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Therapeutic hypothermia (TH) has become widely accepted as the 
standard of care for the treatment of term or near-term newborn 
babies with moderate to severe hypoxic injury (HI) who meet 
the inclusion criteria. Several randomized controlled trials and 
systematic analyses have been published which show benefit in this 
patient population, with a reduction in mortality and improvement 
in neurodevelopmental outcomes at 18 to 24 months.1 TH has 
been demonstrated using both high and low-tech methods, which 
include either selectively head cooling or whole-body hypothermia. 
The published randomized controlled trials demonstrated efficacy 
and safety of cooling.2 Irrespective of the method used, there is a 
potential danger associated with overcooling if there is inadequate 
monitoring and if established cooling protocols are not adhered to. 
During the safety studies that were conducted prior to the large 
cooling trials, there were no serious adverse effects noted. Adverse 
effects that were reported, like sinus bradycardia and blood pressure 
and oxygen requirement changes, were reversible with warming. 
As data from the large trials became available, meta-analysis of 
outcomes and of reported adverse events found that the benefits of 
cooling on survival and neurodevelopment outweigh the short-term  
adverse effects.1

The recommendations are that the protocols and criteria for TH 
should be based on published trials. Cooling outside these established 
conditions should only be conducted as part of formal research.3 

As more neonatal centers start to offer cooling, there is a need for 
practitioners to understand the physiological effects of hypothermia 
on the cooled infant, the effect on medications administered under 
lower core body temperature, and the serious side effects that might 
occur during the process of induction of cooling, maintenance of low 
core body temperatures and later re-warming of patients. 

Cardiovascular issues
Cardiovascular side effects of induced hypothermia are consistently 
noted in cooled infants. Early observational studies showed 
whole-body hypothermia resulted in reduced cardiac output, 
which reached normal levels at the end of passive re-warming, at 
normothermia. Physiologic cardiovascular mechanisms seemed to 
be intact to provide sufficient tissue perfusion, with normal blood 
lactate levels.4 A rise in blood pressure has been reported at 
initiation of cooling mediated by rapid peripheral vasoconstriction, 
centralizing blood flow.5 The most commonly reported 
cardiovascular effects are an increase in sinus bradycardia and 
hypotension.1,6 The UK TOBY cooling register reported that 40% 
of infants on the register were hypotensive and 9% had a sinus 
bradycardia below 80 beats per minute, or other arrhythmias 
identified on the electrocardiogram.6 Meta-analysis of eight trials 
that reported the effect of sinus bradycardia showed that there 
was a significant increase in this effect in cooled patients.1 Neither 
hypotension nor hypotension requiring inotropic support showed 
a statistical difference between hypothermic and normothermic 
patients in the trials reporting this outcome and meta-analysis of 
this outcome supported this.1 Infants who are hypotensive during 
cooling and hypovolemic should be treated with judicious fluid 
boluses, keeping in mind the risk of fluid overload secondary 
to acute kidney injury or syndrome of inappropriate antidiuretic 
hormone secretion (SIADH). The need for fluid boluses or inotropic 
support during cooling is best assessed with echocardiography.7 If 
there is poor myocardial contractility, dobutamine may be the drug 
of choice. Other situations, such as peripheral vasodilation, may 
call for dopamine or adrenalin instead. 

M
T-

82
52

6-
20

06

D
L-

10
54

6-
20

18



POTENTIAL COMPLICATIONS AND RISK FACTORS ASSOCIATED WITH THERAPEUTIC HYPOTHERMIA - PREVENTION & MANAGEMENT 

   © Drägerwerk AG & Co. KGaA  3

The effect of hypothermia on the presence of a major cardiac 
arrhythmia requiring intervention and/or cessation of cooling was 
reported by eight trials. The meta-analysis showed this occurred 
in less than 0.5% of cases and found no statistically significant 
effect.1 Some infants show prolonged QT duration during cooling 
that resolves with rewarming and has not shown to be associated 
with increased risk of arrhythmia. Therapies that lengthen the QT 
interval should be avoided during cooling.8

TH also leads to a decrease in basal metabolic rate and reduced 
CO2 production, an increase in pH and decrease in pCO2 and 
PO2. The partial pressure of gases depends on temperature; 
blood gas machines offer the option of analyzing the blood at 
the actual patient temperature but as this is cumbersome, most 
clinicians do not do this. The recommended range for targeting 
PCO2 is between 40 and 50 mmHg in mechanically ventilated 
infants undergoing TH when blood gases are measured at 37 
°C.9 If PCO2 is allowed to drop excessively, altered cerebral blood 
flow may occur with reduced cerebral perfusion and reduced 
seizure threshold with the resulting alkalosis.

