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Trends in the incidence and management of hypoxic-
ischaemic encephalopathy in the therapeutic
hypothermia era: a national population study

Lara Shipley @ ," Chris Gale

ABSTRACT

Objective Hypoxic-ischaemic encephalopathy (HIE)
remains a leading cause of neonatal mortality and
neurodisability. We aimed to determine the incidence

of HIE and management patterns against national
guidelines.

Design Retrospective cohort study using the National
Neonatal Research Database.

Setting Neonatal units in England and Wales.
Patients Infants 34—42 weeks gestational age (GA)
with a recorded diagnosis of HIE.

Main outcomes Incidence of HIE, mortality and
treatment with therapeutic hypothermia (TH) were the
main outcomes. Temporal changes were compared across
two epochs (2011-2013 and 2014-2016).

Results Among 407 462 infants admitted for neonatal
care, 12195 were diagnosed with HIE. 8166 infants =36
weeks GA had moderate/severe HIE, 62.1% (n=5069)
underwent TH and mortality was 9.3% (n=762). Of
infants with mild HIE (n=3394), 30.3% (n=1027)
underwent TH and 6 died. In late preterm infants (34—35
weeks GA) with HIE (n=635, 5.2%), 33.1% (n=210)
received TH and 13.1% (n=83) died. Between epochs
(2011-2013 vs 2014-2016), mortality decreased for
infants =36 weeks GA with moderate/severe HIE (17.5%
vs 12.3%; OR 0.69, 95% Cl 0.59 to 0.81, p<0.001).
Treatment with TH increased significantly between
epochs in infants with mild HIE (24.9% vs 35.8%,
p<0.001) and those born late preterm (34.3% vs 46.6%,
p=0.002).

Conclusions Mortality of infants =36 weeks GA with
moderate/severe HIE has reduced over time, although
many infants diagnosed with moderate/severe HIE do
not undergo TH. Increasingly, mild HIE and late preterm
infants with HIE are undergoing TH, where the evidence
base is lacking, highlighting the need for prospective
studies to evaluate safety and efficacy in these
populations.

INTRODUCTION

Hypoxic-ischaemic encephalopathy (HIE) is the
leading cause of mortality and neurodisability in
near-term and term babies.! > Therapeutic hypo-
thermia (TH) is an effective, safe treatment for
infants =36 weeks gestational age (GA) with
moderate/severe HIE, improving survival and major
neurodisability.! * Following the Total Body Hypo-
thermia (TOBY) cooling trial* and the National
Institute for Health and Care Excellence guid-
ance in 2010,° TH is now the standard of care for
infants =36 weeks GA with moderate/severe HIE

;> Don Sharkey @ °*

What is already known on this topic?

» Therapeutic hypothermia is an effective
and safe treatment for infants =36 weeks
gestational age with moderate/severe hypoxic-
ischaemic encephalopathy (HIE), improving
survival and reducing severe neurodisability.

» There is insufficient evidence to support the use
of therapeutic hypothermia for mild HIE or in
late preterm infants with HIE.

What this study adds?

» Use of therapeutic hypothermia for moderate
or severe HIE has increased over time and is
associated with a reduction in mortality.

» A large cohort of infants recorded as having
moderate/severe HIE do not receive treatment
with therapeutic hypothermia.

» Use of therapeutic hypothermia for mild
HIE and in late preterm infants with HIE is
increasing despite a lack of efficacy or safety.

in England and Wales. However, recent data on the
current management and outcomes of infants with
HIE in the TH era are lacking. The ambitious UK
government target of halving brain injury occurring
at or soon after birth by 2025 requires an under-
standing of the current incidence and management
of HIE, allowing healthcare providers to target
areas most likely to achieve these goals.®

There are increasing concerns that infants with
mild HIE or those more preterm are also undergoing
TH without evidence of benefit.”"' A recent UK
survey highlighted 75% of cooling centres offered
TH to infants with mild HIE.” Although infants
with mild HIE have an increased risk of mortality
and adverse neurological outcomes, there is insuf-
ficient evidence to establish any significant benefits
or harm with the use of TH in these infants.”® For
the preterm population, Azzopardi et al'* reported
3% (n=38) of UK TOBY cooling registrants were
34 or 35 weeks GA with a higher mortality rate
(30%) compared with more mature infants (20%).
Rao et al' also found preterm infants who received
TH had a higher rate of mortality and white matter
injury compared with term infants who received
TH. These studies were limited by small numbers.
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The primary aim of this study was to establish the incidence of
HIE in the TH era. The secondary aim was to evaluate mortality
and changes to TH management.

METHODS

Study population

The National Neonatal Research Database (NNRD) holds
prospectively recorded daily clinical data from every infant
admitted to UK neonatal units along with outcomes. The NNRD
contains an approved clinical database (the National Neonatal
Data Set), within the NHS Data Dictionary national electronic
data set," and provides newborn brain injury data in the UK.” In
2011, approximately 90% of English neonatal units contributed
to the NNRD and no units from Wales. From 2012 onwards, all
units contributed to the database. Data are screened for errors
and amended prior to entry into the database.

