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Body temperature, heart rate and long-term outcome of cooled
infants: an observational study
Kennosuke Tsuda1,2, Jun Shibasaki3, Tetsuya Isayama4, Akihito Takeuchi5, Takeo Mukai6, Tomoaki Ioroi7, Akihito Takahashi8,
Hiroyuki Sano9, Nanae Yutaka9, Sachiko Iwata2, Makoto Nabetani9, Hisanori Sobajima10, Shigeharu Hosono11, Masanori Tamura12,
Osuke Iwata2 and the Baby Cooling Registry of Japan

BACKGROUND: Therapeutic hypothermia is a standard of care for neonatal encephalopathy; however, approximately one in two
newborn infants fails to respond to this treatment. Recent studies have suggested potential relationships between body
temperature, heart rate and the outcome of cooled infants.
METHODS: The clinical data of 756 infants registered to the Baby Cooling Registry of Japan between January 2012 and December
2016 were analysed to assess the relationship between body temperature, heart rate and adverse outcomes (death or severe
impairment at 18 months corrected age).
RESULTS: A lower body temperature at admission was associated with adverse outcomes in the univariate analysis (P < 0.001), the
significance of which was lost when adjusted for the severity of encephalopathy and other covariates. A higher body temperature
during cooling and higher heart rate before and during cooling were associated with adverse outcomes in both univariate (all P <
0.001) and multivariate (P= 0.012, P < 0.001 and P < 0.001, respectively) analyses.
CONCLUSIONS: Severe hypoxia–ischaemia might be a common causative of faster heart rates before and during cooling and low
body temperature before cooling, whereas causal relationships between slightly higher temperatures during cooling and adverse
outcomes need to be elucidated in future studies.
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IMPACT:

● In a large cohort of encephalopathic newborn infants, dual roles of body temperature to the outcome were shown; adverse
outcomes were associated with a lower body temperature at admission and higher body temperature during cooling.

● A higher heart rate before and during cooling were associated with adverse outcomes.
● Severe hypoxia–ischaemia might be a common causative of faster heart rates before and during cooling and low body

temperature before cooling.
● The exact mechanism underlying the relationship between slightly higher body temperature during cooling and adverse

outcomes remains unknown, which needs to be elucidated in future studies.

INTRODUCTION
Therapeutic hypothermia is the current standard of care for near-
term and term newborn infants with moderate-to-severe
hypoxic–ischaemic encephalopathy.1 Hypothermia reduces death
and neurological impairments of encephalopathic infants by
18 months of age.2 However, 35–55% of survivors still develop
neurological impairments.3,4 Clinical variables associated with the
efficacy of cooling have been rigorously investigated because it
may help improve the benefits of cooling via the identification of

novel therapeutic targets and patients who are more likely to
respond to treatment. Thus far, the potential adverse impact of
clinical conditions, such as hypocarbia,5 small body size,6 smaller
gestational age,7 abnormal glucose levels8 and pyrexia,9 on the
outcomes of encephalopathic infants have been reported.
However, the mechanisms explaining the relationships between
these variables and outcomes remain mostly unknown. In
addition, several established independent variables of the out-
come in preclinical models, such as a delay in cooling initiation
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and subtle differences in the cooling level,10–13 have not been fully
confirmed in clinical settings.
Using a large-scale data set from the Baby Cooling Registry of

