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Abstract
Introduction: Therapeutic hypothermia (TH) is now recommended for the treatment of neonates with Hypoxic-Ischemic
Encephalopathy (HIE). This treatment protocol is applied in our department since June 2016. The aim of this study is to report
our experience with whole body cooling in asphyxiated neonates admitted in a level 3, Bapuji NICU, Davangere. Patients and
Methods: Prospective study of newborns admitted for HIE from July 2017 to July 2018 that is one year, in Neonatal Intensive
Care Unit (NICU) of BCHI, Davangere. The results were reported as short term and long-term neurodevelopment assessment
at 1-year age on a newborn group who received hypothermia. Results: Seventy-two cases of neonates with perinatal asphyxia
were admitted in the unit. According to inclusion criteria 50 cases were eligible for the study. The arrival beyond six hours of
life was the main cause accounting for not starting therapeutic cooling in birth asphyxia cases. Short come outcome measured
in terms of requirement of anticonvulsants, cardiovascular instability, need of mechanical ventilation during stay was
significantly reduced with therapeutic cooling. Long term outcome in term of neurodevelopment assessment at 1-year age
found significant improvement overall in all domains. Conclusion: Our first experience with the controlled TH supports its
beneficial effect in newborns with HIE. This treatment must be available in all the centers involved in the neonatal care.
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Introduction
HIE in full term neonates is not unusual since it occurs
among 1–3 newborns for 1000 live births [1]. The
immediate and the long-term consequences can be serious.
It is, indeed, responsible for a high mortality, globally,
estimated at 23% of 4 million annual neonatal deaths [2,3]
and source of neurologic disability estimated at 25%
according to the most recent meta-analysis [4-6]. The
pathophysiology of brain injury secondary to hypoxic
ischemia (HI) is associated with 2 phases; primary and
secondary energy failure based on characteristics of the
cerebral energy state documented in both preclinical
models and human infants [7-10].
Primary energy failure is characterized by reductions in
cerebral blood flow and oxygen substrates. High-energy
phosphorylated compounds such as ATP and
phosphocreatine are reduced, and tissue acidosis is
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prominent. Primary energy failure is associated with an
“excitotoxic-oxidative cascade” [11,12] with excessive
stimulation of neurotransmitter receptors and membrane
depolarization which mediates an increase in intracellular
calcium and osmotic dysregulation [13]. Intracellular
calcium activates neuronal nitric oxide synthase leading to
release of the oxygen free radical nitric oxide which can
disrupt mitochondrial respiration. Signals released from
damaged mitochondria lead to apoptosis or programmed
cell death as long as energy supplies persist, but
exhaustion of these supplies leads to cell necrosis.
Apoptosis can also be triggered by activation of caspase
enzymes. Resolution of hypoxia-ischemia within a specific
time interval reverses the fall in high energy
phosphorylated metabolites and intracellular pH and
promotes recycling of neurotransmitters. If the injury is
severe, the cascade of events results in a second interval of
energy failure in the mitochondria, in which the brains
energy supplies fall over a period of 24 hours [14].
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Secondary energy failure differs from primary energy
failure in that the declines in phosphocreatine and ATP are
not accompanied by brain acidosis [9]. The pathogenesis
of secondary energy failure involves continuation of the
excitotoxic-oxidation cascade, apoptosis, inflammation
and altered growth factors, and protein synthesis [12]. The
interval between primary and secondary energy failure
represents a “latent phase” that corresponds to a
“therapeutic window.”
The duration of the window was noted to be
approximately 6 hours in near-term fetal sheep treated
with hypothermia initiated at varying intervals following
timed HI injury [15,16]. Subsequent research has noted
that cell death in the brain exposed to HI is delayed over
several days to weeks after an injury and apoptosis and
necrosis continue depending on the region and severity of
the injury [12].
Six large randomized controlled trials (RCT) of
hypothermia for neonatal HIE have been published, all
enrolling infants ≥36 weeks or ≥35 weeks gestation,
within the therapeutic window of 6 hours, with severe
acidosis or need for resuscitation at birth, and the presence
of moderate or severe encephalopathy. These trials have
demonstrated that either head cooling [17,18] or wholebody cooling [19,20,21,22] decreases death or disability
either in the entire cohort [18,19,21,22] or within
subgroups of infants [17, 20] at 18 to 24 months of age.
Recent meta-analyses have demonstrated that hypothermia
is effective and safe [23,24]. Neuroprotection by
hypothermia has now been demonstrated by magnetic
resonance imaging (MRI) of the brain [25,26].
The poor outcomes after hypoxic damage are virtually
associated with the lack of any effective neuroprotective
treatment following perinatal asphyxia, the management of
which remained, until recently, supportive. The incidence
of HIE is significantly higher in developing countries this
may present heavy social and economic costs TH as whole
body or selective head cooling has become a standard
therapy for moderate-severe HIE to reduce neurological
damage. Most recent meta-analyses documented the
efficacy of TH in term infants with moderate to severe
encephalopathy.
The safety of controlled hypothermia is now well
established. No serious adverse events were reported to
date by the randomized controlled studies [5]. Since the
clinical benefits of TH are well established, it is
considered the standard of care in many developed
countries. This study aims to assess the feasibility of using
this protocol in our tertiary care unit, to identify the
problems encountered in its implementation, and to assess
the outcome of these newborns.