Data from the Office for National Statistics (ONS) were used
as denominator data (excluding Scotland and Northern Ireland)
to calculate national incidence rates of HIE using live birth by
GA for each year of the study period.™

Data collection
Data were extracted on all infants 34-42 weeks GA who were
admitted to neonatal units in England and Wales from 2011
to 2016. Infants with HIE were identified using the ‘Principal
Diagnosis at Discharge” and ‘HIE score’ data fields, as diagnosed
and inputted by the clinical teams in each centre (online supple-
mental table 1), and allocated the most severe HIE grade issued
during their admission. Infants managed with any TH were
identified using the ‘Principal Procedures During Stay’ or ‘Prin-
cipal Diagnosis at Discharge’ or ‘“Therapeutic Hypothermia® data
fields. Infants who did not have a diagnosis of HIE but received
TH were not categorised as HIE.

Infants weighing greater than 5500 g (erroneous data) or
missing key episode data items (GA, principal diagnosis, place of
birth or mortality data) were excluded from the study.

Outcome

The primary aim was the incidence of HIE by live births for
England and Wales in the TH era. The secondary aims were
to evaluate the management of these infants and mortality and
describe any temporal changes.

Statistical analysis

Extrapolation methods based on actual admission numbers and
number of cases from 2012 to 2016 when all units contributed
to the database were used to estimate the incidence of HIE for
2011 as previously described.?

The population incidence rate of HIE per 1000 live births
was calculated using NNRD data to identify cases and ONS
data for live birth rates per year by GA as the denominator.
The study population was divided into two equal epochs
(2011-2013 and 2014-2016) to evaluate any changes over
time. Infants with moderate/severe HIE who died without
undergoing TH were considered with babies who received
TH for analysis as these are likely to represent infants who
met the cooling criteria but were too sick to undergo treat-
ment or care was reorientated; data for babies who died
without undergoing TH are also presented.

For subgroup analyses, infants were further divided into
late preterm (34-35 weeks GA) and mild (grade 1) HIE
subgroups. Associations between demographic, clinical vari-
ables and death were assessed using y* test for categorical
data and Mann-Whitney U test for non-normally distributed
continuous data. Subgroup characteristics were compared
and analysed with univariate analysis and presented as
unadjusted OR with 95% CI. All statistical analyses were
performed using Stata SE V.15.

RESULTS

A total of 407462 infants were admitted for neonatal care during
the study period. Of these, 12195 infants had a recorded diag-
nosis of HIE, giving an incidence of 2.96 per 1000 live births
and accounting for 3% of neonatal unit admissions =34 weeks
GA (online supplemental figure 1). Mortality for all infants with
recorded HIE was 7.0% (n=851).

The incidence of moderate/severe HIE in infants =36 weeks
GA was 2.03 per 1000 (n=8166); 1.26 per 1000 (n=5069)
were treated with TH (n=4949) or died without TH treatment
(n=120) (table 1, online supplemental table 2). The incidence
of moderate/severe HIE in infants =36 weeks GA remained
similar between epochs (table 1), but TH treatment significantly
increased between epochs (54.6% vs 66.6%, p<0.001).

The characteristics of infants =36 weeks GA with moderate/
severe HIE who did or did not undergo TH were compared

Table 1
gestational age with moderate/severe HIE treated with TH

Incidence of HIE for the whole study population, infants >36 weeks gestational age with moderate/severe HIE and infants >36 weeks

Any HIE Moderate/severe HIE and =36 gestational weeks at birth
Received or Received or
Rate per Rate per Received TH Received TH died without TH died without TH
Year n 1000 live births n 1000 live births (n) (%) (n) (%)
2011* 2253 3.22 1592 2.33 694 43.6 722 45.4
(2320-2372) (3.32-3.39) (1631-1668) (2.33-2.39) (704-706) (42.3-43.2) (733-735) (43.9-45.1)
2012 1916 2.7 1267 1.83 723 57.1 741 58.5
2013 1906 2.81 1213 1.83 806 66.4 823 67.8
2014 2135 3.17 1422 2.16 937 65.9 951 66.9
2015 2104 3.1 1396 2.11 928 66.5 953 68.3
2016 1881 2.77 1276 1.93 861 67.5 879 68.9
Total 12195 2.96 8166 2.03 4949 60.6 5069 62.1
Epoch 1* 6075 2.91 4072 2.00 2223 54.61 2286 56.11
(6142-6194) (2.94-2.96) (4111-4138) (2.01-2.03) (2233-2235) (54.0-54.4%) (2297-2299) (55.5-55.91)
Epoch 2 6120 3.01 4094 2.07 2726 66.61 2783 68.01

