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Multistage scoring system for identifying infants
at risk of unexpected death
R. G. CARPENTER, ANGELA GARDNER, P. M. McWEENY, AND J. L. EMERY

From the London School ofHygiene and Tropical Medicine, and the Department ofPathology, Children's
Hospital, Sheffield

SUMMARY Obstetric and perinatal records have been assembled on 250 infant deaths and an
equal number of live controls including 55 deaths associated with congenital anomalies. The
information was used to construct a scoring system to identify high-risk infants at birth. Parents
of 115 of the cases and their controls were also interviewed and all hospital, general practitioner,
and health service records abstracted. Cases and controls were compared item by item in respect of
all information available up to the age of one month and a scoring system constructed for use at
one month.
The 'at birth' and combined scoring systems are presented. The chance of death by age attained

is presented for various risk groups. In a small prospective test, the multistage scoring system was
nearly 50% more effective than the birth score alone.

In 1973 (Protestos et al.) we reported a retro-
spective study of the obstetric and perinatal states
of children who presented later as unexpected
deaths in infancy and compared the findings with a
control group. From these data we developed a
scoring system designed to identify high-risk infants
at the time of birth.
The system was evaluated in a 2-year prospective

study in Sheffield. The first-year results indicated
that the scoring system was highly effective (Car-
penter and Emery, 1974, 1975; Emery and Car-
penter, 1975). The findings at the end of the study
are essentially similar. The high-risk control group
had a relative risk of death 6 8 times that of the
low-risk infants. It is estimated that 56% of the
unexpected home deaths up to the age of 20 weeks
occur in the high-risk group, which comprises 15 *7 %
of all births, i.e. the sensitivity of the scoring system
is 56% and the specificity 84 - 3 %.

This scoring at birth was thus partially successful
but there were still 44% of infants to be identified.
In order to extend the system further we have
attempted two things. First, to use data available at
birth from a larger number of infants and controls
to refine the birth score; and second, we have used
recalled and recorded information about the first
postnatal month from the parents of infants who
died, and from controls, and have used that infor-
mation to constitute a second scoring system at one
Received 3 January 1977

month. We have also supplemented this information
with data on hospital admissions.
We report the information obtained from these

three groups of data and the effect of combining
them.

Material and methods

Our earlier study was based on obstetric and peri-
natal records of 135 cases of unexpected infant
death and 135 controls. Details of the method of
selecting controls and the data abstracted from the
medical records are given by Protestos et al. (1973).
Since that study, data have been assembled on a
further 115 cases of unexpected infant death that
have since occurred in Sheffield or Rotherham, and
on 115 controls. 39 of the new cases were excluded
because death was associated with congenital
anomalies, as were 16 in the earlier study, leaving
76 comparable new cases. As before, all available
control data were used.
The parents of these new cases were interviewed

at home and all hospital, general practitioner, and
Community Health Service records relating to them
were abstracted as part of a study of all infant deaths
occurring in the Sheffield area. Identical data were
assembled on the controls. 30 of 115 control parents
were not traced due to removal or refusal to be
interviewed, and in this event the control child was
replaced by another similarly selected.
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Multistage scoring system for identifying infants at risk of unexpected death 607

Thus, the material studied came from a total of
250 unexpected deaths with 250 controls. As 55 of
these deaths were children with gross congenital
anomalies, these cases were excluded and the 'at
birth' data analysis was carried out on 195 cases

and 250 controls. The 'at one month' data available
came from 115 cases that had a full home inquiry.
39 of the children had gross congenital deformities
and 3 of the children had died before the age of 4
weeks so the analysis was carried out on 73 cases.

Results

Single variable analysis.
Data available at birth. Table 1 (a, b, c) summarizes
the significant differences found when all cases

and controls were compared variable by variable.
The results are essentially similar to those reported

earlier (Protestos et al., 1973) but there are some

differences.
Two further items are now statistically significant:

history of previous child deaths (P<0 -01) and
mother's blood group Rh-ve (P<0 05). The
previous strong association of cases with mother's
blood group B was reversed in the new data. The
main difference now lies in the proportion of
mothers with blood group A. Two variables
previously reported as significant are no longer so-
influenza during pregnancy (P>0-15), and mem-

branes ruptured more than 10 hours before delivery
(P>0-2).

