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Abstract
Background/Aim: Therapeutic hypothermia has become an established therapy in asphyxiated neonates with evidence 
of moderate/severe hypoxic-ischemic encephalopathy. Herein, we describe our recent experience with total body cooling 
in asphyxiated neonates, which is the first relevant report in Greece. 
Patients and Methods: The medical records of all asphyxiated newborns treated with therapeutic hypothermia in our 
center between September 2010 and October 2013 were retrospectively reviewed. We recorded data related to neonatal-
perinatal characteristics, whole body cooling and outcome. 
Results: Twelve asphyxiated neonates [median gestational age 38 weeks (36-40)] received whole body cooling (rectal 
temperature 33.5 ± 0.5 οC for 72 hours) during the study period for moderate (n=3) and severe (n=9) hypoxic-ischemic 
encephalopathy. Cooling was passive in 4 and active in 8 (66.7%) cases. Therapeutic hypothermia was initiated at the 
median age of 5 hours (0.5-11) after birth. Seven neonates survived (58.3%) to hospital discharge. On follow-up (7-35 
months), neurodevelopment outcome was normal in 1 case, while 3, 1 and 2 subjects had mild, moderate and severe 
impairment, respectively. 
Conclusions: Our initial experience with whole body cooling supports its beneficial effect in asphyxiated neonates. This 
treatment should be offered in all centers involved in the care of such neonates using either simple means (passive cool-
ing) or automated cooling devices. Hippokratia 2014; 18 (3): 226-230.
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Introduction
Hypoxic-ischemic encephalopathy (HIE) is a serious 

manifestation of perinatal asphyxia. In developed coun-
tries, 1-5 term neonates/1000 live births suffer perinatal 
asphyxia1,2. The incidence of perinatal asphyxia is con-
siderably higher in developing countries accounting for 
the one-fourth of neonatal deaths, worldwide3. However, 
even in countries with advanced health care systems, 
asphyxiated neonates undergoing moderate/severe HIE 
are at significantly increased risk for severe handicap or 
death1,4 with important social-economic consequences in 
survivors5. These poor outcomes are virtually associated 
with the lack of any effective neuroprotective treatment 
following perinatal asphyxia, the management of which 
remained, until recently, supportive. 

Brain injury and neuronal damage in acute hypoxia-
ischemia is biphasic initially characterized by exhaustion 
of high energy compounds such as phosphocreatine and 
adenosine triphosphate (primary energy failure). Reper-
fusion of the ischemic brain with resuscitation is fol-
lowed by a latent phase (approximately 6 hours), which 

may lead to complete recovery or - in severe insults - 
to secondary energy failure (after 6-15 hours) and late 
apoptotic cell death 3-10 days after the acute asphyctic 
event6,7. Nevertheless, as shown in animal studies, there 
is still a “therapeutic window” - during the latent phase 
- where secondary neuronal injury could be prevented or 
reduced by brain cooling6. This was confirmed in clini-
cal trials. Indeed, most recent meta-analyses documented 
that therapeutic hypothermia - within the first 6 hours 
of life - in late preterm and term infants with moderate/
severe encephalopathy and evidence of intrapartum as-
phyxia results in a significant reduction in mortality or 
major neurodevelopmental disability at the age of 18 
months in survivors8,9. 

Because of the clinical benefits of therapeutic hypo-
thermia, it is nowadays considered the standard of care 
in many developed countries. In the United States, 50% 
of the neonatal intensive care units (NICU) were report-
ed (2013) to provide therapeutic hypothermia whereas 
nearly all (97%) not offering this option transfer eligible 
neonates to centers where cooling can be applied10. In Eu-
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rope, therapeutic hypothermia is already implemented in 
several countries as well, due in part to participation of 
centers in clinical trials (e.g., TOBY; mainly in the United 
Kingtom11,12, neo.nEURO; in Germany and in several Eu-
ropean countries13) while in others its use is increasing 
rapidly14,15. 

