
F128 Archives ofDisease in Childhood 1995; 73: F128-F134

ORIGINAL ARTICLES

Neurodevelopmental outcome of preterm infants
with bronchopulmonary dysplasia

Peter H Gray, Yvonne R Bums, Heather A Mohay, Michael J O'Callaghan, David I Tudehope

Mater Misericordiae
Hospitals, South
Brisbane, Queensland,
Australia

Department of
Neonatology
P H Gray
D I Tudehope

Growth and
Development
Y R Burns
H A Mohay
M J O'Callaghan
P H Gray
D I Tudehope

Correspondence to:
Dr P H Gray, Department of
Neonatology, Mater
Mothers' Hospital, Raymond
Terrace, South Brisbane,
Queensland 4101, Australia.
Accepted 24 July 1995

Abstract
The neurodevelopmental outcome of 78
infants with bronchopulmonary dysplasia
(BPD) was compared with that of 78
control infants matched for birthweight.
To determine the effect of the severity of
BPD, 62 infants requiring oxygen at 36
weeks' postmenstrual age (sBPD) were
compared with their matched controls.
Infants were followed up to 2 years of age,
corrected for prematurity, and were
classified for neurological impairment,
developmental delay, and neurodevelop-
mental disability. Seventy six (98%) BPD
infants and 71 (91%) controls had
foliow up data available to two years.
Neurological impairment, developmental
delay, and neurodevelopmental disability
occurred more frequently in infants with
BPD than in controls but this was not
significant. For infants with sBPD, the
increased incidence of neurological
impairment and definite developmental
delay was not significant when compared
with the controls, though neuro-
developmental disability occurred more
frequently (odds ratio (OR) 3-6: 95Gb
confidence intervals (CI) 1.1-11.8).
Predictors of disability in infants with
sBPD included periventricular haemor-
rhage (OR 19-4: 950/0 CI 4.3-86.6), ventric-
ular dilatation (OR 12-8: 95°/0 CI 2.9-57.3),
and sepsis (OR 5 0: 950/o CI 1.3-19.4).
Adjusting for the presence of these
factors, the association between BPD and
disability was no longer apparent (OR 09:
95% CI 02-3 6).
The findings suggest that BPD is not

independendy associated with adverse
neurodevelopmental outcome.
(Arch Dis Child 1995; 73: F128-F134)
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Advances in neonatal intensive care have
resulted in a substantial increase in the survival
of preterm infants, but the incidence of
bronchopulmonary dysplasia (BPD) has
increased concurrently.' This is especially the
case for infants of birthweight < 1000 g,2
though they frequently have a less severe form
of the condition than that initially described by

Northway et al.3 Infants with BPD have been
reported as having a high mortality both in
hospital4 5 and after discharge,6 7 while follow
up of survivors has shown an increased
incidence of cardiopulmonary morbidity.8
Studies on neurodevelopmental outcome have
produced varied results, with the rate of signifi-
cant impairment ranging from 12-80%.
Interpretation of these reports is difficult, how-
ever, as no consistent definition of BPD has
been used,7 9-11 sample sizes have been invari-
ably small,12-15 and many have lacked con-
trols. 12 13 15-17 Comparisons of the outcome of
infants with and without BPD have been per-
formed, though mostly the controls have had
higher birthweights,2 1118 19 greater gestational
age,7 19 20 together with a lower incidence of
intracranial haemorrhage.11 19

In recent years the radiographic changes of
stage IV BPD, as described by Northway et al 3
have been reported to occur less frequently in
infants with BPD,2' though the subsequent
neurodevelopment of these infants has not
been well described. In the light of the chang-
ing pattern of chronic lung disease in preterm
infants the present study was designed to
follow up prospectively surviving preterm
infants with BPD, together with controls
matched for birthweight to determine and
compare neurodevelopmental outcome.