Population and Methods
Population. This study was performed in a level 3 NICU
BCHI, Davangere (Karnataka)
Type of Study and Data Collection.This is a prospective
study. including neonates born in Bapuji Hospital,
Davangere (inborn) and neonates referred from other
institutes (outborn). Data were collected from patients
files, analysing demographic parameters (gestational age,
birth, and sex), perinatal-neonatal features (mode of
delivery, acute intrapartum events, Apgar score at 1, 5, and
10 minutes, and the need of neonatal resuscitation),
severity of HIE as assessed prior to cooling (Sarnat and
Sarnat criteria), evolving information (hemorrhagic,
infectious, renal complications, and death), and the result
of the neurological examination during NICU stay.
For infants in the protocol group, the present had
registered the time of cooling initiation after birth, the
rectal temperature monitoring, the adverse effects, and
interventions during cooling.

Materials and Methods
Survival and short-term outcome of children treated with
therapeutic hypothermia for perinatal asphyxia have been
followed up in a group of 50 newborn that were treated by
that procedure at BCHI, NICU, Davangere.
Phase changing material (PCM) is one such low-cost
technology used for cooling asphyxiated neonates.
MiraCradle- Neonate Cooler is a PCM-based cooling
device that has recently been developed and used in India.
Inclusion criteria
Inborn
1. Cord blood Ph <7/ base deficit > 12
2. 5-Minute APGAR <5
3. Need for resuscitation >10 min
Outborn
1.
2.
3.
4.
5.

History of not cried after birth
Bag & Mask ventilation, bag & Tube ventilation
APGAR @ 5 Minute < 5
Moderate- severe encephalopathy acc to Sarnat &
Sarnat Staging
Presence of Seizure.

Exclusion criteria
1.
2.
3.
4.

Babies with major congenital, chromosomal anomaly
Gestational Age < 36 weeks
Birth weight < 2000g
Inability to initiate cooling by 6 hours of age.
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The target temperature was 33.5±0.5oC. TH was started
within 6 hours after birth and continued for 72 hours,
followed by slow rewarming over 10-12 hours at the rate
of 0.2-0.5oC per hour. Core body temperature was
monitored continuously using a rectal probe during the
cooling and rewarming phase and for 12 hours after the
rewarming was complete. The rectal probe was inserted to
a depth of 2-3 cm and it was sterilized after use.
Mira Cradle-Neonate Cooler has a cradle made of nonconducting material, PCM blocks kept in the hollowed-out
area and a conducting mattress above the PCM blocks, on
which the baby is nursed. The PCM blocks are stored in
the refrigerator (2-8oC) and should be solid when taken for
use. They were disinfected with surgical spirit.
Two types of PCM blocks were used, FS-29 (FS, form
stable) with melting point of 29oC and FS-21 with melting
point of 21oC. During the induction phase, both FS-29 and
FS-21 were used to decrease the baby’s core temperature
to the target range as quickly as possible. When the
temperature reached 33.8oC, the FS- 21 was removed and
only FS-29 was used during the maintenance phase. The

