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INTRODUCTION 
 
The aim of this document is to provide a consistent clinical approach to infants with hypoxic-
ischaemic encephalopathy (HIE) undergoing whole-body therapeutic hypothermia (TH) across the 
North West London Perinatal Network based on latest national guideline and evidence (1-3).  
 
TH increases the rate of survival with normal neurological function compared with standard care in 

infants with moderate and severe HIE and shows clear cost benefit (3). TH is standard of care in 

eligible neonates with HIE and is supported by NICE and BAPM (1, 2). 

 

The decision to initiate TH should be prompt and made by a senior clinician at consultant level with 

experience necessary to establish whether or not an infant meets the criteria for TH. Units not 

offering TH should discuss any potential case with the network cooling centre. The Cooling for 

Transfer Integrated Care Pathway (Cooltrip) decision matrix tool should be used for this initial 

assessment (4). 

 

 

 

1.1 Clinical management of term neonate presenting at birth with suspected HIE  

 Resuscitation: Prompt and effective resuscitation following the current NLS protocol should 
be instigated as required. Details of resuscitation will not be covered in this guideline. 
Maintain normothermia during resuscitation.   

 Assess eligibility criteria based on Criteria A and B. For infants fulfilling criteria A ensure 
ongoing neurological assessment during the first 6 hours of life. Assess neurological status 
and document clearly if the neonate is encephalopathic and complete the Thompson 
Encephalopathy Score chart (see Appendix). 

 HIE evolves with time. Therefore, infants who meet at least one A criteria but on initial 

examination are neurologically normal should be reviewed several times during the first 6 

hours of life and if available, started on cerebral function monitoring (CFM). 

 

 If available, for infants fulfilling criteria A and B start CFM monitoring. 

 Initiate TH as early as possible (ideally within 6 hours). If the infant was born outside 
a cooling centre, discuss eligibility and refer for active cooling as soon as possible.  

 Intracorporeal (rectal) temperature should continuously be monitored for infants who undergo 

TH (passive or active).  

 

 Hyperthermia increases the risk of brain injury; therefore it must be avoided while infants are 

being stabilised and assessed for TH. 

 

 Consider eligibility for any ongoing neonatal research studies.  
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1.2 CoolTrip decision matrix     

 

 

The London Neonatal Operational Delivery Network and NTS London developed the CoolTrip (4).  

This document should be completed jointly by the local team and NTS if a newborn is transferred for 

TH to a cooling centre.  

For infants meeting criteria A and B born outside a cooling centre, contact the transport service and 
the consultant at local cooling centre.  



V1.5 NWLPN HIE and cooling pathway Page 4 of 15 

1.3 Criteria for therapeutic hypothermia based on BAPM 2020 Framework (1) 

Criteria A. Neonates ≥36+0 weeks gestation admitted to the NICU with at least one of the following: 

 Apgar score of 5 at 10 minutes after birth. 

 Continued need for resuscitation, including endotracheal or mask ventilation at 10 minutes 
after birth.  

 Acidosis pH 7.00 within 60 minutes of birth on any blood sample from umbilical cord, arterial 
or capillary sample. 

 Base Deficit ≥16 mmol/L within 60 minutes of birth from any blood samples i.e. (cord, arterial, 
venous or capillary).  

 
Neonates that meet criteria A should be assessed for neurological abnormality entry in criteria B by 

trained personnel: 

Criteria B. Moderate to severe encephalopathy consisting of altered state of consciousness 

(hyperirritability, lethargy, stupor or coma) AND at least one of the following: 

 Abnormal tone (focal or general hypotonia, or flaccid) 

 Abnormal primitive reflexes (weak or absent suck or Moro response) 

 Clinical seizures 
 

Infants who meet criteria A & B should be considered for TH and assessed by amplitude integrated 

EEG (aEEG). Confirmation of abnormality on aEEG confirms eligibility for TH. However, aEEG 

assessment is not mandatory in the decision to commence TH, and initiation of TH should not be 

delayed while awaiting aEEG in infants who are neurologically abnormal. 

 

Criteria C: At least 30 minutes duration of aEEG that shows one of the following: 

 Normal background with some electrical seizure activity. 

 Moderately abnormal activity (upper margin of trace >10 μV, lower margin <5 μV). 