Data available at 4 weeks. Tables 2 and 3 show those
variables for which differences between the new

cases and controls were significant at the 10% level.
This low level of significance was used to ensure, as

far as possible, that no potentially useful variable

Table 1 Statistically significant differences in the univariate analysis of pregnancy and delivery records of 195 cases
and 250 controls

(a) Qualitative variables

Percentage Cases Controls Difference of
item of records (%) (°') percentages Significance

Mother
Previous infant death(s) 100 10-8 3-6 7-2 0 01>P>0 001
Blood group
0 99-8 S0o0 40 0 10.0)
A 345 51*2 -16 7 L001>P>0 001
B 11.9 5-6 6-3r0lP0
AB 3-6 3-2 0-4J
Rh-ve 99.1 16-1 24-2 -8-1 005>P>0 01

Pregnancy
Urinary infection 90 1 13*7 6-0 7*7 005>P>0*01
Labour and delivery
Anaesthesia given 957 50 0 57 9 -7-9 0-05>P>0-01
Twin 100.0 6-1 0 4 57 P<0 001
Baby
Intentiontobreastfeed 95 7 15-4 29-2 -13-8 P<0 001

(b) Quantitative variables with open-ended scale

Median
Percentage Difference of

Item of records Cases Controls medians Significance

Duration of 2nd stage of labour 90-8 15-92 23-37 -7.45 P<0 001
min min min

(c) Quantitative variables

Mean

Item % Records Cases Controls Difference t Significance

Mother
No. previous pregnancies 100 1-8 1-3 0 5 3-3 001 >P>0 001

Age (yr) 97*7 23-7 26-1 -2*4 4-6 P<0*001
Pregnancy
Lengthofgestation(w) 97.5 38-9 39*6 -07 3-2 001>P>0001
Baby
Birthweight (g) 993 3042 3283 -241 4-1 P<0 001
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608 Carpenter, Gardner, Mc Weeny, and Emery

Table 2 Postnatal variables from maternity hospital records with case-control difference which are significant at 10%
level

Qualitative variables

Per cent

Percentage Cases Controls
of records n=76 n=115 Difference Significance

Mother
Brought own discharge 91.1 9-8 0 9-8 0-01 >P>0-001
Baby
Symptoms:

Cyanotic attack 99.0 9-5 0 9 5 0-01>P>0-001
Grunting 99.0 6-8 0 6-8 0-05>P>0-01

Treated in incubator 97 4 17-8 7-1 10-7 0-05>P>0-01
Oxygen given 99 5 9-3 0 9 8-4 0-05>P>0-01

Table 3 Interview data relating to first 4 weeks showing case-control differences significant at 10% level (73 cases
and 96 controls)
(a) Qualitative variables

Percentage Cases Control Difference of
Item of records (%) (%) percentages Significance

Baby
Diarrhoea under 4 w 91 7 9 5 1.1 8-4 0-05>P>0-01
Abnormal respiratory behaviour
under 4 w 96-4 19-4 7-3 12-1 0-05>P>0-01

Feeding difficulties 96-4 61 2 29-2 32-0 P<0-001
Illegitimate 100-0 16-4 3 1 13-3 0-01>P>0O001
Attended clinic under 4 w 92*9 31*5 51*2 -19*7 0*0S>P>0*01
Social environment
Mother not Caucasian 98-2 15-3 3-2 12-1 0-05>P>0-01
SocialclassV 95.3 19-4 8-5 10-9 P<0-1
No. of sibs under 5 98-2
0 41-7 53 2 -11-5
1 41-7 44-7 -3 0 0-01>P>0-001
2 or more 16-6 2-1 14-5

Dwelling
Terrace 98-2 52*8 30*9 21*9
Semidetached 31-9 55 3 -23-4 0-01>P>0-001
Other 15-3 13-8 1.5J

