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Abstract
Aim—To determine whether existing in-
formation and surveillance systems can be
used to provide follow up data on groups of
infants at increased risk of disability—for
example, the survivors of neonatal inten-
sive care.
Methods—A survey was made of
maternity, neonatal, and community child
health information systems and surveil-
lance programmes in the Trent Regional
Health Authority. Children known to have
received neonatal intensive care in Trent
between 1 August 1992 and 31 July 1993,
and a random sample of normal children
in two health districts (data quality check)
were included. A data linkage study was
made to determine whether follow up
information about a random sample of
infants, known to be at increased risk of
poor outcome, could be identified on
community child health databases. Two
widely accepted datasets (birth and 2
years) were used as standards for this
exercise. The quality of data was audited.
Results—All clinical items of the birth
minimum dataset were routinely recorded
by at least one agency in each health
district in Trent. Of the descriptive items,
only the mother’s age on leaving full time
education was not collected. At 2 years, all
clinical items were collected as part of the
routine surveillance programme, but data
were recorded using a system which
severely limited interpretation.Data qual-
ity, in terms of the number of errors
introduced at data entry, was very good
with only 1.1% of the check items (4/368)
incorrectly recorded. Only two districts
had organised electronic transfer of data
betweenmaternity, neonatal, and commu-
nity child health systems. The mother’s
NHS number, although available, was not
routinely recorded by any system. The
NHS number of the infant was routinely
collected by six out of 12 community pae-
diatric services. Data linkage was at-
tempted in six districts with appropriate
community child health databases. Just
over 70% of the intensive care sample was
successfully linked with follow up infor-
mation on child health systems.
Conclusions—The existing programmes
for routine child surveillance could pro-
vide outcome data for high risk groups of
infants, such as the survivors of neonatal
intensive care. However, the present cod-
ing system used for data entry is inad-

equate. Furthermore, rates of identifica-
tion, without the use of a unique identifier
(NHS number) for each subject, are
currently insuYcient for monitoring
health status in later life.
(Arch Dis Child 1997;77:F206–F210)
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The specialty of neonatal intensive care has
developed in just over 25 years. During this
period there has been a rapid growth in provi-
sion, accompanied by a dramatic improvement
in the survival of premature infants.1 The serv-
ice is broadly seen as a success. This situation
has created considerable diYculties for the
Health Service as it has come under increased
pressure to fund provision throughout this
period. A series of government bodies reviewed
the service between 1970 and 1991, consider-
ing mainly the issue of the gap between supply
and demand.2–10

The NHS reforms of 1991 introduced many
changes, in particular value for money and cost
eVective health care became much more
important. For neonatal intensive care, this
change of emphasis meant that those responsi-
ble for purchasing health care wished to see not
simply figures for short term survival but
handicap rates among survivors in later child-
hood. As a consequence, oYcial reports since
1991 have all emphasised the need for neonatal
units and or health districts to produce late
morbidity data. The Audit Commission
(1993)11 in particular highlighted the lack of
comprehensive statistics of this type. In gen-
eral, the Audit Commission found published
reports related either to a single unit12 (and
hence were diYcult to assess because of poten-
tial referral bias), or to a geographical popula-
tion for a short period as part of a special
study.13 Investigations of this latter type provide
a realistic insight into the eVects of neonatal
care, but without continuing data over time
and more comprehensive geographical cover-
age, that insight is necessarily limited.
Community child health departments have

existed throughout the country for many years
with a particular remit in the areas of
preventive child health and surveillance. The
National Child Health Computing Committee
was established in 1977 to try and oversee the
introduction of computer technology in rela-
tion to community child health. However, this
group did not have responsibility for the devel-
opment of a comprehensive national system,
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each district being responsible for its own local
service.
It was against this background that the

