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ABSTRACT

Objective To identify the primary reasons for term
admissions to neonatal units in England, to determine risk
factors for admissions for jaundice and to estimate the
proportion who can be cared for in a transitional setting
without separation of mother and baby.

Design Retrospective observational study using neonatal
unit admission data from the National Neonatal Research
Database and data of live births in England from the Office
for National Statistics.

Setting All 163 neonatal units in England 2011-2013.
Participants 133691 term babies born >37 weeks
gestational age and admitted to neonatal units in England.
Primary and secondary outcomes Primary reasons for
admission, term babies admitted for the primary reason
of jaundice, patient characteristics, postnatal age at
admission, total length of stay, phototherapy, intravenous
fluids, exchange transfusion and kernicterus.

Results Respiratory disease was the most common
reason for admission overall, although jaundice was the
most common reason for admission from home (22%
home vs 5% hospital). Risk factors for admission for
jaundice include male, born at 37 weeks gestation, Asian
ethnicity and multiple birth. The majority of babies received
only a brief period of phototherapy, and only a third
received intravenous fluids, suggesting that some may be
appropriately managed without separation of mother and
baby. Admission from home was significantly later (3.9
days) compared with those admitted from elsewhere in the
hospital (1.7 days) (p<0.001).

Conclusion Around two-thirds of term admissions for
jaundice may be appropriately managed in a transitional
care setting, avoiding separation of mother and baby.
Babies with risk factors may benefit from a community
midwife postnatal visit around the third day of life to
enable early referral if necessary. We recommend further
work at the national level to examine provision and
barriers to transitional care, referral pathways between
primary and secondary care, and community postnatal
care.

INTRODUCTION

Separation of mother and baby soon after
birth disrupts bonding and the establish-
ment of feeding which is so crucial in the
early postnatal period." The importance of

Strengths and limitations of this study

» The strengths of this study lie in the large national
data set from all neonatal units across England.

» Our findings are limited by the retrospective nature
of the study; we were unable to explore potential
risk factors unavailable or incompletely recorded on
the National Neonatal Research Database or Office
of National Statistics.

» We may have underestimated the rates of admission
for jaundice because the electronic patient record
only permits one primary reason for admission but
jaundice, weight loss and poor feeding often present
together.

family-centred care is well recognised, and
where possible, babies should remain with
their mothers in an environment where both
can be cared for and supported by neonatal
and midwifery staff. Transitional care is
defined as that delivered within a dedicated
transitional care ward or within a postnatal
ward where the mother is resident with the
baby and providing care.” Transitional care
was originally developed in 1982 butis still not
widely available. In the years 2012-2013, 58%
of admissions to neonatal units in England
were born at term 237 weeks gestation
(National Data Analysis Unit, NDAU), and
while many term admissions are unavoidable,
some admissions may be prevented if suffi-
cient resources and expertise are provided in
a transitional care setting or where early detec-
tion and intervention curtail progression of
disease and need for escalation of treatment.
Jaundice is an example of a common condi-
tion which can be appropriately managed
in a transitional care setting for the majority
of term babies if detected early. Delay in
identification and treatment can result in
kernicterus, a devastating lifelong disability
arising from bilirubin damage to the brain;
this should be an extremely rare event in a
managed health care system.” * The National
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Institute for Clinical Excellence (NICE) guidance for
jaundice in newborn babies under 28 days introduced in
2010° recommends the measurement of bilirubin levels
urgently (within 6 hours) in all babies more than 24 hours
old with suspected or obvious jaundice and the use of a
transcutaneous bilirubinometer to measure the bilirubin
level for babies born 35 weeks or more and over 24 hours
old, highlighting the fact that visual assessment of jaun-
dice is unreliable. However, implementation of these
guidelines, particularly in the community, is known to be
variable across the country. Furthermore, depending on
postnatal age, local referral pathways, available resources
and the need for exchange transfusion, babies from the
community may be admitted to the postnatal, paediatric
ward or neonatal unit; the latter results in separation of
mother and baby.