 Suppressed activity (upper margin <10 μV and lower margin <5 μV). 

 Definite seizure activity. 

 

Other considerations (off label indications): 

 Infants < 36 weeks gestation: There is currently no randomised controlled trial evidence to 

support the use of TH in infants less than 36 weeks. TH treatment can be considered as off-

label for neonates 34+0 - 36+0 weeks gestation with HIE. This decision should be made by the 

attending consultant neonatologist in the cooling centre in agreement with local clinician after 

careful consideration and a detailed discussion with the parents explaining the risks of TH 

which may be increased in late preterm infants, and the limitations of the evidence suggesting 

benefit.  

 

 Postnatal collapse:  

There is currently no evidence to support the use of TH in infants who have signs of moderate 

or severe encephalopathy following a postnatal collapse, and given the rarity of this condition 

high-quality trial data is unlikely to become available.  

Neonates who collapsed on the postnatal ward and suffered hypoxia-ischaemia as a 

consequence, could be considered for TH within 6 hours of the event (insult) and transferred 

to a cooling centre if deemed appropriate.  
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Many animal models of neonatal HIE that demonstrate the effectiveness of TH involve a 

postnatal insult. The underlying conditions leading to sudden unexpected postnatal collapse 

are varied; including conditions in which TH may carry adverse risks (for example in 

haemorrhagic stroke or significant intracranial haemorrhage). Therefore, it is recommended 

that every effort is taken to understand any underlying reasons for collapse preferably before 

TH is initiated, that decision-making involves a second senior clinician, and that the decision 

is taken in conjunction with the parents with an explanation of the potential risks and benefits.  

 

 Newborns identified between 6-24 hours: In rare cases when diagnosis of moderate to 

severe HIE did not happen within 6 hours of birth, in the absence of evidence of harm or 

other available treatment, cooling can be considered as TH initiated at 6 to 24 hours after 

birth may have benefit but there is uncertainty in its effectiveness. 

 

 Pulmonary hypertension: Following the introduction of TH for HIE, there was a concern 

whether cooling would aggravate PPHN. None of the studies have shown association of 

cooling with PPHN even though some pulmonary dysfunction can occur in neonates during 

TH. The decision to cool in babies showing clinical signs of PPHN should be discussed with 

the attending consultant in the cooling centre. Neonates undergoing TH with severely 

unstable respiratory or cardiovascular conditions due to PPHN and IO > 25 may need 

rewarming. 

 

 There is currently no evidence of benefit of TH in infants with mild HIE unless it is used within 

appropriate research trial settings. 

 

 Therapeutic hypothermia may not be appropriate if:  

o The neonate is likely to require surgery during the first 3 days after birth  

o There are other abnormalities indicative of poor long-term outcome 
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2.0 Intensive care management of neonates undergoing therapeutic hypothermia 
including local units and cooling centre 

2.1 Initiation of Cooling Treatment Outside Cooling Centres 

 The infant should be kept normothermic until stabilisation has occurred. Following this, a 

formal assessment must be completed to assess criteria A and B. 

 Cooling should be started as soon as possible after decision is made as current evidence 

suggests that earlier cooling is more likely to be beneficial. 

 Cooling to the target core temperature (33.5 0C) should occur as rapidly as possible. 

 Cooling treatment whilst awaiting the arrival of the transport team can be either passive or 

active, depending on the equipment available. 

 Record the time when TH was commenced and the time when the target temperature was 

achieved. 

 Continuous monitoring of core/rectal temperature, HR, respiratory rate, saturation, and 

regular monitoring of blood pressure (BP), is mandatory during TH. 

 The rectal probe should be inserted 3-6 cm and secured to the thigh.  

 If the core temperature drops below 33 0C, gradual rewarming to 33.0 -34.0 0C should take 

place slowly by increasing the temperature with 0.5 0C every 2 hour.  

2.2 Cardio-respiratory Management 

 Avoid hypocapnia (pCO2 <5 kPa) if ventilated, aim for normal blood gas values. Correct blood 
gas for patient’s actual temperature.  

 Maintain SaO2 above 95% to lessen the risk of pulmonary hypertension in a term neonate. 

 Obtain central access (UVC or long line) and consider arterial access (UAC/peripheral arterial 
line). 