(b) Variables gradedfrom good (1) to bad (5 or 3)

Median
Percentage Difference of

Item of records Cases Controls medians Significance

Social environment
State of repair of home (1-5) 92-3 3-24 2-37 0-87 P<0-001
Housekeeping(1-5) 90 5 2 93 2-41 0 52 0-01>P>0-001
Neighbourhood (1-3) 97-5 2-26 2-00 0-26 0-01>P>0-001

(c) Continuous variables

Means
Percentage Difference of

Item of records Cases Controls means Significance

Father'sage(yr) 96-4 25 8 29-9 -4-1 P<0-001
Mother'sageatmarriage(yr) 94 7 19-4 21-5 -2-1 P<0-001
Interval to previous live birth (m) 99*4 27-8 40*4 -12-6 P<0*001
No. ofmother'ssibs 91-7 3-6 2-5 1*1 0-01>P>0-001

was excluded from the ensuing multivariate analysis.
Significant differences were found in five variables.

While the results are essentially similar to those
presented by Protestos et al. (1973), there are some
differences but they are not significant. Now a history

of cyanotic attack, grunting, and the use of oxygen
therapy is significant. It will also be noted that
jaundice is not significant in either set of data, while
incubator treatment is significant in both.

Table 3 presents those items of the interview data
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Multistage scoring system for identifying infants at risk of unexpected death 609

which are complete on at least 90% of the records
and which relate to the first 4 weeks. The item
'abnormal respiratory behaviour' includes all cases

of breath-holding, irregular breathing, etc., reported
by the parents in the first 4 weeks. The most signifi-
cant variable is 'feeding difficulties', which denotes
difficulties in establishing a regular feeding pattern
by the age of 1 month. The criteria include sub-
stantial variations in amount, time taken, and inter-
vals between feeds, and also more than one change of
feed during the first 4 weeks.
The previously reported significant association

with social class V is again seen. As before, however,
the difference in social class distribution is not
significant when the mother's age is taken into
account. Most of the other socio-environmental
differences shown are essentially other manifesta-
tions of young mothers in poor socioeconomic
circumstances.
One other variable, 'admission of the baby to

hospital', was noted as being associated with subse-
quent unexpected death (cases 9 5 %, controls 2 v 6%;
difference 6-9%, P<0-1). This variable includes
admissions up to the age of 21 weeks, and excludes
terminal admissions. Though this variable related
to the entire period between discharge from mater-
nity hospitals up to the onset of terminal symptoms
if any, it seems of sufficient interest to be worth
including in the discriminant analysis.

Discriminant analysis.

Using information available at birth. Table 4 presents
the results of stepwise discriminant analysis applied
to the items of the antenatal and delivery data shown

Table 4 Significant discriminant coefficients derived
from obstetric and delivery data

Item Scale Coefficient SE

Mother's age Years -3*1 0*44
Birth order Number 6-7 1-47
Duration 2nd stage labour Approx log (time) -8-5 2-70
Blood group A * -13-6 4 25
Birthweight 500 g units -4 9 1-87
Twin * 32-4 13-15
Breast feeding intended * -11 9 5*05
Urinary infection in pregnancy * 16-8 7-66

*Scale: yes= 1, no-0.

in Table 1. The purpose of the analysis is to find the
minimum subset of these variables which will best
distinguish cases from controls. The list shown in
Table 4 now differs from the one presented by
Carpenter and Emery (1975) in that 'polyhydram-
nios' has been replaced by 'twin'. Polyhydramnios
appeared to have been fairly arbitrarily reported and

it is satisfactory that the stepwise discriminant
analysis now replaces this variable by the un-
ambiguous variable 'twin' which is well known to be
associated with increased risk of unexpected death
(Carpenter, 1965).
The Gairdner assessment of prematurity, which

was also used in the first scoring system, was not
accurately completed and has not been used, so this
variable was omitted from the revised analysis. The
variables 'birthweight' and 'gestation' measured
from the last menstrual period were included. The
result is that birthweight is a significant factor but
gestation adds nothing to birthweight. The data are
too few to assess the risks of postmature infants.
The mother's blood group is changed to A or not
A, as already noted. Infants who are initially wholly
breast fed stand out as being at lower risk than the
remainder.

