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ABSTRACT
Background Therapeutic hypothermia is standard of 
care for babies with moderate/severe hypoxic- ischaemic 
encephalopathy and is increasingly used for mild 
encephalopathy.
Objective Describe temporal trends in the clinical 
condition of babies diagnosed with hypoxic- ischaemic 
encephalopathy who received therapeutic hypothermia.
Design Retrospective cohort study using data held in 
the National Neonatal Research Database.
Setting National Health Service neonatal units in 
England, Wales and Scotland.
Patients Infants born from 1 January 2010 to 31 
December 2017 with a recorded diagnosis of hypoxic- 
ischaemic encephalopathy who received therapeutic 
hypothermia for at least 3 days or died in this period.
Main outcomes Primary outcomes: recorded clinical 
characteristics including umbilical cord pH; Apgar score; 
newborn resuscitation; seizures and treatment on day 
1. Secondary outcomes: recorded hypoxic- ischaemic 
encephalopathy grade.
Results 5201 babies with a diagnosis of hypoxic- 
ischaemic encephalopathy received therapeutic 
hypothermia or died; annual numbers increased 
over the study period. A decreasing proportion had 
clinical characteristics of severe hypoxia ischaemia or 
a diagnosis of moderate or severe hypoxic- ischaemic 
encephalopathy, trends were statistically significant and 
consistent across multiple clinical characteristics used as 
markers of severity.
Conclusions Treatment with therapeutic hypothermia 
for hypoxic- ischaemic encephalopathy has increased in 
England, Scotland and Wales. An increasing proportion of 
treated infants have a diagnosis of mild hypoxic- ischaemic 
encephalopathy or have less severe clinical markers of 
hypoxia. This highlights the importance of determining 
the role of hypothermia in mild hypoxic- ischaemic 
encephalopathy. Receipt of therapeutic hypothermia is 
unlikely to be a useful marker for assessing changes in the 
incidence of brain injury over time.

INTRODUCTION
Newborn hypoxic- ischaemic encephalopathy (HIE) 
is caused by insufficient oxygenation and blood flow 
to the brain and is an important cause of long- term 
disability.1 The incidence of moderate to severe HIE in 

the UK is between 2.4 and 2.8 per 1000 live births.2 For 
these infants, treatment with therapeutic hypothermia 
improves neurological outcomes among survivors up 
to 6–7 years of age without serious adverse effects.3 
Therapeutic hypothermia for infants with moderate to 
severe HIE as defined in the original trials3 4 has been 
the standard of care in the UK since 2009.5

There is uncertainty about optimal care for 
infants with mild HIE. Randomised clinical trials 
of therapeutic hypothermia largely excluded infants 
with mild HIE, as reviewed here,6 7 and death or 
major disability was seen in 61% of babies who 
received therapeutic hypothermia in the original 
trials.3 Therefore, there are little randomised data 
to inform the use of therapeutic hypothermia in 
these babies. Retrospective observational studies 
suggest that infants with mild HIE have good 

What is already known on this topic?

 ► Therapeutic hypothermia has been the standard 
of care in the UK for moderate to severe 
hypoxic- ischaemic encephalopathy since 2009.

 ► Increasing numbers of babies with mild 
hypoxic- ischaemic encephalopathy are treated 
with hypothermia in the USA and Canada; this 
is not known in the UK.

 ► Receipt of therapeutic hypothermia is used 
as an indicator for brain injury occurring at or 
shortly after birth for national reporting in the 
UK.

What this study adds?

 ► Between 2010 and 2017, the annual number of 
babies receiving therapeutic hypothermia with a 
diagnosis of hypoxic- ischaemic encephalopathy 
increased in England, Scotland and Wales.

 ► An increasing proportion of babies treated with 
therapeutic hypothermia had a diagnosis of 
mild hypoxic- ischaemic encephalopathy or had 
less severe clinical characteristics of hypoxia.

 ► Routinely recorded clinical data can be used 
to monitor changing treatment patterns at 
population level.
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outcomes without therapeutic hypothermia8 9; however, more 
recent prospective data suggest that mild HIE may be more 
closely linked with neurodevelopmental impairment than previ-
ously thought.9–12

In several developed countries babies with mild HIE are increas-
ingly treated with therapeutic hypothermia,13–15 and there is interest 
in such treatment in the UK, including an ongoing dose- finding 
trial.16 A recent national UK survey of practice for babies with mild 
encephalopathy reported that 75% of responding centres offered 
therapeutic hypothermia to infants with mild HIE.17 Receipt of 
therapeutic hypothermia forms part of an indicator for brain injury 
occurring at or shortly after birth2 in England, therefore changes in 
the population receiving hypothermia have potential to influence 
national reporting, and the benchmarking and quality improvement 
initiatives that rely on such data.

The aim of this study was to examine the temporal trends in 
clinical characteristics and graded severity of babies diagnosed 
with HIE who received therapeutic hypothermia in the UK 
between 2010 and 2017. Clinical classification of HIE severity 
displays variability among observers; the interobserver reliability 
coefficient was 0.87 for Thompson score,18 therefore clinical, 
physiological and biochemical markers were used to characterise 
the severity of hypoxia ischaemia that infants had been exposed 
to, in parallel with recorded grade of HIE.