Japan, a national registry of cooled infants, we previously
identified novel clinical factors associated with the survival to
discharge of cooled infants by day 28,14 such as higher body
temperatures at admission, lower body temperatures (mostly
within the recommended cooling temperature range) during
cooling and slower heart rates before, during and after cooling.
Tachycardia during cooling is increasingly recognised as a
potential independent variable associated with adverse outcomes
in medium-sized cohorts of adults after cardiac arrest15 and
asphyxiated newborn infants.16,17 In contrast, conflicting observa-
tions have been reported regarding the relationship between
body temperature and outcomes. Based on preclinical studies,
which consistently showed the exponential loss of cerebral
protection with delays in cooling,10,12,13 clinical researchers
addressed the early initiation of cooling in newborn infants.
Laptook et al. assessed the efficacy of delayed cooling in newborn
infants and found that the benefit of cooling commenced
between 6 and 12 h of birth is likely to be less robust compared
with that of early cooling within 6 h of birth.18 Thoresen et al.
observed better developmental quotients at 18–20 months in 35
infants cooled ≤3 h after birth as opposed to 30 infants cooled > 3
h after birth.19 However, secondary analyses from large-scale
studies did not find any outcomes dependent on the timing of
cooling initiation.20,21 Wood et al. demonstrated in a rat pup
model of hypoxia–ischaemia that spontaneous low body tem-
perature < 32.2 °C before the commencement of cooling is
associated with more severe brain injury, whereas active cooling
to 32 °C ameliorated brain injury compared with normothermic
temperature management.22 These findings may suggest that,
while cooling with minimum delay is likely to provide the
maximum benefit, early completion of cooling induction might
imply a mixed consequence of reduced thermogenesis due to
severe hypoxia–ischaemia and early, efficient cooling. Regarding
the target body temperature during 72 h cooling, the short-term
mortality of infants, who were cooled to 32 °C, was 14%, as
opposed to 7% for those who were cooled to 33–34 °C (current
recommendation), with no improvement in the long-term out-
comes at 2 years.23,24 Further understanding of the relationship
between body temperature and heart rate before and during
cooling and long-term outcomes of cooled infants may help
improve the selection of infants, prediction of outcomes and
efficacy of cooling.
The primary aim of this study was to investigate the relationship

between body temperature before and during cooling and the
outcomes assessed at 18 months of age in a large cohort of cooled
infants. The secondary aim was to investigate the relationship
between heart rate before and during cooling and the same
outcomes.

MATERIALS AND METHODS
Ethics approval and consent
This study was conducted in compliance with the Declaration of
Helsinki. The protocols of the registry were approved by the Ethics
Committees of Kurume University School of Medicine and Saitama
Medical University, Japan. The ethics committees approved that
parental consent was not needed for the registry, since no patient
identifier was collected.

Population and data collection
For this observational study, we reviewed the clinical data of all 776
cooled infants compiled between January 1, 2012 and December 31,
2016 (Table 1 and Fig. 1). We excluded 20 infants with major
congenital abnormalities, chromosomal aberrations and/or brain
dysgenesis. In total, 756 infants were included in the study.

The following clinical information was obtained from the
registry database: heart rate, body temperature and the mean
blood pressure at admission (heart rate and blood pressure were
not collected at admission), 0 h, 24 h and mean values between 3
and 72 h after the commencement of cooling (original data
collected every 3 h between 0 and 12 h of cooling and every 12 h
between 12 and 72 h of cooling), gestational age, birth weight,
birth location, 10-min Apgar score, pH and base deficit of cord or
first blood gas sample obtained < 1 h after birth, Sarnat
encephalopathy stage at admission,25 Thompson encephalopathy
scores26 at admission and 24 h after initiating cooling, cooling
practice, and time to target body temperature after birth.

Assessment of outcomes
The outcomes of cooled infants were assessed at 18 (16–20)
months post-conceptional age by a consultant neonatologist,
paediatrician or child neurologist. The presence of hearing loss or
blindness, as well as the need for tube feeding and/or respiratory
support were noted. Neuromotor function was classified using the
Gross Motor Function Classification System (GMFCS),27 which
gives a score of 0–5, with higher scores indicating greater
impairments. An adverse outcome was defined as death or
survival with severe disability, such as tube feeding and/or
respiratory support, hearing loss, blindness and cerebral palsy
(GMFCS score > 2).

