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Hypothermia as a neuroprotective intervention for neonatal 
encephalopathy 

 
 
Aim: To provide guidance on the recruitment and management of babies born in or referred a Level 
3 NICU and cooling centre Hypothermia should be initiated in the local referring centre before 
transfer of the infant. The Protocol (developed for CoolCap (1998) and TOBY (2002) trials) was 
adapted to the Western Network (UK) cooling practice (2007 onwards). The protocol is modified for 
generic use withinclusion criteria A,B,C. and Practical suggestions are included  by Marianne 
Thoresen 23/02/15. Long term outcome (7-8 years) of cooled infants from the TOBY trial (ref. 29) 
was better than those not cooled. 
 
 
Best practice points: 
 

 Optimal post-resuscitation care and adherence to detail  

 Documentation of antenatal factors and resuscitation 

 Avoid hyperthermia 

 Early contact with transport team/level 3 centre in order to receive level 3 centre advice on 
the immediate management and transfer 

 Rectal temperature monitoring 

 Prompt central access (Double lumen UVC and UAC) 

 Adequate sedation 

 Parental communication 
 
 
RESUSCITATION SHOULD BE AS PER NLS (UK) PROTOCOL WITH THE FOLLOWING 
CONSIDERATIONS IN BABIES MEETING CRITERIA A: 
 

 Dry the baby  

 Ventilate with air (21% O2) for 90 seconds. If the baby’s heart rate does not improve, increase 
to 30% O2 or above as needed.1, 2 

 Request Cord gases. 

 If the baby fulfils criteria A by >10 minutes (see below) turn the overhead heater off to avoid 
hyperthermia  

 Allow passive hypothermia (after drying the baby) to occur fast 3 by not actively re-
warming the baby: not having the overhead heater on, and not having a hat on the 
head and turning off the heat in the transport incubator for in-house transport. (ref 36) 

 Record the weight of the placenta. Keep the placenta and transport it to centre with baby. 
Request examination of the placenta for signs of infection and abnormalities.4 

 
 
 
INCLUSION CRITERIA 
 
Babies should be assessed sequentially by criteria A, B and C as listed below:5  
 
A Babies ≥ 36.0 weeks gestation* with at least ONE of the following: for GA also use clinical 

assessment  
    
 1 Apgar score of less than or equal to ≤5 at 10 (ten) minutes after birth  



 

 

2 Continued need for resuscitation, including endotracheal or mask ventilation, at 10 min 
after birth  

3 Acidosis defined as either umbilical cord pH or any arterial, venous or capillary pH 
within 60 min of birth less than (<) pH 7.00 

4 Base deficit greater than or equal to (≥) minus 16 mmol/L in umbilical cord blood 
sample or any blood sample within 60 minutes of birth (arterial or venous blood)  

 
If the baby meets criterion A, then assess for neurological abnormality using criterion B (by trained 
personnel): 
 
Assess criteria but always phone and discuss criteria B and further management with Cooling 
Centre within one hour of birth. 
 
 
 
B       Baby should have Moderate to Severe encephalopathy consisting of both B I and B II:  
          BI:  Altered state of consciousness (lethargy, stupor or coma)  
            AND 
          BII: Fulfills at least ONE or more of the following criteria, as recorded by trained personnel: 
 1 Hypotonia persistent after successful resuscitation 
 2 Abnormal reflexes including oculomotor or pupillary abnormalities  
 3 Absent or weak suck  

4 Clinical seizures,  
 
If the baby meets criteria A and B, assess criteria C by amplitude-integrated electroencephalography 
(aEEG/EEG) (read by trained personnel): 
 
 “Passive” cooling, with rectal temperature monitoring, should be initiated and maintained at this 
stage (aim for Trectal34°C)(while recording and assessing aEEG/EEG).Regardless of whether 
aEEG/EEG is available or not, discuss with level 3 at this stage. 
 