National Perinatal Epidemiology Unit and
Oxford Regional Health Authority organised a
multidisciplinary workshop in 199314 to ad-
dress the issue of how ongoing data might be
obtained about the health status of children
who had received neonatal intensive care. At
this and follow up meetings, a core dataset
relating to birth and including information
about the child’s health status at the age of 2
years was determined. However, opinion was
divided over two related issues. The first was
whether the minimum datasets should be used
for monitoring specific groups of babies (for
example, all babies born less than or equal to
32 weeks of gestation) or whether it should be
part of pre-school child health screening
programmes for the population as a whole.
There were also diVerent views about whether
routine systems could ever supply data of suY-
cient quality to allow a particular group to be
reliably monitored or whether special studies
would always be required. One major diYculty
was the uncertainty about what could be
obtained from the existing surveillance
schemes.
It was in response to these circumstances

that the Trent Neonatal Follow up project was
developed with the intention of addressing
three specific questions:
1 Were routine systems able to provide the
information included in the agreed core
datasets for survivors of neonatal intensive
care?

2 Using existing mechanisms, was it possible
to track the survivors of neonatal intensive
care through the routine child health surveil-
lance systems?

3 What was the quality of the data on the child
health systems?

Methods
The investigation was carried out by a research
health visitor and a computer scientist. The
project was based in the Trent Health Region
which has a population of approximately 4.6
million and a birth rate of about 60 000 a year.
At the time of the study there were 16 hospitals
with both delivery and neonatal facilities and
12 community paediatric services. The com-
munity paediatric services each covered a geo-
graphical patch identical to the area of respon-
sibility of the local purchasing authority/district
health authority.Work was carried out between
March 1994 and March 1996.

SURVEY OF INFORMATION AVAILABLE ON ROUTINE

SYSTEMS

Relevant professional and administrative staV
were contacted in each maternity, neonatal,
and community child health service. For the
purposes of this study, the two datasets
produced following the National Perinatal Epi-
demiology Unit workshop were taken to repre-
sent a gold standard, both in terms of timing
and content. Using a semi-structured interview
the following were determined at each contact:

1 Which items contained in the minimum
datasets were collected routinely?

2 Were relevant data items stored on compu-
ter?

3 Where information was stored on computer,
was this transferred automatically to any
other part of the service?

4 Were the data stored in such a way as to
allow analysis e.g. trends over time, by sub
groups of children?

5 Who was responsible for collecting the
follow up data?

6 What form of “identifiers” did the systems
use?

IDENTIFICATION OF A SAMPLE OF INTENSIVE CARE

SURVIVORS ON ROUTINE CHILD HEALTH SYSTEMS

Initial enquiries determined the extent to
which NHS number, or any other “identifier”
was routinely used to link the records of a sin-
gle child within the various elements of the
maternity, neonatal, and community child
health services. However, identifiers were
rarely available and we therefore tested the fea-
sibility of tracking the survivors of neonatal
intensive care through community databases,
using an identifier derived from combinations
of date of birth, birthweight, and gestation.
A register of all babies receiving neonatal

intensive care has existed in Trent since 1990
(Trent Neonatal Survey). From this database it
was possible to take a random sample of 50
premature infants born between the beginning
of August 1992 and the end of July 1993 for six
health districts of residence. The six districts
were chosen because they had surveillance data
stored on computer with software that permit-
ted specific enquiries to be undertaken. In two
of the six districts the sample was smaller
because fewer than 50 preterm babies had
received neonatal intensive care. Each of the six
community services provided a simple report
containing basic information including name,
date of birth, birthweight, and gestation for all
children in the relevant age band.
Attempts to link the cases identified by the

neonatal survey with the surveillance data were
made using two separate approaches. The first
used date of birth, birthweight, and gestation as
a composite identifier and the second date of
birth and birth weight only. For each of these
derived identifiers, two sets of criteria were
used in trying to achieve a match. Initial
attempts for each child used the data in its
original form in each dataset (exact match).
Where no match was obtained, further tests
were carried out in an attempt to establish links
that had failed because of erroneous birth-
weight or gestation recordings. A range of 0.1
kg was allowed for birthweights, and 2 weeks
for gestation values (range match). Clerical
scrutiny was used in an attempt to resolve any
unlinked (or ambiguously linked) records.
The results for each child in the sample were

then classified manually, with the aid of other
information carried by the two datasets, into
one of five categories: unique match (definite)
if linked records also had the same first or last
name; unique match (probable) if there were
no common names but equally no apparent
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signs of belonging to diVerent babies; wrong
match if linked records showed clear signs that
they belonged to diVerent babies—for exam-
ple, names indicated diVerent gender; non-
unique match if a neonatal record matched
more than one child health record; and failed
match if a neonatal record did not match with
any child health record.