Methods
The study population was obtained from
admissions to the Mater Mothers' Hospital
Neonatal intensive care unit, as described
before2223 and consisted of babies of 26-33
weeks' gestation born during 1989 and 1990
with the diagnosis of BPD at the time of dis-
charge from hospital. The diagnosis of BPD
required radiographical changes of chronic
lung disease of prematurity,3 24 together with
the clinical criteria of Bancalari et al25: (1)
intermittent positive pressure ventilation
during the first week of life; (2) clinical signs of
chronic respiratory distress persisting for more
than 28 days; and (3) supplemental oxygen for
more than 28 days to maintain adequate
oxygenation.
Of the 539 infants of 26 to 33 weeks' gesta-

tion who were admitted to intensive care
during the two year period, 50 (9%) died, with
80 infants (16-4% of survivors) fulfilling the
criteria for the diagnosis of BPD and being
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Table 1 Perinatal characteristics for bronchopulmonary dysplasia (BPD) and control
infants

BPD infants Control infants
(n= 78) (n= 78) Significance

Antenatal corticosteroids 36 (46%) 38 (490/%) NS
Birthweight (g) mean (SD) 1055 (234) 1077 (215) NS

(range) (493-1770) (701-1650)
Gestational age (weeks) mean (SD) 28-0 (1-58) 28-63 (1-26) P<0 05

(range) (26-33) (26-33)
Small for gestational age 5 (6-4%) 9 (11-5%) NS
Multiple pregnancy 17 (22%) 5 (130/o) P<0 05
Male:female sex 44:34 43:35 NS
Delivery

Vaginal 33 (42%) 27 (35%) NS
Caesarean section 45 (58%) 51 (65%)

Apgar scores
1 Minute - mean (SD) 4 9 (2 2) 5-8 (2-5) P<0 05
5 Minute - mean (SD) 7-9 (1-7) 8-5 (1-7) P<0 05

NS: not significant.

discharged from hospital. Two infants with
trisomy 21 were excluded from further
assessment. The remainder were enrolled into
the study.
The controls were the nearest appropriate

infants of 26 to 33 weeks' gestation who were
admitted to intensive care within a year of the
study babies. As the incidence of BPD in
infants of <1000 g was >50%, a proportion of
the controls were born in the year before or
after the study years. No control infant
required supplemental oxygen for more than
28 days and all were discharged home. These
infants were matched with the study infants for
broad based birthweight categories (<1000 g,
1000-1499 g, 2- 1500 g). The selection of con-
trols was made at, or shortly after, discharge
from hospital with no knowledge of clinical
events during the perinatal period, other than
oxygen requirements.

In an attempt to determine the effect of the
severity of BPD on neurodevelopmental out-
come, infants who continued to have require-
ments for supplemental oxygen at 36 weeks
postmenstrual age were considered to have
more severe BPD (sBPD). It has been shown
that a requirement for additional oxygen at 36
weeks corrected postnatal gestational age is a
good predictor of abnormal pulmonary out-
come.26 The 62 infants with sBPD were com-
pared with their previously matched controls.

During the study period, infants were man-
aged according to standard neonatal practices.
All infants with respiratory distress were
treated with appropriate ventilatory support.
Artificial surfactant was not available for use
during the period of study. The ventilated
infants were given theophylline to facilitate

Table 2 Neonatal variables for bronchopulmonary dysplasia (BPD) and control infants

BPD infants Control infants
(n= 78) (n= 78) Significance

Respiratory distress syndrome 76 (97%) 42 (54%) P<0 001
Transient tachypnoea of the newborn 2 (3%) 22 (28%) P<0 001
Mechanical ventilation (MV) 78 (100%) 46 (59%) P<0 001
Duration ofMV (days) mean (SD) 12-2 (10-6) 2-8 (2-0) P<0 001
Pulmonary air leak 12 (15%) 2 (3%) P<0 05
Patent ductua arteriosus 35 (45%/) 8 (10%b) P<0001
NEC 4 (5%) 2 (3%) NS
Septicaemia 16 (21%/) 1 (l1%) P<0 001
Periventricular haemorrhage (PV1H) 17 (22%/) 3 (40/) P<005
PVH - grade III-IV 7 (9%/) 0 P<005
Ventricular dilatation 12 (15%) 1 (l1%) P<0 05
Periventricular leucomalacia 2 (3%) 0 NS
Retinopathy of prematurity 33 (42%/) 14 (18%/) P<0 01

