 

in young infants. It has shown to be a reliable method to predict neurological outcome. This method 

is based on visual Gestalt perception of the quality of GMs in the preterm, term and up to the age 

of 5 months post-term. Previous studies showed that it is a powerful tool for the early and specifi c 

prediction of cerebral palsy (CP) and mild neurological defi cits (MND).13-16  Previously, Bos et al. found 
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that dexamethasone treatment leads to an acute deterioration of the quality of the motor repertoire 

and may induce neurological defi cits.17,18 

According to present evidence, the early administration of dexamethasone for prevention of 

BPD is associated with serious adverse neurological side eff ects and therefore the treatment 

is contraindicated. The causes of these serious adverse eff ects are unknown. According to 

experimental evidence, dexamethasone given after the onset of severe asphyxia aggravates the 

ischemic brain injury.19 Furthermore the infl uence of early systemic steroid treatment of the quality 

of the early motor repertoire is unknown. Therefore, we aimed to investigate the infl uence of early 

dexamethasone treatment on neurological outcome in ELBW infants by assessing the quality of 

the early motor repertoire. Additionally we explored whether severe birth asphyxia followed by 

dexamethasone treatment is associated with the adverse neurological outcome.

Patients and methods

Study population

The study was part of a double blind, randomised, placebo-controlled trial involving six neonatal 

units in both Finland, Germany, Belgium and the Netherlands.20 The study protocol was approved 

by the ethics committees of all participating hospitals. Inclusion criteria were infants born before 

31 weeks gestational age, birth weight less than 1000 grams and respiratory failure by the age 

of four hours postnatal age. Exclusion criteria were congenital malformations and chromosomal 

abnormalities. Due to the fact that neurological follow-up according to Prechtl’s method was 

performed in our centre only, those infants who were born and treated in the University Medical 

Center Groningen (UMCG) were included in the study reported here, following parental informed 

consent (n=27). At 2 years of age, 7 infants had died (26%; dexamethasone n=3; placebo n=4) and 

in 3 infants no reliable video recordings were available (11%; dexamethasone n=2, placebo n=1). 

Patients’ characteristics are listed in Table 1.

Perinatal data were prospectively collected. These included gestational age, birth weight and 

maternal corticosteroid treatment. Abnormal heart rate pattern on the cardiotocogram (CTG), 

mode of delivery and Apgar scores were recorded. Prenatal hypoxic event was defi ned as the 

combination of abnormal fetal heart rate pattern, low umbilical artery pH (<7.15) and requirement of 

resuscitation after birth. These infants were frequently born after emergency caesarean section and 

had low 5 min Apgar scores with signs of perinatal asphyxia. We also documentated the presence 

of intracranial haemorrhages, graded according to Papile et al.21 and periventricular leukomalacia 

graded according to de Vries et al.22 Finally, the use of open labelled dexamethasone therapy later in 

the clinical course was documented.

Randomisation

Randomisation and preparation of the coded vials was performed blindly by the investigators (EA 
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and MH). All infants received doses of dexamethasone (0.25 mg/kg) or normal saline as placebo at 

12 hour intervals. The fi rst dose was given before the age of 6 hours after birth. In total four doses 

were given. Infants in both groups were eligible to receive late selective steroid therapy if the clinical 

condition made it necessary. 

Neurological evaluation between 11 and 16 weeks post-term age

Early neurological evaluation was obtained by using Prechtl’s method on the qualitative assessment 

of the early motor repertoire. Video recordings, approximately 10 minutes long, were made of the 

infants between 11 and 16 weeks post-term. The recordings were made either at the outpatient 

clinic or at home, during periods of active wakefulness between feeds, with the partially dressed 

infants lying in the supine position. All recordings were later evaluated off -line by JLMB and AFB 

according to Einspieler et al.23,24 One of the observers (JLMB) was unaware of the infant’s clinical 

history and neurological status; the other knew the infant’s clinical history. Both observers were 

blinded to group assignment.