Temperature has a smaller effect on PO2, but hypothermia also 
causes a leftward shift in the hemoglobin‐oxygen dissociation 
curve, resulting in reduced oxygen delivery tissues during 
treatment. A decreased metabolic rate however ensures 
reduced oxygen demand, counter balancing the higher oxygen 
affinity. Hyperoxia is however detrimental for the injured brain 
and minimum FiO2 to maintain normoxia is recommended in 

babies with HI. Increased FiO2 has been shown to be associated 
with worse outcome in newborns undergoing whole body 
hypothermia.9

Pulmonary vascular resistance may occasionally be increased 
in TH.8 One small safety trial reported an increase in persistent 
pulmonary hypertension requiring inhaled nitric oxide in cooled 
infants. The most recent meta-analysis included 4 trials that 
reported on this outcome and did not find an increase in either 
persistent pulmonary hypertension or inhaled nitric oxide use 
in cooled infants.1 Persistent pulmonary hypertension is usually 
managed according to standard protocol with inhaled nitric 
oxide. The need for ECMO is infrequent but not contra-indicated 
in TH.7

Endocrine system
A reduction in the basal metabolic rate by up to 8% for each 
degree decrease in core temperature leads to a decreased 
utilization of glucose.10 TH also potentially affects insulin, 
catecholamine and cortisol levels, however TH does not appear 
to increase the risk of hypoglycemia in infants treated for HI, 
and may in fact reduce the risk in infants undergoing whole body 
hypothermia.1,10 It is likely that any dysregulation in blood glucose 
may be due to the severity of HI. Early glycemic profile in infants 
with moderate-to-severe hypoxic ischemic encephalopathy is 
associated with both the risk of multi organ dysfunction and 
the outcome of therapeutic hypothermia. In the CoolCap Study, 
only infants with early hyperglycemia significantly benefited from 
therapeutic hypothermia.11

Shivering as a stress response that occurs in conjunction 
with rising cortisol catecholamine levels in hypoxic insults can 
increase the basal metabolic rate and limit the effect of TH.10 
Sedation with morphine can attenuate this response. Routine 
use of opioid narcotics have been reported for sedation in at 
least one large TH study.12

Renal and electrolyte complications 
Hemodynamic and peripheral resistance changes occurring with 
hypoxic injury and TH, along with changes in pH and concomitant 
acute kidney injury (AKI) may affect fluid compartments with fluid 
shifts and electrolyte abnormalities.8 Potassium moves into cells 

Effect on Respiratory System
Many patients are intubated and ventilated for resuscitation 
and remain ventilated for the duration of TH. This is prudent 
in patients who are very encephalopathic with excessive 
secretions and a suppressed gag-reflex. The infants may have 
low oxygen and positive pressure requirements and there is a 
risk of over ventilation and hypocarbia. Normocapnia may be 
difficult to achieve initially as the infant may be tachypneic in 
response to the metabolic acidosis that occurs with significant 
perinatal hypoxic events. In practice, tachypneic patients 
with low ventilatory settings are extubated without clinically 
significant aspiration after extubation.7
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as the core temperature drops, however infants undergoing TH 
do not appear to be at worse risk of hypokalemia. The Cochrane 
review showed trials reported 42% of patients had a serum 
potassium below 3,5 mmol/L, however there was no difference 
between the normothermic and hypothermic groups.1 Changes 
in intravascular volume may also lead to an increased risk of 
hyponatremia. Judicious use of fluid is warranted to prevent fluid 
overload considering potential AKI. Low Magnesium was noted 
in one small study in patients receiving parenteral nutrition 
during TH. Most cooling protocols suggest the maintenance of 
magnesium levels at > 1.0 mmol/L.8

