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Background: Many clinicians overestimate mortality and disability rates in infants
born extremely preterm. We developed a digital tool (NIC-PREDICT’) that predicts
infant mortality and survival with and without major disability in infants born
23-27 weeks' gestation.

Aims: To determine if clinicians could use NIC-PREDICT accurately, and if their per-
ceptions of infant outcomes improved after its release in 2021.

Materials and Methods: Midwives, nurses, obstetricians, neonatologists and pae-
diatricians working in tertiary and non-tertiary hospitals in Victoria were asked to
use NIC-PREDICT to estimate three mutually exclusive outcomes: (i) mortality; (ii)
survival free of major disability; and (iii) survival with major disability for six differ-
ent scenarios where a liveborn infant was offered survival-focused care after birth.
The proportions who completed the survey (responded to all six scenarios) and
the proportions able to provide 100% accurate results for all scenarios were deter-
mined. Estimates of the three outcomes were compared with true rates.

Results: A total of 85 clinicians responded: 70 (82%) completed the survey, with
an overall accuracy of 76%. Overall, predictions of mortality were accurate (mean
difference from true value 0.7% (95% confidence interval (Cl) -0.7, 2.1) P=0.33), as
were predictions of survival without major disability (mean difference - 0.7 (95%
Cl -3.0, 1.7) P=0.58). However, survival with major disability was overestimated by
4.9% ((95% Cl 1.7, 8.0) P=0.003).

Conclusions: Most perinatal clinicians who responded used NIC-PREDICT correctly
to estimate expected outcomes in infants born extremely preterm who are offered
intensive care. Undue pessimism about survival with major disability remains an
ongoing concern.

KEYWORDS
developmental disabilities, extremely premature, infant mortality, neonatal intensive care,
preterm infant, prognostic factors

NIC-PREDICT is available at https://nic-predict.com.au.
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Translating ‘NIC-PREDICT into clinical practice

INTRODUCTION

The outcome for infants born extremely preterm (EP;
<28 weeks' gestation) depends heavily on clinical decision-
making both before and after birth."? Perinatal interventions
provided before birth, including exposure to antenatal corti-
costeroids and magnesium sulphate, and in utero transfer to
facilitate birth in a tertiary perinatal centre are associated with
either increased survival rates, or with lower risk of major neu-
rosensory disability in surviving children born EP.3> Without
survival-focused (‘active’) care after birth, including supporting
breathing, maintaining normal body temperature, and provid-
ing adequate nutrition, infants born EP will die. Hence if parents
want survival-focused care for their infant, providing a suite of
perinatal interventions is essential to optimise infant outcomes.
This requires a collaborative approach to parental counselling,
decision-making, and care by the obstetric and neonatal teams
before the infant's birth.5’

To provide parents with realistic expectations regarding in-
fant survival and disability risks, clinicians need accurate knowl-
edge of these outcomes. However, previous studies, including
our own, consistently demonstrate that many perinatal clini-
cians, from all disciplines (obstetrics, neonatology, paediatrics,
nursing, and midwifery) underestimate survival chances and
overestimate disability risk in infants born EP.2"" Moreover,
in our most recent survey conducted in 2020"" we found that
clinicians' ability to predict infant outcomes accurately was
worse than it was in our previous study conducted a decade
earlier.’” These studies raise the possibility that some par-
ents may be making life-and-death decisions for their infants
based on inaccurate and overly pessimistic prognostication of
infant outcomes.

To address this problem, we developed a smartphone appli-
cation (‘app’) and web-based tool, NIC-PREDICT to predict out-
comes in infants born EP who are offered active care. The tool
predicts the three mutually exclusive outcomes for livebirths at
23-27 weeks' gestation who are offered active care: (i) mortality,
(i) survival free of major neurosensory disability, and (iii) survival
with major neurosensory disability. As the first steps in evaluating
the translation of NIC-PREDICT into clinical practice, the aims of
this study were to determine if clinicians could use NIC-PREDICT
accurately, and if their ability to predict infant outcome was more
accurate compared with their predictions prior to the availability
of NIC-PREDICT.

