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The Development and Validation of a Model for Predicting
Neurological Disability following Neonatal Intensive Care.

Thesis Abstract Jon Dorling 24/9/07
Aims

This thesis set out to test whether it is possible to predict neurodevelopmental
outcome at two years of age using data collected in the first 12 hours of life or
during the entire admission of a premature newborn infant. Outcomes were
tested separately (severe disability in survivors against other survivors) or in
combination (death or severe disability against survival without severe
disability)

Methods

The hypotheses were tested in three cohorts; the East Anglian Very Low
Birthweight Database, the Trent Neonatal Survey ‘ABC study’ and the United
Kingdom Trial of Oscillation (UKOS).

After exploration of the cohort data quality, each was used in turn to develop a
model for predicting outcome using data in the first 12 hours of life. The
UKOS dataset was also used to test prediction using data available from the
entire admission.

Univariate analysis was used to determine which variables were associated
with the outcome of interest. Logistic regression was then used to develop
the models and ROC curve analysis performed to test the predictive ability of
the models.

Results

Each of the three models for predicting the combined outcome of death or
severe disability appeared to predict reasonably well with areas under the
curve of 0.808, 0.793 and 0.798. Further testing however showed that these
models were good at predicting death but that they were very poor at
predicting disability.

Data from the entire admission were successfully used to develop a model
that predicted disability adequately in survivors (Az= 0.842) suggesting the
importance of this time-period.

Conclusions

Further study is needed to determine whether additional data from before 12
hours of age would enable outcome prediction. Prediction of disability
amongst survivors appears possible using data from the whole admission,
and after testing in other cohorts, offers a number of future epidemiological
uses.
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1.1 INTRODUCTION TO THESIS

This thesis documents the development of models to predict neurological outcome in
premature infants. It goes on to discuss attempts at validating these models in other
datasets and describes some of the difficulties with different types of data. The
models were produced to play a role in future studies identifying the causes of
variation in these outcomes and to allow risk correction in observational studies.
Results from observational studies into these factors are difficult to interpret due to
selection bias and differences in case mix. By enabling risk correction, models could
allow identification of factors that are not easily tested by randomised controlled
trials. An organisational factor such as whether extremely premature infants should
be treated locally in a smaller unit or be transferred to a large tertiary unit is an

example of the potential use of this methodology.

This thesis begins with an introduction to neonatal care, a literature review of
evaluation methods, a review of neonatal prediction scoring systems in general and
then specifically for neurological outcome. This is followed by a discussion of how to
define outcome and common problems for research in this area and an explanation
and listing of the hypotheses analysed in this work, followed by the study of each of

these hypotheses.
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1.2 NEONATAL CARE FOR PREMATURE INFANTS: A BRIEF
HISTORY

In order to inform the reader, this thesis begins with a review of neonatal care and its
historical background. In the twenty first century medical science has progressed to
a point where infants born as much as 17 weeks prematurely and weighing less than
500 grams are treated with intensive care, as and when needed, in order to save
their lives. Exceptions to this are those born before the gestational age limit of what
is technically possible. This limit of what is known as ‘viability’ is dependent on the
resources available to care for the infant and the local attitudes or beliefs about what
is best for that baby or the population. There is a particularly notable difference
between the approaches in Holland and the United States': 2. Rhoden described
these approaches® as a “statistical approach” for the Dutch policy of withholding
intensive care from infants considered to be at too much risk of disability and the
“wait until certainty” strategy for the American inclination to treat all infants until the
prognosis is clearly futile. A third method, the “individualised prognostic strategy”
was also described and is probably the one employed most often in the United
Kingdom?. Due to financial constraints and higher mortality rates, there is also a
different expectation of what should be done in developing countries. Treatment in
these countries may depend on the ability of parents to provide the finance to

support the treatment of their infants.

In a similar way, attitudes towards the weakest infants have also varied through
history. The practice of the Spartans for leaving infants on Mount Taygetos is well
known and an often quoted example of infanticide*. Seneca also justified this
practice in Roman times saying “We drown the weakling and the monstrosity. It is

not passion, but reason, to separate the useless from the fit"°. This practice of
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abandoning or killing children shortly after birth was eventually outlawed by
Christianity marking a switch away from Eugenics®. The spread of Christianity
across the world led to the provision of care for the poor, sick, widows and strangers
as advised by the first council of Nicaea in 325AD’. In the middle ages, hospitals
developed from almshouses and hostelrys attached to monasteries, but these
probably had a bigger interest in saving patient's souls rather than lives®. During the
18th and 19th centuries, hospitals were established in the majority of Industrial

Towns and Cities of the United Kingdom via prosperous sponsors®.

Traditionally, delivering infants and managing the final stages of pregnancy was the
province of midwives treating mothers at home. As Dunn describes'®, there was a
gradual involvement of physicians in the care of both mothers and their infants; the
man-midwives, as they came to be called - men such as William Smellie (1697-
1763) and William Hunter (1718-1783) achieved professional recognition in the 18th
and 19th centuries as physician-accoucheurs’. These surgeons were involved when
instrumental interventions were required for abnormal labours'!. This coincided with
the development of ‘lying-in’ hospitals with the first maternity hospital in the British
Isles (London’s General Lying-In Hospital) being opened in London in 1739.
However due to the development of gynaecological operations and caesarean
sections, these all-round specialists were displaced by surgeons who had such
ample obstetric and gynaecological surgical workloads that the care of the infants

was ‘consigned to midwives and nursery nurses’'°.

The first hospital dedicated to treating children opened on April 24th, 1769. George
Armstrong’'s Dispensary for the Infant Poor, located at 7 Red Lion Square, London,
treated the infants of the poor for free, including nearly 35,000 infants during it's 12

years of existence'?. Other children’s hospitals were also successfully founded by
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public subscription, including Great Ormond Street in 1852, By the 1920s, most
cities in the United Kingdom had children’s hospitals. These were staffed by medical
physicians with a special interest in Paediatrics with the first full time Paediatrician
(Sir Frederic Still) being the president of the British Paediatric Association at it's
founding in 1928'. Unfortunately the majority of newborn infants were still cared for
in the maternity wards in general hospitals but Paediatricians became more involved

by visiting, often in an honorary capacity.

The first unit for treating premature infants was set up by Victoria Mary Crosse in
Birmingham in 1931 who also produced the first British textbook on the subject of
Prematurity '°>. The establishment of the NHS'® in 1948 by Aneurin Bevan opened
up the role of Paediatricians to work within maternity hospitals. Junior Paediatricians
were also employed at this time to perform the time consuming but life saving new
procedure of umbilical exchange transfusion for rhesus incompatibility’”.
Unfortunately the early days of paediatric care of newborn infants were associated
with a number of adverse outcomes, as the specialty established itself and learnt
what was appropriate for babies as well as what was possible. Retrolental
ﬁbroplasia’a, now known as retinopathy of prematurity'® was caused by injudicious
use of oxygen, whilst starving was also employed to prevent aspiration, and

hypothermia was not uncommon'®.

Since 1950, the intervening decades to the present time in the early 21%' Century,
have seen rapid and impressive strides in neonatal care. Important advances during
this time are documented in Table 1'%, As time has passed there has been
increasing interest in the quality of this care, with methods being developed for

monitoring and comparing outcomes. The next section describes these approaches.

© Dr Jon Dorling, 19/03/2008 Page 13



Table 1:

Progress in Neonatal Intensive Care 1950-2000

1952
1952
1952

1953
1953
1953
1955
1956
1956
1958
1958
1959
1959
1961
1963
1963
1963
1964
1966
1967
1968
1969
1972
1972

1974
1975
1975
1980
1980

1985
1987
1990
1992
1994
1997
1997
2000

Apgar Score for assessing newborns
Necrotizing entercolitis described

Initial trial showing link between excessive oxygen and retinopathy of
prematurity
Structure of DNA published

Respiratory distress syndrome described

First neonatal surgical unit opened at Alder Hey Children's Hospital, Liverpool
Trial showing that withholding fluid immediately after birth is not beneficial
Chance observation of effect of sunlight on serum unconjugated bilirubin
Correct number of 46 human chromosomes published

Trial of hypothermia demonstrates link to decreased survival

Description of the benefits of light for hyperbilirubinaemia

Surfactant deficiency identified as the cause of respiratory distress syndrome
Trisomy 21 identified in Down's Syndrome

Thalidomide linked to birth defects

First report of intrauterine fetal transfusion

Newborn screening test for phenylketonuria

First published description of fetal intrauterine transfusion

Group B streptococcus as common cause of neonatal sepsis

Prevention of Rhesus Haemolytic Disease of the Newborn by use of Anti-D
First heart transplant in newborn

Total parenteral nutrition for newborns described

Trial of phototherapy treatment of hyperbilirubinemia

Intermittent mandatory ventilation for respiratory distress syndrome

Trial of antenatal glucocorticoids for prevention of respiratory distress
syndrome
Indomethacin constriction of the ductus arteriosus observed

Patency of ductus arteriosus by prostaglandin E depicted
Extra-corporeal membrane oxygenation first used in infants
Surfactant treatment for respiratory distress syndrome

Human immunodeficiency virus and acquired immunodeficiency syndrome first
described
Trial of cryotherapy for retinopathy of prematurity

Oxygen Saturation monitoring for newborns

Surfactant treatment for respiratory distress syndrome

Supine sleeping position for infants reduces sudden infant deaths
Maternal zidovudine reduces perinatal transmission of HIV

Nitric oxide for neonatal pulmonary hypertension

Trial of nitric oxide for pulmonary hypertension in the newborn
Initial mapping of human genome completed
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1.3 EVALUATING NEONATAL CARE

As is only natural, once a system is established to provide healthcare the issue of
how well the system performs becomes pertinent. In the United Kingdom the
outcomes of pregnancy have been of interest to governments and public health staff
for many years. Statistics on Births and Deaths were first consistently collated in the
19™ Century following a law passed in 1812 that made those who failed to register
births and deaths liable to a fine*'. Further analyses of stillbirths, infant and perinatal
mortality were first performed in 1905%2 and have been continually used since then?.
It is not surprising that this information is of interest to those planning and monitoring
health care services in the maternity sector. As well as comparison with past
performance, the collection of good quality, accurate data allows the comparison of
populations of patients, such as those from geographical areas, or of groups treated

in the same hospital.

Intensive care services are particularly costly and due to limited financial resources
are therefore subject to widespread scrutiny of both outcomes and costs®*?. In
addition, there has been an acceptance that inevitably mistakes do occur in
hospitals and intensive care is the most important location for these errors? 22,
Following media and public interest there has consequently been increased
acceptance of the need for the measurement and comparison of quality of care.
These measurements can then be used to stimulate the development and
improvement of services. These assessments have gained additional importance in
the United Kingdom with the focus of both the media and government on outcomes

following cardiac surgery in Bristol**. Neonatal services are not exempt from these

considerations. Important neonatal outcomes that can be measured and compared
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include death rates, lengths of stay and common and important complications such

as chronic lung disease, retinopathy of prematurity, or neurodevelopment.

Mortality Rates

Crude Mortality Rates (CMR) were the first technique used to measure the quality of
health of populations and were a progression from what were known as ‘bills of
mortality’. These ‘bills’ were essentially a list of the number of people dying in a
certain area of different conditions. These bills were first produced in the 16" century
principally to identify the early signs of plague epidemics®'. Crude mortality rates are
simplie to calculate, being the total number of deaths per 1000 people. They are not
however very useful as they can give a misleading impression as an older
population may have a higher death rate when compared to a younger population®,
This is an important issue, as western populations age with an increasing crude

mortality being seen over time*.

Standardised Mortality Measurements

In order to correct for this problem Standardised Mortality Rates (SMRs) were
developed. SMRs are derived by correcting for the age of the population being
studied typically to a standard American population®. This explains why they are
also known as ‘age-adjusted rates’. To calculate a SMR, one takes the number of
observed deaths in a group of individuals of a certain age and divides it by the
number of deaths that would be expected from the reference population®*. Whilst
being widely used in studies of adult populations, this methodology has been little
used in studies of newborn infants. SMRs were used in the 1960s and 1970s to
compare geographical areas®®’ but were superseded by risk correction methods

due to concerns about variations in birthweight and gestational ages®.
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Infant Mortality Measurements

Throughout history, the period of infancy from birth to the first birthday has had the
highest risk of death even into the twentieth century. Writing about Dublin in the
1780s, Moore* stated that ‘16.5 per cent of infants born died before they were two
weeks old’ . By the simple expedients of ‘opening the windows and attending to
ventilation and cleanliness this was reduced to 4 per cent within a few years mainly
by the elimination of tetanus of the newborn, to which previously more than nine-
tenths of the deaths were due’. Similar figures were also seen in England, with
Percival writing in 1789, that ‘in Manchester half the children born die before

reaching the fifth year'.

From these concerns about infant death a widely used method of comparing
mortality was developed. This infant mortality rate (IMR) consists of the number of
deaths before the first birthday per 1000 live births. Unlike CMRs in aduits, IMRs
only cover the first year of life and are therefore not affected by the age of the
population. The IMR in Sweden, Scotland, England and France during the early
1860s were documented in the Journal of the Statistical Society of London, in
1866*'. In 1860-61, the infant mortality per 1,000 registered births was 141 in
Sweden, 149 in Scotland, 170 in England, and 223 in France. There has been a
continual improvement in this marker of healthcare quality until recent years when a

plateau may have been reached (see Figure 1).
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Figure 1: Neonatal Mortality Rate per 1,000 live births, England and Wales 1921
- 2003. ,

Data from Office for National Statistics, Mortality Statistics, Series DH3.
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Comparing the performance of neonatal units

Comparing the rates of important outcomes can give useful information regarding
the care of infants in a particular area. They have a number of flaws however and it
was because of these that alternative techniques such as risk correction were
developed. The biggest problem is inherent variations in the level of risk (e.g. ill
health) within the populations that are compared, with for example, mortality rates
being higher in poorer communities*>. These risk factors are often a more significant
cause of variations in outcomes than the medical care the infants receive. For this
reason, predictive scores that enable correction for levels of risk (risk-adjustment)
were developed to compare mortality in different countries, geographical areas or
neonatal units*®. These will be discussed in detail in the next section. An example of
a risk score in action is Tarnow-Mordi’s comparison of two neonatal units, showing a
difference in survival after risk correction where there was no apparent difference in
crude mortality*. The UK neonatal staffing study*® also used risk correction for

comparing different factors related to outcome in 54 randomly selected NICUs in the
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United Kingdom. This study demonstrated that risk-adjusted mortality was unrelated
to patient volume or staffing provision and suggested that only transferring the most

premature infants for tertiary care offered any potential to improve outcomes.
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1.4 USES AND BENEFITS OF OUTCOME PREDICTION

Predicting the outcome of an admission to hospital or an operation is important for a
number of reasons: some of these are listed in Table 2. Individual patients, their
relatives or those caring for them are frequently interested in prognosis, especially
the chance of survival. Prediction may also have a role in allocating patients to
suitable treatments or for ensuring a similar mix of patients in trials®. Whilst
adequate randomisation should mean that this is unnecessary, the small size of
trials in neonatal care may make this a useful process. Scoring systems such as the
clinical risk index for babies (CRIB, described on page 25) are often used for
comparing treatment and control groups of infants*” “%. In this latter situation they
are used to measure risk: an ability that can enhance the analysis of outcomes in
groups of patients by allowing comparison of 2 groups for similarity of risk (e.g. the
population of two intensive care units), for looking at patterns of care and outcomes

in groups of patients or over differing timescales.

In neonatal intensive care two main uses of scoring systems predominate. First, and
foremost they are used to correct for risk, enabling comparison of the outcome of
different populations of babies. Examples of such ‘group predictions’ are given in the
next section and in Table 2. Second, an ‘individual prediction’ of the risk for a
particular infant can be helpful for counselling parents about the chances of their
infant surviving to discharge. Individual predictions may also be useful for identifying
patients likely to benefit from certain treatments or to stratify infants in trial groups to
ensure similarity of risk. A third use: using an individual's outcome in decision
making about appropriateness of care is highly controversial and not widely

practised. Potentially a risk score could be used to ration intensive care, but there is
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considerable disquiet over this approach as scores do not give a 100% chance of

death and do not take into account family wishes

4931 A slightly less controversial

approach has also been suggested where the score is used to confirm that

continued intensive care is futile or is becoming s0°% 5. It has however been noted

that physicians identify futility early and little extra resource use would be saved by

identifying these situations earlier™.

Table 2: Uses of Outcome Prediction

INDIVIDUAL PREDICTIONS

1.

Giving prognostic information

2. Stratifying infants in trials (to ensure similarity of risk)
3.
4. Use as surrogate markers for later outcome

Determining individual treatment

GROUP PREDICTIONS

1.

o oD

Comparing study groups for similarity of risk
Auditing the severity of iliness in different units
Comparing the performance of different units
Determining trends in results over time

Reviewing if infants are treated appropriately for risk (e.g. number of
septic screens or ventilation days)

Comparing rates of complications; are some preventable?
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GROUP PREDICTIONS

Risk correction is the most frequent research technique utilising scoring systems.
Also known as risk adjustment this approach attempts to tease out whether it is the
quality of care or the quality of the patients that leads to variation in outcomes®.

Risk correction was developed for premature infants to attempt to explain the wide
variations in crude survival rates between different neonatal intensive care units®. It
was unclear whether these differences were primarily due to the compared
populations comprising infants of differing risk, or due to the quality of care being
significantly different. Units treating few sick infants usually see much lower crude

mortality rates than tertiary referral units who treat the smallest, sickest infants* %,

In risk correction, a summary score is derived from measurements of each
individual’s iliness severity, in order to determine the risk of an outcome before
treatment is received. If suitably sized populations are taken, comparison can then
be made between the expected and observed outcome in a population. Using this
method it is therefore possible to analyse the admissions to a neonatal unit over a
suitable time period to determine the unit’'s performance. This might be needed as
sicker infants might be offered treatment or obstetric practices might improve the
condition of admitted infants. Kaaresen and colleagues used the CRIB score in this
way to show that risk corrected survival improved over 16 years®’. It has been
suggested that this methodology may be used increasingly for comparing outcomes
over time and between units since the Kennedy report into Paediatric Cardiac
Surgery™. Indeed a national neonatal audit data collection system including CRIB I

risk of mortality was launched in April 2007,
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When using these scoring systems for risk adjustment it is vital that the score
reflects the condition of the infant at birth or as soon afterwards as possible. Any
delay in measurement allows the quality of treatment received by the infant to affect
the score and could introduce bias. CRIB, for example is measured at 12 hours of
age and a unit performing poorly at stabilising infants would have infants with higher
CRIB scores due to needing a higher concentration of oxygen or having a lower
temperature as a consequence of poor respiratory or thermoregulatory care in the
first 12 hours of life. Any increase in the scores would therefore reflect the quality of
care rather than the innate risk of the infants at birth. It is also possible to innocently
or intentionally manipulate scores by over-treating an infant and increasing the score
for some infants and therefore the expected number of deaths in a population. In
both of these situations the observed number of deaths may then be less than that
predicted and the unit would appear falsely good. Scoring at 12 hours of age also
allows the quality of treatment to impact on the score. CRIB is however a relative

improvement on other scores that measure data after 12 hours®®.

Disease severity scores have been used to compare mortality rates (for example in

)®%. The authors examined 1628 admissions in six Australian

Scotland and Australia
NICUs, 775 in five Scottish tertiary NICUs, and 148 in three Scottish non-tertiary
NICUs. They demonstrated risk adjusted hospital mortality that was approximately
50% higher in Scottish neonatal units as opposed to the Australian units. They have
also been used to investigate other outcomes as variables in multiple regression
analysis. An example of this is Kahn's study which showed a very wide variation in
the use of narcotic pain relief which was also related to illness severity®!, Vyas and

co-workers looked at actual and expected rates of death in 5 neonatal units, along

with rates of retinopathy of prematurity in the same units®. The unit with the lowest
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mortality also had the highest rate of retinopathy of prematurity suggesting an

association.

PREDICTING INDIVIDUAL OUTCOMES

Decisions on whether to resuscitate infants are commonly based on information
available at the time of birth; a birthweight of less than 500g or a gestational age of
less than 23 weeks are often used as a reason for not resuscitating infants. The use
of more complex prognostic scoring systems in other circumstances is controversial;
raising both legal and ethical concerns. From a practical point of view there are
major difficulties; using different risk scores may give similar group predictions but
individual estimates can differ significantly, lessening the usefulness of a score in a
clinical situation®®. Most clinicians prefer not to use percentage chances when
counselling but to alert the parents to the risk by using terms such as likely, more
than likely or very concerned to express the level of risk. For predictive scores to be
useful in clinical practice, they must be easy to use, predict outcomes reproducibly,

and be applicable to the required group of neonates to be studied®.

When considering the future of an individual infant, clinicians may be able to
prognosticate as accurately as any scoring system, since they can take account of
the full clinical picture in that child® . Indeed it has been suggested that combining
clinical assessment with a scoring system would improve the accuracy of risk
assessment®. While this could be important in clinical practice for individuals, using
clinicians’ views for group predictions and research would introduce an unacceptable

level of subjectivity and potential bias.
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COMMONLY USED SCORES FOR PREDICTING MORTALITY

Risk prediction for newborn infants has to a great extent focussed on mortality &. In
the United Kingdom the most commonly used risk correction tool is the CRIB score.
This ‘Clinical Risk Index for Babies’ was created to predict mortality for very low
birthweight (VLBW) infants born at less than 31 weeks gestation at birth and was
derived from a dataset of 812 infants admitted to four UK tertiary neonatal units
between 1988 and 1990%. A quarter of the infants died. Six variables were
identified by logistic regression. These are birthweight, gestational age, presence of
a congenital malformation, along with the physiological markers of maximum base
deficit in the first 12 hours of life and minimum and maximum appropriate inspired

oxygen concentration in the first 12 hours.

The final score is based on a weighted sum of these six factors. In the original study,
the score had good discriminatory ability (area under the ROC curve: Az = 0.90),
considerably better than birth weight alone (Az = 0.78)% ®8, Rautenon produced an
area under the ROC curve using CRIB of 0.87 in another cohort 8. The ease of data
collection is a major advantage of CRIB, as calculation takes five minutes per infant,
compared with 20— 30 minutes for some of the more complex scores which will be
described below’®. CRIB is also assessed over the first 12 hours of life, making it

somewhat less susceptible to treatment effects biasing the value’" 72,

CRIB was recently updated to CRIB I173. It uses a mortality risk grid known as the
‘Draper grid'”’*. This gives a percentage chance of survival to discharge according to
gestational age and birth weight. CRIB 1l combines this and admission temperature
and base excess to predict mortality. It was intended to improve predictions for

smaller, very premature infants and to exclude variables that could be influenced by
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care given to the infant, although the inclusion of admission temperature complicates

this attempt.

In the United States the most widely accepted and utilised score is the SNAP score.
This ‘Score for Neonatal Acute Physiology’ was developed in 1990 using data drawn
from three units in Boston, USA covering 1643 infants, 154 of whom weighed less
than 1.5kg at birth”>. Unlike CRIB, SNAP can be applied to any infant admitted to a
neonatal unit, but perhaps because of the small number of VLBW infants in the
population from which it was derived, it has reduced sensitivity to differences
between the most premature infants’®. SNAP scores are based on 28 items
collected over the first 24 hours of life from a variety of sources including each body
system and selected blood test results. Unlike the CRIB score, where parameters
are weighted according to their statistical relation to death, the variables were
devised and weighted by experts. The original cohort was also used to extend SNAP
to form the SNAP-PE score (Score for Neonatal Acute Physiology—Perinatal
Extension) by adding birth weight, small for gestational age (weight under 5th centile
for gestation), and low Apgar score at

five minutes™. In Richardson’s comparison, SNAP predicted death better than birth

weight alone (Az 0.87 v 0.77), and SNAP-PE was even better (Az 0.93).

In a similar way that CRIB was updated, SNAP and SNAP-PE have also been
updated to SNAP-Il AND SNAPPE-II"’. This update was primarily designed to make
data collection easier but also improved validity by using impressively large
derivation and verification cohorts of 10,819 and 14,610 infants respectively.
Changes included shortening the period of data collection to 12 hours and reducing
the number of variables to six (mean blood pressure, lowest temperature, PaO :

FiO, ratio, serum pH, multiple seizures, and urine output). These factors were
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assessed as having the strongest statistical association with mortality. As with the
original SNAP score, SNAP |l was also extended to produce the SNAPPE-II by
adding the perinatal extension factors. Richardson demonstrated good
discrimination (Az 0.91) and calibration (Hosmer-Lemeshow 0.90) for SNAPPEI! in

predicting mortality’”.

Four other mortality scores have also been developed, these are NTISS, NICHHD,
and the Berlin Score. The National Therapeutic Intervention Scoring System
(NTISS)”® was derived by an expert panel as a modification of the adult intensive
care score known as the therapeutic intervention scoring system (TISS). NTISS is
atypical as it is based on the treatments received by an infant. As therapy is
determined to a large extent by policy and practice in units, it cannot be used to

compare quality of care between units.

The National Institute of Child Health and Human Development (NICHHD) score™
was created using factors recorded on admission to one of seven US units for 1823
infants born between 1987 and 1989 and weighing 501— 1500g. Logistic regression
was used to select the variables, with validation using another 1780 infants. It has
been little used since development however. The Berlin Score was developed using
logistic regression methods for only 396 VLBW development infants and 176 VLBW
validation infants from 1988 to 19912, It suffers from the inclusion of a number of
subjective factors which limit its role as a means of objective comparison between
units. An additional Mexican score exists: Neonatal Mortality Prognosis Index

(NMP1)® but this too is little used.
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As mortality has improved over time, there has been increasing interest in predicting
morbidity, particularly as improved survival may mean infants surviving but with

limited quality of life"®’

. Section 1.6 therefore describes previous attempts at
predicting neurodevelopmental outcome. Wishing to give the reader a greater
understanding of the detailed discussion of these endeavours at predicting
neurodevelopmental outcome, section 1.5 first introduces the methods used to

develop and test such models.
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1.5 DERIVATION AND VALIDATION OF SCORING SYSTEMS

In order to explain the methodology and avoid using large methods sections in each
of the study chapters, a few words now follow on how models are derived and
validated. Two steps must be carried out when producing a new scoring system for
use by other researchers, these are to develop a score from one population and
then to test it in another population. These steps are known as derivation and

validation.

Derivation
Derivation describes the identification of predictive variables, measuring and
weighting these variables in a ‘derivation cohort’ which can then be validated in

further data samples.

There are two methods used to develop models for risk correction. Clinical
knowledge and experience from expert panels can be used to select and give
relative weights to variables to be included in a score. Alternatively, ‘statistical’
predictive models can be developed by analysis of data for variables that have a
strong association with the outcome of interest and their relative weights.
Multivariable methods are then used to combine and select the different variables for
predicting the outcome of interest and to select the appropriate variable®.

Generally, these statistical scores outperform medical scores and today most scores
are ‘statistical’ as relevant data is usually available for model development. Clinical
knowledge should however be used to determine which variables should be
analysed, with the intention of improving a model’s performance in other groups of

infants and making it more convincing to those considering using it in the future.
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When choosing the variables to derive a score, researchers must balance the need
for easy data collection against potentially improved predictive ability. Highly
predictive models can be developed using many variables but these often take a
long time to collect, thereby limiting their use in the clinical setting. The optimum
score will predict the outcome adequately enough for the investigator's needs whilst

being easy to collect.

As described by Richardson*®, variables must be ‘predictive’, meaning that they are
biologically related to outcome and severity. They must also be ‘available,
measurable, frequent, accurately recorded and reliable’. Reliability is important and
indicates that another observer will produce the same score for the same
observation. Simplicity, objectivity and the use of minimum or maximum values all

help to improve reliability.

Validation

Following derivation, the next stage is to test the model in the original cohort and
then to validate it in another similar dataset. Testing a scoring system in another
cohort of data is employed to measure external validity (i.e. the extent to which the
results of a study are generalisable or transferable). Successful validation confirms
that it predicts future events, with an adequate accuracy (calibration). To be
clinically useful the predicted event rates from the score and those actually observed
should closely match®. The Hosmer & Lemeshow Goodness-of-Fit test is usually
used to assess this characteristic®®. For this test the observations are categorised
into groups according to their predicted risk. The number of predicted and observed

outcomes within each of these groups are then compared, with a well-calibrated
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score showing no evidence for statistically significant differences (i.e. p-value >

0.05). Table 3 provides an example of this process.

Table 3: Observed and Estimated Frequencies Within Each Decile of Risk of
Mortality Using a Logistic Regression Model.

In this example, Chi-squared = 14.743, degrees of freedom = 7, p = 0.039.

Decile of Risk 1 2 3 4 5 6 7 8 9 10
Died
Observed 0 3 0 0 1 5 1 3 14 0
Expected 01 17 12 07 09 13 19 49 143 0
Observed - Expected -01 13 -12 -07 01 37 -09 -19 -03 0.0
Survived
Observed 3 79 51 29 29 25 28 30 10 0
Expected 29 803 49.8 283 291 287 271 281 97 0

Observed - Expected 014 -13 12 07 -01 -37 08 19 03 0.00

Discrimination describes the ability of a score to differentiate between infants with
different outcomes: most commonly whether infants die or not. Discrimination is
assessed by the area under the Receiver Operating Characteristic (ROC) curve®,
This figure is obtained by plotting the true positive rate against the false positive rate
(or 1 — specificity) for the full range of values that can be taken as a cut-off. The
area under this curve (abbreviated to Az) indicates the overall discriminatory ability
of a scoring system. A perfectly discriminating test would have an area under the
curve of 1.0 with no false positives nor any false negatives, whereas a score no
better than chance alone has the value 0.5. As shown in Figure 2, the line at 45
degrees has an area under it of 0.5 indicating discrimination no better than chance.

A value above 0.8 is usually taken to indicate that a score may be useful in practice.
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Figure 2: A Receiver Operating Characteristic Curve.

(Az=0.816, 95% C.I. 0.780 - 0.852)

10

(<] o7
1 Specificity

An older method of describing model discriminatory ability is the use of a
classification table as presented in Table 4 below. This presents the ability of the
model using a single cut-off point. Useful values are given, such as sensitivity,
specificity, negative and positive predictive values. This is equivalent to presenting a
single point on the ROC curve. The ROC curve is much better than this, as it allows

a full range of cut-offs to be presented.

Table 4: Components of the Classification Table

Predicted to survive Predicted to die
Survivors a b
Non-Survivors c d

Sensitivity = true prediction of death / total deaths or d / (c+d).

Specificity = true prediction of survival / total survival or a /(a+b).

Predictive value of living = predicted survivors / total survivors or (a+c)/(a+b)
Predictive value of dying = predicted deaths / total deaths or (b+d)/(c+d)
Misclassification rate = total incorrect prediction/all predictions or (b+c)/(a+b+c+d).

© Dr Jon Dorling, 19/03/2008 Page 32



1.6 PREDICTING NEURODEVELOPMENTAL OUTCOMES

When a premature linfant is being cared for in neonatal intensive care, there are two
questions (amongst others) that parents and clinicians would like the answers to: will
the baby survive and will they be normal if they survive®. Methods are well
established for predicting mortality and have demonstrated the improving survival of
premature infants, as well as enabling the approaches listed in the previous section.
Considerable concern exists that the increasing survival of extremely premature
infants may be leading to larger numbers of infants surviving with disability '#'. This
may be further exacerbated if survival data are scrutinised by external bodies or the
public, as clinicians may be pressurised into carrying out a survival at all costs
policy. In the United Kingdom the best interests of each individual infant are taken
as paramount, with Judges recently confirming this by upholding the wishes of

Doctors to treat infants conservatively, despite contrary parental wishes® ¥,

In Trent and Yorkshire, mortality rates in high risk infants are monitored and
compared each year with extra resources or service reviews being employed in
situations where outcomes are worse than expected® 8. Government and / or
public scrutiny of these death rates might lead to the pursuit of survival at all costs.
This might lead to the survival of some infants with poor quality of life. It would
therefore be useful to monitor both death rates and later outcomes to obtain a fuller
picture of unit performance. A predictive model would also allow us to determine if
more babies are surviving with disability compared to the past or whether
improvements in the quality of obstetric and neonatal care that have resuited in
significant improvements in survival have also enhanced long term outcomes. It
might also be possible to use a risk-correction model to identify processes or

procedures that could lead to improvements in neurological outcome. This approach
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has already been employed for mortality*® %

and involves large populations of
infants and testing factors, such as staffing numbers or experience against risk

corrected outcomes.

Three risk adjustment scores have already been assessed for use in predicting later
neurodisability after neonatal intensive care. Two of these (CRIB and SNAP) were
developed for predicting death, whilst the Nursery Neurobiologic Risk Score (NBRS)

was developed for predicting disability and is described below on page 36.

CRIB Score and Neurological Morbidity

Four publications have examined the use of the CRIB score for predicting
neurodevelopmental outcome °": 929394 Taple 5 summarises the results from these
studies. Data on the outcome of 695 infants from the derivation cohort suggested
that CRIB could predict a combined outcome of death or impairment®*. However, in a
further study containing infants from the original study, a close relation between

CRIB at 12 hours and severe disability at 24 months of age was not demonstrated®.

Two studies not containing infants from the original cohort showed that CRIB
discriminated poorly in the role of predicting outcome at 12 months (Az = 0.70)%",
and 18 months (0.77)%2. Lago also found that birth weight alone was similar (Az =
0.70), and gestational age alone was better (Az = 0.83) than CRIB%. Although these
findings probably indicate that the CRIB score cannot reliably be used to predict later
outcome, it is possible that the results reflect that neurodevelopmental testing before

two years is unreliable and misclassifies some infants.

Fowlie®® combined CRIB with cranial ultrasonography in 297 infants from the original
cohort surviving beyond 72 hours. CRIB scoring was performed at 72 hours, with
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ultrasound appearances from "around” 72 hours. 99 infants had missing CRIB,
ultrasound, or follow up data. A CRIB score greater than 4 with a grade 3 or 4
intraventricular haemlorrhage was predictive of severe disability, but there were only
five infants in this group. In comparison with birth weight (Az = 0.70) and gestational
age (Az = 0.74), CRIB and ultrasonography improved the model’s discrimination (Az

= 0.89). To implement this simple approach would require an alteration to current

practice for collecting CRIB scores and, probably, ultrasound data. In addition,

interpretations of cranial ultrasound findings have been shown to vary between

clinicians®.

Table 5: Ability of the Clinical Risk Index for Babies (CRIB) Score, With and
Without Ultrasound (US) to Predict Neurodisability

Age at

Number

; Method of developmental Predictive
?;i?:ts‘gem :;;'g:g;sd assessment Outcome value (Az)
91 et Major
CRIB 12 351 Griffith's test impairment 0.703
Questionnaires from
CRIB* 18 695 doctors, health visitors, iDme a;:::‘rem 0.83
and community nurses P
92 Amiel-Tison method and Major
CRIB 18 81 Bayley development scales | disability 0.77
93 Health visitor: standardised | Severe
CRIB 24 398 questionnaire disability 0.71
CRIB &
cranial -
Health visitor completed Severe
la.ltlt;zsr? :3:’8 18 240 questionnaire disability 0.89
of age®
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SNAP and Neurological Morbidity

A retrospective case note review of 173 inborn infants from Minnesota examined the
ability of the SNAP score to predict neurological outcome in premature infants born
in 1993 and 1994 before 30 weeks gestation®’. A score was collected for every day
of each admission to produce a "cumulative SNAP score". This was then examined
in relation to assessments at around 1 year of life and during the 3rd year of life.
Although the authors did not use ROC curve analysis, they did show that the quartile
of infants with the worst cumulative SNAP score had significantly lower motor
development indices at 1 year, as well as lower psychomotor development indices at

both assessments.