METHODS
We undertook a retrospective and descriptive cohort study using 
deidentified, routinely recorded neonatal clinical data held in 
the National Neonatal Research Database (NNRD).

Data source
The NNRD19 holds deidentified data from all infants admitted to 
National Health Service (NHS) neonatal units in England, Scotland 
and Wales (approximately 90 000 infants annually). In the UK, 
therapeutic hypothermia is not provided outside of NHS neonatal 
units. Data are extracted from neonatal electronic health records 
completed by health professionals during routine clinical care. A 
defined data extract, the Neonatal Dataset,20 of approximately 450 
data items is transmitted quarterly to the Neonatal Data Analysis 
Unit where patient episodes across different hospitals are linked and 
data are cleaned (queries about discrepancies and implausible data 
configurations are fed back to health professionals and rectified). 
Completeness and accuracy of data held in the NNRD have been 
assessed in comparison with Case Record Forms from a multicentre 
randomised controlled trial which demonstrated high data agree-
ment.19 Data items include demographic and admission items (clin-
ical reason for admission), labour and delivery details (resuscitation 
and initial condition), daily items (seizures, ventilation, nitric oxide 
and inotropes administration) and discharge items (diagnosis at 
discharge). The individual components of HIE severity classification 
systems are not recorded in the NNRD.

Study population
Infants born between 1 January 2010 and 31 December 2017 and 
admitted to a neonatal unit in England, Scotland and Wales were 
eligible for inclusion in the study if (1) they had a recorded gesta-
tional age of ≥36+0 weeks+days at birth, (2) were recorded as having 
received therapeutic hypothermia for 3 or more days or died during 
this period, and (3) had a diagnosis of HIE made by the clinical team 
and recorded as either primary clinical reason for admission or prin-
cipal diagnosis at discharge (online supplemental table 1). Demo-
graphic, antenatal, labour and delivery, birth and organisational 

characteristics (neonatal unit and transfers) were extracted from 
included babies (online supplemental table 2).

Clinical characteristics
The aim of this study was to describe temporal trends in the clin-
ical condition of babies diagnosed with HIE who received ther-
apeutic hypothermia. Primary clinical characteristics recorded 
in the NNRD of interest were umbilical cord pH; Apgar score; 
newborn resuscitation; and seizures and treatment on day 1. The 
secondary characteristic of interest was recorded grade of HIE.

Clinical characteristics of interest to describe severity of 
hypoxia ischaemia were selected a priori and grouped into three 
categories: delivery stabilisation/resuscitation characteristics, 
condition at birth and condition on the first day of neonatal care 
(table 1). The latter clinical characteristic was used because clin-
ical signs (such as seizures) and treatment (such as ventilation, 
inotropes and nitric oxide) are recorded in the NNRD as daily 
rather than time- stamped data. Apgar scores and umbilical cord 
pH were grouped into a priori specified categories. The NNRD 

Table 1 Clinical characteristics of hypoxia/ischaemia extracted from 
the NNRD

Categories Clinical characteristics

Delivery stabilisation/resuscitation 
characteristics

Intubation
Chest compressions
Drugs administered

Condition at birth Apgar score at 1 min
Apgar score at 5 min
Arterial umbilical cord pH

Condition on the first day of 
neonatal care

Seizures recorded on the first day 
(electrographic or clinical)
Invasive ventilation on the first day
Administration of nitric oxide on the first day
Administration of inotropes on the first day

NNRD, National Neonatal Research Database.

Figure 1 Study flow diagram describing the process of selection 
and analysis. HIE, hypoxic- ischaemic encephalopathy; NNRD, National 
Neonatal Research Database.
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data items used to define each clinical characteristic are listed in 
online supplemental table 3.

Grade of HIE
HIE diagnosis was extracted using the following variable fields: 
primary clinical reason for admission or principal diagnosis at 
discharge (see online supplemental table 1 for the data items 
used). The recorded grade of HIE was extracted using the prin-
cipal diagnosis at discharge: mild or grade 1, moderate or grade 
2 and severe or grade 3 HIE. The NNRD does not hold data 
describing the individual components of the neonatal neurolog-
ical examination or that are used to classify severity of HIE.

Statistical method
Simple descriptive statistics were used to describe the study 
population, clinical characteristics and grade of HIE of the 
infants included in the study. Continuous variables were anal-
ysed using linear regression of the annual means followed by 
Spearman’s rank correlation to account for non- normality of 
the data. Ordinal variables were tested using Spearman’s rank 
correlation of the annual means. Binary data were assessed with 
a χ2 test for trend over the years (Cochran- Armitage test). For all 
the statistical results, a p value <0.05 was considered as statisti-
cally significant. Missing data were counted and presented in the 
tables but were disregarded in the statistical analysis of trends 
over time. All the statistical analysis was undertaken on SAS 
V.9.4 software (Statistical Analysis System, SAS Institute, 2013).

Sensitivity analyses
We undertook a sensitivity analysis to examine whether any 
temporal changes in the clinical characteristics of infants who 

received therapeutic hypothermia for HIE could be explained by 
changes in the classification of babies who received therapeutic 
hypothermia but did not have a diagnosis of HIE, for example, 
due to misclassification or where the diagnosis of HIE was not 
confirmed or not considered a primary or principal diagnosis. 
For this analysis, data from infants with a recorded gestational 
age of ≥36+0 weeks+days at birth, recorded as having received 
therapeutic hypothermia for at least 3 days or having died during 
this period but without a diagnosis of HIE, were analysed.