MATERIALS AND METHODS

Development of NIC-PREDICT

Data on infant survival and major disability rates were de-
rived from two population-based data collections, both with
prior ethical approval. The survival data for NIC-PREDICT were

obtained from a whole of population cohort of 2048 livebirths
at 23-27 weeks' gestation in the state of Victoria in 2009-2017
who were offered active care after birth. The variables indepen-
dently associated with mortality by one year were lower gesta-
tional age, male sex, non-tertiary (‘outborn’) birth status, and no
antenatal corticosteroid exposure, as determined by multivaria-
ble logistic regression using Stata 14 (StataCorp, College Station,
TX, USA). Birth weight, plurality, and small-for-gestational age
status were not independently associated with infant mortality
in this cohort.

Rates of major neurosensory disability were derived from out-
comes to eight years of age of survivors born <28 weeks' gesta-
tion in the state of Victoria in 1991-92, 1997 or 2005.'*'3 Major
disability comprised any of moderate/severe cerebral palsy (un-
able to walk or walking with considerable difficulty with or with-
out a walking aid; Gross Motor Function Classification System
score level = 2), blindness, deafness, or an Intelligence Quotient
score < -2 relative to term born controls.

Using the coefficients for the independently predictive vari-
ables and the constants from the logistic regressions, the proba-
bilities of the three mutually exclusive outcomes of death, survival
free of major disability and survival with major disability at each
week of gestational age were calculated for inborn and outborn
males, with or without antenatal corticosteroids and inborn and
outborn females, with or without antenatal corticosteroids. These
data were used to create the algorithms for NIC-PREDICT's cal-
culations for individual infants. If infant sex is unknown prior to
birth, entering ‘male’ provides lower estimates of survival, and en-
tering ‘female’ provides higher estimates.

The NIC-PREDICT smartphone app was released for clinical
use in the state of Victoria on 17/7/2021. Information about its
availability for use was promoted at perinatal conferences and
seminars, and at local grand rounds in tertiary and non-tertiary
hospitals. The web-based version first available in late 2020 had
already been recommended as a tool to assist in perinatal coun-
selling in the statewide Extreme Prematurity Guideline, published
by Safer Care Victoria in December 2020."

Improving accuracy of outcome prediction of EP
infants using NIC-PREDICT

One year after NIC-PREDICT became available, ethics approval
from the Royal Children's Hospital (Study ID HREC/65384/RCHM)
was obtained for a follow-up study to determine if: (i) clinicians
could more accurately predict infant outcome using NIC-PREDICT,
and (ii) to explore characteristics of respondents who did or did
not predict outcome accurately using the app.

We sent an electronic REDCap® survey to midwives, nurses,
obstetricians, paediatricians, general practitioners and neonatolo-
gists working in tertiary and non-tertiary hospitals in Victoria who
care for pregnant women or preterm infants, or who are involved
in maternal or neonatal emergency retrieval. These were the
same groups of health professionals we targeted in the previous
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surveys. The Medical Directors of each unit and nurse unit man-
agers in the non-tertiary units were asked to distribute the survey
to their staff, so we do not know the true number who might have
received it. Clinicians were asked to use NIC-PREDICT to estimate
the three mutually exclusive outcomes of: (i) mortality before
one year of age, (ii) survival free of major neurosensory disability,
and (iii) survival with major neurosensory disability for six differ-
ent scenarios where a liveborn infant was offered active care after
birth (Appendix S1).

Data were imported from REDCap into Stata 18 (StataCorp,
College Station, TX, USA) for analysis. The proportions who com-
pleted the survey (responded to all six scenarios) and the propor-
tions of correct responses from those who were able to use the app
correctly were determined. The true rates of mortality, and survival
with and without major neurosensory disability for each of the six
scenarios were subtracted from each participant's estimations for
each combination, and the mean values compared with the null
value of zero using linear regression with models fitted using gen-
eralised estimating equations to allow for the lack of independence
of multiple responses from the same participant. Results were
reported as mean differences, 95% confidence intervals (Cls) and
P-values. For the participants who provided data for all scenarios,
we compared those who were 100% accurate on all scenarios with
those who were not on years of experience by independent t-test,
and whether or not their primary practice was in a tertiary centre
(including the PIPER emergency retrieval service;) or not by 2, from
which odds ratios (ORs) and 95% Cls were obtained.

RESULTS

A total of 85 clinicians responded, but only 74 (87%) respondents
provided data for at least one scenario, and 70 (82%) provided
data for all scenarios. Of those who responded to the survey,
the largest group were obstetricians, followed by neonatologists,
midwives or nurses, paediatricians, and general practitioners
(Table 1). Just under two-thirds (45; 64%) worked in a tertiary cen-
tre. Although the mean duration of working in perinatal care was
13years, the level of experience was wide, ranging from two to
35years.