DATA QUALITY CHECK

An audit of data preparation and data entry
was carried out in two “volunteer” districts.
One hundred children who had recently
undergone their 18 to 24 month check were
selected at random from lists supplied by two
community child health services with compu-
terised surveillance records. Each child’s GP
was sent an introductory letter and, provided
he or she felt it appropriate, the child’s family
was approached. Those that consented to take
part were then seen at home. During the inter-
view the research health visitor was able to
validate information about the check held by
the community child health service in respect
of eight specific items included in the mini-
mum dataset.Where necessary, the parent held
record and review of the child were also used.

Results
Table 1 shows the information systems that
were identified holding data relevant to the
minimum datasets. Within only two health dis-
tricts did information pass electronically be-
tween maternity, neonatal, and community
systems. In five of the remaining ten districts
the community child health service was able to
access demographic (but not clinical) data
from the local hospital.
Table 2 summarises those items of the

“birth” minimum dataset which were routinely
collected and stored on a database. Some items
were collected and stored four separate times
within a single locality. Only one of the items,
“Mother’s age when last in full-time educa-
tion,” was not present on any system.Mothers’
support status was normally entered in the
notes at booking but recorded in only five of
the nine maternity databases. Mothers’ NHS
numbers were not routinely recorded on any
system. Six community services recorded the
infant’s NHS number when it became avail-
able. This was achieved with the help of the
local Registrar for births and deaths who had

an arrangement to notify the relevant commu-
nity service of the number directly.

COMMUNITY DATABASES

Each district based community child health
service had a database containing demographic
details of their population and capable of
underpinning the local immunisation pro-
gramme. Ten of the 12 had systems capable of
recording surveillance data. Although each
community child health service continued to
operate basic child health surveillance pro-
grammes, only eight out of 10 with the
capability entered this on computer. None of
these provided regular feedback to those who
carried out the checks but six used the data for
ad hoc audits (especially in relation to hearing
loss) and also to supply data for the special
educational needs register. Uptake rates in the
12 districts for checks at 18 to 24 months were
estimated to range from 79% to 97%.
Every community child health service aimed

to provide an examination of all children
between 18 months and 2 years. In 10 of the 12
districts health visitors were responsible for this
check, with the remainder relying on either
GPs or clinical medical oYcers. Every aspect of
development covered by the minimum dataset
for 2 years was assessed by each of the commu-
nity services. The findings were interpreted
and documented in all districts using the
following codes: satisfactory; problem; observe;
treated; referred; or not examined. Not every
district used all of these codes; some relied on
a combination of only four.
There was little or no attempt to standardise

the interpretation of these terms. For example,
a child with little expressive language at 18
months could be classified as “satisfactory,”
“problem,” “observe,” or “referred” by diVer-
ent professionals. Nor were records updated.
Therefore, a child referred for a further opinion
and found to be normal remained with
“referred” on his or her record. The districts
varied in the way in which they updated infor-
mation about congenital anomalies on the
child health database: some did not update this
after entry of birth notification data; others
updated as notified.

RESULTS OF DATA LINKAGE EXERCISE

Fig 1 shows the outcome of the data linkage
exercise, using both exact and range matching
techniques. The results are based on data
received from six health districts (266 children)
with appropriate systems.

