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Introduction

Hypothermia has been used for various reasons in the
practice of medicine for at least a couple of centuries.
In 1970s and 1980s therapeutic hypothermia (TH)
was used to treat cerebral oedema in children and
adolescents after cardiac arrest caused by drowning."
Bohn and Biggart later reported increased risk of death,
neutropenia and sepsis with hypothermia therapy. This
led to abandonment of this therapy.2® Potential
limitations of these studies were that historical controls
were used, that the patients were cooled to temperature
that were too low (30-33°C), that the duration of
hypothermia was too long ( days) and that the therapy
was combined with barbiturate coma, which had adverse
effects that added to those of hypothermia.?

It was not until Bernard and associates showed
improved outcome without major complications in
out-of hospital cardiac arrest victims treated with
hypothermia that interest in this aspect was aroused
again.*

Animal models

A lot of evidence underlying clinical use of hypothermia
and its neuro-protective mechanisms come from animal
models. There are two basic categories of ischaemia
models, global ischaemic model and focal ischaemic
model, closely representing the clinical situation of
cardiac arrest or near drowning and stroke respectively.
In global ischaemia model, there is a transient 5-30
minutes complete or near complete global lack of
blood flow. If flow does not resume within 30 minutes,
widespread necrosis ensues and tissue functional
recovery is not possible. If reperfusion occurs within 30
minutes, there is selective neuronal death due to
difference in sensitivity to ischaemia between different
types of neurons and brain regions.5
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In focal model, there is localised, more prolonged
(60-90 minutes) ischaemic period from e.g. a single
vessel occlusion. Pan necrosis will ensue in a central
core region closest to the occluded vessel if re-perfusion
is not established within 60 minutes. The hypo-perfused
regions surrounding this central core region, called
penumbra, though at risk of dying, is salvageable with
increased perfusion and/or other interventions. If no
intervention occurs, the tissue at risk will begin to die
within 3-4 hours of reperfusion. If occlusion lasts
6 hours the penumbra evolves to become core. At
normothermia, infarction is essentially complete by 24
hours. Ischaemic oedema peaks at approximately 48
hours after injury.®

Most animal studies on effects of hypothermia on
global or focal neurological injury have reported
protective effects provided that hypothermia was
applied quickly enough.%® It has been shown that the
earlier TH is initiated, the earlier the target
temperature is reached and the greater chance of
favourable outcome.®' Though reproducing similar
results in clinical trials is difficult for various reasons,
this provides important clues on how hypothermia
works and how it should be applied.

Therapeutic hypothermia in adults

Post-cardiac arrest

In 2002, the hypothermia after Cardiac Arrest Study
Group showed that mild hypothermia (32-34°C) when
applied to unconscious out-of hospital cardiac arrest
adult patients with return of spontaneous circulation
(ROSC) provide significant improvement in functional
recovery at hospital discharge ( 55% vs 39%) and lower
6-month mortality rate when compared with patients who
were not cooled (41% vs 55%)." The number needed
to treat (NNT=6) is very low and is comparable to other
important emergent treatment such as cardiac
catheterization for acute coronary syndrome.2Bernard
examined the end point of survival to hospital discharge
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(good outcome) in 77 patients and demonstrated 49%
in the hypothermia group vs 26 % in the normo-thermia
group.™

American Heart Association guidelines for
cardiopulmonary resuscitation and emergency
cardiovascular care made the following
recommendations in 2005:

- Unconscious adult patients with ROSC after out-of
hospital cardiac arrest should be cooled to 32-34°C
for 12-24 hours when initial rhythm was ventricular
fibrillation (class lla)

- Similar therapy may be beneficial for patients with non-
VF arrest out-of hospital or with in-hospital arrest
(class lIb)

- Hemodynamically stable patients with spontaneous
mild hypothermia (>33°C) after resuscitation from
cardiac arrest should not be actively re-warmed*

Similar recommendations were also made by
International Liaison Committee (2003) on Resuscitation
and the European Resuscitation Council (2005).'516