Among the 70 who completed the survey, 47 (67%) were
completely accurate for all scenarios. Accuracy for all individ-
ual components was 76% (321) for the 420 scenarios. Accuracy
rates were similar for mortality (80%; 334/420), survival free of
major disability (77%; 324/420) and survival with major disabil-
ity (78%; 329/420). Overall, there was little evidence that the
predicted estimates of mortality were substantially different
from the true values (mean difference 0.7%; 95% Cl -0.7, 2.1;
P=0.33) (Table 2). Similarly, overall there was little evidence
that the predicted estimates of survival free of major disability
were substantially different from the true values (mean differ-
ence - 0.7%; 95% Cl -3.0, 1.7, P=0.58). However, overall there
was strong evidence that the predicted estimates of survival

with major disability overall were overestimated compared
with the true values (mean difference 4.9%; 95% Cl 1.7, 8.0;
P =0.003). Although accuracy was high for all scenarios, where
responses were inaccurate, the amount by which the response
was different from zero was wide, with a range of almost 100%
(Fig. 1). The inaccurate responses were symmetrical for mortal-
ity and survival without major disability, but positively skewed
for survival with major disability (Fig. 1).

Within individual scenarios, the patterns were similar to those
seen overall, with evidence for overestimates of survival with
major disability for all scenarios, but little evidence for differences
in mortality or survival free of major disability, with one exception.
For the scenario with the best prognosis (Scenario C: 25 weeks, fe-
male, antenatal corticosteroids, inborn), there was evidence that
not only was survival with major disability overestimated, so too
was mortality, and survival free of major disability was underesti-
mated (Table 2).

Participants who were 100% accurate compared with those
who were not 100% accurate on all scenarios had similar years of
experience (years, mean (SD): accurate 13.2(8.7); not accurate 13.8
(8.8); mean difference - 0.6; 95% Cl -5.1, 3.8; P=0.78), but there
was weak evidence that they were less likely to work in a tertiary
centre (% (n/N): accurate 60% (27/45); not accurate 80% (20/25);
OR 0.38; 95% Cl 0.12, 1.18; P=0.09). The sample sizes within the
different professional disciplines and at different workplaces were
too small to realistically compare estimates of the accuracy of the
three mutually exclusive outcomes between subgroups.

DISCUSSION

Most perinatal clinicians who responded could correctly use
NIC-PREDICT to estimate expected outcomes for infants born EP
who are offered survival-focused care after birth, particularly for
mortality and for survival free of major disability. However, it is
concerning that clinicians still overestimated the expected rate of
survival with major disability.

There was improvement in the accuracy of the prediction of
mortality rates compared with our earlier surveys. For infants
offered active care at 24 weeks' gestation in the earlier surveys,
mortality was overestimated by 6.7% in the 2010 survey'® and
was even more overestimated by 14.7% in the 2020 survey."
For the two scenarios involving infants at 24 weeks in the current
survey, mortality was not overestimated (mean difference - 0.5%;
95% Cl -2.0, 0.9; P=0.47). NIC-PREDICT has seemingly led to in-
creased accuracy of prediction of mortality risk for infants born at
24 weeks' gestation.

Although the correct answers for survival with major disability
were available from NIC-PREDICT, the fact that there was still a
systematic overestimate of the rate of survival with major disabil-
ity among those who responded is puzzling, perhaps reflecting a
conscious or unconscious bias that the long-term quality of sur-
vival for children born EP is poor. However, compared with our
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TABLE 1 Characteristics of respondents who provided data for all scenarios

Professional group and response rate within
each group

Midwives and nurses

+ Tertiary perinatal centre

+ Tertiary children's hospital

+ PIPER

Obstetricians

+ Non-tertiary public hospital
+ Non-tertiary private hospital
+ Tertiary perinatal centre
Paediatricians

+ Non-tertiary public hospital
+ Non-tertiary private hospital
+ Tertiary children's hospital

* PIPER

Neonatologists

* Non-tertiary hospital

+ Tertiary perinatal centre

+ Tertiary children's hospital

* PIPER

General practitioners

+ Non-tertiary hospital

Not stated - tertiary centre
Type of health service

+ Non-tertiary public hospital
+ Non-tertiary private hospital
+ Tertiary centre

* PIPER

Years working in perinatal care
Mean, (SD)

Range

PIPER, Paediatric Infant Perinatal Emergency Retrieval, Victoria

2020 survey, in which major disability was overestimated by 35%,
an overestimate of 4.9% was a vast improvement.

