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ABSTRACT
Objective: To develop a tool for predicting survival to
term in babies born more than 8 weeks early using only
information available at or before birth.
Design: 1456 non-malformed very preterm babies of 22–
31 weeks’ gestation born in 2000–3 in the north of
England and 3382 births of 23–31 weeks born in 2000–4
in Trent.
Outcome: Survival to term, predicted from information
available at birth, and at the onset of labour or delivery.
Method: Development of a logistic regression model (the
prematurity risk evaluation measure or PREM score)
based on gestation, birth weight for gestation and base
deficit from umbilical cord blood.
Results: Gestation was by far the most powerful
predictor of survival to term, and as few as 5 extra days
can double the chance of survival. Weight for gestation
also had a powerful but non-linear effect on survival, with
weight between the median and 85th centile predicting
the highest survival. Using this information survival can be
predicted almost as accurately before birth as after,
although base deficit further improves the prediction. A
simple graph is described that shows how the two main
variables gestation and weight for gestation interact to
predict the chance of survival.
Conclusion: The PREM score can be used to predict the
chance of survival at or before birth almost as accurately
as existing measures influenced by post-delivery condi-
tion, to balance risk at entry into a controlled trial and to
adjust for differences in ‘‘case mix’’ when assessing the
quality of perinatal care.

The prognosis for the very preterm baby has
improved appreciably in the past 20 years.
Maturity, as reflected by gestational age, is the
main factor influencing survival, but birth weight
is also influential.1–3 What remains incompletely
explored is how these two factors interact; tables
of survival probability by gestation and birth
weight,1 although comprehensive, are cumbersome
for modelling purposes. Increased understanding
would not only help to inform the management of
very preterm births, but would also improve the
way that scoring systems adjust for differences in
‘‘case mix’’ when used in the context of neonatal
audit. Early systems were designed to be scored by
hand,4–7 but recently they have become more
complex and computer based.

The aim of the study was to develop prediction
models for survival in very preterm babies, based
only on information available at or before birth, in
which the predicted chance of survival could be
presented graphically, so as to inform management
and improve communication with parents. Early
work on the the prematurity risk evaluation

measure or ‘‘PREM score’’8 9 demonstrated that a
particular form of model provided a good fit to
several distinct datasets, with the same set of
variables being chosen consistently, although with
different fitted coefficients. However, the results
were published only in abstract form.8 9 Here we
describe the development of the model using two
recent datasets that together reflect current pat-
terns of survival, and which confirm and validate
the earlier findings.

METHODS
Subjects
Information was collected on all babies born in the
north of England in 2000–3, and after excluding
those who died before the onset of labour or with a
rapidly lethal malformation,10 there remained 1456
babies of 22–31 weeks’ gestation. For comparison
purposes, similar information on 3382 births of 23–
31 weeks’ gestation in the Trent region in 2000–4
was also collected, using the same exclusion criteria.
The mothers were nearly all of European origin.

Data
Information collected included date of birth and
expected date of delivery, sex and birth weight,
plus for those that died before term, their date of
death. Stillbirths were included if alive at the onset
of labour. Gestation at birth was estimated from a

What is already known on this topic

c Scoring systems that use information collected
at or after birth are widely used to predict
survival in babies born more than 8 weeks early.

c They are also used to adjust for differences in
case mix when auditing the quality of perinatal
care.

What this study adds

c The PREM score is a simplified system that
exploits information on gestation and size at
birth and makes the collection of other non-
standard information unnecessary.

c It displays graphically the complex way in which
gestational age and birth weight centile interact
to influence the chance of survival.

c The prediction appears to be almost as reliable
before delivery as after, especially if gestation is
calculated to the nearest day.
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combination of menstrual information and ultrasound at 12–
14 weeks, documented to the day in the Northern region11 and
the last completed week in Trent. Base deficit was also
measured in umbilical cord blood in the Northern region.

Statistical methods
For consistency gestation was analysed to the last completed
week in both regions. Weight-for-gestation was expressed as a z
score using a reference sample of all Northern region births in
1990–212 re-analysed using the LMS method13 (see table W1
available online only). Birth weight z score is the number of
standard deviations that birth weight differs from the median
for gestation and sex.