RESULTS
Study population
A total of 6031 babies born between 1 January 2010 and 31 
December 2017 in England, Scotland and Wales received ther-
apeutic hypothermia for 3 consecutive days or died during 
the period of cooling; 830 babies did not have a diagnosis of 
HIE leaving 5201 babies who met the study inclusion criteria 
(figure 1).

The descriptive and clinical characteristics of babies diagnosed 
with HIE who received therapeutic hypothermia from 2010 to 
2017 are presented in tables 2 and 3. The number of babies who 
had a diagnosis of HIE and received therapeutic hypothermia for 
3 days or died increased from 2010 to 2015 before decreasing 
slightly in 2016–2017.

Initial condition at birth
First analyses examined the temporal trends across multiple 
clinical characteristics related to severity of HIE in babies 
who received therapeutic hypothermia in the UK over the 
study period. Over the study period, we found evidence of 
an increasing trend in umbilical arterial cord pH over time 

Table 2 Annual summaries of the descriptive characteristics of selected babies from 2010 to 2017. SD, standard deviation

Descriptive 
characteristics

Year

2010 2011 2012 2013 2014 2015 2016 2017

Babies cooled

  Count 403 557 573 680 763 771 735 719

Mortality

  Count (%) 52 (12.9) 63 (11.3) 63 (10.9) 78 (11.5) 60 (7.9) 66 (8.6) 70 (9.5) 48 (6.7)

Birth weight

  Mean 3412 3358 3397 3346 3349 3381 3351 3399

  SD 666 643 650 601 610 624 630 607

Gestation weeks

  Mean 39.5 39.5 39.4 39.4 39.4 39.3 39.3 39.4

  SD 1.6 1.6 1.6 1.5 1.5 1.6 1.6 1.6

Female sex

  Count (%) 191 (47.4) 256 (46.0) 254 (44.3) 328 (48.2) 345 (45.2) 326 (42.3) 322 (43.8) 304 (42.3)

Vaginal delivery

  Count (%) 186 (46.2) 273 (49.1) 252 (44.0) 330 (48.5) 366 (48.0) 323 (41.9) 337 (45.9) 330 (45.9)

Multiple birth

  Count (%) 21 (5.2) 22 (4.0) 20 (3.5) 25 (3.7) 21 (2.8) 21 (2.7) 24 (3.3) 15 (2.1)

Primiparous

  Count (%) 233 (57.8) 315 (56.6) 319 (55.7) 351 (51.6) 423 (55.4) 363 (47.1) 334 (45.4) 373 (51.9)

Smoking during pregnancy

  Count (%) 54 (13.4) 81 (14.5) 73 (12.7) 88 (12.9) 105 (13.8) 88 (11.4) 95 (12.9) 63 (8.8)

  Missing (%) 15.1 11.7 12.6 10.7 12.8 14.3 12.7 16.0

Intrapartum antibiotics given

  Count (%) 42 (10.4) 61 (11.0) 65 (11.3) 71 (10.4) 96 (12.6) 66 (8.6) 80 (10.9) 86 (12.0)

Maternal fever in labour

  Count (%) 22 (5.5) 28 (5.0) 31 (5.4) 26 (3.8) 53 (7.0) 33 (4.3) 28 (3.8) 44 (6.1)
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(Spearman rank correlation test, p≤0.001). Results from the 
linear regression analysis indicated an average increase of 
0.005 units in umbilical arterial cord pH per year of the 
study period (coefficient of 0.005, p≤0.001). The propor-
tion and number of babies with an umbilical arterial cord pH 
greater than 7.0 who received therapeutic hypothermia for 
HIE increased, while the proportion and number of babies 
with an umbilical arterial cord pH of less than 6.9 decreased 
(table 3 and figure 2 and supplemental figure 1).

Over the study period, we found an increase in the recorded 
Apgar scores at 1 and 5 min (Spearman correlation test, p=0.007 
and p=0.009, respectively) of babies with HIE who received 
therapeutic hypothermia (table 3 and figure 3 and supplemental 
figure 2).

Resuscitation and condition on the first day of admission
Over the study period, the proportion of babies with HIE who 
received therapeutic hypothermia or died and who were intu-
bated, received drugs or chest compressions as part of newborn 
resuscitation decreased (χ2 test for trend, p≤0.001). There was 
also a decrease in the proportion of babies who had seizures 
recorded (p≤0.001) or who received inotropes (p≤0.001) or 
invasive ventilation (p≤0.001) on the first day. The proportion 
of babies who received inhaled nitric oxide on the first day was 
low and remained stable throughout the study period (χ2 test for 
trend, p=0.28) (table 3 and figure 3).

Quantification of HIE grades
Secondary analyses examined the temporal trends in the 
recorded HIE grade of babies who received therapeutic 
hypothermia in the UK. Over the study period, we found 
evidence of a decreasing trend in the recorded grade of HIE 
among babies in the study cohort (Spearman correlation 
analysis, p≤0.001). The proportions of babies who received 
therapeutic hypothermia or died and were recorded as 
having moderate (grade 2) or severe (grade 3) HIE decreased, 
while the proportion recorded as having mild (grade 1) HIE 
increased (figure 4 and online supplemental table 4).

