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Abstract  
 

Mild hypothermia has recently been established as the recommended treatment of neonates 

with moderate to severe asphyxia to reduce the risk of death and major disability. There is 

however no consensus regarding strategies for pain treatment during hypothermia. Pain 

treatment in this group of patients is a multifactorial problem; cooling devices in use may 

cause pain to the infant and painful procedures may be more painful in cold conditions. 

Further, it is likely that the neonates' ability to express pain is affected by hypoxic ischemic 

encephalopathy, drugs used and possibly also by the hypothermia treatment. To address these 

issues a literature search and a retrospective cohort study were conducted. We found 

convincing evidence indicating that mild hypothermia can elicit pain in newborns undergoing 

this treatment. However, we could not identify conclusive studies addressing pain assessment 

and treatment strategies of asphyxiated infants exposed to hypothermia. The cohort study 

showed that surprisingly few assessments were performed on the study group. We also found 

that midazolam decrease the patients’ ability to show pain according to the pain scales in use. 

Blood pressure might be an indicator for pain whereas heart rate failed to show any 

correlation. Higher core temperature during hypothermia was positively correlated with pain 

scores suggesting that even small changes in temperature can affect pain perception. We 

suggest that facial expression scales are not sufficient as a pain assessment method for 

asphyxiated newborns treated with hypothermia and it urges to validate pain scale in this 

particular group of patients who are treated with drugs that may attenuate the pain response. 

We suggest that particular attention should be paid concerning peripheral temperature, which 

could play a crucial role in hypothermia-induced pain. Further, there is need of more studies 

on pharmacokinetics and pharmacodynamics in newborns during hypothermia.  
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Swedish summary 
 

Varje år kylbehandlas cirka 70 nyfödda barn i Sverige på grund av asfyxi. Kylbehandling är 

den metod med bäst visat resultat avseende överlevnad och begränsning av hjärnskador, dock 

är kunskapen om smärta hos gruppen av patienter fortfarande mycket begränsad. De metoder 

som används för att skatta smärta hos nyfödda baseras till större delen på bedömning av 

ansiktsuttryck och kroppsrörelser. Det finns skäl att tro att kylbehandlade barn med asfyxi 

har begränsade möjligheter att ge uttryck för smärta på ett sätt som de vedertagna 

skattningsskalorna kräver. Denna begränsning beror dels på de hjärnskador som dessa barn 

löper risk att drabbas av, dels på läkemedel och eventuellt även på kylbehandlingen. Det är 

uppenbart att kyla kan öka graden av smärta hos barn med asfyxi. Vi har inte kunnat 

identifiera bevis för hur smärta bör haneras hos barn som kylbehandlas på grund av asfyxi. 

Med vår studie har vi visat att antalet smärtskattningar som utförs är förvånande få och 

betydligt färre än vad som är rekommenderat. Vi har dessutom visat att barn som behandlats 

med midazolam, som är ett lugnande läkemedel och inte klassas som smärtlindrande visar 

mindre tecken på smärta än de som inte fått detta läkemedel. Vidare har vi påvisat att 

mätningar av blodtryck kan vara ett bra komplement till dessa smärtskalor medan 

hjärtfrekvens inte visade någon korrelation. Högre kärntemperatur hos barnen under 

kylbehandlingen medförde högre smärtskattningar vilket tyder på att även små förändringar i 

temperatur kan påverka barnens förmåga att uttrycka smärta. Vi hävdar att smärtskattning 

med dagens smärtskattningsskalor inte är tillräckliga för att adekvat kunna behandla smärta 

hos barn som kylbehandlas på grund av asfyxi. En fortsatt utredning av vilka 

smärtbehandlingsstrategier som ska användas för den här patientgruppen är av högsta vikt.  

 

Asfyxi: central syrebrist som drabbar hjärnan. 
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List of abbreviations 
 

ALPS Astrid Lindgren Children's Hospital Pain Scale 
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UGT  UDP-glucoronosyltransferase 
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Introduction 
Mild hypothermia (MH) has recently been established as the recommended treatment of 

neonates with moderate to severe asphyxia to reduce the risk of death and major disabillity.1 

There is however no consensus regarding strategies for pain treatment in these patients. To 

assess pain and treatment thereof one must take in to consideration certain difficulties 

concerning this specific group of patients. Pain treatment in asphyxiated, hypothermia treated 

neonates is aggravated since MH is likely to affect pharmacokinetics (PK) and 

pharmacodynamics (PD). 

Newborns who are treated with MH (i) have impaired capacity to show pain due to hypoxic 

ischemic encephalopathy (HIE) and hypothermia, (ii) MH per se can cause pain, (iii) MH 

alters PK and PD of drugs that are routinely used and may further complicate pain treatment 

strategies (Figure 1). To address these issues a literature search and a retrospective cohort 

study were conducted at the neonatal intensive care unit (NICU) at Karolinska University 

Hospital.  

HIE arises due to perinatal asphyxia. Asphyxia is the acute phase of oxygen deprivation 

causing an intracellular energy failure. This triggers a cascade of neuronal damaging events. 

Following the acute energy failure the cerebral metabolism may recover but shortly after a 

second phase of energy failure follows causing adverse neurodevelopmental outcomes.2 

Approximately 2-3 infants of 1000 live term births develop post asphyxial encephalopaty.3 In 

Stockholm county the incidence of newborn undergoing post asphyxia MH treatment is about 

0,6-1/1000.  

Figure 1. Pain and hypothermia, a multifactorial approach. 
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Initially treatment with hypothermia failed to prove beneficial for neonates with severe HIE.4 

In later randomized control trials MH was shown to be a safe and convenient method to 

reduce the risk of death and major disability for neonates with both moderate and severe 

HIE.1, 5-7 MH treatment is used for neonates with HIE above 35-37 weeks of GA. The 

treatment is initiated within 6 hours after birth and is maintained for a period of 72 hours. 

Clinical hypothermia is defined as a body core temperature below 35 C and is commonly 

subdivided into MH (32- 35 C), moderate hypothermia (28-32 C) and severe hypothermia 

(below 28 C).8, 9 Therapeutic hypothermia of neonates aims to keep body core temperature 

between 33.0-34.0 C.6 

Pain is defined by the International Association for the Study of Pain (IASP) as “an 

unpleasant sensory and emotional experience associated with actual or potential tissue 

damage, or described in terms of such damage”.10 When published in 1994 further 

descriptions that required need of self-report and also earlier experiences of pain were 

included. This definition results in obvious difficulties with newborns as discussed by Anand 

and Craig.11 It enlightens the problem that individuals who are incapable of self-report, such 

as newborns, suffer from difficulties to express pain. 

During two consensus development meetings in 1998 and 1999 the importance of valid pain 

assessment instruments and strategies to manage pain in neonates were addressed. It was 

indicated that newborns may be even more sensitive to pain than adults and are more 

susceptible to long term effect of pain exposure.12 An increased sensitivity to pain in 

newborns has also been proposed by Coleman et al..13 Several studies have provided 

evidence that an experience of pain as a newborn alters pain responses later in life14, 15 and 

may also impair brain development in preterms.16 In adults co-activation of nociceptive input 

with somatosensory input causes an inhibition of the noxious signal. This appears not to be 

the case in neonates who might not yet have developed this endogenous analgesic system.17 

Similarly, in response to noxious stimuli a large population of infant cortical neurons are 

activated, this was suggested to depend on lack of surrounding inhibition in the undeveloped 

brain.17 The magnitude of pain is directly correlated to the frequency of firing and the 

number of neurons activated.18 It is evident that it is important to recognise and treat pain in 

newborns.  