Table 5 presents a scoring system derived by
suitably scaling the coefficients shown in Table 4.

Table 5 Birth scoring system

Item Score

Mother's age 1Ox (50-age in years)
Previous pregnancies 0 0

1 21
2 43
3 64
4 85
5 107
6 128
7 149
8 171
9 or more 192

Duration of 2nd stage of labour <5 min 127
5-14 min 100
15-29 min 72
30 min-2 h 45
>2h 18
NA 76
Unknown 76

Mother's blood group 0, B, AB 44
A 0

Birthweight (g) <2000 g 93
2000-2499 g 78
2500-2999 g 62
3000-3499 g 47
3500-3999 g 31
4000-4499 g 16
4500-5500 g 0

Twin Yes 103
No 0

Feeding intention Breast only 0
Bottle or both 33

Urinary infection during pregnancy Yes 54
No 0
? 5

Cut point for total score 500
High-risk 500 and over
Low-risk 499 and under

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.52.8.606 on 1 A

ugust 1977. D
ow

nloaded from
 

http://adc.bmj.com/


610 Carpenter, Gardner, Mc Weeny, and Emery

The weights attached to each variable have been
chosen to make the arithmetic easy and, to this end,
birthweight has been categorized though this causes
a small loss of information. The high-risk group,
estimated to comprise 15% of the population, have
scores of 500 and over.

Using birth score and later interview data. Birth scores
have been calculated using the system shown in
Table 5 for all 76 new cases and the 115 controls.
The score, together with symptoms, the items shown
in Tables 2 and 3, and hospital admission, were
used in the second stepwise discriminant analysis.
Average values for the whole group were used for
missing data. The results are shown in Table 6.

Table 6 Significant discriminant coefficients derived
from clinical and sociological data available at one month

Item Scale Coefficient SE

Birth score 0-21 0-050
Cyanotic attack * 49-1 15-7
Difficulty in establishing

feeding * 17-3 6-1
Condition of home S points 7*1 3*0
Interval to previous

live birth Months 0-41 0-17
Inpatient admission before

21 w * 32-0 13-1

*Scale: yes= 1, no=0.

The birth score emerged as the best single predic-
tor. The next most important variable is a history of
cyanotic attack before discharge from maternity
hospital, then feeding difficulties. Interval to
previous live birth further reinforces the factors of
the 'mother's age' and 'number of previous preg-
nancies'. To these factors the general state of repair
of the house provides the most significant additional
sociological information of relevance. Finally,
'hospital admission' also emerges as a significant
factor.
These additional factors were incorporated into

the second stage of the scoring system as shown in
Table 7. The birth score, accumulated as set out in
Table 5, is brought forward and the rest of the items
are scored as shown. The score attached to 'interval
to previous live birth' is given in units of 2 for the
sake of arithmetical simplicity.
The birth score, plus the additional scores arising

from the four factors observable at 1 month, is
divided into three groups: high risk, intermediate
risk, and low risk. Those in the intermediate risk
group become high-risk if they are admitted to
hospital at any time up to 21 weeks. Those in the
low-risk group do not become high-risk after
hospitalization. The scoring therefore takes place

Table 7 The one-month scoring system

Item Score

Birth score Brought forward
Cyanotic or apnoeic attacks

in hospital before Yes 237
initial discharge No 0

Difficulty establishing feeds Yes 83
No 0
Not known 36

State of repair of home Excellent 9
Good 43
Average 78
Fair 112
Poor 147
Not seen 73

Interval to last live birth 2 x (100-number of months)
1st live birth 128
100 months or more 0

Cut points High-risk 754 or more
Medium-risk 600-753
Low-risk 599 or less

Medium-risk infants become high-risk if admitted to hospital at any
time up to 21 weeks. Low-risk infants do not become high-risk after
being admitted to hospital.

in two main stages but the high-risk group is
gradually augmented as children are admitted to
hospital.