NS: not significant; NEC: necrotising enterocolitis.

weaning from the ventilator and those infants
who required mechanical ventilation at 3 to 4
weeks of age were treated with dexamethasone.
Oxygenation was monitored initially by arterial
blood gas analysis and using a transcutaneous
oxygen monitor. Later during the hospital stay
pulse oximetry was used for assessment. When
assisted ventilation was discontinued, infants
were placed in head box oxygen. When the
infants with BPD who had continuing supple-
mental oxygen requirements weighed >1500-
1800 g, oxygen delivery was given by subnasal
cannulae. Inspired oxygen was adjusted to
ensure an oxygen saturation of 93-97%.
Infants who were feeding satisfactorily and
gaining weight, but unable to maintain adequate
oxygenation in room air, were discharged with
home oxygen. They were only weaned off
oxygen when overnight polygraphic sleep
studies demonstrated normal oxygen satura-
tions in room air at rest, during feeds, and
while asleep.

Maternal characteristics, perinatal data, and
details of the neonatal course of the infants
were obtained from computer records and
medical charts. Specific details pertaining to
lung disease, pulmonary air leak, and respira-
tory therapy were noted. Additional neonatal
complications recorded included patent ductus
arteriosus, necrotising enterocolitis, and
sepsis. Periventricular haemorrhage (PVH),
ventricular dilatation, and cystic periventricu-
lar leucomalacia (PVL) were documented on
the results of cranial ultrasonography which
was performed as described before.27 Indirect
ophthalmoscopy was first performed when
infants were 4 weeks of age, or later if the
clinical condition deemed ophthalmic exami-
nation inappropriate, to detect signs of
retinopathy of prematurity (ROP). The most
severe stage was recorded- using the
International Classification of Retinopathy of
Prematurity.28 Infants with unresolved ROP at
discharge had subsequent ophthalmological
review.

Follow up
Infants after discharge were examined in the
growth and development clinic at the Mater
Children's Hospital at 4, 8, 12, and 24 months
after the expected date of delivery. Growth
parameters were recorded and a medical
assessment, including a detailed neurological
examination, was performed. Neurosensory
motor developmental physiotherapy assess-
ments were also conducted. Psychometric test-
ing was performed at the age of 2 years using
the Griffiths Infant Ability Scales29 (GQ mean
100, SD 12). For those infants who did not
attend the clinic at the age of 2 years but who
were assessed at a later stage, the McCarthy
Scale of Children's Abilities30 was carried out
(GCI mean 100, SD 16). Infants were classi-
fied according to the results of the most recent
evaluation. Audiometric assessment consisted
of conditioned orientated responses and
impedance audiometry at the age of 12 months
in addition to auditory brain stem response
audiology which was carried out in hospital.
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Table 3 Perinatal characteristics for infants with more severe bronchopulmonary dysplasia
(sBPD) and their controls

sBPD infants Control infants
(n= 62) (n= 62) Significance

Antenatal corticosteroids 30 (48%) 31 (50%) NS
Birthweight (g) mean (SD) 1071 (236) 1093 (217) NS

(range) (680-1770) (701-1616)
Gestational age (weeks) mean (SD) 28-7 (1-6) 28-6 (1-3) NS

(range) (26-33) (26-33)
Small for gestational age 4 (6%) 7 (11%) NS
Multiple pregnancy 13 (21%) 5 (8%/o) P<0 05
Male:female sex 36:26 34:28 NS
Delivery

Vaginal 25 (40%) 22 (35%) NS
Caesarean section 37 (60%/o) 30 (65%)

Apgar scores
1 Minute - mean (SD) 4 9 (2 3) 5 9 (2 6) P<0 05
5 Minute-mean (SD) 7-9 (1-8) 8-5 (1-8) NS

NS: not significant.