In this study, we aimed to quantify and determine the
most common reasons for term admissions to neonatal
units in England in 2011-2013. With a focus on jaundice,
we determined the risk factors for admission, explored
whether these differ between babies admitted from home
and hospital and estimated the proportion of term admis-
sions which could have been potentially cared for in a
transitional care setting without separation of mother and
baby.

METHODS

We performed a retrospective observational study with
data extracted from the National Neonatal Research Data-
base (NNRD) which contains anonymised extracts from
neonatal electronic patient records (EPR) from all babies
admitted to neonatal units in England.” The NNRD is
managed by the NDAU, an independent academic unit
based at the Imperial College London, and is approved by
the National Research Ethics Service (ref 10/H0803/151)
and the Confidentiality Advisory Group of the Health
Research Authority (ref 8-05(f) /2010). The NDAU holds
Caldicott Guardian permission from the National Health
Service (NHS) Trusts to use these data for health services
evaluations and approved research. This study, analysed
at the national rather than network or unit level, comes
under the remit of health services evaluation, and sepa-
rate ethical approval was not required.” Clinical directors
in all English and Welsh neonatal units were made aware
of the study and encouraged to contribute through a
letter sent on behalf of NHS England.

The following data items for each baby were extracted
from the NNRD: primary reason for admission (only one
reason was permitted on the database), provider code,
gestational age, place of birth, admitted from hospital
or community, birth weight, postnatal age at admis-
sion (minutes from birth converted to postnatal age in
days), fetus number, previous pregnancies, sex, mode
of delivery, ethnicity, maternal rhesus status and blood
group, length of stay, phototherapy day and intravenous
fluid days. Denominator data were provided by the Office
of National Statistics (ONS) which contains complete live

birth registrations in the UK. Information about newborn
babies with jaundice requiring admission to paediatric
wards is not available on the NNRD.

Study population

We included all babies born at term (=37 weeks gestation)
and admitted to a neonatal unit in England in years 2011,
2012 and 2013. We included only babies who had at least
lday of care ‘without mother resident’ and where loca-
tion of care was ‘neonatal unit’. We excluded babies with
congenital anomalies, babies for whom data about their
first episode were missing and babies whose first episode
of care was in a non-English neonatal unit or whose gesta-
tional age was missing.

Analyses
We calculated the rate of term live births admitted for the
primary reason of jaundice, postnatal age at admission,
total days of phototherapy, intravenous fluids, exchange
transfusion and total length of stay including special, high
dependency and intensive care days, as defined by the
British Association of Perinatal Medicine.” We sought
to determine whether these differed between babies
admitted from home versus hospital to gain an under-
standing of the extent of resource use. We identified risk
factors for jaundice by comparing baseline characteristics
of babies admitted for jaundice with all live births. Finally,
we determined the number of babies with kernicterus,
where this diagnosis was coded in the neonatal period.
For binary values, we present proportions, and for quanti-
tative values, we present the median and IQR.
Comparisons of proportions and medians were
performed using the % test and Mann-Whitney U test,
respectively (SAS V.9.3). ‘Statistical significance’, where
discussed, refers to a 5% significance level.

RESULTS

Population

Table 1 shows the breakdown of gestational ages of term
live birth babies born in England by year. Around 30%
of term babies were born at 40 weeks, 256% at 39 weeks,
14% at 38 weeks and 7% at 37 weeks gestational age. The
total number of term babies admitted to a neonatal unit
in England between 2011 and 2013 was 133691, following
the exclusion of 2583 babies as per exclusion criteria. This
represents around 46000 and 7% of term babies born in
England each year; this has risen from 6.5% in 2011 to 7.7%
in 2013 (table 1). Over the 3years, a total of 8032 babies,
representing around 2700 babies per year, were recorded
as admitted for the primary reason of ‘jaundice’. This
represents around 6% of term babies admitted to neonatal
care and 0.4% of all term live births in England.