We used the motor optimality score to judge the motor repertoire.23,24 It is the sum of 5 components: 

1. quality of the fi dgety movements (FMs), 2. presence and normality of movement patterns, 3. 

presence and normality of postural patterns, 4. age-adequacy of the concurrent motor repertoire, 

5. quality of the concurrent motor repertoire. Together these components provide the basis of 

calculating a motor optimality score, with a minimum of 5 points, and a maximum (optimal) of 28 

Table 1: Patient characteristics. Data are expressed as median (range), or N (%).

   Dexamethasone    Placebo

Number   10     10 
Male/ Female  6/4     6/4
Gestational age (weeks) 26.9  (25.1-28.9)    26.6 (25.1-29.7)
Birth weight (grams)  838 (610- 940)    785  (610- 990)
Caesarean Section  3 (30%)    6 (60%)
Prenatal hypoxic episode 4 (40%)    5 (50%)
APGAR score at 5 min  7.5 (5-9)    7 (1-9)
pH umbilical vein  7.24 (7.09-7.33)    7.25 (6.90-7.36)
Open labelled cortico- 5  (50%)    8 (80%)
steriod treatment
ICH1 gr1-2   4 (40%)    2 (20%)
ICH1 gr 3-4   1 (10%)    1 (10%) 
PVL2 gr1   4 (40%)    5 (50%) 
PVL2 gr 2-3  -     -
Normal outcome  5 (50%)    3 (30%) 
MND    4 (40%)    5 (50%)
CP   1 (10%)    2 (20%)

1ICH is intracranial haemorrhage graded according to Papile et al.21

2PVL is periventricular leukomalacia graded according to de Vries et al.22 PVL grade 1 is also called prolonged 
fl aring.



95

7

Relation between early postnatal dexamethasone and neurological outcome in ELBW infants

points.

From previous studies we know that both the quality of FMs and the quality of the concurrent 

motor repertoire, at early age, are predictive for neurological outcome at school age.13,24 FMs are 

movements of small amplitude, moderate speed and variable acceleration of the neck, trunk and 

limbs in all directions.15 They are continually or intermittently present in the awake infant, except 

during periods of fussing or crying. FMs may be seen as early as 6 weeks post-term but usually 

appear around the 9th week and persist until 15 to 20 weeks post-term.23 We assessed the quality of 

FMs as normal, abnormal (amplitude, speed and jerkiness were exaggerated) or absence of FMs (no 

FMs observed between 6 and 20 weeks post-term). The movement repertoire during this age period 

consists also of a large variety of other movement and postural patterns. These motor patterns were 

judged on their quality and their age-adequacy.13,24 The quality of the concurrent motor repertoire 

was considered to be normal if it was smooth, variable, fl uent and complex. Reduced complexity 

(monotony), jerkiness and/ or stiff ness were considered to be signs of abnormality.13,25,26  

Assessment of neurological and motor fi ndings 2 years of age

Follow-up consisting of paediatric and neurological examinations was performed at regular 

intervals at the outpatient clinic. A neurological examination according to Touwen27 was performed 

in the 20 remaining infants. In addition, the mental and motor development was tested between 

18 and 24 months, using the Bayley Scales of Infant Development28 adapted for Dutch infants.29 

The outcome at 24 months of age was classifi ed as normal (no neurological signs, a developmental 

quotient of >85), minor neurological dysfunction (MND) (neurological signs were present, but no 

CP, or the developmental quotient was between 84 and 50), or abnormal (cerebral palsy (CP) or 

a developmental quotient <50). The diagnosis of CP was based on a recently proposed defi nition 

according to Bax et al.30 

Statistical analysis

Statistical analysis was performed using the SPSS package for Windows, version 14.0. The Chi2 test 

for trend was applied to evaluate the associations between early dexamethasone treatment and the 

quality of the FMs and concurrent motor repertoire, the age-adequacy of the motor repertoire and 

neurological outcome at 2 years of age. The Chi2 test for trend and Mann Whitney-U test were applied 

where appropriate to evaluate the associations between clinical data, early dexamethasone treatment 

and the quality of the FMs and concurrent motor repertoire in relation to neurological outcome at 

2 years. Spearman’s Rank test and Mann Whitney-U test were used to investigate the associations 

between early dexamethasone treatment, motor optimality score and neurological outcome at 2 

years of age. Throughout the analyses p<0.05 (two-tailed tested) was considered to be statistically 

signifi cant.
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Results

Of the 20 infants, eight infants (40%) developed normally, nine infants (45%) developed MND and 

three infants (15%) developed CP. Early dexamethasone treatment was given to ten infants and 

ten infants received placebo. In the placebo group 8 out of 10 infants (80%) received open label 

corticosteroid therapy beyond 2 weeks postnatal age because of their clinical condition whereas 

5 out of 10 infants (50%) in the early dexamethasone group received open label corticosteroid 

treatment. Patient characteristics are listed in Table 1.