Sensitivity analyses
Over the study period, 830 babies received therapeutic hypo-
thermia but did not have a recorded diagnosis of HIE. The 
recorded diagnoses for these babies are presented in online 
supplemental table 5. Next, we wanted to assess whether 
changes in classification of babies over time explained 
temporal trends in the population of babies who received 
therapeutic hypothermia for HIE; for example, if mildly 
affected infants were increasingly classified as HIE rather 
than as other non- HIE diagnosis in later years. In order to 
do so, the described analyses were repeated on this cohort 
of babies (online supplemental table 6 and supplemental 
figure 3). Babies who received therapeutic hypothermia 
for 3 days or died during this period without a diagnosis 

Table 3 Annual summaries of the clinical characteristics of selected babies from 2010 to 2017

Clinical characteristics

Year

Mean (%)2010 2011 2012 2013 2014 2015 2016 2017

Level of arterial umbilical blood pH, count (%)

  <6.9 121 (30.0) 147 (26.4) 159 (27.8) 186 (27.4) 169 (22.2) 170 (22.1) 168 (22.9) 148 (21.1) 25.0

 6.9–7.0 68 (16.9) 93 (16.7) 103 (17.9) 121 (17.8) 144 (18.9) 121 (15.7) 112 (15.2) 122 (17.4) 17.1

  >7.0 106 (26.3) 166 (29.8) 172 (30.0) 210 (30.9) 252 (33.0) 247 (32.0) 209 (28.4) 231 (32.9) 30.4

  Missing data 108 (26.8) 151 (27.1) 139 (24.3) 163 (23.9) 198 (25.9) 233 (30.2) 246 (33.5) 202 (28.7) 27.6

Apgar score at 1min, count (%)

[0–3] 320 (79.4) 440 (78.9) 442 (77.1) 512 (75.3) 587 (76.9) 589 (76.4) 540 (73.5) 528 (75.1) 76.6

[4–7] 49 (12.2) 73 (13.1) 78 (13.6) 102 (15.0) 100 (13.1) 95 (12.3) 99 (13.5) 93 (13.2) 13.3

[8–10] 5 (1.2) 8 (1.4) 18 (3.1) 18 (2.7) 20 (2.6) 18 (2.3) 31 (4.2) 22 (3.1) 2.6

  Missing data 29 (7.2) 36 (6.5) 35 (6.1) 48 (7.1) 56 (7.3) 69 (8.9) 65 (8.8) 60 (8.5) 7.6

Apgar score at 5 min, count (%)

[0–3] 162 (40.2) 241 (43.3) 218 (38.1) 272 (40.0) 282 (36.9) 287 (37.2) 272 (37.0) 261 (37.1) 38.7

[4–7] 193 (47.9) 253 (45.4) 275 (47.9) 307 (45.2) 368 (48.2) 359 (46.6) 352 (47.9) 320 (45.5) 46.8

[8–10] 17 (4.2) 26 (4.7) 44 (7.7) 55 (8.1) 61 (7.9) 56 (7.3) 54 (7.4) 60 (8.5) 7.0

  Missing data 31 (7.7) 37 (6.6) 36 (6.3) 46 (6.8) 52 (6.8) 69 (8.9) 57 (7.8) 62 (8.8) 7.5

Intubation at delivery

  Count (%) 283 (70.2) 405 (72.7) 400 (69.8) 446 (65.6) 498 (65.3) 510 (66.2) 471 (64.1) 420 (59.7) 66.7

Chest compressions at delivery

  Count (%) 177 (43.92) 257 (46.1) 253 (44.2) 253 (37.2) 268 (35.1) 292 (37.9) 280 (38.1) 224 (31.9) 39.3

Resuscitation drugs at delivery

  Count (%) 89 (22.1) 108 (19.4) 108 (18.9) 107 (15.7) 101 (13.2) 112 (14.5) 123 (16.7) 95 (13.5) 16.8

Seizures on day 1

  Count (%) 176 (43.7) 205 (36.8) 211 (36.8) 226 (33.2) 214 (28.1) 222 (28.8) 186 (25.3) 180 (25.6) 32.3

Use of inotropes on day 1

  Count (%) 136 (33.8) 172 (30.9) 157 (27.4) 173 (25.4) 183 (23.9) 162 (21.0) 180 (24.5) 143 (20.3) 25.9

Nitric oxide administered on day 1

  Count (%) 15 (3.7) 26 (4.7) 25 (4.4) 31 (4.6) 35 (4.6) 38 (4.9) 32 (4.4) 38 (5.4) 4.6

Invasive ventilation on day 1

  Count (%) 336 (83.4) 468 (84.0) 467 (81.5) 538 (79.1) 612 (80.2) 601 (77.9) 585 (79.6) 545 (77.5) 80.4
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of HIE had less severe markers of hypoxia ischaemia when 
compared with the study population with a diagnosis of HIE. 
The temporal trends seen in this non- HIE group are in the 
same direction and of the same order of magnitude as those 
seen in the primary analyses, indicating that changing diag-
nostic classification is unlikely to account for our findings.