Infants were classified for neurological
impairment, developmental delay, and neuro-
developmental disability. Neurological impair-
ment was defined as the presence of cerebral
palsy or minor neurological dysfunction
including hypotonia or ataxia. Mild cerebral
palsy implied only slight interference with
normal daily activities in children who were
walking at the age of 2 years. Children with
moderate cerebral palsy had more severe
motor delay but were sitting unsupported at 2
years, while those with severe cerebral palsy
were considered unlikely ever to walk.
Developmental delay was classified according
to the Diagnostic and Statistical Manual of
Mental Disorders,31 diagnostic criteria using
the Griffith or the McCarthy scores: borderline
developmental delay, a GQ or GCI of between
-1 and -2 SD; mild developmental delay, a
GQ or GCI of between -2 and -3 SD;
moderate to severe developmental delay, a GQ
or GCI of more than -3 SD. Children with
scores of more than -2 SD were considered
to have definite developmental delay.
Neurodevelopmental disabilities were classi-
fied as nil, mild, moderate, and severe based
on a modification of the criteria of Ford et a132:
nil, within the average range of developmental
of age;
mild, a GQ or a GCI of between -1 and -2
SD, or mild cerebral palsy or sensorineural
deafness not requiring hearing aids, severe
myopia, or severe strabismus;
moderate, a GQ or a GCI of between -1 and
-2 SD plus mild cerebral palsy or sensory
impairment described as mild;
severe, one or more of a GQ or a GCI of less

Table 4 Neonatal variables for infants with more severe bronchopulmonary dysplasia
(sBPD) and their controls

sBPD infants Control infants
(n= 62) (n= 62) Significance

Respiratory distress syndrome 61 (98%) 11 (18%) P<0001
Transient tachypnoea of the newbom 1 (2%) 18 (29%) P<0 001
Mechanical ventilation (MV) 62 (100%) 36 (42%) P<0 001
Duration ofMV (days) mean (SD) 13 (11-2) 1-4 (1-6) P<0 001
Pulmonary air leak 10 (160/%) 1 (2%0/) P<0 05
Patent ductus arteriosus 27 (44%) 7 (11 3%) P<0 001
Necrotisingenterocolitis 0 1 (2%/) NS
Septicaemia 13 (21%/) 1 (2%/) P<0 01
Periventricular haemorrhage (PVH) 14 (23%/) 3 (5%/) P<0 01
PVH- - grade III-IV 6 (10%/) 0 NS
Ventricular dilatation 11 (18%/) 1 (2%/) P<0 01
Periventricular leucomalacia 1 (2%) 0 NS
Retinopathy of prematurity 26 (41%/) 11 (18%/) P<0O01

NS: not significant.

than -2 SD, moderate, or severe cerebral
palsy, bilateral blindness or deafness requiring
hearing aids.

STATISTICS
Perinatal and neonatal characteristics of the
BPD and control infants were compared using
the x2 test for categorical variables and
Student's t test for continuous variables. All P
values were two tailed, and P values of <0 05
were regarded as significant. The strength and
precision of association between BPD and
adverse outcomes was measured by the odds
ratio (OR) and its 95% confidence interval
(CI). Adjustment for confounding variables
was by stratification and logistic regression,
with risk of neurodevelopmental disability as
the dependent variable. Presence of PVH,
ventricular dilatation, and sepsis were initially
entered separately into the regression equation
together with sBPD, then all three indepen-
dent predictors were entered simultaneously.
Analysis was performed using Statistix 4 0.

