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Abstract
Background: Therapeutic hypothermia (TH) has been shown to improve the outcome following perinatal asphyxia. 

To obtain the maximum benefit, therapeutic hypothermia should be initiated as soon as possible within 6 hr after birth. 
In Japan, it is important to develop effective and safe protocols to control the temperature during transport.

Objective: To evaluate the efficacy and safety of continuous monitoring of rectal temperatures during transport of 
infants with/without asphyxia in order to control body temperature properly and to induce passive cooling for infants with 
mild to severe Hypoxic-ischemic-encephalopathy (HIE) safely.

Methods: Skin and rectal temperatures during transport were prospectively collected from transported newborns 
between August 2012 and August 2014 at three regional cooling centers. In the case of infants without asphyxia, the 
transport team controlled the temperature of the transport incubator 33 ± 2°C to maintain a target rectal temperature 
at as close to 36.0-36.5°C as possible. While in the case of infants with asphyxia, the transport team controlled the 
temperature of the transport incubator between 31 and 32°C to maintain a target rectal temperature at as close to 
35.0°C as possible. The rectal and skin temperatures were monitored continuously and recorded by the bedside 
monitor for later analysis.

Results: In the 2 year study period, the skin and rectal temperatures of 52 newborns without asphyxia were 
monitored continuously. The median gestational age and birth weight of them were 38.1 (36.0-41.3) weeks and 2905 
(1904-4408) g. The rectal temperature is correlated significantly with skin temperature (p<0.001). In two cases, only 
rectal temperatures but skin temperatures showed decrease (≥ 0.4°C) in winter season. 

Twelve infants with asphyxia were passively cooled during transport. Ten of 12 cases were analyzed. The median 
gestational age and birth weight of them were 39.6 (34.0-41.0) weeks and 2584 (2032-2838) g, six cases of 10 showed 
moderate or severe HIE and four cases of 10 showed mild HIE. Five cases of moderate to severe HIE underwent 
therapeutic hypothermia within 6 hours of birth, but one case with severe HIE did not undergo TH because of prematurity. 
The median rectal temperature at arrival was 35.3 (32.9-36.4°C (NS). Four of 6 moderate or severe HIE infants had a 
rectal temperature at arrival between 34.5-35.5°C, and one >35.5°C. One of 4 mild HIE infants had a rectal temperature 
at arrival between 34.5-35.5°C and three >35.5°C. Only one preterm infant with severe HIE was overcooled.

Conclusion: Passive cooling by controlling the transport incubator temperature for infants with HIE was relatively 
safe and could prevent to be elevated body temperature. However, there may be a risk of unintended excessive cooling, 
especially in severe HIE infants and preterm infants during longer transfer. We suggest that continuous monitoring of 
the rectal temperature to control body temperature during transport especially for passive cooling is mandatory. We 
need further studies to clarify protocols to control body temperature of infants during transport including passive cooling.
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Introduction
Therapeutic hypothermia (TH) has been shown to improve survival 

and neurodevelopmental outcome following perinatal asphyxia [1-
6]. To obtain the maximum benefit, TH should be initiated as soon 
as possible and within 6 hr after birth. Particularly, outborn infants 
might not be able to transport to cooling center and initiate therapeutic 
hypothermia within 6 hr. Furthermore, it is thought that elevated core 
temperature after asphyxial insults is associated with worse outcomes 
among HIE infants [7]. Therefore it is truly essential to develop 
effective and safe methods of cooling during transport, because about 
half of babies were born in private clinics in Japan. Passive cooling 
could be a simple technique to prevent brain damage from HIE during 
transport [8-11]. However, we have not got useful device to monitor 
core temperature during transport. Therefore we have evaluated how 
to control core and skin temperature of infants with/without asphyxia 

during transport from clinics to hospitals in Japan in this study.

Objective
The aim of our study was to evaluate the efficacy and safety of 

continuous monitoring of rectal temperatures during transport of 
infants with/without asphyxia in order to control body temperature 
properly and to induce passive cooling for infants with mild to severe 
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HIE safely. We hypothesized that passive cooling during transport 
could prevent to be elevated body temperature, and it could get infants 
to targeted temperatures without delay after starting TH. 