C At least 30 minutes duration of aEEG recording that shows abnormal background voltage 

aEEG 6 or seizures (clinical seizures  or electrical seizures (also read raw EEG signal) lasting 
at least 5 min) thus meeting at least ONE of the following criteria at any time during the first 
six hours after birth:  

 
 1 Normal background voltage with electrical seizure activity of at least 5 min duration  

2 Moderately abnormal voltage (upper margin of trace >10μV and lower margin of 
voltage trace <5μV) 6 

3 Severely abnormal voltage trace (upper margin of trace <10μV and lower margin of 
trace <5μV) 

 4 Clinical seizure activity 
 
COOLING DURATION = 72 HOURS AT Trectal 33.5°C  
REWARMING : AT LEAST 6 HRS REWARMING UNTIL Trectal 36.5°C (+0.5°C/hr)  IF  SEIZURES 
OCCUR DURING REWARMING, PAUSE REWARMING, TREAT SEIZURES AND RESUME 
SLOWER REWARMING, SUGGESTED  AT 0.2°C. 
 
 
EXCLUSION CRITERIA* 
 . 
1. Babies expected to be older than 6 hours of age at the time of starting cooling treatment. The 

“TOBY register guidelines” allow babies in special circumstances aged up to 12 hours of age to 



 

 

be included at the decision of the neonatologist. There is no evidence that this may be effective 
and parents should be informed. 

2. Babies with anomalies who would normally receive full intensive care (like Downs syndrome, 
cardiac or surgical anomalies) should be considered for HT therapy if asphyxiated and fulfilling 
the cooling entry criteria and cooling is not seen to contradict the other interventions needed.7 
(see also ref 27 and 40) 

 
*   Note that the local criteria for not continuing resuscitation, e.g. no HR at 20 min, still apply   
 
 
INITIAL TEMPERATURE MANAGEMENT AT NICU 
 

 Nurse infant in an open incubator with no heat source at this stage 

 Insert a rectal temperature probe to 6cm, tape well. Mark length of insertion with a piece of 
tape on the probe. Monitor core temperature continuously. Target temperature for initial 
passive hypothermia is suggested to be 34-35°C (to avoid accidental overcooling during initial 
management). 

 Continue passive cooling until aEEG criteria met or arrival of transport team. 

 If equipment available start active cooling. 

 If cooling equipment not available, place single use gloves filled with cold tap water along the 
sides and the head of the baby. If the baby is too cold, re-warm using one or more of the 
following: gloves with hand hot water, cover with blanket, set bed heating to lowest heating 
level, avoid draft in room  
 

 
aEEG/EEG monitoring. Document (photography and/or video) initial trace until 6h of age for 
inclusion criteria assessment and send to Level3 NICU for assessment/discussion 
On arrival in the NICU or before (i.e. during long distance transport where aEEG is available), apply 
aEEG. 
 
INITIAL GENERAL MANAGEMENT OF NEONATAL ENCEPHALOPATHY TREATED WITH 
HYPOTHERMIA 

 Any baby who is cooled should be sedated (refer to section on sedation) 

 Support ventilation as clinically indicated 

 Insert double lumen UVC 

 Insert UAC or other arterial line 

 Consider urinary catheter (if clinical indication) 

 Rectal probe at 6 cm. Scalp and/or skin temperature probe placement depending on cooling 
method 

 Commence fluids at 40mls/kg/day 10% dextrose, treat hypovolaemia with normal saline 
boluses 

 
 
INITIAL INVESTIGATIONS AND DOCUMENTATION 
 

 Record maternal details including antenatal signs of pyrexia and/or infection. Record  
placental weight and send placenta for examination with proper clinical history on request 

 Clinical examination of baby + weight and head circumference 

 Apgar scores at 1, 5, 10 min or longer if < 9 at 10 min   

 Time to first gasp, CPR? Adrenaline? 

 Blood pressure, heart rate and oxygen saturation hourly 



 

 

 Take early  (<1 hr of age)  blood gas with lactate and glucose, follow with frequent blood 
samples as both level and pattern of enzyme change may help for prognosis and timing of 
insult (see Appendix A) 

 If there are any signs of haemorrhage or deranged clotting (oozing from cord, abnormal 
bruising, very pale), order and administer Fresh Frozen Plasma (FFP) and/or other blood 
product as clinically indicated before you have had any clotting results back to save time 

 
 
 
STOPPING COOLING TREATMENT IF CRITERION C IS NOT FULFILLED 
 
Babies, who meet criteria A and B but have a normal initial aEEG, should be kept on aEEG 
monitoring and be passively cooled (aiming for rectal temperature of 34°C) for 6 hours. All early 
blood samples should be taken as if cooling were to be continued. As passive cooling is labour 
intensive to control, active cooling can be commenced at any time in these babies if cooling 
equipment is available. 
 