Results
No differences in the maternal age and educa-
tion and marital and medical insurance status
were found for the two groups of infants.
Perinatal characteristics and neonatal variables
for the BPD and control infants are shown in
tables 1 and 2. The mean birthweight and the
number of small for gestational age infants were
similar in both the study and control groups.
The controls, however, had a gestational age of
28-6 weeks compared with 28 weeks in the
BPD group (P<005). Infants born in associa-
tion with multiple pregnancies were overrepre-
sented in the BPD group and while no
difference in the mode of delivery was present
between the two groups, the BPD babies were
more likely to be delivered in a depressed con-
dition, as reflected by the lower Apgar scores.
The study infants had more severe respiratory
distress in the neonatal period, requiring
mechanical ventilation more frequently and for
longer duration than the controls. Neonatal
complications related to the severity of respira-
tory distress and sepsis also occurred more
frequently in the BPD infants. Six (7 7%) ofthe
infants with BPD had Northway stage IV radio-
graphic changes, with the remainder having less
severe changes consistent with those described
by Edwards.24 The incidence of ROP was
significantly higher in the BPD infants when
compared with the controls. One BPD infant
had stage III ROP, though this was not of a
severity to warrant cryotherapy.

Similar findings were present when the 62
infants with sBPD and their controls were
compared regarding their perinatal character-
istics and neonatal variables (tables 3 and 4).
In contrast to the BPD infants and controls,
however, no significant difference in the gesta-
tional age between the sBPD infants and their
controls was evident.

Follow up to at least 2 years was obtained for
77 (98%/) infants with BPD, while one was lost
to follow up after the age of 8 months. One child
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Table 5 Neurological impairment in infants with bronchopulmonary dysplasia (BPD),
severe BPD (sBPD), and controls

BPD infants Control infants sBPD infants Control infants
(n= 77) (n= 74) (n=61) (n= 60)

None 70 (91%) 72 (97%) 58 (95%) 58 (97%)
Mild cerebral palsy 1 (1%) 2 (3%) 0 2 (3%)
Moderate cerebral palsy 1 (1%) 0 0 0
Severe cerebral palsy 3 (4%) 0 2 (3%) 0
Hypotonia/ataxic 2 (3%) 0 1 (2%) 0

had a Griffiths assessment performed by a local
paediatrician with the remainder being
assessed in the growth and development clinic.
One infant was seen at 3 years (having failed to
attend the clinic at 2 years) and had psycho-
metric testing using the McCarthy scales. One
BPD infant refused to cooperate for formal
developmental testing and even though he was
considered to be performing within the normal
range no quantative measure could be
obtained.

For the control infants, information con-
cerning their outcome to at least 2 years was
available for 71 (91O%) infants. Three were
assessed at the age of 1 year (but subsequently
became untraceable) and have been included
in the analysis of neurological impairment,
while the four infants who failed to attend the
clinic have been excluded from all analyses
of outcome. Local paediatricians performed
psychometric assessment for two infants. Of
those who attended the growth and develop-
ment clinic, two had testing on the McCarthy
Scale at the age of 4 years (they did not attend
the clinic at 2 years), while four infants failed to
cooperate for developmental testing. Despite
no GQ score being obtained, two infants were
found to be developing normally while the
other two children were considered to be
performing in the borderline developmental
delay range following assessment by the
developmental paediatrician.

NEURODEVELOPMENTAL OUTCOME
Table 5 shows the neurological impairment
for the BPD infants and controls at the age of
1 year. Differences between the two groups
were not significant (OR - 3.6; 95% CI -
072-17-9). The overall rate of cerebral palsy
was 4-6%. Five (6-5%) infants with BPD had
cerebral palsy (three spastic quadriplegia, one
spastic diplegia, and one spastic hemiplegia),
three of these infants with post haemorrhagic
ventricular dilatation requiring a ventricu-
loperitoneal shunt. The one hypotonic infant
also had hydrocephalus secondary to intra-
ventricular haemorrhage and had a shunt
inserted, while the ataxic infant had extreme
intrauterine growth retardation. Two (3%)