Table 1 Information
systems identified

Information system
No in
region

PAS 16
Community Child
Health 12

Maternity 9
Neonatal 6
Special Needs
Register 5

Total 47

Table 2 Birth minimum dataset

Standard minimum dataset item Maternity (%) Neonatal (%) Community (%)

Number of systems available 9 6 12
Mother’s NHS No 0 (0.0) 0 (0.0) 0 (0.0)
Infant’s NHS No 0 (0.0) 0 (0.0) 6 (41.7)
Infant’s date of birth 9 (100.0) 6 (100.0) 12 (100.0)
Postcode at time of birth 9 (100.0) 4 (66.7) 12 (100.0)
Mother’s age or date of birth 9 (100.0) 6 (100.0) 12 (100.0)
Mother’s age last in f/t education 0 (0.0) 0 (0.0) 0 (0.0)
Support status at birth 5 (55.6) 2 (33.3) 3 (25.0)
Place of birth 8 (88.9) 5 (83.3) 12 (100.0)
Presence of congenital anomaly 9 (100.0) 6 (100.0) 12 (100.0)
Gender 9 (100.0) 5 (83.3) 12 (100.0)
Birthweight 9 (100.0) 6 (100.0) 12 (100.0)
Gestational age 9 (100.0) 6 (100.0) 12 (100.0)
Plurality 9 (100.0) 6 (100.0) 12 (100.0)
Death before discharge 9 (100.0) 6 (100.0) 12 (100.0)

Figure 1 Results of data linkage exercise averaged for all
districts.����DOB-BWT-GEST Exact

Failed match

Non-unique
match

Wrong match

Unique match
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Tests using the identifier date of birth, birth-
weight, and gestation produced “error free”
linking, in that no wrong or non-unique
matches were made. However, the overall
match rate for all six districts of 53.9% (rising
to 71.3% using “range matching”) was disap-
pointing.
The greatest match rate was achieved using

“range” matching with the identifier date of
birth, and birthweight, where outcome data
were traced for an average 80% of children.
This method did, however, lead to a small
number of wrong (2%) and non-unique
(2.3%) matches.

RESULTS OF DATA QUALITY

A random sample of 100 children in two
districts were initially selected. Responses are
shown in table 3.
Forty six children were seen at home and the

findings compared with information about
their earlier examination held on the commu-
nity child health database. From a total of 368
individual recordings of items covered by the
Oxford minimum dataset, only four (1.1%)
were incorrectly recorded.

Discussion
Among neonatologists there has always been a
general acceptance of the importance of
outcome data in assessing the impact of
specialist neonatal care. The health service
reforms have given a new prominence to this
goal. The investigations presented here indi-
cate that virtually all of the relevant infor-
mation is being collected: the maternal and
demographic data sometimes several times
over. However, several problems prevent the
various data items about individual babies
being collated.
Within hospitals the Patient Administration

Systems (PAS) are based on Korner datasets
and have little clinical information of relevance
to neonatal care. Specialist maternity and neo-
natal systems are potentially much more useful
because they have been set up by those with the
relevant clinical interests. However, only one
Health Authority in collaboration with local
Trusts had planned an information system
which allowed information to flow from one
part of the service to another electronically.
The focus of community child health

computing departments has traditionally been
administrative. Much of the success of the
national immunisation programme is due to
the eYciency of these organisations in keeping
up to date demographic details about the child
population. Clearly, surveillance data are more
diYcult to deal with as the information often
requires some form of interpretation. The
present approach using codes based on the
terms satisfactory, problem, observe, etc., is
inadequate. As a result the present data from
surveillance checks are uninterpretable outside
the service in which they originated, and even
then their application seems to be very limited.
The computer software is, in some cases,
inflexible, giving little opportunity for results to
be fed back to individual contributors. Chil-
dren moving in or out of the locality cause fur-

ther problems. The exact timing and content of
the various assessments lacks standardisation
and hence it may not be possible to update
computer surveillance records in the new area.
These diYculties probably explain why one
third of Trent districts collect paper records of
assessment but do not enter the data on
computer. Others pay for data entry but either
use the information very infrequently or not at
all.
It is important to distinguish between

detailed specialist follow up (developmental
examination) designed predominantly for the
benefit of the individual patient15 and “surveil-
lance” (where the concept is of assessment of
the whole population).16 The former is oVered
by seven units in Trent, although the exact
content varies. As infants are included using a
unit (and not geographical) base the data are of
little help in assessing the broader impact of
neonatal care. In some cases, however, the
information is made available to the relevant
community child health service to aid in the
management of the child at home and school.
From this study it is clear that all of the clini-