If the aEEG remains normal until 6 hours postnatal age -- that is, the aEEG is within normal voltage 
range with no artefact that affects the trace (e.g. ECG signal) and there are no clinical or electrical 
seizures, therapeutic hypothermia is not indicated. Allow passive re-warming (by the babies’ own 
metabolism, not by turning the heating on, nor by using a hat) to achieve slightly below “normal” 
temperature (~36°C) over at least 6 hours. Take blood samples as under a cooling protocol until 
24hr age (in particular, the frequent early bloods are important). Keep recording aEEG until end of 
re-warming.  
 
Babies, in whom a normal initial aEEG turns abnormal within the first 6 hour postnatal observation 
period, should be actively cooled as per protocol. 
  
Always avoid hyperthermia after birth and for the first four days of life in these infants.8, 9  
 
Normal rectal temperature for the first 12h after birth is 36-36.5°C and skin/axillary probes will 
record at 0.5°C lower temperature than rectal; 35.5-36.0°C. Core temperature normally increases 
by 0.5°C during the first 24 hours of postnatal life hence “normal temperature” is lower immediately 
after birth than at 24 hours of age.  
 
 
TARGET VALUES DURING HYPOTHERMIA 
 

 Trectal  - 33.5°C +/- 0.2°C  

 MABP  - 40 mmHg and above  

 O2 sat     ≥ 93 - 98% 

 Spontaneously breathing acidotic babies will drive their own respiration and achieve low 
pCO2. 

  If babies are paralysed and ventilated, aim for pCO2 6 – 7.5 kPa when analysed at 
37°CWhen you are hypothermic at 33.5°C, the true value is lower by a factor of 0.83 

 pO2    -  8 - 12 kPa  

 Electrolytes within normal range. Magnesium should be in the high normal range around 1.0 
mmol/L.10 If Mg is low give 100mg/kg by slow IV infusion (over 10 minutes)  

 Glucose within normal range (3.5 – 8mmol/L) 

 Observe lactate levels. Hypothermia does not affect lactate per se.  The speed of decline in 
lactate after resuscitation may relate to severity of the HI insult, hence frequent sampling. 

 Do not treat acidosis with bicarbonate (unless there is a Consultant decision) 
 



 

 

 
 
SUPPORTIVE TREATMENT 
 
Follow local guidelines for medical treatment. Suggestions are offered below. 
 
Ventilation 
Use humidified and heated air as normal. More frequent suction might be necessary from 24h 
onwards, as secretions tend to be more “sticky” when cold. Add chest “physio” as indicated. Keep 
blood gases within target. 
 
Positioning   
Vary the position 6 hourly during care – flat – slightly uptilted – supine, right or left side.  Do not turn 
the head to the side but keep nose in body midline, so venous drainage from the head is not 
obstructed by neck rotation.  
 
Seizure Treatment as per local protocol 
 
Treat clinical or electrical seizures if lasting longer than 10 minutes (individual or added up) in total 
within 1 hour  

 20 mg/kg IV Phenobarbital over 20 minutes, up to twice within 40-60 minutes. Do not give 
maintenance treatment, as high plasma levels may occur. Half-life is prolonged during 
cooling. Check plasma levels before repeat doses.11  

 20mg/kg Phenytoin IV, one dose only. It has been suggested that hypothermia may be a 
contraindication but the evidence is not strong.12 Phenytoin during hypothermia has a cardiac 
depressant effect.  

 Clonazepam 100 µg/kg IV as a single bolus over 5 min, can be given twice and minimum 40-
60 min apart. 

 As a fourth (or third) choice if the above is ineffective: Consider lidocaine infusion using a low 
dose protocol (2 mg/kg bolus followed by 2 mg/kg/hour, for up to 8 hour’s max (this regime is 
suggested by Professor Linda de Vries, Uthrect).13 

 In general, try to avoid continuous infusions due to the unpredictable cumulative effect on 
drug levels during hypothermia (reduced clearance of drugs, in particular those metabolised 
by the liver). Many would use lidocaine as the second line drug; this is all based on personal 
experience and preference. Midazolam infusion is also used as an anticonvulsant or as 
sedation in cooled babies. Start with a bolus 100 µg/kg followed by infusion at 30-100 
µg/kg/hr 

 
Inotropic Support 

 Use your clinical guidelines and assess cardiac function clinically and echocardiographically 
when choosing volume or drug. Be aware that hypothermic babies become hypovolemic as 
the water is displaced to the tissue while cold. 