Nursery Neurobiologic Risk Score (NBRS)

One score, the NBRS was developed specifically for predicting neurological
outcome in VLBW infants®. Brazy chose and weighted 13 factors, correlating these
with outcome in 57 infants at 24 months of age from 1986 to 1988. A "revised NBRS"
was developed from the seven factors accounting for almost all of the differences in
outcome (length of ventilation, serum pH, seizures, intraventricular haemorrhage,
periventricular leukomalacia, infection and hypoglycaemia). Scored at 14 days of
age, taking five minutes per infant, it was highly repeatable, with all infants scoring
over 5 having abnormal development at 24 months corrected age. Table 6

summarises the use of the NBRS in predicting neurodisability.

Using this score, Nunes® studied 77 infants at 12 months of age. Of those infants
with a score of 8 or more, 80% developed a major handicap. Lefebvre'®
retrospectively collected the NBRS and outcome at 18 months in 121 infants,

obtaining remarkably different results from Brazy®. Lefebvre’s ROC curve value of
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0.79 is similar to that of CRIB'®, Contractor analysed outcomes at three years of
age in 56 extremely premature infants, showing that a high NBRS at discharge was
associated with four timés the risk of an abnormal outcome. After modifying the
score (to comprise acidosis, hypoxaemia, hypotension, intraventricular
haemorrhage, infection, and hypoglycaemia), they also showed very good sensitivity

and specificity'®".

Although it is a reasonable predictor of neurological outcome, the NBRS cannot be
used for risk adjustment because of the delayed timing of data collection and the
consequent effect of care. A new score with reliable accuracy using data from early
in an infant's life is therefore needed to enable risk correction. This thesis

documents attempts to produce such a model.

Table 6: Ability of the NBRS to Predict Neurodisability

Score Age at Score Sensitivity | Specificity | Positive Negative
Assessment | value Predictive | Predictive
value value
(PPV) (NPV)
NBRS* 24 months 5 or more | 52% 100% 100%
NBRS'® 18 months 5 or more | 81% 54% 49% 84%
8 or more | 56% 87% 1% 78%
Modified 3 years ‘high’ 100% 98% 92% 100%
NBRS'' NBRS
Any Major
handicap handicap
<5 20% 5%
NBRS® 12 months
5to7 41% 23%
8 or more | 95% 80%
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1.7 DEFINING OUTCOMES: ASSESSING AND CLASSIFYING
DEVELOPMENTAL OUTCOME

Many life-ending decisions are taken due to concern about long-term outcomes: it is
therefore possible that a unit which has high mortality may have very good long term
outcomes. Similarly a unit that ‘saves’ many infants may have poor outcomes in
infancy and childhood. In a new era of closely auditing and comparing outcomes,
monitoring mortality rates may cause units to strive to save as many babies as
possible. Measuring developmental outcomes in a standardised way to monitor the

performance of many units would hopefully prevent this situation occurring.

Unfortunately there are many outcomes that can be assessed and an equally large
number of ways to classify these. Because of different definitions and outcomes it
has been difficult to compare outcomes from published studies and audit data from
geographical populations. To be widely applicable, a scoring system for this
population would predict many of the varied neurological outcome measures that
exist. This would help to ensure the widespread usability of the model by as many
clinicians as possible, who could apply it to existing data and not need to change

assessment methods.

FUNCTIONAL CLASSIFICATION

Two systems have been developed to establish a universal method of measuring
outcome in infancy according to the functional abilities of a child. These are the
World Health Organization’s ‘International Classification of Impairments, Disabilities,

and Handicaps’ (ICIDH) and the Oxford Health Status Questionnaire (OHSQ).
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WHO published the ICIDH in 1980 for classifying the consequences of disease in
adults; the methodology has since been applied to VLBW children®, '®. Impairment
was defined as any loss or abnormality of physiologic or anatomic structure;
disability as any restriction or loss of ability (attributable to an impairment) in
performing an activity in a manner and range considered normal for a human being.
A handicap was defined as a disadvantage for a given individual, resulting from a
disability or impairment, that limits or prevents the fulfiiment of a role that is normal
for that individual (depending on age, sex and social, and cultural factors). WeeFIM,
a tool for assessing and characterising children’s functional independence was
developed from this classification and can be used in children aged 6 months to 7
years'™®. WeeFim analyses the parent’s view of the child’s need for assistance to
complete 18 routine tasks of daily life (see Appendix 1). The level of independence
is scored for each task in 7 grades from completely dependent to full independence.
The tasks can be divided to give scores for three domains: self-care, mobility, and
cognition. The Pediatric Evaluation of Disability Inventory (PEDI) is a similar tool'%.
The PEDI is composed of 73 self-care items, 59 mobility items, and 65 social

function items: it is therefore much harder to administer.

The WHO classification was updated in 2001 as the International Classification of
Functioning, Disability and Health (ICF)'%. The main purpose of reclassification was
to move to a more sociological model reflecting society’s inability to adapt to help the
individual with difficulties rather than the inability of the individual to cope with
society. As it was developed in adults, it may not recognise the developmental
nature of children’s abilities and much work is needed to convert it into a version for

use with children including recalibration and validation'?’.
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The OHSQ was developed by an expert working party and has been substantially
used in the United Kingdom'®,'®.  Information collected at two years of age
includes health and functional status, severity of functional loss within various
domains as well as documentation of the underlying disease or impairment.
Continued documentation until school age has also been recommended to identify
lesser learning difficulties. This system can be used to classify children according to
functional ability into severe, moderate, mild and no disability [see Appendix 2].
Focussing on the different grades of disability has been criticised, as it may fail to

analyse the high incidence of milder problems''°, although these are harder to

define and classify in infancy, becoming easier to detect with age.

CEREBRAL PALSY

Papers describing neonatal outcome following neonatal intensive care often
compare the incidence of cerebral palsy. Cerebral palsy has been defined as a
group of conditions that are ‘non-progressive, but often changing, motor impairment
syndromes secondary to lesions or anomalies of the brain arising in the early stages
of its development’'''. Cerebral palsy is seen in between 8-10% of infants in most
VLBW cohorts. It is more common in extremely premature infants and in boys, often
taking the form of spastic diplegia which is due to white matter damage in the area of

the internal capsule''2.

As Nelson highlights, there are concerns about comparing
rates of cerebral palsy as diagnosis can be difficult and cerebral palsy has been
seen to progress or even resolve in the first few years of life''®. This is also a
‘medical model’ classification which labels children and can lead to stigmatisation.
Many children with cerebral palsy have a good functional outcome, so it is preferable

to use the functional outcome measures that are described above. These are likely

be of more interest to parents and surviving children'"*,
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SENSORY OUTCOMES

Sensory outcomes are also important, with survivors of prematurity at high risk of
blindness and deafness. It has been recommended that these should form part of
the classification of severe disability. The UK working party guideline suggested
classifying as severely disabled those children with blindness or the ability to see
light only or children with hearing impairment uncorrectable by aids. In a similar
manner, speech and language ability assessed at two years of corrected age can be
classified as severe disability if an infant is unable to comprehend a word or sign in a

cued situation or is unable to produce more than five recognisable sounds'®.

QUALITY OF LIFE

Health Related Quality of Life (HRQOL) assessments (including quality-adjusted life-
years) reflect what is important from the perspective of the child and family. They
can be defined as the ‘physical, psychological, and social domains of health, which
can be influenced by an individual's experiences and perception’''®. Infants are not
able to give an appropriate opinion on these and evidence suggests parents or
clinicians views are a poor proxy''s, '"7:'"®  They are therefore not useful in infancy
although they have been used in research, particularly in older children and
adults''® 120121122 Other factors such as maternal depression, chronic lung disease
of prematurity, poverty, social background and cognitive development may all affect
a child's interpretation of his or her quality of life'®. Having to wait until a child
reaches five years or more reduces the value of this information for neonatal care
providers; 18 months to two years of age corrected for prematurity is usually used
instead for this purpose, negating the use of personally reported HRQL in assessing
neonatal care. Interestingly, objective measures of HRQL demonstrate poorer
outcomes in high risk infants, but subjective measures of HRQL suggest that these

are not necessarily perceived as such by the individual'?.
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DEVELOPMENTAL OR INTELLIGENCE QUOTIENTS

Developmental or intelligence quotients are useful outcome measures. They
summarise overall performance and ability allowing comparisons with reference
standards or populations. They can, however, mask subtle and isolated areas of
abnormal function'?. As quotients are calculated by averaging functions in a
number of different domains, it is important to look at the underlying function in each
area. A correction for prematurity is usually used until the age of two years from the
due date'?®. This is a simple process with the expected date of delivery being used
in place of the actual date of birth to calculate the age.

The Bayley Scales of Infant Development (BSID)'?": 128 129

are widely accepted as
the best measures with the updated BSID-II being the current ‘gold-standard’ model
for infancy. A third edition, BSID-1ll has also recently been published'® The original
BSID was published in 1969 and can be used for infants of 2 to 30 months of age'?.
It gives a score for a Mental Developmental Index (MDI) score and a Psychomotor
Developmental Index (PDI) score. It was updated in 1993'2 for infants of 1 to 42
months of age and also gives a Behaviour Rating Scale. A MDI score of less than
70 indicates significant cognitive developmental delay. Other similar scores are the
Stanford-Binet Intelligence Scale (Stanford-Binet IQ) and Wechsler Intelligence
Scale for Children-Revised (WISC-R). An important issue is how one should classify
infants who have such severe disability that they cannot be scored. Perhaps the

best approach is to score these infants as very low (for example assigning a quotient

of 40) and therefore avoiding potential bias by excluding them'®.
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1.8 PROBLEMS WITH OUTCOME PREDICTION

Predicting neurodevelopmental outcomes is not without difficulties. As discussed
above, problems in this area include which measurement or classification of
outcome to use, inaccuracies of scores and balancing ease of use with
improvements in accuracy that can be obtained from measuring more variables.
WAhilst prediction scores are subject to inaccuracy, outcome assessments can also
be inaccurate, for example, the Denver-Il developmental screening test, although
widely used in the United States, suffers from modest sensitivity and poor specificity

with a high false positive rate'®'.

AGE

Age at testing is another difficult issue requiring a balance of accuracy and
expediency. Tools for assessing developmental acquisition are less well validated
and harder to perform in younger infants due to poor co-operation, whilst cognitive
function is also difficult to measure due to lack of communication skills and
understanding. As children age, classification of their functional ability becomes
more stable with some infants even ‘growing out’ of cerebral palsy''3. This must
however be balanced with the need to determine outcome sooner to instigate
potentially beneficial treatments, to inform neonatal care practices and provision, or

to confirm the safety of randomised controlled trials.

Earlier assessments, before two years of age are better for informing the
management and planning of neonatal care provision. Any time lag between the
admission and obtaining later outcomes means neonatal care processes and
practices may have already changed and the data may no longer be relevant. Early
assessment is also mandatory when aiming to identify infants who might benefit
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from an early intervention program'3 '3, Later assessments suffer from a greater
loss of patients due to migration and disengagement from the neonatal care team
potentially biasing the results, as children receiving care and therapy may be less
likely to participate in follow up'®*. Later assessments do however provide more
detailed information and the severity of disability becomes easier to classify. Recent
publications have also demonstrated that abnormal outcomes persist into

adolescence and early adulthood'3® 36,

in view of these difficulties, infants are usually seen at various ages, initially as part
of clinical care, with outcome being assessed at 18 to 24 months corrected age for
the purposes of research. It must also be remembered that when comparing a child
to age-related standards, a correction for prematurity must be used until the

corrected age reaches two years of age'’.

COST CONSIDERATIONS

Neonatal trials typically involve many centres and therefore data collection can be
costly, both financially and in terms of organisational resources. Trials are often
therefore performed without formal later follow up assessments. This is a significant
concern as a number of interventions have recently been shown to have harmful
effects on the brain'®,'*. In observational studies, large cohorts are needed to
determine important statistically significant findings. For these reasons, good quality
follow up assessment is costly. Dobrez estimated that in 2001, medical staff could
administer a half hour screening test (Denver-I11) for approximately $55 - $60 per
child'®. Parent questionnaires in comparison cost $10- $15, mainly for consultation

time to explain the results.
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Parent questionnaires have been used in both the clinical situation and in research
studies and can also be used as a screening tool to identify infants who should be
seen for a closer assessment'*','*2, These are an efficient, cheap method of
obtaining data that do not require highly trained staff'*®. Johnson and colleagues
recently demonstrated good correlation of parental reports with Bayley scale
assessments for determining a motor development index of less than 70'*. Parents
who are unable to fill out the questionnaire can be assisted by translators or health
visitors. Data can also be collected over the telephone by clerical staff'*>. The
major concern with questionnaires is parental bias. Parents may be keen to please
and overrate their child or they might be overly critical of their child following a
difficult experience of the perinatal period or in the presence of poor emotional
attachment. The parents of infants with severely disabled children may find it
distressing to fill out a questionnaire, so it is possible fewer of these infants may be
reported using this method. Varying patterns of ethnic diversity, culture or parental
language skills may also introduce bias: Janson having demonstrated differences

between Norwegian and American children'%.

In 1999 in the UK a trial of two methods for collecting outcome data at two years of
corrected age indicated that the cost of obtaining follow up data from Community
Child Health Service clerks, using routine records was approximately £61 per
patient'¥’. Similar data obtained directly from the parents by questionnaire cost £37
per patient. These costs are minimal when one considers the overall cost of
neonatal intensive care and of special educational provision'*. The earlier
identification of problems may increase assessment and treatment costs, but if early
intervention can prevent or reduce disability, this may be offset by a reduction in the

need for services when the child is older'*.
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DATA COLLECTION

As mentioned above the source of the data has an important impact on costs. Data
are however aiready collected by community paediatric services, general
practitioners, health visitors and schools. Obtaining information from such routine
records could avoid the need for expensive follow -up programmes'*’. Although
attempts have been made to establish widespread follow-up programmes, these
have largely floundered. This approach would involve extracting information from
hospital notes, clinic letters, GP records or Community records. After extraction,
these data must be categorised for them to be usable. The Oxford Health Status
Questionnaire, whilst designed as a prospective tool, is based on functional
outcomes that can be readily assessed in clinic, by health visitors or on reviewing
notes. Further research is needed before this source can be utilised, in particular

testing the reproducibility of individual and multiple data collectors.

Any assessment measure can potentially be biased by sociodemographic factors.
For example, financially poorer parents are less likely to attend assessments and
less likely to complete questionnaires. This should be taken into account by utilising
health visitors or translators to ensure complete follow up and assistance with
questionnaires. Even if measures are taken to ensure good rates of attendance,
neurodevelopmental test results are themselves known to be affected by
socioeconomic status and maternal education and this should be born in mind when

comparing different populations ' 15!,

SELECTION OF INFANT GROUPS
Many infants are at high risk of developmental problems following neonatal intensive
care. Many term infants, apparently at low risk, subsequently develop problems and

a screening system should ideally identify all such infants early in life so that
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intervention might be undertaken to improve later outcome. Due to cost and
resource implications, rather than employing a universal approach, screening is
focused on high risk groups. These are typically cohorts of infants such as those
with a birthweight under 1kg, under 1.5kg, or defined by gestational age: the
potential for the introduction of bias from birthweight criteria is discussed in chapter
two of this thesis. Likewise the issue of study setting is important: many papers
report data from tertiary units, however these are subject to selection bias as the
infants must be sick enough to require referral but also well enough to survive the
transfer. Variations in referral pattern and ambulance and transport services can
therefore affect the study results and should be avoided by the use of geographical

based cohorts'®.

ETHICAL ISSUES

Measuring and comparing outcomes following premature birth inevitably raises
difficult ethical questions regarding the treatment and resuscitation of very high risk
infants. Interested parties are divided, with some suggesting that the treatment of
very high risk infants is inappropriate, Likewise, supporters of intensive care point to
the survival of some of these children with good quality of life'>®. It has also been
noted that there is poor correlation of medical functional measures and quality of life
measures'*, leading to questions about the use of medical models in making life or

110

death decisions in high-risk infants' . Interestingly two-thirds of children with

h155

cerebral palsy weigh more than 1500 grams at birt and only 10% of cases of

mental retardation have been estimated to be due to very low birthweight'®®.
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1.9 AIMS AND HYPOTHESES

Based on the evidence presented in the review above, this Thesis assesses two

hypotheses:

1. Using data from the first day of life, a scoring system can be developed
to accurately predict death or severe disability at two years of age in

VLBW or preterm infants born before 32 weeks of gestational age.

2. A screening test based on diagnostic criteria can be used near to the
time of discharge to accurately identify individuals who will develop

severe disability at two years of age.

In order to test these hypotheses, the first step in this thesis was to look in detail at
the cohorts available for study. Three different types of cohort were available for
study: a birthweight defined geographical cohort, a gestational age defined
geographical cohort and a group of children recruited to a randomised trial. This
examination is described in chapter two, the aims of which were to identify the best
cohort for study and by defining the inclusion criteria to explore methods for reducing

the potential for bias from the nature of the cohorts.

© Dr Jon Dorling, 19/03/2008 Page 48



CHAPTER TWO: DETERMINING THE BEST COHORT FOR
THE STUDY

2.1 Introduction
2.2 Methods
2.3 Results

2.4 Discussion

2.5Conclusions

2.1 INTRODUCTION

Because of the concerns described in chapter one, the first stage of the work
presented in this thesis was to examine the cohorts that were available for study.
The characteristics of an ideal cohort include: a wide selection of patients; collection
of data from a complete cohort or an adequate selection of cases and controls; well
defined exposures and outcomes; and minimal loss of patients during the study and
through into follow-up'®” '%8. Attempts to identify or measure potential confounders

and their distribution between groups are also important'>® 1¢°,

In order for a predictive model to be widely applicable to many other infants in the
future, it should be developed from as broad a population as possible. For newborn
infants, this implies using a geographical population which does not exclude any
infants. Ideally this would include infants of all gestational ages, however this
approach would require an extremely large dataset and the causes of poor
neurodevelopmental outcome are different for very preterm and term infants'®'.

With funding and time it would be possible to collect a dataset specifically for
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developing a model for predicting disability in premature infants. In the interests of
expediency and cost, for this thesis three existing datasets, available for secondary
analysis were assessed. These were the East Anglian Very Low Birthweight
Database, The Trent Neonatal Survey ‘ABC study’ (TNS) and the United Kingdom
Trial of Oscillation (UKOS). Each of these cohorts contained a large number of
babies, with outcome data being available from assessment at two years of age.
The first step in this thesis was to identify any weaknesses of the datasets and to
determine the best dataset to use for further modelling. A number of checklists exist
for use in assessing the quality of cohort studies'®”" 152 83 Four particularly
important points were identified for assessing in detail the quality of the data in the
cohorts: these were selection bias, information bias, confounding and external

validity.

Selection bias involves the systematic inclusion into a study of a higher proportion of
patients with an increased or reduced risk of disease than that of the general
population'® 162165 An example of this type of bias would be the inclusion of a
higher than expected proportion of babies born by vaginal delivery rather than
caesarean section in a trial of an early neuroprotective strategy. This could arise if
obtaining informed consent from mothers delivered by emergency caesarean section
was hindered by the anaesthetic drugs. The cohort would therefore be biased
(containing more vaginally delivered babies) and not necessarily representative of
the general population in whom the results would be applied. Selection bias is a
significant issue that can markedly affect the results of outcome studies following
neonatal intensive care'®. Another common mistake is to compare death rates
between centres, whilst failing to include infants that are stilloorn or die before
admission to a neonatal unit'®. This may be important when the groups are treated

in a different way: one hospital may have a practice that involves resuscitating all
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infants, regardless of condition at birth, whereas another hospital might treat only
those that are seen as having a good chance of survival. The former hospital would
admit more infants and have more deaths on the neonatal unit: they would therefore
have proportionally poorer outcomes amongst it's group of ‘admissions to neonatal

intensive care’'®.

Information bias is related to how the data on individuals are collected'’. For
infants in trials, attempts are usually made to ensure that data collection is carried
out in a similar way between individuals. Blinding is used to try and prevent the
researchers inadvertently biasing data collection. This might happen if they
(perhaps subconsciously) prefer one treatment to another: they might then look
harder for complications or score the outcome lower in the group treated with the
less favoured treatment. For cohorts information bias is an important consideration
and relates to whether the same methods are used for all the patients. The need to
collect data from patients or parents by telephone or postal questionnaire is an
example of how such a bias could come about. Parents are unlikely to score their
child in the same objective way that a blinded medical assessment would. This is
further compounded by the fact that those individuals who are difficult to follow-up,

appear to be more likely to suffer with significant disability'®*.

Confounding has been described as the most likely cause of a spurious association
in an epidemiological study'®. In essence, confounding describes the situation
where a factor is not itself a cause of the outcome of interest, but is associated with
a range of other factors that do increase the risk of the outcome. The differing rates
of cigarette smoking amongst women of different socioeconomic status is an
example of this'® 7. Women of lower income are more likely to smoke but this is

just one of a host of factors related to their social situation. If socioeconomic status
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is not adequately measured or inadequate statistical corrections are applied, then
researchers may conclude that smoking is associated with many complications.
Presumed pregnancy complications from smoking include placenta previa, abruptio
placentae, risk of miscarriage, intrauterine growth retardation, preterm birth, and
reduced infant birth weight'®® %% 70, Smoking may be to blame for some of these
outcomes, but social factors confound the studies exaggerating the effect of

smoking'®’.

External validity describes the usability of the study results in other populations: a
process known as extrapolation'”". In particular trials are at risk of limited external
validity as, by necessity, patients are selected by inclusion criteria '"2'%. Trial
cohorts often contain a mix of patients who are not as unwell as the general
population as those who are very unwell may not be approached or cannot give
consent to take part in a trial. In the UKOS study this issue may have been
compounded by the exclusion of very well infants who did not need ventilating
despite being born before 29 weeks gestation. As Sackett puts it when considering
treating a patient according to the results of a trial, the question can be articulated
as: "is my patient so different from those in the trial that its results cannot help me

make my treatment decision?"'"3.
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2.2 METHODS

Data for the analysis was obtained from three datasets. In order to determine
whether selection bias was an issue, the patterns of gestational age, birthweight and
sex were examined for each of the cohorts. To compare rates of intra-uterine
growth restriction, growth centiles of the 1990 British standards were used to
determine if infants were below the 10™ Centile of Birthweight for gestational age'™*.
These were also used to determine the proportion of infants that would have been
excluded by the birthweight cut off of 1500g from an imaginary cohort. In order to
compare like for like, the cohorts were compared using all infants, a 1.5kg upper
weight limit and an upper gestational age limit of 28+6 weeks. In order to study in
further detail the pattern of gestational age, a large population-based cohort of births

from Canada'”™®

was used as a reference population, as no similar dataset was
available in the UK. United Kingdom population data obtained from birth certificates
is published regularly by the Office of National Statistics'”® '”7, but unfortunately,

gestational age is not collected by this system.

Statistical analyses were carried out using SPSS software. The Chi-squared test
was used for comparing categorical variables, the students t-test for normally
distributed numerical data and the Mann-Whitney U test for non-parametric

numerical data.

Information bias, confounding and external validity are difficult to assess and deal
with, but these issues are discussed in the investigation chapters three and four.
Information bias was assessed by presenting the proportions of infants who were
lost to follow up or had underlying risk factors and comparing them for any

statistically significant differences. Confounding was dealt with by the use of logistic
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regression analyses in the model development, whereby the effect of one variable
on the outcome of interest is assessed whilst controlling for the effect of other
important variables'®. Issues of external validity are also discussed in the individual

chapters.

United Kingdom Trial of Oscillation (UKOS)

The UKOS trial'”® recruited infants from 25 U.K. and international centres during the
period of August 1998 to January 2001. Infants were eligible for the study if their
gestational age was between 23 weeks and 28 weeks plus 6 days; if they were born
in a participating centre; if they required endotracheal intubation from birth; and if
they required ongoing intensive care. Infants were excluded if they had to be
transferred to another hospital for intensive care shortly after birth or if they had a
major congenital malformation. Outcomes were determined by medical
examination, developmental tests or parental questionnaire and classified according
to the Oxford Health Status Questionnaire (OHSQ)'®. A predefined age window of
22 - 28 months of age (after correction for prematurity) was used to exclude infants
who were not assessed inside this timeframe. This approach was taken, as the
severity of disability is difficult to categorise before 24 months of age and because a
later assessment can detect more problems'’®. Further information on this issue

and the neurological outcomes has been published elsewhere'®.

Trent Neonatal Survey ABC Trial (TNS)

Data were obtained from a 1997 cluster randomised comparison of two methods of
outcome data collection'¥’. This study collected data prospectively on infants born
to mothers resident in Nottingham or Leicestershire. The original trial also used data
from infants in Wessex but for this thesis, data from the Trent babies alone was

utilised as additional information was extracted from the Trent Neonatal Survey.
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TNS has collected information about infants admitted to the neonatal units of the
hospitals in the former Trent Region since 1993. Babies were eligible for inclusion in
the study if they were born before 33 completed weeks of gestation (that is, up to
and including 32 weeks and 6 days). Gestational age was recorded according to a
hierarchical dating algorithm on the basis of last menstrual period, ultrasound
scanning, and other clinical information. Outcome was obtained either by a postal
questionnaire to parents or from routine community health records according to a
randomised allocation'*’. This was then classified according to the OHSQ

classification.

East Anglian Very Low Birthweight (EAVLBW)
The East Anglian Very Low Birthweight Database prospectively collects data on
infants born under 1.5kg. Each of the eight neonatal intensive care units in the East
Anglian region participates. One is located in a teaching hospital, three in large
district general hospitals (>3500 deliveries per year) and four in small district general
hospitals (<3500 deliveries per year). In total, the units deal with approximately
25,000 births each year including around 250 VLBW babies per year. A common
dataset comprising routine antenatal, neonatal and follow-up data was collected on
infants who were:

¢ liveborn with a birthweight of less than 1500 g

e born between 1% January 1993 and 31° December 2000

¢ born to mothers ordinarily resident in the eight district health authorities within

the region.
e babies born outside the region if their mothers were ordinarily resident in the

region.
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Data were collected for transferred infants from each of the hospitals that admitted
the infant. Twin or triplet infants with a birthweight above 1500 g were excluded even
if the co-twin weighed less than 1500g. Clinicians prospectively collected data from
the medical notes of the infants and their mothers. Developmental outcome at two
years of age was determined by medical examination, developmental tests or a
questionnaire completed by the general practitioner or health visitor and followed the
OHSAQ classification. Further details of the data collection methods and outcomes

have been published elsewhere'®" 182,

2.3 RESULTS

A total of 797 infants were enrolled in the UKOS study, 311 in the TNS and 1938 in
EAVLBW database (Table 7). Infants in the UKOS trial were considerably lighter
and of earlier gestation than the other two cohorts, but this was also true of the
EAVLBW cohort in comparison with TNS (p= 9.88E*10™® for gestational age and
p=4.95E*10"2 for birthweight). Maternal ages were similar in each of the cohorts.
Although there were less male infants in the EAVLBW cohort, this difference was not
statistically significant when compared to UKOS (p=0.15), or when compared to TNS
(p=0.07). A high proportion (31.9%) of infants in the EAVLBW weighed less than the
10" Centile at birth, and this was statistically significantly more than the UKOS
cohort (17.3%, p=9.6*10"%) and the TNS cohort (14.8%, p=2.6*10""%): there was no
statistical difference between the UKOS and TNS cohorts (p=0.31). The proportion
of infants receiving antenatal steroids was considerably higher in the UKOS trial in
comparison to the EAVLBW cohort (91.6% v 59.7%, p<7.5*10"%). A significant
difference was also seen in the proportion of infants receiving antenatal steroids in

the TNS in comparison to the EAVLBW cohort (80.7% v 59.7%, p< 3.6*10%).
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From the patterns of birthweight and gestation shown in Figures 3, 4, & 5, it is clear
that the cohorts contain a very different mix of infants. The TNS pattern of
gestational age is closest to that seen in the full cohort of all births from Canada,
both showing increasing proportions as gestational age increases. The UKOS and
EAVLBW cohorts had markedly different patterns providing strong evidence of
selection bias. The UKOS trial had a smaller proportion of infants born at 28
completed weeks when looking at infants under 29 weeks alone (19.7%) compared
to TNS (31.3%, p= 0.0086) and EAVLBW (27.2%, p= 0.00027). The histogram of
gestational age of the whole cohort (Figure 3) appears to show a normal distribution
for the EAVLBW gestations however this has been falsely produced by removing
heavier infants. Figure 4 clarifies this by showing the normal distributions of
birthweight that can be anticipated with gestational age criteria used to define the
cohort. The right hand side of the EAVLBW dataset has been cut off at 1.5kg
removing its normal distribution (see Figure 8). Figure 6 documents the estimated
proportion of infants excluded from this dataset due to weighing more that 1.5kg at
birth. This is a large proportion of infants above 29 weeks and also tends to exclude
more males than females. By selecting only infants below 29 weeks, very few
infants are excluded by the 1.5 kg cut-off and the normal distribution of infants by
birthweight returns to the EAVLBW cohort (see Figure 7). The high proportion of
infants weighing less than the 10™ Centile at birth was also removed by applying this

gestational age criterion as documented in Table 7c.
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Table 7: Details of Infants Enrolled in the Three Cohorts

a. ALL INFANTS UKOS INS EAVLBW
Total infants 797 311 1938
Gestational age, median 26 30 29
Gestational age, inter-quartile range 25-27 28-32 27-31
Birthweight, median 840g 1335¢g 1125¢g
Birthweight, inter-quartile range 690 — 1000 1002 - 1660 886 - 1330
Maternal age, mean (SD) 28.8 (6.1) 28.4 (5.8) 279 (5.8)*
Male sex, % (n) 53.7 (428) 56.9 (177) 50.7 (982)
Small for Gestational Age: <10™ Cent, % (n) 17.3 (138) 14.8 (46) 31.9(618)
Antenatal Steroids Received % (n) 91.6 (727) 80.7 (251) 59.7 (1157)
Data on Antenatal Steroids unavailable % (n) 0.4 (3) 1.3 (4) 0.1 (2)
*n=1424

b. VLBW INFANTS UKOS TINS EAVLBW
VLBW infants 796 190 1938
Gestational age, median 26 28 29
Gestational age, inter-quartile range 25-27 27-31 27-31
Birthweight, median 839g 1090 1125g
Birthweight, inter-quartile range 690 -1000 900 - 1262.5 886 - 1330
Maternal age, mean (SD) 28.8 (6.1) 28.7 (5.5) 27.9 (5.8)*
Male sex, % (n) 53.7 (428) 52.1 (99) 50.7 (982)
Small for Gestational Age: <10™ Cent,% (n) 17.3 (138) 24.2 (46) 31.9(618)
Antenatal Steroids Received % (n) 91.2 (726) 82.6 (157) 59.7 (1157)
Data on Antenatal Steroids unavailable % (n) 0.4 (3) 1.0 (2) 0.1 (2)
*n=1424

c. Extremely Premature infants (<29 weeks) UKOS TINS EAVLBW
Extremely Premature infants (<29 weeks) 797 96 896
Gestational age, median 26 27 27
Gestational age, inter-quartile range 25-27 26-28 25-28
Birthweight, median 840g 940g 894.5¢g
Birthweight, inter-quartile range 690 - 1000 781 -1061 723 - 1070
Maternal age, mean (SD) 28.8 (6.1) 28.4 (5.1) 27.9 (5.9)*
Male sex, % (n) 53.7 (428) 57.3 (55) 55.6 (498)
Small for Gestational Age: <10™ Cent, % (n) 17.3 (138) 6.3 (6) 14.3 (128)
Antenatal Steroids Received % (n) 91.6 (727) 80.2 (77) 59.6 (534)
Data on Antenatal Steroids unavailable % (n) 0.4 (3) 0 0
Proportion of Infants by Gestational Age

22 weeks % (n) 0.0% (0) 2.1% (2) 1.2% (11)
23 weeks % (n) 5.0% (40) 6.3% (6) 5.7% (51)
24 weeks % (n) 12.9% (103) 5.2% (5) 10.3% (92)
25 weeks % (n) 17.7% (141) 10.4% (10) 13.2% (118)
26 weeks % (n) 19.6% (156) 14.6% (14) 17.6% (158)
27 weeks % (n) 25.1% (200) 30.2% (29) 24.8% (222)
28 weeks % (n) 19.7% (157) 31.3% (30) 27.2% (244)
*n=632

© Dr Jon Dorling, 19/03/2008

Page 58



Figure 3: Histograms of Gestational Age by Cohort Source

Frequency
32¥NOS

rf :

21.00 24.00 27.00 30.00 33.00 36.00 39.00
GESTATIONAL AGE
(weeks)

© Dr Jon Dorling, 19/03/2008 Page 59



Figure 4: Histogram of Birthweight by Cohort Source
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Figure 5: Proportions of Infants at Each Gestational Age By Study
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Figure 6: Estimated Proportions of Each Gestational Age Excluded by a 1.
Cut-off
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Figure 7: Histograms of Birthweight (infants < 29 weeks gestation)
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Figure 8: EAVLBW Cohort Histograms of Birthweight by Gestational Age
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2.4 DISCUSSION

This investigation identified a number of relevant issues with the datasets. There
was evidence of selection bias in the EAVLBW and UKOS datasets as well as
problems with possible confounders (antenatal steroids and gender) in particular

affecting the EAVLBW cohort.

The EAVLBW dataset suffered from the use of a birthweight criterion for selecting
infants, with babies only being included in the dataset if they weighed less than 1.5
kilograms at birth. This inevitably led to the exclusion of infants of heavier birthweight
in the later gestational age groups (i.e. after 29 weeks) and the selection of
proportionally more small for gestation infants. This selection of smaller infants
following a difficult pregnancy with poorer growth is likely to increase the apparent
mortality of infants in 29 — 34 weeks gestation’* '®, These weaknesses of cohorts
defined by birthweight criteria have been previously demonstrated and discussed'®.
Selection bias is likely to modify the odds ratios of the predictive variables in the
logistic regression models, causing some variables to appear more or less strongly
linked to neurodisability. This could result in a variable being inappropriately
included or excluded from the model, ultimately reducing the predictive ability when
the model is applied to future cohorts. There may also be different patterns of
growth restriction prevalence in different units and when comparing between units
using risk correction, a model that does not properly correct for this risk could

produce invalid results.

A standard method of assessing fetal growth was used in this analysis: the 1990
British Birthweight Standards'’*. There are however some problems with this

approach, although it is unlikely that these would have affected the results
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significantly, as the same standards were used for each of the cohorts. The chief
concern with growth restricted infants is the much higher risk of death that results
from a failing intrauterine environment'®'®”. The use of birthweight centiles as a
method for determining intrauterine growth restriction has been criticised, particularly
as a significant number of healthy infants who are genetically small are picked up by
this method when they have actually achieved their growth potential and not suffered
intrauterine growth restriction'®'8”. The alternative is to use a computerised growth
standard for each individual, taking into account gestational age, birthweight,
gender, maternal height, maternal weight at first visit, ethnic group, and parity' 1%

This was not possible in this study due to the data that was not collected in our

cohorts, namely maternal weight at first visit, ethnic group and parity.

