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Abstract

Background: Despite the technological and
medical advances in perinatal and neonatal care, the
rate of preterm birth continues to rise and contribute
to the increased costs to the health care systems
worldwide. Neonatal clinicians often find themselves
trying to determine what neonatal factors are more
influential in determining the prognosis of a positive

or adverse outcome in this high-risk population.

Objective: The objective of this study was to: 1) to
identify neonatal clinical milestones and determine
their  predictive  value for a  positive
neurodevelopmental outcome; and 2) to determine
the individual and combined prognostic effects of
these events on the neurodevelopmental outcomes of

high risk preterm infants.

Method: Neonatal and neurodevelopmental follow-
up data from 437 extremely preterm infants were
analyzed in a logistic regression model. The results
of the logistic regression models were then validated
using bootstrap sampling methods. Specifically,
1000 bootstrap replications of size 400 were selected

from the sample and each replication was run

replication was run through a logistic regression
model. Variables that came out significant in greater
than 50% of the 1000 models were considered to
have been validated.

Results: In the model, age at which all positive
pressure for respiratory support was found to be
significant, OR=2.17. 95% CI=1.15-4.11 (p=0.0.18);
as well, the need for oxygen support at 36 weeks
gestation, OR=0.57. 95% CI=0.33-0.99 (p=0.045);
and the presence of periventricular echogenicity,
OR=0.23. 95% CI1=0.057-0.95 (p=0.043).Both age at
which all positive pressure for respiratory support and
periventricular echogenicity were found to be
significant in more than 50% of simulations (71.1 and
57.0% respectively), with the need of oxygen support
at 36 weeks gestation in just under 50% (47.2) .
There was no interactive or cumulative effect

between the three variables.

Conclusion: Extremely preterm infants who spent
less time on any form of positive pressure ventilatory
support were more likely to experience a positive
neurocognitive outcome. Similarly, those infants who

showed no evidence of injury to brain white matter
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had an increased likelihood of experiencing a
positive neurocognitive outcome but not as high as
positive pressure ventilatory support. Utilizing the
information from this study once supported and
validated by additional studies will assist clinicians
in their counselling with parents of these infants

during their time in the neonatal care setting.
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Introduction

Despite the technological and medical advances in
perinatal and neonatal care, the rate of preterm birth
continues to rise and contribute to the increased

costs to the health care systems worldwide [1-3].

Neonatal clinicians often find themselves trying to
determine what neonatal factors are more
influential in determining the prognosis of a
positive or adverse outcome in this high-risk
population. To date, most outcome studies and
even clinical trials have evaluated the impact of a
single management approach or clinical morbidity
on the outcome of a high-risk infant. Preterm
infants, smaller and more immature, have
benefitted from these modalities in care as they
relate to survival but morbidity remains a concern
[4-9].
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In parallel with the advances made in neonatal
intensive care, various scoring systems have been
developed initially to compare the performance of
different hospitals in a risk-adjusted fashion [10-
16]. These scoring systems aimed to determine if
they could be predictive of survival and any long
term neurodevelopment di_culties in the preterm
infant. There are limitations to these scoring
systems. Most include physiologic parameters
taken in the first 12-24 hours of life. If the
parameters are abnormal and contribute to an
abnormal score then it certainly can be predictive
of an adverse outcome; however, the same could
not always be said of the opposite, i.e. should
physiologic parameters be within acceptable range,

can this be predictive of a normal outcome?

The objective of this study was to: 1) to identify
neonatal clinical milestones and determine their
predictive value for a positive neurodevelopmental
outcome; and 2) to determine the individual and
combined prognostic effects of these events on the
neurodevelopmental outcomes of high risk preterm

infants.
Methods

Study population

The study population included extremely preterm
infants (born at < 29 weeks gestation) admitted to
the Neonatal Intensive Care Unit (NICU) at the
Sunnybrook Health Sciences Centre (SHSC)
between January 1, 2005 and December 31, 2008
inclusive. The NICU is one of three tertiary care
NICUs in the Greater Toronto Area (Toronto,
Ontario, Canada) that serves a catchment area of

greater than 70,000 births annually
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Data collection

Information was collected prospectively on
respiratory disease management including time off
oxygen and all forms of positive pressure support,
as  well

feeding achievements, as morbidity

outcomes related to intracranial findings,
retinopathy of prematurity, and bronchopulmonary

dysplasia (Table 1).