 We use Dopamine and Dobutamine up to 15 µg/kg/h before starting hydrocortisone 1mg/kg 
qds). The fourth drug would usually be noradrenaline. There are no sudies hence lacking 
evidence whether inotropic drugs have a different action during hypothermia. 

Electrolytes 
Plasma NaCl tends to fall. Check and replace, but keep on the low side towards end of cooling 
period – when you rewarm and tissue fluids are reabsorbed into the circulation, hypernatremia easily 
occurs. 
 
Mg – keep levels above 1.0 mmol/L, as low serum magnesium levels during hypothermia increases 
resting energy expenditure and increases oxygen consumption; evidence from adults during cooling 
is that they shiver less if Mg is on the high side (Mg might also be good for neuroprotection).10, 14   



 

 

 
Feeding 
Nil orally during hypothermia. A recent trial showed that non-nutritive expressed breast milk (EBM) 
was safe. 
 
Give dextrose or TPN. 
 
Start feeding carefully with EBM after hypothermia 
 
Sedation 
Any baby who is actively cooled requires sedation. Load with 50 µg/kg and infuse morphine at 20 
µg/kg/hr. Consider reducing the dose during hypothermia if the child is very “flat”, as the metabolism 
of morphine is reduced during hypothermia and accumulation may occur.15 Change the dose 
according to the clinical examination. 
 
Heart rate is a good proxy marker for adequate sedation. At 33.5°C, the average heart rate is ~90. 
Heart rate is reduced by 10 beats per minute per 1°C reduction in temperature over a wide 
range. If the baby is not properly sedated the HR will be higher.16 There is experimental evidence 
that Hypothermia is not neuroprotective if you are stressed, or that stress due to lack of adequate 
sedation during hypothermia can neutralise the neuroprotective effect. 17 
 
Stress 
If HR is high despite hypothermia, the reasons may be:  

 Baby is too awake and stressed by the cold (it is not nice to be cold if you are awake) 

 Hypovolaemia 

 Hypotension 

 Other reasons for pain 

 On inotropic support 

 Infection 
 
Paralysis 
If needed on clinical indication, preferably use bolus doses (Pancuronium 100 µg/kg) according to 
clinical need. Drug accumulation occurs easily during hypothermia and with unpredictable and 
individual variability. If vecuronium infusion is indicated, use 60 µg/kg for 4 hours, then 30 µg/kg for 
12 hours and then stop until the baby starts moving, and resume infusion when movements occur.  
Hypothermia decreases the plasma clearance of vecuronium (11.3% per °C) and decrease the rate 
constant for drug equilibration between plasma and effect site.18  
 
Fluid Management 
Commence at 40 ml/kg/day; however, be aware that hypothermic patients may need more volume 
due to redistribution of intravascular fluid to the tissue. Sometimes it is difficult to deliver enough 
glucose on 40 mg/kg. If so, increase to 60 on day 1. Cardiac assessment of degree of filling is useful 
to get the choice right as far as inotropic support or volume is concerned. 
 
Antibiotics 
Use standard treatment due to infection risk/invasive procedures. Aminoglycosides and Penicillin are 
>75% eliminated via the kidneys, which are less affected by hypothermia than liver metabolism.  
Gentamicin levels should be checked according to the standard protocol.19 
 
Hyperbilirubinaemia 
Investigate and treat as in a normothermic infant. Open the 20 cooling wrap and use as mattress so 
skin is exposed to light and also use biliblanket.  



 

 

High PCV 
Use the same cut-off as in normothermic infants (dilutional exchange at Hct 70% if no symptoms, or 
at 65% if symptomatic). Low temperature makes the blood flow more slowly so the combination of 
high PCV and hypothermia may lower the threshold, hence some consultants lower the threshold for 
exchange by 5% in hypothermic babies. There is no published data on this. 
 
