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ABSTRACT

Objectives Congenital anomaly (CA) are a leading cause
of disease, death and disability for children throughout the
world. Many have complex and varying healthcare needs
which are not well understood. Our aim was to analyse the
healthcare needs of children with CA and examine how
that healthcare is delivered.

Design Secondary analysis of observational data from the
Born in Bradford study, a large prospective birth cohort,
linked to primary care data and hospital episode statistics.
Negative binomial regression with 95% Cls was performed
to predict healthcare use. The authors conducted a
subanalysis on referrals to specialists using paper medical
records for a sample of 400 children.

Setting Primary, secondary and tertiary healthcare
services in a large city in the north of England.
Participants All children recruited to the birth cohort
between March 2007 and December 2011. A total of 706
children with CA and 10768 without CA were included in
the analyses.

Primary and secondary outcome measures Healthcare
use for children with and without CA aged 0 to <5 years
was the primary outcome measure after adjustment for
confounders.

Results Primary care consultations, use of hospital
services and referrals to specialists were higher

for children with CA than those without. Children in
economically deprived neighbourhoods were more likely to
be admitted to hospital than consult primary care. Children
with CA had a higher use of hospital services (B 1.48,
95% Cl 1.36 to 1.59) than primary care consultations (3
0.24,95% Cl 1.18 to 0.30). Children with higher educated
mothers were less likely to consult primary care and
hospital services.

Conclusions Hospital services are most in demand

for children with CA, but also for children who were
economically deprived whether they had a CA or not. The
complex nature of CA in children requires multidisciplinary
management and strengthened coordination between
primary and secondary care.

INTRODUCTION

A congenital anomaly (CA) is an abnormality
of structure, function or metabolism, present
at birth, which may result in mental and phys-
ical disability or fatality.' The incidence of

Strengths and limitations of this study

» Linking birth cohort data to routine health data
produces an enhanced dataset of sociodemographic
and clinical information.

» Ninety-seven per cent of children from the birth
cohort were linked to primary care and hospital
episode data.

» Data linkage permitted a multiservice, longitudinal
evaluation of healthcare use.

» We did not have access to electronic referrals; thus,
we performed a medical record review to extract
this information for a subsample of 400 children.

CA in Bradford is high; previously reported
at 306 per 10000 live births, compared with
a national average of 227 per 10000 live
births.? * Around 93% of children with CA
survive to adulthood,? and a 20-year survival
rate is estimated at 85.5% for children born
with at least one CA,4 some of whom will have
complex conditions requiring multiagency
continuing care.” ® The healthcare needs of
children with complex conditions have not
been particularly well quantified in the past.7
This may be due in part to a lack of longi-
tudinal data capturing the multidisciplinary
care required by children with complex
needs.” In the UK, primary care practice is
ideally positioned for monitoring the care
requirements of children with complex
conditions such as CA, whose prognosis or
care needs may change as they develop.” **
Monitoring childhood development across
the life course provides invaluable insight
into the multidisciplinary care regimes chil-
dren with complex needs 1require.11_17 Multi-
disciplinary care requires the coordination
of multiple specialists which may result in
late diagnosis leading to reliance on emer-
gency care rather than preventative solutions
offered at primary care level, with signifi-
cant increases in costs.'”** To represent the
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multidisciplinary care needs children with CA require, it
has been suggested that a combination of primary care
consultations, use of hospital services, diagnosis codes,
prescribed medications® and referral information®*
produce the best estimates of healthcare use.” The liter-
ature addressing such a comprehensive map of health-
care use for children with CA is limited, with the bulk
of evidence coming from American studies investigating
hospital use for the treatment of heart CA."® ***" Only
two studies were found which addressed the demand on
primary care services for children with CA.*** The need
and demand for primary care services in particular are
intensified by patient complexity, levels of deprivation
and primary care practice provision.

Our aims were therefore to explore healthcare use
longitudinally for children with and without CA from
birth up to their fifth birthday (0 to <5). We do this by
linking demographic and socioeconomic data from a
large prospective birth cohort covering a deprived and
ethnically diverse population, to children’s primary care
records, hospital episodes statistics and referral informa-
tion. In doing so, this study examines the effects of having
a CA, and consequential ill health, on primary care use,
use of hospital services and referrals to multidisciplinary
specialists. We also investigate the influence of demo-
graphic and socioeconomic factors on healthcare use.

