A. Introduction

Hypoxic ischemic encephalopathy (HIE) is a
very serious condition which can occur in 1-2/
1000 live births and can result in death and
disability. Until the advent of cooling for HIE,
there was no therapy other than supportive
NICU care. In recent years, however, thera-
peutic brain hypothermia has been established
as an effective therapy for neonatal hypoxic
ischemic encephalopathy?-2.

In Japan, also therapeutic hypothermia
(TH) has been applied as one of the important
therapies for infants with HIE. However, in
Japan, few reports have reported treatment
outcome, and efficacy of hypothermia remains
uncertain. Additionally, few reports have
described the long-term developmental prog-
nosis for infants who undergo TH, and factors
affecting infant development are also yet to be
identified.

Therefore, we present the first retrospective
comparative study in Japan to investigate
factors affecting the developmental prognosis
of infants with severe neonatal asphyxia who

required TH.

B. Methods

Study design

We retrospectively reviewed clinical findings
of newborns with HIE who were admitted to
the Neonatal Intensive Care Unit (NICU) of
two hospitals in Japan and required thera-
peutic hypothermia during September 2004 to
May 2010. They were classified by their
development quotient (DQ) into the DQ>=70
and DQ<70 groups at 18 months corrected age
and retrospectively compared with clinical

variables; birth weight, Apgar scores at 1 and
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5 minutes, body temperature at admission,
time between birth and cooling, and pH and
Base Excess (BE) in infant blood on delivery.
The blood samples on delivery were either
venous or arterial blood and measured before
TH.

Enroliment of Patients

We show inclusion and exclusion criteria

below;
A: Infants =36 completed weeks gestation
admitted to the NICU with at least one of
the following
— Apgar score of =5 at 10 min after birth
— Continuous need for resuscitation, in-
cluding endotracheal or mask venti-
lation at 10 min after birth

— Acidosis within 60 min of birth (defined
as any occurrence of umbilical cord,
arterial, venous or capillary pH < 7.00

or base deficit=16 mmol/L)

Infants that meet criteria A will be assessed
for whether they meet the neurological abnor-
mality entry criteria (B) by trained personnel:

B: Moderate to severe encephalopathy, con-

sisting of altered state of consciousness

(lethargy, stupor or coma) and at least one

of the following

— hypotonia

— abnormal reflexes including oculomotor
or papillary abnormalities

— absent or weak sucking

— clinical seizures

Infants that meet criteria A and B will be
assessed by aEEG (read by trained personnel)
if aEEG is available.



C: At least 30 min duration of aEEG
recording that shows
— moderate (upper margin > 10 1V and
lower margin < 5 1V) to severe (upper
margin < 10 1IV)
— abnormal background aEEG activity or
seizures
Conventional full-channel EEG cannot be
used here for the purpose of defining the upper

and lower margins.

Briefly, infants who were born at >=36
weeks of gestation and met the inclusion
criteria for moderate or severe HIE with
Sarnat classification® were eligible. The inclu-
sion criteria were based on stepwise evalua-
tion of (1) evidence of birth asphyxia, (2)
clinical evidence of encephalopathy, and (3)
electrophysiological findings of encephalo-
pathy.

Infants older than 6 h of birth at the time of
initiation of TH, with major congenital abnor-
malities, with severe growth restriction, with
birth weight less than 1800 g, and infants who
are judged critically ill and unlikely to benefit
from neonatal intensive care by the attending
neonatologist were excluded.

Eligible infants were started on selective
head cooling with a manually adjusted cooling
cap (Medicool MC-3000
Japan]) within 6hours from birth and the

[Mac-8 company,

rectal temperature was maintained between
34 — 35 °C for 72 hours. The infants were re-

warmed at a rate less than 1.0°C per 6 hours.

Outcomes
The neurodevelopmental outcome of this
study participants was assessed with deve-

lopmental test (Japaneserevised K develop-
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mental test) at corrected 18 months of age by
trained assessors, and they were classified by
their DQ into DQ>=70 and DQ<70 groups.
Japanese-revised K developmental test; which
consist of three area; posture-motor, cognitive-
adjustment and language-social. And It had
been standardized repeatedly and has been
used widely all over Japan to assess cognitive

ability of kids, especially under five-years old)

Statistical analysis

Student's t-test is used to compare each
factors, and logistic regression analysis was
used to investigate confounding between the
various factors investigated. In the logistic
regression analysis, the two groups classified
by DQ were specified as dependent variables,
and Apgar score (5 minutes) and time between
birth and cooling were specified as independ-

ent variables.

Ethics Statement

Approval for this study was obtained at
Yodogawa Christian Hospital Ethics Commit-
tee and Kurashiki Central Hospital Ethics Co-
mmittee. Parents of infants gave an informed
consent about therapeutic hypothermia, and
the written consent documents were obtained

from all parents of infants.