Several studies have shown nociceptive responses in newborns using physiological, 

biochemical, and behavioural measures. However, autonomic and behavioural pain responses 
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are mediated at a subcortical level. A painful experience is attained first when a noxious 

stimuli is transmitted to the cortex.19, 20 Therefore it has been suggested that measuring pain 

in the central nervous system is a more direct way of quantifying pain.20 There are different 

possible methods available to measure sensory input processing, functional magnetic 

resonance imaging (fMRI) and positron emission tomography (PET) being two. Near 

infrared spectroscopy (NIRS) has the advantage of being easy to bring to the bedside. 

Bartocci et al.21 have shown that painful stimuli can be detected at cortical level in newborns 

using this method. NIRS compares levels of oxygenated and de-oxygenated haemoglobin 

showing hemodynamic changes, which occurs in response to changes in tissue metabolism 

and perfusion. Following painful stimulus a specific response in the somatosensory cortex of 

neonates occurs which is not accompanied with a similar response in the occipital cortex and 

neither detected following a tactile, non-painful stimuli. This shows that a general 

sympathetic hemodynamic response is not the cause of these local hemodynamic changes. 

That pain responses occur at a cortical level in neonates was also reported by Slater et al.19 in 

a study using similar methods. However, so far relatively small sample sizes have been used 

in studies on neonates with NIRS and it is possible that unidentified confounding factors and 

artefacts are unaccounted for. At this point NIRS is recommended to be regarded as a 

research tool and not a clinical monitoring technique. The mechanism and feasibility of NIRS 

has been summarised in an excellent review by Ranger et al..22 

Cortical activation in neonates by a noxious stimulus has also been shown using 

electroencephalography (EEG). Clear discrimination between touch and painful stimuli has 

been detected.17 Following a painful stimulus responses occur in brain activity recorded with 

EEG and NIRS, reflex withdrawal recorded with electromyography (EMG), facial reactions 

and physiologic indicators, these methods can be integrated to a more sensitive and specific 

system for measuring pain.20 A recent study by Fabrizi et al. reported a transition from non-

specific neuronal bursts to specific evoked potentials at 35-37 weeks gestation suggesting that 

neural circuits necessary for discrimination between touch and nociception have matured at 

this age.23 The other studies mentioned above were able to detect a cortical response to 

noxious stimuli at earlier ages.  

In spite of this, the most commonly used way of measuring pain responses in newborns is by 

facial expression scales. Facial reaction scales have been shown to relate to pain in a specific 

and consistent way and are considered as a significant pain measure.24, 25 26 There are several 

different facial expression scales; the Premature Infant Pain Profile (PIPP) and EDIN being 
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two commonly used ones. However, it has been suggested that absence of a painful facial 

expression is not necessary equal to being pain free; neonates may at some occasions 

experience pain at a cortical level without showing facial responses.25 

Aim 
The primary aims of this study were (i) to review neurophysiologic mechanisms underlying 

pain perception during MH in newborn infants, (literature based), (ii) to evaluate pain 

assessment routines in newborn infants undergoing MH treatment following neonatal 

asphyxia, (iii) to assess pain treatment strategies in newborn infants undergoing MH 

treatment after neonatal asphyxia, (iv) to provide PD and PK explanations of possible 

mechanisms that can affect pain treatment during MH in newborn infants. 

Methods 
Literature search  
A literature search was conducted using the Pub Med database. The corresponding National 

Library of Medicine MeSH search terms was used. The search terms included; neonates, 

newborns, pain, hypothermia, cold, asphyxia, PK, PD, drug metabolism, effects, mechanism 

and were used in various combinations. The search was limited to the English and Swedish 

language.  

Articles were considered relevant when one or more of the following criteria 

were fulfilled:  (i) studies addressing the relationship between neonatal asphyxia and pain, 

(ii) studies regarding the experience of cold pain, (iii) reviews and Cochrane articles on the 

mechanisms behind cold-induced pain, (iv) articles regarding the overall effect of 

hypothermia on PK or PD, (v) clinical studies regarding the effect of hypothermia on drugs 

used to sedate or give pain relief in neonates. The reference lists of relevant articles were 

searched manually. 
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Retrospective cohort study  
Population and settings 

A retrospective descriptive cohort study was performed at the NICU at Karolinska University 

Hospital, Astrid Lindgren’s Children Hospital, Solna and Huddinge. The study was approved 

by the Research Ethical Board as a part of a larger study on hypothermia treatment in infants. 

The subjects were recruited from CliniSoft (CS), the database of medical charts used at 

Karolinska University Hospital. CS has been in use since May 2010 at Solna and May 2011 

at Huddinge. 

Inclusion and exclusion criteria 

All infants subjected to hypothermia treatment after neonatal asphyxia and recorded in CS 

from May 2010 to May 2012 were included in the study. Inclusion criteria for hypothermia 

treatment are divided in two groups: A and B. Group A criteria are: gestational age (GA) ≥ 

36 weeks and at least one of the following four criteria: Apgar 10 min ≤ 5, cardiopulmonary 

resuscitation at 10 min of age, pH < 7.0 during the first 60 min, base excess (BE) ≤ -16 

during the first 60 min. If these criteria are met the newborn can eventually be subject to 

hypothermia treatment if also B criteria are fulfilled. Group B criteria are: presence of 

seizures or signs of moderate to severe encephalopathy defined by change in alertness, 

change in tonus and influence on primitive reflexes suggesting moderate to severe 

encephalopathy. These criteria are evaluated continuously during the first hour of life. 

Exclusion criteria for hypothermia treatment were children suspected to be in need of 

surgical treatment within the first three days of life, children with severe congenital defects 

indicating poor prognosis, children older than six hours. 

Periods of study and pain assessments 

The study interval was divided into four different periods as shown in Table 1. 
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Table 1. Study periods. 

Period  Time 

0 Pre hypothermia From birth to the start of hypothermia treatment 

1 Hypothermia 0 – 24 h of hypothermia 

2 Hypothermia 24 – 48 h 

3 Hypothermia 48 – 72 h  

4 Rewarming 72 – 80 h  

 

Birth weight, GA, Apgar score, gender, severity of illness, umbilical artery (UA) pH, UA BE, 

mean arterial blood pressure (BP), mean HR, number of painful events (PE), number of pain 

assessments and pain score (PS) measured with either Echelle Douleur Incofort Nouveau-Né 

(EDIN) or Astrid Lindgren Children's Hospital Pain Scale 1 (ALPS1), amount of sedative or 

anaesthetic drugs given and central and peripheral temperature were recorded for each 

period.  

Events classified as painful were those resulting in potential or confirmed tissue injury 

including vacuum extraction, shoulder dystocia, clavicle fracture, plexus injury, soft tissue 

injury, pneumothorax, intubation, extubation, endotracheal tube (ETT) suctioning, 

venipuncture and insertion of urinary catheter.  