*Range included to account for 2011 data not available for all hospitals (see the Methods section).
tSignificant change between epoch 1 and epoch 2 (p<0.001).
HIE, hypoxic-ischaemic encephalopathy; TH, therapeutic hypothermia.
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Table 2 Comparison of antenatal and delivery characteristics of infants >36 weeks GA admitted to neonatal units with moderate/severe HIE who

received, or died without, TH or did not receive TH

Infants =36 weeks GA with moderate/severe HIE

No TH Received TH Missing
Variable (n=3056)* (n=5069)* n (%) OR (95%Cl) P valuet
Antenatal characteristics
Diabetes mellitus 19(0.6) 59(1.2) 0 1.88 (1.12 t0 3.16) 0.02
Gestational diabetes 110 (3.6) 186 (3.7) 0 1.02 (0.80 to 1.30) 0.87
Pre-eclampsia 167 (5.5) 233 (4.6) 0 0.24
Risk factors of early infection$ 788 (25.8) 1116 (22.0) 0 0.81 (0.73 t0 0.90) <0.001
Delivery characteristics
Gender (male) 1824 (59.7) 2771 (54.7) 3 (<0.01) 0.81 (0.74 to0 0.89) <0.001
GA (weeks) 40 (38-41) 40 (38-41) 0 0.89 (0.82 t0 0.97) <0.001
Birth weight (g) 3379 (2980-3780) 3340 (2950-3760) 0 0.99 (0.98 to 1.00) 0.06
>98th centile 173 (5.7) 289 (5.7) 0 1.01 (0.83t0 1.22) 0.94
Intrapartum events§ 238 (7.8) 629 (12.4) 0 1.68 (1.43 to 1.96) <0.001
Apgar 1 min 3 (2-4) 1(1-3) 509 (6.2) 0.34(0.31t0 0.37) <0.001
Apgar 5min 6 (5-8) 4 (2-6) 503 (6.2) 0.21 (0.19 t0 0.23) <0.001
Significant resuscitation9| 730 (23.9) 3070 (60.6) 0 4.89 (4.39 to 5.44) <0.001
Venous cord pH 7.18 (7.04-7.28) 7.13 (6.96-7.25) 2396 (29.5) 0.94 (0.93 to 0.95) <0.001

Data items diabetes mellitus, gestational diabetes, pre-eclampsia, risk factors for sepsis, intrapartum events and significant resuscitation variables were collected using a tick box
so it was not possible to accurately determine missing data from absence of a characteristic.

*Data are n (%) or median (IQR).

tCategorical data analysed using %> test; non-normally distributed continuous data analysed using Mann-Whitney U test.
tMaternal fever, chorioamnionitis, prolonged rupture of membranes and urinary tract infection.

§Cord prolapse, shoulder dystocia, abruption and reduced fetal movements.
fIChest compression, intubation and drugs.
GA, gestational age; HIE, hypoxic-ischaemic encephalopathy.

(table 2). Overall, 62.1% (n=5069) of infants =36 weeks GA
with moderate/severe HIE were cooled or died without TH.
These infants were significantly more likely to have a background
of acute intrapartum events, need for significant resuscitation,
lower Apgar scores and lower cord venous pH compared with
non-cooled infants. Mortality of infants =36 weeks GA with
moderate/severe HIE was 9.3% (n=762) and decreased over
time between epochs (10.0% vs 8.7%; OR 0.85 (95% CI 0.74
to 0.99), p=0.04). For those undergoing TH (excluding infants
who died prior to cooling), there was a significant reduction in
mortality between 2011-2013 (n=336, 15.1%) and 2014-2016
(n=297, 10.9%; OR 0.67 (95% CI 0.58 to 0.81), p<0.001).
This pattern remained evident after inclusion of infants who
died prior to cooling (mortality in epoch 1: 17.5% (n=402);
epoch 2: 12.3% (n=355); OR 0.69 (95% CI 0.59 to 0.81),
p<0.001). Overall, infants born between 2014 and 2016 had a
higher rate of early infection and significant resuscitation (online
supplemental table 3).

Infants =36 weeks with mild HIE

There were 3394 infants =36 weeks GA diagnosed with mild
HIE (0.84 per 1000 live births), similar between 2011-2013
(n=1712) and 2014-2016 (n=1682, p=0.57). Mortality was
low in this population, with six deaths overall and no differ-
ence over time, although infants admitted in 2014-2016 had a
higher rate of early infection and significant resuscitation (online
supplemental table 4). In total, 1027 (30.3%) were managed
with TH and 338 (10.0%) were transported within the first 48
hours from non-tertiary units into a cooling centre. The propor-
tion of infants treated with TH significantly increased over time
between 2011-2013 (n=426, 24.9%) and 2014-2016 (n=603,
35.8%, p<0.001).