In Greece, our center is the first, and as far as we 
know the only center until recently (end of 2013), to ap-
ply therapeutic hypothermia for the treatment of asphyxi-
ated neonates with HIE. This study aims at describing our 
recent experience with whole body cooling in neonates 
with neonatal asphyxia. Moreover, as passive cooling 
technique was initially used in our center, this study may 
promote the application of hypothermia in asphyxiated 
neonates by other NICUs not offering this therapeutic op-
tion, yet, using simple cooling methods. 

Patients and Methods
We retrospectively reviewed the medical records of 

all asphyxiated newborns treated with whole body cool-
ing in our level III NICU between September 2010 and 
October 2013. 

Recorded data
Parameters evaluated included demographic (gesta-

tional age, birth, sex) and perinatal-neonatal characteris-
tics (inborn neonates, mode of delivery, acute intrapartum 
events, Apgar scores at 1, 5 and 10 minutes, neonatal re-
suscitation needed, blood gases within the 1st hour), sever-
ity of HIE as assessed prior to cooling (criteria of Sarnat 
and Sarnat)16, time of cooling initiation after birth, adverse 
effects and interventions during cooling and outcome (sur-
vival, neurodevelopment outcome). Data on amplitude-

integrated electroencephalogram (a-EEG), conventional 
EEG and magnetic resonance imaging (MRI, conventional 
T1- and T2-weighted/FLAIR/ Diffusion Weighted Images-
ADC) of the brain performed during the hospital stay were 
also reviewed. Interventions and adverse effects studied 
included invasive mechanical ventilation, persistent pul-
monary hypertension of the neonate necessitating inhaled 
nitric oxide, arterial hypotension and need for inotropes, 
sinus bradycardia (heart rate <80 beats/min), acute renal 
injury (increase of serum creatinine ≥ 0.3 mg/dL from 
previous value within 48 hours), liver dysfunction (aspar-
tate aminotransferase >200 U/L, alanine aminotransferase 
>100 U/L), disseminated intravascular coagulation, hyper-
glycemia treated with insulin infusion, thrombocytopenia 
(platelet <100 x 109/L) and early-onset sepsis (positive 
blood culture in the first 72 hours of life). 

Selection criteria and whole body cooling method
All babies were selected and treated according to our 

local NICU protocol which was consistent with those 
used in clinical trials of therapeutic hypothermia. Brief-
ly, newborn infants born at ≥ 36 weeks gestation were 
eligible for treatment if they had evidence of acute peri-
natal asphyxia and of moderate/severe HIE according to 
the Sarnat and Sarnat criteria. An a-EEG assessment for 
abnormal findings (as proposed by al Naqeeb17) prior to 
treatment initiation was highly supported, but this was 
not a strict criterion. An important differentiation of our 
protocol, however, is the fact that allowed cooling ini-
tiation up to 12 hours after birth. Neonates less than 36 
weeks gestation or birth weight < 1,800 g, with severe 
congenital anomalies, known perinatal infection and se-
vere bleeding were precluded from cooling. 

Table 1: Measures taken in our neonatal intensive care unit (NICU) for the application of passive (whole body) cooling 
in asphyxiated neonates.

Measures Comments
Nursing in open incubator. Uncovered, naked infant •	
wearing diaper, only. 

Turning off the overhead radiant warmer•	

Turn on overhead heater whenever rectal temperature falls •	
below or closely approaches low target range. 
Danger of temperature fluctuations with passive cooling: •	
overcooling (< 33 °C) or inappropriate temperature rise (> 34 
°C) after activation of the heater

Rectal probe (thermometer) placement for continuous •	
monitoring of core temperature 

Inserted at 5-6 cm in the anus. Tape probe securely along •	
infant’s thigh

Monitor rectal and axillary temperatures every 15 min•	
Ice packs around the baby’s body•	 Ice packs are wrapped in cotton towels,  never in direct contact •	

to skin
Ambient air temperature in the NICU: 23-24 •	 oC The use of fans could be considered depending on seasonal •	

temperature
If head-box is used, avoid oxygen humidification •	
and warming

If mechanical ventilation or nasal CPAP, use normal humidifier •	
function

Target rectal temperature: 33.0 ± 0.5 °C•	 Set temperature alarms•	
Slow re-warming in 6-7 hours•	 Turn on overhead heater and adjust temperature of the open •	