DISCUSSION
We show a temporal change in the clinical characteristics and 
recorded severity of HIE in babies who received therapeutic 
hypothermia in the UK between 2010 and 2017 despite there 
being no change to the clinical guidance for initiation and dura-
tion of neonatal therapeutic hypothermia over this period5: 

Figure 2 Line chart of the proportion of babies who had a diagnosis of hypoxic- ischaemic encephalopathy and received therapeutic hypothermia 
for 3 days or died during that period, by umbilical cord pH at birth (A), resuscitation characteristics and the condition on the first day of admission (B), 
from 2010 to 2017.

Figure 3 Bar charts of the proportion of babies who had a diagnosis of hypoxic- ischaemic encephalopathy and received therapeutic hypothermia 
for 3 days or died during that period, by Apgar score at 1 min (A) and 5 min (B), from 2010 to 2017.
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a greater proportion of these babies have less severe clinical 
characteristics of hypoxia ischaemia or are recorded as having 
mild (or grade 1) HIE. This pattern is consistent across several 
markers of hypoxia ischaemia comprising initial clinical assess-
ment, resuscitation, biochemical markers, seizures and initial 
treatment, as well as in recorded grade of HIE. These data indi-
cate that an increasing proportion of infants receiving thera-
peutic hypothermia in the UK have mild HIE and we find that 
a large number of infants are receiving therapeutic hypothermia 
without a principal or primary diagnosis of HIE. These infants 
are therefore receiving this therapy outside the scope of high- 
quality randomised evidence8 and guidelines.5

This ‘therapeutic creep’ towards treatment of mild HIE 
with therapeutic hypothermia that we document in the UK is 
in keeping with findings from North America,13 21 22 where in 
some healthcare systems over 75% of infants with mild HIE 
received therapeutic hypothermia23 and national data from 
the Canadian Neonatal Network where the rate of treatment 
also appears to be increasing.11 A similar pattern is seen inter-
nationally: a recent meta- analysis including studies from seven 
high- income countries found that 22% of infants who under-
went therapeutic hypothermia only had mild HIE.24 Babies 
with mild HIE were excluded from the original hypothermia 
trials in part because adverse outcomes were thought to be rare 
in these babies.25 26 More recent data, however, suggest that 
adverse neurodevelopmental outcomes may be more common 
than previously documented10: an international prospective 
multicentre study follow- up of 43 infants with mild HIE found 
that 16% had disability at 18–22 months, and follow- up of 55 
infants with mild HIE in Ireland and Sweden found significantly 
lower cognitive composite scores at 2 years when compared 
with healthy controls.27 Whether therapeutic hypothermia is 
effective in improving neurodevelopmental outcomes in babies 
with mild HIE is however unclear. Data from a non- randomised 
cohort study of 47 babies found improved magnetic resonance 
spectroscopy biomarkers in babies who received therapeutic 

hypothermia28; however, a systematic review and meta- analysis 
of 117 babies with mild HIE inadvertently recruited into trials 
targeting babies with moderate to severe HIE did not find 
evidence of benefit from therapeutic hypothermia; although 
low numbers meant that important benefit or harm could not be 
excluded.8 We also find a sizeable number of babies received ther-
apeutic hypothermia without a principal or primary diagnosis of 
HIE. Administration of therapeutic hypothermia is not without 
adverse consequences,29 such as subcutaneous fat necrosis and 
impaired mother–infant bonding (particularly following post-
natal transfer), and has health economic implications; therefore, 
there are ethical and practical considerations to administering 
such a treatment outside robust, evidence- based guidance. Data 
presented here indicate that infants with mild HIE are increas-
ingly receiving therapeutic hypothermia in the UK, despite an 
absence of high- quality data supporting its use. This highlights 
the importance of undertaking large methodologically robust 
trials to determine the risks and benefits of therapeutic hypo-
thermia in babies with mild HIE.30 31

Data from the NNRD are used for national and regional 
reporting of brain injuries occurring at or soon after birth in 
England as part of a national maternity ambition to make 
England the safest place in the world to give birth. Moderate to 
severe HIE is an important component of, and sizeable contrib-
utor to, such brain injuries nationally and is currently defined for 
this purpose in part by receipt of therapeutic hypothermia.2 The 
increasing application of therapeutic hypothermia to babies with 
mild HIE documented here means that many such babies are 
incorrectly classified as brain injuries occurring at or soon after 
birth. This has the potential to mask improvements in mater-
nity care aimed at reducing the incidence of moderate to severe 
HIE.32 In light of these findings we suggest that the definition of 
moderate to severe HIE used when reporting of brain injuries 
occurring at or soon after birth in England be revisited.