Effectiveness of the scoring systems. The effectiveness
of the scoring systems has been evaluated using the
76 cases and 115 controls. Table 8 shows that the

Table 8 Effectiveness of the two scoring systems in
identifying deaths up to 2 years when applied to the 76
cases and 115 controls usedfor the analysis.

Estimated
Deaths probability

of death No. survivors Relative
n 00 (0/0,) per death risk

All cases 76 100 0 4-34* 239 -

Birth score:
High-risk 43 56*6 16*6 59 7.5
Low-risk 33 43*4 2*2 451 1

Multistage score
High-risk 57 75 0 22-0 44 17-3
Medium or

low-risk 19 25*0 1*3 785 1

*This figure is probability of an unexpected death in England and
Wales between 1 week and 2 years in 1973 multiplied by 1000. Un-
expected deaths are deaths certified by a coroner excluding deaths due
to congenital anomalies.

birth score identified 57% of these unexpected
deaths. The multistage score identified 75 % of them
and the estimated probability of death multiplied
by 1000 in the high-risk group is 22-0, i.e. one death
in 45 children. In all, the multistage system identified
33 % more cases.
The Fig. shows the decline of the probability of
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Multistage scoring system for identifying infants at risk of unexpected death 611

unexpected death under 2 years with attained age

starting at 1 week in various groups. Unexpected
deaths are all deaths certified by coroners due to

any causes other than congenital anomalies. Deaths
occurring as a result of an operation are included in
this category but there are very few not associated
with congenital anomalies in this age group. In

Sheffield during the last 5 years there has only been
one home death in the age group which was not

certified by a coroner. The situation is similar in
other parts of the country. The probability of un-

expected death under the age of 2 for England and
Wales in 1973 was calculated from a special tabula-
tion by life table methods. The probabilities for the
other groups were derived from the figures for
England and Wales and the proportions of high
risk cases and controls at each age.

The Fig. suggests that the main advantage of the
multistage scoring system is for identifying infants
likely to die within 20 weeks of birth.

20-

8

10-

VI
= 0

1

England and UbIes 1973

--- High risk multi stage score

Low risk

.... High risk birth score

25 50
AGE IN WEEKS

lyear

Fig. Decline ofprobability of unexpected infant death

under 2 years with attained age starting at I week in

various groups.

Validation by recent cases and controls. Applying a

scoring system to the cases and controls from which
it is constructed gives an over-optimistic picture of

its effectiveness (Hills, 1966). The reduction in

performance that occurs when applied to subsequent
cases is described as shrinkage (Lachenbruch, 1968).
While the scoring system was being constructed,
data on a further 24 cases and 48 controls have been

collected, and we have used data from these cases

and controls to validate the new system.
Table 9 shows the proportion of controls in the

2

Table 9 Birth score applied to recent cases and controls
not used in the analysis

Cases Controls
Relative

Birth score No. % No. % risk

High-risk 16 66-7 14 29*1 4-9
Medium or

lowrisk 8 33-3 34 70 8 1
Total 24 100-0 48 100-0

Estimated probability of unexpected death under 2 in the high-risk
groupx 1000=9-9.

high-risk group in which the estimated probability
of unexpected death between 1 week and 2 years
x 1000 is 9-9, which is only slightly less than that
observed in the prospective study. Table 10 gives a

Table 10 Multistage score applied to recent cases and
controls not used in the analysis

Multistage score Cases Controls
status at time Relative
of death No. % No. % risk

High-risk 17 70-8 10 20-8 9-2
Low-risk 7 29 *2 38 79.2 1
Total 24 100*0 48 100*0

Estimated probability of unexpected deaths under 2 years in the high-
risk group x 1000= 14- 8.

similar analysis of the recent cases and controls
using the multistage scoring system. Table 10 shows
that the probability of unexpected death x 1000 in
the high-risk group is 14- 8, which is 49% larger than
the probability for the high-risk group defined by the
birth score.
Both Tables 9 and 10 suggest that the high-risk

groups as defined by Tables 5 and 7 may be larger
than the 15% hoped for. Also, when applied to these
new cases, both systems do less well than predicted
by Table 8. This is partly due to shrinkage, but it
may also be due to the efforts now being made in
Sheffield to prevent deaths in high risk infants.