Participants who were 100% accurate compared with those
who were not 100% accurate had similar years of experience but
were less likely to work in a tertiary centre. Perhaps those working
in tertiary care units were more reliant on their level of expertise
than the data provided by NIC-PREDICT in completing the ques-
tionnaire, and consequently were not as accurate as they should
have been. Where responses were inaccurate, the range of error
was almost 100%, indicating there is more work required to im-
prove accuracy overall.

Although we cannot calculate the response rate to this study, the
uptake of NIC-PREDICT has been widespread, with the app being ac-
cessed 11621 times in 2022 alone. We have also been approached
by clinicians from other states of Australia and internationally, who
are interested in validating the algorithm for EP infants in their state.
Given the variation in regional practices in approach to care of EP

Number in each group Total N=70

% within group (n)
13 (19%) 46% (6)
31% (4)
23% (3)
26 (37%) 35% (9)
11% (3)
54% (14)
12 (17%) 67% (8)
17% (2)
8% (1)
8% (1)
17 (24%) 12% (2)
47% (8)
23% (4)
18% (3)

1(1.4%)
1(1%)

100% (1)

29% (20/70)
7% (5/70)
54% (38/70)
10% (7/70)

13.4years (8.7)
(2-35)

infants both within Australia and internationally, and therefore vari-

ations in outcome,'>'®

we recommend tools developed to predict
outcome should be based on local population-based outcome data
to provide parents with realistic outcome predictions for their infant.

As the prognosis for infants offered survival-focused care follow-

ing EP birth continues to improve'”'8

it is imperative that the out-
come data in NIC-PREDICT are continually updated. We are currently
updating the survival algorithm for NIC-PREDICT for EP infants born
in 2018-2022 and will be updating the disability data when a longitu-
dinal cohort of extremely preterm infants born in Victoria in 2016-17

are assessed at eightyears of age in 2024/2025.

Study strengths and limitations

A strength of our study is the use of methods that are familiar to
us and to those who we surveyed. This is now the third survey
since 2010 targeting the same group of perinatal clinicians.
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TABLE 2 Estimated vs actual outcomes, both overall, and for each scenario

Outcome Estimated %
Overall

Mortality 42.2%
Survival free of major disability 45.0%
Survival with major disability 18.0%

Within each scenario

Scenario A (24 weeks, female, antenatal corticosteroids, outborn)

Mortality 36.9 (7.5)
Survival free of major disability 51.5(11.9)
Survival with major disability 16.0(13.2)

Scenario B (23 weeks, male, antenatal corticosteroids, inborn)

Mortality 45.8 (7.6)
Survival free of major disability 37.6 (10.5)
Survival with major disability 22.6(11.2)

Scenario C (25 weeks, female, antenatal corticosteroids, inborn)

Mortality 16.9 (10.1)
Survival free of major disability 69.8 (13.6)
Survival with major disability 15.7 (11.7)

Scenario D (24 weeks, male, no antenatal corticosteroids, outborn)

Mortality 59.0(9.2)
Survival free of major disability 29.8 (11.9)
Survival with major disability 18.2(17.5)

Scenario E (23 weeks, female, no antenatal corticosteroids, inborn)

Mortality 49.9 (8.8)
Survival free of major disability 40.2 (11.9)
Survival with major disability 16.6 (16.5)

Scenario F (25 weeks, male, no antenatal corticosteroids, outborn)

Mortality 44.6 (9.8)
Survival free of major disability 41.2(11.5)
Survival with major disability 19.1(15.3)

A major limitation of the current study is the small sample size
of those who responded. That fewer people responded to the
current survey than either of the two earlier surveys could reflect
questionnaire fatigue. However, of those who did respond it seems
that most could use NIC-PREDICT to derive accurate data about the
three mutually exclusive outcomes confronting infants born EP.
Another limitation of NIC-PREDICT at present is that there are no
estimates of outcomes for infants born before 23 weeks of preg-
nancy. This occurred, in part, because there were no survivors at
22 weeks' gestation in the dataset used to develop NIC-PREDICT,
which, for mortality, comprised births in the state of Victoria from
2009-2017."" We are incorporating outcomes for those born at
22 weeks into the current update of the app, particularly given the
release of the Extremity Prematurity Guideline from Safer Care
Victoria in December 2020, which stated the following: ‘Consider
active management following live birth (resuscitation, neonatal