Selection bias was anticipated in the UKOS trial due to the requirement of needing
ventilation for enrolment. Additional selection is likely to have occurred due to the
nature of the units that took part in the trial. These were all tertiary neonatal units in
the United Kingdom, with a large number (280 [40%]) of the trial infants being
transferred to a study hospital before delivery'’®. This may have imparted selection
bias, as the infant’'s mothers had to be fit for travel but needing tertiary level
antenatal, postnatal or neonatal care'®. Whilst selection bias does not affect the
conclusions of the trial which was developed to determine the better ventilation
strategy, it does have significant implications for the use of the data for secondary
analysis. In particular there is a lack of infants at 28 weeks who did not need
ventilating or were not considered sick enough to enrol in the trial. This could cause
bias in the analysis of variables associated with the outcome at two years of age.
Having less heterogeneity of risk in the cohort might weaken the calibration or
discriminatory ability of any model developed from the cohort. Discrimination

describes the ability of a predictive model to distinguish which patients will have
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which outcome, by assessing its sensitivity and specifity across all possible values of
the test whilst calibration evaluates how close the predicted chance of the outcome
is to that seen in reality'®. For instance, if a model for predicting outcome at two
years of age was developed using trial infants with moderate and severe hypoxic
ischemic encephalopathy (HIE) it would not be surprising if the model did not
perform well at predicting the outcome of a big population cohort containing lots of

infants with mild HIE.

In addition to gestation and birthweight, other confounders were examined. There
was a trend towards fewer male infants in the EAVLBW dataset. As female babies
weigh less than their male counterparts at the same gestation, this is likely to be due
to more males being excluded than females. This could be important in developing a
model to predict outcome at two years, as female infants generally have better

neurodevelopmental outcome following prematurity in comparison to males'' "%,

194-197 and could

Antenatal steroids have a well recognised benefit to later outcomes
therefore be an important confounder that could affect the cohorts. Notably, the
UKOS trial dataset had a very good rate of antenatal steroid administration. This
may reflect a further selection bias, perhaps due to being born in a tertiary unit and /
or with a larger proportion of infants being delivered electively after transfer, giving
time for antenatal steroids to be administered. Alternatively it could reflect the
benefits of being in a trial and the consequent improvement in the quality of care that
this is associated with'% '%°. A much larger proportion of the EAVLBW cohort did not
receive antenatal steroids: this may be due to the data coming from as far back as
1993, and rates have improved in more recent times'®'. Existing practice in the
Trent region is measured on a yearly basis and indicates that between 71 and 100

percent of infants in each of the hospitals born before 33 weeks receive at least one

dose of an antenatal steroid®®. This issue raises the question of whether a model
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developed from this data would be applicable to infants born at the present time,

with higher prevailing usage of antenatal steroids.

As mentioned above in the introduction, in order for the model to be widely
applicable to many other infants in the future, it should be developed from as broad
a population as possible. Without including all infants in a new dataset, the best
compromise appears to be to use a reasonably high gestational age cut-off such as
the one used by the Trent Neonatal Survey: up to and including 32 weeks and 6
days. Developing a model based around the EAVLBW dataset would mean that it
could only be applied to infants under 1.5 kilograms in the future and in view of the
selection bias identified above, would also be best limited to infants below 29 weeks.
The UKOS dataset has a similar problem with gestational age which is further

compounded by the need for infants to be ventilated.

2.5 CONCLUSIONS

The best dataset for developing a model appears to be the TNS cohort followed by
the EAVLBW using a gestational age cut-off of up to and including 28 weeks and 6
days. The UKOS trial dataset might also be used for analysis if due consideration of
the problems of selection and limited future applicability is undertaken. Ideally one
study cohort would be used for development and the others for testing and validating
the mode!'®. The option of combining the models is not feasible due to different

collection of variables with some factors not being available to all the cohorts.
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3.1 PREDICTING NEURODEVELOPMENTAL OUTCOME: TRENT
NEONATAL SURVEY DATA

3.1.1 Introduction

As discussed in the previous chapter, for a number of reasons, the best dataset
available for study into predicting outcome at two years of age was the Trent
Neonatal Survey data from the ABC study. As a result the first attempt at derivation

of a model was carried out using this dataset.

3.1.2 Methods

Data were obtained from the Trent Neonatal Survey for 311 infants born to mothers
resident in Nottingham or Leicestershire in 1997. Babies were eligible for inclusion
in the study if they were born at €32 completed weeks of gestation (i.e. up to and
including 32 weeks and 6 days) and if their mothers lived in the health authorities
covering Nottingham and Leicestershire. Gestational age was determined
hierarchically according to the date of last menstrual period, ultrasound scanning, or

other clinical information'#’.

Outcome at two years of age was established from parental questionnaire or
extracted from routinely available community data'*’. These data were collected
during a pragmatic cluster randomised controlled trial to compare two approaches for
collecting and collating outcome information on preterm infants who had required
neonatal intensive care and had survived to two years of age. Although data were
obtained from both Trent and Wessex in the original paper, for this study the
information on infants in Trent alone was analysed. Excluding Wessex infants was

necessary as data from the early course of infants who died was only available for
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Trent infants from the Trent Neonatal Survey database. Outcome classification was

performed according to the Oxford Health Status Questionnaire (OHSQ)108.

Statistical analysis was performed using SPSS v11. The outcome of individual
infants was classified as either survival without severe disability (S) or death or
severe disability (D). These are illustrated in Figure 9. Death was defined as death
by age 24 months of age after correction for prematurity, severe disability was
defined as detailed in appendix 2. Interms of the predictive model only variables
collectable in the first 12 hours of life were analysed to minimise the potential for the
quality of treatment received during the infant’s early course to influence the score7o.
Associations with outcome at two years of age corrected for prematurity were
identified by the Chi-squared test, Fishers exact test or logistic regression analysis
as appropriate. The variables were then assessed in combination using a stepwise
multivariable logistic regression analysis. Variables were only included in the
models if they had a significance level of less than 0.2 for an association with the
combined outcome of death and severe disability. Predictive variables were added
to the model in order of significance, a receiver operator characteristic (ROC) curve
for the prediction of severe disability was then determined after each variable was
added. The variable was then either left in the model or removed if the area under
the ROC curve was less than before that variable was added. The recommendation
of Wasson and colleagues2Z0was used to limit the number of variables to a

maximum of one variable for every ten cases of the outcome of interest.

Figure 9: Graphical Depiction of the Different Outcome Groups

<- SPECTRUM OF POSSIBLE OUTCOMES -»
Mildly Moderately Severely
Normal Disabled Disabled Disabled Died
Group A Group B Group C

Survival without severe disability = Group A
Death or severe disability = Group B & C combined
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As there was a combined outcome of either survival without severe disability or
death or severe disability, to check that the model was predicting disability as well as
death, the predictive ability of the probability score for the combined outcome from
each individual was also assessed against the separated outcomes of death and
severe disability. To test the ability of the model to discriminate between death and
other outcomes, all cases were left in the cohort. The test therefore analysed the
model’s ability to discriminate a Group A outcome from either a Group B or C
outcome. To test the ability of the model to discriminate between severe disability
and milder disability and normality, deaths were first removed from the cohort. The
test therefore analysed the ability of the model to discriminate Group B outcome

from Group A outcome (see Figure 9).

3.1.3 Results

311 infants born in Leicestershire and Nottingham in 1997 were identified from the
Trent Neonatal Survey and the ABC study. Outcomes and demographic details are
documented in Table 8. Of the 311 infants, 27 died and 24 were assessed as being
severely disabled at two years of age. The outcome was unknown at two years of
age for 46 infants who were lost to follow up. Datapoints were missing for one or
more variables for a further 17 infants. Information on the maximum base excess in
the first 12 hours of life was missing for 63 infants. In order to avoid losing these
infants from the analysis, missing values were replaced with the mean value of the
other infants (-6.1 mEg/L). The association of predictive variables with death or
severe disability at two years of age is documented in Table 9. The ‘Draper grid’ is a
published tool that indicates the percentage chance of survival following birth

according to gestational age, gender and birthweight in 250 gram blocks’*.
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The final model for predicting death or severe disability at two years of age is

documented in Table 10. The derivation of this model by stepwise forward

regression and the predictive ability (discrimination) of the model at each step is

detailed in Figure 10. The discrimination of the final model for predicting the

combined outcome (death or severe disability), and the separated outcomes of

death, and disability are shown with the ROC curves in Figure 11.

Table 8: Comparison of included and Excluded Infants (Exclusion due to
Unknown Outcome at two Years of Age)

Included
v
All infants Included Excluded Excluded
n=311 | %orSD [ n=265 % or SD n=46 | %orSD

Gestational Age
(completed weeks)
Median 30 30 31 p=0.004
Birthweight (g) Median 1335 1280 1590 p=0.002
SGA Number 46 (14.8%) 43 (16.2%) 3 _(6.5%) p=0.09
Apgar Score at 1 Minute
Mean 6.55 25 6.4 25 7.4 2.0 p=0.003
Apgar Score at 5
Minutes Mean 8.65 1.6 8.6 1.7 9.1 0.96 p=0.002
Sex

Female 134 {43.1%) 112 (42.3%) 20 (43.5%) p=0.95

Male 177 (56.9%) 151 (57.0%) 26 - (56.5%) '
Congenital Malformation
Present 18 (5.8%) 16 (6.0%) 2 (4.3%) p=0.65
Multiple Pregnancy 65 (20.9%) 54 (20.4%) 11 (23.9%) p=0.59
Surfactant Treatment 150 (48.2%) 133 (50.2%) 17 (37.0%) P=0.089
Antenatal Steroid
Treatment 251 (80.7%) 218 (82.3%) 33 _(75.0%) | p=0.21
Maternal Age (Years) 28.4 5.8 28.4 5.7 28.0 6.1 p=0.59
Maximum Base Excess -6.1 4.9 -5.5 2.7 p=0.32
Died 27 (8.7%) 27 (10.2%)
Severe Disability at 2
years of age 24 (7.7%) 24 (9.0%)
Survived without severe
disability 214 (68.8%) 214 (80.8%)
Outcome unknown at 2
years 46 (14.8%) 0 46 (100%)
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Table 9: Associations of Predictive Variables with Death or Severe Disability at
two Years of Age

Standard Odds 95.0% C.l. tor
Variable Coefficient Error Wald Number Significance Ratio Odds Ratio
Lower Upper
Probability of
Survival
(from Draper grid) -0.047 0.008 36.7 265  0.0000000014 0.954 0.940 0.969
Gestational Age
(weeks) -0.367 0.066 31.0 265 0.000000026  0.692 0.608 0.788
Birthweight (g) -0.002 0000 213 265 0.0000038 0998 0997 0.999
Maximum base
excess V2' -0.156 0.038 17.0 265 0.000037 0.856 0.795 0.921
Maximum base
excess -0.157 0.038 16.8 215 0.000041 0.855 0.793 0.921
Apgar Score at 5
minutes -0.329 0.089 135 260 0.00024 0.720 0.604 0.858
Apgar Score at 1
minute -0.186 0.061 9.3 251 0.0023 0.831 0.737 0.936
Congenital
malformation® Chi-Square test used 0.010 Chi-Square test used
Congenital
malformation’ 1.288 0.531 59 265 0.015 3.624 1.281 10.253
Antenatal steroids® Chi-Square test used 0.023 Chi-Square test used
Antenatal steroids? -0.826 0.370 5.0 263 0.026 0438 0212 0.905
Gender Chi-Square test used 265 0.22 Chi-Square test used
Small for
Gestational Age® Chi-Square test used 265 0.34 Chi-Square test used
Maternal Age
(years) -0.021 0.028 0.6 263 0.45 0.979 0.928 1.034
Number of Fetuses 0.039 0.280 0.0 265 0.89 1.040 0.600 1.802
Notes
' Maximum Base Excess Version 2: mean value of -6.1 substituted for missing values
P Chi square test used to assess association, logistic regression used to assess odds ratio
® Defined as birthweight below 10th centile for gestational age

Table 10: Model for Predicting Death or Severe Disability at Two Years of Age.
Logistic Regression Coefficients and Odds Ratios

Odds 95.0% C.I. for

Variables Coefticient Significance Ratio Odds Ratio
Lower Upper

Probability of Survival -0.051 0.000000036 1.0 0.93 0.97
Maximum Base Excess V2 -0.15 0.00056 0.86 0.79 0.94
Apgar at 1 minute 0.13 0.14 1.14 0.96 1.35
Congenital Malformation 1.45 0.016 4.26 1.31 13.85
Constant -0.78 0.47 0.46
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Figure 10: Process of Stepwise regression modeling for predicting death or

severe disability at two years of age

STEP 1 Probability of Survival entered n= 265
| Logistic Regression Model
95.0% C.\. for
Variable(s) Coefficient Significance Odds Ratio Odds Ratio
Lower Upper
Probability of Survival* -0.047 0.0000000014 0.95 0.94 0.97
Constant 2.33 0.00023 10.249
Discrimination of Model Prediction (ROC Curve Analysis)
Standard Asymptotic Asymptotic 95% Confidence
Area under the curve (Az) Error Significance Interval
Lower - Upper
0.731 0.044 0.00000030 0.64 - 0.82
STEP 2 Gestational Age added n=_ 265
Logistic Regression Model
95.0% C.I. for
Variable(s) Coefficient Significance Odds Ratio Odds Ratio
Lower  Upper
Probability of Survival* -0.060 0.00094 0.94 0.91 0.98
Gestational Age 0.12 0.43 1.13 0.83 1.54
Constant -0.22 0.95 0.80
Discrimination of Model Prediction (ROC Curve Analysis)
Standard Asymptotic Asymptotic 95% Confidence
Area under the curve (Az) Error Significance Interval
Lower - Upper
0.715 0.049 0.0000018 0.62 - 0.81
STEP 3 Gestational Age removed n=_ 265

See Result of Step 1
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STEP 4 Birthweight added n= 265

Logistic Regression Model

Coeftici 95.0% C.1. for Odds
Variable(s) ent Significance Odds Ratio Ratio
Lower Upper
Probability of Survival* -0.05 0.000024 0.95 0.92 0.97
Birthweight 0.00045 0.50 1.00 1.00 1.00
Constant 2.30 0.00036 9.98

Discrimination of Model Prediction (ROC Curve Analysis)

Area under the curve  Standar Asymptotic Asymptotic 95% Confidence
(Az) d Error Significance Interval
Lower - Upper
0.743 0.042 0.000000072 0.66 - 0.83
STEP 5 Maximum Base Excess Version 2 added n= 265
Logistic Regression Model
95.0% C.l. for
Variable(s) Coefficient Significance Odds Ratio Odds Ratio
Lower Upper
Probability of Survival* -0.049 0.00018 0.95 0.93 0.98
Birthweight 0.00031 0.67 1.00 1.00 1.00
Max Base Excess V2 -0.13 0.00066 0.88 0.81 0.95
Constant 1.24 0.083 3.47

Discrimination of Model Prediction (ROC Curve Analysis)

Area under the curve Standard Asymptotic Asymptotic 95% Confidence
(Az) Error Signiticance Interval

Lower - Upper

0.797 0.039 0.000000000045 0.72 - 0.87

Continued overleaf
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STEP 6 Birthweight rgmoved n= 265

Logistic Regression Model
95.0% C.I. for
Variable(s) Coefficient Significance =~ Odds Ratio Odds Ratio
Lower Upper
Probability of Survival* -0.045 0.000000022 0.96 0.94 0.97
Max Base Excess V2 -0.13 0.00056 0.88 0.81 0.94
Constant 1.26 0.077 3.50998
Discrimination of Model Prediction (ROC Curve Analysis)
Area under the curve Standard Asymptotic Asymptotic 95% Confidence
(Az) Error Significance Interval
Lower - Upper
0.798 0.039 0.000000000035 0.72 - 0.87
STEP 7 Apgar at 5 minutes added n=_ 251
Logistic Regression Model
95.0% C.I. for
Variable(s) Coefficient Significance =~ Odds Ratio Odds Ratio
Lower Upper
Probability of Survival* -0.046 0.0000012 0.95 0.94 0.97
Max Base Excess V2 -0.14 0.0024 0.87 0.80 0.95
Apgar at 5 minutes 0.065 0.60 1.07 0.84 1.36
Constant 0.75 0.51 2.12

Discrimination of Model Prediction (ROC Curve Analysis)

Area under the curve Standard Asymptotic Asymptotic 95% Confidence

(A2) Error Significance Interval
Lower - Upper
0.780 0.043 0.0000000040 0.70 - 0.86
STEP 8 Apgar at 5 minutes removed n= 265
See Result of Step 6

Continued overleaf
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STEP 9 Apgar at 1 minute added n=__ 260

Logistic Regression Model

Odds 95.0% C.I. for
Variable(s) Coefficient  Significance Ratio Odds Ratio

Lower Upper

Probability of Survival* -0.049 0.000000078 0.95 0.93 0.97
Max Base Excess V2 -0.15 0.00048 0.86 0.80 0.94
Apgar at 1 minute 0.090 0.29 1.09 0.93 1.29
Constant 0.94 0.24 2.56

Discrimination of Model Prediction (ROC Curve Analysis)

Standard Asymptotic Asymptotic 95% Confidence

Area under the curve (Az) Error Significance Interval
Lower - Upper
0.00000000004
0.802 0.038 5 0.73 - 0.88
STEP 10 Congenital Malformation added n=__ 260
Logistic Regression Model
Odds 95.0% C.I. for
Variable(s) Coefficient  Significance Ratio Odds Ratio
Lower Upper
Probability of Survival* -0.051 0.000000036 1.0 0.93 0.97
Max Base Excess V2 -0.15 0.00056 0.86 0.79 0.94
Apgar at 1 minute 0.13 0.14 1.14 0.96 1.35
Congenital Malformation 1.45 0.016 4.26 1.31 13.85
Constant -0.78 0.47 0.46

Discrimination of Model Prediction (ROC Curve Analysis)

Standard Asymptotic Asymptotic 95% Confidence

Area under the curve (Az) Error Significance Interval
Lower - Upper
0.00000000001
0.808 0.038 8 0.73 - 0.88

* Probability of survival obtained from ‘Draper Grid’
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Figure 11: ROC Curves of the Predictive Ability for the Different Outcomes (TNS)
A. Severe disability or Death v Other (Az = 0.808, 95% C.1. 0.735 - 0.882)

ROC Curve
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B. Death v Other (Az = 0.923, 95% C.I. 0.875 - 0.971)

ROC Curve
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C. Severe disability v Other or No disability (Az =0.673, 95% C.l. 0.551 - 0.795)
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3.1.4 Discussion

This chapter describes the development of a model that at first glance appears to
have good predictive ability for outcome at two years of age from data obtained at
birth with an area under the ROC curve above 0.8. This cutoff is usually taken to
indicate good discrimination by a test?®'. Further analysis shows that the model is
very good at separating infants who will die from those who will survive to two years
of age. It is however much less effective at determining which infants will develop
severe disability at two years of age with an area under the ROC curve of only

0.673.

This raises serious questions about the use of a predictive tool for risk correction
studies looking at the combined outcome of death and disability at two years of age.
In particular it would seem most unwise to use this model for this purpose, as it does
not accurately predict neurological outcome. Whilst it does predict death well, it
offers little beyond the scope of well validated and often used scoring systems
developed from much larger groups of infants. These scores for predicting death

include CRIB, CRIB Il and SNAP and are described in chapter one of this thesis.

The inability of the model to predict neurodevelopmental outcome may be due to a
number of factors. It could be related to the relatively small number of infants in the
cohort as there were only 51 infants that had the outcome of interest (death or
severe disability). Additionally only 24 were assessed as being severely disabled.
This significantly reduces the number of variables that can be included in the model,
as it has been suggested that a minimum of ten such patients have the outcome of

interest for each variable in the model>®

. Wasson’s guidance on power in predictive
modeling also indicates that the TNS dataset is not suitable for developing a model
for predicting death or disability as separated outcomes. The results of a larger
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study with more cases would allow the inclusion of more variables in the model, and
hopefully improve predictive ability. In addition it would probably be seen as more

reliable and plausible to clinicians and therefore more generalisable to other cohorts.

Another possible reason for the model failing to adequately predict
neurodevelopment is that due to being a secondary analysis of a prior dataset, some
variables were not available for analysis. The early development of the human brain

can affected by many factors'®': 202

and it may be that in this study some very
important variables were omitted. Although there is likely to be some overlap, it is
not likely that the factors that influence development are the same as those that
predict death. It might therefore be possible to repeat the study prospectively and
collect additional data to improve the prognostic precision of the model. Examples
of data that might improve the model include socioeconomic status and antenatal
infection. Numerous studies have shown that social status is a vitally important
factor related to the development of young children following prematurity 203 204207,
Recent studies have also suggested an important role for antenatal infection in the

development of brain damage®®2'°,

Another concern about the model comes from the number of infants on whom the
outcome was unknown at two years of age. The original study compared collecting
data from families completing a questionnaire and data from local community child
health records. The families of 46 infants either did not participate in the trial or did
not return data. Although this was less than 20% of the cohont, there were
statistically significant differences between the included and missing groups for
gestational age, birthweight, and Apgar scores at 1 and 5 minutes. The missing
infants were more mature, weighed more at birth and had higher Apgar scores. This

suggests that infants were lost to follow up due to there being less concern about
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their outcome from clinicians or parents. Other reasons for being unable to complete
the form are language or writing difficulties, potentially introducing bias from
educational ability, race, language or culture. Tin and colleagues have also shown
that in the United Kingdom, infants lost to follow up are more likely to suffer from
severe disability’>. A number of reasons have been suggested for this finding,
including lower socioeconomic status as well as already being diagnosed and / or

attending other health care services.

A further weakness of the study was that a significant proportion of the data from the
community service was out of date, as clerks recorded details from the last clinic
visit. For the original study this amounted to 28% of the community data coming from
before 18 months of age. As the data was out of date, some younger children’s
milestones were inappropriately compared with the two year developmental stages.
This may have resulted in an overestimation of the number of children with severe
disability. The reported outcome of 10% of the original trial cohort was checked at
home by a trained assessor who was not aware of the reported outcome. All
parental questionnaire assignments agreed with the clinical assessment, whilst five
out of 24 from the Community data were assessed as being severely disabled, when
in fact this was due to the data being out of date. It is very likely that inaccurate

outcome categorization would subsequently reduce the discrimination of the model.

The TNS dataset also has considerable strengths some of which are discussed in
chapter two. Of the three study populations used in this thesis, it had the widest
breadth of gestations. Double data entry was used to maximize the quality of the
data and data from the neonatal admission was obtained in a reliable fashion by
experienced, trained nurses who regularly visited the neonatal units. In view of

these strengths, it was hoped that a model developed from the study could be used
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in a wider population of future infants. The other two available cohorts are limited by
lower gestational age and birthweight criteria and so models developed from them

would be applicable to a smaller group of infants in the future.

There have been a number of other previous attempts to develop a model predictive
of disability and these are detailed in Chapter one of this thesis. Previous studies
concur with the finding of this report showing that it appears possible to predict a
combined outcome of death and disability but not disability alone. It is likely that
neurodevelopmental outcome after prematurity simply cannot be predicted using
data available in the first few hours of life. It may be that the environment (and
quality of care) that a premature infant experiences in the womb and in the first few
weeks of life are so important for brain development that they outweigh inherent
factors such as gestational age, birthweight, and Apgar scores. Recently
Ambalavanan and colleagues have attempted to develop a model in a similar way to
the studies described in this thesis, albeit using classification tree analysis instead of
logistic regression®'". They concluded that their model lacked the predictive
accuracy needed for clinical use. MacKendrick, commenting on Ambalavanan’s
study in an editorial, suggested that it might not be possible to predict later brain
development as it could be subject to chaos theory rather than the simple cause and
effect paradigm of linear dynamics?'2. He describes chaos theory as having ‘certain
characteristic properties: they are exquisitely sensitive to the initial conditions
imposed on the system; cause and effect are not proportional; and they appear to
exhibit random, disorganized behavior that is not truly random but is governed by

complex, nonlinear relationships’.

Further study is needed to test the reasons for the models inability to predict

neurodisability accurately before precise conclusions can be drawn about the use of
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predictive models for disability following premature birth. The following two sections
of this thesis look at predicting the combined outcome in two other cohorts. As there
may be a significant difference between the aetiological factors for death and
disability, chapter four documents an attempt to develop the model after first

removing the infants who died.

3.1.5 Comments and implications

This investigation suggested that developing a model may be possible but in a larger
dataset. This would allow the use of more predictive variables and alleviate
concerns arising from the size of the cohort regarding the reliability of the results. As
mentioned in chapter two, two further cohorts were available for further study: these
were the EAVLBW dataset and the UKOS trial data. After applying a gestational
age cut-off of up to and including 28 weeks and 6 days, the EAVLBW offered fewer

issues regarding selection than the UKOS trial.

Alternatively, and perhaps the best option, would be to develop a new cohort and
collect other data that could potentially predict developmental outcome. Due to the
constraints of both time and cost this was not an option for this thesis but remains a

suggestion for future work.
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3.2 PREDICTING NEURODEVELOPMENTAL OUTCOME: EAST
ANGLIAN VERY LOW BIRTHWEIGHT DATA

3.2.1 Introduction

As discussed in the previous section of this chapter, although the best dataset
available for study into predicting outcome at two years of age appeared to be the
Trent Neonatal Survey data from the ABC study, further analysis is needed to
confirm these findings. This section of the chapter therefore details the second

attempt at deriving a model using the EAVLBW dataset.

As mentioned in Chapter two the exclusion of infants of heavier birthweight amongst
the more mature infants introduces selection bias in the EAVLBW dataset with a
high proportion of the more mature infants being affected by intrauterine growth
restriction. In order to avoid this, a gestational age cut-off was applied to the
dataset: infants born after 28 weeks and 6 days being excluded from the analysis in

this chapter.

3.2.2 Methods

Data were obtained from the East Anglian Very Low Birthweight Database infants
born between between 1% January 1993 and 31° December 2000. Babies were
eligible for inclusion in this study if they were born before 29 completed weeks of
gestation (i.e. up to and including 28 weeks and 6 days). Their mothers were
ordinarily resident in one of the eight district health authorities within the region. Data
were collected for babies born inside or outside the region if their mothers were
ordinarily resident in the region. For infants involved in transfers, information was

collected from every involved hospital.
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Gestational age was determined according to the date of last menstrual period,
ultrasound scanning, or other clinical information. Neurodevelopmental follow-up at
24 months of age was performed by named local Paediatricians, experienced in
developmental follow-up, using the Oxford Health Status Questionnaire to record
findings'®. If children were not able to attend this appointment, the child's Health
Visitor or General Practitioner was asked to complete the forms based on routine
surveillance information. For those who had moved or failed to respond, as much
information as possible was obtained by letter either from a health professional or

directly from a parent.

Statistical analysis was performed using SPSS v11. The outcome of individual
infants was classified as no disability, mild disability or moderate disability: group A,
severe disability: group B or death: Group C (see Figure 12). Only variables
collectable in the first 12 hours of life were analysed to minimise the potential for the
quality of treatment received during the infant’s early course to influence the score’®.
Associations with the combined outcome of death or severe disability at two years of
age corrected for prematurity were identified by the Chi-squared test, Fishers exact
test or logistic regression analysis as appropriate. The variables were then

assessed in combination using a stepwise multivariable logistic regression analysis.

Variables were only included in the models if they had a significance level of less
than 0.2 for an association with the combined outcome of death or severe disability
(Group B&C). Predictive variables were added to the model in order of significance,
a receiver operator characteristic (ROC) curve for the prediction of severe disability
was then determined after each variable was added. The variable was then either
left in the model or removed if the area under the ROC curve was less than before

that variable was added. The recommendation of Wasson and colleagues®® was
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used to limit the number of variables to a maximum of one variable for every 10
cases of the outcome of interest. Where variable data points were missing for just
one or two infants, analysis was performed with the remaining infants. Where a
significant number of numerical data points were missing, in order to avoid losing
these infants from the analysis, missing values were replaced with the mean value of
the remaining infants. This is one simple way of dealing with this potential loss of
data in logistic regression models213. This substitution weakens rather than

strengthens the statistical association between the variables and the outcome.

As there was a combined outcome, to check that the model was predicting disability
as well death, the predictive ability of the probability score for the combined outcome
from each individual was also assessed against the separated outcomes of death
and severe disability. To test the ability of the model to discriminate between death
and other outcomes all cases were left in the cohort. The test therefore analysed
the model’s ability to discriminate a Group A outcome from a Group B or C outcome
(see Figure 12). Furthermore to test the ability of the model to discriminate between
severe disability and milder disability and normality, deaths were first removed from
the cohort. The test therefore analysed the ability of the model to discriminate

Group B from Group A outcomes.

Figure 12: Graphical Depiction of the Different Outcome Groups
<r SPECTRUM OF POSSIBLE OUTCOMES ->

Mildly Moderately Severely
Normal Disabled Disabled disabled Died

Group A Group B Group C
Survival without severe disability = Group A
Death or severe disability = Group B & C combined
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3.2.3 Results

896 infants meeting the criteria and born in East Anglia between 1 January 1993
and 31 December 2000 were identified from the East Anglia Database'®'.
Outcomes and demographic details are documented in Table 11. Of the 896 infants,
323 died and 81 were assessed as being severely disabled at two years of age. The
outcome was unknown at two years of age for 12 infants who were lost to follow up
and their data was excluded from the analysis. The association of predictive
variables with death or severe disability at two years of age is documented in Table

12. As in Chapter 3.1, the Draper Grid prediction of survival was used’*.

A full set of datapoints for the variables included in the final model were only
available for 139 infants. For the minimum appropriate percentage of inspired
oxygen in the first 12 hours missing data amounted to 459 infants for whom the
mean value of 39.94% was substituted. Similarly, the maximum appropriate
percentage of inspired oxygen in the first 12 hours involved 455 infants and a mean
value of 63.68%. Corresponding values for the maximum base deficit in first 12
hours, were 443 infants and - 5.38mEq/L, for the CRIB Score, 410 infants and 6.16
points, for head circumference at birth, 376 infants and 25.07cm, for the Apgar score
at 1 minute of age, 81 infants and 4.96 points, and for the Apgar Score at 5 minutes,

77 and 7.54 points.

The final model for predicting death or severe disability at two years of age is
documented in Table 13. The derivation of this model by stepwise forward
regression and the predictive ability (discrimination) of the model at each step is
detailed in Figure 13. The discrimination of the final model! for predicting the
combined outcome (death or severe disability), and the separated outcomes of
death, and disability are shown with the ROC curves in Figure 14.
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Table 11: Comparison of Included and Excluded Infants (Exclusion Due to
Unknown Outcome at Two Years of Age)

Included
\'
All infants Included Excluded Excluded
n = 896 (%)orSD | n=884 | (%)orSD n=12 | %orSD

Gestational
Age
(completed
weeks)
Median 27.0 1.6 27.0 1.6 27.5 0.97 p=0.022
Birthweight (g)
Median 894.5 233.4 893 232.9 1088.5 217.7 p=0.018
SGA 128 (14.3%) 127 (14.4%) 1 (8.3%) p=0.55
Mean Apgar
Score at 1
Minute 4.85 24 4.83 24 6.09 23 p=0.089
Mean Apgar
Score at5
Minutes 7.3 2.4 7.3 2.4 8.27 2.0 p=0.18
Sex

Female 398 (44.4%) 391 (44.2%) 7 (58.3%) 0=0.33

Male 498 (55.6%) 493 (55.8%) 5 (41.7%)

Congenital
Malformation
Present 44 (7.7%) 43 (7.6%) 1 (11.1%) p=0.70
Multipie
Pregnancy 237 (26.5%) 233 (26.4%) 4 (33.3%) p=0.59
Surfactant
Treatment 673 (75.2%) 665 (75.3%) 8 (66.7%) p=0.49
Antenatal
Steroid
Treatment 534 (59.6%) 524 (59.3%) 10 (83.3%) p=0.092
Maternal Age
(Years) 27.9 5.9 27.9 5.9 29.5 6.7 p=0.50
Maximum Base
Excess -5.38 9.2 -5.35 9.3 -75 2.8 p=0.51
Outcome
Died 323 (36.0%) 323 (36.5%) -
Severe
Disability at 2
years of age 81 (9.0%) 81 (9.2%) -
Survived
without severe
disability 480 (53.6%) 480 (54.2%) -
Outcome
unknown at 2
years 12 (1.3%) - - 12
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Table 12: Associations of predictive variables with death or severe disability at

two years
95.0% C.I. for
Odds Ratio
Standard Odds

Variable Coefficient Error Wald  Number  Significance  Ratio Lower Upper
Probability of Survival -0.04 0.00 143.3 884 5.06E-33 096 095 0.97
Gestational Age (weeks) -0.58 0.05 126.8 884 2.10E-29 056 051 0.62
Birthweight (g) 0.00 0.00 83.3 884 7.01E-20 100 1.00 1.00
Apgar Score at 5 minutes -0.34 0.04 82.8 807 8.97E-20 0.71 066 0.77
CRIB Score 0.22 0.02 81.5 474 1.73E-19 1.25 119 1.3
Apgar Score at 5 minutes' -0.34 0.04 80.9 884 2.32E-19 071 0.66 0.77
CRIB Score' 0.22 0.02 79.7 884 4.29E-19 124 119 131
Apgar Score at 1 minute -0.27 0.03 70.3 803 5.01E-17 0.76 072 0.81
Apgar Score at 1 minute' -0.27 0.03 69.4 884 7.96E-17 0.76 0.72 0.81
Maximum Percentage 02
in first 12 hours 0.03 0.00 52.1 429 5.24E-13 1.03 1.02 1.04
Maximum Percentage 02
in first 12 hours' 0.03 0.00 51.5 884 7.02E-13 1.03 1.02 1.04
Minimum FiO2 in first 12
hours 0.04 0.01 49.4 425 2.10E-12 1.04 1.03 1.05
Minimum FiO2 in first 12
hours' 0.04 0.01 49.0 884 2.58E-12 1.04 1.03 1.05
Antenatal Steroids® 884 4.13E-10
Antenatal Steroids? -0.87 0.14 384 884 5.80E-10 042 032 0.55
Neonatal Transfer’ 884 2.70E-06
Neonatal Transfer? -0.71 0.15 21.6 884 3.28E-06 049 0.36 0.66
Caesarean section” 882 3.20E-06
Caesarean section’ 0.63 0.14 21.5 882 3.53E-06 1.89 144 247
Gender 884 9.60E-05
Gender? -0.54 0.14 15.1 884 0.00010 0.59 045 0.77
Head Circumference -0.16 0.04 13.0 508 0.00031 086 079 0.93
Head Circumference' -0.14 0.04 12.0 884 0.00053 0.87 080 0.94
Spontaneous Vaginal
Delivery? 882 0.0010
Spontaneous Vaginal
Delivery? 0.45 0.14 10.8 882 0.0010 157 1.20 206
Preclampsia’ 882 0.0011
Preeclampsia® -0.65 0.20 10.3 882 0.0013 052 035 0.78
Other vaginal delivery? 883 0.0022
Other vaginal delivery® -1.71 0.63 7.5 883 0.0063 0.18 0.05 0.62
Breeci? 841 0.0092
Breech? 0.52 0.20 6.7 841 0.0098 168 1.13 2.50
Congenital Abnormality? 564 0.014
Congenital Abnormality® 0.78 0.32 58 564 0.016 218 115 4.1
Year of Birth -0.07 0.03 5.6 884 0.018 093 0.88 0.99
In utero transfer* 884 0.038
In utero transfer* -0.36 0.17 4.3 884 0.038 0.70 050 0.98
Muttiple infant* 884 0.038
Multiple infant* 0.32 0.15 43 884 0.039 1.37 1.02 1.85
Any Transfer* 884 0.16
Any Transfer* 0.20 0.14 1.9 884 0.16 1.22 092 1.61
Maximum Base Deficit in
first 12 hours 0.01 0.01 1.8 441 0.18 1.01 099 1.04
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Maximum Base Deficit in

first 12 hours' 0.01 0.01 1.8 884 0.18 1.01 0.99 1.04
Small for Gestational Age

< 10th Centile®® 884 0.18

Small for Gestational Age

< 10th Centile®® -0.26 0.19 1.8 884 0.18 0.77 053 1.13
Number of infants in

Pregnancy 0.17 0.13 1.7 884 0.19 119 092 153
PROM 7 days® 881 0.26

Birth order 0.18 0.18 1.0 884 0.32 119 084 1.69
Diabetes® 883 0.55

Intubation? 883 0.55

Matemal Hypertension® 882 0.63

Antepartum

Haemorthage® 883 0.70

Maternal Age 0.00 0.01 0.0 626 0.88 1.00 097 1.02
Eclampsia® 883 0.94

Notes

! Mean value substituted for missing values

2 Chi square test used to assess association, logistic regression used to assess odds ratio if p< 0.2

3 Defined as birthweight below 10th centile for gestational age
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Table 13: Two Models for predicting death or severe disability at two years of
age. Logistic regression coefficients and odds ratios