Table 1: Neonatal Characteristics and Morbidity
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Following the initial discharge home from the
NICU, the infants were seen in the Neonatal
Follow-up Clinic on a series of scheduled visits
over the first 2 years of life. The children
underwent a neurodevelopmental assessment
utilizing the Bayley Scales of Infant Development-
3rd edition (BSID-I1I) [17] at 18-24 months
corrected age. Approval for data collection was
obtained from the Research Ethics Board for

Sunnybrook Health Sciences Centre.

Neonatal Characteristics and Morbidity N=437
Gestational age at birth (weeks)(mean) (sd)) 26.4 (1.32)
Birthweight (grams)(mean)(sd) 914 (218)
n (%)
Male Female 223 (51) 214 (49)
Bronchopulmonary Dysplasia (O requirementsat 36 weeks corrected gestational 87 (20)
age)
Moderate (O2+PPV 32-34weeks gestational age) 31 (7)
Severe(O2+ PPV >35weeks gestational age) 17 (4)
Severe ROP (stage 4, 5, need for laser therapy) 1(<1)
NEC (Bell stage >2) 35(8)
PDA 249 (57)
Sepsis 166 (38)
Meningitis 5(2)
Severe IVH (Grade 3, 4, intraparenchymal involvement) 19 (4)
Periventricular echogenicity 17 (4)
Ventriculomegaly 43 (10)
Late ventriculomegaly (=34 weeks gestational age) 24 (5)
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Outcome definitions

The neurodevelopmental outcome
measures for this study were the cognitive and
language composite scores on the BSID-1Il. The
BSID-III is a norm-referenced instrument to assess
cognitive, language, motor functions, social-
emotional, and adaptive behaviours [17]. The
cognitive scale consists of 91 items, which are
scaled and converted to a composite score. The
language scale consists of two subtests: receptive
communication and expressive communication.
The receptive communication subtest assesses an
infant’s auditory acuity and his/her ability to
understand and respond to verbal stimuli, while the
expressive communication subtest assesses the
infant’s ability to vocalize, name pictures and
objects, and communicate with others. The two
subtests are scaled and combined to form a
composite score. The composite cognitive and
language scores are age-standardized with a mean
score of 100 and a standard deviation of 15. For the
purposes of this project, a score of 100 was used as
the cut-off for the cognitive and language
composite scores. A score of 100 has been found to
be similar to a Mental Developmental Index score
of 85 (1 standard deviation from the normative
value of 100) on the 2nd version of the Bayley

Scales of Infant Development [18].

Data analysis

Descriptive statistics were run on all
variables of interest with continuous variables
summarized using means and standard deviations
and categorical variables summarized using counts
and proportions.

Two binary outcome variables of interest
were created, one for cognition and the other for

language. The variables of interest were created
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such that those having a score greater than or equal
to 100 on either cognition or language were
compared to those with scores below 100. Logistic
regression models were run on the cohort to assess
which variables of interest were predictive of either
outcome. Continuous variables found to be
significant associated with the outcome measures
were dichotomized and tested across the range of
possible cut-points using Receiver Operating
Characteristic (ROC) curves to determine at which
cut-off point sensitivity would be greater than 80%.
A new binary predictor variable was then created
on this basis. The results of the logistic regression
models were then validated using bootstrap
sampling methods. Specifically, 1000 bootstrap
replications of size 400 were selected from the
sample and each replication was run through a
logistic regression model. Variables that came out
significant in greater than 50% of the 1000 models
were considered to have been validated

All data analyses were conducted using
SAS v9.3 (SAS Institute Inc, Cary, NC).

Results

Population

During the period of study, 672 infants
with a gestation age < 29 weeks were admitted to
the NICU. Of these, 539 infants survived to
discharge; 38infants did not attend the follow-up
clinic and 64 did not information on the BSID-III,
leaving a total of 437 infants for whom both
neonatal and follow-up data were available and
were included in the analysis (Figure 1). The
characteristics of the population studied are

presented in table 1.