In addition, to simulate birth weight predicted antenatally
from ultrasound, random noise with a standard deviation (SD)
of 15% was added to each birth weight, corresponding to the
prediction error of fetal weight.14 This was done by adding to
each birth weight z score a random normal deviate with mean
zero and SD 15%/20% = 0.75, in which the 20% corresponds to
the coefficient of variation at 31 weeks’ gestation (S = 0.2 in
table W1, available online only). This assumes increased variability
but no bias relative to true mean birth weight by gestation. The
variable is here called the ‘‘noisy’’ birth weight z score.

Base deficit was measured in all but 279 (20%) of the
Northern liveborns. To avoid bias it was important to include
the missing babies, and their values were imputed by resampling
from the observed distribution of values.

The data were analysed using logistic regression to identify
factors best predicting survival to the expected date of delivery.
Three distinct models were developed, the first two making the
prediction at the time of birth and the third at the onset of
labour. The ‘‘birth’’ model had as explanatory variables
gestation, sex and birth weight z score, and was developed
using data for all liveborn infants in the two regions, separately
and together. The ‘‘birth-condition’’ model added base deficit,
and was developed using Northern region data. The third
‘‘labour’’ model was based on all infants in the two regions alive
at the onset of labour including late stillbirths, and it used as
explanatory variables gestation, sex and ‘‘noisy’’ birth weight z
score. The uncertainty in base deficit and noisy z score were
modelled using multiple imputation averaged over 10 datasets.

Linear and quadratic terms in gestation, z score and base deficit
(for the birth-condition model), and their interactions with each
other and with region, were tested for. The predictive power of
the various relationships was compared using both the deviance
and the area under the receiver operating characteristic (ROC)
curve. Model goodness of fit was assessed using the Hosmer–
Lemeshow test. The regression coefficients are tabulated as log
odds and their standard errors, and in the text some are antilogged
and presented as odds ratios (OR) with confidence intervals.

For model development the significance level was set at
p = 0.05, but this provides only weak evidence of a generalisable
effect. For the final models a stricter criterion, the Schwarz
Bayesian criterion,15 was applied to ensure robustness and
parsimony. For an extra term to be included in the model the
Schwarz Bayesian criterion required it to reduce the deviance by
at least log(n) units, where n is the sample size. This deviance
reduction corresponds approximately to the square of z, the
Wald test statistic. Thus z2 > log(n), and the critical p value
corresponding to z can be derived from the normal distribution.
For example with n = 1500,

and p = 0.007.
A new graphical audit tool—the PREM score—was developed

using the logistic regression models. It consists of a chart of
gestation-and-sex-adjusted birth weight centile (or alternatively
birth weight) plotted against gestation, and on the chart are a
series of curves joining up points of equal survival probability
(here called isosurvs). Each isosurv curve was obtained by
solving the logistic regression equation linking the predicted
odds of survival to gestation and other factors, over a series of z
score values. An analogous graph was developed for base deficit
and gestation.

RESULTS
Table 1 summarises the Northern 2000–3 and Trent 2000–4
datasets, showing their close similarity.

Predicting survival at birth
Among the 1434 Northern liveborn babies (omitting the 22
stillborn infants alive at the onset of labour), gestation was the
single strongest predictor of survival, with OR 2.0 (95% CI 1.8
to 2.2) per extra week of gestation. So increasing gestation by
just 7 days doubled the odds of survival, which justifies
documenting gestation to the day. The area under the ROC
curve (AUC) was 0.868. There was also a significant quadratic
gestation effect, so that an extra week’s gestation had a greater
impact on the odds of survival at 24 weeks than at 31 weeks
(p = 0.01). At approximately 24 weeks’ gestation just 5 extra
days doubled the odds of survival.

After adjustment for gestation the birth weight z score was
also highly predictive, but like gestation its relation to survival
was non-linear. For a given gestation, the odds of survival were
greatest for infants with birth weight just above the median,
and less for relatively heavier or lighter infants (p = 0.006).
There was also a marginally significant interaction between
gestation and birth weight, such that the weight centile for
optimal survival fell with increasing gestation. Survival was also
slightly less in male than female infants (OR 0.66, 95% CI 0.45
to 0.96). Table 2 (left block) summarises the model, presenting
the coefficients as log odds with standard errors and p values.
The AUC of 0.879 was slightly greater than for gestation alone.