Coagulation 
If you start out with normal clotting, a 3.5°C reduction in temperature will affect coagulation only 
moderately and function should remain within normal limits. Experimentally, a 10°C reduction in 
temperature reduced APTT values by 18%.21  
 
It is likely that hypothermia has an adverse effect on clotting if the patient starts out with abnormal 
levels, as some asphyxiated infants do. Deranged clotting needs to be treated aggressively. When 
there is the slightest suspicion of increased bleeding, or when there has been a large blood loss (as 
with antepartum haemorrhage, large subgaleal bleeds, etc.), clotting should be examined urgently 
and FFP and/or other blood products ordered and administered before clotting results are available, 
so as to avoid delayed start of treatment (when/if you decide to cool).   
 
Infection 
In babies, we do not know whether having an infection at birth interacts with the outcome effect of 
hypothermia. Data from newborn animals and adults suggests that it does. We know that the rise in 
CRP is delayed in cooled infants as compared to non-cooled (ref 30).  
 
Cranial ultrasound  
Perform at admission, 24 hrs, 48 hrs  and within 12 hrs after the end of rewarming to measure 
Resistance Index.20 (+ref 39)  Moreover, assess brain echodensities, basal ganglia lesions, midline 
shift, ventricular size etc.   
 
aEEG 
The EEG sensors (be they needle or other types) should be left on throughout hypothermia and 
rewarming. This has several functions. After the initial background voltage assessment, aEEG and 
EEG informs on seizure activity/the effect of treatment,Moreover, the time that the aEEG takes to 
recover to a near normal trace is a good prognostic marker. Although 48 hrs of age was suggested 
in our paper from 2010 (ref 22) we now suggest 36 hrs as the time by which aEEG would have 
recovered in babies with a favourable prognosis.  For medicolegal reasons, it is important that 
interpretations of the EEG, done by a competent person, are in the notes,and that there is a 
permanent record of the aEEG. Sticking in thin paper printouts from the aEEG machine is a quick 
way to document abnormal EEG on admission and onset of seizures. Alternatively, record the live 
screen by photography or videography. Later, download the whole recording onto a portable storage 
medium (CD,memory stick, etc.) and import it into a PC with the viewer software and write a Word 
document report summarising the whole recording with significant findings illustrated pictorially. This 
should be printed on paper and added to the infant’s notes, with the portable storage medium in a 
plastic document wallet.  
 
Previously, during normothermia treatment, an abnormal pattern of the aEEG trace at 3-6h of age 
had a Positive Predictive Value of 85-88%. With HT, the PPV of this starting trace is 58% (because 
HT is neuropotective).22 The age in hours when the aEEG trace has recovered to a near-normal 
pattern (continous or discontinous normal pattern), is the best aEEG predictor in HT treated babies 
(PPV 90). Further, the age at which sleep wake cycling appears is predictive of outcome. aEEG is 
useful for assessing the occurrence of seizures and treatment effect.  
 
Rewarming  



 

 

It is important to have a good quality aEEG/EEG trace during rewarming to detect non-clinical 
seizures. Should seizures occur during rewarming at a speed of 0.5°C/h, stop further rewarming for 
some hours, treat the seizures and ensure the baby has no seizures for at least 2 hours before you 
resume rewarming.Consider a slower rate, 0.2°C/h.  
Peripheral vasodilatation occurs during rewarming and the blood pressure may drop. Give volume 
as 0.9% NaCl or other fluids as appropriate.  If the child is receiving inotropic support, this can be 
increased if hypovolemia is not the problem (echocardiography) 
 
TARGET VALUES AFTER REWARMING 
 
Keep a rectal probe in situ for 24 hours after the end of cooling. Run rectal temp at 36-36.5°C for the 
next 24 hours; it is easy to become too hot after hypothermia. Continue to record temperature 4 
hourly until Day 7. 
 
COOLING DURING TRANSPORT 
 
If aEEG assessment is not available locally within 6h, babies can be started on hypothermia 
treatment monitored with rectal probe based on criteria A and B while transported to cooling centre 
for aEEG assessment. All cooling during transport is now done by servo-controlled equipment which 
is very effective and safe.23  
If active cooling is not available, have the lowest possible temperature setting in the transport 
incubator and use surgical gloves or 0.5 L water bottles filled with cold water, or cool packs.24 Rectal 
probes for continuous temperature measurement are mandatory during passive cooling and 
transport. Insert the rectal probe at 6cm and secure with sticky tape to the thigh. It is easy to 
overcool passively during transport; you can then turn the incubator temperature up or replace the 
cold water containers with warmer ones. 
 