Model development and validation
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A logistic regression model was run to
predict cognition where cognition was treated as a
binary outcome (=100, <100). The variables
inserted in the model (neonatal milestones and
morbidity) are listed in table 2. Positive pressure
ventilation included any and all forms of ventilatory
support including direct (via endotracheal) and
indirect (nasal) methods. Full enteral feeds were
defined as the infant receiving all nutritional
support by nasogastric feedings and none by

intravenous. An intravenous in place for antibiotics

Page 5 0of 11

but no parenteral nutrition was included as being at
full enteral feeds. Periventricular echogenicity was
defined as the presence of any echogenicity in a
cranial ultrasound in the first 2 weeks of life that
was seen on both sagittal and coronal views.
Ventriculomegaly and late ventriculomegaly was
defined as any enlargement of the lateral ventricles
(unilateral and bilateral) with or without an
accompanying intraventricular haemorrhage in any

cranial ultrasound during the hospital stay.

672 infants (GA < 29 weeks)
admitted between 2005 and
2008

v

539 infants survived to
discharge

v

501 infants attended the
follow-up clinic

v

437 infants were included in
the analysis

133 (20% or total) infants
died in the NICU

38 (7% of eligible) infants did
not attend the follow-up clinic

64 (13%) infants did not have
complete information from
BSID-III

Figure 1: Outline of Population
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Table 2: Variables inserted into Model
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Variable (Milestones)

e Age (days) for all positive pressure ventilation discontinuation (nasal and endotracheal)

e Age (corrected gestation weeks) for all positive pressure ventilation discontinuation (nasal and

endotracheal)

o Age (days) for full enteral feeds

e Age (corrected gestation weeks) for full enteral feeds

e Age (days) birth weight regained

e Age (corrected gestation weeks) birth weight regained Variable (Neonatal Morbidity)

Variable (Neonatal Morbidity)

e Oxygen at 36 weeks corrected weeks gestation

e  Severe Retinopathy of prematurity (stage 4, 5, or requiring any treatment)

e  Severe intraventricular hemorrhage (grade 3, 4)

e Periventricular echogenicity

e  Ventriculomegaly

e Late ventriculomegaly (persistent after 34 weeks gestation)

. Hydrocephalus

e Necrotising enterocolitis (Bell stage > 2)
e  Patent Ductus Arteriosus

e  Sepsis

e Meningitis

Prior to analysis the variables were tested for
multicollinearity  using  tolerance  statistics.
Multicollinearity was not found to be a concern (i.e.
no tolerance statistics <0.4) and therefore no
variables were excluded from consideration. Table
3 lists the odds ratios and their associated
confidence limits produced in the model. The cut-
off point sensitivity for age in days off all positive
pressure was less than 14 days of life; for corrected
age in weeks to achieve full feeds was 28 weeks
gestation; and corrected age at which birth weight

was regained was 27 weeks gestation. In the model,
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age at which all positive pressure for respiratory
support was found to be significant, OR=2.17. 95%
Cl=1.15-4.11 (p=0.018); as well, the need for
oxygen support at 36 weeks gestation, OR=0.57.
95% Cl1=0.33-0.99 (p=0.045); and the presence of
periventricular  echogenicity, OR=0.23. 95%
Cl=0.057-0.95 (p=0.043).The variables were then
validated by means of running 1000 bootstrap
simulations of size 400. Table 3 shows the
percentage of the 1000 simulations in which each
variable came out to be statistically significant.
Both age at which all positive pressure for

respiratory support and periventricular echogenicity
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were found to be significant in more than 50% of
simulations (71.1 and 57.0% respectively), with the
need of oxygen support at 36 weeks gestation in
just under 50% (47.2) . There was no interactive or

cumulative effect between the three variables.
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A similar process was completed to predict
language outcomes where language was treated as a
binary outcome (>=100, <100). However, no
variables were found to demonstrate the same

degree of significance as seen with cognition.

Table 3: Odds Ratio Estimates and Bootstrap simulations

Percentage of
Point 95% imulati ; i
Effect ; Confidence P-Value snrﬁnu a. |o.n.s n
Estimate Limits which significant
Age off all 71.1%
positive 2.17* 1.15, 4.11 0.018 ’
Pressure (days)
Corrected age 1.46 0.75, 2.87 ns 31.2
full feeds
Corrected age 45 6%
birth weight 1.74 0.89, 3.37 Ns ’
regained
Oxygen at 36 47 0%
weeks corrected 0.57* 0.33, 0.99 0.045 '
age
Sepsis 1.16 0.74, 1.80 Ns 8.8
Patent 1.25 0.79, 1.99 N 125
ductusarteriosus
Ventriculomeg 0.53 0.20, 1.41 ns 36.3
aly
NEC 0.74 0.48, 1.13 ns 27.5
Hydrocephalus 0.27 0.06, 1.27 ns 36.2
Late
Ventriculomegaly 8.5
(after 34 weeks 1.32 0.35,5.04 ns
gestation)
Periventricular
echogenicity 0.23* 0.06, 0.95 0.043 57.0*
Periventricular
leukomalacia 0.26 0.03, 2.54 ns 2.7