Post severe traumatic brain injury

Mild hypothermia has been shown to be effective in
traumatic brain injury (TBI) with high intracranial
pressure in adults' but no benefits for patients with TBI
with normal ICP."® In a systematic review and meta-
analysis published by Brain Trauma Foundation/
American Association Neurol Surgeons (BTF/AANS) in
2008, 8 eligible trials on patients who sustained severe
traumatic brain injury were selected. It was shown that
there was greater reduction in mortality risk and
favourable neurological outcome was much more
common when hypothermia was maintained more than
48 hours. However, HT was of significant benefit only
to patients who were not enrolled in trials in which
barbiturate was part of the standard elevated intracranial
pressure (ICP) management protocol. They also
conclude that potential benefits is likely to be offset by
significant increased risk of pneumonia.' Level Il
recommendation for optimal and cautious use of
hypothermia for adult with traumatic brain injury was
put up by BTF/AANS guidelines task force in 2008."°
However, they also recommended ICP measurement
guidance, slow (over 24 hours) re-warming and
prevention of fever in first 24-48 hours.'®
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Other types of brain injury

Currently there is no clinical evidence regarding the role
of therapeutic hypothermia in other situations like
patients with acute stroke and traumatic spinal cord.
However, there is strong evidence that fever is
correlated with poor clinical outcomes in acute
stroke.?°

Therapeutic hypothermia in neonates

A number of recent randomised controlled trials on
the use of TH in neonates with hypoxic-ischaemic
encephalopathy have shown reassuring results
regarding safety and applicability of this modality of
treatment.2!2? Jacobs, in a Cochrane review found that
TH results in reduction in the combined outcome of
mortality or major neuro-developmental disability at
age 18-month (RR 0.76;95% CIl 0.65-0.89) with a
number needed to treat to be 7 (95% CI 4-14).2 They
also found a significant increase in thrombocytopenia
although it was not clinically significant.?® The
International Liaison Committee on Resuscitation
(ILCOR) advocates the use of therapeutic
hypothermia following perinatal asphyxia related
cardiac arrest in term newborn.?*

Is therapeutic hypothermia useful in
children outside the neonatal age group?

Post-cardiac arrest

Paediatric data on effect of this treatment modality after
cardiac arrest are limited. However, support for this
treatment is extrapolated from the adult and neonatal
studies. Recommendation similar to that for adults that
therapeutic hypothermia may be beneficial and should
be considered in patients who has ROSC but remain
comatosed after cardiac arrest have been made by
ILCOR (2006),2° ERC (2005)%* and AHA (2005).%"

The range of hypothermia is 32-34°C for 12-24 hours.
Following a period of mild hypothermia, slow re-
warming is to be done at 0.25-0.5 C/h (ERC). It is
also recommended that the successfully resuscitated
child with hypothermia and ROSC should not be
actively re-warmed unless the core temperature is
below 32°C.%6



Traumatic brain injury

A recent large international multi-centre RCT study by
the Hypothermia Paediatric Head Injury Trial Investigator
& Canadian Critical Care Trials Group on patients with
severe TBI showed unfavourbale outcome both in terms
of death, complications and neuro-developmental
performance at 6 months.? There are much less clinical
studies on use of TH in other types of brain injury in
children.

Practical aspect for cooling

Timing and therapeutic window for therapeutic
hypothermia

As discussed earlier, experimental data suggests
that there is a window period for early initiation of
hypothermia. Although there is no human studies data,
animal studies by Safar demonstrated beneficial effects
of mild to moderate TH induced very early after survival
from cardiac arrest.5® Experimental data suggests that
cooling should be initiated as soon as possible but
should not be withheld even if delays of up to 8 hours
occur.® Cooling should be performed rapidly to achieve
maximum effectiveness.

Patient preparation

Do not actively re-warm patients who are spontaneously
hypothermic. Shivering is an important unwanted
physiological change during hypothermia. It increases
cellular metabolism, oxygen consumption and hence
decreases the effectiveness of TH. It also causes patient
discomfort. Use of sedation and pain relief (e.g.
pethidine is said to decrease shivering threshold)® and
neuro-muscular blockade is often necessary to manage
shivering.

Monitoring of temperature

Induced hypothermia at 32-34°C is recommended for
most therapeutic purposes.® It is vital to have reliable
continuous temperature measurement to achieve tight
control of temperature with minimal variations and to
avoid undesirable adverse effect of over-cooling.
Temperature monitoring can be done with a variety of
probes, namely rectal, tympanic, oesophageal, bladder,
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vaginal or pulmonary artery catheter. Tympanic
temperature shows good correlation with intracranial
temperature, is non-invasive and easily applied although
the presence of ear wax can affect the reading.*® Cooling
of face is to be avoided if TM is used as reading may be
affected. Since rectal temperature does not correlate
well with intracranial temperature and rectal reading can
be inaccurate due to faecal insulation, rectal probe is
less useful.