The birth model was also fitted to the Trent data and the
combined regional data. All the terms except sex were
significant in Trent (see table 2, middle and right blocks), and
all the coefficients except birth weight were similar by region
(table 2, right column). As the combined sex effect was only
weakly significant (p = 0.03) it was omitted. Adjusted for
gestation and birth weight, survival in the two regions was
similar (p = 0.2). Therefore, essentially the same model fitted
both regions, justifying pooling the data.

Graphing the birth model
Despite its apparent complexity, the birth model depends on
just the gestation and birth weight centile. As such it can be
displayed in a graph, shown in fig 1 for the combined data
(table 2). The isosurv curves reflect the survival experience of
infants for different combinations of gestation and birth weight
centile, ranging from 1% expected survival on the 3rd centile at
22 weeks, through to greater than 98% expected survival on the
75th centile at 31 weeks. The same graph can be plotted on the
birth weight scale, as seen in fig 2A and fig 2B for boys and girls.
The boys graph is shifted upwards by 4% relative to the girls,
this being the sex difference in the birth weight centiles (see
table W1, available online only). The graphs highlight the
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curvilinear relation between weight centile and survival, and the
optimal weight centile for survival (at the point where the
isosurv is vertical) falls with increasing gestation, from above
the 97th centile at 22 weeks to below the 75th centile at
31 weeks. Birth weight has the greatest impact on survival in
the most preterm babies, eg, expected survival at 22 weeks
ranges from 1% on the 3rd centile up to nearly 20% on the 97th
centile.

Predicting survival at birth, including condition
Base deficit, a measure of acidosis, was highly significant when
added to the birth model, with OR 0.89 (95% CI 0.86 to 0.93)
per mmol/l increase (see table 3). Its inclusion rendered
insignificant the two birth weight terms, and omitting them
hardly affected the AUC (table 3). Figure 3 shows the birth-
condition model as isosurvs related to gestation and base deficit.

Predicting survival at the onset of labour
To test the predictive value of information available at the onset
of labour, the birth model was refitted using known gestation
and an imputed ‘‘noisy’’ birth weight z score. This mimics the
use of an ultrasound-based estimate of fetal weight. The results
for this labour model are shown in table 4 for the two regions
combined, as there were no significant interactions by region
(see final column). All the coefficients were highly significant, as
before, although the squared weight z score coefficient was
halved in size relative to table 2, reflecting the loss of
information due to the added noise. Therefore, even based on
a predelivery estimate of birth weight, the odds of survival were

significantly greater for babies around the 75th centile compared
with those appreciably lighter or heavier, as shown in fig 4A and
fig 4B for boys and girls. The AUC of 0.882 for the labour model
was the same as for the birth model.

DISCUSSION
Our findings
The chance of a very preterm baby surviving to term is known
to depend on their gestation and size for gestation.1 Here we
demonstrate the complex relationship between survival, gesta-
tion and birth weight, and show how the relationship can be
presented graphically with isosurvs, contours of constant
predicted survival, in a plot of gestation versus birth weight.
It highlights the fact that for a given gestation there is an
optimal birth weight centile for survival (figs 1 and 2), where
the isosurv is vertical. Predictions made before delivery, using
simulated ultrasound-based fetal weight assuming 15% random
error,14 are almost as accurate as predictions using weight at
birth (fig 4). We acknowledge though that the simulation relies
on some strong assumptions about birth weight prediction in
the very preterm. Base deficit in cord blood is even more
predictive of survival than birth weight centile (table 3, fig 3).
Such knowledge reduces the uncertainty of preterm birth for
parents, and may be useful to the obstetrician and midwife for
management purposes. All the models have areas under the
ROC curve of 0.88–0.90, indicating strong discriminatory
power, so they are a compact and effective way of adjusting
for case mix. We call the isosurv graphs and the underlying
logistic regression models the prematurity risk evaluation
measure or PREM score.

Table 1 Summary statistics for all Northern and Trent preterm babies born in 2000–3/4 without a lethal
malformation

Variable

Northern 2000–3
22–31 weeks
(n = 1456)

Trent 2000–4
23–31 weeks
(n = 3382)

Male sex 54% (780) 55% (1858)

Gestation, days 204 (188–215) _

Gestation, completed weeks 29 (26–30) 29 (27–30)

Birth weight, z score 20.3 (0.8) 20.4 (0.8)

Birth weight, prenatal estimate, z score 20.3 (1.1) 20.4 (1.1)

Base deficit, mmol/l (n = 1154) 5.0 (2.6, 7.8) –

Stillborn 1.5% (22) 2.0% (68)

Died before term 16% (235) 17% (561)

Results are % (n) or median (interquartile range) or mean (SD).