The characteristics of infants =36 weeks GA with mild HIE
who did or did not undergo TH were compared (table 3). Those
who received TH (including the six infants who died without
TH treatment) had a lower birth weight, required more resusci-
tation, had lower Apgar scores and had lower cord venous pH.
Infants with moderate/severe HIE were significantly more likely
to have acute intrapartum events, require significant resuscita-
tion and have lower Apgar scores compared with infants with
mild HIE (online supplemental table 5).

Late preterm infants (34-35 weeks)

In total, 635 late preterm infants (6.27 per 1000) were diag-
nosed with any grade HIE (online supplemental table 6); this
remained stable through epoch 1 and epoch 2 with 6.00 per
1000 vs 6.55 per 1000, respectively (p=0.27). Of these 81.5%
(n=518) had moderate/severe HIE. Late preterm infants treated
with TH were significantly more likely to have acute intrapartum
events, require significant resuscitation, have lower Apgar scores
and have lower cord venous pH (table 4).

Among late preterm infants, 259 (40.8%) were treated
with TH (n=210) or died without TH (n=49). This signifi-
cantly increased between epoch 1 (n=103, 34.3%) and epoch
2 (n=156, 46.6%, p=0.002), although mortality remained
unchanged (n=36 (12.0%) vs n=47 (14.0%), p=0.51). The
rate of moderate/severe HIE and the associated mortality were
greatest in the late preterm population compared with those
=36 weeks GA (p<0.001; figure 1 and online supplemental
table 6). The characteristics between epochs were similar
(online supplemental table 7). Overall, mortality in infants with
moderate/severe HIE in the late preterm population was 16.0%
(n=83) compared with those =36 weeks GA at 9.3% (n=762,
p=0.005).
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Table 3 Comparison of antenatal and delivery characteristics between infants >36 weeks GA admitted to neonatal units with mild HIE who
received, or died without, TH or did not receive TH

Infants =36 weeks GA with mild HIE

No TH Received TH Missing
Variable (n=2238)* (n=1029)* n (%) OR (95%Cl) P valuet
Antenatal characteristics
Diabetes mellitus 18(0.8) 7(0.7) 0 0.88(0.37 10 2.12) 0.78
Gestational diabetes 81 (3.5) 26 (2.5) 0 0.72 (0.46 t0 1.13) 0.15
Pre-eclampsia 96 (4.1) 33(3.2) 0 0.77 (0.52 t0 1.16) 0.21
Risk factors of early infection$ 441 (18.9) 211 (20.5) 0 1.11 (0.92 to 1.33) 0.27
Delivery characteristics
Gender (male) 1425 (61.0) 590 (57.5) 1 0.86 (0.74 to 1.00) 0.05
GA (weeks) 40 (39-41) 40 (39-41) 0 0.95 (0.83 t0 1.08) 0.43
Birth weight (g) 3410 (3026-3800) 3360 (2965-3740) 0 0.98 (0.97 t0 0.99) 0.005
>98th centile 121 (5.2) 33(3.2) 0 0.61 (0.41 to 0.90) 0.01
Intrapartum events§ 170 (7.3) 89 (8.7) 0 1.21 (0.92 to 1.57) 0.17
Apgar 1 min 4 (2-6) 3(1-5) 152 (4.7) 0.47 (0.41 to 0.54) <0.001
Apgar 5min 7 (5-8) 5 (4-7) 141 (4.3) 0.34 (0.30 to 0.40) <0.001
Significant resuscitation] 431 (18.4) 433 (42.1) 0 3.21(2.71 10 3.80) <0.001
Venous cord pH 7.16 (7.04-7.27) 7.14 (6.99-7.25) 892 (27.3) 0.97 (0.96 to 0.98) <0.001

Data items diabetes mellitus, gestational diabetes, pre-eclampsia, risk factors for sepsis, intrapartum events and significant resuscitation variables were collected using a tick box
so it was not possible to accurately determine missing data from absence of a characteristic.

*Data are n (%) or median (IQR).

tCategorical data analysed using %> test; non-normally distributed continuous data analysed using Mann-Whitney U test.

tMaternal fever, chorioamnionitis, prolonged rupture of membranes and urinary tract infection.

§Cord prolapse, shoulder dystocia, abruption and reduced fetal movements.

fIChest compression, intubation and drugs.

GA, gestational age; HIE, hypoxic-ischaemic encephalopathy; TH, therapeutic hypothermia.
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Table 4 Comparison of antenatal and delivery characteristics of infants 34—35 weeks GA admitted to neonatal units with hypoxic-ischaemic
encephalopathy who received, or died without, TH or did not receive TH