Table 6 Developmental status of infants with bronchopulmonary dysplasia (BPD), more
severe BPD (sBPD), and controls

BPD infants Control infants sBPD infants Control infants
(n=77) (n= 71) (n=61) (n=57)

Normal 63 (82%/) 65 (92%) 49 (80%/) 55 (96%)
Borderline developmental delay 10 (1 3%/) 5 (70/a) 9 (15%/) 1 (2%/)
Mild developmental delay 1 (1%/) 1 (1%/) 1 (2%/) 1 (2%/)
Moderate/severe developmental

delay 3 (4%/) 0 2 (3%) 0

control infants had cerebral palsy, both with
mild spastic diplegia.

Analysis of the results of the psychometric
testing showed a mean score of 96&3 (SD 15.9)
in the infants with BPD compared to 101-9,
(SD 10-2) in the controls (P<0 05). When the
seven infants with grade III-IV PVH were
excluded, the mean score in the BPD infants
was 99 3 (SD 10.4) with no significance
reached in comparison with the controls
(P=0 14). Table 6 shows that while the
incidence of developmental delay was higher in
the BPD infants (18%) when compared with
the controls (8%), this was not significant (OR
2-4; 95% CI 0 8-6 7).

Neurodevelopmental disability was also seen
more frequently in the BPD infants than in the
controls (table 7), though again this was not
significant (OR 2d1; 95% CI 0.8-5.2). Severe
disability was present in five BPD infants on
the basis of severe spastic quadriplegia (n=3);
a GQ > -2 SD below the mean in an infant
who had hydrocephalus but no neurological
impairment, and a further infant with
sensorineural deafness requiring hearing aids.

Neurological impairment in the infants with
sBPD was not statistically different from the
controls (OR 1-5; 95% CI 0.2-9.3) though
notably, the controls with neurological impair-
ment had only mild cerebral palsy (table 5).
The mean score on psychometric evaluation of
the infants with sBPD was 95 4 (SD 16-0),
compared with 102-1 (SD 10-1) in their con-
trols (P <0-01). Once the infants with grade
III-IV PVH had been excluded the mean
psychometric score was 98&5 (SD 9-9), not
significantly different from that of the controls
(P=0 09). On analysis of the developmental
status, the infants with sBPD had a higher
incidence ofdevelopmental delay than the con-
trols (OR 6&7; 95% CI 1-4-31-6) (table 6).
Most of the developmental delay was in the
borderline category in the infants with sBPD.
No statistical difference in definite develop-
mental delay was present in these infants when
compared with the controls (OR 2-9; 95% CI
0 3-28 7).

Table 7 indicates that neurodevelopmental
disability was increased in 22% of the infants
with sBPD compared with 7% of the controls
(OR 3 59; 95% CI 1 1-1i 8). In the group of
infants with sBPD, predictors of disability were
PVH (OR 19-4; 95% CI 4 3-86&6), ventricular
dilatation (OR 12-8; 95% CI 2 9-57 3), and
sepsis (OR 5-0; 95% CI 1P3 - 19-4), while
ROP did not predict disability (OR 0.8; 95%
CI 0.2-2 8). Logistic regression analysis was
performed with the risk of disability as the
dependent variable. The findings confirmed
those of the stratified analysis with the associa-
tion between BPD and disability no longer
being apparent when adjusted for the presence
of PVH, ventricular dilatation, and sepsis (OR
0 9; 95% CI 0 2-3 6).