A. Model using all factors

95.0% C.I. for Odds

Variables Coefficient  Significance  Odds Ratio Ratio
Lower  Upper
Probability of Survival -0.029 9.93E-11 0.97 096 0.98
Apgar Score at 5 minutes with mean (7.54)
substituted for missing values -0.225 2.40E-07 0.80 0.73 0.87
CRIB Score with mean (6.16) substituted for
missing values 0.095 0.0050 1.10 1.03 1.17
Maximum Percentage O2 in first 12 hours with
mean (63.68) substituted for missing values 0.007 0.26 1.0069 0.99 1.02
Minimum FiO2 in first 12 hours with mean (39.94)
substituted for missing values 0.017 0.034 1.017 1.0012 1.03
Antenatal Steroids -0.58 0.00067 0.56 0.40 0.78
Neonatal Transfer -0.68 0.00063 0.51 0.34 0.75
Gender -0.46 0.0075 0.63 0.45 0.89
Head Circumference with mean (25.07) substituted
for missing values 0.079 0.12 1.08 0.98 1.20
Spontaneous Vaginal Delivery 0.22 0.20 1.24 0.89 1.74
Other vaginal delivery -1.95 0.0067 0.14 0.035 0.58
In utero transfer 0.31 0.17 1.37 0.87 2.15
Muttiple infant 1.13 0.059 3.1 0.96 10.08
Maximum Base Deficit in first 12 hours with mean
value (5.38) substituted for missing values -0.013 0.33 0.99 0.96 1.01
Number of infants in Pregnancy -0.76 0.14 0.47 0.17 1.27
Constant 1.46 0.32 4.31

B. Parsimonious Model after removal of some factors

95.0% C.1. for

Variables Coefficient  Significance Odds Ratio Odds Ratio
Lower Upper

Probability of Survival -0.027 0.0039 0.97 0.97 0.98

Apgar Score at 5 minutes with mean (7.54)

substituted for missing values -0.23 0.042 0.80 0.73 0.86

CRIB Score with mean (6.16) substituted for

missing values 0.14 0.028 1.15 1.09 1.21

Antenatal Steroids -0.59 0.16 0.55 040 076

Gender -0.57 0.16 0.57 041 0.78

Constant 3.42 0.49 30.71
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Figure 13 Pr: of Stepwise regression mo
disability at 2 years of age

ling for

icting death or severe

STEP 1 Probability of Survival® n = 884
Logistic Regression Model
Variable(s) Coetficient Significance Odds Ratio 95.0% C.1 for Odds Ratio
Lower Upper
Probability of Survival® -0.04 5.1E-33 0.96 095 0.97
C 2.30 3.8E-28 10.01
D of Model F {ROC Curve Analy
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower Upper
0.736 0.017 9.2E-34 0.70 0.77
STEP 2 Gestational age added n =884
Logistic Regression Model
|Variable(s) Coefficient Significance Odds Ratio 95.0% C.I. for Odds Ratio
Lower Upper |
Probabiity of Survival® -0.043 S5.4E-06 0.96 0.94 098
Gestational Age 0.035 081 1.04 0.78 137
( 1.52 0.64 4.59
Discr of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Signiticance Asymptotic 95% Confidence interval
Lower - Y
0.736 0.017 8.4E-34 0.70 0.77
STEP 3 Gestational age removed n = 884
See Result of Step 1
STEP 4 Birthweight added n = 884
Logistic Regression Model
Variable(s) Coetticient Significance Odds Ratlo 95.0% C.\. for Odds Ratio
Lower Upper
Probability of Survival® 0.05 1.9€-18 0.95 0.94 0.86
Birthweight 0.00 0.020 1.001 1.0002 1.002
Constant 1.77 2.6E-08 5.86
Discr ot Modei P (ROC Curve Analy
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence interval
Lower - Upper
0.743 0.017 1.6E-35 0.71 0.78
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STEP 5 Apgar Score at 5 minutes” added n =884
Logistic Regression Modei
Varlable(s) Coefficient Significance  Odds Ratio 95.0% C... for Odds Ratio
Lower Upper
Probability of Survival® 0.047 2.5E-14 0.98 0.84 0.97
Birthweight 0.0013 0.024 1.0013 1.0002 1.003
Apger Score at 5 mins® 0.243 22600 0.78 0.72 0.85
C 3.250 1.3E-14 25.80
Discr of Model P (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower - Upper |
0.760 0.016 3.3E-43 0.74 - 0.80
STEP 6 CRIB Score® added n = 884
Logistic Regression Mode!
Variable(s) Coefficient Significance Odds Ratio 95.0% C.I. for Odds Rstio
Lower Upper
Probabiiity of Survival® -0.043 5.01E-12 0.96 0.85 0.97
Birthwelight 0.0019 0.0019 1.0019 1.0007 1.003
Apgar Score et 5 mine® 024 3.8E-09 0.79 0.72 0.85
CRIB Score® 0.15 1.4E-07 1.16 1.10 1.22
[« 1.61 0.0015 5.01
Discr of Model (ROC Curve Analysis)
Asymptotic
Ares under the curve (Az) Standard Error Signlificance Asymptotic 85% Contidence Interval
Lower - Upper
0.786 0.015 8.6E-49 0.76 - 0.82
STEP 7 Apgar Score at 1 minute” added n = 884
|Logistic Regression Model
{Variabie(s) Coefficient Significance Odds Ratio 85.0% C.l. for Odds Ratio
Lower  Upper |
Probabiiity of Survival® -0.042 1.07E-11 0.96 0.95 0.97
Birthweight 0.0019 0.0022 1.0019 1.0007 1.003
Apgar Score st 5 mins® 0.22 2.5€-05 0.80 0.73 0.89
CRIB Score® 0.14 2.04E-07 1.16 1.004 1.2
Apgar Score st 1 min® -0.034 0.46 0.97 0.88 1.058
C 1.60 0.0016 4.93
Discr of Model F (ROC Curve Analysi:
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Confidence interval
Lower - Y,
0.787 0.015 5.47E-49 0.76 - 0.82

STEP 8 Apgar Score at 1 minute” removed n = 884
See Result of Step 6
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STEP 9 Maximum O, in tirst 12 hours® added n = 884

Logistic Regression Model
Variable(s) Coefficient Significance Odds Ratio  95.0% C.I. for Odds Ratio
Lower Upper
Probability of Survival® -0.042 9.5E-12 0.96 085 0.97
Birthweight 0.0017 0.0050 1.00 1.00052 1.0029
Apgar Score at 5 mins® 0.24 9.1E-09 0.79 0.73 0.86
CRIB Score® 0.11 0.00056 1.1 1.048 1.19
Maximum O, In first 12 hours® 0.013 0.012 1.01 1.0028 1.023
C 1.10 0.044 3.01
@rﬁnlﬂluon of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 5% Confidence Interval
Lower - Upper |
0.790 0.015 4.4E-50 0.76 - 0.82
STEP 10 Minimum O, in first 12 hours® added n = 884
Logistic Regression Model
|Variable(s) Coefficlent Significance Odds Ratio 95.0% C.1. for Odds Ratio
Lower Upper
Probabiiity of Survival® -0.043 9.7E-12 0.96 0.95 0.97
Birthweight 0.0016 0.010 1.0016 1.00037 1.0028
Apgar Score at 5 mins® 023 1.6E-08 0.79 0.73 0.86
CRIB Score® 0.086 0.0089 1.089 1.02 1.16
Maximum O, In first 12 hours® 0.0059 0.31 1.0060 0.99 1.018
Minimum O, in first 12 hours® 0.018 0.017 1.019 1.0033 1.034
Constant 1.07 0.054 2.90
Discrimination of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Confidence Interval
Lower - Upper
0.791 0.015 2.1E-50 0.76 - 0.82
STEP 11 Antenatal steroids added n = 884
Logistic Regreasion Model
Variable(s) Coefficient Significance  Odds Ratio 85.0% C.l. for Odds Ratio
Lower Upper
Probability of Survivel® -0.040 2.0E-10 0.96 0.85 0.97
Birthweight 0.0013 0.032 1.0013 1.00012 1.0026
Apgar Score at 5 ming® -0.22 1.1E07 0.80 0.74 0.87
CRIB Score® 0.083 0.012 1.087 1.019 1.16
Maximum O, in first 12 hours® 0.0062 0.29 1.0062 0.985 1.018
Minimum O, In tirst 12 hours® 0.016 0.033 1.017 1.0013 1.032
Antenatal Sterolds -0.50 0.0023 0.607 0.44 0.84
Constant 143 0.012 4.17
Discr of Modet F (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Confidence interval
Lower - Upper
0.793 0.015 4.2E-51 0.76 - 0.82

Continued overleaf
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STEP 12 Neonatal transfer added

n =884
Logistic Regression Model
Varlable(s) Coefficient Significance Odds Ratio 95.0% C.L for Odds Ratio
Lower Upper
Probability of Survival® -0.040 4.5E-10 0.96 0.95 0.97
Birthweight 0.0014 0.029 1.0014 1.00014 1.0026
Apgar Score at 5 mins® 021 4.2E-07 0.81 0.74 0.38
CRIB Score® 0.086 0.010 1.000 1.021 1.16
Maximum O, in first 12 hours® 0.0068 0.28 1.0088 0.995 1.02
Minimum O, In first 12 hours® 0.016 0.039 1.016 1.00078 1.03
Antenatal Steroids £.51 0.0019 0.60 043 0.83
Neonatal Transter 0.53 0.0027 0.59 0.42 083
[ 1.44 0.012 4.2
Discr of Model Predi (ROC Curve Analysis)
Asymptotic
Ares under the curve (Az) Standard Error Significance Asymptotic 95% Confidence interval
Lower - Upper
0.800 0.015 2.8E-53 0.77 - 0.83
STEP 13 Caesarean section added n = 884
Logietic Regression Model
Variable(s) Coefficlent Significance Odds Ratio 85.0% C.1. for Odds Ratio
Lower Upper
Probebility of Surviva® -0.038 2.01E-08 0.96 0.95 0.98
Birthweight 0.0012 0.056 1.0012 0.99997 1.0025
Apgar Score at 5 mins® 021 5.21E-07 0.81 0.75 0.88
CRIB Score® 0.087 0.0088 1.001 1.022 1.16
Maximum O, in first 12 hours® 0.0070 0.24 1.0070 0.985 1.02
Minimum O, in first 12 hours® 0.016 0.039 1.016 1.001 1.03
Antenatal Sterolds -0.50 0.0024 0.61 0.44 084
Neonatal Transfer -0.53 0.0031 0.59 0.42 0.84
Caesarean section 0.13 043 1.14 0.82 1.60
( 1.20 0.064 3.32
Discrimination of Model (ROC Curve
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Confidence interval
Lower hd Upper |
0.799 0.015 5.4E-53 0.77 - 0.83
STEP 14 Caesarean section removed n = 884

See Result of Step 12
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STEP 15 Gender added n =884

Logistic Regreasion Model
Variable(s) Costficient Significance  Odds Ratio 95.0% C.1. for Odds Ratio
Lower Upper
Probabiiity of Survival® 0.034 8.26-07 0.97 0.95 0.98
Birthweight 0.00078 0.27 1.00075 0.999 1.0021
Apgar Score at 8 mine® 021 4.8€-07 0.81 0.74 0.88
CRIB Score® 0.093 0.0053 1.088 1.028 117
Maximum O, In first 12 hours® 0.0062 0.30 1.0062 0.99 1.02
Minimum O, in first 12 hours® 0.015 0.049 1.016 1.00009 1.03
Antenatal Sterokds 053 0.0014 0.58 0.43 0.82
Neonstal Tranater 0.54 0.0028 0.58 0.41 0.83
Gender .45 0.011 0.64 0.45 0.90
« 2.31 0.00061 10.07
of Model F (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower - __Upper
0.804 0.015 1.1E-54 0.77 - 0.83
STEP 16 Head Circumference at birth® added n = 884
Logistic Regression Model
Variable(s) Coefficlent Significance  Odds Ratio 85.0% C.I. for Odds Ratio
Lower __ Upper
Probability of Survival® -0.035 3.57E-07 0.97 0.85 0.98
Birthweight 0.00054 0.44 1.00054 0.999 1.0019
Apgar Score at 5 mins® “0.21 7.54E-07 0.81 0.75 0.88
CRIB Score® 0.096 0.0044 1.10088 1.030 118
Maximum O, in first 12 hours® 0.0059 0.33 1.0058 0.99 1.018
Minimum O, In first 12 hours® 0016 0.042 1.016 1.0006 1.032
Antenatal Sterolds 0.52 0.0017 0.59 0.43 0.82
Neonatal Transter 0.55 0.0022 0.58 0.41 0.82
Gender 043 0.016 0.65 0.46 0.92
Head Circumference” 0.072 0.16 1.074 0.97 1.18
C 0.67 0.61 1.96
!gl.crlmnmuon of Mode! Prediction (ROC Curve Analysls)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Confidence Interval
Lower - Upper
0.805 0.015 4.8E-55 0.78 - 0.83
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STEP 17 Spontaneous vaginal delivery added n =882

Logistic Regression Modet
Varisble(s) Coefficlent Significance Odds Ratio 95.0% C.1. for Odds Ratio
Lower Upper _ |
Probability of Survival® -0.032 6.9E-06 0.97 0.96 0.98
Birthweight 0.00032 0.65 1.00032 0.999 1.0017
Apgar Score at 5 mins® 0.21 8.2E07 0.81 0.746 0.88
CRIB Score® 0.10 0.0043 1.10 1.031 1.18
Maximum O, in first 12 hours® 0.006 0.28 1.0065 0.995 1.018
Minimum O, In first 12 hours® 0.016 0.041 1.016 1.00067 1.032
Antenatal Steroids 0.52 0.0018 0.60 0.43 0.82
Neonatal Transfer -0.53 0.0029 0.59 0.41 0.83
Gender 0.45 0.011 0.64 0.45 0.80
Head Circumference® 0.060 0.17 1.07 0.97 1.18
Spontaneous Vaginal Deilvery 0.24 0.17 127 0.80 1.78
Constant 0.64 0.63 1.91
Discr of Modet F (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Signlficance Asymptotic 5% Confidence interval
Lower - Upper
0.806 0.015 3.2E-55 0.78 - 0.83
STEP 18 Birthweight removed n = 882
|Logistic Regreasion Model
Variable(s) Coefficlent Significance  Odds Ratio 95.0% C.I. for Odds Ratio
Lower Upper
Probability of Survival® 0.029 4.4E-11 0.97 0.96 0.98
Apgar Score at 5 mins® 0.21 8.5E-07 0.81 0.75 0.88
CRIB Score® 0.085 0.0048 1.10 1.029 .17
Maximum O, In first 12 hours® 0.0066 0.28 1.0066 0.99 1.018
Minimum O, In first 12 hours® 0.016 0.038 1.017 1.00094 1.032
Antenatal Sterolds 0.53 0.0014 0.59 0.43 0.82
Neonatal Transfer -0.53 0.0030 0.59 0.41 0.83
Gender -0.48 0.0042 0.62 045 0.86
Head Circumference® 0.074 0.14 1.08 0.88 1.19
Spontaneous Vaginai Delivery 0.26 0.13 1.20 0.93 1.80
Constant 0.69 0.60 2.00
D! of Model F (ROC Curve
Asymptotic
Area under the curve (Az) Standard Error Signlificance Asymptotic 95% Confidence Interval
Lower - Upper
0.805 0.015 3.5E-55 0.78 - 0.83
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STEP 19 Preeclampsia added n = 880
Logistic Regression Model
Variable(s) Coefficient Significance  Odds Ratio 95.0% C.L. for Odds Ratio
Lower Upper
Probability of Survival® 0.029 8.8E-11 0.97 0.96 0.88
Apgar Score at 5 mins® 0.21 1.50E-06 0.81 0.75 0.89
CRIB Score” 0.10 0.0044 110 1.030 1.18
Maximum O, in first 12 hours® 0.006 0.28 1.0064 0.99 1.018
Minimum O, in first 12 hours® 0.016 0.040 1.016 1.00071 1.032
Antenatal Steroids 052 0.0016 0.59 0.43 0.82
Neonatal Tranefer 0.53 0.0030 0.89 0.41 0.83
Gender 0.46 0.0064 0.63 0.45 0.88
Head Circumference® 0.073 0.15 1.075 0.97 1.19
Spontansous Vaginal Delivery 0.21 0.3 124 0.88 1.75
Presclampsia €21 0.40 0.81 0.50 131
Constant 0.72 0.59 2.08
Discr ot Model (ROC Curve Analy
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Confidence interval
Lower - Upper
0.805 0.015 6.8E-55 0.78 - 0.83
STEP 20 Preeclampsia removed n = 882
See Result of Step 18
STEP 21 Other vaginal delivery added n = 882
Logistic Regression Model
Varlable(s) Coefficlent Significance  Odds Ratio 95.0% C.I. for Odds Ratio
Lower Upper
Probability of Survivar® -0.029 8.1E-11 0.97 0.96 0.98
Apgar Score st 5 ming® ©0.22 4.5E-07 0.81 0.74 0.88
CRIB Score® 0.085 0.0048 1.10 1.029 117
Maximum O, In first 12 hours® 0.0070 0.25 1.007 0.995 1.02
Minimum O, In first 12 hours® 0.016 0.048 1.02 1.0001 1.03
Antenatal Steroids -0.55 0.00090 0.58 0.42 0.80
Neonatal Transfer 0.55 0.0021 0.57 0.40 0.82
Gonder -0.50 0.0033 0.61 0.44 0.85
Head Circumference® 0.079 0.12 1.08 0.98 1.19
Spontansous Vaginal Delivery 0.20 0.23 1.23 0.88 1.7
Other Vaginal Delivery -1.91 0.0074 0.15 0.037 0.60
Constant 0.72 0.59 2.06
Discr of Model Pred! (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower - Upper
0.810 0.015 7.1E-57 0.78 - 0.84
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STEP 22 Year of Birth added n = 882

istic Reg Model
Varlable(s) Cosfficient Significance  Odds Ratio  95.0% C.L for Odds Ratio
Lower Upper
Probability of Survivel® 0.029 8.5E-11 0.97 096 0.98
Apgar Score at 5 mins® 0.22 4.6E-07 0.80 0.74 0.88
CRIB Score® 0.094 0.0053 1.10 1.03 1147
Maximum O, In first 12 hours® 0.0070 0.25 1.007 0.995 1.02
Minimum O, in first 12 hours® 0.016 0.047 1.02 1.0002 1.03
Antenstal Sterolds 0.57 0.0014 0.57 0.40 0.80
Neonatal Traneter .58 0.0021 0.57 0.40 0.82
Gender -0.49 0.0034 0.61 0.44 0.85
Head Circumference® 0.079 0.12 1.082 0.98 1.19
Spontaneous Vaginal Delivery 020 0.24 1.22 0.88 1.7
Other Vaginal Delivery -1.91 0.0074 0.15 0.04 0.60
Year of Birth 0.0079 0.84 1.0078 0.83 1.09
C -15.0 0.85 3.0E-07
of Model Prediction (ROC Curve Analy
Asymptotic
Area under the curve (Az) Standard Error  Signiticance Asymptotic 85% Confidence Interval
Lower - Upper
0.810 0.015 7.7E-57 0.78 - 0.84
STEP 23 Year of Birth removed n = 882
See Result of Step 21
STEP 24 In Utero Transfer added n = 882
Loglstic Regression Model
Variable(s) Costficient Significance  Odds Ratio 95.0% C.1. for Odds Ratio
Lower Upper |
Probability ot Survivar® -0.029 6.5E-11 0.97 096  0.979623212
Apgar Score at 5 mins® 022 3.4E-07 0.80 0.74 0.87
CRIB Score® 0.094 0.005 1.10 1.028 117
Maximum O, In first 12 hours® 0.0069 0.26 1.0069 0.995 1.019
Minimum O, In first 12 hours® 0.016 0.040 1.016 1.00073 1.03
Antenatal Steroids 0.59 0.00049 0.56 0.40 0.77
Neonatal Transfer 0.68 0.00056 0.51 0.34 0.74
Gender 0.50 0.0033 0.61 0.44 0.85
Head Circumference® 0.081 0.109 1.084 0.88 1.20
Spontaneous Vaginal Delivery 0.21 0.23 1.23 0.88 1.72
Other Vaginal Deilvery 1.84 0.0076 0.14 0.035 0.60
In Utero Transfer 0.37 0.1 1.44 0.92 23
Constant 0.68 0.61 2.00
Discr of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower - Upper |
0.811 0.015 3.5E-57 0.78 - 0.84
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STEP 25 Multiple Pregnancy added n = 882
Logletic Regression Mode!
Variable(e) Coefficient Significance Odds Ratio 85.0% C.\. tor Odds Ratio
Lower Upper
Probabliity of Survival® 0.029 1.3E-10 0.97 096  0.980038617
Apgar Score at 5 mine® 0.23 2.0E-07 0.80 0.73 0.87
CRIB Score® 0.084 0.0053 1.089 1.028 117
Maximum O, In first 12 hours® 0.0068 0.26 1.0068 0.99 1.02
Minimum O, In first 12 hours® 0.018 0.040 1.016 1.0007 1.03
Antenatal Sterolds ©0.56 0.00083 0.57 0.41 0.79
Neonatal Transter -0.68 0.00085 0.50 034 0.74
Gender -0.48 0.0050 0.62 0.45 0.87
Heed Circumference® 0.077 0.13 1.080 0.88 119
Spontaneous Vaginai Delivery 0.21 0.22 123 0.88 173
Other Vaginal Deilvery -1.82 0.0079 0.15 0.036 0.61
in Utero Transfer 0.35 0.13 1.42 0.90 2.22
Muitiple Pregnancy 0.28 0.13 1.33 092 1.2
C 0.72 0.59 2.05
D of Model (ROC Curve )
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence interval
Lower - Upper
0812 0.015 1.2E-57 0.78 - 0.84
STEP 26 Maximum Base Deficit in first 12 hours® added n = 882
Logistic Regression Model
Variable(s) Coefficient Significance  Odds Ratio 95.0% C.1. for Odds Ratio
Lower Upper
Probability of Survival® -0.029 1.1E-10 0.97 096  0.979867357
Apgar Score st 5 mins® 023 2.1E-07 0.80 0.73 0.87
CRIB Score® 0.085 0.0048 1.10 1.029 117
Maximum O, in first 12 hours® 0.0070 0.25 1.0071 0.995 1.019
Minimum O, In first 12 hours® 0.017 0.035 1.017 1.0012 1.033
Antenatal Steroids 0.56 0.00088 0.57 0.41 0.79
Neonatal Transfer 0.68 0.00054 0.50 0.34 0.74
Gender 047 0.0056 0.62 0.45 0.87
Head Circumference® 0.079 0.12 1.082 0.98 1.20
Spontaneous Vaginal Delivery 0.22 0.20 1.25 0.89 1.74
Other Vaginal Dellvery -1.94 0.0074 0.14 0.035 0.60
In Utero Transfer 0.33 0.15 1.39 0.89 2.19
Multiple Pregnancy 0.28 0.13 1.33 0.92 1.91
Max Base Deficit In first 12hs® 0.012 0.36 0.99 0.96 1.014
C 0.67 0.62 1.96
Discr of Model P (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower : Upper |
0.813 0.015 7.5E-58 0.78 - 0.84
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STEP 27 Small for Gestation (<10th Centile) added n = 882

[P———r—"

Variable(s) Coefficient Significance  Odds Ratio 95.0% C.I. for Odds Ratio
Lower Upper
Probabiiity of Survival® 0.029 1.1E-10 0.97 0.96 0.88
Apgar Scors at § mins® 023 2.1E-07 0.80 073 0.87
CRIB Score® 0.087 0.0051 1.1016 1.030 1.18
Maximum O, in first 12 hours® 0.007 0.25 1.007 0.895 1.019
Minimum O, In first 12 hours® 0.017 0.038 1.017 1.00080 1.03
Antenatal Steroids -0.58 0.00094 0.57 0.41 0.80
Neonata! Transter 0.68 0.00054 0.50 0.34 0.74
Gender 047 0.0054 0.62 0.45 0.87
Head Clrcumterence® 0.078 0.12 1.081 0.98 1.19
Spontaneous Vaginal Delivery 0.21 0.24 1.23 0.87 175
Other Vaginal Delivery 195 0.0073 0.14 0.034 0.59
In Utero Transfer 0.33 0.15 139 0.89 2.19
Multiple Pregnancy 0.28 0.14 132 0.91 1.91
Max Base Deficit in first 12hr® 0.012 0.36 0.99 0.96 1.014
Small for Gestation (<10th Centlle) 0.057 0.82 0.94 0.58 1.54
[ 0.73 0.59 2.07
Discr of Model P (ROC Curve
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Confidence interval
m“ = UDDG
0.813 0.015 1.02E-57 0.78 - 0.84
STEP 28 Small for Gestation (<10th Centile) removed n = 882
See Result of Step 26
STEP 29 Number of infants in pregnancy added n = 882
= Model using all factors
|Logistic Regression Model
Variable(s) Coefficient Significance  Odds Ratio 85.0% C.I. for Odds Ratlo
Lower Upper
Probability of Survival® 0.029 9.9E-11 0.67 0.96 0.98
Apgar Score at 5 mins® 0.23 24607 0.80 0.73 0.87
CRIB Score® 0.085 0.0050 1.10 1.03 147
Maximum O, In first 12 hours® 0.0068 0.26 1.007 0.99 1.018
Minimum O, in first 12 hours® 0.017 0.034 1.02 1.0012 1.03
Antenatal Steroids 058 0.00067 0.56 0.40 0.78
Neonatal Transfer -0.68 0.00063 0.51 0.34 0.75
Gender 0.46 0.0075 0.63 0.45 0.89
Head Circumference® 0.079 0.12 1.08 0.88 1.20
Spontaneous Vaginal Dellvery 0.22 0.20 1.24 0.89 1.74
Other Vaginal Delivery 20 0.0067 0.14 0.035 0.58
in Utero Transfer 0.31 0.7 1.37 0.87 218
Muitipie Pregnancy 1.1 0.058 an 0.96 10.1
Max Base Defictt In first 12hr® 0013 0.33 0.99 0.96 1.01
Number of Intants In Pi 0.76 0.14 0.47 0.17 127
Constant 1.5 0.32 4.31
Igw of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptatic 85% Confidence interval
Lower - Upper
0.514 0.018 2.9E-58 0.79 - 0.84
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STEP 30 Maximum Base Deficit In first 12 hours® removed n = 882
Loglstic Regression Model
Varlable(s) Coetficient Significance  Odds Ratio 95.0% C.1. for Odds Ratio
Lower Upper
Probability of Survivat® 0.029 1.26-10 0.97 096  0.979837604
Apgar Score at 5 mins® 023 2.3E07 0.80 0.73 0.87
CRIB Score® 0.004 0.0054 1.10 1.028 147
Maximum O, In first 12 hours® 0.0066 0.28 1.007 0.985 1.019
Minimum O, in first 12 hours® 0.016 0.040 1.016 1.0007 1.032
Antenatai Steroids .58 0.00063 0.56 0.40 0.78
Neonatal Transter 0.68 0.00064 0.51 034  0.749201213
Gender 0.6 0.0067 0.63 045  0.879848324
Head Circumference® 0.076 0.13 1078 0.88 1.18
Spontaneous Vaginal Delivery 021 0.22 1.23 0.88 1.73
Other Vaginal Delivery -1.93 0.0072 0.14 0.035 0.59
in Utero Transfer 0.33 0.15 1.38 0.89 219
Multiple Pregnancy 1.12 0.063 3.05 084 9.91
Number of infants in Pregnancy 075 0.15 0.47 0.17 1.30
Constant 1.49 0.30 444
Discr of Model P (ROC Curve
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower a _Upper |
0.813 0.015 4.9E-58 0.78 - 0.84
STEP 31 Maximum FiO2 in first 12 hours removed n = 882
[Logistic Regression Model
Varlable(s) Coetticient Significance  Odds Ratio 95.0% C.1. for Odds Ratio
Lower gmr
Probabllity of Survival® -0.029 1.0E-10 0.97 096  0.978357077
Apgar Score at 5 mins® 0.23 1.9E-07 0.80 0.73 0.87
CRIB Score® 0.10 0.0016 111 1.040 1.18
Minimum O, in first 12 hours® 0.020 0.0031 1.021 1.0069 103
Antenatal Sterolds 0.58 0.00065 0.56 0.40 0.78
Neonatal Transfer 0.67 0.00071 0.51 0.35 0.75
Gender 047 0.0056 0.62 0.45 0.87
Head Clrcumference® 0.079 0.12 1.08 0.98 118
Spontaneous Vaginal Dellvery 0.20 0.25 122 0.87 1.70
Other Vaginal Delivery -1.92 0.0079 015 0.036 0.60
In Utero Transfer 0.33 0.15 1.40 0.89 219
Muttiple Pregnancy 1.13 0.059 3.10 0.96 10.01
Number of intants in Pregnancy .76 0.14 0.47 0.17 1.28
Constant 1.66 0.25 5.3
Discr of Model (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower - Upper
0.812 0.015 2.3E-57 0.78 - 0.84
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STEP 32 Spontaneous Vaginal Delivery removed n = 883

Logistic Regression Model
Variabie(s) Coetficient Significance Odds Ratio 95.0% C.I. for Odds Ratio
Lower Upper |
Probabliity of Survival' 0.030 1.3E-11 0.97 0.96 0.98
Apgar Score at 5 mins® 0.23 1.8E-07 0.80 0.73 0.87
CRIB Score® 0.10 0.0020 111 1.038 118
Minimum O, in first 12 hours® 0.020 0.0033 1.02 1.0067 1.034
Antenatal Steroids 0.59 0.00053 0.56 0.40 0.78
Neonatal Transter 0.68 0.00059 0.51 0.34 0.75
Gender 0.47 0.0058 0.63 0.45 0.87
Head Circumference® 0.084 0.096 1.00 0.99 1.20
Other Vaginal Delivery -1.99 0.0057 0.14 0.033 0.560280005
in Utero Transfer 033 0.15 1.40 089 2.19
Muitiple Pregnancy 113 0.056 3.10 097 9.88
of Infants In .76 0.13 0.47 0.17 1.25
C 1.71 024 5.53
Discr of Model Prediction (ROC Curve
Asymptotic
Area under the curve (Az) Standard Error  Significance Asymptotic 85% Confidence interval
Lower - Upper
0.812 0.015 2.1E-57 0.78 - 0.84
STEP 33 In utero transfer removed n = 883
Logistic Regression Model
Variable(s) Coefficlent Significance  Odds Ratio 95.0% C.I. for Odds Ratio
Lower Upper
Probabiliity of Survival® -0.030 1.6E-11 0.97 0.96 0.98
Apgar Score st S mins® 0.22 2.2E-07 0.80 0.73 0.868595009
CRIB Score® 0.10 0.0018 111 1038 1.179508969
Minimum O, In first 12 hours® 0.020 0.0041 1.02 1.006  1.033500132
Antenatal Steroids 056 0.00082 0.57 0.41 0.80
Neonatal Transfer 0.5 0.0018 0.57 0.90 0.810428624
Gender 047 0.0059 0.63 0.45 0.87
Head Circumference® 0.082 0.10 1.09 0.98 120
Other Vaginal Dellvery 197 0.0055 0.14 0.035 056018733
Multtiple Pregnancy 1.18 0.044 3.7 1.031 104
of intants in 0.80 0.11 0.45 0.17 1.20
C 1.77 0.22 5.87
Discr of Model F (ROC Curve Analysis)
protic
Area under the curve (Az) Standard Error Signlficance Asymptotic 95% Contidence Interval
Lower - Upper
0.810 0.015 5.8E-57 0.78 - 0.84
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STEP 34 Number of infants in Pregnancy removed n = 883
Logistic Regreasion Model
Variable(s) Coetficlent Significance  Odds Ratio 95.0% C.I. for Odds Ratio
Lower Upper
Probability of Survival® -0.030 1.9E-11 0.97 0.86 0.98
Apgar Score at 5 mine® 022 1.9€-07 0.80 0.73 0.87
CRIB Score® 0.10 0.0016 1mm 1039  1.180464784
Minimum O, in first 12 hours® 0.020 0.0040 1.02 1.0083 1.03
Antenatal Steroide 0.54 0.0013 0.58 0.42 081
Neonatal Transfer -0.57 0.0016 0.57 0.40 0.81
Gender 0.48 0.0043 0.62 0.44 0.88
Head Circumfersnce® 0.082 0.088 1.08 0.98 1.20
Other Vaginal Delivery -1.95 0.0061 0.14 0.035 0.57
Multiple Pregnancy 029 0.11 1.34 083 193
[ 0.98 0.47 2.59
Discr of Model (ROC Curve Anslys!|
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Contidence interval
Lower - Upper
0.809 0.015 1.2E-56 0.78 - 0.84
STEP 35 Multipie Pregnancy removed n = 883
Logistic Regression Model
Varlabie(s) Coeficient Significance  Odds Ratio 95.0% C.I. for Odds Ratio
Lower Upper
Probability of Survival® .03 9.5E-12 0.97 0.96 088
Apgar Score at § mine® 0.22 3.3E-07 0.80 0.74 0.87
CRIB Score® 0.10 0.0016 111 1.040 1.18
Minimum O, in first 12 hours® 0.020 0.0039 1.020 1.0063 1.03
Antenatal Steroids 0.56 0.00077 0.57 0.41 0.79
Neonatal Transter 0.56 0.0019 0.57 0.40 0.81
Gender 0.50 0.0029 0.61 0.44 0.84
Head Circumference® 0.087 0.083 1.09 0.99 120
Other Vaginal Detivery 197 0.0059 0.14 0.034 0.57
C 0.94 0.48 2.55
Discr of Model (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error  Significance Asymptotic 85% Confidence Interval
Lower z Upper |
0.808 0.015 4.6E-56 0.78 - 0.84
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STEP 36 Head Circumference removed n =884
Logistic Regression Model
Variable(s) Coefficient Significance  Odds Ratlo 95.0% C.. for Odds Ratio
Lowsr  Upper |
Probebiiity of Survival® 0.027 1.9E-11 0.97 0.97 0.88
Apgar Score at 5 mins® 022 2.0E-07 0.80 074 0.87
CRIB Score® 0.088 0.0023 1.1024 1.035 117
Minimum O, in first 12 hours® 0.019 0.0042 1.020 1.0062 1.03
Antenatal Sterolds 0.58 0.00049 0.56 0.41 0.78
Neonatal Transter 0.55 0.0023 0.58 0.41 0.82
Gender 0.55 0.00090 0.58 0.42 0.80
Other Vaginal Deilvery 1.96 0.0066 0.14 0.034 0.58
3.07 5.9E-09 21.5
of Model Prediction (ROC Curve Analy
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower - Upper
0.806 0.015 1.4E-55 0.78 - 0.84
STEP 37 Other vaginal delivery removed n =884
|Logistic Regression Model
Varlable(s) Coetficlent Significance  Odds Ratlo 95.0% C.l. for Odds Ratio
Lower Upper
Probabllity of Survival® 0.028 4.6E-12 0.97 0.96 0.88
Apgar Score at 5 mine® 021 4.0E-07 0.81 0.74 0.88
CRIB Score® 0.087 0.0024 1.10 1.035 147
Minknum O, In first 12 hours® 0.020 0.0033 1.02 1.0067 1.034
Antenatal Steroids 0.55 0.00080 0.58 0.42 0.80
Neonatal Transter 0.53 0.0028 0.59 0.41 0.83
Gender .53 0.0013 0.59 0.43 0.81
[ 2.84 1.8E-08 189
Discrimination ot Model Prediction (ROC Curve Analy
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Confidence Interval
Lower - Upper
0.801 0.015 6.5E-54 0.77 - 0.83
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STEP 38 Minimum FiOZ in first 12 hours® removed n = 884

|Logiatic Regression Model
Variable(s) Coefficlent Significance  Odds Ratio 95.0% C.1. for Odds Ratlo
Lower Upper
Probability of Survival’ -0.026 5.1E-11 0.97 0.97 0.98
Apgar Score at 5 mins® 0.22 1.3€-07 0.80 0.74 0.87
CRIB Score® 0.14 3.26-07 115 1.08 1.22
Antenatal Steroids -0.60 0.00022 0.55 0.40 0.75
Neonstal Transter 0.53 0.0026 0.50 0.41 0.83
Gender 0.58 0.00041 0.56 0.41 0.77
[ 3.47 1.5€-12 32.2
[ of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 85% Contidence interval
Lower - Upper
0.799 0.015 3.9E-53 0.77 - 0.83
STEP 39 Neonatal Transfer removed n = 884
= PARSIMONIOUS MODEL
Logistic Regression Model
Variable(s) Coefficlent Significance  Odds Ratio 95.0% C.1. for Odds Ratio
Lower Upper
Probability of Survival® -0.027 6.9E-12 0.7 0.97 0.98
Apgar Score at 5 mins® 023 3.7E-08 0.80 073 0.86
CRIB Score® 0.14 4.8E-07 1.15 1.089 1.21
Antenatal Sterolds -0.59 0.00025 0.55 0.40 0.76
Gender -0.57 0.00047 0.57 0.41 0.78
Constant 3.42 1.7E-12 30.7
Discr of Model F (ROC Curve Analysi:
Asymptotic
Area under the curve (Az) Standard Error Significance Asymptotic 95% Confidence Interval
Lower - Upper
0.783 0.015 4.7E-51 0.76 - 0.82
Notes

a: Probability of survival obtained from ‘Draper Grid"
b: Mean value substituted for missing values
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Figure 14: ROC Curves of Predictive Ability for the Different Outcomes
(EAVLBW) - PARSIMONIOUS MODEL

A. Severe disability or Death v Other (Az = 0.793, 95% C.l. 0.763 - 0.823)
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B. Death v Other (Az = 0.835, 95% C.I. 0.807 - 0.863)
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3.2.4 Discussion

As in the previous section of this chapter, this section also describes the
development of a model that at first glance appears to have good predictive ability
for outcome at two years of age. Using data obtained in the first 12 hours of life the
area under the ROC curve above 0.8 implies good discrimination®®’. Once again
however, further analysis shows that the model is very good at separating infants
who will die from those who will survive to two years of age, but it is very poor at
identifying which infants will develop severe disability at two years of age. Indeed the
area under the ROC curve of just 0.444 is worse than could be expected by chance
alone (0.5) although this was not statistically significant with a 95% confidence

interval around the estimate of 0.444 of 0.385 — 0.504.