Data analysis
Each clinical record was inspected for case duplication, apparent
input errors or missing data > 5% of the individual data set
without plausible explanations. To assess the influence of follow-
up loss, clinical backgrounds were compared between infants with
and without confirmed outcomes at 18 months of age. To reduce
attrition biases due to missing data, multiple imputation of
independent variables was performed (n= 5 imputations) based
on the correlation between variables with missing values and
other subject characteristics (SPSS ver. 26; IBM, Armonk, NY). To
identify the crude effect of clinical backgrounds and therapeutic
options on the outcome, variables were compared between
infants with favourable and adverse outcomes using Student’s t
test, Mann–Whitney U test or chi-squared test, where appropriate.
P values < 0.002 were considered significant after correcting for
multiple comparisons over 21 variables. Body temperatures during
whole-body cooling and selective-head cooling were also
compared using Student’s t test.
The dependence of the outcome on body temperature (and

then, on heart rate) before and during cooling was assessed using
logistic regression analysis. For body temperature before cooling,
temperature values at admission were used to best represent the
level before starting active temperature control. Because heart
rates at admission were not collected, heart rates at initiating
cooling were used to represent the values before cooling. For
body temperature and heart rate during cooling, mean values
between 3 and 72 h of cooling were used. Findings are also
presented with/without correction for covariates, which were
chosen based on priori hypotheses for each independent variable.
Body temperature and heart rate before cooling were adjusted for
gestational age, birth location and encephalopathy stage at
admission (and additionally by body temperature and mean blood
pressure for the heart rate). Body temperature and heart rate
during cooling were adjusted for gestational age, encephalopathy
stage at admission and cooling practice (and additionally by body
temperature and mean blood pressure between 3 and 72 h of
cooling for the heart rate).

RESULTS
Of the 756 participants, outcomes at 18 months of age were
confirmed in 604 infants (final study cohort). These infants had
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less outborn infants (68.5%) compared with those who were lost
to follow-up (80.8% of 152 infants; P= 0.003); however, other
background variables of gestational age, birth weight, 10-min
Apgar scores, first blood gas pH and base deficit, Thompson
encephalopathy score and Sarnat encephalopathy stage were
similar between these infants (Online Supplemental Table 1).

Of the infants within the final study cohort, 591 (97.8%) were
confirmed to have been cooled using electronic, temperature-
controlled cooling devices (Online Supplemental Table 2). The
body temperature during selective-head cooling (mean, 34.0 °C;
standard deviation, 0.5 °C; n= 178) was higher than that during
whole-body cooling (mean, 33.7 °C; standard deviation, 0.4 °C; n
= 426) (P < 0.001, Online Supplemental Table 2). At 18 months
corrected age, 45 infants (7.5%) had died and 133 infants
(23.8%) had developed severe impairments (Table 1 and Fig. 1).
The severe impairments of survivors were: dependence on tube
feeding (n= 86, 15.4%), dependent on respiratory support (n=
48, 8.6%), hearing loss (n= 36, 6.4%), blindness (n= 18, 3.2%),
and cerebral palsy (n= 116, 20.5%). Infants with adverse
outcomes had lower 10-min Apgar scores and first blood gas
pH, greater first blood gas base deficit, higher Thompson scores
(at admission and 24 h after cooling initiation), greater Sarnat
encephalopathy stage (at admission), faster heart rates (at
cooling initiation, 24 h and mean values between 3 and 72 h
after cooling initiation), lower body temperatures at admission
and cooling initiation and higher body temperatures at 24 h and
mean values between 3 and 72 h after cooling initiation (all P <
0.001; Table 2 and Fig. 2a, b). There was a trend that the time to
target temperature after birth was relatively shorter for those
with adverse outcomes than their peers with favourable
outcomes (P= 0.013).

Relationships between body temperature and adverse outcomes
In the univariate analysis, lower body temperatures at admis-
sion were associated with adverse outcomes (odds ratio [OR],
0.67; 95% confidence interval [CI], 0.57–0.78; P < 0.001), the
significance of which was lost after adjusting for gestational
age, birth location and Sarnat encephalopathy stage at
admission (OR, 0.84; 95% CI, 0.70–1.02; P= 0.076) (Table 3). In
contrast, higher body temperatures during cooling were
associated with adverse outcomes in both the univariate
analysis (OR, 2.14; 95% CI, 1.43–3.20; P < 0.001) and multivariate
analysis, which was adjusted for gestational age, Sarnat
encephalopathy stage at admission and cooling practice (OR,
1.97; 95% CI, 1.17–3.34; P= 0.012) (Table 3).

Information of 776 cooled infants registered

756 infants assessed

604 infants within the final cohort
45 died by 18 months
559 survived

18-month data unavailable in 152 infants

20 infants excluded due to congenital malformation

Fig. 1 Profile of the study population. A diagram depicting the flow of the study population.