Monitoring during transport – Perform as normal for intensive care, including rectal temperature. 
Note that a lower heart rate is expected in cooled infants. Heart rate is reduced, on average, by 19 
beats per minute per °C reduction in core temperature. Sinus “bradycardia” is therefore normal in 
cooled babies and cooling does increase the risk for arrhythmia. 
 
 
MAINTAINING COOLING DURING CT OR MRI SCANNING 
 
Sometimes CT or MRI is necessary during the cooling period. Try to maintain temperature at target, 
perform frequent controls and bring a heating source along (gloves or bottles with warm water for 
the MRI scanner). Most scanners do now have MR compatible temperature probes.  
 
 
TEMPERATURE MANAGEMENT AFTER COOLING AND REWARMING  
 
At the end of re-warming, the open bed should be set at the same temperature as the cooling 
mattress or the set temperature during cooling (33.5). The baby will go cold when you remove the 
cooling device. Keep an insulation pillow (“6 layers of bubblewrap”) 25 under the head as long as the 
baby is in a heated bed. Protect the head against overhead heating by using a reflective shield (the 
same as used in the cool cap trial). If you need to cover the baby, use a single layer of bubble wrap 
or a thin sheet of cloth. Hyperthermia may be deleterious to the brain for several days after the end 
of cooling.  
 
Recent clinical papers written based on clinical cooling done in Bristol.  
We cool 20% more children than those who would have been cooled in the original trials. Their 
outcomes are dicussed in ref. 29 and 40. Infants which were cooled early, within 3h of age had 



 

 

better motor outcome than those in which treatment was started at 3-6h of age (ref. 36). An early 
start did not improve the mental developmental quotient. The difference in Bayley II and III outcome 
assessments is discussed in ref. 32. The physiology of hypothermia, including the effect of drugs is 
reviewed in ref. 28. 
 
We found that 9% of cooled infants had severe hearing loss, and that this was associated with 
gentamicin levels >2 mg/L (ref. 31). Infants who received high FiO2 during the first 6h of life had 
worse outcomes than those who did not need high FiO2 (ref. 37).  Lactate dehydrogenase is a 
useful predictor of outcome (ref. 33). Cerebral resistance index is less useful as a predictor in cooled 
infants than in non-cooled infants (ref. 38, 39). Ref. 35 is a chapter about different cooling methods, 
printed in a recent American textbook on procedures in Neonatology. 
 
 
 
 
 
 
APPENDIX A 
INFANT’S NAME:…………………………….DOB:…………………TIME OF BIRTH:……..… 

Sample timing means 

ideally after birth, or as 
soon as you diagnose 

1 hr 3 hrs  6 hrs 12 
hrs 

24 
hrs 

48 
hrs 

72 
hrs 

78-84 
hrs end 
rewarm 

96 
hrs 

7 days 

BLOOD            

apH            

pCO2            

pO2            

HCO3            

BE            

Lactate            

Glucose            

Hb            

WBC            

Plt            

APTT            

INR            

Fibrinogen  As indicated 

TNT            

CRP            

LDH            

ALT            

AST            

Bilirubin            

Albumin            

Creat            

Urea            

Na+            

K+            

Ca2+            

Mg2+            

Phosphate            

Store plasma for drug 
levels 

           



 

 

URINE            

  Lact/creat ratio            

  Freeze urine            

EXAMINATIONS            

  Ultrasound brain&RI            

  Resist index Doppler            

  CFM, cont. recording 
for 72h & end rewarm print 

out first 
6h 

          

  Ventilated, FiO2 %            

  Nitric Oxide ppm            

  Clinical exam, score            

  Inotropic support ? 
Y/N 

                     

  Seizures ?  Y/N                      

  Anticonvulsant  ?Y/N                      

REASON FOR FREQUENT BLOOD SAMPLING INITIALLY 
 
Enzymes increase in response to hypoxia with different time delays. (Ref. 28) If all samples 
have their highest value at 1 hour after birth, the insult is likely to have occurred sometime 
before, rather than around the time of delivery. For example, TNT (cardiac marker) peaks after 
3-6 hours and LDH peaks earlier than ALT or AST.26 
 