Strengths of this study include the national, population- level 
coverage afforded by the data held in the NNRD, in contrast to 

Figure 4 Bar charts of the proportion of babies who had a diagnosis of hypoxic- ischaemic encephalopathy and received therapeutic hypothermia 
for 3 days or died during that period, by recorded severity of hypoxic- ischaemic encephalopathy, from 2010 to 2017. HIE, hypoxic- ischaemic 
encephalopathy.
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many international studies that have reported trends within single 
networks. To reduce classification bias due to subjectivity of HIE 
staging systems we used clinical markers of hypoxia ischaemia in 
addition to recorded HIE grade with results that were consistent 
across both measures. We also performed sensitivity analyses of 
babies treated with therapeutic hypothermia but not diagnosed 
with HIE and found similar trends in clinical characteristics indi-
cating that our findings are unlikely to be explained by changing 
patterns of diagnosis. Limitations include missing data, although 
the proportion of missing data was low, and that using routinely 
recorded clinical data meant that existing HIE grading systems 
could not be applied retrospectively from NNRD data due to 
the absence of key data fields for HIE grading. We therefore 
used recorded HIE grade; the quality of this and other diag-
noses, including neonatal seizures, may vary between and within 
neonatal units. There is, however, no reason to suggest that the 
quality of such diagnostic reporting would change systematically 
over time within an established database such as the NNRD. All 
NHS neonatal units contributed to the NNRD from 2012 in 
England, and 2015 in Scotland and Wales, resulting in a higher 
proportion of missing data, particularly prior to 2012. This may 
explain the lower numbers of babies recorded as receiving thera-
peutic hypothermia in 2010 and 2011. MRI data could also have 
been used to evaluate severity of HIE in babies receiving thera-
peutic hypothermia. However, data from these investigations are 
not held by the NNRD, hence our reliance of clinical markers 
of severity and diagnostic grading. This study did not seek to 
examine neurodevelopmental outcomes of included babies.

We demonstrate that an increasing proportion of infants 
who received therapeutic hypothermia for HIE between 2010 
and 2017 in England, Wales and Scotland had mild HIE or less 
severe clinical markers of hypoxia ischaemia. This indicates a 
‘therapeutic creep’ in the UK in relation to increased therapeutic 
hypothermia for mild HIE outside its evidence base. This has 
implications for national reporting of brain injuries occurring 
at or soon after birth as receipt of therapeutic hypothermia is 
unlikely to be a useful marker for assessing changes in the inci-
dence of brain injury over time. The capture of additional daily 
data items describing neurological condition within the NNRD 
would facilitate more accurate national monitoring of severity of 
HIE and treatment. There is a need for adequately powered clin-
ical trials to evaluate the effectiveness and safety of hypothermia 
in this sizeable group of babies.
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Appendices 

 

NNRD variable Data items 

Primary Clinical Reason For Admission Admission details: HIE Suspected/Confirmed 

Principal Diagnosis At Discharge 

Discharge details, terms: 

• HIE 

• Hypoxic ischaemic encephalopathy 

• Neonatal encephalopathy 

• Perinatal asphyxia 

• Hypoxic ischaemic brain damage 

• Birth asphyxia 

• Birth (perinatal) asphyxia 

• Intrauterine hypoxia 

Supplemental table 1. NNRD data set items used for selection of babies corresponding to the 
inclusion criteria. 

 

Birth characteristics Sex 

Birth weight 
Gestation weeks; was calculated 

Demographics Lower Super Output Area (LSOA); 
categorized into deciles, with 0 being the 
most underprivileged areas. 

Ethnicity of mother 

Maternal age; was calculated 

Labour and delivery characteristics Mode of delivery 

Instrument used for delivery 

Multiple births 

Primiparous; no previous pregnancies 

Antenatal characteristics Medical problems prior to pregnancy; 
hypothyroid and diabetes 

Obstetric issues during pregnancy; maternal 
pyrexia, cord and/or placenta problems1, 

suspected chorioamniotis2 and rupture of 
membranes 
Smoking during pregnancy 

Neonatal care Post-natal transfer 

Supplemental table 2. Descriptive characteristics of the population included in the study from 

2009 to 2018 in England, Wales and Scotland. 1Placental abruption and/or placenta praevia, 
2Intrapartum antibiotics given.  
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Variable Data items 

Intubation at resuscitation Labour and Delivery Details NEONATAL RESUSCITATION 

METHODE – Code 15 

Chest compressions Labour and Delivery Details NEONATAL RESUSCITATION 

METHOD – Code 16 

Resuscitation drugs Labour and Delivery Details NEONATAL RESUSCITATION 

METHOD – Code 17 (Adrenaline) or 88 (any other drug) 

Apgar score at 1 minute Labour and Delivery Details APGAR SCORE (1 MINUTE)  

Apgar score at 5 minute Labour and Delivery Details APGAR SCORE (5 MINUTE) 

Umbilical cord pH Labour and Delivery Details UMBILICAL CORD BLOOD PH 

LEVEL (ARTERIAL) 

Seizures recorded Daily Care Neurology on day 1 only; CONVULSIONS 

Invasive ventilation Daily Care Respiratory on day 1 only; RESPIRATORY SUPPORT 

MODE – Code 1 

Nitric oxide administered Daily Care Respiratory on day 1 only, NITRIC OXIDE GIVEN 

INDICATOR 

Inotropes administered Daily Care Cardiovascular on day 1 only, INOTROPE INFUSION 

RECEIVED INDICATOR  

or 

Daily Care Medication on day 1 only, 500098 DOPAMINE, 

500096 DOBUTAMINE, 500056 ADRENALINE, 500210 

NORADRENALINE, 500116 HYDROCORTISONE, 1010173 

MILRINONE 

Supplemental table 3. NNRD data set items used for the clinical characteristics of babies  

 

 

 