Table 1. Outcomes of cooled infants at 18 months of age.

Outcomes

Survival 559 (92.5)

Death 45 (7.5)

Dependence on medical support

Tube feeding 86 (15.4a)

Respiratory support 48 (8.6a)

Any of above 86 (15.4a)

Sensory impairment

Hearing loss 36 (6.4a)

Blindness 18 (3.2a)

Gross Motor Function Classification System

0–1 428 (76.6a)

2 15 (2.7a)

3 4 (0.7a)

4 12 (2.1a)

5 100 (17.9a)

Composite outcomes

Severe disabilityb 133 (23.8a)

Death or severe disabilityb (primary outcome) 178 (29.5)

Values are shown as the number (%).
Percentages were calculated based on the whole cohort (n= 604), except
for those acalculated based on 559 survivors.
bDefined as survival with at least one of the following conditions:
requirement of tube feeding or respiratory support, hearing loss, blindness
and Gross Motor Function Classification System score > 2.
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Relationships between heart rate and adverse outcomes
Faster heart rates at cooling initiation were associated with adverse
outcomes in both the univariate analysis (OR, 1.19; 95% CI, 1.08–1.31,
per 10 beats/min [bpm]; P < 0.001) and multivariate analysis, which
was adjusted for gestational age, birth location, Sarnat encephalo-
pathy stage at admission, body temperature and the mean blood
pressure at cooling initiation (OR, 1.29; 95% CI, 1.12–1.48, per 10
bpm; P < 0.001) (Table 3). Faster heart rates during cooling were also
associated with adverse outcomes in both the univariate analysis
(OR, 2.31; 95% CI, 1.94–2.75, per 10 bpm; P < 0.001) and multivariate
analysis, which was adjusted for gestational age, Sarnat encephalo-
pathy stage at admission, cooling practice, body temperature and
the mean blood pressure during cooling (OR, 1.98; 95% CI, 1.61–2.44,
per 10 bpm; P < 0.001) (Table 3).

DISCUSSION
In a large cohort of encephalopathic infants, body temperatures
before and during therapeutic hypothermia showed entirely
different relationships with outcomes at 18 months corrected
age, where adverse outcomes were associated with lower body
temperatures at admission and higher body temperatures during
cooling. Building on previous studies in adults and newborn
infants, which suggested a relationship between faster heart rates
during cooling and adverse outcomes following
hypoxic–ischaemic brain injury,14–17 our study also observed a
consistent relationship between faster heart rates before and
during cooling and adverse outcomes.

Body temperature at admission and outcome
Preclinical studies consistently supported the benefit of early
cooling to maximise its neuroprotective effect.10,12,13 To minimise
the delay in cooling, pre-hospital cooling has been proposed for
both newborn infants and adults.28,29 Passive cooling during
transportation facilitates early induction of therapeutic hypother-
mia in newborn infants30,31; however, thus far, no clinical data
support the long-term benefit of pre-hospital cooling. Retro-
spective analyses of large-scale clinical trials have also failed to
demonstrate a relationship between the timing of cooling
initiation and outcome of cooled infants.20,21 In the univariate
analysis of our study, a lower body temperature at admission was
rather associated with an adverse outcome. In addition, a shorter
elapsed time from birth to reach the target cooling temperature
showed a modest relationship with adverse outcomes (Table 2).
These findings may in part explain the reason why early induction
of cooling has not been demonstrated to improve outcomes in
clinical settings. Given that the relationship between body
temperatures at admission and outcomes in our study was lost
when adjusted for covariates including the severity of encephalo-
pathy, low body temperatures at admission may represent the
reduced heat production following severe hypoxia–ischaemia.
After hypoxic–ischaemic events, spontaneous downregulation of
thermogenesis (behavioural hypothermia) has been recognised in
a range of species,22,32 temperature reduction of which depends
on the severity of hypoxic–ischaemic encephalopathy in newborn
infants.33 Although behavioural hypothermia has been considered
a response to provide cerebral protection and ensure survival, our
current study found that a lower body temperature at admission
was associated with an adverse outcome, suggesting that either
the benefit of the protective response was insufficient or
temperature reduction was merely a consequence of severe
injury. Our previous analysis from the same registry consistently
showed that low body temperature at admission was dependent
on the severity of hypoxia–ischaemia (i.e. greater first blood base
deficit and Thompson encephalopathy scores), variables related
with thermogenesis and heat loss (i.e. smaller birth weight and
being outborn) and, in outborn infants only, the target body
temperature during transportation,14 suggesting that the body
temperature at admission is affected by both intrinsic and
extrinsic conditions. With regards to early cooling during
transportation, complications have been reported including
excessive cooling and hypocarbia.34,35 A study in Ghana reported
that the depth of induced passive cooling out of an intensive care
setting correlated with adverse short-term outcomes of infants.33