Methods for cooling (Table 1)

There are various methods of cooling. Surface cooling
is non-invasive and simple to use. Examples include
cooling blankets with either circulating cold water or cold
air, or even less sophisticated methods like ice packs.®!
This method takes longer time to reduce body
temperature, e.g. 2-8 hours. Newer surface cooling
methods include adhesive hydrogel-coated pads that
circulate temperature controlled water under negative
pressure. In infants, selective induction of hypothermia
of surface of head and neck may be achieved by cooling
helmets or caps.

Invasive cooling methods like infusion of cold
intravenous fluids, extra-corporal circulation of cooled
blood, ice water nasal and rectal lavage or cold
peritoneal lavage. Bernard et al®2 showed that cooling
of core temperature from 35.5 to 33.8°C within
30 minutes can be achieved using infusion of cold
intravenous fluid without adverse consequence. There
are also intravascular catheters that consist of 2-3
balloons filled with temperature controlled saline to
achieve endovascular cooling via central veins. The
safety profile of these device used for long term cooling
(>24 hours) have yet to be established.

Table 1. Cooling techniques

Non-invasive

Invasive

Cooling blankets

Infusion cold IV fluids

Water-circulating
Air-filled

Ice packs
Caps or helmets

Cold water immersion

Hydrogel-coated cooling

pads

Retrograde jugular vein flush
Extracorporeal circulating cooled blood
Lavage (nasal, nasogastric, rectal,
peritoneal)

Intraventricular cerebral hypothermia
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Potential adverse effects (Table 2)

Hypothermia therapy seems to be relatively safe when
applied at temperature more than 32°C for short duration
(24 hours). Induction of hypothermia causes a large
number of physiological changes in multiple systems in
the body. Physiological effects and adverse effects
depend on the degree of hypothermia. For hypothermia
to be successful, awareness of these physiological
effects and pathophysiological mechanisms is of key
importance. Some of the physiological changes may
not cause significant deterioration in patients and do
not require treatment or premature stopping of
hypothermia.

The main concern has been the development of
arrhythmias at temperatures below 32°C.% This risk is
further increased by the tendency for electrolyte
disturbance e.g. decreased sodium/potassium/
magnesium/phospohate. Great care must be taken
when cooling because patient's temperature can easily
overshoot below 32°C unless core temperature is closely
monitored.

Mild adverse effects occur at clinically relevant
temperature and durations of hypothermia, including
bradycardia, lower cardiac out-put and hypotension,
especially during re-warming. Pancreatic, metabolic and
renal abnormalities are also seen. Mild coagulopathy
with elevation of prothrombin time and partial
thromboplastin time and lower platelet count has been
reported.?* There is a risk of impaired immune function
with associated risk of pneumonia and sepsis.3

Table 2. Potential side effects of hypothermia
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Controlled re-warming

Re-warming of patient is usually begun 12-24 hours after
the initiation of cooling. The re-warming phase may be
the most critical period. As constricted peripheral
vascular bed starts to dilate, hypotension may ensue. It
is recommended that rewarming to be done slowly at a
temperature of 0.25-0.5 C/hr ( ERC) to target 36°C with
close monitoring of blood pressure. During induction
of hypothermia, potassium is shifted into the cells.
There is risk of life threatening hyperkalaemia during
re-warming when potassium move out of the cells.
Existing intravenous potassium infusion may need to
be stopped before re-warming starts and close watch
for hyperkalaemia is necessary.* Continue sedation and
paralysis until the patient's temperature reaches 35°C
to continue suppression of shivering.3®

Conclusion

Evidence from animal models, human adults with
cardiac arrest and newborn with hypoxic — ischaemic
encephalopathy suggests neuroprotective effect of
therapeutic hypothermia (TH). The American Heart
Association guidelines, ERC, ILCOR recommend that
TH should be considered in children after cardiac arrest.
No conclusive data are available for other clinical
situation. There are various cooling methods, some of
which are non-invasive and easily applied. Meticulous
monitoring of body temperature, homeostasis and
laboratory tests results are important as there are risks
of over-cooling and other adverse effects, including

Frequency/degree or risk Effect

High risk Coagulopathy

Thrombocytopenia, leucopenia

Electrolytes disturbance (loss of K, Ca, Mg, P) — may be arrhythmia inducing

Hypovolaemia

Elevated serum amylase

Changes in drug effect and drug metabolism

Insulin resistance

Low risk

Airway/wound infections

Wound healing
Myocardial ischaemia

Rare Intracranial bleeding
Manifest pancreatitis

Manifest bleeding ,severe coagulation disorders




arrhythmia, coagulopathy and immune suppression. The
successful application of hypothermia requires strict
compliance with protocols, vigilance by the medical and
nursing staff.