incubator (0.5°C/hour) until the desired rectal temperature 
(36.5 oC) is gradually reached.
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As aforementioned, initially (September 2010-Decem-
ber 2012), treatment was conducted in our center by pas-
sive cooling (Table 1) and afterwards using an automated 
cooling device (Tecotherm neo®, Inspiration Healthcare 
Ltd, Leicester, UK). Rectal temperature was maintained 
with both passive and active cooling at 33.5 ± 0.5 oC for 
72 hours while re-warming took place gradually (0.5 oC/h) 
until the desired rectal temperature (36.5 oC) was reached. 
All neonates were nursed in an open incubator during treat-
ment, were given continuous fentanyl infusion to eliminate 
cold stress and received standard neonatal care. 

Parents or caregivers of the asphyxiated neonates 
were informed about the importance of offering therapeu-
tic hypothermia to their child with evidence of moderate/
severe HIE. However, a written consent was not manda-
tory for treatment initiation in our institution as cooling is 
considered the standard of care.

Neurodevelopment in survivors
Developmental outcome in survivors was assessed us-

ing the Bayley-III test18. “Normal outcome” was defined 
as having normal Bayley Scales III (composite scores for 
cognitive, motor and language ≥ 85) and normal neuro-
logic examination. “Mild impairment” was defined as 
having Bayley Scales III < 85 and ≥70 with abnormal 
neurologic examination, while “moderate impairment” as 
having Bayley Scales III <70 and ≥55 along with abnor-
mal neurologic examination. Patients with Bayley Scales 
III <55 and severely abnormal neurologic examination 
were considered as having “severe impairment”. In one 
neonate who had not reached the age of 12 months at 
the study analysis, assessment corresponded only to the 
neurological status at evaluation.

Results
Neonatal-perinatal characteristics

During the study period, 12 neonates with median 
gestational age 38 weeks (36-40) and median birth weight 
3,161 g (2,200-4,700) received therapeutic hypothermia 
for acute perinatal asphyxia and evidence of moderate/
severe HIE. The majority of the patients were male, out-
born neonates [both 7/12 (58.3%)].  An emergency cae-
sarian section was performed in 50% of the deliveries due 
to uterine rupture (n=1), abruption of the placenta (n=2) 
and prolonged labor and a failure to progress (n=3). The 
remaining neonates were born vaginally but in 4/6 cases 
an assisted delivery (vacuum extraction) was conducted.

All neonates were depressed upon delivery [median Ap-
gar scores: 1 (0-3), 5 (1-7) and 6 (2-7) at 1, 5 and 10 minutes, 
respectively]. Eight neonates (66.7%) were intubated in the 
delivery room and 3 (25%) were given adrenaline. The me-
dian standard base deficit (SBD) on the first blood gas per-
formed within 1 hour after birth was -19.8 meq/L (-14.8 to 
-24.7). Nine (75%) and 3 (25%) neonates had SBD values > 
16 meq/L and 10-16 meq/L, respectively.

Severity of HIE and whole body cooling
HIE at assessment for eligibility was found to be moder-

ate and severe in 3 (25%) and 9 (75%) cases, respective-
ly. Abnormal a-EEG recordings were documented prior 
to cooling in 11 (91.7%) neonates [discontinuous (n=2), 
burst suppression (n=3), low voltage (n=3), flat trace 
(n=3)] whereas there was no recording in one neonate. 

Cooling was passive in 4 and active in 8 (66.7%) 
neonates. Therapeutic hypothermia was commenced at 
the median age of 5 hours (0.5-11) after birth. However, 
treatment was initiated within the first 6 hours of life in 
only 8 (66.7%) neonates. In addition, in one case, hypo-
thermia was discontinued at 48 hours (parental request) 
while in another it was applied for 12 additional hours 
due to status epilepticus upon re-warming. 

Supportive care, complications during cooling and cen-
tral nervous system manifestations
All neonates were mechanically ventilated owing to asphyx-
ia and its consequences and/or opiates (fentanyl) administra-
tion. The complications from the various organs and systems 
observed during the application of therapeutic hypothermia 
are shown in Figure 1. Clinical and electrical fits (a-EEG) 
were observed in 9 (75%) and 6 (50%) neonates, respec-
tively. All these neonates received anticonvulsant drugs.