Discussion
Bronchopulmonary dysplasia occurred in
16*4% of survivors of 26 to 33 weeks' gestation
discharged home during the years 1989 and
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Table 7 Neurodevelopmental disability in infants with bronchopulmonary dysplasia
(BPD), more severe BPD (sBPD), and controls

BPD infants Control infants sBPD infants Control infants
(n=77) (n= 71) (n=61) (n=57)

Nil 61 (79%) 63 (89%) 48 (78%) 54 (93%)
Mild 9 (12%) 7 (10%) 9 (15%) 3 (5%)
Moderate 2 (3%) 0 0 0
Severe 5 (6%) 1 (1%) 4 (7%) 1 (2%)

1990, with sBPD (continuing supplemental
oxygen requirement at 36 weeks postmenstrual
age) in 127%. This frequency was similar to
that described elsewhere for a similar cohort of
infants,33 though lower than that reported
more recently for very low birthweight infants
with chronic lung disease who required oxygen
at 28 days." 19 34 The factors associated with
the occurrence of BPD agree with those pre-
viously described,' 19 35 though in our study
data on intravenous lipid emulsion usage
were not examined. As this was a birthweight
matched study no difference in birthweight
between the groups was seen. There was a
statistical difference in gestational age between
the BPD infants and the controls, but this was
not considered to be of clinical significance. It
was somewhat surprising that absence of
corticosteroids was not associated with the
development of BPD, as maternal administra-
tion of glucorticoids reduces the likelihood of
respiratory distress syndrome,36 which is a risk
factor for BPD.

Previous analysis of developmental outcome
of infants with BPD has been inconclusive,
largely because of the lack of consistency in the
definition of BPD. Most early studies used the
definition of oxygen dependence beyond 28
days together with the pulmonary radiographic
changes described by Northway et al.9 12-14
More recently, a definition based on that of
Bancalari et al25 had been used.7 17 19 37 We
used the clinical criteria of Bancalari, together
with the radiographic changes of Northway or
Edwards, for our definition of BPD with only
7-7% of our infants having Northway stage IV
BPD. The requirement for supplemental
oxygen at 36 weeks corrected postnatal gesta-
tional age has been shown to be a better pre-
dictor of abnormal pulmonary outcome in
premature infants than requirement of oxygen
at 28 days26 It has been suggested, in light of
the greater number of very preterm infants
surviving, that this definition of BPD would
be more appropriate.26 38 Infants requiring
oxygen at 36 weeks gestation are likely to have
a more severe form of BPD and hence this
subgroup of infants was also evaluated in our
study.
The incidence of cerebral palsy in previous

reports of infants with BPD has ranged from
10% to as high as 67% in the small study of
Goldson.'4 When comparison between BPD
and controls has been made, results have been
somewhat conflicting. Sauve and Singhal7 and
Davidson et a120 found no difference in the
incidence of cerebral palsy between infants
with or without BPD. Periventricular haemor-
rhage has been shown strongly to influence
outcome and notably Sauve and Singhal7
found no difference in the incidence of PVH

between the two groups while Davidson et al 20
did not report on the results of cranial ultra-
sonography. The studies of Skidmore et al"I
and Teberg et al'9 both found an increased
incidence of cerebral palsy in infants with BPD
compared with controls, with the BPD infants
having a significantly higher incidence ofPVH.
The incidence of cerebral palsy in our infants
with BPD was somewhat lower than previously
reported in BPD infants with similar birth-
weight and gestational age. We found a slightly
greater incidence of cerebral palsy in both the
BPD and sBPD infants when compared with
the controls, but this did not reach signifi-
cance. This may have occurred because even
though the control infants had less PVH, the
incidence of grade III-IV PVH in the BPD
infants (10%) was much lower than the
22-43% reported elsewhere in infants with
chronic lung disease. 1 17 19 37 Cystic PVL has
also been reported to be a significant predictor
of cerebral palsy in preterm infants.39 In our
study a low incidence ofPVL was found, so no
meaningful comment can be made concerning
PVL and outcome in this group of infants with
BPD.