 Aim for mean BP to be above 40-45 mmHg in a term neonate. A bradycardia of 80-100 bpm 
is normal. 

 Monitor regional perfusion using capillary refill scores and toe-core temperature gap as a 
guide to peripheral perfusion. 

 Management of hypotension: 

– A low BP requires assessment and may be due to hypovolaemia, poor cardiac function 
or redistribution of intravascular fluids. 

– An echocardiogram is helpful in assessing hypovolaemia and/or poor cardiac 
contractility.  

– Consider up to 2 boluses of 0.9% sodium chloride (10 to 20 mls/kg) given over 20 to 30 
minutes and observe for any response. Avoid excessive fluid boluses  

– Consider treatment with inotropes but this is rarely indicated. 
– Check haematocrit/Haemoglobin and give blood if hypovolaemia is due to blood loss 

(Hct <30 or Hb <12). 

 
2.3 Fluid Balance /Metabolic Management  

 Fluid restriction to 40 ml/kg/day of 10% glucose with no additives.  

 Monitor plasma glucose closely (4 hourly) and increase glucose concentration if blood 
glucose is suboptimal (<3.0 mmol/l). Higher concentrations of glucose of more than 12.5% 
glucose must be administered via a central line (UVC/ long line). 

 Monitor urinary output closely. Observe for urinary retention. A urinary catheter may be 
useful.  
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 Watch for syndrome of inappropriate ADH secretion (SIADH) and avoid severe 
hyponatraemia. 

 Consider adding maintenance electrolytes or changing to TPN after 24 to 48 hours when 
electrolytes and renal function are stable (NB: only give potassium supplementation if urine 
output is good).  

 Recent evidence shows that enteral feeding during TH is safe (5).  Consider trophic feeding, 
use breast milk only (maternal or donor with consent) and start with 10 to 20 ml/kg/day. If this 
is absorbed, then continue to increase cautiously as per local enteral nutrition guideline once 
rewarming commenced. 

 Provide advice and early support for mothers regarding expressing and storing breast milk. 

 Watch for accumulation of nephrotoxic drugs e.g. gentamicin. Be aware of accumulation of 
drugs metabolised by liver e.g. morphine, midazolam, phenobarbitone. 

 Mild coagulopathy is physiological in TH. Standard treatments (Vitamin K, FFP and Platelet 

transfusion) should be given to correct coagulopathy and thrombocytopenia.  

 
2.4 Infection 

 Take blood culture and start first line antibiotics as per local policy within one hour of birth. 

 Physiological drop in white cell count and platelets with mildly elevated CRP is common in 

HIE and TH, therefore rise of CRP may not be a sensitive marker for infection. 

2.5 Neurological care and monitoring 

 aEEG offers continual monitoring and can be interpreted by any professional with the 
appropriate competencies. aEEG should be reviewed by the nursing and medical team 
regularly as part of the general monitoring of the infant and any changes escalated 
appropriately to the attending consultant. 

 If any concerns, local units should consult with the cooling centre in the interpretation of the 
aEEG. Recordings between clinicians should be shared following information governance 
guidance. 

 REMEMBER: medication including sedation, paralysis and anti-seizure medications will 
affect the neurological status and the aEEG. Please document all administered medications.  

 Formal documentation of the aEEG background activity and presence or absence of seizures 
with vital signs should occur every 2 to 6 hours in the medical notes.   

 Neurological examination MUST be done at least daily using the Thompson Encephalopathy 
Score chart (6) (see Appendix) and recorded in clinical notes.  

 For neonatal seizures management follow local guidelines.  

 Refer for formal multichannel video-EEG monitoring once rewarmed if seizures persist and 

require ongoing anti-seizure medication. 

 Cranial ultrasound is useful to rule out major congenital central nervous system anomalies 
and intracranial haemorrhage. Cranial ultrasound scan must be done on admission (ideally 
prior to initiating TH), at least repeated once during TH within the first 3 days, and then on 
day 7.   Cerebral oedema and abnormalities in the basal ganglia seen on cranial ultrasound 
are associated with abnormalities on brain MRI, however, the predictive value of ultrasound 
is poor. Measure cerebral blood flow velocities and calculate resistive index (RI) on day 1, 2 
and 3.  