Methods

•	 Skin and rectal temperatures of infants during transport 
were prospectively collected between August 2012 and August 2014 at 
three regional cooling centers, Himeji red-cross hospital, Kurashiki-
Central Hospital and Yodogawa Christian Hospital. 

•	 The patient’s rectal and skin temperatures were monitored 
continuously and recorded by the bedside monitor in ambulance for 
later analysis using BSM-3562, a flexible multi-parameter bedside 
monitor (Nihon Kohden CO., Ltd, Tokyo, Japan).

•	 In the case of infants without asphyxia, the transport team 
controlled the temperature of the transport incubator 33 ± 2°C 
to maintain a target rectal temperature at as close to 36.0-37.0°C as 
possible.

Enrollment criteria

Gestational weeks: >33 weeks 

Birth weight: >1800 g

Apgar score (5 min): >7

•	 Background of 52 cases without asphyxia

Transient tachypnea of neonates 28, meconium aspiration 
syndrome 4, chromosomal anomaly 3, congenital heart disease 2, 
congenital anomaly 2, pulmonary hemorrhage 2 and so on.

•	 In the case of infants with asphyxia, the transport team 
controlled the temperature of the transport incubator between 
31°C and 32°C to maintain a target rectal temperature at as close to 
35.0°C as possible. The rectal and skin temperatures were monitored 
continuously and recorded by the bedside monitor for later analysis. 

Passive cooling: Enrollment criteria

Gestational weeks: >33 weeks 

Birth weight: >1800 g

Apgar score (5 min): <8

•	 After arrival at cooling center, moderate or severe HIE infants 
who were qualified inclusion criteria of therapeutic hypothermia were 
initiated servo-controlled hypothermia therapy, and the others were 
rewarmed carefully.

•	 The institutional review board approved the study protocol 
and informed consent was obtained from the parent.

•	 We did statistical analysis by JMP 11 (SAS Institute Inc., 
Cary, NC, USA).

Results

The skin and rectal temperatures excluded due to removal of the 
rectal and skin monitor, and 52 newborns were analyzed. The median 
gestational age and birth weight of them were 38.1 (36.0-41.3) weeks 
and 2905 (1904-4408) g. The median rectal temperature at departure 
from referring hospital was 36.5°C (range 35.1-37.7°C) and the median 
rectal temperature at arrival of cooling center was 36.8°C (range 
35.7-37.8°C) (P<0.001 Wilcoxon signed-rank test). The median skin 
temperature at departure from referring hospital was 36.2°C (range 
35.1-37.3°C) and the median skin temperature at arrival of cooling 
center was 36.5°C (5.3°C to 37.8°C) (P<0.001 Wilcoxon signed-rank 
test). Forty-two cases out of 52 (81%) showed elevation of rectal 
temperature and 39 cases out of 52 (75%) showed elevation of skin 
temperature during transport, and no infants had high temperatures of 
≥ 38.0°C. Furthermore, we showed no case with hypothermia (<35.0°C) 
during transport and all of 5 cases who showed rectal temperature 
<36.0°C at departure showed elevation of rectal temperature at arrival 
(Figure 1) and the rectal temperatures are correlated significantly with 
skin temperatures (P<0.001) (Figure 2). Two cases showed decrease (≥ 
0.4°C) of rectal temperature but did not show decrease (≥ 0.4°C) of skin 
temperature in winter season (Figures 3a,3b and 4).

Twelve infants were passively cooled during transport in the 
2-year study period. Two infants of them were not recorded fully their 
temperatures, therefore ten infants were analyzed. The characteristics 
of ten infants passively cooled during transport are described in Table 
1. Four infants had mild HIE. Six infants had moderate or severe HIE. 
Five infants of them underwent therapeutic hypothermia after arrival 
at cooling center. One of them could not undergo TH because of 
preterm infant (34.0 weeks).