A sampling chart is recommended for standardised sampling and examinations. The reason 
for storing blood is that later toxicologicalor metabolic investigations are most reliable on early 
bloods. 
__________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
APPENDIX B 
 
FURTHER COMMENTS AND CAUTIONS CONCERNING COOLING (THORESEN M 2008 
CLIN PERINATOLOGY, THORESEN M 2015 WHO SHOULD WE COOL SEMINARS IN 
FETAL & NEONATAL MEDICINE)) 
 
Using the Criticool Cooling Wrap  
Wraps are single use but the rectal temperature probes are not single use - please clean after 
use and keep. Do not apply the wrap tightly as the baby may become oedematous under the 
wrap.  
 
We have modified the way of applying the wrap. We do not use the wrap around the head but 
leave it open and place the head on a pillow made by folding six layers of bubble plastic on top 
of the wrap (as insulation against the warm wrap)See illustration on the manufacturer 
instruction sheet. 
  
Initiate cooling using the “Cooling Mode” and adjust “Set Temperature” to 33.5°. The set 
temperature will usually be achieved within 30 minutes. Our experience is that it is not 
necessary to adjust “Set Temperature” as the rectal temperature will be maintained within the 
target range without any adjustment.  
 
Rewarming is either carried out manually by changing the set point every 30 minutes, or it can 
be used in automatic mode. We re-warm at 0.4°C/hour. If target cooling has been 33.5°C then 
change the set point to 33.7°C, then 33.9°C etc., and every 30 min. If you want to cool more 
slowly, choose a change of only 0.1°C/hour. The Criticool will make any change you decide 
within 30 min (upper limit for change is 2°C). Criticool also have an automatic rewarming mode 
where you do not need to change the set temperature every 30 min. Too rapid rewarming 
causes hypotension and, less commonly, seizures (see details under Techoterm below). 
 
Remember to set the heating on the bed to 36°C before rewarming is finished, or the infant will 
go cold when the wrap is removed. Do not use the wrap to keep the baby at normothermia 
after cooling. Keep the insulation pillow between the head and the heated bed. 
 
Criticool allows downloading of temperature data in Excel format, and there is a good (albeit 
very small) display and memory function on the machine. 
 
Using Tecotherm cooling mattresses  
We have used the manual versions of this equipment for many years; it is safe and easy to 
use. However, it requires frequent attention to the rectal temperature as the equipment is 
manually controlled. A new servo controlled version is available and also widely used. 
 
A detailed description using the Tecotherm can be found at http://www.npeu.ox.ac.uk/toby/. 
The infant is placed on the mattress with a thin cotton sheet in between. The mattress 
temperature is regulated manually in response to changes in rectal temperature. The mattress 
temperature will vary with each baby and also with time (generally a higher mattress 
temperature is used in the later cooling period). At the end of rewarming, the incubator (or 
open bed) should have the same temperature as the mattress temperature, or the baby will go 
cold when you remove the cooling mattress 
 

http://www.npeu.ox.ac.uk/toby/


 

 

 
 
 
 
 
Audit Standards 
 

 All babies should reach target temperature within 1 hour of the decision to cool 
 

 All babies admitted with encephalopathy should have a documented discussion with the 
responsible consultant within 1 hour of admission 

 

 All babies with encephalopathy (as described in criteria B) should have a documented 
phone call to NEST (except babies born in a level 3 centre) 

 

 All babies commenced on passive or active cooling should have continual rectal 
temperature monitoring 

 

 All babies commenced on passive or active cooling should have continuous CFM or 
equivalent monitoring 

 

 All actively cooled babies should be adequately sedated with a morphine infusion 
 

 All actively cooled babies should have a cranial ultrasound with resistance index 
performed on admission and at 24 and 48 hours post hypoxic insult.  

 

 All surviving babies treated with therapeutic hypothermia should have an MRI 
performed between 7 and10 days of age, and should have documented formal 
neurodevelopmental follow up. 
 

 All babies treated with therapeutic hypothermia should have results from the above 
examinations assessed and described in the discharge summary 

 

 All babies treated with therapeutic hypothermia should have follow-ups up to 2 years of 
age 
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