Resistive index of middle cerebral artery (7, 8):  

Normal: 0.66 to 0.72. 
Abnormal: <0.65. 
Severe outcome: <0.55. 

However, cerebral RI is less predictive in infants with HIE who undergo TH (PPV of 
low RI (≤ 0.55) 60% (95% CI 45%, 74%), NPV 78% (95% CI: 67%, 86%) (9,10). 
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 Brain MRI: Timing of MRI is crucial, as abnormalities detected by conventional MRI evolve 
over several days. The ideal timing is between days 5-15 (1). Consider MRI earlier if it will 
help with diagnosis and treatment decisions. However, the severity of injury may be 
underestimated during the first few days after birth. The predictive accuracy of T1/T2 MRI is 
not affected by TH. There is good evidence that MRI/MRS can help to predict 
neurodevelopmental outcome in infants treated with TH. Thalamic N-acetylaspartate (NAA) 
concentration of ≤ 5.6mmol/kg was found to be the most sensitive and specific biomarker for 
predicting adverse neurodevelopmental outcomes in infants undergoing TH. 

 
2.6 Analgesia and sedation 

 Infants who undergo TH should be closely assessed for pain and distress, which should be 
treated with opiate medication if present. Signs of distress include relative tachycardia (heart 
rate >100 bpm during therapeutic hypothermia), facial grimacing and irritability. A heart rate 
consistently above 100 to 110 bpm in cooled neonates may suggests that the neonate is 
distressed.  

 Both ventilated and non-ventilated neonates should be given intravenous morphine infusion 
of 10 micrograms/kg/hour during the active stage of cooling. This can be stopped once 
rewarming is commenced; be wary of increasing above this dosage to avoid drug 
accumulation. Chloral hydrate (50 mg/kg) may be given if the neonate appears distressed. 

 
2.7 Rewarming 

 Rewarming should start after completing 72 hours of TH and take place over about 12 
hours, aiming to increase the core temperature at a rate of 0.5 °C every 2 hours.  

 Monitor for hypotension, hypoglycaemia and seizures during rewarming. 

 Continue aEEG monitoring during rewarming. 

 Ensure the neonate remains normoglycaemic during rewarming. 

 Review aEEG/CFM regularly during rewarming to check for seizures. 

 

2.8 Parents 

 Early honest and open communication by senior members of the neonatal team is 

essential. 

 Parents should be given a copy of the NWL ODN HIE Parent Information Leaflet. 

 There should be no barriers to parents being with and caring for their child. Keep parents 

informed about all aspects of their baby’s care and encourage them to participate in their 

care, as appropriate. 

 If a neonate is being cooled outside of standard trial guidelines, medical staff will ensure 

that parents are aware that treatment is not proven (‘off label’) in such situations  

 Separation trauma for parents is a significant issue when a term infant is unexpectedly 

admitted to the neonatal unit. This is exacerbated if the infant requires transfer to a cooling 

centre.  In these cases, timely transfer of mothers should be facilitated.  

 

2.9 Family integrated care and developmentally supportive care 

Parents should be involved in their infant’s care as much as possible. Staff should encourage 
activities parents can do during TH (participating in cares, touch, cuddle, reading or singing etc). 

Touch: Parents can be supported to provide positive touch throughout the cooling, this nurturing 
experience will help ameliorate some of the unpleasant touch sensations experienced during TH.  

Supporting a cool cuddle program has multiple benefits for both infant and parents. If the infant is 
clinically stable then it is safe and acceptable for parents to cuddle the baby, with the cooling wrap 
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in situ. Care needs to be taken that CFM leads are not dislodged and that the water feed in hoses 
for the cooling wrap are not accidentally kinked. 

Body awareness: it is important that infants are provided with a boundary to foot brace against to 
help with regulation. This can be made either through nests and towels or can be commercially 
bought. 

Taste: regular sensitive mouth cares with mothers expressed breast milk, using a careful approach 

prevent lips from drying out and provide positive taste experiences. 

Smell: supporting parental smell is important for both parents and infant. Parents need to smell their 

babies as much as babies need to smell their parents. 

Auditory: Reading or singing softly at the cotside will let the baby know that their parents are there. 

Parental voice provides comfort and reassurance. 

Visual: Create a calm healing environment, support natural light and avoid harsh lights overhead. 