METHODS

We used data from the Born in Bradford (BiB) cohort
study, an ongoing prospective birth cohort, which
recruited 12450 pregnant women who gave informed
consent for the study between 2007 and 2011. It monitors
the health of mothers, their partners and birth outcomes
for 13857 children. Detailed information on socioeco-
nomic deprivation, demographics, clinical outcomes and
risk factors is recorded. The methods for the BiB study
are reported in detail elsewhere.™

Case ascertainment and coding methods

BiB recruits gave their consent for access to electronic
primary care records and hospital episode statistics, which
are split into elective, accident and emergency (A&E),
and other emergency admissions, here referred to as
use of hospital services. We linked children’s primary
care data held on SystmOne,” the patient contact single
source system which has complete coverage in Bradford,
and use of hospital services to BiB questionnaire data.”
Linkage was performed using NHS number, surname,
date of birth and gender between SystmOne®' use of
hospital services data and BiB. Of 13857 recruits, 97%
were matched to primary care and use of hospital services
data, forming the study population. The number of chil-
dren with at least one (non-birth) hospital event was 5223
(38%). Hospital events included admissions for elec-
tive procedures, other emergencies, and A&E presenta-
tions. The average time over which data were recorded
was 5.5 years, with a maximum of 7.6 years, in all 74 386

person years of data. As not all children in the cohort had
reached age 7 years, we censored our follow-up of these
cases to age 0 to <b years.

Primary care data is a trusted source of CA ascertain-
ment, including those diagnosed later in childhood.™ **
We used cross mapping of SystmOne”' diagnostic Clin-
ical Terms Version 3 Read medical codes to International
Classification of Diseases version 10 codes (ICD-10)** to
classify and extract children with CA from the primary
care database. We followed the European Surveillance of
Congenital Anomalies guidelines, using the British Isles
National Organisation of Congenital Anomaly Registers
methodology,” which advise selection of major CA and
removal of minor CA. A clinical geneticist reviewed classi-
fications. A total of 860 children with CA were identified,
and 154 were excluded, as they had no linked BiB ques-
tionnaire data.

Extracting information from paper medical records was
necessary to capture multidisciplinary outpatient data and
referral activity, as this is sometimes not routinely included
in electronic records.” We extracted referral information
from a review of paper medical records using a sample
of 200 children with and 200 without CA, selected at
random from the BiB cohort. The small sample size was
chosen based on the exploratory nature of the medical
record review, and the feasibility of performing this by
hand within the time scale of this study. A standardised
data extraction form was designed, reviewed by a clinician
and piloted to accumulate the number and type of refer-
rals to different multidisciplinary services.

Statistical analysis

We had three outcomes for this study. The number of
primary care consultations, use of hospital services and
referrals to multidisciplinary specialists. Both primary care
consultations and use of hospital services were counted as
one per day, even if multiple appointments in the same
day were recorded, as many of the appointments occur-
ring on the same day were episodes that ran over time,
or were duplicates. Negative binomial regression models
were used to model primary consultations and use of
hospital services as they account for the overdispersion
in count data. These models use an exposure variable,
which indicates the number of times the event could have
happened. Primary care consultations and use of hospital
services were expressed per year of observed primary care
registered time, which takes into account any periods
the child may not have been registered with the primary
care practice, withdrawals from the cohort or deaths. We
performed a subanalysis reporting regression coefficients
for the outcome multidisciplinary referrals.

We used three models to compare regression coef-
ficients for each of our three outcomes. Model 1
included univariate analyses, thought of as what is actu-
ally observed. Model 2 adjusts for other covariates we
determined as confounding factors. Model 3 adjusts
for confounders and measures of underlying ill health.
Adjusting for ill health using a measure of multimorbidity
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is a recognised method of risk adjustment for evaluations
of healthcare use, as severity of illness may not solely be
due to multimorbidity and ill health, it may also be due to
other patient characteristics.”” We used a count of unique
prescriptions and a count of the number of comorbidi-
ties per child as measures of ill health. Simple counts of
distinct medications have been suggested as an accurate
measure of ill health, given chronic conditions frequently
require repeat prescriptions” *® as have counts of comor-
bidities in primary care settings.”” * We performed a test
for interaction between whether the child had a CA and
level of deprivation for primary care consultations and
use of hospital services. We also report the predicted
rates of healthcare use for children with and without CA
(figure 1).

Confounders

We used directed acyclic graphs to determine the mini-
mally sufficient confounding set for all of our models
and checked whether the inclusion of additional covari-
ates improved the model more than would be expected
by chance using appropriate model fit statistics. These
consisted of maternal age (<20, 20-34, >34 years), educa-
tional attainment (low education (<b GCSE equivalents
or other education), high education (5>GCSE equiv-
alents at grades A-C or two advanced level certificates
or diploma, degree or higher degree)),"’ economic
deprivation (economically deprived, not economically
deprived (measured using a means-tested benefit status.
In the UK, being in receipt of means-tested benefits is

0 Use of hospital services

Predicted number of consultations
—e—

recognised as measure of income poverty, as these bene-
fits are frequently the only source of income and are
paid at rates that put individuals below standard poverty
lines)),*? ethnicity (White British, Pakistani, Other) and
consanguinity (non-consanguineous, first cousin, second
cousin, other blood (any relation)). All covariates were
entered into the model as a categorical variable to allow
for possible non-linearity in the relationship between the
multimorbidity measure and relevant outcome.