upper and lower alarm limits were set on the multiparamonitor at 33.8oC and 33.2oC respectively. If the
baby’s temperature reached ≥33.8oC, FS-21 was added till
the temperature came down to 33.5oC. If the temperature
reached ≤33.2oC (lower alarm limit), steps taken to
increase the core temperature by switching on the radiant
warmer. The radiant warmer was used in manual mode
with an output of 10% to start with and adjusted in
increments or decrements of 10%depending on the baby’s
temperature.
Continuous monitoring of vital parameters was done. The
study infants had a central venous line. Blood counts,
prothrombin time (PT) and activated partial thromboplastin time (aPTT), serum creatinine, serum electrolytes,
and C-reactive protein (CRP) were monitored during
cooling. All the other treatment modalities including
ventilation, medications (antibiotics, anticon-vulsants and
inotropes) and use of blood products were done as per the
protocol of unit.
Statistical Analysis.The results were expressed as number
and percentage.

Results
After the implementation of the protocol in this unit, 50 neonates among 72 hospitalized for neonatal asphyxia had the
indication of TH and were included in the study. The remaining 22 were excluded from the study because they did not meet
the TH inclusion criteria. The infants who were not cooled, mainly due to late referral after 6 hours of life.
Population characteristics- The observations were following, the average maternal age was 27 year 3 months, parity second,
the most common pregnancy associate complication observed was PIH. Intrapartum observations of abnormal fetal heart rate
followed by meconium stained liquor was seen. Prolonged second stage of labour followed by prolapsed cord and shoulder
dystocia were associated with birth asphyxia cases (Table 1).
Table-1: Assessment of risk factors.
1)

Maternal age (average)

2)

Parirty (average)

3)

Pregnancy complications

4)

5)

27.3 yr
2

GDM

10

PIH

20

Delivery complications
Abnormal foetal heart rate

37

Meconium stained liqour

22

Peripartum pathology
Prolapsed cord

2

Prolonged 2nd stage labour

20

Shoulder dystocia

2

Amongst the admitted newborn there was no significant difference in sex of newborn, average birth weight was 3300 gms,
APGAR score < 5 at 5 min was in 21 newborn and APGAR < 5 AT 10 min of life was in 11 babies. 11 babies required
intubation at birth, whereas 7 needed chest compression along with intubation at the time of admission. 26 babies were in HIE
stage 2 and 11 babies in HIE stage 3 according to Sarnat and Sarnat criteria (Table 2).
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Table-2: General characteristics of admitted new-borns.
Male/Female

27/23

Birth weight (avg.)

3300g

APGAR <5 @ 5 min

21

APGAR < 5 @ 10 MIN

11

Intubation in delivery room
Intubation only

11

Intubation @ chest compression

7

HIE Stage 2

26

HIE Stage 3

11

Protocol assessment- Parents or caregivers of the asphyxiated neonates were informed about the important benefit of TH in
the HIE. New-borns were admitted in the unit at 3.4±1h of life. The average rectal temperature at admission was 33.4±0.6° C.
During NICU stay the babies included in the study had following complications – Most common complication was fluid
resistant shock requiring inotropes, 11 babies required mono inotrope (dopamine), 5 babies required dual inotrope (dopamine,
dobutamine). 14 babies needed ventilation. 17 babies were free of convulsions, rest needed anticonvulsants. 13 babies needed
1 AED, 17 required 2 AED and 3 babies required 3 AED’s (Table 3).
Table-3: Immediate complications attributable to birth asphyxia.
Shock
Mono-inotrope

11

Dual- inotrope

5

Disseminated intravascular coagulation

3

NEC

3

Pneumothorax

1

Acute Kidney Injury

5

Ventilation

14

Number of anticonvulsants used
3 AED’S

3

2 AED’S

17

1 AED’S

13

No Anticonvulsant

17

Short term outcome: Average duration of hospitalisation was 12 days, almost all neonates tolerated the procedure well, 7
neonates died during stay (5 in HIE 3, & 2 Neonates in HIE 2). Among them theraupetic cooling was stopped before
completion in 4 babies who went against medical advice (Table 4).
Table-4: Short term outcome.
1)

Average hospital stays (days)

12

2)

Death

7

3)