Discussion

The object of this exercise was to identify infants
liable to die so that our limited resources can be
used to the best advantage. Variables that are

included in the scoring system for identifying high-
risk babies were selected analytically as providing
the smallest group of variables which give all avail-
able information for identifying the infants at risk.
The absence of social class from the risk factors
frequently excites comment. In fact, it appears from
the analysis that the information provided by social
class is contained in such variables as age of mother,
number of previous pregnancies, etc. J. A. C.
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612 Carpenter, Gardner, Mc Weeny, and Emery

Weatherall and G. C. White (of the OPCS, personal
communication) have also shown that deaths
registered as cot deaths are not closely associated
with social class after age and parity of the mother
are taken into account.

Two-thirds of all postperinatal infant deaths,
excluding those associated with congenital anomalies,
are unexpected and over 90% of them occur after
the age of one month. The possibility of identifying
high-risk babies and the beneficial effect of general
supervision has led the Sheffield Area Health
Authority to decide that the routine examination of
children attending welfare clinics at 6 weeks should
be supplemented by a home interview of the whole
of the infant population at 4 weeks especially aimed
at identifying babies at risk. It will, however, take
several years to validate the results of this exercise,
but when that material has been analysed it should
be possible to improve the one-month discriminant.
Our analysis shows that there are substantial

advantages in combining a birth and a one-month
score. An additional advantage should also be noted.
Babies scored as high-risk at birth, but who are not
identified at the one-month stage, are still at a risk
2-7 times greater than that of the low-risk group;
they should benefit from special care in the first 4
weeks and any carry-over effect that results from it.
The Fig. clearly indicates that attention should

be focused on the high-risk group, at least until the
age of 6 months and possibly longer. If special care
can be given to all high-risk infants for a period of
6 months this may, by resolving difficulties associ-
ated with their nurture, improve their chance of
survival through infancy. When the risks are no
more than that of the low-risk group, the post-
perinatal infant mortality will be approaching that
reported in the Scandinavian countries.

Unexpected deaths at home are not simple home
deaths and, we believe, are usually due to a summa-
tion of factors rather than a single cause. Our present
scoring system does not identify these causes as
such and when a child has been identified as at
increased risk, we have no single preventative tool
or system to apply. We do not consider that our
present state of knowledge justifies us in telling any
parent that their child is at risk of being a cot death
and in none of our work in Sheffield have we done
so. Our scoring system enables the various members
of the primary care team to be more alert to non-
specific factors and symptoms in some children
than in others, and no more than this.
The birth and one-month scoring systems as

shown in Tables 5 and 7 can be misleading and,
indeed, dangerous tools. We have no direct evidence

that the criteria apply to any community other than
that studied by us in Sheffield during the years
1972-74 and we do not think that it would be
justifiable for any area to apply these figures until
they have tested their validity on a series of local
postperinatal deaths. In its present form the scoring
system is designed to cover two-thirds of the un-
expected deaths and thus, there are a number of
deaths to which these criteria do not apply. The
system only indicates an increased risk and, if the
criteria and scoring systems are made available to
the general public, a large number of parents are
likely to be alarmed unnecessarily; here we are
completely at the mercy of the level of responsibility
of the lay press and those concerned with mothers
and young babies.

We are deeply indebted to all those whose co-opera-
tion has made it possible to assemble the data on
which this paper is based. The Office of Population
Censuses and Surveys kindly supplied the data for
England and Wales which were used to calculate
the probabilities shown in the Fig. The study was
funded by the Foundation for the Study of Infant
Deaths, DHSS.
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