Further studies will be required before a strong
recommendation can be made to the hypothermia
therapy in children with cardiac arrest and other types
of brain injury.

References

Conn AW, Edmonds JF, Barker GA. Near-drowning in cold
fresh water: current treatment regimen. Can Anaesth Soc J
1978;25:259-65.

Bohn DJ, Biggar WD, Smith CR, Conn AW, Barker GA.
Influence of hypothermia, barbiturate therapy, and intracranial
pressure monitoring on morbidity and mortality after near-
drowning. Crit Care Med 1986;14:529-34.

Biggart MJ, Bohn DJ. Effect of hypothermia and cardiac arrest
on outcome of near-drowning accidents in children. J Pediatric
1990;117:179-83.

Bernard SA, Jones BM, Horne MK. Clinical trials of induced
hypothermia in comatose survivors of out-of hospital cardiac
arrest. Ann Emerg Med 1997;30:146-53.

Polderman KH. Application of therapeutic hypothermia in the
ICU: opportunities and pitfalls of a promising treatment
modality. Part 1: Indications and evidence. Intensive Care
Med 2004;30:556-75.

Safar P. Resuscitation of the ischaemic brain. In: Albin MS,
editor. Textbook of neuroanaesthesia: with neurosurgical and
neurosceinece perspectives. New York: McGraw-Hill;1997,
p.557-93.

Dalton Dietrich W, Kuluz JW. New research in the field of
stroke: therapeutic hypothermia after cardiac arrest. Stroke
2003;34:1051-3.

Leonov Y, Sterz F, Safar P, Radovsky A, Oku K, Tisherman
S, et al. Mild cerebral hypothermia during and after cardiac
arrest improves neurologic outcome in dogs. J Cereb Blood
Flow Metab 1990;10:57-70.

Al-Senani FM, Graffagnino C, Grotta JC, Saiki R, Wood D,
Chung W, et al. A prospective, multicenter pilot study to
evaluate the feasibility and safety of using the CoolGard
System and Icy catheter following cardiac arrest. Resuscitation
2004;62:143-50.

. Kuboyama K safar P, Radovsky A, Tisherman SA, Stezoski

SW, Alexamder H. Delay in cooling negates the beneficial
effect of mild hypothermia after cardiac arrest in dogs: a
prospective, randomized study. Resuscitation 2003;57:
231-5.

. Hypothermia after Cardiac Arrest Study Group. Mild

therapeutic hypothermia to improve the neurologic outcome
after cardiac arrest. N Eng J Med 2002;346:549-56.

. Wright WL, Geocadin RG. Postresuscitative intensive care:

neuroprotective strategies after cardiac arrest. Semin Neurol

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

27.

Journal of Paediatric Respirology and Critical Care v

2006;26:396-402.

Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W,
Gutteridge G, et al. Treatment of comatose survivors of out-
of hospital cardiac arrest with induced hypothermia. N Eng J
Med 2002;346:557-63.

ECC Committee, Subcommittees and Task Forces of the
American Heart Association. 2005 American Heart Association
Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation 2005;112(24 Suppl):1V1-203.
Nolan JP, Morley PT, Vanden Hoek TL, Hickey RW, Kloeck
WG, Billi J, et al. Therapeutic hypothermia after cardiac arrest:
an advisory statement by the advanced life support task force
of the International Liaison Committee on Resuscitation.
Circulation 2003;108:118-21.

Nolan JP, Deakin CD, Soar J, Bsttiger BW, Smith G; European
Resuscitation Council. European Resuscitation Council
guidelines for resuscitation 2005. Section 4. Adult advanced
life support. Resuscitation 2005;67(Suppl 1):S39-86.