Infants at 34-35 weeks GA with hypoxic-ischaemic encephalopathy

No TH Received TH Missing
Variable (n=366)* (n=259)* n (%) OR (95%Cl) P valuet
Antenatal characteristics
Diabetes mellitus 10(2.7) 11 (4.2) 0 1.58 (0.66 to 3.78) 0.30
Gestational diabetes 21 (5.7) 20(7.7) 0 1.37 (0.73 t0 2.59) 0.32
Pre-eclampsia 51(13.9) 25(9.7) 0 0.66 (0.40 to 1.10) 0.1
Risk factors of early infection$ 98 (26.8) 64 (24.7) 0 0.90 (0.62 to 1.29) 0.56
Delivery characteristics
Gender (male) 214 (58.5) 152 (58.7) 1 1.00 (0.73 to 1.39) 0.99
GA (weeks) 35 (34-35) 35 (34-35) 0 1.92 (1.38 t0 2.69) 0.01
Birth weight (g) 2250 (2000-2540) 2344 (2080-2640) 0 1.05 (1.01 to 1.08) <0.01
>98th centile 20 (5.5) 18 (7.0) 0 1.29 (0.67 t0 2.50) 0.44
Intrapartum events§ 50 (13.7) 58 (22.4) 0 1.82 (1.19 t0 2.77) <0.001
Apgar 1 min 3(1-5) 1(0-3) 30 (4.8) 0.23 (0.17 t0 0.32) <0.001
Apgar 5min 6 (4-8) 3(1-5) 34 (5.4) 0.18 (0.13 to 0.24) <0.001
Significant resuscitation 113 (30.9) 175 (67.6) 0 4.66 (3.23 10 6.73) <0.001
Venous cord pH 7.16 (6.95-7.28) 7.06 (6.85-7.25) 226 (36.2) 0.93 (0.90 to 0.97) 0.003

Data items diabetes mellitus, gestational diabetes, pre-eclampsia, risk factors for sepsis, intrapartum events and significant resuscitation variables were collected using a tick box
so it was not possible to accurately determine missing data from absence of a characteristic.

*Data are n (%) or median (IQR).

tCategorical data analysed using > test; non-normally distributed continuous data analysed using Mann-Whitney U test.

tMaternal fever, chorioamnionitis, prolonged rupture of membranes and urinary tract infection.

§Cord prolapse, shoulder dystocia, abruption and reduced fetal movements.

9IChest compression, intubation and drugs.

GA, gestational age; TH, therapeutic hypothermia.
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Figure 1 Rate of moderate/severe HIE treated with therapeutic
hypothermia and mortality within the study population per 1000 live
births at each gestational week. *Data include infants with M/S HIE
but were not cooled. HIE, hypoxic-ischaemic encephalopathy; M/S,
moderate/severe; TH, therapeutic hypothermia.

DISCUSSION

This large national population-based study has shown the inci-
dence of recorded moderate/severe HIE in infants =36 weeks
GA remains similar over time, but there has been a reduction
in mortality. Based on national guidance for HIE, only 62.1%
of eligible infants received TH. Furthermore, we have shown
for the first time the increasing number of infants with mild
HIE and those born late preterm undergoing TH, without suffi-
cient evidence to support this approach. During the most recent
epoch, TH was administered to 36% of infants with mild HIE
and 47% of late preterm infants with HIE. These findings are
important particularly for late preterm infants where mortality
associated with moderate/severe HIE increases with decreasing
gestation.

Following publication of the TOBY trial* and the national
guidance for TH,® treatment with TH for moderate/severe HIE
in infants =36 weeks GA has increased in England and Wales,
with a reduction in mortality. Mortality for infants undergoing
TH has decreased by more than half since the TOBY study from
23.9%%t015.1%in2011-2013 and 10.9% in 2014-2016. These
findings could reflect changes in practice with earlier recogni-
tion and treatment, mild cases being diagnosed as moderate and
undergoing TH, as well as improving intensive care manage-
ment. In our study, 37.9% of infants with recorded moderate/
severe HIE did not receive TH. These infants may include those
who were too sick to cool or in whom HIE was diagnosed
outside the therapeutic cooling window. The clinical decisions
for not cooling an eligible infant are not recorded within this
database. However, the grading of HIE can be subjective, leading
to some clinicians opting not to treat borderline infants, whereas
others may have graded these infants as moderate HIE. Like-
wise, infants may have been incorrectly misclassified as HIE or
misdiagnosed as mild and therefore not cooled. Another poten-
tial explanation is that TH use was recorded inaccurately or was
unrecorded despite being administered; however, TH data are
used to reimburse individual hospitals so this data item is usually
well recorded. Our findings do, however, potentially suggest a
large proportion of eligible infants do not receive TH.

The number of infants with mild HIE undergoing TH has
increased over time and their mortality rate is very low. Previous

studies of infants with mild HIE demonstrated an increased risk
of mortality and adverse neurological outcome."”™"” However,
TH in these infants has not been shown to reduce death or
neurodisability,” ® although one study reported less brain injury
on MRI scans.'® Management of these infants with TH in the
absence of robust evidence risks exposing them to unneces-
sary treatment with its associated morbidity, such as pain and
respiratory support.”” ?° In the UK, TH is mainly undertaken
in tertiary centres, increasing the pressure on cot capacity and
specialist neonatal transportation services®' with the need to
transfer more infants. Current, ongoing prospective studies
(Therapeutic Hypothermia for Infants with Mild Encephalopa-
thy(TIME)** and Optimising the Duration of Cooling Therapy
in Mild Neonatal Encephalopathy (COMET)*) may provide
much needed evidence to establish the benefit and safety of TH
use for mild HIE.