C. Results

A total 54 infants with Sarnat classification
moderate to severe HIE underwent selective
head cooling. There were no adverse effects
during TH and no infant died throughout the
study period.

Total sex ratio was 1.16 and mean gesta-
tional age was 38.8 weeks.

We show the characteristics and outcomes



for neonates treated with hypothermia in
Tablel. Infants with DQ>=70 (Group A) were
36 and DQ<70 (Group B) were 18 respectively
with developmental test at corrected 18
months of age. Mean birth weight of Groups A
and B were 2958z and 2656g. The body
temperature at admission were 36.4 and
35.9°C. The pH were 7.04 and 7.05 and BE
were -14.7 and -16.6 mmol/Li respectively.
There were no significant differences in two
groups considering these factors. Apgar sco-
res (1 minutes / 5 minutes) were 3.5 / 5.0 and
1.7 / 3.2, and the time between birth and
cooling were 218 and 290 minutes respectively,
and about these facters, there were significant
differences in the two groups .

With logistic regression analysis, only time
between birth and cooling significantly related
to poor neurologic outcome (p=0.04, odds ratio
[OR], 1.235 ; 95% confidence interval [CI],
1.001-1.524).

D. Discussion

Hypoxic ischemic encephalopathy (HIE) is a
very serious condition which can occur in 1-2 /
1000 live births and can result in death and
severe disability. Until the advent of cooling
for HIE, there was no therapy other than
supportive NICU care and rehabilitation. In
recent years, however, therapeutic brain
hypothermia has been established as an
effective therapy for neonatal hypoxic ischemic
encephalopathy??. In Japan during 1999-
2009 until the recommendation of ILCOR (the
International Liason Committee on Resusci-
tation) and AHA (American Heart Association)
2010, considerable number of Japanese NICUs
started cooling infants with HIE by adopting

various protocols without standard protocol,
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we could not get the clinical evidence of
efficacy of TH for neonatal HIE in Japan these
10 years. So, Japan resuscitation Council,
representative of Resuscitation Council of Asia
immediately released its official statement in
Japanese following the ILCOR and AHA’s
statement4®., Furthermore, research group
started the integration of nationwide imple-
mentation programs for prevailing standard
protocol in Japan. And, we observed a drastic
improvement in adherence to standard cooling
protocols in three years. Whereas, the difficult
problem of transportation between hospital or
clinic where infants are born and cooling
centers is remained in Japan, because over
50% of babies are born in small clinics in
Japanese complex train. So, in many times it
is delayed to transport newborn babies with
HIE from clinic or hospital to cooling centers.
In this article we recommend that newborns
with severe asphyxia have to be transported as
soon as possible because short time between
birth and cooling might lead to good prognosis
at age of 18 months. We need further
implementation programs to improve trans-
portation system in Japan.

Experimental data showed that Irreversible
damage of neuronal cell occur in several
minutes under hypoxic condition®?9. So, the
question about critical timing of irreversible
neuronal damage has been one of the most
important interests. However, we have not get
the clinical report to investigate precisely
about the time between birth and TH. In this
investigation, we focused on the relation bet-
ween the interval between birth and starting
TH and neurological prognosis. These results
showed that the shorter the interval between

birth and starting TH, the better the prognosis.



The 1-
significantly affected prog-

and 5-minute Apgar scores both
nosis but no
significance was found on logistic analysis. We
need further investigation regarding the
effects of the 10-minute Apgar scores, which
are indicated to strongly influence neuro-
logical prognosis? and further investigation on
a larger study population including longer-

term prognoses.

Limittation
The study population comprised only 54
infants and comparison of patient charac-

teristics was limited.
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DQ>=70 DQ<L70
(N=36) (N=18)

Adjusted | 4 yiusted

OR
(85% Cl) ? value
t

Birth
weight, 2958 2656 +
mean * 591 434

SD. (g)

Apgar
score 35 1.7
1min

0.02

Apgar
score 5.0 3.2
S5min

0.03

0.783
(0.610-1. | 0.06
007)

Temperat
ure at
admissio | 364+12 | 35919
n, mean
+SD. (°C)

0.18

Time

between
birth and
cooling, 218+ 101 | 290+ 110
mean
SD.

(min)

0.02

1.235
(1.001-1. | 0.04
524)

pHin
infant
blood on 7.04 ¢ 7.05 %
delivery, 0.17 0.20
mean £
SD.

0.86

BE in
infant
blood on

delivery, -61;‘7 + -71166 +
mean ) ’
SD.
(mmol/L)

0.34

Table 1 Characteristics and Outcomes for Neonates Treated With Hypothermia

+: two groups classified by DQ were specified as dependent variables, and Apgar score (5 minutes)

and time between birth and cooling were specified as independent variables with logistic

regression analysis.
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