Whilst the model developed from the Trent cohort appeared to predict disability
poorly, this model developed from East Anglian infants does not appear to predict
disability at all. The apparent ability to predict the combined outcome is almost
certainly due to the model’s good ability for predicting death. Once again however
this method of predicting death offers little beyond the scope of other well validated,

established scoring systems described in chapter one of this thesis.

The impressive failure of the model to predict neurodevelopmental outcome may be
due to the high proportion of cases dying in this cohort as a result of the greater
number of more immature infants. Of the 896 infants in the EAVLBW cohort, 323
died and 81 were assessed as being severely disabled at two years of age. In
contrast, the Trent cohort detailed in section 3.1 contained a balanced mix of
outcomes with 27 infants who died, and 24 infants being severely disabled. It could
therefore be anticipated that the model derived from the East Anglian cohort would
be better at predicting death than the later outcome.
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Strengths of the EAVLBW cohort included the size of the cohort, it's geographical
population basis and an impressive follow-up rate. The number of infants involved
would indicate that a model could have as many as 40 variables, potentially
enhancing the models predictive ability?®. Although this might be beneficial for
prediction it makes the model cumbersome and harder to use. Successful models
that are widely used by other investigators contain a small number of readily
available datapoints’’. For this reason, in this study a large model (Step 29) was
developed and then reduced down to a parsimonious model (Step 39) for which the
ROC curve analysis was produced. As can be seen from the ROC curve values in
Figure 14, some predictive ability was lost, but considerably less data was needed

for the parsimonious model.

Collecting data from a geographical population removes a common cause of
selection bias and the questionable generalisability that tertiary cohorts suffer
from'®. These issues come from the different mix of risk in tertiary cohorts as many
of the infants have both been referred for expert tertiary care indicating high risk, but
have also survived transfer either before or after birth indicating less severe iliness

than those who do not survive so far.

The follow up rate was impressive'®® with outcome being determined for 98.7% of
the infants born before 29 completed weeks of gestation. These are recognized as
the highest risk infants'” and they were therefore kept under clinical review by local
clinicians who determined the outcome around 24 months of age corrected for
prematurity. Whilst this system enabled the impressive follow up rate, it may also

have introduced bias from non-blinded assessments'®’.
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As discussed in chapter two, the complete dataset of all infants weighing under
1.5kg at birth was subject to selection bias due to the use of a birthweight criterion.
This problem was dealt with by applying an upper gestation limit but this limits the
future use of the model because of a lack of generalisability and resulted in a higher
proportion of infants dying due to prematurity. This may have resulted in the model

predicting death in preference to severe disability.

A major weakness of the study was missing data: this affected all but 139 infants. In
order to include all infants and variables in the analysis, mean values were used in
substitution for missing continuous values?'®. This weakened the association of the
variables with the combined outcome (Table 12) and potentially reduced the
discriminatory ability of the model. Limiting the model to just infants on whom data
was available would have introduced an unacceptable risk of bias'®’. The final
model contained six such variables utilising the mean value of the other infants,
while the parsimonious model contained 2 of these variables. If the model was
being used in other cohorts this would lead to significant concerns about it's
generalisability meriting substantial validation in at least one similar cohort with full

data ascertainment'®® 2'4

. It is clear however that this model does not predict the
combined outcome and it will not be used in other studies: substituted values have

therefore been left in the model.

Another potential weakness of the study was that different assessment procedures
were employed by different clinicians to determine the outcome. For example, to
determine the developmental progress of the infants some clinicians used the
Denver score, others the Bayley score. Whilst this may have been a concern, the

use of a standardized classification; the OHSQ'%® should have alleviated this issue
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and also replicates the clinical situation that a prediction score might be employed in

the future.

As in section 3.1 the inclusion of other predictive variables might have improved the
model. It might however be better to use models that predict death and disability
separately as it is unlikely that the factors which influence development are the same
as those which predict death. In a similar way, it might be possible to predict more

194, 216 such as

accurately the individual disabilities that make up severe disability
severe hearing loss, blindness or inability to feed. As mentioned in section 3.2.1, the
use of other predictive variables such as socioeconomic status and antenatal

infection also warrant further investigation.

3.2.5 Comments and implications

This investigation provides further evidence that predicting a combined outcome of
death and disability is difficult. It remains unclear whether this is due to lack of
variables in the model or whether later physical insults, complications, or
environmental factors are more important for long term outcome than inherent risk at
birth. As mentioned in the previous section, to determine whether these factors are
more important predictors it would seem best to develop a new cohort and collect
other data that could potentially predict developmental outcome. In addition it may

also be advisable to look at individual disabilities separately.

Whilst it is also hampered by possible selection bias, the UKOS trial dataset
contains considerable information on later complications and was therefore analysed
to determine the relative importance of early and late factors in the next two

sections.
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3.3 PREDICTING NEURODEVELOPMENTAL OUTCOME: UNITED
KINGDOM OSCILLATION STUDY

3.3.1 Introduction

As discussed in the previous two sections of this chapter, although the best datasets
available for study into predicting outcome at two years of age appear to be the
Trent Neonatal Survey data from the ABC study and the East Anglian Very Low
Birthweight Database, further analysis is needed to confirm these findings. This
section of the chapter therefore details the third attempt at deriving a model using

the UKOS dataset.

3.3.2 Methods

Data collected prospectively were obtained from the United Kingdom randomised
trial of high frequency oscillation (UKOS)'”8. This was a randomized, controlled
comparison between conventional and oscillatory ventilation commenced in the first
hour of life in babies born between August 1998 and January 2001. Babies were
eligible for inclusion in the trial and this secondary analysis of the data if they were
born between 23 weeks and 28 weeks plus 6 days of gestational age; if they were
born in a participating centre; if they required endotracheal intubation from birth; and
if they required ongoing intensive care. Infants were excluded if they had to be
transferred to another hospital for intensive care shortly after birth or if they had a
major congenital malformation. Randomization was stratified according to centre

and gestational age (23 to 25 weeks or 26 to 28 weeks).

The UKOS study showed no difference in the composite primary outcome of death
or chronic lung disease, diagnosed at 36 weeks of postmenstrual age. This

outcome occurred in 66 percent of the infants assigned to receive high-frequency
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oscillatory ventilation-and 68 percent of those in the conventional-ventilation group
(RR risk in oscillated group: 0.98; 95 percent confidence interval, 0.89 to 1.08).
Neurodevelopmental outcome data was determined between 22 and 28 months of
age corrected for prematurity by a questionnaire completed by the local clinician who
followed the infant clinically to at least two years of age corrected for prematurity'®°.
Questionnaires were mailed to the local paediatrician responsible for follow up when
each infant reached 21 months post-term age, with a request that the child be
evaluated as close to 24 months post-term age as possible and within a “window” of
22-28 months. Up to two reminders were sent to paediatricians when questionnaires
had not been returned to the coordinating centre by 25 months post-term age. If
questionnaires were still not returned, in the United Kingdom the child’s local health
visitor was telephoned and asked to complete the forms. Outcome was classified at

two years of age as normal, mild disability, moderate disability, severe disability, or

death, according to the Oxford Health Status Questionnaire (OHSQ)'®.

Statistical analysis was performed using SPSS vi1. The outcome of individual
infants was classified as no disability, mild disability or moderate disability: group A,
severe disability: group B or death: Group C (see Figure 15). Only variables
collectable in the first 12 hours of life were analysed to minimise the potential for the
quality of treatment received during the infant’s early course to influence the score”.
Associations with outcome at two years of age corrected for prematurity were
identified by the Chi-squared test, Fishers exact test or logistic regression analysis
as appropriate. The variables were then assessed in combination, using a stepwise

multivariable logistic regression analysis.

Variables were only included in the models if they had a significance level of less

than 0.2 for an association with the combined outcome of death and severe
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disability. Predictive variables were added to the model in order of significance, a
receiver operator characteristic (ROC) curve for the prediction of severe disability
was then determined after each variable was added. The variable was then either
left in the model or removed if the area under the ROC curve was less than before
that variable was added. The recommendation of Wasson and colleagues20was
used to limit the number of variables to a maximum of one variable for every 10
cases of the outcome of interest. Where variable data points were missing for just
one or two infants or for categorical variables, analysis was performed with the
remaining infants only. Where a significant number of numerical data points were
missing, in order to avoid losing these infants from the analysis, missing values were

replaced with the mean value of the remaining infants213

As there was a combined outcome, to check that the model was predicting disability
in addition to death, the predictive ability of the probability score for the combined
outcome from each individual was also assessed against the separated outcomes of
death and severe disability. To test the ability of the model to discriminate between
death and other outcomes, all cases were left in the cohort. The test therefore
analysed the model’s ability to discriminate a Group A outcome from a combined
Group B or C outcome (see Figure 15). To test the ability of the model to
discriminate between severe disability and milder disability and normality, deaths
were first removed from the cohort. The test therefore analysed the ability of the

model to discriminate Group B from Group A outcomes.

Figure 15: Graphical Depiction of the Different Outcome Groups
< SPECTRUM OF POSSIBLE OUTCOMES

Mildly Moderately Severely
Normal Disabled Disabled disabled Died

Group A Group B Group C
Survival without severe disability = Group A
Death or severe disability = Group B & C combined

© Dr Jon Dorling, 19/03/2008 Page 113



3.3.3 Results

797 infants were enrolled in the study between August 1998 and January 2001.
Outcomes and demographic details are documented in Table 14. Of the 797 infants,
212 died and 32 were assessed as being severely disabled at two years of age. The
outcome was not measured within the pre-specified age window for 203 infants and
their data was excluded from the analysis. The association of predictive variables
with death or severe disability at two years of age is documented in Table 15. As in
the other sections of Chapter three, the Draper Grid prediction of survival was

used’®.

A full set of datapoints for the variables included in the final model were only
available for 340 infants. Where variable data points were missing for just one or
two infants or for categorical variables, analysis was performed with the remaining
infants only. Where a significant number of numerical data points were missing, in
order to avoid losing these infants from the analysis, missing values were replaced

with the mean value of the remaining infants.

For the Apgar score at 10 minutes this amounted to 278 infants for whom the mean
value of 8.37 points was substituted. Similarly, the head circumference involved 236
infants and a mean value of 24.4cm was used regardless of gestational age.
Corresponding values for the mean blood pressure at 2 hours, were 45 infants and
31.5 mmHg, base excess at 12 hours, 42 infants and -4.66 mEg/L, inspired
percentage of oxygen at 12hrs, 37 infants and 37.7%, mean blood pressure at 12
hours, 27 infants and 31.7 mmHg, base excess at 2 hours, 21 infants and -4.66
mEg/L, Apgar score at 5 minutes, 19 infants and 7.78 points, serum pH at 12 hours,
19 infants and 7.346. Apgar score at 1 minute, 11 infants and 5.23 points, Apgar
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score for heart rate at five minutes, eight infants and 2 points, inspired percentage of
oxygen at two hours, 5 infants and 46.0%, time to intubation, three infants and 3.74

minutes, and serum pH at two hours, two infants and 7.333.

For categorical variables missing data that resulted in infants being removed from
the analysis involved nine infants for cardiac massage & adrenaline during
resuscitation, five infants for volume expander received during resuscitation, two
infants for inotropes used by 12 hours and one infant for volume expander received
by 12 hours. Due to multiple variables being missing for the same infant, this

involved a total of 12 infants.

The final model for predicting death or severe disability at two years of age is
documented in Table 16. The derivation of this model by stepwise forward
regression and the predictive ability (discrimination) of the mode! at each step is
detailed in Figure 16. The discrimination of the final model for predicting the
combined outcome (death or severe disability), and the separated outcomes of

death, and disability are shown with the ROC curves in Figure 17.
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Table 14: Comparison of Included and Excluded infants (exclusion due to

unknown outcome at two years of age)

Included
\')
All infants Included Excluded Excluded
n =797 % or SD n =594 % or SD n=203 | %orSD

Gestational
Age
(completed
Weeks)
Median 25 - 26 - 27 - p=0.06
Birthweight (g)
Median 840 - 820g - 885g - p=0.001
SGA 138 (18.9%) 110 (18.5%) 28 (20.3%) p=0.125
Mean Apgar
Score at 1
Minute 5.34 2.3 5.23 24 5.66 2.1 p=0.024
Mean Apgar
Score at 5
Minutes 7.89 1.8 7.71 1.9 8.21 1.4 p=0.003
Sex

Female 369 (46.3%) 263 (44.3%) 106 (52.2%) 0=0.05

Male 428 (53.7%) 331 (55.7%) 97 (47.8%)

Multiple
Pregnancy 190 (23.8%) 148 (24.9%) 42 (20.7%) p=0.22
Surfactant
Treatment 769 (96.5%) 577 (97.1%) 192 (94.6%) p=0.088
Antenatal
Steroid
Treatment 727 (91.2%) 543 (91.4%) 203 (90.6%) p=0.31
Maternal Age
(Years) 28.8 6.1 20.0 6.1 28.4 6.2 p=0.26
Base Excess at
2 hours -4.48 4.1 -4.66 34 -3.97 4.0 p=0.04
Base Excess at
12 hours -4.55 3.3 -4.66 3.3 -4.24 3.3 p=0.13
Outcome
Died 212 (26.6%) 212 (35.7%) 0 0 NA
Severe
Disability at 2
years of age 47 (5.9%) 32 (5.4%) 15 (7.4%) p=0.30
Survived
without severe
disability 538 (32.5%) 350 (58.9%) 188 (92.6%) NA
Outcome
unknown at 2
years 203 (25.5%) 0 - 203 - NA
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Table 15: Associations of predictive variables with death or severe disability at

two years
Standard Odds 95.0% C.1. for
Variable Coefficient Error Wald Number Significance Ratio Odds Ratio
Lower  Upper
Probability of Survival -0.039 0.0042 84.6 594 3.60E-20 0.96 095 097
Birthweight (g) -0.0039 0.00047 68.2 594 1.47E-16 0.996 0.995 0.997
Gestational Age
(weeks) -0.50 0.062 64.3 594 1.06E-15 0.61 0.54 0.69
Inspired Oxygen at
12hrs (%) 2.69 0.45 35.9 557 2.09E-09 14.7 6.1 35.3
Inspired Oxygen at
12hrs’ 2.69 0.45 35.7 594 2.31E-09 14.7 6.1 355
Inspired Oxygen at 2hrs
(%) 2.12 0.38 31.6 589 1.93E-08 8.3 4.0 17.4
Inspired Oxygen at
2hrs' 2.12 0.38 31.6 594 1.89E-08 8.3 4.0 17.4
Head Circumference -0.32 0.062 26.7 358 2.41E-07 0.73 0.64 0.82
Head Circumference' -0.31 0.060 26.0 594 3.37E-07 0.74 065 0.83
Base Excess at2 hours -0.11 0.02 23.6 573 1.17E-06 0.89 085 0.93
Base Excess at 2
hours' -0.11 0.02 23.6 594 1.21E-06 0.89 0.85 0.94
Apgar Score at 5
minutes -0.24 0.049 23.2 575 1.45E-06 0.79 0.72 0.87
Apgar Score at 5
minutes' -0.24 0.049 23.2 594 1.46E-06 0.79 0.72 0.87
Inotropes used by 12
hours -0.80 0.18 20.1 592 7.48E-06 0.45 0.32 0.64
Apgar Score at 1
minute -0.16 0.037 18.7 583 1.53E-05 0.85 0.79 0.92
Apgar Score at 1
minute' -0.16 0.037 18.7 594 1.54E-05 0.85 079 0.92
Volume expander
received by 12 hours -1.025 0.25 16.3 593 5.30E-05 0.36 0.22 0.59
Base Excess at 12
hours -0.10 0.03 13.8 552 0.00021 0.90 086 0.95
Base Excess at 12
hours' -0.10 0.03 13.5 594 0.00024 0.90 086 0.95
Serum pH at 2 hours -2.96 0.84 12.48 592 0.00041 0.052 0.01 0.27
Serum pH at 2 hours' -2.97 0.84 12.50 594 0.00041 0.051 0.01 0.27
Apgar score at 10
minutes -0.23 0.068 111 316 0.00085 0.80 0.70 0.91
Apgar score at 10
minutes’ -0.23 0.068 11.2 594 0.00082 0.80 070 09
Apgar Score for Heart
Rate at 5 minute -0.61 0.20 8.8 586 0.0030 0.54 0.36 0.81
Apgar Score for Heart
Rate' -0.59 0.20 8.4 594 0.0038 0.55 037 0.83
Cardiac Massage &
Adrenaline during
resuscitation 0.84 0.30 8.0 585 0.0048 2.31 1.29 412
Mean Blood Pressure at
2 hours -0.031 0.012 6.39 549 0.012 0.97 095 0.99
Mean Blood Pressure at
2 hours' -0.031 0.012 6.38 594 0.012 0.97 095 0.99
Mean Blood Pressure at
12 hours -0.031 0.013 5.47 567 0.019 0.97 0.94 0.99
Mean Blood Pressure at
12 hours' -0.031 0.013 5.36 594 0.021 0.97 095 1.00

© Dr Jon Dorling, 19/03/2008

Continued overleaf

Page 117




SerumpHat12hours  -2.04 0.90 5.09 575 0.024 0.13 0.022 0.77
Serum pH at 12 hours' ~ -2.01 0.90 5.01 594 0.025 0.13 0.023 0.78
Time to Intubation -0.046 0.021 4.70 591 0.030 0.95 092 1.00
Time to Intubation’ -0.046 0.021 4.70 594 0.030 0.95 092 1.00
PaCO2 at 12 hours -0.073 0.03 4.55 593 0.033 0.93 0.87 0.99
Small for Gestation? 0.45 0.21 4.40 594 0.036 1.56 1.03 237
Male Gender 0.34 0.17 4.07 594 0.044 1.41 1.01 1.96
Volume expander

received during

resuscitation 1.09 0.55 3.86 589 0.050 297 1.00 8.80
Multiple pregnancy 0.34 0.19 3.14 594 0.077 1.40 096 2.04
Normal Vaginal Delivery  0.28 0.17 2.83 594 0.092 1.33 095 1.85
Delivery for Intra-

Uterine Growth

Retardation -0.40 0.27 2.25 594 0.13 0.67 039 1.13
Number of infants in

pregnancy 0.17 0.15 1.41 594 0.23 1.19 089 1.59
Maternal Labour 0.20 0.18 1.27 594 0.26 1.22 0.8 1.72
Antenatal steroids -0.30 0.30 1.1 593 0.30 0.74 0.41 1.32
Delivery by / for
Spontaneous preterm
labour 0.17 0.17 1.04 594 0.31 1.19 0.85 1.66
Family number -0.23 0.24 0.91 594 0.34 0.80 0.50 1.27
Delivery for other
reasons -0.17 0.20 0.78 594 0.38 0.84 057 1.23
Pregnancy induced
diabetes 0.66 0.77 0.73 577 0.39 1.93 043 8.70
Pre-existing IDDM 0.77 0.92 0.70 592 0.40 2.15 036 12.99
Birth Order 0.18 0.21 0.68 593 0.41 1.19 079 1.81
Delivery for

Hypertension or Pre-

Eclampsia -0.18 0.22 0.67 594 0.41 0.83 054 1.29
Pregnancy induced
hypertension 0.17 0.22 0.64 588 0.42 1.19 0.78 1.82
Ruptured membranes >
24 hours -0.14 0.19 0.54 585 0.46 0.87 0.60 1.26
Maternal Age -0.010 0.014 0.48 592 0.49 0.99 096 1.02
Cephalic Presentation ~ -0.12 0.17 0.46 569 0.50 0.89 063 1.25
Pa02 at 2 hours -0.014 0.02 0.38 590 0.54 0.99 094 1.03
Delivery for
Chorioamnionitis -0.18 0.29 0.37 594 0.54 0.84 047 1.49
Breech Presentation 0.10 0.18 0.32 569 0.57 1.11 0.78 1.58
Ruptured membranes >
22 hours 0.21 0.44 0.23 583 0.63 1.24 052 291
Pa02 at 12 hours -0.013 0.03 0.21 575 0.64 0.99 093 1.04
PaCO2 at 2 hours -0.021 0.05 0.19 591 0.67 0.98 089 1.08
Smoking in Pregnancy  -0.08 0.20 0.17 551 0.68 0.92 0.63 1.36
Antenatal transfer -0.068 0.17 0.2 583 0.69 0.93 0.67 1.31
Antepartum
haemomhage -0.071 0.31 0.05 588 0.817 0.93 0.51 1.70
Chorioamnionitis 0.039 0.27 0.02 572 0.89 1.04 0.61 1.78
Race - white or other -0.022 0.23 0.009 592 0.92 0.98 063 1.53
Delivery for Antepartum

Haemorrhage -0.026 0.31 0.01 594 0.93 0.97 054 1.77
Pre-existing
hypertension -0.0063 0.44 0.0002 587 0.99 0.99 042 236
Notes
! Mean value substituted for missing values
2Defined as birthweight below 10th centile for gestational age
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Table 16: Model for predicting death or severe disability at two years of age,
Logistic regression coefficients and odds ratios for factors in the model

95.0% C.1. for Odds

Variables Coefficient  Significance  Odds Ratio Ratio
Lower  Upper

Probability of Survival -0.024 0.0051 0.98 096 0.99

Birthweight -0.002 0.019 0.998 0.996 1.00

FiO2 at 12 hours with mean substituted for

missing values 2.16 0.00016 8.6 2.8 26.4

FiO2 at 2 hours with mean substituted for

missing values 1.1 0.022 3.03 1.17 7.86

Base Excess at 2 hours with mean substituted

for missing values -0.024 0.45 0.98 0.92 1.04

Apgar Score at 1 minute with mean substituted

for missing values -0.046 0.31 0.96 0.88 1.04

Volume expander received by 12 hours -0.37 0.22 0.69 0.38 1.25

Base Excess at 12 hours with mean substituted

for missing values -0.070 0.056 0.93 0.87 1.002

pH at 2 hours with mean substituted for missing

values -1.16 0.34 0.31 0.029 3.43

Mean Blood Pressure at 12 hours with mean

substituted for missing values 0.046 0.0057 1.05 1.014 1.08

pH at 12 hours with mean substituted for missing

values 1.26 0.32 3.52 0.29 420

Time to intubation with mean substituted for

missing values -0.039 0.13 0.96 0.92 1.01

Male Gender 0.39 0.075 1.48 0.96 2.29

Multiple infant -0.63 0.0074 0.53 0.34 0.85

Delivery for intrauterine Growth Retardation -0.35 0.32 0.71 0.36 1.40

Constant 0.084 0.99 1.09
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STEP 1 Probability of Survival® n = 594

Logistic Regression Model
Odds
Coefficient Significance Retio  95.0% C.l. for Odds Ratio
Lower Upper |
Probability of Survivai® <0.039 3.80E-20 0.962 0.854 0.970
Constant 173 6.00E-13 5.65
Inummlmson of Modei Prediction (ROC Curve Anatysis)
Asymptotic
Area under the curve (Az) Error 9% interval
Lower : Upper |
0.729 0.021 1.70E-21 0.688 - 0.
STEP 2 Birthweight added n =594
Logistic Regression Model
Odds
|Variable(s) Coefficient Significance Ratio  95.0% C.l. for Odds Rstio
Lower Upper.
Probability of Survival® -0.028 8.761E-06 0.972 0.960 0.984
Birthweight 0.0015 0.023 0.998 0.997 1.000
Constant 241 5.73E-10 1.1
Inuednumuon of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 5% Interval
Lower = Upper |
0.738 0.021 4.62E-23 0.698 - 0.779
STEP 3 Gestational Age (days) added n =594
Logistic Regression Model
Odds
Variable(s) Coefficient Significance Ratio  95.0% C.I. for Odds Ratio
Lower Upper
Probability of Survival® 0.034 0.019 0.967 0.940 0994
Birthweight 0.0014 0.082 0.999 0.997 1.0002
Gestational Age (days) 0.010 0.66 1.01 0.965 1.058
Constant 085 0.87 1.9
of Model Pred (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error y 95% Interval
Lower Upper
0.738 0.021 4.24E-23 0.608 - 0.779
STEP 4 Gestational Age (days) removed n =594
See Resuit of Step 2
STEP 5 FiO2 at 12 hours® added n =594
|Logistic Regression Model
Odds
Variable(s) Coefficient Significance Ratio  95.0% C.l. for Odds Ratio
Lower Upper
Probability of Survival® 0.024 0.00022 0.976 0.964 0.900
Birthweight £0.0019 0.0067 0.998 0.997 0.909
FiO2 at 12 hours® 251 3.76E-07 123 a7 325
Constant 1.53 0.00031 A6
Ibueﬂmln-ﬂon of Model Pradiction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 95% interval
Lower - Upper |
0.762 0.02 1.55E-27 0.723 - 0.801

Continued overleaf
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STEP 6 Inotrope received by 12 hours added

n =592

|Logistic Regression Model

Variable(s) Coefficlent  Significance 3.‘3 95.0% C.1. for Odds Ratio
Lower Upper |
Probability of Survival® 0.024 0.00024 0.976  0.06309918  0.989
Birthweight 0.0019 0.0069 0908 0.997 0.909
FiO2 at 12 hours® 248 1.18E-06 19 44 323
Inctrope received by 12 hours 0.064 076 0.94 0.62 1.41
Constant 1.65 0.0018 5.19
[Discrimination of Modet Pradiction (ROC Curve Anatysis)
Asymptotic
Area under the curve (Az) Error 5% Interval
Lower - Upper |
0.764 0.020 6.73E-28 0.726 - 0.803
STEP 7 FIO2 at 2 hours” added n = 592
Logistic Regression Model
Odds
Variable(s) Coefficient Significance Ratio  95.0% C.l. for Odds Retio
Lower  Upper |
Probability of Survival® ©0.023 0.00050 0977 0.965 0.990
Birthweight 0.0020 0.0056 1.00 0.997 0.999
Fi02 at 12 hours® 2.00 0.00015 74 26 208
Inotrope received by 12 hours 0.031 0.88 097 0.64 146
FiO2 at 2 hours® 139 0.0014 4.03 172 9.44
Conetant 111 0.045 3.04
[Discrimination of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 95% C: Interval
Lower - Upper |
0.773 0.019 137E-29 0.735 - 0811
STEP 8 Inotrope received by 12 hours removed n =594
Logistic Model
Gdds
Variable(s) Coefficient Significance Ratio  95.0% C.. for Odds Ratio
Lower Upper |
Probability of Survival® 0.023 0.00049 0977 0.965 0990
Birthweight 0.0020 0.0056 09960462  0.997 0.999
FiO2 at 12 hours® 2,00 9.97E-05 74 2.7 201
Fi02 at 2 hours® 1.46 0.00068 43 19 10.1
Constant 1.025 0.022 279
of Model (ROC Curve Anaiysis)
Asymptotic
Area under the curve (Az) Emror 95% Interval
Lower - Upper |
0.772 0.019 1.66E-29 0.734 - 0810
STEP 9 Head Circumference® added n =594
istic n Model
Odds
Variabla(s) Coefficient Significance Ratic  95.0% C.. for Odds Ratio
Lower Upper
Probability of Survivai® 0.023 0.00056 0.977 0.965 0.090
Birthweight 0.0020 0.0072 0.998 0.997 0.989
FiO2 at 12 hours® 200 9.96E-05 74 27 2041
FIO2 at 2 hours” 146 0.00074 43 18 101
Head Circumference” 0.0087 0.91 1.01 0.87 147
Constant 0.84 061 232
|Discrimination of Modet Prediction (ROC Curve Anaiysis)
Asymptotic
Area under the curve (Az) Error 95% Interval
Lower - Upper |
0.772 0.019 142629 0.7340428 - 0810
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STEP 10 Head Circumference® removed

n =594
See Result of Step 8 -
STEP 11 Base Excess at 2 hours® added n=594
Logistic Regreasion Model
Odds
Variable(s) Coefficient Significance Ratio  96.0% C.J. for Odds Ratio
Lower Upper
Probability of Survival® ©0.023 0.00047 0977 0.965 0.990
Birthweight 0.0018 0013 0.908 0.997 1.000
FO02 st 12 hours® 190 0.00013 73 28 203
FIO2 at 2 hours® 132 0.0027 a7 16 88
Base Excess st 2 hours® .07 0.0050 0.93 0.89 0.98
Constant 081 0.19 1.85
|mn¢nmm of Mode! Prediction (ROC Curve Anelysis)
Asymptotic
Area under the curve (Az) Error 95% C Interval
Lower - Upper |
0.778 0.019 6.99E-31 0.741 - 0816
STEP 12 Apgar Score at 5 mins® added n =594
Logistic Regression Model
Odds
Varisbie(s) Coefficient Significance Ratio  95.0% C.. for Odds Rstio
Lower Upper |
Probability of Survivai® 0.021 0.0015 0.979 0.966 0.992
Birthweight -0.0019 0.0007 0.998 0.997 1.000
02 st 12 hours® 197 0.00018 71 26 198
RO2 at 2 hours® 128 0.0044 35 15 8.4
Base Excess at 2 hours® 0.062 0.018 0.94 0.89 0.99
Apgar Score at 5 mins® £0.085 027 0.94 084 105
Constant 1.18 0.001 3.25
Discrimination of Modei Pradiction Curve
Asymptotic
Area under the curve (Az) Error 95% C. Interval
Lower - Upper |
0.7 0019 5.48E-31 0.741 . 0817
STEP 13 Apgar Score at 1 min® added n =594
|Loglstic Regreasion Model
Odds
Varisble(s) Coetficient Significance Retio  95.0% Cll. for Odds Ratio
Lower Upper |
Probability of Survival* 0.021 0.0019 0.979 0.966 0992
Birthweight 0.0019 0.0091 0.998 0.997 1.000
FiO2 8t 12 hours® 198 0.00015 72 26 201
Fl02 at 2 hours® 126 0.0045 35 15 84
Base Excess at 2 hours® -0.062 0.019 094 0.89 0.99
Apger Score at 5 mins® 0.033 0.66 097 083 112
Apgar Score at 1 min® 0.036 051 0.96 087 1.08
Constant 112 0.11 3.06
[m.amun-uon of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 95% C interval
Lower z Upper |
0.779 0.019 4.49E-31 0.742 - 0817
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STEP 14 Volume expander received by 12 hours added n = 594
|Logistic Regression Model
, Odds
Variable(s) Coefficient Significance Rstio  95.0% C.L. for Odds Ratio
Lower Upper |
Probability of Survival® £.021 0.0020 0.979 0.966 0.992
Birthwsight 0.0018 0012 0.998 0.997 1.000
FI02 8t 12 hours”® 184 0.00020 7.0 2.5 193
FiO2 at 2 hours® 116 0.0004 32 13 77
Base Excess st 2 hours” ©0.058 0.020 0.94 0.90 0.9
Apgar Score at 5 mins® 0.032 087 097 0.83 192
Apgsr Score at 1 min® ©0.035 053 097 087 1.08
Volume expander by 12 hours oM 029 073 0.41 130
Constant 148 0.089 441
|Discrimination of Mode! Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 95% Interval
Lower - Upper |
0.781 0019 2.20E-31 0.744 - 0819
STEP 15 Base Excess at 12 hours® added n=593
|Logistic Regression Model
Odds
Variabie(s) Coefficient Significance Ratio  95.0% C.I. for Odda Ratio
Lower Upper
Probabiiity of Survival® 0.021 0.0019 0.979 0.966 0.992
Birthweight 0.0018 0012 0.998 0.987 1.000
FiO2 at 12 hours® 1.84 0.00050 63 22 177
FiO2 at 2 hours® 120 0.0074 33 14 8.0
Base Excess at 2 hours” 0.042 0.14 0.96 0.91 101
Apgar Score at 5 mins® 0.035 0.64 0.97 0.83 112
Apgar Score st 1 min® -0.040 047 0.96 0.86 1.07
Volume expander by 12 hours 028 034 0.76 0.42 135
Base Excess 8112 hours® 0.050 013 0.95 0.89 1.01
Constant 138 0.080 3.96
F of Model Prediction (ROC Curve Anelysis)
Asymptotic
Area under the curve (Az) Error 95% Iinterval
Lower - Upper |
STEP 16 Serum pH at 2 hours® added n = 593
Logistic Regression Model
Odds
Variable(s) Coetficient Significance Ratio  95.0% C.1. for Odds Ratio
Lower Upper
Probability of Survival® ©.021 0.0025 0.979 0.966 0993
Birthweight ©.0019 o.on 0.998 0.997 1.000
FIO2 at 12 hours® 184 0.00050 63 22 7
FiO2 at 2 hours® 113 0.017 31 12 79
Base Excess at 2 hours® 0.036 0.24 0.96 091 1.03
Apgar Score at 5 mins® 0.034 0.66 0.97 083 112
Apgar Score st 1 min® ©0.039 0.49 0.96 0.86 1.07
Volume expander by 12 hours 028 035 076 043 135
Base Excess st 12 hours® -0.050 013 005 0.89 101
Serum pH at 2 hours® 051 0.67 0.60 0.059 6.13
Constant 520 0.56 1817
|D|wdmintﬁon of Modet Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 95% Ce Interval
Lower - Upper
0.783 0.019 1.08E-31 0.745 - 0.820
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STEP 17 Apgar Score at 10 mins® added n = 593
jLogistic Regression Model
N Odds
Variabie(s) Coefficient Significance Ratio  95.0% C.. for Odds Ratio
Lower Upper |
Probability of Survival® 0.021 0.0028 0.960 0.967 0993
Birthweight £.0019 0.0007 0.998 0.997 1.000
FIO2 at 12 hours® 188 0.00062 63 22 178
FI02 at 2 hours® 113 0.017 3 12 78
Base Excess st 2 hours® 0.057 0.2¢ 096 091 1.02
Apgar Score st 5 mins® -0.0025 0.98 1.00 0.84 118
Apgar Score at 1 min® 0.082 048 0.96 (2] 107
Volume expander by 12 hours o2 0ss 078 042 134
Base Excess at 12 hours® -0.080 013 095 0.89 1.014
Serum pH at 2 hours® 048 0.70 0.63 0.081 6.5
Apgar Score st 10 mine® ©.070 0.40 093 078 112
Constant 818 0.56 179.5
|mwmummgmmm)
Asymptotic
Ares under the curve (Az) Error 5% Interval
Lower - Upper |
0.783 0.018 1.04E-31 0.745 - 0820 |
STEP 18 Apgar Score at 5 mins® removed n =593
|Logistic Regression Model
Odds
Variable(s) Coefficient Significance Ratic  $5.0% C.l. for Odds Ratio
Lower Upper |
Probability of Survival® 0.021 0.0026 0.960 0.967 0983
Birthweight 0.0019 0.0007 0.998 0.997 1.000
FiO2 at 12 hours® 183 0.00051 63 22 176
FiO2 at 2 hours® 113 0.017 11 12 78
Base Excess a1 2 hours® -0.037 0.2e 0.96 091 1.02
Apgar Score at 1 min® 0.043 035 096 0.88 1.05
Volume expander by 12 hours 028 0.33 0.75 0.42 134
Base Excess st 12 hours® -0.050 0.13 095 0.89 1.0
Serum pH at 2 hours® 0.4 0.70 0.63 0.06 65
Apger Score at 10 mins® 0.071 039 093 079 1.09
Constant 519 0.56 1795
|Dhcrimlnnﬁw of Model Prediction (ROC Curve Analysis)
Asymptotic
Ares under the curve (Az) 5% Interval
Lower z Upper |
0.783 0.019 1.02E-31 0.745 . 0820 |
STEP 19 Heart Rate Score at 5 mins® added n =593
Logistic Regression Model
Odds
Variabie(s) Cosfficient Significance Ratio  95.0% C.. for Odds Ratio
Lower Upper
Probabitity of Survival® 0.021 0.0026 0.960 0.967 0983
Birthweight 0.0019 0.0097 0.998 0.907 1.000
Fi02 at 12 hours® 184 0.00057 63 22 178
FiO2 at 2 hours® 113 0.017 a1 12 78
Base Excess st 2 hours® ©0.007 024 0.96 0.91 1.02
Apgar Score at 1 min® <0.043 036 0.96 087 1.05
Volume expander by 12 hours 0.28 034 0.75 0.42 134
Base Excess at 12 hours® 0.050 013 0.95 0.89 1.01
Serum pH at 2 hours® 0.48 0.70 0.63 0.06 6.6
Apgar Score at 10 mins® ©0.071 0.39 0.93 0.79 1.10
Heart Rate Score at 5 mins® 0.0041 0.9¢ 1.004 0.59 1.70
Constant 5.17 0.57 175.9
|iscrimination of Modet Prediction (ROC Curve Analysis)
Asymptotic
Ares under the curve (Az) Error 95% C Interval
Lower - Upper
0.783 0.019 9.75E-32 0.745 - 0820
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STEP 20 Heart Rate Score at § mins® removed