Relation between the motor repertoire at 11-16 weeks post-term and early systemic corticosteroid 

treatment

In three of the 20 included infants no video-recordings were available. Therefore, analysis of the 

relation between the early motor repertoire and neurological outcome was performed in 17 

infants. The association between the motor optimality score at 11-16 weeks post-term and early 

systemic corticosteroid treatment is shown in Figure 1. No signifi cant diff erence was found in motor 

optimality scores of the infants who received early dexamethasone compared to the infants who 

received placebo. 

Concerning FMs, normal FMs were observed in fi ve infants who received early dexamethasone vs 

eight infants who received placebo. Abnormal FMs were observed in two infants who received early 

dexamethasone vs. one infant who received placebo. Absence of FM was only observed in one 

infant who received early dexamethasone and in none of the placebo group. Although a trend was 

Figure 1. Association between the motor optimality score at 11-16 weeks post-term age and early 
dexamethasone versus placebo treatment. These associations were not signifi cant.
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observed, no association existed between an abnormal quality of FMs and early dexamethasone 

treatment. The concurrent motor repertoire was smooth and variable in three infants who received 

early dexamethasone vs. four infants who received placebo (ns). 

Combining the results on the quality of FMs and the concurrent motor repertoire, no diff erences 

were found between the two groups (Table 2).  

Relation between quality of the early motor repertoire and neurological fi ndings at 2 years of age

The association between the motor optimality score at 11-16 weeks post-term and neurological 

outcome at 2 years of age is shown in Figure 2. A higher motor optimality score was observed 

more frequently in the infants who developed normally when compared to those who developed 

Early motor repertoire Early DXA Placebo Total

Normal FMs and Normal 
repertoire

3 4 7

Normal FMs and Abnormal 
repertoire

2 4 6

Abnormal FMs 2 1 3
Absence of FMs 1 1
Total 8 9 19

Figure 2. Association between the motor optimality score at 11-16 weeks post-term age and neurological 
outcome at 2 years of age. These associations were signifi cant (Spearman’s Rank test; rho: 0.649; p<0.01).

Table 2.
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abnormally (MND or CP) (Spearman’s Rank test; rho: 0.649; p<0.01).  

Concerning FMs, 13 infants (76%) showed normal FMs at 11-16 weeks post-term, three infants (18%) 

had abnormal FMs and one infant (6%) had absence of FMs. The quality of the FMs was associated 

with neurological outcome at 2 years of age in ELBW infants (Chi2 test for trend=4.6; p<0.05). The 

quality of the concurrent motor repertoire was also associated with neurological outcome at 2 years 

of age. An abnormal motor repertoire was observed more frequently in infants who developed 

abnormal (MND or CP) (Chi2 test for trend=4.5; p<0.05). The combination of the quality of FMs and 

the concurrent motor repertoire correlated even more strongly with the neurological outcome (Chi2 

test for trend=6.0; p<0.05) (Table 3).  

Neurological outcome at 2 years

Early motor repertoire Normal MND CP Total

Normal FMs and Normal repertoire 5 2 7
Normal FMs and Abnormal repertoire 2 3 1 6
Abnormal FMs 3 3
Absence of FMs 1 1
Total 7 8 2 17

Relation between clinical data at birth and neurological fi ndings at 2 years of age

Clinical data at birth did not signifi cantly diff er between infants receiving dexamethasone versus 

placebo (Table 1). Prenatal hypoxic events were present in 9 of 20 infants of our study group 

(Table 1). After analysing the association between these prenatal hypoxic episodes in relation to 

neurological outcome in both the early dexamethasone and placebo group, it became apparent 

that adverse neurological outcome was more often observed in those infants who received early 

dexamethasone following a prenatal hypoxic episode when compared to infants who received early 

dexamethasone but who had no serious prenatal hypoxic event (Chi2 test for trend=5.8; p<0.05; 

Table 4). No such association was observed in infants who received placebo. 