Although we speculate that severe hypoxia–ischaemia is a
common upstream event of spontaneous temperature reduction
and subsequent adverse outcomes observed in our current study,
further accumulation of clinical evidence is required to preclude
the possibility that hypothermia induced before the commence-
ment of intensive care is deleterious.

Body temperature during cooling and outcome
Pre-clinical studies suggested that the temperature range that
provides optimal brain protection may vary according to the

Table 2. Baseline characteristics of infants with favourable and
adverse outcomes.

Variables Outcome P

Favourable
(n= 426)

Adverse
(n= 178)

Background variables

Gestational age (weeks) 38.4 ± 1.7 38.5 ± 1.7 0.899

Birth weight (kg) 2.89 ± 0.50 2.90 ± 0.52 0.844

Birth location

Inborn 140 (74.5) 48 (25.5)

Outborn 281 (68.9) 127 (31.1) 0.176

10-min Apgar score 5 [4–7] 3 [1–5] <0.001

First blood gas pH 6.97 ± 0.18 6.88 ± 0.24 <0.001

Base deficit (mmol/L) 12.1 ± 9.3 19.4 ± 11.0 <0.001

Thompson score at
admission

9 [7–12] 15 [12–17] <0.001

24 h after initiating
cooling

9 [5–12] 14 [10–17] <0.001

Sarnat stage at admission

I/II 377 (85.1) 66 (14.9)

III 32 (23.2) 106 (76.8) <0.001

Cooling practice

Whole-body cooling 307 (72.1) 119 (27.9)

Selective-head cooling 119 (66.9) 59 (33.1) 0.205

Birth to target
temperature (min)

309 ± 183 269 ± 145 0.013

Physiological variables during cooling

Heart rate (beat/min)

0 ha 129 ± 20 136 ± 20 <0.001

24 ha 110 ± 16 125 ± 17 <0.001

Mean (3–72 ha) 109 ± 12 124 ± 14 <0.001

Mean blood pressure (mmHg)

0 ha 46 ± 9 46 ± 11 0.702

24 ha 47 ± 8 46 ± 8 0.291

Mean (3–72 ha) 48 ± 5 48 ± 7 0.508

Body temperature (°C)

At admission 36.1 ± 1.2 35.5 ± 1.4 <0.001

0 ha 35.4 ± 1.2 34.9 ± 1.3 <0.001

24 ha 33.7 ± 0.4 33.8 ± 0.5 <0.001

Mean (3–72 ha) 33.7 ± 0.5 33.9 ± 0.5 <0.001

Values are shown as the number (%), mean ± standard deviation or median
[interquartile range].
aAfter initiating cooling.
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model and species.11,36 Little is known regarding the optimal
cooling level for asphyxiated newborn infants. A recent large-scale
trial suggested that cooling to 32.0 °C for 72 h led to a short-term
mortality rate of 17%, as opposed to 7% for those who were
cooled to the currently recommended level of 33.5 °C for 72 h,
with no improvement in the outcomes at 2 years of age.23,24