 

2.10 Reorientation of care 

 Given the nature of severe HIE and associated multiorgan failure there will be some infants for 

whom reorientation of care to a palliative pathway is appropriate.  

 In infants who remain moribund and unstable following initial resuscitation, and their clinical 

history and neurological status are consistent with severe HIE, reorientation of care should be 

considered in the local unit to avoid separation of the family by transferring the infant to cooling 

centre. In such cases the cooling centre should support the local team in the decision-making 

process 

 Infants who achieve physiological stability should be transferred to a cooling centre. It is 

recommended that consideration of reorientation of care is delayed till 48 hours of life to assess 

any recovery before end-of-life care is discussed. A ceiling of treatment may be agreed prior to 

this. 

 Consideration should be given to drugs that have been given and appropriate tests should be 

performed to ensure that the assessment of the poor neurological state is not affected by these 

drugs. 

2.11 Complications related to TH 

Based on data from large metanalyses moderate whole-body TH of 33-34°C in intensive care 

settings with close monitoring can be provided safely. Potential side-effects are bradycardia, 

prolonged QT interval, immunosuppression, coagulopathy, increased insulin resistance, and 

electrolyte disturbances. 

 These potential side-effects are more likely to be severe/clinically significant when core temperature 

drops to below the target temperature. Therefore, careful continuous monitoring of core temperature 

is essential during initiation of cooling, TH and rewarming.  

Subcutaneous fat necrosis (SCFN) is a recognised complication of both perinatal asphyxia and TH 

leading to pain, scarring, and hypercalcaemia. The skin should be closely observed for the 

development of SCFN. If it develops, calcium levels should be monitored weekly until the clinical 

resolution of the SCFN and for up to 6 months to prevent complications of hypercalcaemia.   
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3.0 aEEG or CFM 

The amplitude-integrated EEG (aEEG) should be recorded in all neonates with suspected HIE, 
preferably before cooling is started with a cerebral function monitor (CFM). However, cooling need 
not be delayed until the aEEG is initiated. 

A normal aEEG record indicates a high probability of normal outcome, and clinicians may consider 
whether treatment with cooling is required (11-13). Apparent improvement of the aEEG after 6 hours 
of age is not an indication for discontinuing cooling.  

Review aEEG/ CFM regularly and document findings with vital signs. See aEEG classification below 
(Figure 2) (11).  

NB:  Medication, particularly anti-seizure medications, may cause transient suppression of EEG 

activity. Ideally the aEEG should be performed before administering anti-seizure medications. 

 

Figure (2): Classification of the amplitude-integrated EEG (11) 
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4.0 Clinical investigations 

Placental histology 

Admission blood tests: 

 Cord gases (including base excess and lactate) 

 Blood gas with lactate  

 Blood glucose    

 Haematocrit/ Haemoglobin   

 FBC/ film/ platelets  

 CRP   

 Blood Cultures 

Second line blood tests (performed in the cooling centre): 

 Coagulation (PT/ APPT/ TT/ Fibrinogen) 

 Urea, electrolytes, creatinine, calcium and magnesium 

 LFTs  

 Cardiac enzymes (CK, troponin and LDH) 

 LP if sepsis is indicated 

 In cases with clinical history not suggestive of HIE, progressive or persistent 
encephalopathy, dysmorphic features, history of parental consanguinity, abnormal 
intracranial anatomy, severe growth restriction, unusual pattern of injury on brain MRI scan 
or normal brain MRI despite ongoing neurological problems, additional metabolic, 
chromosomal and genetic investigations should be considered and store blood for future 
DNA analysis  
 

Neurology tests (Day 1 onwards): 

 Cranial ultrasound scans Day 1, 2, or 3 and 7. 

 aEEG monitoring (from as early as possible until rewarming is completed – when to stop the 
aEEG monitoring should be discussed with the attending consultant). 

 Formal multichannel EEG referral should be made when the neonate has rewarmed and 
received anti-seizure medication. 

 
Echocardiogram: can be useful to assess myocardial function.  

 
Brain MRI: between day 5 and 15 
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5.0 Ongoing care and follow-up 
 
All neonates with encephalopathy should be followed up regularly until 2 years old (6 weeks, 6 
months, 12 months and 2 years minimum) at the local hospital. A formal neurological examination 
and psychomotor assessment should be carried out at approximately 2 years of age.  
 