The pain score used at Astrid Lindgren’s Children Hospital is either ALPS1 with a maximum 

of 10 or EDIN with a maximum of 15. To make those comparable we chose to present the 

pain score as ratio according to the following formula (assessed pain score) / (max pain 

score). A pain score ≥ 0.3 indicates significant pain or discomfort that should be treated 

(Table 5). The EDIN pain scale was developed and initially validated by Debillion et al. in 

2001. It includes five behavioral items to identify and quantify prolonged pain in preterm 

infants; facial expression, body movement, quality of sleep, quality of contact with nurses 

and consolability. Each parameter in the scale yields zero to three points.27 ALPS1 is also a 

behavioural scale which addresses prolonged pain in newborns.  It is developed for full term 

infants between 0-28 days old.  This scale has not yet been validated, but it has been in 

clinical use for a period of ten years. The behavioural items included are facial expression, 

breathing pattern, tonus of extremities, ralaxation of hand/foot, degree of activity and yields 

zero to two points each.28  
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Statistical analyses 

All registered data in different periods of time, were statistically analysed using the program 

Statistica® (10.0, StatSoft Inc., 2011, Tulsa, the United States). Data were analysed with help 

from a statistician from Lime at Karolinska Institutet.  

Results 
Literature search  
A PubMed search was conducted. The topic was divided in five different search areas: 

neonatal asphyxia and pain, the experience of cold pain, mechanisms behind cold induced 

pain, the overall effect of hypothermia on PK or PD and effect of hypothermia on drugs used 

to sedate or give pain relief in neonates. All articles regarding these subjects were included 

except for mechanisms behind cold induced pain where only reviews and Cochrane studies 

were considered and effect of hypothermia on drugs used to sedate or give pain relief in 

neonates where only clinical studies were included. Examples of search results from PubMed 

are shown in Table 2. This indicates the relatively low number of relevant articles. Instead 

references were attained from the reference list in the relevant articles.  

Table 2. Examples of literature search results. 

Time of search Search terms Search result Number of relevant articles after 
title and abstract were considered 

May 2012 hypothermia AND newborn AND pain 
 

38 0  

May 2012 asphyxia AND pain 
 

120 3  (Reference nr 29-31) 

August 2012 effects OR effect AND hypothermia 
AND pharmacokinetics AND 
pharmacodynamics AND neonates 

12 4  (Reference nr 32-35 ) 

 

Summary of the literature 
 
The relationship between neonatal neurological impairment (such as asphyxia) and 
pain 
Neonates with high risk of neurological impairment are subjected to a greater number of 

painful events during their first days of life than neonates with lower risk, despite this, the 

high-risk neonates usually receive less amount of analgesic agents such as opioids.36 In 

general health professionals have a tendency to under treat-pain in children.37 Furthermore, it 

has been suggested that health professionals believe that the experience of pain in 

neurological impaired children decline as the level of impairment increases.38 On the other 

hand health professionals do not judge the pain experience in children differently dependent 
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on their level of neurological impairment (NI)39  and Oberlander et al.40 argue that no 

evidence has been provided that support a difference in pain experience.  

In a Delphi study by Stevens et al.41 a consensus agreement was reached rating pain measure 

for infants at high risk of NI. The most important pain measures for these infants were 

determined as inconsolability, facial grimace, brow bulge, eye squeeze, reduced oxygen 

saturation, increased HR from baseline and fluctuations in HR, i.e. essentially the same as 

validated pain measure scales for newborns in general. A later study showed similar results 

regarding variables with the most accuracy discriminating pain and no pain in NI neonates; 

facial expressions were found to be more important than physiological indicators. However, 

nurses and researchers believed behavioural indicators to be less important and accurate in 

infants with high risk for NI than in those with low risk.42  

Signs of pain in critically ill infants may be subtle or absent and accurate pain assessment 

may be aggravated.13 Stevens et al.43 showed that neonates with high risk of NI show less 

facial expressions in response to noxious stimuli than neonates with low risk; no difference in 

the response of HR increase or oxygen saturation decrease was found between groups. These 

authors discussed the possibility that children at risk of NI suffer more pain than healthy 

infants.  

Contrary to these findings Oberlander et al.44  found no differences in pain expression 

between very low weight preterm infants at 32 weeks post conceptional age with 

parenchymal brain injury (PBI) and healthy matched control subjects. They discussed the 

possibility that the lack of difference was due to limited sample size or the possibility that the 

subjects had not yet developed the impairments, which was the case with cerebral palsy. 

These results differed from earlier studies in other populations with PBI. 44  

The communicative behaviour of severely physically and cognitively handicapped children is 

less interpretable than in less handicapped infants. This was observed in children of about 11 

months of age.45 Cry is known to differ between different newborns. Mothers can recognise 

the cry of their own infant and hunger, pain and pleasure cries can be identified both 

auditively and spectrographically. It has also been suggested that cry differs with different 

disorders. The possibilities of using cry analysis as a diagnostic and prognostic method for 

neonatal asphyxia has been discussed. The cry of asphyxiated newborn infants is different 

from healthy control subjects. In asphyxiated newborns the crying period is significantly 
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shorter, the crying frequency is more high-pitched and the melody differs. The more severe 

asphyxia with severe long-term outcome the more abnormal cry signal.31, 46 

Mechanisms behind cold-induced pain  

Like mechanical and chemical stimuli also thermal stimuli can initiate the sensation of pain 

at the nociceptor level. Stimulation of nociceptors connected with A∂ fibers elicits a tingling 

or sharp sensation of pain while C fibers are responsible for a duller, long lasting pain.47 

Subpopulations of A∂ and C fibers also conduct cold stimuli. It has been suggested that all 

nociceptive neurons are cold sensitive although some require very low temperatures for 

activation.48 Cold and pain are conducted in the spinal cord trough the same pathway, 

referred to as the anterolateral system, to various parts of the brain that contribute to different 

aspects of the experience of pain (Figure 2).47 

 

Figure 2. Pain and cold pathways.  
(From http://img.medscape.com/fullsize/migrated/editorial/clinupdates/2006/5602/images/fig2.gif) 

 

The noxious cold threshold has been reported to lie between 18 and 10 C; a wide range that 

indicates that the perceptual boundary for cold pain is not very well deifined.49 Different 

temperatures activate different subpopulations of peripheral sensory neurons. These so called 

thermoreceptors have been divided in low and high threshold cold receptors responsible for 

innocuous cold and unpleasant cold respectivley.50  

Several mechanisms have been proposed for the transduction of cold; direct activation of 

cold-gated channels, ion channel inhibition and inhibition of Na+/K+ ATP-ase. Specific 
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channels have been suggested, Transient Receptor Potential (TRP) M8 and TRPA1 being two 

important ones. TRPM8 is present in cold sensitive neurons that lack the expression of 

nociceptive markers. TRPM8 is activated at a threshold of ∼ 25 C and occurs at high density 

in low threshold neurons. However, there is evidence that TRPM8 also participates in 

noxious cold sensation.50 At temperatures below 15 C other mechanisms seem to be more 

significant. TRPA1 is suggested to be responsible at least in part for the noxious cold 

transduction. TRPA1 seems to have a broad range of activators and there is no consensus 

whether it is directly activated by cold or is activated indirectly at such conditions. TRPA1 is 

upregulated by nerve damage and inflammation and contribute to cold hypersensitivity. It has 

been proposed that the high threshold cold sensitive neurons are connected with nociceptive 

pathways. The cold activation threshold varies from 35 C and downward and above-

mentioned mechanisms fail to explain the broad range of temperature thresholds, thus 

indicating additional transduction mechanisms in cold perception that have not yet been 

identified.48, 50  

Innocuous cold and tactile stimuli have previously been described to inhibit nociceptive 

stimuli. It seems that the perception of cold pain is a product of cold, nociception and touch 

pathways also at very mild temperatures. The large variation in cold pain thresholds may be 

caused by the difference in the ability of innocuous cold pathways to inhibit nociceptive 

pathways.49 Mild cold acting as an analgesic has been suggest to be TRPM8 dependent.48  