extremely preterm infants continue to be at high-
risk of an adverse neurodevelopmental outcome of
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almost 50%, with numbers of 40% related to
cognitive or language delay [19]. These numbers
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have not changed dramatically from previous
studies over the previous decade [20-22]. Clinicians
are often faced with discussing adverse
neurodevelopmental di_culties in the presence of
clear evidence of injury or severe morbidity.
However, there is an equal number of infants who
do not experience significant neurodevelopmental
challenges. Yet the ability for clinicians to counsel
on these infants is challenging as there is less
evidence available to support discussions along this

direction.

Our objective for this study was to determine
whether there were specific neonatal events or
milestones, when reached or achieved, were
associated with a positive neurodevelopmental
outcome. Cognition as determined by the cognitive
composite score from the BSID-I11 was chosen as it
is an assessment tool used very commonly in
clinical and research settings. The results of this
study demonstrated that less time overall for an
infant to require positive pressure ventilatory
support was the most significant milestone/event
associated with having a cognition score of 100 or
greater at 18-24 months corrected age. The need for
oxygen support at 36 weeks gestation or beyond
was not as significant. Although not as significant
was the presence of echogenicity in the
periventricular area on cranial ultrasound during the
first 2 weeks of life. The need for oxygen at 36
weeks gestation and after has been associated with
a  higher  probability of an  adverse
neurodevelopmental outcome in past studies but
more recently it is now recognized that not oxygen
alone but oxygen and persistent need for prolonged
positive pressure support contributes more strongly
to an adverse outcome [22-25]. The results from
this study supports that reduction in time for

positive pressure support can, in fact, be supportive
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of a positive neurodevelopmental outcome.
Similarly, evidence of white matter injury has been
strongly associated with an adverse outcome, both
motor and cognitive [6, 26-28]. The absence of
early evidence of injury can also be supportive of a
positive outcome whereas that has not always been

the case.

It is important to recognize that there are many
factors that can contribute to cognitive development
in this vulnerable population. Birth weight and
gestational age at birth have been repeatedly found
to contribute a major role in both survival and
neurodevelopmental outcome. Social factors have
been identified to play a critical role and maternal
education is a critical contributor as well as support

post discharge [29].

The study was completed on data from infants from
a single perinatal centre. The use of antenatal
corticosteroids for this cohort was close to 90% and
birth weight and gestational age at birth did not
contribute to the analysis. As such, it is important to
recognize this limitation that this represents for the
results to apply in other clinical settings. However,
additional studies using a more population-based
cohort to demonstrate whether these findings
persist are necessary. If these findings persist, it
will support ensuring approaches and practices in
care that will focus on reducing the impact of
ventilatory management for this group of

vulnerable infants.

In conclusion, we were able to identify a neonatal
event/milestone that may be helpful in identifying
preterm infants with a higher probability of
experiencing a positive neurodevelopment outcome
as it relates to cognition. Extremely preterm infants

who spent less time on any form of positive
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pressure ventilatory support were more likely to
experience a positive neurocognitive outcome.
Similarly, those infants who showed no evidence of
injury to brain white matter as demonstrated by
echogenicity on cranial ultrasounds in the first 2
weeks of life had an increased likelihood of
experiencing a positive neurocognitive outcome but
not as high as positive pressure ventilatory support.
These findings from this study can suggest two
important approaches in care. First, approaches in
respiratory and ventilatory management should
focus on total time on any form of positive pressure
support and not just on oxygen need at or beyond
36 weeks gestation. Secondly, it is important to
ensure approaches and strategies in care are in
place during the perinatal and early neonatal period
to minimize any impact on the vulnerable preterm
brain. Only then will we be able to start seeing
greater numbers of wulnerable preterm infants
experiencing a positive neurodevelopmental
outcome. Utilizing the information from this study
once supported and validated by additional studies
will assist clinicians in their counseling with
parents of these infants during their time in the

neonatal care setting.
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