Table 2 Coefficients of logistic regression models predicting survival to term, based on Northern and Trent preterm liveborn babies

Northern region 2000–3 (n = 1434) Trent region 2000–4 (n = 3314) Northern + Trent region (n = 4748)

Northern
versus
Trent

Log odds SE z p Value
Log
odds SE z p Value

Log
odds SE z p Value p Value

Intercept 255 13 24.2 ,0.001 249 9.2 25.4 ,0.001 250 7.5 26.8 ,0.001 0.2

Gestation (weeks) 3.6 0.99 3.6 ,0.001 3.1 0.69 4.5 ,0.001 3.2 0.56 5.7 ,0.001 0.7

Gestation2
20.054 0.018 22.9 0.003 20.044 0.013 23.4 ,0.001 20.046 0.010 24.4 ,0.001 0.7

Weight z score 3.1 1.4 2.2 0.03 2.5 0.88 2.8 0.004 2.5 0.73 3.4 ,0.001 0.004

Weight z score2
20.17 0.075 22.3 0.02 20.19 0.031 26.1 ,0.001 20.18 0.028 26.4 ,0.001 0.8

Gestation by z score 20.11 0.051 22.1 0.04 20.071 0.032 22.2 0.03 20.075 0.027 22.8 0.005 0.5

Male sex 20.42 0.19 22.2 0.03 20.16 0.13 21.3 0.2 – – – – 0.2

Area under ROC curve 0.879 0.887 0.882

Hosmer–Lemeshow test p value 0.3 0.5 0.2

ROC, receiver operating characteristic.
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One clear message to emerge from the analysis is the
importance of measuring gestation to the day rather than the
last completed week, as it makes a considerable difference to the
odds of survival in the most preterm babies. This emphasises the
need to document gestation with greater care than has been
common in the past.11

Other datasets have shown similar relationships to ours,1 2

although studies that have investigated birth weight rather than
birth weight z-score have failed to detect the quadratic
trend.1 5 16 The fitted model coefficients are closely similar in
the two regions, which validates the use of the PREM score
more generally. It also confirms the earlier findings for the two
regions referred to in the second paragraph.8 9 It can be applied
to other datasets as it stands (tables 2 and 4), or alternatively it
can be updated using new data. As an example it can be used to
highlight and explain trends in survival over time. A recent
paper based on data from the Trent region17 showed that for
babies born at 22–25 weeks’ gestation, survival to discharge
improved considerably between 1994–9 and 2000–5 in those
born at 24–25 weeks, but not in those of 22–23 weeks. This

echoes a similar message from 10 years ago.18 Presenting these
data in the form of a PREM score isosurv graph would show
exactly how the trends in survival over time related to gestation
and birth size. Our earlier work with the PREM score showed
that the model consistently fitted well, but that the coefficients
changed over time.8 9

Converting birth weight to a z score is an important element
of the PREM score regression model, and the birth weight
reference used here was that of Tin et al.12 The results are likely
to be similar with other references, although it is important that
they extend down to 22 weeks to include the most preterm and
thus most vulnerable babies. Presenting the isosurvs plotted
against birth weight (fig 2) rather than centile (fig 1) avoids the
need to convert individual birth weights to centiles, and makes
the choice of reference largely academic.

Base deficit is a third potent predictor of survival, adjusting
for severe acidosis, and its inclusion avoids the need to adjust for
weight. This indicates that acidosis is more common in babies
that are relatively light or heavy for gestation. Fig 3 shows how
the impact of base deficit on survival varies by gestation—at

Figure 1 The influence of gestation and weight-for-gestation at birth on
the chance of survival to term in babies of 22–31 weeks’ gestation born
in the Northern and Trent regions in 2000–3/4. The curved lines
(‘‘isosurvs’’) join points where the predicted chance of survival is
constant.

Figure 2 The influence of gestation and
birth weight on the chance of survival to
term in (A) boys and (B) girls of 22–
31 weeks’ gestation born in the Northern
and Trent regions in 2000–3/4.

Figure 3 The influence of gestation and base deficit at birth on the
chance of survival to term in babies of 22–31 weeks’ gestation born in
the Northern region in 2000–3.
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early gestations it is small, the isosurvs being nearly vertical,
whereas at later gestations, where the isosurvs are shallower, it
has a much bigger effect.