To our knowledge, this is the largest study to date of late
preterm infants with HIE including those treated with TH. Our
study has shown preterm infants have a higher incidence rate
of moderate/severe HIE diagnosed compared with term infants.
The TOBY study demonstrated TH was a safe and effective treat-
ment in infants =36 weeks GA,* yet TH is increasingly being
used in late preterm infants. Other large randomised controlled
trials of TH for HIE included infants at 35 weeks GA but did not
separately report their outcomes.'” 2*** The pathophysiology of
brain injury in late preterm infants is likely to be different from
those at term; Rao et al'® reported a higher incidence of white
matter injury and mortality due to the severity of the encepha-
lopathy in late preterm infants. Our study also demonstrated late
preterm infants with moderate/severe HIE were four times more
likely to die than infants =36 week GA (0.80 per 1000 vs 0.19
per 1000 live births), highlighting the need for well-designed
prospective randomised controlled studies to evaluate the safety
and efficacy in this subgroup.

Strengths and limitations

The study’s main strength is the use of national data set from a
reliable database of prospective, routinely recorded data.”® This
has allowed analysis with a large sample size and provides an
estimate of the incidence of HIE within a national healthcare
service. To our knowledge, this study has analysed the largest
group of late preterm infants with HIE to date compared with
previous studies.!®? %" 28 Because only 90% of neonatal units
contributed to the NNRD in 2011, we calculated the lower and
upper estimates of missing data using actual data from admission
and HIE rate from 2012 to 2016.*

A further strength is the analysis of data after the introduction
of a national guideline providing diagnostic criteria for treat-
ment,’ although we acknowledge clinical evaluation and grading
of HIE are subjective and may lead to variations in diagnosis.
Furthermore, the database does not hold the individual compo-
nents of the scoring system, so we were limited by the diagnostic
coding of the clinical team caring for the infant. To address the
ambition to minimise newborn brain injury in the UK,® it would
be useful to standardise recorded data with diagnostic criteria
and outcomes, allowing more robust national rates and compari-
sons between centres. Inclusion of additional data fields based on
established severity scoring systems (including modified Sarnat
score and amplitude-intergrated electroencephalography (aEEG)
as specified in UK guidance®”) could help in standardisation and
accuracy of data entry.

The main limitation of studies using large databases is the
errors or imprecision in data entry. This is limited through
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screening the data for erroneous entries, although this cannot
mitigate completely if the data are incorrect at the point of
entry. A further limitation is that we do not have neuroimaging
results or long-term neurodevelopmental outcome data as
these are not recorded in the database or are often incomplete,
making analysis unreliable. These outcomes would be of signif-
icant interest with such a large data set and are more useful as a
measure of brain injury, than the requirement for TH treatment
alone, as many infants will have a normal outcome without
injury.

CONCLUSION

The use of TH for infants with moderate/severe HIE is increasing
and is associated with a reduction in mortality, although a large
proportion of potentially eligible infants do not receive treat-
ment. There are also increasing numbers of infants with mild
HIE and late preterm infants with HIE undergoing TH outside
of the current evidence base. These data highlight the urgent
need for initiatives to improve delivery of effective evidence-
based practice to all eligible infants and well-designed, prospec-
tive studies to evaluate the safety and efficacy in late preterm
infants and those with mild HIE.

Twitter Chris Gale @DrCGale and Don Sharkey @DrDonSharkey

Acknowledgements Electronic patient data recorded at participating neonatal
units that collectively form the UK Neonatal Collaborative (UKNC) are transmitted
to the Neonatal Data Analysis Unit (NDAU) to form the National Neonatal Research
Database (NNRD). We are grateful to all the families that agreed to the inclusion of
their baby's data in the NNRD, the health professionals who recorded data and the
NDAU team.

Contributors LS and DS made substantial contributions to the concept, planning,
design of the study and acquisition of data. LS and DS analysed and interpreted
the data. All authors assisted in drafting and editing the manuscript. All authors
approved the final version for publication. DS had full access to all the data in the
study and takes full responsibility for the integrity of the data and accuracy of the
data analysis.

Funding This study was partly supported by a University of Nottingham, School of
Medicine Impact Funding award.

Competing interests CG has received support from Chiesi Pharmaceuticals to
attend an educational conference; in the past 5 years he has been an investigator on
received research grants from Medical Research Council, National Institute for Health
Research, Canadian Institutes of Health Research, Department of Health in England,
Mason Medical Research Foundation, Westminster Medical School Research Trust
and Chiesi Pharmaceuticals, and has been an unremunerated member of the
Neonatal Data Analysis Unit Board, which oversees the NNRD.