See Result of Step 18

STEP 21 Cardiac Massage or Adrenaline R: itation added n = 584
|Logletic Regression Model
Odds
Variabie(s) Coefficient Significance Ratio  95.0% C.I. for Odds Ratio
Lower Upper |

Probebility of Survival® 0.020 0.0038 0.960 0.967 0.004
Birthweight 0.0019 0.010 0.908 0.997 1.000

FiO2 at 12 hours® .7 0.00070 80 2.1 168

FiO2 at 2 howrs® 1.088 0.029 28 13 12

Base Exoees at 2 hours® 0.004 027 097 091 1.03

Apger Score at 1 min® 0.040 0.40 096 0.8 1.05

Volume expander by 12 hours 033 028 or2 0.40 130

Base Excess at 12 hours® 0.046 0.16 096 0.90 1.02

Serum pH at 2 hours® 0.4 0.68 0.61 0.08 634

Apgar Score st 10 mine® 0078 037 093 (%] 1.09

Carciac Massage or Adrensline 0.1 0.78 112 054 230

Constant 55 0.54 2563
[Diacriminetion of Mode! Prediction (ROC Curve Anelysis)
Asymptotic
Area under the curve (Az) Emor 95% C Interval
Lower d Upper |

0.9 0.019 2.11E-30 0.741 - 0817

STEP 22 Cardlac Massage or Adrenaline Resuscitation removed n = 593

See Result of Step 18

STEP 23 Mean Blood Pressure at 2 hours® added n =593
|Logistic Regression Model
Odds
Variable(s) Coefficient Significance Retio  95.0% C.\. for Ockds Retio
Lower Upper |
Probability of Survival® .02 0.0024 0.979 0.966 0993
Birthweight 0.0018 0.0008 0.998 0.997 1.000
FO2 at 12 hours® 186 0.00047 64 23 182
FiO2 st 2 hours® 113 0.017 31060135 12278731  7.85603558
Base Excess at 2 hours® ©0.037 024 0.964 0.907 1024
Apgar Score at 1 min® 0.044 033 0.957 0.875 1.047
Volume expander by 12 hours 028 033 075 042 134
Base Excess at 12 hours® 0.0850 012 095 0.89 1.01
Serum pH at 2 hours® 0.47 0.70 0.63 0.081 6.46
Apgar Score at 10 mins® 0.087 042 0.04 0.80 1.10
Mean Blood Pressure at 2 hours® 0.0086 069 1.01 0.98 1.03
51 057 157.4
|Dloerlmlmtkm of Mode! Prediction ‘E Curve Amm}
‘Asymptotic
Area under the curve (Az) 95% Intervel
Lower z Upper |
0.784 0.019 5.57E-32 0.747 . 0821
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STEP 24 Small for Gestational Age (<10thc) added

istic ression Model
[Variable(s) Coefficient  Significance Ratio  95.0% C.J. for Odds Ratio
Lower Upper |
Probability of Survivad® 0.021 0.015 0.979 0.963 0.99
Birthweight 0.0020 0.050 0.908 0.996 1.00
FO2 a1 12 hours® 1.88 0.00048 (V) 23 182
FO2 at 2 hours® 113 0.017 31 1.2 79
Base Excess at 2 hours® 0.087 0.24 0.96 [X7] 1.02
Apgar Score st 1 min® 0.044 033 0.96 087 1.05
Volume expander by 12 hours 028 033 078 0.42 134
Base Excess at 12 hours® -0.080 0.12 095 0.89 1.01
Serum pH st 2 hours® 046 0.70 0.6300364  0.061 6.54
Apgar Score at 10 mine® -0.087 0.42 0.94 079 110
Mean Blood Pressure at 2 hours® 0.0056 0.69 10068 0.979 1033
Small for Gestationsl Age (<10thc) 0013 097 099 051 193
Conatent 50 0.57 185.3
!Mmmmmmm‘mmw
Asymptotic
Ares under the curve (Az) Error %% Interval
Lower ' Upper |
0.784 0.019 S7E-22 0.747 - 0.821
STEP 25 Small for Gestational Age (<10thc) removed n =593
See Result of Step 18
STEP 26 Mean Blood Pressure at 12 hours® added n =593
Logistic Regression Model
Odds
Variable(s) Coefficlent Significence Ratic  95.0% C.. for Odds Ratio
Lower Upper |
Probability of Survival® 0.025 0.00056 0.976 0.962 0.900
Birthweight 0.0019 0.011 0.998 0.997 1.000
Fi02 at 12 hours® 183 0.00032 69 24 199
FiO2 st 2 hours® 1.19 0.012 33 13 8.4
Base Excess at 2 hours® 0.032 030 0.968 0910 1029
Apgar Score at 1 min® 0.0 038 0.96 0.88 1.06
Volume expander by 12 hours 0.0 0.19 0.67 037 121
Base Excess at 12 hours® 0.053 o1 0.98 0.89 1.01
Serum pH at 2 hours® 0.43 0.72 0.85 0.063 68
Apgar Score at 10 mine® 0.058 0.49 0.04 0.80 1.1
Mean Blood Pressure at 2 hours® -0.0047 0.75 0.905 0.967 1.02¢
Mean Blood Pressure at 12 hours® 0.040 0.020 1.04 .01 1.08
Constant 4.019 0.85 85.7
Discrimination of Model Prediction Curve
Asymptotic
Area under the curve (Az) Error 95% interval
Lower z Upper |
0.787 0.019 1.06E-32 0.750 - 0524
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STEP 27 Serum pH at 12 hours® added n =593
|Logistic Regreesion Model -
Odds
Variable(s) Coefficient Significance Ratio  95.0% C.1 for Odds Ratio
Lower Upper |
Probability of Survivel* 2.025 0.00048 0.975 0.961 0.960
Birthweight 0.0019 0.013 0.908 0.997 1.000
FI02 at 12 hours® 2.03 0.00031 78 25 229
F02 at 2 hours® 116 0.015 32 13 82
Base Excess at 2 hours® 0.033 029 097 091 1.03
Apger Score st 1 min® £0.0%9 0.40 0.96 0388 1.08
Volume expander by 12 hours .40 0.19 067 037 121
Base Excess at 12 hours® 0.061 0.080 0.04 0.88 1.01
Serum pH at 2 hours® .48 0.70 0.63 0.061 653
Apgar Score at 10 mins® 0.085 051 095 080 m
Mean Biood Pressure at 2 hours® -0.0046 0.75 1.00 0.97 1.02
Mean Biood Pressure at 12 hours® 0.040 0.020 1.04 1.01 1.08
Serum pH st 12 hours® on 0.57 2.04 0.18 238
Conetant -1.078 093 034
|Discrimination of Modet Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Ervor 95% C: Interval
Lower - Upper |
0.787 0019 1.01E-32 0.750 - 0.824
STEP 28 Time to Intubation® added n=593
|Logistic Regression Model
Odds
Variable(s) Coefficient Significance Ratio  95.0% C.L. for Odds Ratio
Lower Upper
Probability of Susvivai* 0.024 0.0010 0.976 0.962 0.990
Birthwsight 0.0020 0.0097 0.998 0.997 1.000
Fi02 at 12 hours® 2.06 0.00026 70 26 237
Fi02 at 2 hours® 118 0.014 32 1.3 83
Base Excess st 2 hours® £0.082 031 0.97 091 1.03
Apgar Score st 1 min® 0.028 054 097 089 1.06
Volume sxpander by 12 hours 042 0.16 0.66 0.36 1.18
Base Excess at 12 hours® £.060 0.083 0.94 0.88 1.01
Serum pH at 2 hours® 051 067 0.60 0.06 63
Apgar Score at 10 mine® 0,082 0.45 0.94 0.80 1.10
Mean Blood Pressure at 2 hours® -0.0080 073 0.99 0.97 1.02
Mean Biood Pressure at 12 hours® 0.041 0.018 1.04 1.007 1078
Serum pH st 12 hours® 0.83 0.51 23 0.2 265
Time to intubation® 0.038 0.14 0.96 0.92 1.01
Constent 141 0.9 024
[Discrimination of Mode! Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Eror 95% Interval
Lower z Upper |
0.790 0.819 2.66E-33 0.753 - 0.827
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STEP 29 Male Gender added n =593
|Logistic Regression Model
Odds
[Variabie(s) Coetficlent Significance Rstic  95.0% C.. for Odds Ratio
Lower Upper
Probability of Survival 20.018 0.019 0.982 0.967 0.9907
Birthweight 0.0026 00018 0.907 0.996 0999
Fi02 at 12 hours® 2077 0.00024 80 26 242
FiO2 a1 2 hours® 118 0014 a2 13 83
Base Excess at 2 hours” 0.025 043 098 0.92 1.04
Apgar Score st 1 min® 0081 051 097 0.89 1.06
Volume expander by 12 hours 040 0.18 087 037 121
Base Excess at 12 hours® 0.089 0.10 094 0.88 1.01
Serum pH at 2 hours® o 0.51 0.45 0.04 48
Apgar Score at 10 mine® ©0.085 043 0.94 0.80 1.10
Mean Biood Pressure st 2 hours® 0.0025 0.88 1.00 0.97 1.03
Mean Biood Pressure at 12 hours® 0.041 0.017 1.04 1.01 1.08
Serum pH &t 12 hours® 082 0.51 23 0.2 261
Time to Intubation® 0.042 0.10 096 091 101
Male Gender 042 0.053 153 1.00 234
Conetent 0.78 095 213
|nuermmnon of Model Prediction (ROC Curve Ansiysis)
Ares under the curve (Az) Emor v 5% Interval
Lower - M
0.791 0019 137633 0.755 0.828
STEP 30 Volume expander r itation added n =593
Logistic Regression Model
Odds
Veriable(s) Coefficient Significance Ratio  95.0% C.. for Odds Ratio
Lower _ Upper |
Probability of Survival® 008 0.02) 09619275 0.96686981 0.99721977
Birthweight 0.0027 0.0017 09073319 0.99567023 0.99609641
Fi02 at 12 hours® 21 0.00020 8.2572908 2.71745805 25.000728
FiO2 812 hours® 1.06 0.028 2.8005275 1.12068192 7.45541549
Base Excess at 2 hours® 0.024 0.45 0.9766137 0.91820747 1.03873501
Apgar Score st 1 min® 0.029 054 0.9715043 0.88588001 1.06560067
Volume expander by 12 hours 044 0.16 0.646301 0.35381563  1.1809011
Base Excess at 12 hours® 0.055 012 0.9460777 0.88182085 1.01501675
Serum pH at 2 hours® 0.74 0.54 04776224 0.04462719 5.11175327
Apgar Score st 10 mins® 20.07 043 0.935744 0.79394154 1.10287327
Mean Biood Pressure at 2 hours® ©.0015 092 0.9984841 0.97043649 1.02724828
Mean Biood Pressure at 12 hours® 0.042 0.015 1.0425792 1.00805043 1.07829072
Serum pH at 12 hours® 0.7 0.53 2.2043207 0.18795056 25.8514631
Time to Intubation® 0.039 012 0.9617003 0.9153555 1.01041052
Male Gender 0.41 0.060 15125014 0.98332720 232644865
Volume expander resuscitation 054 0.42 17140904 0.45006973 6.38760736
Constant 0.56 0.96 1.7562556
Discrimination of Mode! Pradiction (ROC Curve Anelysis)
Asymptotic
Area under the curve (Az) Emor 95% Interval
Lower -
0.790 0019 4.39E-33 0.754 - 0827
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STEP 31 Volume expander resuscitation removed

n =593

Ses Result of Step 20 -

STEP 32 Multiple Pregnancy added n =593
|Logistic Regression Model
Odds
Varisbleis) Coefficient Significance Astio  95.0% C.\. for Odds Ratio
Lover Upper |
Probability of Survival® -0.020 0011 0.960 0.965 0.998
Birthweight 0.0026 0.0020 0.997 0.9096 0.999
FIO2 st 12 hours® 213 0.00020 84 27 26.0
FI02 at 2 hours® 1 0022 a0 12 79
Base Excess at 2 hours” 0.024 045 098 092 1.04
Apger Score st 1 min® 0.038 044 0.98 088 1.08
Volume expander by 12 hours 038 0.22 059 038 128
Base Excess at 12 hours® -0.088 0.082 093 0.87 1.00
Serum pH st 2 hours® -1.04 0.39 0.35 0.032 385
Apgar Score at 10 mins® 0.048 058 0.96 081 112
Mean Biood Pressurs at 2 hours® 0.0022 088 1.00 0.97 1.03
Mean Biood Pressure st 12 hours® 0.047 0.0089 1.05 1.0 1.00
Serum pH at 12 hours® 1.14 037 31 03 370
Time to Intubation® 0.039 013 0.96 081 1.01
Male Gender 043 0.048 154 1.00 237
Multipie intant .61 0.0009 055 034 0386
Constant 033 0.98 139
|mnmﬂmum Prediction (ROC Curve Analysis)
Asymptotic
Ares under the curve (Az) Eror 95% Interval
Lower z Upper |
0.788 0.018 5.43E-35 0.762 - 0.834
STEP 33 Normal Delivery added n =593
|Logistic Regression Model
Odds
Variable(s) Coefficient Significance Ratic  95.0% C.. for Odds Ratio
Lower Upper
Probability of Survival® 20019 0.045 0.982 0964 1.000
Birthweight -0.0028 0.0034 0.997 0.995 0.999
FiO2 st 12 hours® 213 0.00021 84 27 259
FO2 at 2 hours® 112 0022 31 1.2 79
Base Excess st 2 hours® 0.023 0.46 098 0.92 1.04
Apgar Score at 1 min® -0.037 043 0.96 0.88 1.06
Volume expanders by 12 hours 0% 0.21 0.68 037 124
Base Excess at 12 hours® .69 0.060 093 087 1.00
Serum pH st 2 hours® -1.04 039 0.35 0.03 39
Apgar Score at 10 mins® 0.048 0.57 0.95 0.81 192
Mean Blood Pressure at 2 hours® 0.0022 0.88 1.00 0.07 103
Mean Biood Pressure at 12 hours® 0.048 0.0066 1.05 101 109
Serum pH st 12 hours® i 038 3.0 0.3 363
Yime to intubation® 0.039 013 0.96 0.81 101
Male Gender 0.44 0.048 156 1.01 241
Mutiple Infant 2061 0.0094 054 LX) 0.86
Normal Delivery 0.073 0.77 1.08 0.66 175
Constant 0.52 0.87 1.68
M"MM
Asymptotic
Area under the curve (Az) Error 95% Interval
Lower - Upper |
0.798 0.018 5.40E-35 0.782 - 0834 |
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STEP 34 Delivery for Intrauterine Growth Retardation added n =593
Logistic Regression Model
Odds
Variable(s) Coefficient  Significance Ratic  95.0% C.\. for Odds Ratio
Lower Upper
Probability of Survival® 0.021 0.028 0.979 0.960 0998
Birthweight 0.0024 0.018 0908 0.996 1.000
FiO2 at 12 hours® 212 0.00022 84 27 267
Fi02 st 2 hours® m 0.023 30 12 78
Base Excess at 2 hours® ©.022 0.49 0.98 0.92 1.04
Apgar Score at 1 min® ©0.038 0.41 0.96 0.88 1.08
Volume expander by 12 hours 040 020 0.67 0.36 123
Base Excess at 12 hours® 0.070 0.036 093 0.87 1.00
Serum pH #t 2 hours® 12 038 033 0.03 36
Apgar Score at 10 mine® ©0.048 0.58 0.98 0.31 112
Mean Biood Pressure at 2 hours® £0.0028 0.85 1.00 0.57 1.08
Mean Blood Pressure at 12 hours® 0.047 0.0078 1.06 101 1.00
Serum pH at 12 hours® 119 0.35 3.26 027 305
Time to intubstion® 0.040 0.12 0.96 091 1.00
Male Gender 0.41 0.071 150 0.97 234
Multiple Intant 0.3 0.0081 053 034 0.85
Normal Delivery 0.007 0.69 1.10 0.68 179
Delivery for intrauterine Growth
Retardation ©.36 0.31 0.70 035 139
Constent 0.76 095 213
Nmmm of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 95% C Imerval
Lowsr z _Upper |
0.798 0.018 484E35 0.762 . 0834
STEP 35 Mean Blood Pressure at 2 hours® removed n = 593
|Logistic Regression Model
Odds
Variable(s) Coefficient Significance Ratio  95.0% C.. for Odds Ratio
Lower Upper
Probability of Survival® 0.021 0927 0.979 0.960 0.998
Birthweight 0.0024 0018 0.998 0.996 1.000
FiO2 at 12 hours® 213 0.00019 84 28 259
Fi02 at 2 hours® m 0.023 30 12 78
Base Excess at 2 hours” ©0.022 0.49 0.98 092 1.04
Apgar Score at 1 min® 0.040 0.40 0.96 0.88 1.08
Volume expander by 12 hours 0.40 0.20 0.67 038 123
Base Excess at 12 hours® 0070 0.055 0.93 087 1.00
Serum pH at 2 hours® ERH 0.36 033 0.030 36
Apgar Score at 10 mins® 0.044 0.5 0.96 0.81 113
Mean Biood Pressure at 12 hours® 0.046 0.0085 105 1.01 1.08
Serum pH at 12 hours® 119 0.35 33 03 396
Time to Intubstion” 0.040 012 0.96 091 1.01
Male Gender 0.41 0.067 151 097 24
Multiple infent 0.63 0.0081 0.53 0.34 0.85
Normal Detivery 0.097 0.70 1.10 0.68 17
Delivery for intrauterine Growth
Retardation 035 0.31 0.70 03s 1.40
Constant 0.70 0.96 201
[Discrimination of Mode! Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 5% interval
Lower -
0.798 0.018 4.45E-35 07619729 - ‘&
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STEP 36 Normal Delivery removed n =593
|Logistic Regression Model
Odds
Variable(s) Coefficient Significance Ratio  95.0% C.\. for Odds Ratio
Lower Upper
Probability of Survivai® 0.023 0.0066 0977 0.961 0.994
Birthweight 0.0022 0.017 0.998 0.996 1.000
Fi02 at 12 hours® 214 0.00018 85 28 260
Fi02 at 2 hours® 1.10 0.024 30 1.2 78
Base Excess at 2 hours® 0.023 047 0.98 0.92 1.04
Apgar Score st 1 min® 0.039 041 0.96 0.88 1.05
Volume expander by 12 hours 038 022 0.8 038 125
Base Excess at 12 hours® 0.089 0.058 (Y] 087 1.00
Serum pH at 2 hours® 112 038 0.33 0.03 3.50
Apgar Score st 10 mins® 0.042 061 096 0.2 113
Mean Biood Pressure at 12 hours® 0.045 0.0070 1.08 1.01 1.08
Serum pH at 12 hours® 1.2 0.34 34 03 406
Time to Intubation® 0.039 0.12 0.96 0.91 101
Male Gender 0.40 0073 149 0.96 230
Multiple infant 0.62 0.0087 054 0.34 0.86
Delivery for intrautsrine Growth
Retardation 034 033 o.n 038 141
Constant 0.44 0.87 158
95% C Intorval
Lower : Upper |
0.798 0.018 4.06E-35 0.762 - 0.834
STEP 37 Apgar Score at 10 mins® removed n =593
|Logistic Regression Model
Odds
{Variable(s) Coefficient Significance Ratic  95.0% C.l. for Odds Ratio
Lower Upper
Probability of Survival® 0.024 0.0051 0.976 0.960 0.993
Birthweight 0.0022 0.019 0.998 0.996 1.000
FiO2 at 12 hours® 22 0.00016 86 28 2.4
FiO2 at 2 hours® 11 0.022 30 12 79
Base Excess st 2 hours® 0.024 0.45 0.98 0.92 1.04
Apgar Score at 1 min® -0.046 031 0.96 0.88 1.04
Volume expander by 12 hours 037 022 0.69 038 125
Base Excess at 12 hours® 0.070 0.056 093 087 1.00
Serum pH at 2 hours® ER 034 03 0.03 34
Mean Biood Pressure at 12 hours® 0.048 0.0057 1.05 1.01 1.08
Serum pH at 12 hours® 126 0.32 35 0.3 420
Time to intubation® 0.039 013 0.96 092 101
Male Gender 039 0.075 148 0.96 229
Mutiple Intant 0.63 0.0074 053 0.34 0.85
Delivery for Intrauterine Growth
Retardation 035 032 o.n 038 140
Constant 0.084 0.99 1.09
[Discrimination of Mode! Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Eror 95% C Interval
Lower ' Upper |
0.798 0018 3.96E-35 0.762 - 0835

a: Probability of survival obtained from ‘Draper Grid'

b: Mean value substituted for missing values
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Figure 17: ROC Curves of Predictive Ability for the Different Outcomes (UKOS)

A. Severe disability or Death v Other (Az = 0.798, 95% C.I. 0.762 - 0.835)
ROC Curve
0.0 [o23 04 M
1- Specificity
B. Death v Other (Az = 0.816, 95% C.I. 0.780 - 0.852)
ROC Curve
14’
1
2 04'
T sty

C. Severe disability v Other or No disability (Az = 0.627, 95% C.l. 0.529 - 0.724)

ROC Curve

00 02 04 12
1« Specificity
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3.3.4 Discussion -

As in the previous two sections of this chapter, this section also depicts the
development of a model that has reasonable predictive ability for the combined
outcome at two years of age. Once again, the area under the ROC curve is
approaching 0.8 implying reasonable discrimination®'. The model does however
comprise 15 variables, seven of which are physiological including three variables
measured at both two and twelve hours of age. These physiological data points are
very likely to be affected by the quality of care received by the infants. In addition,
the time taken to intubate probably represents the quality of care provided to the
infant in the first few minutes of life. These considerations indicate that the model is
not likely to be generalisable to other populations and could only be used very

cautiously for comparing the quality of care in the trial centres.

As before, the model predicts death much better than it predicts disability, although
with an area under the curve of 0.816 this is less dramatic than the investigations
detailed earlier in this chapter. This model is however large and requires significant
data collection that might be difficult to achieve and is liable to be affected by
treatment bias from care received by the infants. It therefore offers little beyond that
obtained from the well validated and frequently used scoring systems described in

chapter one of this thesis.

Additional biases are likely to occur in a trial scenario and chapter two documents
concerns about this trial cohort in comparison to the population based cohorts. Of
particular concern is selection bias which can be introduced by the use of inclusion
and exclusion criteria as well as researchers’ attitudes to trials. The units involved in
the trial were all tertiary referral units who were capable of providing the intervention,
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namely high frequency oscillatory ventilation. Selection bias is therefore a problem,
as some infants were referred from other hospitals for tertiary care. This transfer of
care (if the infant was not delivered before the in-utero transfer was completed), and
the selection criteria of the trial, will have caused selection bias. Although there was
a suggestion that the 28 week infants were not representative of a normal group of
infants (see chapter two), these infants were left in the model in order to maintain the
numbers and the potential future use of the model. Additionally, some units or
clinicians may have been more enthusiastic than others about the trial and recruited
a wider variety of patients. They might also have included infants that were less sick
than other centres. Therefore comparing centres using a model derived in a trial
setting could be misleading. These factors that introduce selection bias weaken the

possible generalisability of the model'®®.

Once again the inability of the model to predict neurodevelopmental outcome may
be partly due to the proportion of cases dying in the cohort. In this trial, of the 594
infants included in the predictive models, 212 died and 32 were assessed as being
severely disabled at two years of age. Of the three cohorts studied in this thesis,
mortality was highest in the UKOS trial due to the extreme prematurity of the infants
and the requirement of the infants to be ventilated. As discussed earlier, developing
the model from a cohort comprised of a wider gestational mix might improve this

prediction, as well as extending the future applicability of the model.

Due to concerns about inappropriate classification of outcome, a predefined time
‘window’ was applied to when the infants should be assessed. Although data were
available from outside of this time frame, such data were disregarded and the infants
excluded from the analysis. This meant that the follow up rate was only 74.5% with

the outcome of 203 infants being unknown between 22-28 months. In addition the
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comparison of included and excluded infants (see Table 14) indicates that the
excluded infants were -of heavier birthweight, had a higher Apgar Score at 1 and 5
minutes, and a higher base excess at 2 hours of age. This is most likely due to the
fact that the outcome was known for all infants who died and they were all included

in the model, whereas the 213 infants with unknown outcome were all survivors.

Once again, even for the infants that were included, a major weakness of the study
was missing data: this affected all but 340 infants. In order to include all infants and
variables in the analysis, mean values were used in substitution for missing
continuous values. This weakened the association of the variables with the
combined outcome (see Table 15) and is likely to have reduced the discriminatory
ability of the model. Limiting the model to just infants on whom full data was

available, would have introduced an unacceptable risk of bias'>’

. It remains a major
concern that the final model contained 9 variables using mean values for missing
data. If the model was being used in other cohorts this would lead to significant
concerns about it's generalisability and merit substantial validation in at least one
similar cohort with full data ascertainment'® 24, As with the model derived in
section 2 of this chapter, it is clear however that this model does not predict the

combined outcome and it will not be used in other studies: substituted values have

therefore been left in the model.

As in sections 3.1 and 3.2 the inclusion of other predictive variables might have
improved the model. As mentioned in section 3.2.1, variables such as
socioeconomic status and antenatal infection also warrant further investigation.
Alternatively it might be better to use models that predict death and disability
separately, as it is unlikely that the factors which influence development are the

same as those which predict death. In a similar way, it might be possible to predict
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194, 215

more accurately the individual disabilities that make up severe disability such

as severe hearing loss, blindness or inability to feed.

3.3.5 Comments and implications

This investigation provides further evidence that predicting a combined outcome of
death and disability is difficult. It remains unclear whether this is due to lack of
variables in the model or whether later insults, complications, or environmental
factors are more important for long term outcome than inherent risk at birth. As
mentioned in the previous sections, to determine whether these factors are more
important predictors, it would seem best to develop a new cohort and collect other
data that could potentially predict developmental outcome. In addition it may also be

advisable to look at individual disabilities separately.

Whilst it is also hampered by possible selection bias, the UKOS trial dataset
contains considerable information on later complications and was therefore analysed
to determine the relative importance of early and late factors in the chapter that

follows.
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CHAPTER FOUR: PREDICTING
NEURODEVELOPMENTAL OUTCOME USING DATA
FROM THE WHOLE NEONATAL ADMISSION:
UNITED KINGDOM OSCILLATION STUDY.

4.1 Introduction
4.2 Methods
4.3 Results

4.4 Discussion

4.5 Comments and Implications

4.1 INTRODUCTION

As discussed in the previous chapter, two remaining questions are left following the
attempts to predict outcome at two years of age using data available in the first 12

hours of an infant’s life.

The models described in chapter three all predict death much better than disability,
suggesting that including deaths in the model development might be a flawed
approach, preventing the model from predicting disability. This could be due either
to there being many more deaths than disabled infants in the cohorts, or that the
factors causing death are not the same as those causing disability. For these
reasons this chapter looks at predicting disability after removing deaths from the

modeling.

Secondly, as each of the three previous analyses failed to predict neurological
outcome at two years of age, it is possible that this outcome simply cannot be
predicted by data available in the first 12 hours of an infant’s life. This is supported

by the fact that no other studies have developed models that successfully predict
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neurodevelopmental outcome unless later factors are included. Brazy and
colleagues developed the nursery neurobiologic risk score from a population of very
low birth weight infants®®; In order to predict outcome at 24 months, they needed to
use data from later in the admission, such as length of ventilation, serum pH,
seizures, intraventricular haemorrhage, periventricular leukomalacia, infection and
hypoglycaemia. Unfortunately they did not perform ROC curve analysis but only
presented a classification table making it difficult to assess how well it discriminated
between outcomes across a wide range of points. Lefebvre tested the score at 14
days of age, using ROC curve analysis to show that even at this stage the score was
barely adequate at predicting outcome at 18 months (Az = 0.79) '%. Factors from
later in an infant’s course such as bronchopulmonary dysplasia, intraventricular
haemorrhage, length of stay or length of ventilation are also so very strongly
associated with neurological outcome, that predicting outcome with data from very

early in the course of an admission is unlikely to be possible®'" 2'¢2'8,

This chapter therefore uses the same group of infants to develop two models; one
from data available at 12 hours of life and one from data available at discharge. The
two hypotheses tested are that it is not possible to develop a model for predicting
severe disability using early data and that in the same group of infants a satisfactory
model can be déveloped using data available at discharge to home. The UKOS
study dataset was chosen for this analysis, as it had the best quality and most
complete data with the largest number of variables measuring care received and

complications.
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4.2 METHODS

Prospectively collected data were obtained from the United Kingdom randomised
trial of high frequency oscillation (UKOS)'”®. This was a randomized, controlled
comparison between conventional and oscillatory ventilation commenced in the first
hour of life in babies born between August 1998 and January 2001. Babies were
eligible for inclusion in the trial and this secondary analysis of the data if they were
born between 23 weeks and 28 weeks plus 6 days of gestational age; if they were
born in a participating centre; if they required endotracheal intubation from birth; and
if they required ongoing intensive care. Infants were excluded if they had to be
transferred to another hospital for intensive care shortly after birth, or if they had a
major congenital malformation. Randomization was stratified according to centre

and gestational age (23 to 25 weeks or 26 to 28 weeks).

The UKOS study showed no difference in the composite primary outcome of death
or chronic lung disease, diagnosed at 36 weeks of postmenstrual age. This
outcome occurred in 66 percent of the infants assigned to receive high-frequency
oscillatory ventilation and 68 percent of those in the conventional-ventilation group
(RR risk in oscillated group: 0.98; 95 percent confidence interval, 0.89 to 1.08).
Neurodevelopmental outcome was determined between 22 and 28 months of age,
corrected for prematurity by a questionnaire completed by the local clinician who
followed the infant clinically to at least two years of age corrected for prematurity'®°.
Questionnaires were mailed to the local paediatrician responsible for follow up when
each infant reached 21 months post-term age, with a request that the child be
evaluated as close to 24 months post-term age as possible and within a “window” of
22-28 months. Up to two reminders were sent to paediatricians when questionnaires
had not been returned to the coordinating centre by 25 months post-term age. If
questionnaires were still not returned, in the United Kingdom the child’s local health
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visitor was telephoned and asked to complete the forms. Outcome was classified at
two years of age as normal, mild disability, moderate disability, severe disability, or

death according to the Oxford Health Status Questionnaire (OHSQ)'%.

Statistical analysis was performed using SPSS vi1. The outcome of individual
infants was classified as no disability, mild disability or moderate disability: group A,
or severe disability: group B. All infants who died before 24 months of age after
correction for prematurity were excluded from the analysis. Any variable collected
during the inpatient stay until discharge home was used in the analysis.
Associations with outcome at two years of age corrected for prematurity were
identified by the Chi-squared test, Fishers exact test or logistic regression analysis
as appropriate. The variables were then assessed in combination using a stepwise,

multivariable logistic regression analysis.