Although cooling < 33.0 °C is unlikely to provide additional
benefit, our study demonstrated that higher body temperatures
during cooling were associated with adverse outcomes. Consider-
ing that a slightly higher body temperature of 34–35 °C has been
recommended for selective-head cooling than that of 33–34 °C for
whole-body cooling,37–40 selective-head cooling might be respon-
sible for slightly higher body temperatures during cooling and
subsequent adverse outcomes. However, in our current cohort,
although the mean body temperature during selective-head
cooling was higher than that during whole-body cooling, the
relationship between the cooling practice and outcomes was not
observed. In addition to the target cooling temperature, pyrexia
and poor temperature control during cooling may also explain the
relationship between slightly higher body temperatures and
adverse outcomes,9 which might occur with the use of non-
servo-controlled cooling devices, such as ice/water bags and
ambient temperature control. However, in our current study, at
least 97.8% of infants were confirmed to have been cooled using
electronic, temperature-controlled cooling devices (Online Sup-
plemental Table 2). Future studies need to address the exact
relationship between the insult severity, body temperature during
cooling and outcomes.

Heart rate and outcome
Bradycardia under hypothermia is a physiological response to
reduced metabolic demand.15 In newborn infants, body tempera-
ture reduction by 1 °C induces heart rate reduction by approxi-
mately 10 bpm.41 However, Stær-Jensen et al.15 reported that
faster heart rates during cooling in adults with out-of-hospital
cardiac arrest were associated with adverse outcomes. Recently,
two studies of encephalopathic infants suggested that faster heart
rates during cooling were associated with adverse long-term
outcomes.16,17 Our study extensively confirmed in a large study
population that infants who subsequently developed adverse
outcomes were faster heart rates before and during cooling. Faster
heart rates by 10 bpm at the commencement of cooling and
during cooling were associated with approximately 1.3–2.0-fold
increases in OR of developing adverse outcomes. Tachycardia can
be observed as a physiological response to pyrexia42 and
hypovolaemia.43 Our previous analysis from the same registry
suggested that higher body temperatures are associated with
faster heart rates before and during cooling.14 However, in our
current study, the relationship between heart rate and outcomes
remained significant even when adjusted for body temperature
and blood pressure, suggesting that faster heart rates may be, at
least in part, a consequence of severe hypoxia–ischaemia. The
relationship between faster heart rates and adverse outcomes
might be explained as a compensatory reaction to myocardial
dysfunction and reduced cardiac output following severe
hypoxia–ischaemia.44 However, we were unable to incorporate
the information regarding the cardiac function and use of
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Fig. 2 Temporal changes of body temperature and heart rate in infants with favourable and adverse outcome. Adverse outcomes of
newborn infants were associated with lower body temperatures at admission and higher body temperatures during cooling (a; both P < 0.001,
univariate logistic regression analysis). Higher heart rates before and during cooling were consistently related with adverse outcomes of the
infants (b; both P < 0.001, univariate logistic regression analysis). Values are shown as mean (95% confidence interval). Data at admission were
not collected for the heart rate.
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inotropes and volume expanders. It is also possible that
physiological regulation of cerebral perfusion coupled with its
metabolic demand was not preserved following severe injuries.
Studies are required to assess the dependence of outcomes on
the cardiac and brainstem functions following perinatal
hypoxia–ischaemia.

Limitations
Our study was based on a retrospective analysis of a prospec-
tively recruited cohort. Although the Baby Cooling Registry is a
national registry, in which approximately 70% of Japanese level
2–3 neonatal intensive care units participated, biases may exist
regarding the enrolment of cooled infants at each participating
centre. Also, like most other observational studies, it is difficult to
translate the observed relationships between clinical variables
and outcomes into causal relationships. Therefore, the potential
roles of body temperature and heart rate before and during
cooling on the outcomes need to be delineated in future
prospective studies, which control for confounders such as

cardiac function, use of vasopressors and volume expanders
and temperature management during transportation and cooling.
Second, we were unable to use cognitive outcomes as the
primary endpoint of the study, because individualised neuro-
developmental assessments were not performed on all infants.
Third, stage III encephalopathy was identified in 23.8% of the
entire cohort, who accounted for 61.6% of the infants with
adverse outcomes, suggesting that our findings might predomi-
nantly reflect the nature of most severely affected infants. Fourth,
although temperature monitoring sites are known to affect the
body temperature reading,45 we were unable to incorporate this
information within the analysis because the primary temperature
monitoring site was not confirmed in 9.1% of the infants. Finally,
the Japanese cultural background considerably differs from those
in Western countries. As reported previously,46,47 withdrawal of
life support is uncommon in Japan, potentially leading to
relatively higher rates of survivors with neurological impairments.
Careful consideration is required when generalising our findings
to other parts of the world.