Survival and neurodevelopmental outcome
Seven neonates survived (58.3%) to hospital discharge. 
All 5 neonates who died had suffered severe HIE, while 
deaths occurred after the end of cooling at a median post-
natal age of 8.5 (5-15) days. The median hospital stay in 
survivors was 31 days (21-99). In 3 (42.2%) neonates, 
MRI performed during the NICU stay was normal as was 
conventional EEG in 4 (57.2%) neonates. The neurodevel-
opmental outcome as assessed by Bayley-III in relation 
to the severity of HIE, time of cooling initiation and MRI 
findings before hospital discharge is shown in Table 2. 

Discussion
In this study, we present our experience with therapeu-
tic hypothermia when preformed for the management of 
asphyxiated neonates with moderate/severe HIE beyond 

Figure 1: Frequency (%) of the neonatal complications 
observed during cooling.
Bradyc: Bradycardia, PPHN: Persistent pulmonary hypertension of 
the neonate, Hypoten./Inotr.: Inotropes for arterial hypotension, Thro/
penia: Thrombocytopenia, DIC: Disseminated intravascular coagula-
tion, AKI: Acute kidney injury, Ins. Inf.: Insulin infusion for hyperg-
lycemia, Liv. Dys. Liver dysfunction, EOS: Early-onset sepsis.
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the framework of clinical trials in a tertiary NICU of 
Greece. Our results are encouraging with respect to a) the 
feasibility and safety of passive cooling and b) the ben-
eficial effect of whole body cooling in terms of survival 
and neurodevelopmental outcome being consistent with 
the results of large clinical trials.

Although there were some successful reports in stud-
ies in which hypothermia was used to resuscitate newborns 
after delivery back in the 50s, it has emerged again as a 
promising therapeutic option in asphyxiated neonates with 
HIE only during the last two decades6. In the most impor-
tant randomized clinical trials performed so far, selective 
head19,20 or total body cooling11,13,21 was applied using auto-
mated devices designed to maintain target rectal tempera-
ture at 34-35o C and of 33-34o C, with the respective cool-
ing modes. No superiority of either modality is supported 
by the existing evidence9. In this study, one-third of the 
neonates were cooled passively using simple means shown 
in Table 1. It is our feeling that passive cooling could be 
easily applied in centers with no or minimal experience in 
which an automated machine is lacking, provided that the 
body temperature is closely monitored so as to remain in 
the target range. Whole body cooling using low tech meth-
ods has been found to be effective in clinical trials (ICE 
study)22 while, owing to its practicality and low cost, it is 
used by several centers even in high resource countries14,23. 
Still, one should be aware of the highest variation of tem-
perature with passive cooling14.

Most of the neonates (75%) in which cooling was 
performed in the present study had severe HIE. This 
could be explained by the relative “reluctance”, origi-
nally, of the medical staff in implementing therapeutic 
hypothermia in “less severe cases”, despite accumulated 
scientific evidence in 2010. Therefore, as we were in the 
early phase of the learning curve, most probably there 
was a biased selection of the severely affected neonates. 

Interestingly, in other important clinical trials, most of 
the cooled neonates had moderate HIE as in the NICDH 
(68%)21, ICE (57.3%)22 and China study group (41%)20 

studies. Moreover, in the latter two studies, therapeutic 
hypothermia was performed even in neonates with mild 
encephalopathy (in 15.5% and 21%, respectively). On 
the other hand, the severity of perinatal asphyxia and 
HIE is strongly associated with complications and out-
come. This could provide an explanation for the higher 
percentage of some adverse effects in our study (e.g., use 
of inotropes for arterial hypotension in around 90% of 
the studied babies) compared to previous clinical trials. 
In any case, according to the most recent meta-analysis, 
sinus bradycardia, thrombocytopenia and leucopenia (in 
whole body cooling) are the only adverse effects that can 
be associated with therapeutic hypothermia in neonates9. 