As the temperature drops sensory and motor neuron activity is inhibited resulting in 

numbness. Inactivation of cold insensitive sensory neurons may be a consequence of a high 

density of slowly inactivation K+ current channels, reducing the exicitability.50 Cooling 

reduces the maximal force generated by a muscle contraction by 2-5 % per degree Celsius. 

Conduction velocity is reduced and muscle contraction and relaxation is slowed with cooling 

while endurance time is prolonged.51 Contrary, nociceptors keep functioning at low 

temperatures. This is dependent on the voltage gated sodium channel (VGSC) Nav1.8 whose 

activation is facilitated by low temperatures which is in contrast to all other VGSCs that are 

inhibited by cold. That nociceptors continue to function at low temperatures has a survival 

value allowing detection of noxious cold and also noxious stimuli of other modalities.48  

The experience of cold pain  

The experience of cold may vary from a feeling of freshness to severe pain. These different 

sensations have been proposed to depend on rate and magnitude of cooling and also size of 
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the exposed area and previously adapted temperature.50 The human body has limited 

possibilities to keep warm when the temperature drops. Vasoconstriction and shivering is 

only efficient to some extent and a warmth seeking behaviour is necessary for survival. 

Discomfort or pain is motivational for early action. There are examples from the literature 

connecting cold with discomfort. Discomfort caused by lowering a person’s environmental 

temperature rapidly increases when the temperature drops.52 Cooling of the face, chest, 

abdomen and thigh respectively generates a feeling of both local and whole body 

discomfort.53 A person with cold skin even without altered body core temperature may feel 

very uncomfortable and experience shivering. Exposure to cold environment generates a 

thermogenic response described as “an uncomfortable increase in muscle tone” called non-

shivering thermogenesis and during MH, anxiety and a depressed mood is common.8 When a 

small area is subject to a change in temperature an initial sensation of discomfort will cease 

after a short period of time. This seems not to be the case when the whole body is exposed to 

the same change of temperature, being the sensation of discomfort even increase with time.52  

In US the ethical limit for experimentation in humans is a core temperature of 35 C, i.e. 

above the definition of hypothermia.8  

While cold is known to attenuate certain modalities of pain, others, such as noxious 

mechanical stimulation are increased in cold conditions. In fact, nociceptors may even be 

sensitised by cold especially in response to mechanical stimuli. The mechanism behind this 

hypersensitivity is not fully understood though facilitation of Nav1.8 may be part of an 

explanation. Integration of different receptor signalling mechanisms and changes in protein 

expression has also been suggested. Another theory is that because of the lack of sensory 

input at low temperatures there is less inhibitory effect on ascending nociceptive pathways.48  

Evidence has been put forward that temperatures that are expected to activate only low 

threshold receptors can cause painful sensation. A stinging and burning sensation can be 

experienced when cooling the skin to temperatures between 31 C and 26 C, implying that 

mild cold can stimulate nociceptive pathways as well as cold pathways.54 This was later 

confirmed by Green and Pope:49 During static cooling of the skin on the forearm to 31 C a 

few study subjects reported a stinging sensation but no one reported pain, whereas at 

exposure to 29 C a stinging and burning sensation was reported by the majority of the 

subjects and was also classified as painful by about 16 percent. This phenomenon is referred 

to as “innocuous cold nociception” (ICN). There were however large individual differences 

and only 52 percent of the participants in the study reported at some point stinging and 
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burning in response to cooling. These authors still argue that the occurrence of ICN is not a 

result of response biases. In this study they compared static cooling with dynamic cooling; at 

static cooling the thermode was in contact with the arm during the whole session whereas at 

the start of dynamic cooling the thermode was raised above the arm while the temperature 

changed before brought back to the arm. They found that the individuals who reported ICN 

during static cooling almost entirely failed to report the same sensation during dynamic 

contact and the authors therefore reasoned that subjective bias would be unlikely to occur in 

only the static condition. They further concluded that ICN can be suppressed by dynamic 

contact. To alert the alarm system when touching a cold surface that will not cause tissue 

injury would not be physiologically relevant. Suppressing ICN with dynamic contact may 

prevent this from happening. This provides a functional utility of dynamic contact 

suppressing ICN.49 

As mentioned above, the sensation of stinging and burning is known to be mediated by A∂ 

and C fibers in the pain pathway. Green and Pope49 therefore reason that ICN must emerge 

either by cutaneous cold fibers mediated by nociceptive pathways or by cold sensitive 

nociceptors. A few specific fibers and receptors were suggested to mediate ICN and high 

threshold receptors were mentioned. Belmonte et al. suggest that the pain experienced by 

activation of high threshold cold fibers are different from the pain produced by very intense 

cooling close to tissue injury levels which they suggest arise from nociceptor neurons.50 

In adults an increase in cortisol and norepinephrine levels and shivering has been observed 

upon cooling. This may increase metabolic activity and limit the neuroprotective effects of 

hypothermia treatment. These authors argue that MH treatment may be stressful for the 

neonate. 34 Still, not all neonatal intensive care units administer analgesia as a routine for 

hypothermia treatment. Thoresen et al.29 used an expremental model comparing sedated and 

unsedated asphyxiated hypothermia treated piglets. They showed that MH is neuroprotective 

only in sedated piglets whereas MH is not neuroprotective and does not reduce the 

development of posthypoxic seizures in unsedated piglets. These authors speculate that the 

lack of neuroprotection is due to the stress of being cooled. The unsedated, hypothermia 

treated piglets developed cortisol levels three times the levels of the normothermic control 

group, a significant difference.29  
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The effect of hypothermia on pharmacokinetics and pharmacodynamics  

Hypoxia and untreated pain and stress lead, in the extension, to the release of the excitatory 

neurotransmitter glutamate30. Augmented glutamate release contributes to neuronal injury or 

death. Both fentanyl and morphine inhibit the release of glutamate. A retrospective review 

found the use of opioids to reduce signs of brain damage from hypoxia on MRI and improve 

long-term neurologic scores in asphyxiated neonates. No significant detrimental effects of 

opioids were found30. However, there are inconsistencies in the literature and multiple factors 

are possibly involved regarding the beneficial effects of opioids under these circumstanses.30 

Data obtained from preclinical studies and studies in adults indicate that metabolism of major 

analgesics and other drugs, is altered by hypothermia;55-57 pH is affected by both asphyxia 

and hypothermia, lipid solubility and tissue binding capacity are both affected. Hypothermia 

affects drugs differently depending on their properties. Therefore it is necessary to evaluate 

each drug independently.35 A new study aiming to investigate PK and PD changes in 

asphyxiated neonates treated with hypothermia has recently been initiated.32 For a few drugs 

commonly used in asphyxiated newborns the work of establishing an optimal dosage 

schedule has begun. It has been shown that phenobarbital and also topiramate (an 

antiepileptic drug) reaches higher plasma concentrations and has a longer half-life in 

hypothermic neonates compared to normothermic newborns.33, 58 One study by Róka et al.56 

has been carried out aiming to investigate morphine serum concentrations in neonates with 

HIE treated with hypothermia compared with normothermic infants. The hypothermic infants 

developed high serum concentrations of morphine compared to the normothermic ones. 