Variables were only included in the models if they had a significance level of less
than 0.2 for an association with the outcome of severe disability. Predictive
variables were added to the model in order of significance, a receiver operator
characteristic (ROC) curve for the prediction of severe disability was then
determined after each variable was added. The variable was then either left in the
model or removed if the area under the ROC curve was less than before that
variable was added. The recommendation of Wasson and colleagues®® was used
to limit the number of variables to a maximum of 1 variable for every 10 cases of the
outcome of interest. Where numerical data points were missing, in order to avoid
losing these infants from the analysis, missing values were replaced with the mean

value of the remaining infants.
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ROC curve analysis was used to test the ability of the model to discriminate between
severe disability and other outcomes in the infants who survived to two years of age.
The test therefore analysed the model’s ability to discriminate a Group A outcome

from a Group B outcome (see Figure 15).

4.3 RESULTS

797 infants were enrolled in the study between August 1998 and January 2001.
Outcomes and demographic details are documented in Table 17. Of the 797 infants,
212 died and 32 were assessed as being severely disabled at two years of age. The
outcome was not measured within the pre-specified age window for 203 infants and
their data was excluded from the analysis. This left 382 surviving infants for the
analyses described in this chapter. There were however no significant differences
between included and excluded infants. The association of predictive variables with

severe disability at two years of age is documented in Table 18.

As before a full set of datapoints for the variables included in the final model was not
available for all the 382 infants. In order to avoid losing some of the infants from the
analysis, for variables that were associated with severe disability (p<0.2) but had a
number of data points were missing, missing values were replaced with the mean
value of those infants surviving to two years of age on whom data was available.
Variables that were not associated with severe disability were not analysed in this
way, as substituting values may have inappropriately caused variables to be
significantly associated and therefore eligible for inclusion in the modeling. For the
Apgar score at 10 minutes there were 179 infants with missing data for whom the
mean value of 8.62 points was substituted. Similarly, the days of level 2 care

involved 123 infants and a mean value of 11.69 days. Corresponding values for the
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age when out of oxygen (and days of oxygen), were 100 infants and 61.6 days,
bilirubin, 39 infants and 176.7 micromol/l, inspired oxygen at 12 hours, 19 infants
and 33.6%, mean blood pressure at 24 hours, 10 infants and 35.03 mmHg, age at
extubation, 6 infants and 18.9 days, days of level 1 care, 6 infants and 36.87 days,
ventilation days, 2 infants and 14.1 days, age at discharge, 1 infant and 96.5 days,
serum pH at 12 hours, 1 infant and 7.351, and time to intubation 1 infant and 4.04

minutes.

For categorical variables missing data that resulted in infants being removed from
the analysis involved 350 infants for ruptured membranes over 22 hours, 175 infants
for hearing test result, 30 infants for major abnormality on late cranial ultrasound
scan, 20 for smoking in pregnancy, 17 for chorioamnionitis, 16 for breech
presentation, 16 for meningitis, nine for antenatal transfer, eight for severe
retinopathy of prematurity, five for other air leak, four for cardiac massage and
adrenaline, four for pulmonary haemorrhage, four for pulmonary interstitial
emphysema, four for systemic steroids, two for major abnormality on early cranial
ultrasound scan, two for necrotizing enterocolitis, two for oxygen dependency at
discharge, two for septicaemia, two for volume expansion, one for birth order, one
for black race, and one infant for seizures. For cranial ultrasound results, a major
abnormality comprised either grade 3 or 4 intraventricular haemorrhage or cystic
periventricular leukomalacia®'®. Ultrasound results were therefore analysed using

the following categorical yes or no variables.

1. Major abnormality on an early scan (infants with no scan result excluded).
2. Major abnormality on a late scan (infants with no scan result excluded).
3. Major abnormality on either an early or on a late scan with the 30 infants with

no scan result being excluded.
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4. Major abnormality on either an early or on a late scan with the 30 infants with
no scan result being classed as normal. ‘Cranial USS major abnormality (O if

no scan)’.

Two models for predicting severe disability at two years of age are documented in
Table 19. The first of these was derived from variables that are available within the
first 12 hours of an infant’s life, the second was developed using variables obtained
from the entire admission. The derivation of these models by stepwise forward
regression and the predictive ability (discrimination) of the model at each step is
detailed in Figure 18. The discrimination of the models for predicting severe

disability is shown with the corresponding ROC curve in Figure 19.
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Table 17: Comparison of Included and Excluded infants

Exclusion due to death or unknown outcome at two years of

All infants

Included

Excluded

age
Included v

Excluded

n =797

(%) or SD

n =382

(%) or SD

n =415

(%) or SD

Gestational
Age
(completed
Weeks)
Median

26 wks

27 wks

26 wks

p=0.00000030

Birthweight
(g) Median

853.4 g

218.6

903.69

208.3

807.39

217.9

p=0.00000000032

SGA

138

(17.3%)

(15.7%)

78

(18.8%)

p=0.25

Mean Apgar
Score at 1
Minute

5.34

2.32

5.59

2.36

5.11

2.26

p=0.04

Mean Apgar
Score at 5
Minutes

7.89

1.77

8.09

1.65

7.70

1.86

p=0.02

Sex

Female

369

(46.3%)

176

(46.1%)

193

(46.5%)

Male

428

(53.7%)

206

(53.9%)

222

(53.5%)

p=0.903

Multiple
Pregnancy

190

(23.8%)

87

(22.8%)

103

(24.8%)

p=0.499

Surfactant
Treatment

769

(96.5%)

369

(96.6%)

400

(96.4%)

p=0.871

Antenatal
Steroid
Treatment

376

(47.4%)

351

(92.1%)

376

(91.0%)

p=0.58

Maternal
Age (Years)

28.8

6.1

29.0

5.8

28.7

6.4

p=0.495

Maximum
Base Excess
at 2 hours

4.1

-4.00

3.8

-4.93

43

p=0.001

Maximum
Base Excess
at 12 hours

-4.55

3.3

-4.28

2.9

-4.81

3.7

P=0.028

Outcome

Died

212

(26.6%)

212

(51.1%)

NA

Severe
Disability at
2 years of
age

47

(5.9%)

32

(8.4%)

15

(3.6%)

NA

Survived
without
severe
disability

538

(67.5%)

350

(91.6%)

227

(54.7%)

NA

Outcome
unknown at
2 years

203

(25.5%)

203

(48.9%)

NA
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Table 18: Association of predictive variables with severe disability at two
years

Standard Significan Odds 95.0% C.I. for
Variable Coefficient Error Wald Number ce Ratio Odds Ratio
Lower Upper
Major Abnormality on Late
Cranial US' - - - 352 3.28E-17 - - -
Major Abnormality on any
Cranial US (0 if no scan) ' - - - 382  4.34E-13 - - -
Major Abnormality on Early
Cranial US' - - - 380  5.28E-13 - - -
Major Abnormality on Late
Cranial US 2.89 0.42 46.48 352 9.24E-12 17.94 7.82 4114
Seizures - - - 381 1.25E-11 - - -
Major Abnormality on any
Cranial US (0 if no scan) 245 0.40 37.8 382 7.96E-10 11.6 53 253
Major Abnormality on Early
Cranial US 2.44 0.40 37.6 380 8.82E-10 11.5 527 25.1
Patent Ductus Arteriousus - - - 382 0.00038 - - -
Ventilation Days 0.03 0.010 11.81 380 0.00059 1.03 1.01  1.05
Ventilation Days with mean
value 0.03 0.010 11.61 382 0.00066 1.03 1.01  1.05
Severe retinopathy of
prematurity’ - - - 374 0.00074 - - -
Patent Ductus Arteriousus -1.29 0.38 11.37 382 0.00075 0.28 0.13 0.58
Patent Ductus Arteriousus* - - - 382 0.00038 - - -
Age at extubation 0.019 0.0057 10.56 376 0.0012 1.02 1.01 1.03
Number of surfactant doses* - - - 382 0.0015 - - -
Severe retinopathy of
prematurity 1.62 0.52 9.50 374 0.0021 5.03 1.80 14.06
Age at discharge 0.012 0.0038 9.35 382 0.0022 1.01 1.00 1.02
Age at discharge 0.012 0.0038 9.33 381 0.0023 1.01 1.00 1.02
Pulmonary Haemorrhage' - - - 378 0.0059 - - -
Days Level 1 Care with
mean value 0.014 0.0051 7.147 382 0.0074 1.01 1.00 1.02
Days Level 1 Care 0.014 0.0051 7.09 376 0.0078 1.01 1.00 1.02
Pulmonary Haemorrhage -1.32 0.51 6.72 378 0.0095 027 010 0.73
Days Level 2 Care with
mean value 0.020 0.0079 6.45 382 0.011 1.02 1.00 1.04
Bilirubin 0.011 0.0044 5.82 343 0.016 1.01 1.00 1.02
Bilirubin with mean value 0.010 0.0043 5.75 382 0.016 1.01 1.00 1.02
Days Level 2 Care 0.018 0.0077 5.57 259 0.018 1.02 1.00 1.03
Percent Inspired Oxygen at
12hrs with mean value 2.29 0.97 5.57 382 0.018 9.84 1.47 65.65
Systemic steroids’ - - - 378 0.019 - - -
Percent Inspired Oxygen at
12hrs 2.26 0.97 5.47 363 0.019 9.59 1.44 63.69
Systemic steroids -0.86 0.37 5.29 378 0.021 0.42 020 088
Oxygen Dependency at
discharge’ - - - 380 0.025 - - -
Oxygen Dependency at
discharge -0.85 0.39 4.79 380 0.029 0.43 020 0.92
Gender' - - - 382 0.033 - - -
Oxygen Dependency at 36
weeks - - - 382 0.035 - - -
CONTINUED OVERLEAF
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Days in Oxygen
Age out of oxygen

Gender

Oxygen Dependency at 36
weeks

Delivery reason
Hypertension or Pre-
Eclampsia

Antenatal Transfer'
Oxygen Dependency at 28
days'

Days in Oxygen with mean
value

Age out 02

Oxygen Dependency at 28
days

pH At 12 hours with mean
value

pH At 12 hours
Apgar 10 Min with mean
value

Pneumothorax’
Other Air Leak'

Pneumothorax
Pulmonary Interstitial
Emphysema’
Pulmonary Interstitial
Emphysema

Apgar 10 Min

Maternal Age
Delivery reason
Chorioamnionitis'

Draper Grid Prediction
Delivery reason
Chorioamnionitis

Time to Intubation with mean
value

Time to Intubation

Other Air Leak

Cardiac massage &
adrenaline’

Mean blood pressure at 24
hours with mean value
Mean blood pressure at 24
hours

Cardiac massage &
adrenaline

Delivery reason
Hypertension or Pre-
Eclampsia’

Gestational Age (days)

Necrotizing Enterocolitis’
Ruptured Membranes over
24 hours'

Septicaemia’

Percent Inspired Oxygen at
2hrs

0.012
0.012
0.85

0.77

0.010
0.0097

-1.36

-3.63
-3.62

-0.20

-0.84

-0.88
-0.19
-0.047

-0.013
-0.76

-0.13
-0.13
-1.75

-0.046
-0.044

0.79

-0.024

0.98

© Dr Jon Dorling, 20/03/2008

0.0056
0.0056
0.41

0.38

0.0051
0.0051

0.74

2.00
2.00

0.13

0.53

0.58
0.12
0.031

0.0088
0.53

0.091
0.091
1.24

0.033
0.032
0.58

0.019

0.82

4.39
4.39
4.32

4.13

3.66
3.66

3.34

3.28
3.27

2.65

2.51

2.30
2.29
2.25

2.13
2.07

2.06
2.04
1.99

1.96
1.91
1.87

1.66

1.43

282
282
382

382

382
373

382

382
382

382

382
381

382
382
377
382

378

378
203
382

382
382

382

382
381
377

378
382
372
378

382
382
380

382
380

378

0.036
0.036
0.038

0.035

0.042
0.048

0.050

0.056
0.056

0.067

0.070
0.070

0.10
0.10
0.11
0.11

0.12

0.13
0.13
0.13

0.14
0.14

0.15

0.15
0.15
0.16

0.16
0.16
0.17

0.17

0.19
0.20
0.21

0.22
0.23

0.23

1.01 1.00 1.02
1.01 1.00 1.02
2.33 1.05 5.18

2.15 1.03 449

1.01 1.00 1.02
1.01 1.00 1.02

0.26 0.06 1.10

0.03 000 1.35
0.03 000 1.35

0.81 064 1.04

0.43 0.15 1.22

0.41 0.13 1.29
0.83 0.65 1.06
0.95 090 1.01

0.99 0.97 1.00
0.47 017 1.31

0.88 073 1.05
0.88 073 1.05
0.17 0.02 1.98

0.96 0.90 1.02
0.96 090 1.02
2.21 071  6.89

0.98 094 1.01

2.67 054 13.28
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Delivery Reason Small for
Gestation'

Base Excess at 12 hours

Days Level 3 Care
Mean blood pressure at 12
hours

Breech Presentation’
Chorioamnionitis’
Meningitis’

Birth Weight

Age at pneumothorax
Birth Order'

Family Number'

Multiple pregnancy’
Antenatal Steroids 48 hours
or more before delivery'

Volume expansion’
Base Excess at 2 hours
Base Excess at 24 hours
Antenatal Steroids’
Jaundice'

Apgar 5 Min

Apgar Score for heart rate at
1 min*

Delivery reason
Spontaneous preterm
labour*

pH At 24 hours
Antepartum Haemorrhage'
Inotrope treatment'
Delivery reason APH'
Delivery Reason Other'

Matemnal Labour'
Mean blood pressure 2
hours

pH at 2 hours
Apgar 1 Min

Hearing test result
Ruptured Membranes over
22 hours

Head Circumference
Race'
Smoking in Pregnancy’

-0.073
-0.010

-0.030

-0.00076
0.059

-0.035
-0.039

-0.057

-0.0068
0.36
-0.011

0.012

0.066
0.0096

0.031

0.00091
0.076

0.052
0.066

0.11

0.028
1.89
0.078

0.12

1.19
1.08

0.93

0.70
0.59

0.45
0.36

0.29

382
368
357

377
366
365
366
382
351
381
382
382

382
380
370
363
382
382
371

382

382
380
382
382
382
382
382

351
380
376
207

32
244
381
362

0.26
0.27
0.30

0.34
0.35
0.38
0.38
0.40
0.44
0.44
0.45
0.45

0.48
0.49
0.50
0.55
0.57
0.57
0.59

0.59

0.62
0.63
0.67
0.71
0.72
0.72
0.75

0.81
0.85
0.89
0.89

0.92
0.93
0.98
0.99

0.93
0.99

0.97

0.999
1.06

0.97
0.96

0.94

0.82
0.97

0.91

0.997
0.91

0.87
0.84

0.77

1.06
1.01

1.03

1.001
1.23

1.07
1.09

1.16

Note

' Chi square test used to assess association, logistic regression used 1o assess odds ratio if p<0.2
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Table 19: Models for predicting severe disability at two years of age in infants
surviving to discharge. Logistic regression coefficients and odds ratios for

factors in the model

(A) Best model for predicting severe disability using early information

available before 12 hours of age.

95.0% C.\. for Odds

Variables Coefficient Significance  Odds Ratio Ratio
Lower  Upper

Percent Inspired Oxygen at 12hrs with

mean value 2.84 0.0065 17.2 221 133.1

Gender (Male 1, Female 0) 1.032 0.019 2.81 119 6.64

Antenatal Transfer -0.91 0.045 0.40 0.17 0.98

Constant -3.82 1.41E-10 0.022

(B) Best model for predicting severe disability using information available

before discharge to home.

Variables Coefficient

95.0% C.I. for Odds

Significance  Odds Ratio Ratio

Lower  Upper

Major Abnormality on any Cranial US

(assumed normal if no scan) 2.00 3.35E-06 74 3.2 17.2

Seizures* -1.84 0.0037 0.16 0.046 0.55

Ventilation Days with mean value

replacing missing values 0.024 0.062 1.025 0.999 1.051

Constant 0.10 0.94 1.10

* Seizures classified as y =1, n =2
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Figure 18: Pr f wi ression modeli

r predictin:
of age using (A) data available at 12 hours of age and (B) Data available at discharge

vere disabili

| yging ilabl 2h t
STEP 1 Inspired Oxygen at 12hrs* n =382
Model
Coefficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower Upper |
Inspired Oxygen at 12hrs* 229 0.018 938 15 6.7
Constant 322 1.6E-14 0.080
Discrimination of Model Prediction (ROC Curve Analysis)
Asympiotic
Ares under the curve (Az) Standard Efror 9% interval
Lower Upper |
0.845 0.048 0.0088 0552 0.738
STEP 2 Gender added n =382
|Logistic Regreasion Model
Coefficient Significance  Odds Ratio 93.0% C.L for Odds Ratio
Lower __ Upper |
Inspired Oxygen st 12hrs* 257 0011 131 18 963
Gender 083 0.028 25 11 57
Constant a0 2.9E-12 0.02
Discrimination of Mode! Prediction (ROC Curve Analysis)
Asympiotic
Area under the curve (Az) Ervor 8% interval
Lower Upper |
0.683 0.048 0.00062 0.503 0.773
STEP 3 Dell y for hypertension or p lampsia add n =382
Logistic Regression Model
Coefficient Significance  Odds Ratio 95.0% C.L. for Odds Ratio
Lower Upper
Inspired Oxygen at 12hrs* 238 0.012 132 18 %3
Gender 088 0023 259 114 5.87
Delivery for hypertension or
presclampsis 0.38 017 1.7 .77 410
-4.08 2.6E-12 0.02
of Model (ROC Curve Analysis)
As)
Arsa under the curve (Az) Error °%% nterval
Lower - Upper
0586 0.050 0.00050 0.589 - 0.783
STEP4 A tal transter added n =373
Logistc Regression Mode!
Coefficient Significance  Odds Ratio 93.0% C.L for Odds Ratio
Lower _ Upper |
Inspired Oxygen at 12hrs® 282 0.0077 168 21 1334
Gender 104 0.018 283 119 en
Delivery for hypertension or
presclampsia 0.63 0.15 1.88 0.80 4.40
Antenatal Transter 001 0.046 040 017 098
Constant -3.96 1.08E-10 0.019
Discrimination of Mode! Prediction (ROC Curve Anal
Asymptotic
Area under the curvs (Az) Standard Error 95% Interval
Lower _Upper |
0.723 0.0489 I.S$1E-08 0.631 - 0.815
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STEP 5 Serum pH at 12 hours of age" added n=373
Logistic Regression Modet
Coefficient Significance  Odds Ratio $5.0% C.L for Odds Ratio
lower  Upper |
Inspired Oxygen st 12hrs* 258 0020 128 15 100.7
Gender 1.0018 0.023 272 118 647
Deitvery for hypertension or
presclampsie 0s4 .14 190 .81 448
Antenstst Transter £090 0.047 o041 017 099
Serum pH at 12 hours of age® 219 031 011 0.0016 784
Constant 122 0.44 2044694
Discrimination of Model Prediction (ROC MM_NE)
Asympiotic
Area undes the curve (Az) Standard Error 95% C nterval
Lower - Upper |
0.732 0.048 1.8E-05 0.643 - 0.822
STEP 6 Apgar Score at 10 mi * added n=373
istic Model
[Variable(s) Coefficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower _ Upper |
Inspired Oxygen at 12hrs" 236 0.033 108 12 827
Gender 099 0.028 269 113 6.40
Delivery for hypertension or
presciampsia 0.74 0.007 200 0.88 498
Antsnatal Transter 087 0.055 042 017 1.02
Serum pH a1 12 hours of age® 219 031 011 0.0018 70
Apgar Score at 10 minutes® o 11 as1 0.63 108
Constant 141 0.38 12711082
lmcmm of Model Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 8% Interval
Lower - Upper |
0.743 0.045 7.6E-06 0.654 - 0.831
STEP 7 Mother's age added n=373
[Logistic Regression Mode!
| Vartabie(s) Coefficlent Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower Upper |
Inspired Oxygen at 12hrs* 238 0.032 106 12 208
Gender 09 0.025 2n 113 646
Delivery for hypertension or
presclampsia 0.69 Q.12 200 0.83 481
Amenatal Transfer 0.84 0.067 0.43 0.18 1.06
Serum pH at 12 hours of age® 25 0.24 0073 0.0010 5.76
Apgar Score at 10 minutes® 0.19 0.14 082 0.64 1.06
Mother's Age -0.045 0.19 096 0.89 1.02
Constant 181 027 76174378
Discrimination of Modei Prediction (ROC Curve Analysis)
Asympfotic
Area under the curve (Az) Standard Ervor 8% Interval
Lower - Upper |
0.750 0.044 4.0E-08 0.663 - 0.837
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STEP 8 Probability of Survival® added n =373
Logistic Regression Model
Variabie(s) " Coeficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
lower _ Upper |
Inspired Oxygen at 12hrs* 224 0.043 94 1.07 820
Gender 083 0.037 254 1.08 611
Delivery for hypertension or
prescismpsis or2 011 208 0.85 4"
Antenatal Transter 0.8 0.080 042 017 104
Serum pH at 12 hours of age® 257 028 0077 0.0010 6.02
Apger Score at 10 minutes® 018 o.18 0836 0.644 1.008
Mother's Age o006 047 053 (Y] 1020
Probability of Survival® 201 028 0.960 (X, 1.008
Constant 187 028 128138838
]m of Model Pradiction (ROC Curve Analysis)
Asymplotic
Ares under the curve (Az) Error 5% nterval
Lower - Upper |
0.760 0.044 1.6E-08 0.674 - 0.848
STEP 9 Delivery for Choriomamnionitis added n = 357
|Logistic Regression Mode!
Variable(s) Coefficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower Upper
napired Oxygen at 12hrs* 212 0.058 83 0. 749
Gender 094 0.038 255 1.08 818
Deltvery for hypertension or
presciampsia ors (A1) 208 084 516
Antenatal Transter 096 0.062 042 017 108
Serum pH &t 12 hours of age® 259 025 0.07 0.0000 6098
Apgar Score at 10 minutes* 247 020 0.84 0.65 109
Mother's Age 0.045 0.19 0.96 0.9 1.02
Probability of Survivaf® 2010 031 0.90 097 101
Deitvery for Choriomamnionitis 031 0.63 137 0.3% 4.80
Constant 187 oz 127358360
Discrimination of Mode! Prediction (ROC Curve
Asympiotic
Area under the curve (Az) Standard Error 95% Interval
Lower - Upper
0.758 0.082 2.1E-08 0.676 - 0.840
STEP 10 Delivery for Choriomamnionitis removed n=373
see results of step 8
STEP 11 Time to intubation® added n=373
Model
Variable(s) Coefficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower  Upper |
Inspired Oxygen at 12hrs® 262 0022 137 15 1284
Gender 101 0.026 27 11 67
Deiivery for hypertension or
presciampsia 0.06 0.062 236 0.96 s.82
Antenatal Transter .88 0.058 042 047 1.03
Serum pH at 12 hours of age® 2.56 025 0077 0.0010 6.2
Apgar Score at 10 minutes® 018 019 084 0.64 100
Mother's Age 20.082 0.14 0.95 0.0 1017
Probabliity of Surviva <0.0088 0.3 0.9 0.7 1.010
Time 1o Intubation® 0.16 011 088 0.70 1.037
Constant 189 0.28 139032306
Inbcrinln.thn of Mode! Prediction (ROC Curve Anatysis)
Asymptotic
Area under the curve (Az) Error 985% interval
Lower - Upper |
0.774 0.043 A.5E-07 0.680 - 0.858
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STEP 12 Cardiac M: ge & Ad line added n =370
|Logistic Regression Model
Variable(s) Coefficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower Upper
Inspired Oxygen at 12hrs* 254 0.026 128 14 179
Gender 098 0.031 267 1.00 651
Deiivery for hyperiension or
presciampsia 0.88 0.058 240 097 593
Antenatal Transier 089 0.056 041 017 102
Serum pH st 12 hours of age® -2.86 o1 0.058 0.00069 4
Apgar Score st 10 minutes® 0.18 026 0.86 0.8 112
Mother's Age .08 017 0.95 0.80 1.02
Probability of Survival® -0.0084 038 090 097 1.01
Time 1 intubation® 0.18 on 0.86 o7 103
Cardiac Massage & Adrenaline 0.56 039 178 ([T ) 6.30
Constant 207 0.2 968798779
lummm of Mode! Prediction (ROC Curve Analysis)
Asympiotic
Area under the curve (Az) Emor 95% C nterval
Lower Upper__|
0.770 0.044 8.5€07 0.684 - 0.856
STEP 13 Gestational Age (Days) added n =370
|Loistic Regression Model
Variable(s) Coefficient Significance  Odds Ratio 95.0% C.L jor Odds Ratio
Lower Upper
inspired Oxygen at 12hrs® 250 0029 121 13 137
Gender 107 0023 X)) 116 7.%
Deilivery for hypertension or
presclampsia 103 0.043 28 1.03 7.58
Antenastal Transfer 088 0.050 042 017 103
Serum pH at 12 hours of age® 287 020 0.08 0.00067 473
Apgar Score at 10 minutes® 0.18 026 0.88 065 112
Mother's Age 0.049 017 0.95 0.89 1.02
Probebility of Survival® 0.010 on 101 096 1.08
Time 0 Intubstion® 015 on 086 07 103
Cardiac Massage & Adrenaline 0.82 034 1.88 0.51 6.77
Gestational Age (Deys) 0.043 048 0.96 0.86 107
Constant 278 0.15 9.984E+11
Discrimination of Model Prediction (ROC Curve Analysis)
Asympfotic
Area under the curve (Az) Error 5% nterval
Lower - Upper |
0.767 0.044 8.3E07 0.681 - 0.854
STEP 14 Probability of Survival® removed n =370
|Logistic Regression Mode!
Variable(s) Coefficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower
Inspired Oxygen st 12hrs* 250 0.028 122 13 1144
Gender 102 0.024 28 11 67
Delivery for hypertension or
presclampsia 098 0.042 261 1.04 6.38
Anwnatal Transter 088 0.057 0.41 017 1.03
Serum pH at 12 hours of age® -285 o 0.058 0.0007 4.809
Apgar Score at 10 minutes® 015 027 0.86 0.65 112
Mother’'s Age 0.040 0.18 0.95 0.80 1.02
Time % intubstion® 0.15 0.11 0.88 0.71 104
Cardisc Massage & Adrenaline 059 037 1.80 0.50 6.47
Gestational Age (Deys) £.023 027 0.9 0.94 1.02
Constant 244 0.16 3.89E+10
Discrimination of Mode! Prediction (ROC Curve Analysis)
Asymptotic
Ares under the curve (Az) Standard Error 25% Interval
Lower r
0.767 0.044 8.3E-07 0.681 - 0.854

© Dr Jon Dorling, 190372008

Page 152

Continued overleaf



STEP 15 Cardiac M ge & Ad line d n=373
|Logistic Regression Mode!
Vartable(s) Cosfficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
) Lower Upper
Inspired Oxygen st 12hrs® 258 0024 132 1.4 1248
Gender 1.08 0.020 29 1.18 (1]
Deflivery for hypertension or
presciampsia 094 0.045 26 1.02 8.45
Anenatal Transfer o087 0.080 0.42 07 1.04
Serum pH a1 12 hours of age® 258 028 0078 0.0010 6.308
Apger Score at 10 minutes* 018 0.19 084 084 100
Mother's Age 0083 0.14 0.95 0.00 1.02
Time 10 intubstion* Q.16 011 056 on 104
Gestxtional Age (Days) 0023 027 0.98 0.94 1.02
Constant 225 0.19 B.096E+00
|Dlmmlw of Model Prediction (ROC Curve Analysis)
Asympiotic
Area under the curve (Az) ‘Standard Error 5% Interval
Lower - Upper |
0.773 0.043 49E-07 0.688 - 0.857
STEP 16 Gestational Age (Days)r d n =373
|Logistic Regression Model
Variable(s) Coefficient Significence  Odds Ratio 95.0% C.\. for Odds Ratio
Lower Upper
Inspired Oxygen at 12hrs* n 0017 154 18 1303
Gender 1.08 0018 29 12 70
Deitvery for hypertension or
presciampele 085 0.064 23 095 87
Antenatal Transier 087 0.061 042 017 1.04
Serum pH at 12 hours ot age® 258 028 0.08 0.0000 6.01
Apgar Score at 10 minutes® 019 0.16 083 064 1.08
Mother's Age ©.050 015 095 0.09 1.02
Time 1 intubstion*® Q.16 0.10 085 0.70 103
Constant 188 027 103160279
Asymphiotic
9% nterval
Lower z Upper |
8.8£-07 0.681 - 0.852
STEP 17 Serum pH at 12 hours of age® removed n =373
|Logistic Regreseion Model
Variable(s) Coefticient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower Upper
Inspired Oxygen at 12hrs* 2962338551 0.007552848 19.343154 22010601  169.98903
Gender 1.098323874  0.014445800 29901340 124388260 7.2312366
Delivery for hypertension or
presciampeia 0828343831 0.068971993 22805238 0.93764157 5.59053611
Antenatal Transter 0.800449336  0.056843433  0.4145063 0.16753073  1.0259663
Apgar Score at 10 minutes® 0183754218 0.160656967  0.5321403 0.64018018 1.08166031
Mother's Age -0.043775907 0200073076  0.9571684 0.89517481 1.02345529
Time %o * 0. 0. 08515477 (.70164404 1.03347778
Constant -0.817223712 __ 0.504676875 _ 0.4416561
[Discrimingtion of Mode! Pradiction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Standard Error 5% Interval
Lower - Upper |
0.753 0.045 29608 0.663 - 0.844
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STEP 18 Mother's Age removed n=373

|Logistic Regression Model .
Coefficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower _ Upper |
Inspired Oxygen at 12hre* 204 0.0081 189 21 167.0
Gender 1.08 0018 294 123 7.07
Deltvery for hyperiension or
presciampsia (Y] 0038 235 0.7 570
Antenatsl Transfer 009 0.052 04t 017 1.01
Apgar Score at 10 minutes® .19 018 082 0.63 107
Time 10 intubstion* 047 0.10 [T 089 103
Constant 194 013 014
Discrimination of Model Prediction (ROC Curve
Asympiotic
Area under the curve (Az) Standerd Error 8% interval
Lower - Upper |
0.748 0.047 48E08 0.658 - 0.840
STEP 19 Apgar Score at 10 minutes* removed n=373
|Logistic Regression Model
Variabie(s) Cosfficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower Upper |
Inspired Oxygen st 12hrs* 314 0.0044 21 27 1997
Gender 1.08 00t8 293 123 7.02
Delivery for hypertension or
presciampsia 075 0.088 212 0.80 508
Antenatal Transter 253 0.042 0.39 0.18 097
Time o intubation® 2.8 0.085 083 0.68 103
Constant 358 3.8E08 0.028
Discrimination of Modet Prediction (ROC Curve Anatysis)
Asympiotic
Area under the curve (Az) Ermor 8% Intervat
Lower = Upper |
0.746 0.047 5.96-06 0.653 - 0.838
STEP 20 Delivery for hypertension or preeclampsia removed n =373
|Logistic Regression Model
Variabie(s) Cosfficlent Significance  Odds Ratio 95.0% C.L for Odds Ratio
. Upper |
Inspired Oxygen at 12hrs* 319 0.0034 243 29 2041
Gender 1.05 0.018 284 119 (Y4
Antenstal Transter 093 0.062 0.40 0.16 097
Time 1o intubstion® 017 0.005 084 089 1.03
34 5.3E-08 0.032
Discrimination of Mode! Prediction (ROC Curve Analysis)
Asymptotic
Area under the curve (Az) Error 95 interval
Lower - Upper |
0.736 0.045 1.3E-05 0.649 - 0.824

STEP 21 Time to intubation®

(-3
3
n

w
ad

Model
Variable(s) Coefficient Significance  Odds Ratio 95.0% C.L for Odds Ratio
Lower __Upper |
Inspired Oxygen at 12hrs* 254 0.0065 172 22 1331
Gender 103 0.019 281 119 6.64
Antenatal Transfer .91 0.045 040 017 098
Constant -3.82 1.4E-10 0.022

|D|scmnlnm of Model Prediction (ROC Curve Anatysis)
Asympiotic

Arga under the curve (Az) Standard Error 95% C: intervat

Lower -
0.713 0.044 8.8E-05 0.626 - 0.799

Notes
a: Mean value substiuted for missing values
b: Probabllity of survival obtained from ‘Draper Grid'