Jiang JY, Xu W, Li WP, Gao GY, Bao YH, Liang YM, et al.
Effect of long-term mild hypothermia or short-term mild
hypothermia on outcome of patients with severe traumatic
brain injury. J Cereb Blood Flow Metab 2006;26:771-6.
Jiang JY, Xu W, Zhu C. Effect of long-term mild hypothermia
therapy in patients with severe traumatic brain injury: 1-year
follow-up review of 87 cases. J Neurosurg 2000;93:47-51.
Peterson K, Carson S, Carney N. Hypothermia treatment for
traumatic brain injury: a systematic review and meta-analysis.
J Neurotrauma 2008;24:62-71.

Kammersgaard LP, Rasmussen BH, Jorgensen HS, Reith J,
Weber U, Olsen TS. Feasibility and sfety of inducing modest
hypothermia in awake patietns with acute stroke through
surface cooling. A case-control study: the Copenhagen Stroke
Study. Stroke 2000;31:2251-6.

Gunn AJ, Gluckman PD, Gunn TR. Selective head cooling in
newborn infants after perinatal asphyxia: a safety study.
Paediatrics 1998;102:885-92.

. Shankaran S, Laptook AR, Ehrenkranz RA, Tyson JE,

McDonald SA, Donovan EF, et al. Whole-body hypothermia
for neonates with hypoxic-ischemic encephalopathy. N Eng J
Med 2005;353;1574-84.

Jacobs S, Hunt R, Tarnow-Mordi W, Inder T, Davis P. Cooling
for newborns with hypoxic ischaemic encephalopathy.
Cochrane Database Syst Rev 2003;(4)CD 003311.

Higgins RD, Raju TN, Perlman J, Azzopardi DV, Blackmon LR,
Clark RH, et al. Hypothermia and perinatal asphyxia: executive
summary of the National Institute of Child Health and Human
Development workshop. J Pediatr 2006;148:170-5.
International Liaison Committee on Resuscitation. The
International Liaison Committee on Resuscitation (ILCOR)
consensus on science with treatment recommendations for
pediatric and neonatal patients: pediatric basic and advanced
life support. Pediatrics 2006;117:€955-77.

Biarent D, Bingham R, Richmond S, Maconochie |, Wyllie J,
Simpson S, et al. European Resuscitation Council guidelines
for resuscitation 2005. Section 6. Paediatric life support.
Resuscitation 2005;67(Suppl 1):S97-133.

American Heart Association. Guidelines for emergency
cardiovascular care and cardiopulmonary resuscitation. Part



mmume 5 No. 1, March 2009

28.

29.

30.

31.

12: pediatric advance life support. Circulation 2005;112 (24
Suppl):IV167-87.

Hutchison JS, Ward RE, Lacroix J, Hébert PC, Barnes MA,
Bohn DJ, et al. Hypothermia therapy after traumatic brain
injury in children. N Eng J Med 2008;358:2447-56.

Bell DD, Brindley PG, Forrest D, Al Muslim O, Zygun D.
Management following resuscitation from cardiac arrest:
recommendations from the 2003 Rocky Mountain Critical Care
Conference. Can J Anesth 2005;52:309-22.

Zeiner A, Holzer M, Sterz F, Behringer W, Schérkhuber W,
Miillner M, et al. Mild resuscitative hypothermia to improve
neurological outcome after cardiac arrest. A clinical feasibility
trial. Hypothermia After Cardiac Arrest (HACA) Study Group.
Stroke 2000;31:86-94.

Sterz F, Holzer M, Roine R, Zeiner A, Losert H, Eisenburger
P, et al. Hypothermia after cardiac arrest: a treatment that

32.

33.

34.

35.

36.

Review Article

works. Curr Opin Crit Care 2003;9:205-10.

Bernard S, BuistM, Monteiro O, Smith K. Induced hypothermia
using large volume, ice-cold intravenous fluid in comatose
survivors of out-of-hospital cardiac arrest: a preliminary report.
Resuscitation 2003;56:9-13.

Clifton GL, Allen S, Berry J, Koch SM. Systemic hypothermia
in treatment of brain injury. J Nuerotrauma 1992;9:5487-95.
Hutchison JS, Doherty DR, Orlowski JP, Kissoon N.
Hypothermia therapy in cardiac arrest in pediatric patients.
Pediatr Clin North Am 2008;529-44.

Polderman KH. Application of therapeutic hypothermia in the
intensive care unit. Opportunities and pitfalls of a promising
treatment modality--Part 2: Practical aspects and side effects.
Intensive Care Med 2004;30:757-69.

Alzaga AG, Cerdan M, Varon J. Therapeutic hypothermia.
Resuscitation 2006;70:369-80.