Supplemental figure 1. Line chart of the number of babies that had a diagnosis of hypoxic 

ischaemic encephalopathy and received therapeutic hypothermia for 3 days or died during 

that period by umbilical arterial cord pH at birth. 
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Supplemental figure 2. Bar charts of the number of babies that had a diagnosis of hypoxic 

ischaemic encephalopathy and received therapeutic hypothermia for 3 days or died during 

that period, by Apgar score at 1 minute (A) and 5 minutes (B), from 2010 to 2017.  
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Supplemental figure 3. Line charts of the clinical characteristics of babies who have received 

therapeutic hypothermia from 2010 to 2017. (A) The mean umbilical arterial cord pH at birth, (B) 

the resuscitation characteristics and (C) the condition on the first day of admission in the neonatal 

unit for babies who were admitted for HIE (continuous lines) and for babies who were not admitted 

for HIE (dashed lines). 
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Supplemental table 4. Statistical analysis of the initial conditions prior to treatment variables 

over the years. 

 

 

Supplemental table 5. Frequency of the diagnosis recorded in the ‘principal diagnosis at 
discharge’ field in babies who have not been admitted for HIE but have been cooled from 

2010 to 2017. 

 

2010 2011 2012 2013 2014 2015 2016 2017 Total

count 4 12 7 20 15 10 11 14 93

frequency 5.56 9.92 6.19 14.81 13.89 11.11 12.94 13.21 11.2

count 12 23 24 49 49 47 39 55 298

frequency 16.67 19.01 21.24 36.3 45.37 52.22 45.88 51.89 35.9

count 0 4 2 5 5 5 3 4 28

frequency 0 3.31 1.77 3.7 4.63 5.56 3.53 3.77 3.37

count 1 2 3 2 2 0 2 3 15

frequency 1.39 1.65 2.65 1.48 1.85 0 2.35 2.83 1.81

count 2 18 22 16 13 17 13 22 123

frequency 2.78 14.88 19.47 11.85 12.04 18.89 15.29 20.75 14.82

count 6 37 30 49 46 38 45 36 287

frequency 8.33 30.58 26.55 36.3 42.59 42.22 52.94 33.96 34.58

count 0 2 4 6 6 15 9 13 55

frequency 0 1.65 3.54 4.44 5.56 16.67 10.59 12.26 6.63

Seizures

Encephalopathy (not hypoxic)

Meconium aspirate syndrome

Respiratory issues

Poor clinical condition

Diagnosis
Year

Acidosis

Sepsis

Sarnat staging Years 

Recorded HIE score 

(grade) 

2010 2011 2012 2013 2014 2015 2016 2017 

Count Missing data 19 12 23 34 22 44 39 84 

 1 31 71 68 109 94 112 113 133 

 2 141 158 185 253 238 231 255 293 

 3 212 316 297 284 409 384 328 209 

Percentage Missing data 4.71 2.15 4.01 5.00 2.88 5.71 5.31 11.68 

 1 7.69 12.75 11.87 16.03 12.32 14.53 15.37 18.50 

 2 34.99 28.37 32.29 37.21 31.19 29.96 34.69 40.75 

 3 52.61 56.73 51.83 41.76 53.60 49.81 44.63 29.07 

Statistical 

analysis 

Spearman 

correlation 

Coefficient -0.11 

95% CI [-0.14;-0.08] 

p-value <0.0001 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Arch Dis Child Fetal Neonatal Ed

 doi: 10.1136/archdischild-2020-319685–8.:10 2021;Arch Dis Child Fetal Neonatal Ed, et al. Hage L



 

Supplemental table 6. Frequency of the clinical characteristics of babies who have not been 

admitted for HIE but have been cooled from 2010 to 2017. 

 

2010 2011 2012 2013 2014 2015 2016 2017

Babies cooled Count 72 121 113 135 108 90 85 106

Mortality rate
Count (%) 14 (19.44) 10 (8.26) 12 (10.62) 17 (12.59) 9 (8.33) 5 (5.56) 4 (4.71 10 (9.43)

Mean (s.d) 7.00 (0.20) 7.00 (0.16) 7.03 (0.18) 7.03 (0.19) 7.05 (0.16) 7.06 (0.19) 7.08 (0.17) 7.10 (0.19) Mean Median

missing data 23 (31.94) 54 (44.63) 41 (36.28) 48 (35.56) 45 (41.67) 24 (26.67) 26 (30.59) 39 (36.79)

< 6.9 15 (20.83) 21 (17.36) 20 (17.70) 21 (15.56) 11 (10.19) 10 (11.11) 6 (7.06) 7 (6.60)

[6.9;7.0] 17 (23.61) 16 (13.22) 8 (7.08) 22 (16.30) 14 (12.96) 14 (15.56) 17 (20.00) 15 (14.15)

> 7.0 17 (23.61) 30 (24.79) 44 (38.94) 44 (32.59) 38 (35.19) 42 (46.67) 36 (42.35) 45 (42.45)

Median (IQR) 2 (2) 2 (3) 2 (4) 2 (3) 3 (4) 2 (4) 3 (4) 3 (4) Mean Median

missing data 10 (13.89) 16 (13.22) 14 (12.39) 9 (6.67) 13 (12.04) 13 (14.44) 8 (9.41) 13 (12.26)