The median rectal temperature at departure from referring hospital 
was 35.5°C (range 33.4-36.2°C) and the median rectal temperature at 
arrival of cooling center was 35.3°C (range 32.9-36.4°C) (NS Wilcoxon 
signed-rank test). The median skin temperature at departure from 
referring hospital was 34.8°C (range 33.5-36.1°C) and the median skin 
temperature at arrival of cooling center was 34.9°C (range 32.2-36.5°C) 
(NS Wilcoxon signed-rank test). No infants had high temperatures of 
≥ 37.5°C. The median journey time was 15 min (range 8-50 min). All 
infants who underwent TH had been achieved a target temperature 
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Figure 1: Rectal and skin temperatures of 52 infants without asphyxia before transport and on the arrival in the cooling center. 
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(34.0°C) within 6h without delay. Median time when infants achieved 
a target temperature was 281 (271-302) min. after birth.

Five infants (three severe HIE infants, one moderate HIE infant 
and one mild HIE infant) had achieved successfully target rectal 
temperature (35.0 ± 0.5°C) at arrival. While, four infants (one moderate 
HIE and three mild HIE) had a rectal temperature of >35.5°C at arrival. 
However, one preterm (34.0 weeks) infant was overcooled (rectal 
temperature at arrival was 32.9°C). This preterm infants showed severe 
HIE (Figure 5a).

Four infants (three mild HIE infants, one moderate HIE infant) 
had elevated skin temperatures during transport. However no infants 

had high temperature greater than 37.5°C. All four infants of severe 
HIE had decreased skin temperatures during transport and showed 
lower skin temperatures than rectal temperatures at arrival. One 
overcooled preterm infant with severe HIE (34.0 weeks) showed lowest 
skin temperature (32.2°C) at arrival (Figure 5b). As the journey time 
becomes longer, both rectal and skin temperatures had a decrease 
tendency, but not significantly (p=0.081, p=0.058, respectively) 
(Figures 6a and 6b). The monitoring of rectal temperature was done 
without significant adverse events such as rectal bleeding. Two severe 
HIE infants had showed hypotension on arrival at cooling center. Blood 
pressures of them increased immediately after using catecholamine 
and volume expander. 

r=0.58
P<0.001

Figure 2: Correlation between rectal and skin temperature of 52 infants without asphyxia.
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Figure 3a: The relationship between rectal temperature change and journey time. 
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Figure 3b: The relationship between skin temperature change and journey time. 
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Discussion
In Japan, about half of newborns were born in private clinics. So 

we need to transport newborns from clinics to hospitals when the 
newborn would show some clinical symptoms and need any medical 
investigation or treatment at hospital. During transport, we have 
checked only skin temperature of infants. However, some reports 
recently said that core temperature such as rectal or esophageal 
temperature is more important to indicate the metabolic, circulatory or 
central nerves system conditions of babies. Especially, infants with HIE 
show abnormal higher core temperature than skin temperature due 
to neuronal cell damage [7]. However, we have no reports about the 
relationship between skin temperature and core temperature during 

-1.0 

-0.8 

-0.6 

-0.4 

-0.2 

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

0 5 10 15 20 25 30 35 

ΔR
ec

ta
lt

em
pe

ra
tu

re
（
℃
）

Air temperature（℃）
-1.0 

-0.8 

-0.6 

-0.4 

-0.2 

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

0 5 10 15 20 25 30 35 

Air temperature（℃）

Figure 4: The relationship between rectal or skin temperature change and air temperature. 
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Figure 5a: Rectal temperatures before transport and on the arrival in the cooling center.
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Figure 5b: Skin temperatures before transport and on the arrival in the cooling center.

 39.6 (34.0-41.0)
Birth weight (g) 2584 (2032-2838)
Sex (m/f) 07/03
Apgar score 1 min 2 (0-6)
Apgar score 5 min 4 (0-7)
PH at the admission 7.27 (6.52-7.35)
Base Excess at the admission -6.2 (-36.5-3.4)
Lactate at the admission (mmol/l) 8.4 (4.9-19)
HIE mild/moderate/severe 4/2/4
Data are presented as median (range: min-max) 

Table 1: Clinical characteristics of passive cooled infants (n=10).
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Figure 6a: The relationship between rectal temperature change and journey time.
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Figure 6b: The relationship between skin temperature change and journey time.