Patient consent for publication Not required.

Ethics approval Ethical approval was given by the London-City and East Research
Ethics Committee (REC: 17/L0/1822).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in
the article or uploaded as supplementary information. All data were extracted
and supplied by the NDAU and are available from the corresponding author on
reasonable request and with permission of the study team and NDAU.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs

Lara Shipley http://orcid.org/0000-0002-8538-9531
Chris Gale http://orcid.org/0000-0003-0707-876X
Don Sharkey http://orcid.org/0000-0002-4989-8697

REFERENCES

1 Jacobs SE, Berg M, Hunt R, et al. Cooling for newborns with hypoxic ischaemic
encephalopathy. Cochrane Database Syst Rev 2013:Cd003311.

2 Gale C, Statnikov Y, Jawad S, et al. Neonatal brain injuries in England: population-
based incidence derived from routinely recorded clinical data held in the National
neonatal research database. Arch Dis Child Fetal Neonatal Ed 2018;103:F301-6.

3 Tagin MA, Woolcott CG, Vincer MJ, et al. Hypothermia for neonatal hypoxic ischemic
encephalopathy: an updated systematic review and meta-analysis. Arch Pediatr
Adolesc Med 2012;166:558-66.

4 Azzopardi DV, Strohm B, Edwards AD, et al. Moderate hypothermia to treat perinatal
asphyxial encephalopathy. N £ngl J Med 2009;361:1349-58.

5 National Institute for Health and Care Excellence. Therapeutic hypothermia with
intracorporeal temperature monitoring for hypoxic perinatal brain injury (NICE
guideline IPG347), 2010. Available: https://www.nice.org.uk/guidance/ipg347
[Accessed 30 Nov 2019].

6 NHS. Better Births: Improving outcomes of maternity services in England - A five year
forward view for maternity care, 2016: 1-126.

7 Kariholu U, Montaldo P, Markati T, et al. Therapeutic hypothermia for mild neonatal
encephalopathy: a systematic review and meta-analysis. Arch Dis Child Fetal Neonatal
Ed 2020;105:225-8.

8 Conway JM, Walsh BH, Boylan GB, et al. Mild hypoxic ischaemic encephalopathy
and long term neurodevelopmental outcome - A systematic review. Early Hum Dev
2018;120:80-7.

9 OliveiraV, Singhvi DP, Montaldo P, et a/. Therapeutic hypothermia in mild neonatal
encephalopathy: a national survey of practice in the UK. Arch Dis Child Fetal Neonatal
Ed 2018;103:F388-90.

10 Rao R, Trivedi S, Vesoulis Z, et al. Safety and short-term outcomes of therapeutic
hypothermia in preterm neonates 34-35 weeks gestational age with hypoxic-ischemic
encephalopathy. J Pediatr 2017;183:37-42.

11 Herrera TI, Edwards L, Malcolm WF, et al. Outcomes of preterm infants treated with
hypothermia for hypoxic-ischemic encephalopathy. Early Hum Dev 2018;125:1-7.

12 Azzopardi D, Strohm B, Linsell L, et al. Implementation and conduct of therapeutic
hypothermia for perinatal asphyxial encephalopathy in the UK--analysis of national
data. PLoS One 2012;7:e38504.

13 NHS. Nhs data dictionary. Available: www.datadictionary.nhs.uk [Accessed 01 Nov
2019].

14 National Office for Statistics. Births by gestational age at birth, England and Wales,
2018, 2019.

15 Chalak LF, Nguyen K-A, Prempunpong C, et al. Prospective research in infants with
mild encephalopathy identified in the first six hours of life: neurodevelopmental
outcomes at 18-22 months. Pediatr Res 2018;84:861-8.

16 Reiss J, Sinha M, Gold J, et al. Outcomes of infants with mild hypoxic ischemic
encephalopathy who did not receive therapeutic hypothermia. Biomed Hub
2019;4:1-9.

17 Finder M, Boylan GB, Twomey D, et a/. Two-Year neurodevelopmental outcomes after
mild hypoxic ischemic encephalopathy in the era of therapeutic hypothermia. JAMA
Pediatr 2020;174:48-55.

18 Goswami IR, Whyte H, Wintermark P, et a/. Characteristics and short-term outcomes
of neonates with mild hypoxic-ischemic encephalopathy treated with hypothermia. J
Perinatol 2020:40:275-83.

19 Eicher DJ, Wagner CL, Katikaneni LP, et a/. Moderate hypothermia in neonatal
encephalopathy: safety outcomes. Pediatr Neurol 2005;32:18-24.

20 Lago P, Spada C, Lugli L, et al. Pain management during therapeutic hypothermia
in newborn infants with hypoxic-ischaemic encephalopathy. Acta Paediatr
2020;109:628-9.