Primary reasons for admission by hospital versus home over
the 3years

A total of 128788 babies (96.3%) were admitted from
hospital; 4858 (3.6%) from home and 45 (0.03%) were in
transit or unknown. From within the hospital, the primary

2

Battersby C, et al. BMJ Open 2017;7:¢016050. doi:10.1136/bmjopen-2017-016050


http://bmjopen.bmj.com/
http://group.bmj.com

Downloaded from http://bmjopen.bmj.com/ on June 20, 2017 - Published by group.bmj.com

Open Access

I

Table 1 ONS and NNRD data for all term births in England over time 2011-2013

Year (total number of births >37 weeks in England as per ONS)

2011 (n=630376), n

2012 (n=640763),

2013 (n=612816),

Total 2011-2013
(n=1883955),

(%) n (%) n (%) n (%)
Gestation (completed weeks) (% of all term births in England ONS)
37 39116 (6.2) 41870 (6.5) 42212 (6.9) 123198 (6.5)
38 89031 (14.1) 91233 (14.2) 87517 (14.3) 267781 (14.2)
39 153500 (24.4) 160370 (25.0) 157554 (25.7) 471424 (25.0)
40 185401 (29.4) 187529 (29.3) 178297 (29.1) 551227 (29.3)
41 135806 (21.5) 134049 (20.9) 125399 (20.5) 395254 (21.0)
42 25391 (4.0) 23826 (3.7) 20307 (3.3) 69524 (3.7)
>42 2131 (0.3) 1886 (0.3) 1530 (0.2) 5547 (0.3)
Term admissions to neonatal 41045 (6.5) 45759 (7.1) 46887 (7.7) 133691 (7.1)
care (NNRD), number of term
babies >37 weeks (% of term
births in England ONS)
Reasons for admission, number of term babies (% of term births in England ONS)
Jaundice 2320 (0.4) 2699 (0.4) 3013 (0.5) 8032 (0.4)
Other 30503 (4.8) 35821 (5.6) 38446 (6.3) 104770 (5.6)
Missing 8222 (1.3) 7239 (1.1) 5428 (0.9) 20889 (1.1)

NNRD, National Neonatal Research Database; ONS, Office of National Statistics.

reason for admission was missing or ‘other’ for around 16%
babies. Respiratory disease was the most common primary
reason for admission (24%), followed by infection (18%),
hypoglycaemia (10%) and jaundice (5%, 6950 babies).
However, jaundice was the most common reason for admis-
sion from home (22.3%, 1082 babies) (table 2).

Resource use hy reason for admission: home versus

hospital

Table 3 reports the median (IQR) total length of stay and
special care (SC), high dependency care (HDC) and inten-
sive care (IC) days for the five most common reasons for
admission. These were similar for babies admitted from
home versus hospital. Median (IQR) total length of stay was
5 (3-7) days. Babies admitted for jaundice were mainly cared
for in SC; 99% of babies received care in SC, 4.9% required
HDC and only 3.6% required admission to IC. These are
not mutually exclusive as babies can be transferred between
levels of care during their neonatal stay. These results were
similar to those found in babies admitted for hypogly-
caemia. While a high percentage of babies (>90%) access
SC regardless of the reason for admission, only babies with
respiratory disease and asphyxia largely required IC (33.3%
and 53.5%, respectively).

Jaundice: home versus hospital admissions

Babies were admitted for jaundice at a median (IQR)
age of 1.9 (0.9-3.4) postnatal days, but this was signifi-
cantly later for babies born at home compared with
those born in the hospital (median 3.9 vs 1.7 postnatal
days, p<0.001). For a median (IQR) duration of 1 (1-3)

day(s), 80.6% received phototherapy and for a median
(IQR) duration of 2 (1-3) day(s), 32.8% received intra-
venous fluids (table 4). With the exception of postnatal
age at admission and rate of kernicterus, there was no
statistically significant difference in these parameters
between babies admitted from home versus hospital. The
rate of exchange transfusion was similar among babies
admitted from home and hospital at 1.6%. A total of
eight babies were reported to have kernicterus, but the
primary reason for admission was not jaundice for one
of these cases. One was born in 2011, four in 2012 and
three in 2013; four were admitted from home. Although
absolute numbers were small, the rate of kernicterus
was higher among babies admitted from home (0.28%)
versus hospital (0.06%). Four were admitted at 6 or more
postnatal days; three on day 5 and one on day 4; all were

discharged home.