RESULTS

Table 1 shows the characteristics of mothers who gave
birth to children with a CA in the BiB cohort (CA=706,
no CA=10768), and average healthcare use up to the
child’s fifth birthday. The BiB cohort is multiethnic: 40%
white British, 45% Pakistani and 15% ‘other’ ethnicities.
Of all children with a CA, 53% were of Pakistani heri-
tage, compared with 35% white British and 13% ‘other’
ethnicities. Forty nine per cent of Pakistani children with
CA were from first cousin unions compared with <1% of
white British children with CA from first cousin unions.
Children of Pakistani heritage with CA had on average
1.61 more primary care consultations, and 0.39 more
hospital admissions per year than children without CA.
Children with CA of Pakistani heritage had the highest
number of primary care appointments over the 5-year
period, with on average 2.4 more primary care appoint-
ments than children of white British heritage.

Referrals to specialists

!

t

Model 2 Model 3

Model 2 Model 3

——— Lower Cl/Upper CI

A CA e NoCA

Figure 1

Predicted use of hospital services and referrals to multidisaplinary specialists for children with and without

CA, before and after controlling for ill health (model 2 adjusted for confounders, model 3 adjusted for confounders and ill

health). CA, congenital anomaly.
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Children with CA of Pakistani heritage and ‘other
ethnicities’ had the same use of hospital services on
average, but this was almost double for children with CA
of white British heritage (table 1). Table 2 reports the
regression coefficients for the univariate and multivari-
able analysis of primary care and use of hospital services.
Sixty-three per cent of children with CA were born into
economically deprived neighbourhoods (table 1). Both
the adjusted and unadjusted rates suggest that children
from economically deprived neighbourhoods have an
increased use of hospital services (§ 0.35, 95% CI 0.27 to
0.42), but do not use more primary care consultations.
Although the most common reason for use of hospital
services for children with and without CA was respira-
tory conditions, when stratified by admission type, chil-
dren with CA had the most ‘other emergency’ admissions
overall (40%), followed by elective admissions (34%),
whereas children without CA had an increase of ‘Acci-
dent & Emergency’ (49%) admissions (table 3). Diag-
noses on admission were also different between groups,
with neoplasms and clinical lab findings recorded as the
most common reason for admission for children with CA,
not recorded in children without CA (table 3).

Children from both Pakistani heritage and other
ethnicities were predicted to require an increase in
primary care consultations in both the univariate and
multivariable analyses. Children who had older mothers
(>34) were predicted to use hospital services less (3
-0.17, 95% CI -0.28 to -0.06), but not primary care
consultations (B —0.03, 95% CI —-0.08 to 0.01) after adjust-
ment for confounders. Children born into consanguin-
eous families were predicted to have an increased use
of hospital services, but not primary care consultations.
Children with a CA had the largest increase in use of
primary care consultations ( 0.24, 95% CI 0.18 to 0.30)
and use of hospital services (3 1.48, 95% CI 1.36 to 1.59)
after adjustment for confounders, for which usage was
almost three times higher. Higher maternal education
reduced primary care consultations and use of hospital
services (table 2). The subanalysis of multidisciplinary
referrals predicts an increased use of specialist referrals
for children with CA after adjustment for confounders
(B 3.59, 95%CI 3.11 to 4.08). The only other margin-
ally significant factor was children born into economi-
cally deprived neighbourhoods (B 0.55, 95% CI 0.01 to
1.09). We adjusted for ill health for services with the
highest predicted usage, those being hospital services
and multidisciplinary referrals for children with and
without CA (figure 1). After controlling for ill health, the
predicted increased use of hospital services for children
with CA reduces by almost half but still remains (f 0.80,
95% CI 0.63 to 0.97), as does the predicted increased
use of multidisciplinary referrals (B 2.27, 95% CI 1.59 to
2.94) (figure 1).

From a possible 41 different specialists, the most
common referral was to consultant paediatricians (14%
59/400), followed by neonatology (13% 57/400), paedi-
atric surgery (8% 34/400) and local cardiology services

(7% 30/400). On average, children had between three
and four specialists involved in their care simultaneously.

Interactions

Interaction effects between whether the child had a CA
and economic deprivation were not significant in multi-
variable models.