Table 3.

Neurological outcome at 2 years

Normal MND CP Total

No Early DXA Prenatal hypoxic event 1 3 1 5
No prenatal hypoxic event 2 2 1 5

Early DXA Prenatal hypoxic event 5 1 6
No prenatal hypoxic event 3 1 4

Table4
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Discussion

The cause of a poorer neurological outcome following early dexamethasone treatment is unknown. 

Here we present evidence suggesting that a prenatal hypoxic event in combination with early 

steroid treatment is associated with an adverse outcome.  

Previous animal model studies reported that dexamethasone aggravates already present 

ischemic brain injury19, whereas corticosteroids given before hypoxia reduces hypoxia- induced 

brain damage.31,32 Our results suggest that, in extremely low birth weight (ELBW) infants, early 

dexamethasone treatment could induce or aggravate neurological damage after a perinatal 

hypoxic incident. The fact that the above mentioned infl uence on neurological outcome was not 

observed in ELBW infants who received placebo underlines this hypothesis. Recently a systematic 

review reported the adverse eff ects of early dexamethasone treatment on neurological outcome.9 

We believe that our fi ndings are, to the best of our knowledge, the fi rst to indicate a possible 

mechanism for how dexamethasone results in an impaired neurological outcome in ELBW infants. 

Our fi ndings indicate that perinatal hypoxia plays a crucial role in the pathogenesis of neurological 

damage in which postnatal dexamethasone treatment serves as a sort of second hit.  

This study also showed that Prechtl’s method on the qualitative assessment of the motor repertoire 

in early life is a reliable method to predict neurological outcome in ELBW infants. Our fi ndings 

showed that normal FMs predicted normal outcome in 100% of cases and abnormal and absent 

FMs were more often observed in infants with adverse neurological outcome. The quality of the 

concurrent motor repertoire further diff erentiated between neurological outcomes. Those infants 

with a normal, smooth and variable, character of the concurrent motor repertoire had a normal 

outcome at 2 years of age more frequently when compared to those with an abnormal character of 

the concurrent motor repertoire. This is in line with previous investigations on the predictive value 

of the early motor repertoire on neurological outcome.13 Previously, Stahlmann et al. also showed 

that Prechtl’s method has a positive predictive value of 89% for motor outcome in infants with a 

birth weight below 1500 grams.33 However, in ELBW infants an association between the quality of 

the early motor repertoire and neurological outcome at 2 years of age has not been reported so 

far. 

The fact that signifi cant diff erences in neurological outcome were not observed in this study 

between the dexamethasone group and the placebo group is probably due to the relative low 

number of infants included. Halliday et al. reviewed this as one of the major problems in research 

on the infl uence of early dexamethasone treatment on neurological outcome.9  Furthermore, due 

to adverse clinical conditions all except two infants in the early dexamethasone treatment group 

had open labelled corticosteroid treatment which could cause bias. However, it also emphasises the 

potential infl uence of early dexamethasone treatment following a prenatal hypoxic episode.  

Besides the low number of infants included in our study another limitation is the relative young 

age of the ELBW infants at which neurological outcome was assessed. Therefore, further research 
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is needed, in a larger study population with a longer follow-up program, in order to investigate the 

infl uence of early dexamethasone treatment in ELBW infants on neurological outcome in infants 

following a prenatal hypoxic event.  

Conclusion

In conclusion, our data suggests an association between early postnatal dexamethasone treatment 

and neurological outcome in ELBW infants who had undergone a prenatal hypoxic episode. Special 

attention should be given, in clinical practice, to those infants who need systemic corticosteroid 

treatment. Hence, caution is needed when treating ELBW infants with dexamethasone, immediately 

following a hypoxic event, in order to prevent additional neurological damage. This study also 

showed that the qualitative assessment of the early motor repertoire is a reliable predictor for 

neurological outcome, in ELBW infants, for neurological outcome at 2 years of age.
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