Risk factors for admission for jaundice

The characteristics of babies admitted for jaundice
differed significantly from the baseline characteristics of
all term born babies in England (p<0.001); more babies
admitted for jaundice were born at 37 weeks gestation
(30.8% vs 6.5%), male (54.9% vs 51.1%), of low birth
weight (1500-2499 g, 7.7% vs 2.7%), from multiple preg-
nancies (3.4% vs 1.5%) and Asian (17.9% vs 10.7%). We
found that 35.7% of babies admitted for jaundice were
born to multigravida mothers, 61.5% were delivered vagi-
nally, 39.2% were maternal blood group O+ and 66.6%

were maternal rhesus positive; however, due to the high
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Table 2 Primary reason for admission from hospital and
home (2011-2013)

Reason for admission

Babies (n) %

Hospital
Respiratory disease 30961 24.0
Infection 22750 17.7
Missing 20663 16.0
Other unspecified 16675 13.0
Hypoglycaemia 12925 10.0
Jaundice 6950 54
Asphyxia 3236 25
Poor feeding 2703 2.1
Congenital abnormality 1959 1.5
Cardiovascular disease 1768 1.4
Other specified 8198 6.4
Total 128788
Home

Jaundice 1082 22.3
Weight loss 758 15.6
Respiratory disease 753 188
Other unspecified 554 114
Infection 547 11.3
Poor feeding 355 7.3
Missing 217 45
Hypoglycaemia 208 4.3
Asphyxia 84 1.7
Other specified 300 6.2
Total 4858

level of missing data, these were not compared with ONS
data.

DISCUSSION

In this large retrospective national study on term admis-
sions, we found that the most common primary reason
for admission was respiratory disease, accounting
for a quarter of admissions, followed by infection,
hypoglycaemia, jaundice and asphyxia. Jaundice was
the most common reason for term admissions from
home, responsible for a fifth of the admissions. Babies
admitted for jaundice from home were admitted at a
later age compared with those admitted from hospital.
Compared with babies admitted for other reasons,
those admitted for jaundice had a much shorter
stay, and very few babies required HDC or IC; photo-
therapy and intravenous fluids were only administered
to 80% and 30% of babies, respectively. These find-
ings suggest that around two-thirds of babies may be
appropriately cared for in a transitional care setting
where they remain with their mothers, with maternity
and neonatal support. Although the absolute numbers

8

of kernicterus are small and cautious interpretation
is necessary, the rate of kernicterus among those
admitted from home was almost five times higher than
those admitted from hospital. We speculate that this
may be due to higher bilirubin levels at later presen-
tation as a result of the lack of recognition by parents
as midwives usually visit on the first and fifth postnatal
days. Given the severity of the disability associated
with kernicterus and the lifetime costs to the NHS, any
intervention which can reduce the prevalence of this
devastating condition needs to be carefully evaluated.®
We found that being born at 37 weeks gestational age,
male, low birth weight, being one of a multiple birth or
of Asian ethnicity increases the likelihood of requiring
admission for jaundice. We note that the NICE-rec-
ommended treatment threshold for babies born at 37
weeks is lower than that for babies born at 38 weeks
and above, which may have contributed to the rela-
tive excess of babies of 37 weeks gestation requiring
admission. We recommend that a targeted assessment
of feeding and jaundice is carried out between the first
and fifth days, as recommended by NICE,” and that
parent education on jaundice and when to seek help
is reinforced postnatally from day 1, particularly for
babies with risk factors.

Strengths

To our knowledge, this is the first study undertaken
to investigate the reasons for term admissions to the
neonatal unit in England. The main strength of this study
is the large data set which includes admissions to all 163
neonatal units in England, and therefore, the findings can
be generalised to national level. A further strength is the
high level of completeness for the data fields required,
which provided the necessary information to meet our
objectives. Although data were not validated, these data
are used daily as part of clinical care and to inform
payments and commissioning, and therefore, we would
expect a high level of accuracy.