Actual % Mean difference (95% Cl) P-value
41.5% 0.7% (-0.7, 2.1) 0.33
45.7% -0.7% (-3.0, 1.7) 0.58
13.2% 4.9% (1.7, 8.0) 0.003

37.0 -0.1% (-1.8, 1.7) 0.95
52.0 -0.5% (3.4, 2.3) 0.72
11.0 5.0% (1.8, 8.1) 0.002
44.0 1.8% (-0.05, 3.6) 0.056
37.0 0.6% (-1.9, 3.1) 0.64
19.0 3.6% (0.9, 6.3) 0.009
14.0 2.9% (0.5, 5.3) 0.017
74.0 -4.2% (-7.4,-0.9) 0.013
12.0 3.7% (0.9, 6.5) 0.01
60.0 -1.0% (-3.2, 1.2) 0.36
28.0 1.8% (-1.1, 4.6) 0.22
12.0 6.2% (2.0, 10.3) 0.004
49.0 0.9% (-1.1, 3.0) 0.37
41.0 -0.8% (-3.7, 2.0) 0.56
11.0 5.6% (1.6, 9.5) 0.006
45.0 -0.4% (-2.7, 2.0) 0.76
42.0 -0.8% (-3.6, 1.9) 0.54
14.0 5.1% (1.5, 8.8) 0.007

intensive care admission) from 22 weeks - but only in ideal circum-
stances, such as for babies born in a tertiary (Level 6) perinatal cen-
tre, and for babies free of adverse perinatal risk factors.

The next steps in translating NIC-PREDICT into clinical practice
are to assess if the rates of being outborn (born outside a ter-
tiary maternity hospital) have diminished, and if the proportions
offered active care and their survival rates have risen, particularly
for those born <24 weeks after NIC-PREDICT was released com-
pared with just prior to its release. Given the undue pessimism of
the past concerning both mortality rates and rates of survival free
of major disability, it would be expected that providing more accu-
rate data through NIC-PREDICT will reduce any pessimism being
conveyed to families and result in more infants born EP being
offered active care, including more being transferred in utero to
tertiary maternity hospitals, more being offered active care after
birth and more surviving.

85U SUOWILLOD BAIER1D 3|ceotidde 8y} Aq peue0b a1 SapILe VO '8N 4O S3|NI 10} ARRIGIT BUIIUO ]I UO (SUORIPUOD-PUR-SWLSHALI0D™AB| 1M AReIC] 1B UO//SURU) SUORIPUOD PUE SWL L 33 88S * [¥202/0T/20] U0 A%1q17 8UIIUO ABIIA ‘1DUN0D Yo18ssaY [BRIPSIN PUY UHEBH [BUOIN AQ 80BET OR/TTTT 0T/I0p/wioo" A3 |Im Aseqjeutjuo uABao;/sdny o papeojumoa ' ‘720z ‘X8Z86LyT



388 Translating ‘NIC-PREDICT into clinical practice
Mortality Survival with no major disability
% 80 1 % 80
60 - 60 -
40 4 40 1
20 20
0+ ‘ ‘ ‘ 0 T ‘
-40 -20 0 20 40 60 -50 0 50
% difference between estimated and true % difference between estimated and true
% 80 1
60 -
Survival with major disability
40 4
20
0+ ; 7 . .
-20 0 20 40 60 80
% difference between estimated and true
FIGURE 1 Histograms illustrating accuracy of responses for each outcome.

In conclusion, most perinatal clinicians who responded can cor-
rectly use NIC-PREDICT to estimate expected outcomes in infants
born EP who are offered survival-focused care. However, undue
pessimism about survival with major disability remains an ongoing
concern. Although only released in late 2020, NIC-PREDICT will need
to be updated periodically to ensure that it remains contemporane-
ous for predicting outcomes for our most immature infants, which,
in turn, will ensure that families are provided with the most accurate
data on the likely long-term outcomes for their babies.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

Appendix S1: REDCap survey instrument: Improving accuracy of

outcome prediction in babies born extremely preterm.
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