Moreover, both groups attained higher levels of morphine concentration than earlier 

described in healthy term infants receiving greater amounts of morphine, suggesting that HIE 

per se may alter PK. This was discussed to be a consequence of lower clearance caused by 

multi organ dysfunction. Several individuals in the hypothermic group reached concentration 

levels generally considered as toxic. This was regarded as a result of impaired metabolism 

caused by low temperatures. Róka et al.56 concluded that, hypothermic infants are at risk of 

morphine toxicity. On the other hand in a preclinical study morphine affinity to µ receptor 

was found to decease with 448 % and thus higher morphine plasma concentrations are 

required to reach analgesia.35  

Total clearance of drugs is reduced by hypothermia and seems to be the main reason for 

elevated drug concentrations under these conditions. Hypothermia causes decreased HR and 

may decrease heart contractility with a decreased cardiac output as a result affecting blood 
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flow trough liver and kidneys.34 The reduction in blood flow and hypothermia inhibit energy 

requiring processes affecting active drug transporters, which alter drug distribution and 

excretion. Although renal blood flow is decreased, passive filtration is not altered while 

energy requiring processes such as tubular secretion is impaired.57 Decreased hepatic blood 

flow could cause decreased bile flow and thus also reduced biliary clearance.35 The reduction 

in total clearance of drugs is mainly dependent on hepatic clearance. Hypothermia and 

reduced blood perfusion of the liver cause slower metabolic activity due to reduced enzyme 

activity.35  

Drug metabolism involves phase I and II reactions, together they increase water solubility to 

enable renal elimination.59 Phase I reactions involve cytochrome P450 (CYP 450) enzymes. 

The over all effect of hypothermia on CYP450 seems to be reduced functional activity 

although the different isoforms appear to be affected differently. One of the most important 

CYP isoforms families, CYP3A seems to be strongly inhibited by cold. Important drugs 

metabolized by CYP3A are for example fentanyl and midazolam. Metabolism of 

phenobarbital exerted by CYP2C19 is significantly impaired during hypothermia. Morphine 

on the other hand is metabolized almost entirely by Phase II enzyme UDP-

glucoronosyltransferase (UGT) while phase I enzymes play a minor role. Cold inhibition of 

UGT is the probable cause of reduced morphine metabolism.57 The clinical effect of these 

changes is dependent on whether the drug is degraded or activated as metabolized. The 

metabolites of morphine are more potent than morphine itself. Midazolam has multiple active 

metabolites. Different studies states that the PK of these drugs are unpredictable during 

hypothermia.35, 57 Impaired clearance increase the importance of drug monitoring specially 

for drugs with small therapeutic window.57 

Hypothermia also causes vasoconstriction with redistribution of blood which may involve a 

smaller volume of distribution and thereof elevated concentrations.34 Patients in need of 

neuroprotective hypothermia generally have reduced gastrointestinal motility, in addition 

hypothermia also reduce absorbtion.35 Drugs administered orally may have varying effect.  

There is a high variability between all infants regarding PD and analgesics are usually 

administered based on clinical response. Generally maintenance doses are adjusted according 

to signs of discomfort. A tendency of hypothermic neonates receiving more morphine than 

those who remain normothermic has been observed.56 Furthermore, the severity of illness 

seems to effect the amount of prescribed morphine.30 Reduced enzymatic activity during 
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hypothermia also affects PD.35 Changes in drug response have been reported including 

reduced affinity of the µ- receptor as mentioned above. An increase in duration of drug 

activity has been observed for neuromuscular blockers.57 Upon rewarming all changes are 

reversed but at different speed which enhances the need of close monitoring.35  

 

Retrospective cohort study  
Seventeen newborns subjected to hypothermia were identified whereof three were excluded. 

Two died prior to termination of the 72 hours of hypothermia treatment and for one infant the 

medical records were not available. The demographic data collected from the study 

population are shown in Table 3. 

As mentioned in the methods section, P0 should be no longer than 6 hours and is always > 1 

hour. P1-3 are all 24 hours each and P4 is 8 hours. The number of pain assessments, the 

maximum, mean and minimum pain score (PS) and the number of painful events (PE) were 

recorded for each period. The mean number of pain assessments varied between 0.57 and 

4.07 as shown in Figure 3. The highest number of pain assessments in one period was nine 

and was recorded in P3, an outlier.  

The PE recorded are shown in Table 4. A trend towards decreasing numbers of PE each 

period was observed (Figure 4). When using ANOVA for multiple measurements, the p 

value was 0.057. Post hoc comparison with Newman Keuls showed a significant difference 

between P1 and P3, p=0.047. Considering that P0 and P4 are considerably shorter than P1-3, we 

also chose to illustrate the number of PE per hour (Figure 5). When using ANOVA for 

multiple measurements, p = 0.01. Post hoc correction with Newman Keuls showed a 

significant difference between P0 and P1-4. 
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Table 3. Demographic data of the study population.   
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1 f 40+4 1 2 5 3856 7.13 -11 2 2 1 1 0 
2 m 37+6 2 2 2 2261 6.87 -20,4 2 2 2 2 2 
3 m 35+4 2 1 2 4294 7.3 -5,4 3 3 3 3 3 
4 f 41+2 3 5 6 3496 6.75 -28 2 2 2 1 0 
5 m 38+6 0 0 0 3122 7.01 -16 3 3 3 3 2 
6 f 41+5 0 2 4 4610 7.15 -7,6 2 1 2 1 1 
7 m 42+0 2 3 4 3837   2 1 1 1 0 
8 m 40+4 3 5 8 3560 6.94 -15 2 2 1 0 0 
9 f 40+5 1 2 7 4600 7.38 -6 2 1 0 0 0 

10 m 39+5 1 4 7 3440 7.18 -8 2 1 1 0 2 
11 m 42+1 1 3 5 4759 7.25 -7 2 2 2 2 2 
12 m 41+3 1 2 3 4005 6.73 -25 2 2 1 1 1 
13 f 41+1 9 10 10 3915 7.26 -6,1 2 1 1 1 1 
14 m 40+0 1 4 7 3379 7.15 -3,9 2 1 2 2 1 

Mean  40 + 1.7 1.9 3.2 5 3795 7.08 -12.3 2.1 1.7 1.6 1.3 1.1 
(±SD)  ±1.8 2.2 2.4 2.7 668 0.21 8.0 0.4 0.7 0.9 1.0 1 
 

Gestational age (GA), umbilical artery (UA), base excess (BE), hypoxic ischemic encephalopathy 

(HIE), period 0-4 (P0-4). 