Table 3. Dependence of adverse outcome on body temperature and heart rate. (A) Body temperature at admission, (B) body temperature during
cooling, (C) heart rate at initiating cooling, (D) heart rate during cooling.

Independent variables Unadjusted OR (95% Cl) P Adjusted OR (95% Cl) P

(A)

Body temperature at admission (°C) 0.67 (0.57–0.78) <0.001 0.84 (0.70–1.02) 0.076

Covariates

Gestational age (weeks) 1.01 (0.91–1.11) 0.899 1.03 (0.90–1.17) 0.692

Birth location (outborn) 1.32 (0.89–1.95) 0.164 1.41 (0.86–2.31) 0.174

Stage III encephalopathy at admission (vs. I/II) 18.92 (11.78–30.40) <0.001 16.93 (10.37–27.61) <0.001

(B)

Body temperature during coolinga (°C) 2.14 (1.43–3.20) <0.001 1.97 (1.17–3.34) 0.012

Covariates

Gestational age (weeks) 1.01 (0.91–1.11) 0.899 1.03 (0.90–1.17) 0.670

Stage III encephalopathy at admission (vs. I/II) 18.92 (11.78–30.40) <0.001 18.18 (11.25–29.35) <0.001

Cooling practice (selective-head) 1.28 (0.88–1.87) 0.201 0.90 (0.54–1.50) 0.680

(C)

Heart rate at initiating cooling (per 10 beats/min) 1.19 (1.08–1.31) <0.001 1.29 (1.12–1.48) <0.001

Covariates

Gestational age (weeks) 1.01 (0.91–1.11) 0.899 1.07 (0.93–1.23) 0.365

Birth location (outborn) 1.32 (0.89–1.95) 0.164 1.44 (0.87–2.38) 0.158

Stage III encephalopathy at admission (vs. I/II) 18.92 (11.78–30.40) <0.001 15.79 (9.60–25.99) <0.001

Body temperature at initiating cooling (°C) 0.73 (0.62–0.85) <0.001 0.71 (0.55–0.93) 0.014

Mean blood pressure at initiating cooling (per 10mmHg) 0.97 (0.80–1.17) 0.728 0.97 (0.75–1.24) 0.781

(D)

Heart rate during coolinga (per 10 beats/min) 2.31 (1.94–2.75) <0.001 1.98 (1.61–2.44) <0.001

Covariates

Gestational age (weeks) 1.01 (0.91–1.11) 0.899 1.11 (0.96–1.28) 0.155

Stage III encephalopathy at admission (vs. I/II) 18.92 (11.78–30.40) <0.001 13.28 (7.92–22.24) <0.001

Cooling practice (selective-head) 1.28 (0.88–1.87) 0.201 0.87 (0.50–1.53) 0.635

Body temperature during coolinga (°C) 2.14 (1.43–3.20) <0.001 1.38 (0.75–2.56) 0.295

Mean blood pressure during coolinga (per 10mmHg) 0.98 (0.71–1.37) 0.919 0.77 (0.47–1.26) 0.302

Adverse outcome defined as death, requirement of tube feeding or respiratory support, hearing loss, blindness or Gross Motor Function Classification System
score > 2.
CI confidence interval, OR odds ratio.
aMean values between 3 and 72 h after initiating cooling.
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CONCLUSIONS
In asphyxiated newborn infants, lower body temperatures at
admission and higher body temperatures during cooling were
associated with adverse outcomes at 18 months of age. Faster
heart rates before and during active cooling were consistently
associated with adverse outcomes. These findings may help
further our understanding of the injury cascade following
hypoxia–ischaemia and improve the prediction of outcomes.
Future studies need to address the roles of spontaneous and
induced hypothermia before the commencement of intensive
care on outcomes and identify the causal relationship between
relatively higher body temperatures during cooling and outcomes.
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