In the present study, 58% of the neonates survived to 
hospital discharge while all deaths involved neonates with 
severe HIE. Hypothermia has been well documented to 
decrease mortality in asphyxiated neonates, but we could 
not know the survival of these babies if this intervention 
had not been applied (nowadays deemed unethical). On 
the other hand, the good neurodevelopmental outcome as 
evaluated at early childhood in 2 of the surviving neonates 
with severe HIE (#1 and 2) is encouraging. As evidenced 
by the most recent Cochrane meta-analysis, 8 asphyxiated 
neonates with moderate/severe encephalopathy would 
need to be cooled in order to prevent neurodevelopmental 
disability in 1 survivor9. In addition, it is worth noting that 
in this cohort of asphyxiated neonates, hypothermia was 
attempted beyond the “therapeutic window” of the first 
6 hours of life, considered to be the optimal time period 
for neuroprotection6-9. Several factors (late recognition of 
eligible patients, need for transfer) may delay initiation of 
treatment. Data analysis on the implementation-conduc-
tion of therapeutic hypothermia in the United Kingdom 

Table 2: Developmental outcome of the studied neonates in relation to the severity of HIE, time of cooling initiation 
from birth and MRI findings before hospital discharge. Timing of MRI is also shown.

Patient # Severity of 
HIE

Developmental outcome Postnatal age at  outcome 
assessment (months)

Cooling 
initiation
(hours)

MRI findings

1 Severe Mild impairment 35 4.5 Normal (DOL 8 & 77)
2 Severe Normal 33 1.5 Normal (DOL 20)
3 Severe Severe impairment 10 8 Abnormal (DOL 14) 

Severe CC, WMI-PVL, TH  
and BG injuries

4 Moderate Severe impairment 15 11 Abnormal (DOL 20) 
Severe WM injury, 

Parenchymal hemorrhage 
5 Moderate Mild impairment 13 4 Abnormal (DOL 12) 

Mild WM injury
6 Moderate Mild impairment 12 4 Abnormal (DOL 29) 

Moderate BG injury 
7 Severe Moderate impairment 7 5 Normal (DOL 9)

BG: basal ganglia, CC: cerebral cortex, DOL: day of life, HIE: hypoxic-ischemic encephalopathy, MRI: magnetic resonance imaging, WM: 
white matter, PVL: periventricular leukomalacia, TH: thalamus. 
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(December 2006-July 2011) showed that 2.2 % of the 
neonates suffering asphyxial encephalopathy had cooling 
commenced more than 12 hours after birth12. Furthermore, 
in a retrospective review of neonates referred to a regional 
tertiary center in Canada, 44% of the patients had cooling 
initiated after 6 hours of age24. Nonetheless, delay in cool-
ing initiation may have reduced the efficacy of this inter-
vention possibly explaining the poor developmental out-
come of the two neonates with moderate and severe HIE 
respectively (#3 and 4), in which treatment was attempted 
at 6-12 hours after delivery. Ongoing studies on this is-
sue (NICDH: Late hypothermia) are expected to provide 
insights as to whether the later timely application of thera-
peutic hypothermia is beneficial9. Cooling during transport 
could be an alternative approach as initiation of effective 
hypothermia is achieved significantly earlier25, but clinical 
protocols and devices for cooling in transport are essential 
to ensure safety and efficacy23. 

Disadvantages of the study are the small number of 
studied neonates and its retrospective nature. However, data 
presented here are derived from a single center and, there-
fore, only a limited number of neonates could have been 
evaluated in a relative short time period, particularly with 
respect to long-term outcome. On the other hand, the retro-
spective analysis permits the detection of important clinical 
parameters which could allow further improvement in the 
clinical implementation of this novel therapeutic approach.

In conclusion, given that therapeutic hypothermia 
is considered to be the optimal care in asphyxiated ne-
onates with evidence of moderate-severe HIE, this treat-
ment should be offered in a timely manner by all centers 
involved in the care of such neonates. Although active 
cooling using specific devices is preferable in terms of 
temperature stability, passive cooling can be safely ap-
plied. In all cases, however, local protocols should be de-
veloped based on the existing international experience. 
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