  
Figure 3. Number of pain assessments in P0-4. The results are presented as mean ± standard error, 
the outliers ( ) were excluded from the mean.  
 



 22 

Table 4. Painful events for each subject in P0-4. 

Case P0 P1 P2 P3 P4 

1 VE. SD. Soft tissue injury. 
Intubation. Extubation. 

BC.   BC.   

2 Intubation. Pneumothorax. BC. ETT-suc.x8. ETT-suc.x10. BC. ETT-
suc.x5. 

ETT-
suc.x2. 

3 SD. Intubation. BC. ETT-suc.x2. BC. ETT-suc.x3. ETT-
suc.x3. 

ETT-
suc.x1. 

4 Intubation. Percutaneous artey 
catheter. 

VP. BC. Extubation. 
ETT-suc.x8. 

      

5 Intubation trials x3.  VP. BC.ETT-
suc.x3. 

Extubation. BC. 
ETT-suc.x3.  

    

6 SD. Clavicle fracture. Plexus 
injury. Intubation. Extubation. 

VP. BC.   BC.   

7 VE. Intubation. Extubation.  VP. BC.       
8 VE. VP. BC. VP.     
9 SD. Plexus injury. Intubation. 

Extubation. 
BC.       

10 VE. BC.       
11 SD. VE. Intubation. VP. BC. ETT-

suc.x6. 
ETT-suc.x8. BC. ETT-

suc.x6. 
ETT-
suc.x1. 

12  BC. BC. VP.   
13 Intubation. Extubation. BC. Intubation. VP x2. 

ETT-suc.x2. 
ETT-suc.x10. BC. ETT-

suc.x4. 
ETT-
suc.x3. 

14 VE. SD. Intubation. Extubation. 
Pneumothorax.  

BC.   VP.   

Vacum extraction (VE). Shoulder dystocia (SD). Bladder catheter (BC). Endotracheal tube 
succtioning (ETT-suc.). Venipuncture (VP).  

 

  
Figure 4. Number of painful events in P0-4. The 
results are presented as median ± standard error. 
* p <0.05.  

Figure 5. Number of painful events per hour in 
P0-4. The results are presented as median ± 
standard error.*** = p <0.001. 

 

The number of PE did not correlate to the number of pain assessments in a significant way 

(Appendix, Figure 1). In P1 there was a trend towards a positive correlation but in P2-4 this 

trend was lost. 
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Table 5.  Correlation between ALPS1 and EDIN. 

 

 

 

 

 

 

The pain score that we have used in our analysis is the result of the following formula: (assessed pain 
score) /(max pain score) according to the used scale (see the Method section). A pain score ≥0,3 
indicates significant pain or discomfort that should be treated. 

 

The mean values of max PS in each period were P0 0.42, P1 0.35 , P2 0.53, P3 0.31, P4 0.21. 

The max PS in each period varied between 1.0 and 0.4 as illustrated in Figure 6. Eleven out 

of 14 subjects, 79 % showed signs of pain (PS ≥ 0.3) at least in one occasion during the study 

period.  

 

Figure 6. Pain scores (mean, max and min) in P0-4. The results are presented as mean ± standard 
error, the outliers ( ) were excluded from the mean. 

 

Pain Score % 
of max 

ALPS 1 EDIN 

0,0 0 0 
0,2 2 3 
0,3 3 4,5 
0,4 4 6 
0,6 6 9 
0,8 8 12 
1,0 10 15 
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We compared the number of PE with the max PS for each period. The number of PE was not 

significantly related to high PS in any of the periods. In P0 a positive trend was observed 

(Appendix, Figure 2). 

When comparing the number of pain assessments and max PS a positive trend was observed 

in P1-4. In P3 the number of pain assessments and max PS correlated in a significant way 

(r=0.81, p<0.05). In P4 a strong correlation was observed but this correlation lacks power 

because of the low number of pain assessments (Figure 7). No correlation was found 

between HIE and pain score or HIE and morphine given using one-way ANOVA.  

Both central and peripheral temperatures were recorded from each period except P0 where the 

temperature was only registered for one subject (Figure 8). The mean central temperature 

was 33.5 C in P1-3. The mean peripheral temperature in P1-3 varied between 30.7 C to 31.0 C. 

The lowest peripheral temperature measured in P1-4 varied between 23.9 C to 25 C. When 

comparing central min temperature with max pain score a significant correlation was found 

in P2 (r=0.62, p<0.05). In P1 and P3 a positive trend was observed. Comparing peripheral min 

temperature with max pain score a negative trend was observed (Figure 9).  
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a.

 

 b.

 
c.

 

d.

 

 

e.

 

 

Figure 7. Number of pain assessment in relation to max pain score. Panel a P0, panel b P1, panel 
c P2, panel d P3, panel e P4.  
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a. 

 

b. 

 
Figure 8. Central and peripheral mean and minimum temperatures in P1-4. (Panel a mean 
temperautres, panel b minimum temperature.) The results are presented as mean ± standard error. 

 

a. b. 

 
Figure 9. Minimum central and peripheral temperature in relation to max pain score in P2. 
 
 

All given anaesthetic, sedative and anti-epileptic drugs throughout the study period were 

registered (Table 6). The amount of morphine and clonidine received by the study subjects 

each period is shown in Figure 10 and Figure 11. None of the study subjects received 

morphine or clonidine in P0. All subjects but three received a phenobarbital loading dose. 
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Table 6. Administration of anaesthetic, sedative and anti-epileptic drugs given throughout the 
study period. 

Case P0 P1 P2 P3 P4 

1  Morphine, 
phenobarbital. 
 

Morphine, 
clonidine. 

Morphine, clonidine. Morphine, 
clonidine. 

2 Phenobarbital. 
 

Morphine. 
 

Morphine, 
midazolam, 
phenobarbital. 
 

Midazolam. Morphine, 
midazolam. 

3  Morphine, 
phenobarbital. 
 

Morphine, 
midazolam, 
phenobarbital. 
 

Morphine, 
midazolam. 

Morphine, 
midazolam. 

4  Morphine, 
midazolam, 
phenobarbital. 

Morphine, xylocard, 
midazolam,  
phenobarbital. 
 

Morphine, xylocard, 
midazolam,  
phenobarbital. 

Morphine, 
midazolam. 

5  Morphine, 
midazolam, 
phenobarbital. 
 

Morphine, 
midazolam, 
phenobarbital. 

Morphine, clonidine, 
midazolam, 
phenobarbital. 
 

Morphine, 
clonidine, 
phenobarbital. 

6  Morphine, 
phenobarbital. 

Midazolam, 
phenobarbital. 

Morphine, 
midazolam, 
phenobarbital. 
 

Morphine, 
midazolam, 
phenobarbital. 

7  Morphine, 
clonidine. 

Morphine, 
clonidine. 

Morphine, clonidine. 
 

Morphine, 
clonidine. 

8 Phenobarbital. Morphine, 
phenobarbital. 
 

Morphine, 
clonidine. 

Morphine, clonidine. 
 

Morphine, 
clonidine. 

9 Perfalgan, 
phenobarbital. 

Morphine, 
clonidine, fentanyl. 
 