cal items in the birth minimum dataset are
already being collected. Similarly, all of the
areas of development identified within the two
year minimum dataset are currently being
assessed by each of the Trent community child
health services between 18 months and 2 years.
Take up rates are high. In the community child
health services the process of data preparation
and entry seemed to take place eYciently and
without the introduction of excessive errors.
We have no reason to believe that the low
response rate of GPs and parents (46%) intro-
duced any element of bias. However, we are
involved in further work to assess the accuracy
of data both in a larger cohort and in a group of
children where a higher rate of abnormalities
might be expected, issues not fully covered in
the investigation presented here. These various
studies have led us to believe that the
information necessary to provide outcome data
about the survivors of neonatal care is
potentially available without significant further
expenditure. Before this can take place, how-
ever, several important issues remain to be
addressed.
Far greater standardisation of data collection

methods is required. For hospitals the relevant
information is largely collected for clinical
interest. A contractual requirement to make
the birth minimum dataset available on all
infants who receive neonatal intensive care
would provide a diVerent focus but should
present little diYculty. For community child
health services it would be necessary to try and
harmonise the timing of the 18 month to two
year check (perhaps to two years) and also to
standardise the description of data items so
that information on impairment of function
can easily be extracted. A commitment in each
community contract to provide two year
outcome data in this standardised format for at
least 95% (for example) of the infants in the
district who had received neonatal intensive
care would give the process the necessary
priority status.

Table 3 Responses of
random sample of 100
children

Category N

No-returns from GPs 4
No-returns from parents 32
GPs that declined to
participate 5

Parents that declined to
participate 10

Parents not at home after
agreeing to take part 3

Completed assessments 46
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One of the single biggest problems to be
overcome is that of a unique identifier. The
data from Trent indicate that although a large
proportion of children can be traced between
diVerent databases using items such as birth-
weight and gestation, the linkage is not 100%.
This shortfall is known to be due, at least in
part, to children who have moved. However,
without a means of identifying the new address
the data remain inadequate.17 It is clear that six
(50%) of the Trent districts have a system for
entering the NHS number on to the commu-
nity child health database. If purchasers
insisted through their contracts that: all dis-
tricts adopt a similar approach; and that the
NHS number be included in the record of all
children who move into a district, many of the
problems of tracing infants would be resolved.
Plans to revise the NHS number will have a
limited impact while the present system, of
delaying the allocation of NHS number until
birth registration, remains.
The above changes should be able to be

achieved within existing budgets. Each locality
would clearly need someone to coordinate the
exchange of data between community and hos-
pital based services and to deal with enquiries
from other areas of the country, but such indi-
viduals already exist but they struggle without
the benefit of a national framework.
With these steps it would be possible to move

forward. It would be important for results to be
collated for both individual units and purchas-
ing authorities as hospitals will want to be able
to look at their performance in total, including
inborn infants and those transferred after
delivery, while health authorities will have more
interest in the results for their population as a
whole irrespective of where the care was given.
The results of an individual unit would need
too much interpretation to be published in a
crude league table, but health authorities are
now, in general, suYciently large to permit
annual results to be meaningfully expressed—
for example, normal survivors under 1500 g
birthweight.
None of the above would curtail existing

activity, but it should introduce a new sense of
purpose for some areas of data collection. At
present information of this type is hardly used
at all, so the publication of reports and
feedback to contributors should improve the
quality of surveillance for all children. The
approach, of formalising data collection in a
contractual framework, need not be limited to
the survivors of neonatal intensive care. Babies
born from a particular locality, or after a
certain obstetric intervention, could also be

targeted in this way. Even if the present popu-
lation screening programmes are abandoned
these limited checks of at risks groups are likely
to remain worth while. This is true not only
because of the need for outcome information
but also to inform decisions about the planning
of provision for later life.
The National Perinatal Epidemiology Unit/

Oxford Regional Health Authority conference
identified wide areas of agreement between
relevant professional bodies on ways to im-
prove health care for young children. However,
no executive body now exists with a role to
develop such ideas. This report indicates that
many improvements could be made using
existing resources. Surely we must find a way to
seize this opportunity.

We thank the many NHS staV throughout Trent who
cooperated with this study. The work was funded by the Trent
oYce of NHS Research and Development.
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