21 Cleland S. Bliss baby report 2015: hanging in the balance, 2015.

22 Bonifacio S, Van Meurs K. The time study: a randomized controlled trial of
therapeutic hypothermia for infants with mild encephalopathy in California. identifier
NCT04176471. ClinicalTrials.gov, 2020.

23 Morales M. Optimising the duration of cooling therapy in mild neonatal
encephalopathy. identifier NCT03409770. ClinicalTrials.gov, 2020.

24 Eicher DJ, Wagner CL, Katikaneni LP, et al. Moderate hypothermia in neonatal
encephalopathy: efficacy outcomes. Pedliatr Neurol 2005;32:11-17.

25 Jacobs SE, Morley CJ, Inder TE, et al. Whole-Body hypothermia for term and near-term
newborns with hypoxic-ischemic encephalopathy: a randomized controlled trial. Arch
Pediatr Adolesc Med 2011;165:692-700.

26 Battershy C, Statnikov Y, Santhakumaran S, et al. The United Kingdom national
neonatal research database: a validation study. PLoS One 2018;13:€0201815.

27 Chalak LF, Rollins N, Morriss MC, et al. Perinatal acidosis and hypoxic-ischemic
encephalopathy in preterm infants of 33 to 35 weeks" gestation. / Pediatr
2012;160:388-94.

28 Logitharajah P, Rutherford MA, Cowan FM. Hypoxic-Ischemic encephalopathy
in preterm infants: antecedent factors, brain imaging, and outcome. Pediatr Res
2009;66:222-9.

29 British Association for Perinatal Medicine. Therapeutic hypothermia for neonatal
encephalopathy: a framework for practice. London: BAPM, 2020. https://www.bapm.
org/resources/237-therapeutic-hypothermia-for-neonatal-encephalopathy

F534

Shipley L, et al. Arch Dis Child Fetal Neonatal Ed 2021;106:F529-F534. doi:10.1136/archdischild-2020-320902

1ybuAdoo
Ag pesioid 1senb Ag 20z ‘0T |Mdy uo /wod fwq uy//:dny woly papeojumod "TZ0Z YdIeN 8 U0 Z060ZE-020Z-PIYOSIPY2IR/9ETT 0T Se paysiignd 1s1y :p3 [eleuosN (e84 pliyd sId yaly


https://twitter.com/DrCGale
https://twitter.com/DrDonSharkey
http://orcid.org/0000-0002-8538-9531
http://orcid.org/0000-0003-0707-876X
http://orcid.org/0000-0002-4989-8697
http://dx.doi.org/10.1002/14651858.CD003311.pub3
http://dx.doi.org/10.1136/archdischild-2017-313707
http://dx.doi.org/10.1001/archpediatrics.2011.1772
http://dx.doi.org/10.1001/archpediatrics.2011.1772
http://dx.doi.org/10.1056/NEJMoa0900854
https://www.nice.org.uk/guidance/ipg347
http://dx.doi.org/10.1136/archdischild-2018-315711
http://dx.doi.org/10.1136/archdischild-2018-315711
http://dx.doi.org/10.1016/j.earlhumdev.2018.02.007
http://dx.doi.org/10.1136/archdischild-2017-313320
http://dx.doi.org/10.1136/archdischild-2017-313320
http://dx.doi.org/10.1016/j.jpeds.2016.11.019
http://dx.doi.org/10.1016/j.earlhumdev.2018.08.003
http://dx.doi.org/10.1371/journal.pone.0038504
www.datadictionary.nhs.uk
http://dx.doi.org/10.1038/s41390-018-0174-x
http://dx.doi.org/10.1159/000502936
http://dx.doi.org/10.1001/jamapediatrics.2019.4011
http://dx.doi.org/10.1001/jamapediatrics.2019.4011
http://dx.doi.org/10.1038/s41372-019-0551-2
http://dx.doi.org/10.1038/s41372-019-0551-2
http://dx.doi.org/10.1016/j.pediatrneurol.2004.06.015
http://dx.doi.org/10.1111/apa.15071
http://dx.doi.org/10.1016/j.pediatrneurol.2004.06.014
http://dx.doi.org/10.1001/archpediatrics.2011.43
http://dx.doi.org/10.1001/archpediatrics.2011.43
http://dx.doi.org/10.1371/journal.pone.0201815
http://dx.doi.org/10.1016/j.jpeds.2011.09.001
http://dx.doi.org/10.1203/PDR.0b013e3181a9ef34
https://www.bapm.org/resources/237-therapeutic-hypothermia-for-neonatal-encephalopathy
https://www.bapm.org/resources/237-therapeutic-hypothermia-for-neonatal-encephalopathy
http://fn.bmj.com/

	Trends in the incidence and management of hypoxic-­ischaemic encephalopathy in the therapeutic hypothermia era: a national population study
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Study population
	Data collection
	Outcome
	Statistical analysis

	Results
	Infants ≥36 weeks with mild HIE
	Late preterm infants (34–35 weeks)

	Discussion
	Strengths and limitations

	Conclusion
	References