Morphine, 
clonidine. 
 

Morphine, clonidine. Morphine, 
clonidine. 

10 Panodil rectal. Morphine, 
phenobarbital. 
 

Morphine, 
clonidine. 

Morphine, clonidine. 
 

Morphine, 
clonidine. 

11  Morphine, 
midazolam, 
phenobarbital. 

Morphine, 
midazolam, 
phenobarbital. 

Morphine, 
midazolam, 
phenobarbital. 
 

Morphine, 
midazolam, 
phenobarbital. 

12  Morphine, 
clonidine. 
 

Morphine. Morphine, clonidine. Morphine, 
clonidine. 

13  Morphine, 
clonidine. 

Morphine, 
clonidine. 

Morphine, clonidine. 
 

Morphine, 
clonidine. 

14 Perfalgan, 
phenobarbital 
oral. 

Morphine, 
perfalgan, 
phenobarbital oral. 

Morphine, 
perfalgan, 
midazolam, 
phenobarbital oral. 
 

Morphine, perfalgan,  
midazolam,  
phenobarbital oral, 
lanexat. 

 

All drugs were administred as infusions or injections if not stated otherwise.  
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Figure 10. The amount of morphine (mg/kg) 
received by the study subjects in P0-4. The 
results are presented as mean ± standard error. 

 
Figure 11. The amount of clonidine (µg/kg) 
received by the study subjects in P0-4. The 
results are presented as mean ± standard error. 

 

We used a scatterplot of clonidine against max PS to illustrate the correlation in the different 

periods (Figure 12). There was no consistent correlation between high PS and amount of 

clonidine given. In P4 a significant correlation, p <0.05 and r = 0.99 was found.  

 

Figure 12. Scatterplot of clonidine against max PS.  

 

We used a t-test for independent samples to compare PS for subjects treated with or without 

midazolam (Figure 13). None of the subjects received midazolam in P0 and therefore a 

comparison was not possible in this period. In P3 a significant difference between the two 

groups was found, p = 0.003. The subjects who did receive midazolam showed less pain than 

those who did not. The same trend was seen in P1, P2 and P4. 
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a. 

 

b. 

 
c. 

 

d. 

 
Figure 13. Pain score for subjects treated with or without midazolam in P1-4. Panel a P1, panel b 
P2, panel c P3, panel d P4. NS, no significance. * p < 0.01. The results are presented as mean ± 
standard error. 
 

Mean BP and mean HR were registered in each period (Appendix, Figure 3 and Appendix, 

Figure 4). No significant difference between periods was found when using ANOVA for 

multiple measurements and Post hoc comparisons with Newman Keuls test. No significant 

correlation between BP or HR and PS was found (Figure 14). We adjusted the data according 

to the impact of morphine, clonidine and midazolam using a multiple linear regression model 

where enough cases were available. A significant correlation between BP and PS was found 

in P3 when corrected for morphine and midazolam p = 0.019. No other significant correlation 

was found.  
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Figure 14. Mean blood pressure in relation to max pain score in P3. No significant correlation. 
The results are presented as mean ± standard error, the outliers were excluded from the mean.  
 
 
 
Discussion 

The relationship between neonatal neurological impairment (such as asphyxia) and 
pain 
The first part of this study was a literature search. Based on published data we cannot identify 

any kind of pain assessment tool or pain treatment strategy that should be used for 

asphyxiated infants treated with hypothermia. However, there are quite convincing evidence 

that this group of patients experiences pain. The exposure to hypothermia can cause pain to 

the infant. Further, infants suffering from HIE show signs of pain differently than healthy 

infants.  

Neonates with high risk of neurological impairment show less facial expressions in response 

to noxious stimuli than neonates with low risk while there is no difference in physiologic 

parameters25 and signs of pain in critically ill infants may be subtle or absent.13 Considering 

this, facial reaction scales might not be sufficient to detect pain in asphyxiated neonates. 

Other methods measuring pain at a cortical level such as NIRS and EEG has been suggested 

to be useful complements to facial expression scales. Despite this, the prevailing consensus 

among health professionals is that facial reaction scales are the best method to measure pain 

in NI infants. In our study we used ALPS1 and EDIN which both include facial expressions. 
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The main finding of the clinical part was that very few pain assessments were performed in 

conjunction with hypothermia treatment. Noteworthy was also that infants who did receive 

midazolam showed less pain than infants that were not treated. The mean number of pain 

assessments during the study periods varied between 0.57 and 4.07. We find this very 

surprising since the recommendations is that hypothermia treated infants should be subjected 

to pain assessment once every hour and more often if the patient shows signs of pain; not one 

infant was subjected to nearly this many assessments. This is serious since pain assessments 

are crucial in order to correctly treat pain. This also limits the possibilities to draw conclusion 

from the retrospective cohort study. Even if the data on pain assessment were limited, we 

were able to show that 79 % of all subjects showed signs of pain. We could also show that 

signs of pain were related to both PE and to hypothermia itself.  

The number of PE was significantly greater in P0 than in P1-4. Some of the PE are directly 

connected to the birth and other are more likely to occur during resuscitation. This provides 

one explanation for this finding.  

ALPS1 > 3 and EDIN > 4-5, equal to PS 0.3 and expressed as % of maximum, is regarded as 

a painful experience and should lead to intervention. The max PS in each period showed 

mean values between 0.21 and 0.53. The max PS in each period varied between 0.4 and 1.0 

thus indicating that these children suffer from pain. It has been suggested that newborns are 

more sensitive to pain than adults and are more susceptible to long-term effects of pain. Very 

little is known about pain and asphyxia, in fact a PubMed search of the topic resulted in no 

appropriate articles. Most relevant are studies by Stevens et al.36, 38, 41-43 regarding infants at 

high risk of neurological impairment.  However, this group includes not only children with 

severe intrapartum asphyxia but also infants with intra ventricular haemorrhage (grade 3 or 

4), or a syndrome or chromosomal anomaly (e.g. congenital trisomies).  

Despite that there are believes among health care professionals that infants at high risk of 

neurological impairment experience pain differently than healthy infants, we could not find 

evidence that supports such believes. The number of PE did not correlate to the number of 

pain assessments in a significant way. In P1 was a trend towards a positive correlation but in 

P2-4 this trend was lost. A significant correlation between PE and high pain score was neither 

found in any of the periods. In P0 a positive trend was observed. We can speculate that this 

lack of correlation is related to this group’s difficulty to express pain. 

A positive trend was observed when comparing pain assessments and max PS. In P3 the 
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number of pain assessments and max PS correlated in a significant way and in P4 a 

correlation was indicated but it had low power because of the low number of pain 

assessment. Since high PS should lead to both intervention and an increasing number of pain 

assessments, a strong correlation was expected. This finding further underlines the need of 

recurrent pain assessments in these high-risk neonates. 

 
When comparing HIE and PS or HIE and morphine given no correlation was found. HIE and 

PS are thus to be regarded as two independent variables. The lack of correlation between HR 

and PS was unexpected since earlier studies have stated an increased HR as an important pain 

parameter. We found that BP was correlated to PS in P3 (Figure 14). This indicates that BP 

could be an additional parameter in pain assessment during hypothermia. Also remarkable is 

the lack of difference in HR and BP between periods, especially between the hypothermia 

and rewarming periods.  