[0;3] 48 (66.67) 70 (57.85) 68 (60.18) 82 (60.74) 59 (54.63) 49 (54.44) 46 (54.12) 59 (55.66)

]3;7] 13 (18.06) 25 (20.66) 17 (15.04) 31 (22.96) 20 (18.52) 17 (18.89) 21 (24.71) 30 (28.30)

]7;10] 1 (1.39) 10 (8.26) 14 (12.39) 13 (9.63) 16 (14.81) 11 (12.22) 10 (11.76) 4 (3.77)

Median (IQR) 4 (3) 5 (4) 5 (5) 5 (3) 5 (4) 5 (3) 5 (4) 5 (4) Mean Median

missing data 10 (13.89) 15 (12.40) 17 (15.04) 8 (5.93) 13 (12.04) 15 (16.67) 7 (8.24) 12 (11.32)

[0;3] 30 (41.67) 41 (33.88) 35 (30.97) 35 (25.93) 27 (25.00) 25 (27.78) 22 (25.88) 30 (28.30)

]3;7] 25 (34.72) 47 (38.84) 39 (34.51) 75 (55.56) 48 (44.44) 37 (41.11) 38 (44.71) 48 (45.28)

]7;10] 7 (9.72) 18 (14.88) 22 (19.47) 17 (12.59) 20 (18.52) 13 (14.44) 18 (21.18) 16 (15.09)

Count (%) missing data 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

No 0.00 27 (37.50) 55 (45.45) 51 (45.13) 64 (47.41) 58 (53.70) 44 (48.89) 44 (51.76) 61 (57.55)

Yes 1.00 45 (62.50) 66 (54.55) 62 (54.87) 71 (52.59) 50 (46.30) 46 (51.11) 41 (48.24) 45 (42.45)

Count (%) missing data 0 (0.00) 0 (0.00) 1 (0.88) 1 (0.74) 0 (0.00) 2 (2.22) 3 (3.53) 1 (0.94)

No 0.00 45 (62.50) 80 (66.12) 76 (67.26) 98 (72.59) 83 (76.85) 72 (80.00) 61 (71.76) 75 (70.75)

Yes 1.00 27 (37.50) 41 (33.88) 36 (31.86) 36 (26.67) 25 (23.15) 16 (17.78) 21 (24.71) 30 (28.30)

Count (%) missing data 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

No 0.00 46 (63.89) 80 (66.12) 77 (68.14) 102 (75.56) 84 (77.78) 67 (74.44) 65 (76.47) 81 (76.42)

Yes 1.00 26 (36.11) 41 (33.88) 36 (31.86) 33 (24.44) 24 (22.22) 23 (25.56) 20 (23.53) 25 (23.58)

Count (%) missing data 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

No 0.00 57 (79.17) 101 (83.47) 97 (85.84) 125 (92.59) 104 (96.30) 82 (91.11) 78 (91.76) 100 (94.34)

Yes 1.00 15 (20.83) 20 (16.53) 16 (14.16) 10 (7.41) 4 (3.70) 8 (8.89) 7 (8.24) 6 (5.66)

Count (%) missing data 0 (0.00) 0 (0.00) 1 (0.88) 2 (1.48) 0 (0.00) 2 (2.22) 3 (3.53) 2 (1.89)

No 0.00 69 (95.83) 110 (90.91) 101 (89.38) 123 (91.11) 102 (94.44) 86 (95.56) 80 (94.12) 99 (93.40)

Yes 1.00 3 (4.17) 11 (9.09) 11 (9.73) 10 (7.41) 6 (5.56) 2 (2.22) 2 (2.35) 5 (4.72)

Count (%) missing data 0 (0.00) 0 (0.00) 1 (0.88) 2 (1.48) 0 (0.00) 1 (1.11) 2 (2.35) 0 (0.00)

No 0.00 9 (12.50) 18 (14.88) 24 (21.24) 29 (21.48) 19 (17.59) 16 (17.78) 18 (21.18) 34 (32.08)

Yes 1.00 63 (87.50) 103 (85.12) 88 (77.88) 104 (77.04) 89 (82.41) 73 (81.11) 65 (76.47) 72 (67.92)

Count (%) missing data 0 (0.00) 0 (0.00) 1 (0.88) 2 (1.48) 1 (0.93) 1 (1.11) 3 (3.53) 2 (1.89)

No 0.00 46 (63.89) 84 (69.42) 77 (68.14) 86 (63.70) 74 (68.52) 69 (76.67) 65 (76.47) 81 (76.42)

Yes 1.00 26 (36.11) 37 (30.58) 35 (30.97) 47 (34.81) 33 (30.56) 20 (22.22) 17 (20.00) 23 (21.70)

Seizures

Mean (%)

70.12

28.67

Count (%) 3.05 2.00

Clinical characteristics
Year

Total years

830

81 (9.76)

Level of pH

Count (%) 7.04 7.03

Apgar score at 1min

Intubation at resuscitation

Mean (%)

48.67

51.33

Apgar score at 5min

Count (%) 4.77 5.00

10.36

Use of inotropes

Mean (%)

71.08

27.95

Chest compressions

Mean (%)

72.53

27.47

Resuscitation drugs

Mean (%)

89.64

20.12

79.16

Nitric oxide administered

Mean (%)

92.77

6.02

Invasive ventilation

Mean (%)
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