The kidneys are particularly susceptible to HI, but glomerular 
blood flow is unlikely to be particularly affected by TH. Meta-
analyses have failed to demonstrate statistically significant 
differences between normothermic and hypothermic arms for 
AKI, and no infants have been reported to require dialysis. 
However, there is a non-significant trend to reduced risk in 
TH.1 Despite hypothermia having been seen to suppress anti-
diuretic hormones, no differences in oliguria were seen in the 
meta-analysis of 6 studies reporting this outcome.1,13 Infants in 
whom fluid overload compromises pulmonary function during 
hypothermia treatment may benefit from occasional doses of 
loop diuretics to attempt conversion of oliguric renal failure to 
non-oliguric renal failure and mitigate fluid overload.7

Coagulopathy
Newborns with perinatal HI often have abnormal clotting studies 
and the hypothermic effects on coagulation must be considered 
when instituting TH. Mild hypothermia can have significant 
effects on blood clotting, with functional and quantitative 
changes in platelets, fibrinolysis and clotting enzyme function 
being described at temperatures below <34ºC.10 Coagulopathy 
defined as any disorder requiring treatment to maintain or recover 
normal hemostasis occurred in 31% of infants on the UK TOBY 
Cooling Register.6 Infants need to be monitored for abnormal 
clotting parameters and for signs of coagulopathy like oozing from 
puncture sites, petechiae or bloody secretions during treatment. 
TH when instituted according to published cooling protocols does 
not seem to further derange their clotting function. The Cochrane 
meta-analysis found that patients undergoing hypothermia had a 
significantly greater risk of thrombocytopenia, more pronounced 
in patients undergoing selective head cooling. However, there was 
no significant effect on coagulopathy or on coagulopathy causing 
major thrombosis or hemorrhage.1 Management of coagulopathy 
is like that of non-cooled infants with the administration of blood 
products, however care must be taken to minimize fluid overload in 
patients who are already oliguric.7

Nutrition and risk of necrotizing enterocolitis
Due to concerns around hypoxic ischemic insults to the bowel, many 
clinicians withhold enteral feeding during the hypothermia period, opting 
for parenteral fluid, electrolyte and nutritional support with the aim of 
adequate hydration and normoglycemia. There was a low incidence 
of 1-2% and no difference between normothermic and cooled infants 
in the incidence of necrotizing enterocolitis during the trials.9 Some 
centers practice non-nutritive enteral feeding during hypothermia with 
no apparent increase in necrotizing enterocolitis. TH does not appear 
to have any significant effect on hepatic dysfunction.1

Infection
Although TH does not appear to have a significant effect on 
sepsis1, cooling protocols call for the empiric commencement 
of broad spectrum antibiotics due to an association between 
early onset sepsis and neonatal encephalopathy.6 Antibiotics 
are usually discontinued following the ruling out of sepsis by 
36-48 hours of culture incubation and the infant’s clinical
course. Gentamycin and Ampicillin or Penicillin are usually
the drugs of choice. Gentamycin trough levels should be used
to guide dosing. Pooled data from the two whole body cooling
trials that reported on the white cell count effects of TH
showed significant neutropenia or leukopenia in hypothermic
infants, however this effect was lost when combined with the
rest of the trials that reported on this outcome.1
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Drug metabolism and clearance
Physiological changes due to TH and HI contribute to pharmacokinetic 
and pharmacodynamic changes and may result in either insufficient 
or toxic plasma levels which may contribute to a worse overall 
outcome in these patients. Overall, hypothermia decreases clearance 
but may decrease or increase volume of distribution of drugs by 
changing intravascular blood volume, organ perfusion and enzymatic 
metabolic processes. Additionally, organ maturational aspects may 
play a role in the clearance of drugs.15 The metabolism of agent such 
as phenobarbital, morphine, topiramate, and vecuronium in the liver 
is reportedly slowed during TH, causing an increase in concentration 
or accumulation of the agents during hypothermia treatment. Close 
monitoring of anticonvulsant serum levels and of clinical level of 
sedation and paralysis is merited during treatment with hypothermia.7 
Agents which undergo renal excretion should also be used with 
caution, as hypothermia can affect glomerular filtration rate. TH is 
associated with alterations in gentamicin pharmacokinetics, reducing 
gentamicin clearance by 25.5% in neonates with HypoxiaIschemia.16