 Arrange a neonatal consultant clinic appointment at 6 weeks (this may be at the family’s local 
hospital).  

 Check with research team if follow-up will be taking place for any studies the child was 
enrolled in. 

 There needs to be clear arrangements in place for who will see the child at 2 years to perform 
the formal neurodevelopmental assessment.  

 
6.0 Documentation and discussion about prognosis 

 Ensure eligibility for TH, serial neurological examinations/encephalopathy scores are 
documented in the medical notes in both local units and cooling centre. For this use the 
Thompson score (Appendix 1). 

 

 If the infant is transferred between units for TH, ensure the completed Cooltrip decision 
matrix tool is filed in the medical notes. 

 

 Clinical documentation: the correct severity/grade of HIE should be discussed with the 
attending consultant before finishing the discharge summary. Not all cooled neonates 
have severe HIE. HIE evolves over time, therefore severity of HIE after birth may be 
different from severity of HIE during and after TH.  

 Prognosis should be discussed with parents in a timely manner before discharge from 
the cooling centre and summarised in the discharge summary or in a separate written 
communication to parents and other health professionals in the referring unit and primary 
care.  
 

 Estimating prognosis:  
– Resuscitation: Factors that are predictive of poor prognosis: administration of chest 

compressions >1 minute; onset of breathing >30 minutes after birth; a base deficit of 

>16mmol/l (positive predictive value of poor prognosis 80% if all three are present) 

(14). Rate of death and/or disability at 6 to 7 years of age is 75% in children with 10-

minute Apgar scores of 0-3 (15). 

– Neurological assessment: Persistent clinical signs of severe encephalopathy 72 

hours after birth and at discharge is associated with severe disability (16, 17). 

– aEEG: TH alters the prognostic value of aEEG (13). However an abnormal aEEG at 

>48 hours after birth is associated with poor neurodevelopmental outcome or death 

(11,13). 

– MRI: MRI/MRS can help to predict poor neurodevelopmental outcome in infants 

treated with TH. On conventional MRI an abnormal signal intensity in the PLIC is a 

strong prognostic factor for poor outcome (18) 

– MRS: Thalamic N-acetylaspartate (NAA) concentration of ≤ 5.6mmol/kg was the most 

sensitive and specific biomarker for predicting adverse neurodevelopmental 

outcomes in infants undergoing TH with sensitivity 100%; specificity 97% (19). Other 

accurate predictors of adverse neurodevelopmental outcomes included fractional 

anisotropy of posterior limb of internal capsule (PLIC), and lactate–NAA ratio (>0.22) 

(20).  
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Appendix 1 Thompson score  

Daily Thompson Encephalopathy Score  

Sign 0 1 2 3 
 

Tone Normal Hypertonia Hypotonia Flaccid 

Level of consciousness Normal Hyperalert, staring Lethargic Comatose 

Fits None <3/ day >2 /day  

Posture  Normal Fisting, cycling Strong distal flexion Decerebrate 

Moro Normal Partial Absent  

Grasp  Normal Poor Absent  

Suck Normal Poor Absent, bites  

Respiration Normal Hyperventilation Brief apnoea IPPV 

Fontanelle Normal Full but no tense Tense  

     
Total score: 

 

 

Thompson score:  Mild HIE  =    1 to 10.  

Moderate HIE  =  11 to 14.  

Severe HIE  =  15 to 22. 

 
Date and time of 
assessment 
 

 
____/___/______ 
 
 
___:___ 
 

 
____/___/______ 
 
 
___:___ 
 

 
____/___/______ 
 
 
___:___ 
 

 
____/___/______ 
 
 
___:___ 
 

 
Thompson 
score: 
 

    

 

 
Date and time of 
assessment 
 

 
____/___/______ 
 
 
___:___ 
 

 
____/___/______ 
 
 
___:___ 
 

 
____/___/______ 
 
 
___:___ 
 

 
____/___/______ 
 
 
___:___ 
 

 
Thompson 
score: 
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DEFINITIONS and ABBREVIATIONS 
 
aEEG amplitude-integrated EEG  
CFM Cerebral Function Monitoring 
HIE Hypoxic-ischaemic encephalopathy 
MRI Magnetic resonance imaging 
NE Neonatal encephalopathy 
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