newborn transport in Japan. So firstly we investigate the relationship 
between skin temperature and rectal temperature using continuous 
monitoring system. In our study, infants without asphyxia showed 
significantly good correlation between skin temperature and rectal 
temperature. While as the journey time becomes longer, both rectal and 
skin temperatures had tendency of elevation. Furthermore we showed 
no case with hypothermia (< 35.0°C) during transport and all of 5 cases 
who showed rectal temperature <36.0°C at departure showed elevation 
of rectal temperature at arrival. So, transport protocol for newborns 
without asphyxia in Japan is relatively feasible and safe. However 
in two cases, only rectal temperatures showed decrease (≥ 0.4°C) in 
winter season. So continuous monitoring of rectal temperatures might 
be effective especially in winter season. We have limitation that many 
of journey time are around 15 minutes. We need further studies how 
length of journey and change of air temperature affect skin and rectal 
temperatures even in the case without asphyxia. 

Therapeutic hypothermia has been shown to improve the outcome 
following perinatal asphyxia [1-6] and the standardized protocol of 
TH has spread all over Japan since Consensus [12,13] To obtain the 
maximum benefit, therapeutic hypothermia (TH) should be initiated 
as soon as possible within 6 h after birth [14,15]. Furthermore, it is 
thought that elevated core temperatures after asphyxial insults are 
associated with worse outcomes among HIE infants [7]. However, 
infants who were born at clinics in rural area might not be able to 
transport to cooling center and initiate therapeutic hypothermia 
within 6 h in Japan. Therefore it is truly essential to develop effective 
and safe methods of cooling during transport. There have been some 
reports about the effectiveness of pre-hospital cooling as progression 

of TH [4,8-11,16,17]. Johnston reported that it is safe to provide 
servo-controlled cooling during neonatal transport [18]. However, we 
do not have enough transporting amenities to use servo-controlled 
cooling system in Japan. On the other hand, it is known that passive 
cooling is more feasible during newborn transport like the situation 
in many other countries. Kendall reported that 67% cases got targeted 
temperature at admission and it took earlier to start TH safely by passive 
cooling during transport using continuous temperature monitoring 
[10]. So we evaluated the efficacy and safety of passive cooling using 
continuous monitoring of rectal temperatures during transport in 
this study. Ten infants with asphyxia were passively cooled during 
transport. No infants had high temperature >37.5°C and 5 infants 
(three severe HIE infants, one moderate HIE infant and one mild HIE 
infant) successfully got a rectal temperature at arrival of cooling centers 
between 34.5°C to 35.5°C. Five infants who needed to undergo TH had 
been achieved a target temperature (34.0°C) without delay. However, 
one preterm infant with severe HIE infant showed hypothermia (rectal 
temperature 32.9°C). Furthermore, as the journey time becomes longer 
and the severity of HIE worsen, both rectal and skin temperatures 
had a decrease tendency. We need to take careful attention to control 
body temperatures to avoid infants being overcooled during transport 
especially in the case of severe HIE or prematurity. In our study, passive 
cooling during transport could be effective to prevent hyperthermia 
and get targeted temperature (35.0 ± 0.5°C) at arrival of cooling centers 
for newborns with asphyxia, while it could not decrease temperature at 
all in some cases. And, we should not forget that passive cooling could 
induce overcooling in some cases [11]. Severe HIE cases sometimes 
easily show the symptom of hypothermia shortly after birth, and we 
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experienced similar cases in our study. We should use continuous rectal 
temperature monitoring if we undergo passive cooling for newborns, 
especially in the case of severe HIE infants or preterm infants during 
longer transfer.

Conclusion
Passive cooling by controlling the transport incubator temperature 

for infants with HIE was relatively safe and could prevent to be elevated 
body temperature. However, there may be a risk of unintended excessive 
cooling, especially in severe HIE infants and preterm infants during 
longer transfer. We suggest that continuous monitoring of the rectal 
temperature to control body temperature during transport especially 
for passive cooling is mandatory and feasible. We need further studies 
to clarify protocols to control body temperature of infants during 
transport including passive cooling.

Limitation
The object size is limited in three cooling centers in the western 

side of Japan.

Many of journey time are around 15 minutes. 
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