Skin
Subcutaneous fat necrosis (SCFN) of the newborn is a self-limited 
inflammation of the subcutaneous adipose tissue that typically 
develops in the first week of life in full-term neonates. Birth asphyxia 
is a known risk factor, however TH has been suggested to be an 
additional risk factor for the development of SCFN. Complications 
include pain, scarring, and asymptomatic hypercalcemia that can 
develop weeks after SCFN is noted on physical examination.1 
The use of gradient variable mode on TH devices may reduce the 
incidence of skin complications.17

Rewarming challenges
It is important that transitioning from hypothermia to normothermia 
occurs slowly at a rate of not greater than 0.5°C per hour to 
avoid complications. During rewarming the skin 
vasoconstriction undergoes dilation and hypotension may occur if 
the vascular bed is under filled.9 The infant may require a fluid 
bolus if this occurs, and echocardiography and plasma lactate 
monitoring is useful to guide fluid therapy. Apnea has also been 
seen to occur in spontaneously breathing infants in the rewarming 
phase, with respiratory support required. An increase in 
temperature may also affect the clearance of drugs whose levels 
may now be sub-therapeutic and there have been reports of seizures 
occurring during this phase.7 It is important that close monitoring of 
the infant including EEG monitoring continues during 
rewarming as seizures may be sub-clinical.

Summary
Data gleaned from the large cooling trials demonstrate that mild 
hypothermia for hypoxic injury in term and late preterm infants is 
safe and efficacious within the parameters defined by the trials. 
The benefits far outweigh the risk as TH does not increase the 
severity of organ system complications. The few adverse effects 
that may occur are reversed when the patients are rewarmed, 
however care should be taken that there is close monitoring of the 
infant through all the phases of treatment and attention is paid to 
drug levels and dosage intervals.

Stress and Pain management
The recovery from hypoxic insults, clinical management and TH 
are all associated with clear physiological evidence of stress 
responses. Opiates were used routinely in the neo.nEURO.
network trial which reported hypothermia with morphine as 
co-treatment had a statistically significant neuroprotective 
effect greater efficacy than in previously published trials.12  
However some authors caution the use of opiates citing pre-
clinical data that suggest an increase in mortality. They further 
suggest that toxic accumulation of analgesic agents may occur 
at conventional dosages due to delayed clearance from TH.14



POTENTIAL COMPLICATIONS AND RISK FACTORS ASSOCIATED WITH THERAPEUTIC HYPOTHERMIA - PREVENTION & MANAGEMENT 

   © Drägerwerk AG & Co. KGaA  6

1.	 Jacobs	SE,	Berg	M,	Hunt	R,	Tarnow-Mordi	WO,	Inder	TE,	Davis	PG.	Cooling	for	newborns	with	hypoxic	ischaemic	encephalopathy.	Cochrane	Database	Syst	Rev.	2013	Jan	

31;(1):CD003311.	

2.	 Montaldo	P,	Pauliah	SS,	Lally	PJ,	Olson	L,	Thayyil	S.	Cooling	in	a	low-resource	environment:	lost	in	translation.	SeminFetal	Neonatal	Med.	2015	Apr;20(2):72–9.	

3.	 Shankaran	S.	Therapeutic	hypothermia	for	neonatal	encephalopathy.	CurrOpinPediatr.	2015	Apr;27(2):152–7.	

4.	 Gebauer	CM,	Knuepfer	M,	Robel-Tillig	E,	Pulzer	F,	Vogtmann	C.	Hemodynamics	Among	Neonates	With	Hypoxic-Ischemic	Encephalopathy	During	Whole-Body	Hypothermia	and	

Passive	Rewarming.	Pediatrics.	American	Academy	of	Pediatrics;	2006	Mar	1;117(3):843–50.	