Mechanisms behind cold pain 

TRPA1 is an important ion channel for the transduction of cold, especially noxious cold. 

However, TRPA1 seems to have a broad range of activators and is upregulated by nerve 

damage and inflammation and contributes to cold hypersensitivity. In our population 14 % of 

the infants suffered from plexus injury. We speculate that plexus injury can upregulate 

TRPA1 and could possibly increase the sensation of noxious cold in hypothermia treated 

infants.  

The experience of cold pain 

The peripheral temperature during hypothermia treatment or the temperature of the cooling 

devices has not previously been considered in published studies. Our results show that there 

was a difference between the central and peripheral temperature. The mean central 

temperature was 33.5 C in P1-3 while the peripheral mean temperature varied between 30.7 C 

and 31.0 C. The lowest peripheral temperature observed was 23.9 C. Several examples from 

the literature connect cold with discomfort. When a small area is subject to a change in 

temperature an initial sensation of discomfort will cease after a short period of time. This 

seems not to be the case when the whole body is exposed to the same change of temperature, 

contrary the sensation may even increase with time.52 Currently there are two commonly 

used methods to cool infants during hypothermia treatment; either by a cooling 

mattress/blanket/dress or by a cooling cap. There are also more rarely used low tech cooling 

devices such as water bottles, fans and gels.60 The cooling mattress covers most of the body 
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thus potentially causing an increasing feeling of discomfort. The perceptual boundary for 

cold pain is not very well defined and the mechanisms remain unclear. The noxious cold 

threshold has been reported to lie between 18 C and 10 C. However, ICN (a stinging and 

burning sensation) has been reported from 31 C. The cooling cap covers a smaller area than 

the cooling mattress/blanket/dress but reaches most often considerably lower temperatures. In 

one study using a cooling cap, the device was cooled to 10 C.7 Therefore it is possible that 

the cooling devices used might cause pain to the infant. One question to take into 

consideration is whether neonates experience ICN in the same way as adults do. The existing 

studies on ICN used short temperature intervals (minutes) compared to the hypothermia 

treatment that lasts for more than 72 hours. No studies have addressed these matters.  

 

While cold is known to attenuate certain modalities of pain, others, such as noxious 

mechanical stimulation, are increased in cold conditions. In fact, nociceptors may even be 

sensitised by cold especially in response to mechanical stimuli. Consequently, PE 

experienced by neonates at the NICU could be more painful during hypothermia treatment.  

Hypothermia and the neonatal pain expression 

Whether hypothermia could diminish the ability of neonates to show pain has not previously 

been addressed. We found nothing in the literature that indicates that hypothermia could 

decrease the neonate pain expression. However, cooling reduces the maximal force generated 

by a muscle contraction and conduction velocity is reduced and muscle contraction and 

relaxation is slowed with cooling.51 With this in mind, the possibility that hypothermia 

reduces the neonatal pain expression cannot be excluded. 

The effect of hypothermia on pharmacokinetics and pharmacodynamics  

None of the study subjects received morphine or clonidine in P0, this despite the higher pain 

score and high number of PE. This indicates that all available resources are focused on 

resuscitation and other medical procedures. Another explanation could be that the health 

personnel do not consider the infants to be in need of analgesia, which would be of concern. 

An overall trend towards less signs of pain was observed in infants receiving midazolam and 

in P3 there was a significant difference. Since midazolam is sedative and primarily used to 

treat seizures and HIE and not pain, this makes us to think that infants who receive 

midazolam fail to show signs of pain without necessary being pain free.  

Pain treatment in asphyxiated, hypothermia treated neonates might be aggravated since MH 

affects PK and PD. The overall effect seems to be higher plasma concentrations most likely 
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due to decreased hepatic clearance. The clinical effect of these changes is dependent on 

whether the drug is degraded or activated as metabolized. Prodrugs are to be regarded as 

unpredictable during hypothermia35, 57 Impaired clearance increases the importance of drug 

monitoring especially for drugs with small therapeutic window.57 There are also other factors 

to consider, such as changes of the drug affinity to the receptor as in the case with morphine. 

It is necessary to evaluate each drug independently and carefully consider the risk of toxicity. 

One study aiming to develop dosing guidelines of drugs during neonatal hypothermia 

treatment is currently underway.32  

There is a high variability between all infants regarding PD and analgesics are commonly 

administered based on clinical response. Our findings suggest that asphyxiated neonates 

suffer from difficulties to express pain, thus the strategy to adjust pain treatment upon clinical 

response should be considered as inappropriate.  

Conclusion 
Asphyxiated neonates treated with hypothermia are likely to suffer from pain or discomfort 

due to the number of PE they are exposed to and the effects of hypothermia. Further, it is 

possible they suffer from difficulties to express pain as a consequence of HIE, because of the 

drugs such as midazolam and because of hypothermia itself. Based on published data we 

could not identify convincing evidence for pain assessment and treatment strategies of 

asphyxiated infants exposed to hypothermia. It is likely that the neonates' ability to express 

pain is affected. It is clear that the pain assessment rate has to be improved for these 

neoantes. We suggest that facial reaction scales are not sufficient as a pain assessment 

method for asphyxiated newborns treated with hypothermia though until additional measures 

of pain have been validated it is of utmost importance that assessments utilizing these scales 

are frequently used. We found that midazolam appeared to have a limiting effect on the 

patients’ ability to show pain. Hence, it is important to raise awareness about midazolam’s 

possible limiting effect on the neonatal pain expression. BP might be an additional indicator 

for pain whereas HR failed to show any correlation.  

Limitations 
The study had some limitations that need further discussion. A retrospective study needs to 

rely on others for accurate record keeping and some data are missing. One prominent 
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limitation was the small study sample, which aggravate interpretation of results and enhance 

the risk of false-positive results and over-estimation of the magnitude of an association. Since 

pain treatment in asphyxiated infants is a multifactorial problem we had many variables to 

consider which bring about more confounding factors. Moreover, it is difficult to standardize 

PE in this kind of study. We made no difference between the different kinds of PE and it is 

possible they cause different degree of pain.  

Future directions  
In order to develop pain assessment and treatment strategies of asphyxiated infants treated 

with hypothermia further studies are of need. We suggest a prospective study evaluating pain 

assessment for these patients. A study considering pain assessment by facial reaction scales, 

level of sedation, BP and temperature, taking into account PK and PD would be a valuable 

contribution to the state of knowledge.  
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Appendix, Figure 1. Number of painful events correlated with the number of pain assessments 
in P0-4. Panel a P0, panel b P1, panel c P2, panel d P3, panel e P4. 
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Appendix, Figure 2. Number of painful events correlated with the max pain score. Panel a P0, 
panel b P1, panel c P2, panel d P3, panel e P4. 
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Appendix, Figure 3. Mean blood pressure in 
P0-4. Millimetre of mercury (mmHg). The results 
are presented as mean ± standard error, the 
outliers ( ) were excluded from the mean.  

 
Appendix, Figure 4. Mean heart rate in P0-4. 
Beats per minute (Bpm). The results are 
presented as mean ± standard error, the outliers  
( ) were excluded from the mean.  

 