DISCUSSION

Our data suggest that children with CA have higher
numbers of primary care consultations, admissions to
hospital and referrals to multidisciplinary specialists on
average per year than children without CA. This finding
is perhaps not surprising, but is now quantified. Children
of Pakistani heritage have almost double the number of
hospital admissions per year than children of white British
heritage. Children with CA were predicted to require
an increase in primary care consultations and hospital
services compared with children without a CA. We found
only one study reporting an increase in primary care
consultations for children with CA, but heart CA specif-
ically.®® Although we find that children from Pakistani
heritage are predicted to use more primary care consulta-
tions than children without CA, this might be explained
by more than half (53%) of children with CA in the BiB
cohort being of Pakistani heritage (53%). When strati-
fying the analysis by CA, we also find that children with
CA from economically deprived neighbourhoods have an
increased risk of using hospital services, but not primary
care consultations. This might be explained by previous
findings from the BiB cohort suggesting that mothers
from poorer backgrounds are less likely to use primary
care services due to variation in primary care practice
provision.*

Our data suggest that the use of hospital services are in
higher demand than primary care consultations. Although
an increased use of hospital services can be expected for
children with CA,"****** we find that the type of hospital
admission differs between children with and without
CA. This is most likely explained by CA requiring more
intensive treatment. For example, although respiratory
conditions were the most common reason for using
hospital services overall (table 3), a finding similar to
other studies,27 ‘other emergency’ admissions were the
most frequently used hospital service for children with
CA. Other emergency refers to urgent referrals requiring
corrective and sometimes surgical interventions that are
initiated by health professionals, rather than parents
presenting with their child at A&E. This increase in other
emergency and elective procedures is a finding similar to
that of other CA studies."**

Children with a CA were predicted to require more
referrals to multidisaplinary specialists than children
without CA, and have more than one specialist involved
in their care simultaneously compared with children
without CA. Although patient complexity increases the
need for healthcare,'® coordination of appointments
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Table 3 Proportion of admissions by type and most common reason for admission

Total number of admissions over
a period of S5years

Most common reason for admission

Admittance type No anomaly Anomaly No anomaly Anomaly
Accident and 3985 (49%) 609 (26%) 1. Respiratory 1. Respiratory
emergency 2. Injury/poison 2. Infectious parasitic
Other emergency 2522 (31%) 932 (40%) 1. Respiratory 1. Respiratory
2. Infectious parasitic 2. Clinical lab findings
Elective 1632 (20%) 801 (34%) 1. Eye/ear 1. Neoplasms/blood/immune
2. Respiratory 2. Congenital abnormalities

Reasons for admission derived from ICD-10 codes at patient discharge, using ICD-10 groupings to categorise®

for the multiple specialists required is also susceptible
to variation, and is sometimes exacerbated by the divide
between primary care, community and hospital services,”
which is also associated with patient complications, late
diagnosis and an increased reliance on emergency care.'®
This suggests that although the predicted increase in use
of hospital services for children with CA may be primarily
due to their complex needs and ill health, there may
be scope for this to be reduced through increasing the
efficiency of care coordination.* In terms of clinical
implications, our findings provide the quantified, longi-
tudinal evidence requested by the Chief Medical Officer,
supporting the suggestion of key workers as a catalyst
for efficient patient navigation through services.” Also,
when adjusting for ill health, the predicted increase in
use of hospital services and multidisciplinary referrals for
children with CA reduces (figure 1), suggesting higher
usage may not be completely attributable to ill health, but
affected by other factors such as deprivation and ethnicity.

There are limitations. Using a subset of diseases (CA)
does not cover all children with conditions that may also
be complex; however, in order to extract a population
we could be sure were both representative of complexity,
and prevalent enough to create sample size groups large
enough for comparison, CA were chosen based on the
knowledge that they are high in numbers in Bradford and
known to require complex care.*” These results are based
on the Bradford population, which might be interpreted
asalimitation in terms of generalisability. However, we feel
that these results are applicable to other populations or
NHS trusts serving highly deprived and ethnically diverse
groups of patients, characteristics which are known to be
associated with CA.* Despite the successful linkage of
primary care to cohort data in this study (97%), attribut-
able to the complete SystmOne coverage of primary care
practices in Bradford, the use of paper medical records for
capturing referral activity is susceptible to missed infor-
mation due to fluctuations in consultant record keeping,
interpreting handwritten entries and missing records.
This research therefore illustrates the potential advan-
tages of implementing a completely ‘paperless’ record
keeping ethos, and the future emphasis for ensuring
the exchange of data between IT systems in all clinical
and care settings. This will only further strengthen the

interpretability of key information at the point of care for
patients with complex healthcare needs.*
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