5.	 Gunn	AJ,	Laptook	AR,	Robertson	NJ,	Barks	JD,	Thoresen	M,	Wassink	G,	et	al.	Therapeutic	hypothermia	translates	from	ancient	history	in	to	practice.	Pediatr	Res.	2017	

Jan;81(1-2):202–9.	

6.	 Azzopardi	D,	Strohm	B,	Linsell	L,	Hobson	A,	Juszczak	E,	Kurinczuk	JJ,	et	al.	Implementation	and	Conduct	of	Therapeutic	Hypothermia	for	Perinatal	Asphyxial	Encephalopathy	

in	the	UK	–	Analysis	of	National	Data.	PLoS	One.	Public	Library	of	Science;	2012	Jun	13;7(6):e38504.	

7.	 Sarkar	S,	Barks	J.	Management	of	neonatal	morbidities	during	hypothermia	treatment.	SeminFetal	Neonatal	Med	[Internet].	2015	Apr;20(2):97–102.	

8.	 Wood	T,	Thoresen	M.	Physiological	responses	to	hypothermia.	SeminFetal	Neonatal	Med	[Internet].	2015	Apr;20(2):87–96.

9.	 Thoresen	M.	Supportive	care	during	neuroprotective	hypothermia	in	the	term	newborn:	adverse	effects	and	their	prevention.	ClinPerinatol.	2008	Dec;35(4):749–63–vii.	

10.	 Zanelli	S,	Buck	M,	Fairchild	K.	Physiologic	and	pharmacologic	considerations	for	hypothermia	therapy	in	neonates.	J	Perinatol.	2010	Dec	23;31(6):377–86.	

11.	 Basu	SK,	Salemi	JL,	Gunn	AJ,	Kaiser	JR.	Hyperglycaemia	in	infants	with	hypoxic–ischaemic	encephalopathy	is	associated	with	improved	outcomes	after	therapeutic	hypothermia:	

a	post	hoc	analysis	of	the	CoolCap	Study.	Arch	Dis	Child	Fetal	Neonatal	Ed.	BMJ	Publishing	Group;	2017	Jul	1;102(4):F299–F306.	

12.	 Simbruner	G,	Mittal	RA,	Rohlmann	F,	Muche	R,	neo.nEURO.network	Trial	Participants.	Systemic	hypothermia	after	neonatal	encephalopathy:	outcomes	of	neo.nEURO.network	

RCT.	Pediatrics.	2010	Oct;126(4):e771–8.	

13.	 Sarkar	S,	Barks	JD.	Systemic	complications	and	hypothermia.	SeminFetal	Neonatal	Med.	2010	Oct;15(5):270–5.	

14.	 Wassink	G,	Lear	CA,	Gunn	KC,	Dean	JM,	Bennet	L,	Gunn	AJ.	Analgesics,	sedatives,	anticonvulsant	drugs,	and	the	cooled	brain.	SeminFetal	Neonatal	Med.	2015	Apr;20(2):109–14.	

15.	 Pokorna	P,	Wildschut	ED,	Vobruba	V,	Van	Den	Anker	JN,	Tibboel	D.	The	Impact	of	Hypothermia	on	the	Pharmacokinetics	of	Drugs	Used	in	Neonates	and	Young	Infants.	Curr	

Pharm	Des.	2015;21(39):5705–24.	

16.	 Mark	LF,	Solomon	A,	Northington	FJ,	Lee	CKK.	Gentamicin	pharmacokinetics	in	neonates	undergoing	therapeutic	hypothermia.	Ther	Drug	Monit.	2013	Apr;35(2):217–22.	

17.	 Filippi	L,	Catarzi	S,	Padrini	L,	Fiorini	P,	la	Marca	G,	Guerrini	R,	et	al.	Strategies	for	reducing	the	incidence	of	skin	complications	in	newborns	treated	with	whole-body	hypother-

mia.	J	MaternFetal	Neonatal	Med.	Taylor	&	Francis;	2012	Mar	27;25(10):2115–21.	

REFERENCE: 

IMPRINT

SINGAPORE  
Regional office for AAA Region  
(Asia, Australia, Africa)
Draeger Singapore Pte Ltd
25 International Business Park #04-20
Singapore 609916

www.draeger.com

P
D

F 
90

16