There was a marginally significant effect of sex in the
Northern region, corresponding to two fewer days of gestation
in boys compared with girls, but it did not affect the model’s
AUC, and was not significant in Trent, so for generalisability it
was omitted from the final model. Therefore, for a given birth
weight centile, survival was similar in the two sexes. However,
girls weigh less than boys, their median birth weight being 4%
down (table W1, available online only), so that in absolute birth
weight terms girls had better survival.

Strengths and weaknesses
A strength of the study is that the data consisted of all preterm
births in two geographical regions over a specified time period,
and therefore the results are likely to be widely generalisable.

A weakness is that, although scoring systems such as the
PREM score are good at assessing survival, they are poor at
predicting serious disability in survivors. Although disability is
common,19 no system that uses information available only at
delivery has yet proved capable of predicting disability-free
survival with an AUC above 0.77.20 The scoring system recently
reported by the American Neonatal Research Network only
predicted this to 20 months with an AUC of 0.75,16 and the
authors of earlier scoring systems specifically argued against
their use to influence the management of individual chil-
dren.4 20 21 It is inevitable though that predictions based on

22–25 weeks’ gestation16 will have an appreciably lower AUC
than predictions such as the PREM score based on 22–31 weeks’
gestation, when the spectrum of mortality risk is much wider.

The predictive power of the PREM score is comparable to that
of the other neonatal scoring systems proposed to date, but it
does not require the collection of any non-standard information.
The inclusion of admission temperature in the current CRIB
score has been criticised for that very reason.21–23 Nor is the
PREM score manipulable by the exclusion of babies judged too
ill to merit admission to the neonatal unit at birth. Whereas
base deficit in cord blood, unlike the Apgar score,24 provides
objective information on the child’s condition at delivery, the
labour version of the PREM score that we advocate (which does
not use base deficit) reflects an assumption that it is the
combined impact of intrapartum and postpartum care that
should normally be under review. The recent MOSAIC study
report comparing mortality in 10 countries across Europe takes a
similar view: ‘‘We believe that the standard point of comparison
should be using all those infants alive at the onset of labour as the
denominator for comparisons of mortality rates for very preterm
infants analysing the cohort by gestational age band.’’25

CONCLUSIONS
We provide a logistic regression model and a graphical summary
of the impact of gestation and birth size on survival in very
preterm infants, which we believe should be useful for
education, management, case mix adjustment and the inter-
pretation of trends over time.

Table 3 Coefficients of logistic regression models predicting survival to term, based on 1434 Northern
preterm liveborn babies

Log odds SE z p Value Log odds SE z p Value

Intercept 253 13 24.0 ,0.001 252 13 24.0 ,0.001

Gestation (weeks) 3.5 0.99 3.5 ,0.001 3.4 0.98 3.5 ,0.001

Gestation2
20.052 0.018 22.8 0.005 20.051 0.018 22.8 0.005

Base deficit (mmol/l) 20.11 0.020 25.6 ,0.001 20.11 0.019 25.8 ,0.001

Weight z score 0.19 0.12 1.6 0.1

Weight z score2
20.12 0.082 21.5 0.1

Area under ROC curve 0.890 0.889

Hosmer–Lemeshow test p value 0.8 0.8

ROC, receiver operating characteristic.

Figure 4 The influence of gestation and
estimated prenatal birth weight, at the
onset of labour or delivery, on the chance
of survival to term in (A) boys and (B)
girls of 22–31 weeks’ gestation born in
the Northern and Trent regions in 2000–3/4.
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Table 4 Coefficients of logistic regression models predicting survival to term, based on Northern and Trent
preterm babies alive at onset of labour or delivery

Northern region 2000–3 and Trent region 2000–4
(n = 4838)

Northern
versus Trent

Log odds SE z p Value p Value

Intercept 250 7.1 27.0 ,0.001 0.6

Gestation (weeks) 3.1 0.53 5.9 ,0.001 0.6

Gestation2
20.044 0.0098 24.5 ,0.001 0.6

‘‘Noisy’’ weight z score 0.25 0.054 4.6 ,0.001 0.09

‘‘Noisy’’ weight z score2
20.096 0.026 23.7 ,0.001 0.4

Area under ROC curve 0.882

Hosmer–Lemeshow test p value 0.2

ROC, receiver operating characteristic.
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