Limitations

We acknowledge the limitations. Due to the retrospective
nature of this study and utilisation of an established data-
base, we were limited to the variables available on the EPR
and NNRD. One major limitation was that the EPR permits
only one primary reason for admission, determined by the
clinician entering the data. As it is common for babies to
present with jaundice, poor feeding, weight loss and hypo-
glycaemia at the same time, jaundice may well be a reason
for admission, but not recorded as such. This may under-
estimate the rates of admission primarily for jaundice
management. As these data are from the neonatal admis-
sion period and do not include post-discharge follow-up
data, we appreciate that rate of kernicterus may be underes-
timated because kernicterus is not always diagnosed in the
neonatal period.
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Table 4

Interventions and outcomes received by babies admitted for jaundice: home versus hospital

Admitted from hospital,

Admitted from home,

n=6950 n=1082 Total, n=8032
Admission postnatal age (days), median (IQR) 1.7 (0.9-2.9) 3.9 (2.6-5.3) 1.9 (0.9-3.4)
Babies with missing data (%) 318 2 320

Total days of phototherapy, % of babies, median
(IQR)
Received intravenous fluids

Number of babies

Duration of days, median (IQR) 2 (1-3)
Exchange transfusion, number of babies (%)

Kernicterus, number of babies 4 (0.06%)

80.0%, 2 (2-3)

2331 (33.5%)

110 (1.6%)

84.2%, 2 (1-2) 80.6%, 1 (1-3)

304 (28.1%) 2635 (32.8%)

2(1-2) 2 (1-3)
17 (1.6%) 127 (1.6%)
3 (0.28%) 7 (0.09%)

Implications for clinicians and policymakers

Our findings demonstrate that two-thirds of term admis-
sions to neonatal units for jaundice management may
be potentially avoidable, provided that there are appro-
priate transitional care facilities which can keep mother
and baby together. BLISS, a national charity for preterm
babies, revealed that over a third of all units did not have
dedicated accommodation for parents, and only five of
the 29 neonatal IC units have enough accommodation
to meet national standards.'” Unless extra resources
are invested to support appropriately staffed models of
care which avoid separation of mother and baby, admis-
sions to neonatal units will continue to rise in England.
Admission of term babies from within the hospital to
the neonatal unit should be carefully considered.'" For
babies admitted from the community, the decision to
admit to the neonatal unit in preference to the paedi-
atric or postnatal ward (where mother and baby are not
separated) is influenced by local admission policies, bed
capacity and resources, and the clinical condition of the
baby; if deemed unstable or a possibility of requiring an
exchange transfusion, this often lowers the threshold of
admission to the neonatal unit. However, the finding that
babies from home present later and have a higher rate of
kernicterus (although small numbers) raises the question
of whether these babies could have been identified and
referred earlier in the community. Anecdotal evidence
suggests that there is patchy implementation of transcu-
taneous bilirubinometers in the community and variation
in the frequency of postnatal visits nationally, but formal
evaluation is needed. Our findings support the recom-
mendations of NICE regarding targeted assessment in
the first days of life and the use of transcutaneous bili-
rubinometers. These findings reflect a need for effective
identification, particularly of atrisk babies, and referral
pathways from the community to the hospital.

Future research and unanswered questions

Further work is required to determine the variation in the
provision of transitional care facilities nationally in the UK,
uptake of the NICE guideline, particularly in the commu-
nity, and to understand barriers to implementation. This

will provide information of the work necessary to facili-
tate prompt referral pathways between the community
and hospital. Further developments of transcutaneous
bilirubinometers may enable production of models with
improved accuracy, particularly at levels of bilirubin above
250 pmol/L. Near-patient testing and monitoring of serum
bilirubin levels in the community would prevent a signifi-
cant number of hospital visits and unnecessary admissions.

CONCLUSION

Around two-thirds of babies admitted to neonatal care for
the management of jaundice may be appropriately managed
in a transitional care setting, avoiding separation of mother
and baby. Babies at risk of jaundice who are cared for in
the community may benefit from an additional postnatal
visit around the third day of life to allow for early identifica-
tion and management of jaundice. We recommend further
work at a national level to examine provision and barriers
to transitional care, referral pathways between primary and
secondary care, and community postnatal care.
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