Normal neurological examination @ birth

30

Neurological examination at the time of discharge was done using Hammersmith new-born neurological examination [HNNE]
30 Babies had normal examination, whereas 10 babies observed to have some abnormality (Table 5).
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Table-5: Neurological examination at the time of discharge using Hammersmith new-born neurological examination.
Neurological examination at discharge

Normal

Abnormal

Plantar grasp reflex at discharge

30

10

Palmar grasp at discharge

30

10

Muscle tone at discharge

30

10

Moro’s reflex at discharge

30

10

Long term outcome: The babies included in the study were followed up for the period of 12 months and repeat neurological
examination revealed that 36 babies had normal neurological examination according to Hammersmith infant neurological
examination, only 3 had psychomotor delay and 1 baby needed long term anticonvulsant (Table 6).
Table 6: Long term outcome-12 months.
Normal neurological examination @ 12months

36

Psychomotor delay

3

Epilepsy

1

Discussion
The present study presented the experience with TH when
preformed for the management of asphyxiated neonates
with moderate and severe HIE, especially after the results
of major randomized controlled studies that have shown a
beneficial effect of controlled hypothermia on survival and
long-term neurological outcome for newborns who
suffered from HIE using either selective hypothermia
[11,12] or whole body cooling [8,9,10]. Our results are
encouraging with respect to the feasibility and safety of
total body cooling and the beneficial effect in terms of
survival and neurodevelopmental outcome. Two principal
methods of cooling exist: selective head cooling and the
total body cooling. No superiority of either modality is
supported by the existing evidence [6,11,12].
The best neuroprotective effect is obtained if the treatment
is started before 6 hours of life as shown in animal studies,
where there is still a “therapeutic window” where
secondary neuronal injury could be prevented or reduced
by brain cooling [27,28,29]. In fact, cooling babies before
3rd hour of age is even suggested by Thoresen et al. to
obtain the optimal neuroprotective effect [30] and in the
TOBY study, hypothermia was more effective in children
treated during the first four hours after birth [30].

It therefore seems necessary to improve the diffusion of
this protocol within the perinatal network by promoting
rapid transfer policy to level III centers of newborns with
HIE. Starting the hypothermia protocol before 6 h of life
assumes a rapid assessment of the severity of HIE and
therefore early recognition of anoxic-ischemic nature.
Close and repetitive clinical assessment (every 1-2 h
during the first 6 h) is required for these patients to
determine the stage of HIE and if the HIE stage progresses
from stage I to stage II therapeutic hypothermia should be
started immediately. However, detailed neurological
examination of an asphyxiated newborn according to
criteria defined by Sarnat and Sarnat, originally during the
first 48 hours of life [27], may be defective in some urgent
assessment circumstances such as painful or sedated
newborn.
Limitations of the present study- Amplitude EEG study
is not being performed before starting cooling, only
clinical assessment was the tool to include.
1) Due to delayed referral many babies could not be
involved in study.

Conclusion
The average time for starting hypothermia was 3.3 ± 1 h in
this study. About 30% (22) of newborns referred in this
center arrived too late, which explains the reason why they
could not be included in study. This problem has already
been discussed in other studies analyzing the feasibility of
hypothermia in low income and middle income countries
[25] in which the therapeutic time-window for
administering beneficial cooling may be already passed,
due to delayed hospital admissions, prolonged or
obstructed labor, and lack of neonatal transport facilities.

The machines that would help cool the newborns cost over
Rs 15 lakh and most hospitals in India do not have them.
Whereas the MiraCradle-Neonate Cooler, costs only Rs
1.6 lakh. And it does not need continuous electricity. Once
it has been stored in a refrigerator for six to eight hours, it
can be used for up to 72 hours without uninterrupted
power. So, it appears to be a cost-effective measure which
can reduce the progression of hypoxic damage and hence
improve neurodevelopment outcome later.
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What the study adds to the existing knowledge?
Implementation of theraupetic hypothermia using phase
change material (mira cradle) has a definite role in
reducing morbidity associated with birth asphyxia. And
being a low-cost device, it can be easily used in resource
poor settings with very low maintenance cost. Hence
therapeutic cooling should become a standard of care in
mild to moderate birth asphyxia cases.
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