Developmental delay has been reported in
infants with BPD, with low MDI and PDI on
the Bayley Scales.'4 40 Sauve and Singhal7
found no evidence of increased incidence of
developmental problems in infants with BPD
when compared with controls. Skidmore et al 1I

reported a mean MDI of 84 in preterm infants
requiring oxygen after 28 days compared with
94 infants on oxygen for less than three days
while Teberg et al 19 found that 40% of infants
with BPD had abnormal development com-
pared with 7% of infants without BPD. In both
these studies, however, the BPD infants were
less mature in gestational age, of lower birth-
weight, and had a higher incidence of PVH.
While we found that the incidence of develop-
mental delay was not increased in the BPD
infants, they did have lower mean psycho-
metric scores when compared with the con-
trols. Notably, however, when the infants with
major PVH were excluded, the infants with
BPD did not differ significantly from
controls. Our results contrast with those of
Meisels et al,'0 who excluded infants with
significant PVH and other neonatal mor-
bidities known to be associated with adverse
developmental consequences, and compared
infants with RDS alone and those who devel-
oped BPD. Developmental outcomes of the
infants with BPD in that study were signifi-
cantly less optimal than the infants with RDS.
Of the BPD infants, 35% displayed an MDI of
<85 compared with 5% of infants with RDS.
The reason for impaired development was not
readily apparent, though possibly the develop-
ment may have been affected by intermittent
hypoxic episodes in hospital4l and after dis-
charge home.42 In our study infants with BPD
were closely monitored regarding their
oxygenation status and the 20 infants who
failed to demonstrate adequate oxygen satura-
tions in air were discharged on the home
oxygen programme. Supplemental oxygen was
finally weaned from the infants at a mean age
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of 11 months. This may well have favourably
influenced the outcome of infants with BPD,
with 18% exhibiting developmental delay.
As in the report by Sauve and Singhal,7 we

found no difference in the overall neuro-
developmental outcome of the BPD infants
and controls. When the infants with more
severe BPD (sBPD) were compared with their
controls, the sBPD infants had a worse out-
come, but this was no longer evident when
confounding variables (PVH, ventricular
dilatation, and sepsis) were taken into con-
sideration. Bregman and Farrell43 compared
preterm infants requiring oxygen therapy
beyond 36 weeks of gestation with infants ful-
filling the Northway criteria for BPD but not
requiring oxygen by 36 weeks of gestation. The
infants requiring oxygen at greater than 36
weeks of gestation had severe impairment
more frequently than the comparison group,
though by 2 years the Bayley Scores were com-
parable. Robertson et al 44 examined a group of
infants at the age of 8 years who had required
supplemental oxygen beyond 36 weeks of
gestation (infants with clinical intracranial
haemorrhage were excluded). They found that
the BPD infants had a similar incidence of dis-
abled children (cerebral palsy, visual impair-
ment, deafness or severe or profound
retardation) to a preterm comparison group
though the mean IQ scores were significantly
less. The neurodevelopmental status at school
age of low birthweight survivors born in the
years 1975 to 1977 who developed BPD was
also examined by Vohr et al.45 The BPD
infants (having excluded those with cerebral
palsy had greater motor coordination
inefficiencies, increased perceptual motor
integration problems, and increased arithmetic
inefficiencies than both preterm and full term
control infants. Both the study of Vohr et a145
and that by Robertson et al 44 even though they
were not representative of the small sick infants
now surviving the newborn period, have high-
lighted the need for long term follow up. It may
only be at school age that problems become
apparent in many of these children that require
greater need for academic support services.

In our study, we have shown that surviving
infants with sBPD have a higher incidence of
adverse neurodevelopmental outcome com-
pared with preterm infants without this condi-
tion. When neonatal complications including
PVH, ventricular dilatation, and sepsis are
taken into consideration, however, these
infants do not seem to be at increased risk, and
BPD per se is not a risk indicator of neuro-
developmental delay. On the basis of our data
it is suggested that careful monitoring of
oxygen saturation before discharge, together
with enrolling infants in a home oxygen pro-
gramme when appropriate, may have a benefi-
cial effect on outcome. It is clear, however, that
long term follow up of survivors of BPD to
school age is important to obtain information
on educational problems which may have
important implications in future years.
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Foundation.
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