© Dr Jon Dorling, 19/03/2008 Page 154



B: Model from data avallable by discharge

STEP 1 Cranial USS major abn (0 if no scan) n=382
[Logistic Regreesion Model
Variabie(s) Coesficient  Significance  Odds Ratio  96.0% C.. for Odds Ratio
Lowsr _ Upper |
Major Abnormality on any Craniel US
(sssumed normal it no scan) 2448539008 795004E-10 1571420 5200006300 2520467937
Conatant 3113515300 422236530 0.0MMM
Discrimination ot Model Prediotion (ROC Curve
Ry mpotic
Aren under the curve (Az) "%
Lower - _Upper |
073 0055 13608 0824 . ome
STEP 2 Seizures added n=381
[Logistic Regression Model
|Variabie(s) Cosficlent Significence  Odds Ratio  95.0%C.L. for Odds Ratio
Lower
Major Abnormaltty on ey Craniel US
{sssumed normal i no scan) 212 STE07 83 38 LA
Seizures 200 0.00082 012 0008 040
Conetant 0ss o4 28
[Discriminetion ot Model Prediction (ROC Curve
Asymprotic
Ares under the curve (Az) "% Interval
ors2 0085 23£.08 0845 - 0.880
STEP 3 Patent Ductus Arteriousus added n =381
Model
Vertabie(s) Cosfficlent  Significance  Odds Ratio  95.0%C.L for Odde Ratio
Lowsr _ Upper |
Major Abnormaiity on ary Cranial US
(nesumed normal 1t no scan) 2m 0.0000030 78 32 174
Seizures 1 0.0022 018 0045 051
Patert Ductus Arteriousus o83 aosy (Y] 019 100
Constent 190 0.14 8.7
Immmwmmm
Asympioto
Area under the curve (Az} Standard Error %% Interval
Lower Upper |
0788 0030 0.00000000 087 - 0888
STEP 4 Patent Ductus Arte s replaced by Ventilation Days* n=381
[Logietic Regression Model
Variable(s) Coeffclert  Significance  Odde Ratio  95.0% C.J. for Odds Ratio
Lowsr __ Upper |
Major Abnormaility on any Cranial US
(aeeumed normai if o soan) 200 00000034 74 32 w2
Selzures s 00037 o016 008 055
Ventistion Days® 002 0.082 102 1.00 1.08
Constant 010 094 1.10
[otecriminetion of Model Prediction (ROC Curve Analysis)
Asymplotic
Ares under the curve (Az) S1nderd Ervor
Lower —Upper |
0842 0.098 1.86-10 o771 aots__|FINAL MODEL
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STEP 5 Ventilation Days® replaced by Severe ROP n=373
Model
Vartable(s) Cosficient Significence  Odds Ratio  95.0% C... for Odde Ratio
Lowsr __ Upper |
Major Abnormaiity on any Craniel US
(sseumed normal it no soan) 1% 49608 73 8] 174
Seiziree. 208 0.00079 013 004 043
Severs Retinopathy of Premeturity” ose (21} 24 o7 a0
Constant 087 047 2%
[Descrimination ot Modet Preciotion (ROC Curve Anatysie)
Asympiolio
Area under the curve (Az) "%
Lower - Upper |
0.780 0.084 0.0000011 0484 . 0.887
STEP 6 Severe ROP replaced by Age at extubation” n=2381
[Logtetc Regression Model
Variable(s) Coeticient Significance  Odds Ratio  95.0%C.L. for Odde Ratio
Lowsr _ Upper |
Major Abnormaitty on eny Cranial US
{ssaurmed normal it no scan) 204 25608 77 a3 78
Setzures 82 0.002¢ 018 0.082 (X]
Age st extubetion* [T} 028 10 090 1.02
Conetent (Y] on 162
Imummgmm
Asymplotic
Ares under the curve (Az) 8% Interval
Lower - —Upper |
08% 007 208610 ore7 - oo
STEP 7 Age at b * rep d by Number ot surt doses n =381
[Logietic Regression Mods!
Coefticient Significance  Odds Ratio  95.0%C.. for Odds Ratio
Lower uUpper |
Abnormaiity on any Cranial US
(sseumed normel # no scen) 204 196-08 124 FE e
Seizures RY ) 0.0018 018 0.003 049
Number of Surtactant doses o5 0036 100 0% 2n
Constant 038 0.80 %]
[Disorimination of Model Prediction Curve
ASympAONc
Area under the curve (Az) [ Interval
Lowss L Upper |
0810 0.044 62600 orn - 0097
STEP 8 Number of surfactant doses d by Age at rge* n =381
|Logtatic Regression Model
Variabie(s) Coeticient Significence  Odde Ratio  95.0%C.). for Odds Ratio
Lower _  Upper |
Major Abnormality on sny Cranial US
(nssumed normal It no scan) amn 1.16-08 82 35 192
Seizures 192 00023 015 0.063 050
AQe ot discherge oom 0014 102 10024 1021
Constent 035 o 058
[otecrimineton of Model Prediotion (ROC Curve Aretyse)
Asymptotic
Ares under the curve (A7) 6%
Lowsr m
oz 0043 Q4E10 076 0910
STEP 9 Age at disch ge” rep d by P, y H: orrhage n=377
[Logietic Regression Model ____
Varisble(s) Coetiolent Significence  Odde Ratio  95.0%C.. for Odds Ratio
Lowsr __ Upper |
Major Abnormelity on any Craniss US
(sseumed normal t no soan) 20m 24E-08 79 34 188
Selzures 217 0.00043 011 0.004 038
Pulmonary Hesmorrhege 098 012 0% 0.12 1.2
Conatent 287 0.10 .7
[Disorimination ot Model Prediction (ROC Curve.
Asymplotic
Area under the curve (Az) Standerd Ervor 5% interval
Lower - _upper |
0.760 0.088 69€07 0582 - 0.878
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STEP 10 Pul y H ge replaced by Days Level 1 Care® n=377
Logietic Regression Model :
Variabia(s) Cosficient  Significance  Odde Ratio  98.0%C.L for Odde Retio
Lowss ___ Upper |
Mejor Abrormaiity on any Cranisl US
(sseunved nOrmel H A 90an) 210 11608 s 3 19
Setzures 195 00018 014 [T 048
Days Lovel § Care” o011 0.054 1.0m 0.9000 1023
Constant an o8 13
[pecriminetion of shodet Predicsion (ROC Curve Anatysie)
Asympiotic
Ares under (Az) 95% Confidence interval
Lower - Ypper |
0808 0045 1.006-08 ons - 0003
STEP 11 Oays Levei 1 Care® replaced by Deys Lsvel 2 Care® n =381
[Logietio Aegression Model
Variable(s) 96.0%C L for Odde Ratio
_ Llower  Upper |
Major Abnormaiity on any Cranial US
(8seumed normel 1t no sosn) 207 14608 78 34 104
Seizures 200 0.00078 012 0.037 o042
Days Lovel 2 Care® o7 0.053 1017 09968 1.008
Constant 073 058 21
[Cioarimination of Model Prediction (ROC Curve Anefysie)
Asympiotic
Area under the ourve (Az) =% [RP—
Lower Upper |
0748 oos7 39608 08% . o858
STEP 12 Days Level 2 Care" replaced by Bllirubin® n=381
|Logletc Regression Mode!
Variable(s) 96.0% C L. for Odds Ratio
. lower  Upper |
Msjor Abnormeiity on sy Cranisl US
(sssumed normal it no scen) 208 15608 78 34 179
Seizures 208 0.00055 013 0.040 041
BHirubin® Lreny 015 1007 .98 117
Constant 2% o7 osT70822
mmmmm;mm_w_&;
Asymplotic
Area under the curve (Az) Standerd Error ”%
Lowes Upper |
0788 o087 6.8E08 008 0.800
STEP 13 Bilirubin® replaced by Percent inspired oxygen at 12 hours of age® n = 381
jLogietic Regression Model
Variabie(s) Coeficient  Significance  Odde Rati  95.0% C.L. for Odda Retio
_Lower _ Upper |
Major Abnormakity on any Cranial US
(sssumed normel tf no soen) 212 68607 o 38 w3
Seizures ~1.900 0.0011 014 0.081 045
|Percent inspired oxygen at 12 hours of
L 19 (X1] 6s 008 [t}
Constent 0.1% 083 1n
[Dxecriminetion of Model Prediction (ROC Curve Anstysie)
Asympiotic
Area under the curve (Az) Standard Error 8% Interval
Lower — Upper |
0810 0043 62600 o8 . 0.804
STEP 14 Percent inspired oxygen at 12 hours of age' replaced by Sy sterolds n=381
Model
eriable(s) Coefficient Significance  Odde Rata  95.0% C.J. for Odds Ratio
— Lows _  Upper |
Major Abnormelity on any Cranisl U8
(sesumed normel if no scen) 214 G.4E-07 (2] ar 107
Belzures 204 0.00079 013 0.000 043
Systemic steroide s 0.080 04 o1 100
Constant 223 0.10 93
[Discrimination of Modet Prediction (ROC Curve Analysis)
Arympiotic
Ares under the ourve (Az) Standerd Ervor "% interval
0817 0044 29E-080 0.731 - 0.903

© Dr Jon Dorling, 190372008

Page 157

Continued overleat



STEP 15 5y steroids replaced by Oxygen Dependency at disch n=381

Logistic Regression Model -
Variabiels) Coefficient Significence  Odds Ratio  95.0% C ). for Odda Ratio
Lowsr  Upper |
LT s %8
012 0.004 0%
0.8 (81
ALY ]
%% Interval
Lowss Upper |
0.723 - 0.901
STEP 18 en at discharge by G n=381
Model
Varisbie(s) Coefticient Significance  Odde Rstio  95.0% C 1. for Odds Ratio
—Lowsr __ Upper |
Major Abnormaiity on sny Cranial US
{sssumed normal it no scan) 200 I19E08 74 a2 "2
Setzures 240 0.00020 0.004 0.028 032
Gender 10 0.038 27 108 721
Constent 094 0.4 28
Discrimingtion of Model Prediclion (ROC Curve Anslysie)
)
Arss under the curve (Az) ‘Standard Error
Lower Upper |
0528 0.037 8.5E-10 0.754 0.901
STEP 17 Gender replaced by Oxygen Dependency at 36 weeks n =381
|Logletic Regression Model
Vartable(s) Coefficient Significence  Odds Ratic  95.0% C.L. for Oads Retio
Lower Upper
Major Abnormality on any Cranial US
(sssumed normel i no sosn) 220 39E-07 .0 a9 21
Selzures 202 0.00006 013 0.000 044
Oxygen Depandency at 36 weeks GA 056 0.041 038 018 096
Constant 210 012 8t
Discriminstion of Model Prediction (ROC Curve Analysis)
Asympiotic
Aree under (An)
Lowar Upper |
0.798 0.047 32608 0.702 0.800
STEP 18 Oxygen Dependency at 36 weeks repiaced by Delivery for
h or preecial n=381
|Loglstic Regression Model
Variable(s) Coefticient Significance  Odds Ratio  95.0% C L. for Odds Ratio
Lowe _ Upper |
Major Abnormelity on eny Cranisl US
(sssumed normal i no scan) 238 22607 108 43 27
Seizures 220 0.00042 on 0.033 0338
Delivery for yperiansion or
presciampeia 121 0014 a7 AF 8.90
Constent ors 052 22
[xecriminetion ot Modei eredioton (ROC Curve Ansrysie)
Asymplotic
Arsa under the curve (Az) Stenderd Error  Significance Asymptotic §5% Contidence interval
Lower
0813 0.0482 4TER o724 . 0901 |

STEP 19 Delivery for hypertension or presclampsia replaced by Antenatal Transfer n =372

|Logistic Regreseion Model
Variable(s) Cosfficient Significance  Odde Ratio  95.0%C.1. for Odds Ratio
o lowe  _ Upper |
Major Abnormality on any Cranist US
{aseumed normel If no soan) 188 9.7E-08 70 0 1.8
Seinwres 219 0.00050 on 0.033 038
Antenstal Transter 053 0z 059 o 151
Conetant 138 0.7 40
[Discriminetion of Mode! Prediction (ROC Curve
Asympiotic
Ares under the curve (Az) Standard Error 6%

Lower -
0.794 0.045 S8.1E-08 0.708 = 0.882
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STEP 20 A | Transfer replaced by Oxygen Dependency at 28 days n =381
’MW.
Vartaie(s) Cosficient  Significence  Odde Ratlo  95.0% .1 for Odds Ratio
Lowsr  Upper |
Major Abnormaiity on any Cranial US
(sseumed norma it na scan) 204 19608 77 a3 19
Selzures 208 0.00074 013 0057 (V"]
xygen Dependency st 28 deys 097 020 03 0.008 1.7
Conetant 208 o1 78
[Disorimination of Model Prediction (ROC Curve
Asymptotic
Ares under the ourve (Az) Standerd Emor Intervel
Lowsr Upper |
[ ] 0083 74607 0881 - 0087
STEP 21 dency at 28 days replaced by Days in Oxygen" n = 381
Modet
Variatiecs) Costicient Significence  Odds Retio  96.0% C.L. for Odds Rata
Lowsr __ Upper |
Major Abnormaiity on any Cranial US
(sseumed normal H no scen) 212 65607 a3 as 191
Sezures 200 00011 014 0.0 048
Days in Oxygen® 0.0080 o 1.007 0.996 108
Constant a2 o8t 137
|Dtacrimination of Mode! Predicsion (ROC Curve Anatysie)
‘Asympiotic
Area under the curve (Az) ‘Standerd Error ol
Lower Upper |
_am 008 42607 0574 - 0.885
STEP 22 Days in Oxygen” replaced by Age out of Oxygen" n=381
[Logletic Regression Model
variabies) 95.0%C.L. for Odds Ratio
Lower  Upper |
Major Abnormaiity on sy Cranial US
(aseumed normel 1t no scan) 212 5607 a3 as 01
Selzures 200 00011 a4 0.081 048
Age out of Oxygen” 0.0009 o 1.007 0906 1018
Constant 032 o8t 137
[Otscrimination of Model Pradiciion (ROC Curve Analysis)
Asympiotic
Ares under the ourve (AZ) “% interval
Lower -
070 0040 42607 0874 - 0.008
STEP 23 Age out of Oxygen' replaced by Serum pH at 12 hours of age” n =381
|Logletic Regression Model
Vartable(s) Coefficient Significance  Odde Ratio  §8.0% C.L. for Ocds Ratio
Lowsr _ Upper |
Major Abnormality on any Cranisi US
(asaumed normel i no scan) 200 94607 (7} 35 185
Seizures 204 0.00067 013 0.000 042
Serum pH st 12 hours ot sge® 198 030 014 0.0015 128
Constent 154 0.8 9313485
Discrimination of Model Prediction (ROC Curve Anatysia)
Asymplotic
Area under the ourve (Az) Standard Error 0% Interval
Lowsr -
0788 0.081 8.0E-08 0.687 - 0.008
STEP 24 Serum pH at 12 hours of age® replaced by Apgar score at 10 minutes” n =381
|Logietio Repression Model_
Varisble(s) 96.0%C.J. for Odds Ratio
Lowsr  Upper |
Major Abhormality on sny Cranisl US.
(sesumed normal i no scen) 2n a8E07 a2 V) 190
Seizures 207 0.00086 0.3 0.008 041
Apgar s00rs #t 10 minutes 004 o8 098 or 132
Constant 127 o4 35
[Disoriminstion of Model Prediction (ROC Curve Anetyals)
Asymptotic
Ares under thy I 5% Interval
Lower e Upper
orie 008 43€05 0401 - a8
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STEP 25 Apgar score at 10 minutes” replaced by Pi thorax n = 381
|Logietic Regression Model =
Vartabie(s) 95.0% C.L. for Odds Ratio
Lowsr __ Upper |
Major Abnormeitty on any Cranial US
(sssumed normal it no soan) 200 SE07 a1 35 n?
Selzures 217 0.00040 o.n 0.004 038
Prsumothorax o0 0.4 0.0 012 13
Constent 22 ok L)
[Discrimination of Model Prediction Curve
Ares under the curve (Az) Standard Error %% Interval
Lowe _Upper |
orTs 0.081 18607 0578 - 0879
STEP 26 Pneumothorax replaced by Other air leak n=3717
|Logletc Regression Model
Variable(s) Coetticient Significence  Odds Astia  96.0%C.J. for Odds Ratio
Lowsr ____ Upper |
Major Abnormality on any Cranial US
(sssumed normal if no soen) 200 40608 74 a2 1”3
Seizures 219 0.00027 o1 0.035 036
Other Air Lask 1.7 220 017 aon 238
Constant 488 013 1080
[Disorimination of Model Prediotion (ROC Curve
Asympictic
Aren under the curve (Az) Standard Ertor %% interval
Lowsr Upper |
0757 0.085 22608 0850 0884
STEP 27 Other air leak replaced by Puimonary Interstitial Emphysema n=377
JLogietic Aegression Wodel
|Varisble(s) Coetticient Significance  Odds Ratic  95.0% C 1. for Odds Ratio
Lower __Upper |
Major Abnormality on any Cranisi US
(sssumed normel I no scen) 223 25807 5 40 23
Seizures 178 0.0060 0.7 0.080 0.50
Puimonary intersiftisl Emphysema 100 018 037 0.000 150
Constent 218 [X:] 29
[orscrimination of mode Pragicton (Roc Curve sratysie _____
Asymptotic
Ares under (Az)
Lower z Upper |
0.784 0054 1.1E08 0857 - 081
STEP 28 Pul Interstitial E Maternal n =381
|Logietic Regression Model
Variable(s) 95.0% C.L. for Odds Ratio
Lowsr __ Upper |
Major Abnormaiity on any Cranisl US
(sssumed normel if no scen) 213 6.06-07 (Y] 37 ws
Seizures 203 0.0010 0.13 0.009 044
Maternel Age 0.0% 027 098 os0 109
Conetant 196 0.1 24
Iumu ot Model Prediction (ROC Curve Analysis)
Asymplotic
Ares under the curve (Az) Standard Error ”%
Lower Upper |
0.800 0.04 19608 0.714 - 0.687
STEP 29 Maternal Age replaced by Probability of Survival® n =381
ion Model
{Variable(s) Coefficient Significence  Odde Ratio  96.0% C.1. for Odde Ratio
Lower | Upper |
Major Abnormality on sny Cranial US
(sssumed normel If no scan) am 7.06-07 83 38 190
Seizures. 208 0.0007% 0.13 0.000 043
Probabiity of Survivel® o0 040 050 0s7 uw
Constant 138 02 40
[Discrimination ot Model Pradiction (ROC Curve
Asymprctio
Area under the curve (Az) Standard Error Interval
Lowsr Upper |
oree 0.047 12607 0500 0878
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STEP 30 Probability of Survival® replaced by Dellvery for Choriomamnionitis n = 381

|Logietic Regression Model
Variabie(s) Coeticient Significence  Odds Ratio  95.0%C.L. for Odds Ratio
Lowsr __ Upper |
Major Abnormaiity on sy Cranial US
(eseumed norml H no scan) 218 4360 a8 a7 w9
Selzures 200 0.00085 014 00418 oM
Delivery for Choriomemnionitis 088 028 052 018 170
Constant 138 0.7 38
[Discrimination of Model Prediotion (ROC Curve Anelysis)
Asymptotic
Area under the ourve (Az) *% Interval
Lowsr - Upper |
0.785820201 0.05818188 1.55448E 06 0.8470857 - 0863074717
STEP 31 Delivery for Chorlomamnionitis replaced by Time to intubation® __n = 381
Logletio Regression Modsl
|Variable(s) Costhicient Significence  Odds Ratic  95.0%C... for Odds Ratio.
Lower __ Upper |
Major Abnormaiity on any Cranial US
(sssumed normal it no scen) m 9.06-07 a2 38 191
Selzures 200 0.00079 012 0.0 042
Time to intubation® 042 020 om0 075 1084
Constant 13 0.2 38
|mm ot Modal Prediction (ROC Curve Anefysis)
ARy mpIHc
Area under the curve (Az) Standerd Error %% interval
Lower - Upper |
0.804 0.043 12£08 orn - 0.087
STEP 32 Time to i ion” replaced by Cardiac Massage & Adrenaline  n = 381
Model
Variable(s) Coefficient Significence  Odds Retio  95.0%C L. for Odds Ratio
Lowsr _ Upper |
Msjor Abnormality on sy Cranial US
(assumed normal it no scen) 210 9IE07 82 33 189
Seizures an 0.00053 012 0.037 040
Cardiac Massage & Adrenaline 048 033 19 051 71
Constant 098 02 261
|nnmmum ot Model Prediction (ROC Curve Analysis)
Asympiotic
Ares under the curve (Az) Stendard Ervor
Lower e
0.788 0.083 S3E07 0685 - 0.871
STEP 33 Cardiac Massage & Adrenali laced by Mean biood p at24 hours’  n =381
Modet
[ Verisbie(s) Coeffictent Significence  Odds Ratio  95.0%C L for Odds Ratio
Lower _ Upper |
Major Abnormaiity on any Cranial US
{sssumed normal it no scan) 200 1.23£-08 a1 35 189
Selzures 2 0.00083 012 0.088 040
Mean biood pressure at 24 hours® aom 074 0% 0% 108
Constant 138 0.2 Y]
l““""'“""”"" ot Modet Prediction (ROC Curve Anelysts)
Asympiotic
Area under the curve (Az) Standerd Error "% Interval
Lower - Upper__|
0.788 0.083 62607 0882 - 0.870
STEP 34 Mean blood p at 24 hours” replaced by lonal Age (days) n =381
Logeuc Regreesion wosel
Varisbis(s) Coefficient Significance  Odds Rstio  96.0% C.L for Odds Ratio
_Lower _Upper |
Major Abnormaiity on any Cranisl US
(assumed normal  na scen) n 75€-07 83 as 01
Seizures 208 0.00081 012 0.038 041
Geststiona! Age (Deys) -0.0028 090 100 096 104
Constent 15 (%] 4
lmm o Mode! Prediction (ROC Curve Anelysis)
Asymptotic
Area under the curve (Az) Standard Error Intervai
Lows: . ppr |
0.758 0081 14E08 0857 - 0.858
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. Figure 19: Ability of Models for Predicting Severe Disability at Two Years of
Age (UKOS Cohort)

A. Model using information available before 12 hours of age.

(Az =0.713, 95% C.1.0.626- 0.799)
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B. Model using information available before discharge.

(Az = 0.842, 95% C.I. 0.771 - 0.913)
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4.4 DISCUSSION

This chapter describes the development of two models for predicting severe
disability in survivors at two years of age after correcting for prematurity. Two
models were developed in order to test two different hypotheses. These hypotheses
were that it might be possible to predict severe disability in survivors at two years of
age after correcting for prematurity using data either from the first 12 hours of life or
from the entire admission respectively. This investigation suggests that it simply is
not possible to do this using data from the first 12 hours alone. Indeed as can be
seen in Table 18, many of the variables that were significantly associated with death
and severe disability in Chapter 3.3 are either much more weakly associated, or not
significantly associated, with severe disability amongst survivors at two years of age.
An example of this is birthweight with a p value of 0.40 for severe disability in
survivors in comparison to a p value of less than 0.00000000000000015 for death
and disability (chapter 3.3). This finding suggests that the factors predicting death
are not the same as those that predict disability. This picture is however confused
by the fact that it is impossible to determine which of those infants who died would

have developed severe disability.

The model for predicting severe disability using data from the entire admission does
however appear to predict severe disability quite well, with an area under the ROC
curve of 0.842. This model is small due to the application of Wasson'’s advice that
the number of variables should be limited to a maximum of 1 variable for every 10
cases of the outcome of interest 2. As there were only 32 cases of severe

disability, three variables were therefore used in the model. It may be possible to
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develop a better model for predicting severe disability by using a cohort containing
more cases. This size does however mean that the model could be used easily in
future studies of other cohorts of infants. The model is plausible, being made up of
variables that have previously been shown to be markers of poor outcome® 2'1: 216
218 Unfortunately the model cannot be used for comparing neonatal units for quality
of care as the component variables, namely major abnormality on any cranial
ultrasound scan, seizures and days of ventilation, are all likely to be affected by the
quality of care®. Possible future uses of the model include as a surrogate marker
for late outcome. In this situation the predicted risk of severe disability could be very
useful as an early warning system for outcome at discharge, as waiting for two years
to determine outcome is frustrating for parents, clinicians and researchers alike. In
particular, the model might be very useful for identifying infants who would benefit

from interventions that could be applied in infancy such as physiotherapy in an

attempt to improve later outcome.

Missing data may have weakened the predictive value of the model. In order to
perform the analysis without losing a large amount of data, missing values were
replaced with the mean value of the infants for which the data existed. This
approach could not be used for categorical variables. It is likely that this approach
weakens the predictive association of the factor concerned. This was not a major
problem for the factors selected in the final model, with 30 infants having a missing
value for the presence of a major abnormality on any cranial ultrasound; these were
assigned as having no abnormality as the most likely explanation was that a cranial
ultrasound was not felt necessary. One infant had a missing value for seizures and
was excluded from the analysis, two infants had a missing value for ventilation days

and were assigned the mean value from the other infants. Complete data on some
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of the other variables might however have altered the three variables that make up

the model by altering the statistical selection process.

Loss of patients due to the inability to obtain information on outcome or perform the
assessment between the prespecified age of 22 to 28 months was an important
concern. Outcome in survivors was only available in this format for 65% of the
infants. Studies have suggested that missing infants can have significantly different
outcomes to included infants, although some studies have shown better outcome
and some have shown a poorer outcome in those that are lost to follow up 34220222,
There were no apparent differences between those assessed in the window and
those excluded due to lack of information or an assessment outside the window.
The possibility of bias must still however be born in mind when considering the
results of this analysis. The potential for bias might have been improved by including
the 55 infants who had assessments outside the prespecified age window, however
it was felt that this approach was likely to reduce the accuracy of outcome
assignment. This is because some children assessed early will be defined as
having a poorer outcome than they would actually have in the window, whilst later
assessments will give children longer to develop and therefore overscore their

47 This approach was therefore not pursued in this study.

ability
As mentioned elsewhere in the thesis, the trial cohort might also suffer from
selection bias which can be introduced by the use of inclusion and exclusion criteria,
as well as researcher’s attitudes to recruiting patients into the trial. As mentioned
previously in Chapter three, the inclusion of other predictive variables might have
improved the model, variables such as socioeconomic status and antenatal infection

in particular, warrant further investigation.
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This model benefits from being derived from data collected from a large multicentre
trial. This is likely to mean that the data is of good quality and drawn from infants of
a wider social and ethnic background than a single unit or region might provide.
The neurological assessments were performed by local paediatricians and therefore
reflect the normal level of care and assessment although they might suffer from
reporting bias. Further information may have been obtained by specific
developmental testing'®, but the classification into severe disability was the

outcome of interest in this thesis.

Previous attempts to predict neurodisabilty have also not been fully successful,
although few publications have presented ROC curve analyses of model
discrimination. An early model developed solely for predicting disability using data
from the first day of life has not been published, apparently confirming the finding of
this thesis that it is not possible to predict neurodevelopmental outcome using data
from such early data. CRIB and SNAP, both scores for predicting mortality, have
been tested in this way for predicting later outcome. These are detailed in section
1.5 of this thesis and elsewhere®’. In summary, however the ability to predict
disability separately from death using CRIB was inadequate (Az 0.70°%', 0.71%, 0.77)
except in the original cohort with the addition of cranial ultrasound results at ‘around’
72 hours of age (Az = 0.89%). Unfortunately this timescale means that the score
can no longer be used for risk correction to analyse quality of care. The late model
presented in this chapter uses less data, making it easier to collect and is only a little
less accurate. CRIB did appear to be a reasonable predictor for predicting the
combined outcome of death or severe disability in the original cohort (Az = 0.83)*.
This finding is however similar to that in chapter three of this thesis and is likely to
represent the ability of the CRIB score to predict death as it was designed to do and

not from its ability to predict disability.
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SNAP, a similar but more time cbnsuming risk score for predicting death has also
been examined using retrospective data from 173 inborn infants®. This was not
examined using ROC curve analysis and was modified by collecting information for
every day of the infant’'s admission summed to produce a “cumulative SNAP score”.
The authors showed that the quartile of infants with the worst cumulative SNAP
score had significantly lower motor development indices at 1 year, as well as lower

psychomotor development indices at both 1 year and 3 years of age.

Brazy developed and tested a similar model for predicting neurodevelopmental
outcome using data available at discharge, although it originally comprised 13
variables, these were shortened to just seven variables®. These were length of
ventilation, serum pH, seizures, intraventricular haemorrhage, periventricular
leukomalacia, infection and hypoglycaemia. Each of these was scored as a
categorical variable recording a 0, 1, 2 or 4 points which were then summed to give
a total score. As the derivation cohort only included 68 VLBW infants, the authors
therefore disregarded Wasson suggestion for the maximum number of variables in a
model according to the number of cases with the outcome of interest 2°°. Expert
opinion was also used instead of statistical methods to weight the categorical
variables probably weakening the model’s predictive ability. It is likely that the model
developed in this thesis predicts disability better and is more reliable as it includes
less variables and uses the continuous data for the length of ventilation. The NBRS
model was used retrospectively by Lefebvre in 121 very premature infants born
before 29 completed weeks of gestation who were assessed at 18 months'®. Using
score cut-offs defined by Brazy in the original NBRS paper, the model classified all
the 26 infants with a severe neurosensory or developmental outcome as being at

least at moderate risk (9 as infants at moderate risk, seventeen at high risk). An area
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under the curve was only described for any disability (Az=0.79). This group included
all the mild cases of cerebral paléy and infants with a Griffiths developmental
quotient up to 90. The authors concluded that the model could still be used both for
counselling parents and for identifying infants who should be offered close follow-up.
The score presented in this thesis from the UKOS data is likely to be easier to collect
as it relies on just 3 of the data points collected for NBRS. Ventilation days are also

defined more precisely in the new model, giving more accuracy in the prediction.

4.5 COMMENTS AND IMPLICATIONS

This investigation suggests that it is possible to predict outcome at two years of age
with reasonable accuracy using data available at discharge. Unfortunately it does
not appear that data from earlier in the admission is adequate for this purpose. This
means that risk correction cannot be used for comparing different units for the
quality of their neurodevelopmental care. As the model was produced from a trial
cohort of highly selected infants, it's generalisability to the general population needs
to be tested. This could be achieved by validating it in another source of patients.
Unfortunately the Trent Neonatal Survey data collection did not include ultrasound
findings when outcome data at two years was collected for the ABC study analysed
in chapter three of this thesis. Further neurodevelopmental outcome data is
currently being collected for Trent infants born in 2001, 2002 and 2003 and the

model could then be tested in this cohort.

Cranial ultrasound abnormalities, length of ventilation, and seizures are all likely to

be affected significantly by quality of care. It may be worth measuring these
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outcomes (perhaps using risk correction for these outcomes to assess quality of
care) and also using the data tc; identify infants who would benefit from early
intervention according to the late model. The model may also be useful as a guide in
counselling parents about what the future may hold for their child and as a surrogate
marker of later outcomes for randomised controlled trials or health economic

assessments.
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CHAPTER 5: COMMENTS AND CONCLUSIONS

5.1 THESIS AIMS

This thesis set out to dgvelop a model for predicting severe disability or death at two
years of age after correction for prematurity. After analysing the different cohorts in
chapter two, this thesis presents investigations of predicting these outcomes in
combination (death or severe disability against survival without severe disability) or
separately (severe disability in survivors against other survivors). Chapter three
documents the use of early data for this modeling, whereas chapter four uses data

from the entire admission.

5.2 THESIS FINDINGS, IMPLICATIONS AND SUGGESTIONS FOR
FUTURE RESEARCH

5.2.1 Predicting death or severe disability against survival without severe
disability using early data

Three attempts were carried out to produce a suitable model for this task. On first
glance the models produced in chapters 3.1, 3.2 and 3.3 all appeared to predict the
combined outcome reasonably well. Indeed the area under the ROC curve values of
0.808, 0.793 and 0.798 are all considered good. However, a major finding of this
thesis is that for all three models, further investigation demonstrated that these
findings were due to the models being good at predicting death, but that they were
very poor at predicting disability. There are four likely explanations for this
consistent finding and these are discussed below in the order of importance in the
view of the author of this thesis. Further research to answer these questions

generated by this thesis would be extremely valuable.
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The first possibility is that it simply is not possible to predict this combined outcome,
as the factors related to survival are not the same as those that are related to severe
disability. This is supported by the ability of the models to predict death accurately.
A large number of variables were analysed in the UKOS and East Anglian cohorts
making it less likely that these predictions could be substantially improved by
collecting more variables. There were however some important variables
overlooked by the cohorts that could have been collected at the time of birth. These
include the presence of antenatal infection and socioeconomic status. To determine
whether disability can be predicted using data from early in life, a large prospective

cohort study collecting these and many other variables is required.

The second explanation which may well explain the inability to predict outcome
using early data, is that events which occur later in an infant’s stay are much more
important than the baseline risk that is present at birth. These variables include the
occurrence of things that either damage the brain, such as significant intraventricular
haemorrhage and meningitis, or variables that highlight that there has been a
problem such as seizures. The results of Chapter four in this thesis, where data
from the entire admission were used to develop a model that predicted disability
adequately (Az= 0.842), suggest that this is the case. This interpretation is
supported by the results of Lefebvre who applied the NNBRS to data from the entire
admission producing an area under the curve of 0.79 for outcome at 18 months of
age'®. If this scenario is true, comparisons of late outcomes between units or
groups of individuals are likely to reflect the quality of care given to infants during
their entire stay on the neonatal unit. The three variables combined in the model
developed in chapter four could be relatively easily collected and therefore used to

compare the quality of care in different units.
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The third possibility is that this methodology for looking at early data and predicting a
combined outcome of death and severe disability is flawed, as it is impossible to
know what the neurodevelopmental outcome would have been for the infants who
died. In order to test this, future research should use more complicated statistical
methods whereby the Iikely neurological outcome is used for those infants who died.
This situation is analogous to that of banking statistics and risk prediction. Mortgage
companies attempt to predict who would defauit on a mortgage in order to determine
risk. As they refuse credit to a significant number of individuals, they use credit
scoring methodology??® to determine the risk of defaulting for those people who are

not given a mortgage.

The fourth possibility is that proportionally more infants died, than developed severe
disability in each of the cohorts, thereby causing the models to be better at
predicting deaths than disability. This could be investigated in more detail by
including the moderately disabled infants in the disabled group so balancing the
groups better. This is unlikely to be worthwhile however, as the relationship
between the predictive variables and the outcome at two years of age will probably
be weakened by including these infants due to the lower level of outcome severity.
An alternative is to examine groups of infants at higher risk of death and disability.
Such an approach would limit the models use to a smaller group of babies, such as
those weighing less than 1 kilogram at birth, or being born before 28 weeks of

gestation.
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5.2.2 Predicting severe disability in survivors against survival without severe
disability using late data

As described above in chapter four in this thesis, data from the entire admission
were successfully used to develop a model that predicted disability adequately (Az=
0.842). This suggests that the experiences in the first few weeks of life may be the
most important predictors of future outcome. The model offers many exciting
potential uses both for research and in clinical use. These include giving prognostic
information when counseling parents at discharge, identifying infants that might
benefit from early developmental interventions, or as surrogate markers for later
outcome. The model could also be used in cohorts for comparing study groups for
similarity of risk, or for measuring trends in results over time. The use of the model

as a marker of quality of care also warrants further investigation.

Before the model can be used in these ways the calibration of the model should be
tested using a goodness of fit test such as that of Hosmer and Lemeshow®. It then
needs validating in other cohorts to test its generalisability to the general population.
In order to establish the model, reliability testing is also important as the model
needs to be easy to use and not open to subjective assessments 2?4, This is unlikely
to be a significant problem but should be tested as ultrasound results and identifying

whether an infant has had seizures are dependent on observer interpretation.

Future studies should also explore other modalities of imaging that could improve
the accuracy of predictions. Magnetic resonance imaging is currently being
examined in this way in many centres across the world. As this produces a higher
resolution image of the brain, it might be possible to substantially improve

predictions of outcome at two years of age using MRI instead of ultrasonography.
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APPENDIX 1: SAMPLE WEEFIM RATING FORM. ADAPTED FROM THE
FUNCTIONAL INDEPENDENCE MEASURE FOR CHILDREN (WEEFIM)

7 Complete independence (Timely, Safely) No helper
6 Modified independence (Device)

Modified dependence
5 Supervision Helper

4 Minimal assistance (Subject=75%+)
3 Moderate assistance (Subject=50%+)
Complete dependence

2 Maximal assistance (Subject=25%+)
1 Total assistance (Subject=0%+)

Self-care or follow up

A. Eating _— Locomotion

B. Grooming _— L. Walk/wheelchair/crawl ———
C. Bathing _ M.Stairs _
D. Dressing — upper body ———

E. Dressing — lower body ——— Communication

F. Toileting _ N. Comprehension _

O. Expression —_—

Sphincter control

G. Bladder management ————— Social cognition

H. Bowel management  —— P. Social interaction _
Q. Problem solving _

Transfers R. Memory _

I. Chair/wheelchair —_—

J. Toilet —_—

K. Tub/shower —_—

Total WeeFIM —_—
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APPENDIX 2: OHSQ CLASSIFICATION OF DISABILITY

Definitions

Respiration

Renal

Feeding

Fits

Walking

Sitting

Hand use

Head control

Vision

Hearing

Communication

Severe

O; >1 hour a day or
mechanical ventilation

Treated with dialysis

TPN or tube-feeding or
stoma fed

More than one seizure a
month on treatment

Unable to walk without
assistance

Unable to sit

Sits only with support or
sits unsupported but
unstable

Unable to feed self

Unstable without support
or no head control

Blind or sees light only in
two eyes

Impairment not corrected
with aids (or hearing loss
both ears worse than 70
dB)

No speech or vocabulary
<6 words or unable to
understand in cued
situation

Moderate

Limited exercise
tolerance on drugs

Treated with drugs
or diet

Less than one
seizure a month on
treatment

Reduced mobility

Some difficulty both
hands

Blind in one eye
only or not fully
correctable

Impairment
corrected with aids
or hearing in both
ears between 40
and 70 dB

Vocabulary <10
words or unable to
understand in
unfamiliar situation

Mild

Limited exercise
tolerance - no drugs

Impairment but no
treatment

Special diet

No treatment required
or No seizures on
treatment

Non fluent gait

Some difficulty one
hand

Normal vision with
correction

Single words only-
vocabulary <10 words

Developmental age <12 months 12 to 18 months >18 months <24
at 2 years months
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