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Abstract
Background: Survival with good neurological recovery following cardiac arrest is poor. A number of recent studies have
concluded that the use of induced hypothermia can improve survival and limit the level of neurological impairment following
cardiac arrest. Objective: To audit survival and neurological recovery outcomes in patients treated with induced hypothermia
within the Intensive Care Unit (ICU) following cardiac arrest.Design: A two year retrospective study.Method: Data from patient
notes were extracted and analysed.Conclusion: The survival rate for patients presenting with a cardiac arrest and an initial
rhythm of ventricular fibrillation (VF) is 62%, with 58% of patients surviving with good neurological recovery. Of those who were
treated conservatively following a cardiac arrest with an initial rhythm of VF, 20% survived with good neurological recovery.

INTRODUCTION
It is estimated that there are 92 to 189 cases of cardiac arrest
per 100,000 inhabitants in industrialised countries each
year1,2,3 and 375,000 sudden cardiac arrests in Europe every
year4 . Some 14% to 40% have a return of spontaneous
circulation (ROSC) and are admitted to hospital and of those
5
only 7% to 30% leave hospital to live an independent life .
Several studies have shown that the use of induced
hypothermia can improve rates of survival and level of
neurological function following a cardiac arrest5, 6, 7.

AIMS AND OBJECTIVE
This audit was conducted to review the cases of cardiac
arrest presenting to, or occurring in, St Peter’s Hospital in
2009-10 in order to assess the neurological outcomes of
patients who were cooled on the ICU, and to determine
whether therapeutic hypothermia should be implemented as
standard care following cardiac arrest, or, if not, in which
cases it would be most beneficial.

STANDARDS
This audit has been based on the findings of two papers, both
of which demonstrated a significant improvement in long
term neurological outcomes for patients following induced
hypothermia. Bernard et al6 studied 77 patients with out of
hospital cardiac arrests who were each randomly assigned to
care with normothermia or hypothermia (core body

temperature reduced to 33°C within 2 hours of the return of
spontaneous circulation and maintained at that temperature
for 12 hours). Their primary outcome measure was survival
to discharge with sufficiently good neurological function to
be discharged home or to a rehabilitation facility. Death or
discharge to a nursing facility, ie where there was little
likelihood of neurological improvement, was considered a
poor outcome. They demonstrated that treatment with
moderate hypothermia improved outcomes in patients with
coma after resuscitation from an out-of-hospital cardiac
arrest. Some 49% of their patients treated with hypothermia
were considered to have a ‘good’ outcome (ie discharged to
home or rehabilitation facility) whilst only 26% of those in
the normothermia group had the same outcome (P=0.046). A
multicentre study by the Hypothermia After Cardiac Arrest
Study Group demonstrated a 55% favourable outcome in the
hypothermia group (32°C to 34°C, as measured in the
bladder, for 24 hours) compared with 39% of those treated
with normothermia following cardiac arrest7. A Cochrane
systematic review subsequently reviewed five trials.
Treatment with active cooling led to patients having a better
neurological outcome as measured by a cerebral
performance score (relative risk 1.55; 95% CI 1.22-1.96) and
more likely to survive to discharge (relative risk 1.35; 95%
CI 1.10–1.65) compared to those treated with
normothermia5.
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METHOD
Records were tracked from ICU admissions during 2009-10
using the coding reference for cardiac arrest. These notes
were reviewed and the following was recorded: age, gender,
location of arrest (in or out of hospital), initial heart rhythm,
extent of CPR required, whether the patient was treated with
induced hypothermia and how soon following arrest cooling
commenced. Patient outcomes were recorded in terms of
whether the patient was discharged to their home, a
rehabilitation facility, a nursing home or died in hospital. All
patients were cooled with the use of the Arctic Sun® 2000
temperature management system (Medivance).

Those who had an in hospital PEA/asystolic cardiac arrest
had a 29% rate of survival, with 25% rate of good
neurological recovery, when not cooled. There were no data
for in-hospital PEA/asystolic cardiac arrest patients who
were cooled as no patients fit these criteria within the study
period.
Figure 1

Figure 1: Out of hospital arrests

RESULTS
There were 85 patients admitted to the ICU coded as having
had a cardiac arrest during the study period. Nine sets of
notes were unobtainable and two patients had been
miscoded. Consequently 74 patients were eligible to be
included in the audit. Of these 74 patients 47 (64%) were
male and 27 (36%) female. 37 patients (50%) were admitted
from other wards or A&E where they had suffered a cardiac
arrest and were categorised as in-hospital arrests. 37 patients
(50%) had suffered out of hospital cardiac arrests. In total 33
patients (45%) were actively cooled on the unit whilst the
other 41 (55%) were treated conservatively. The presenting
rhythms during cardiac arrests were categorised into
shockable (VF/VT) and non-shockable (PEA/asystole)
according to the Advanced Life Support algorithm8. Of the
74 patients 31 (42%) had an initial rhythm of VF. None had
a presenting VT rhythm. 38 patients (51%) had a
PEA/asystole rhythm and in 5 (7%) cases the presenting
rhythm had not been documented. Final outcomes showed
that 26 (35%) of the 74 patients survived. 22 were
discharged home, 2 to rehabilitation centres and 2 to nursing
facilities. The other 48 (65%) patients died, either on ICU or
on a ward following discharge from the unit. Analysis was
carried out to review the neurological outcomes of each
patient. Those who had an out-of-hospital cardiac arrest with
a VF rhythm and who were subsequently cooled had a 62%
rate of survival and 57% rate of good neurological outcome
(ie, 92% of those who survived had a good neurological
recovery) while those who were not cooled had a 25% rate
of survival, all with good neurological outcome. Patients
who had a VF cardiac arrest in hospital had a 60% rate of
survival, with good neurological recovery in all cases if they
were cooled and a 0% rate of survival if not cooled. Patients
who had an out-of-hospital PEA/asystole arrest had a 0%
rate of survival whether they were cooled or not cooled.
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Figure 2

Figure 2: In-hospital arrests
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Figure 3

Figure 3: Combined in and out-of-hospital arrests

When studying in and out of hospital arrests combined it is
shown that patients who had a VF cardiac arrest and were
cooled had a 62% rate of survival, and 58% rate of survival
with good neurological outcome. If they had a VF cardiac
arrest and were not cooled they had a 20% rate of survival
with good neurological outcome.
Figure 4

maintain adequate perfusion pressure and anoxic injury
occurs. Damage occurs to neurones with reperfusion of the
brain as transmembrane electrochemical gradients are
disrupted. Intracellular glutamate levels increase during
reperfusion, activating ion channel complexes, causing
intracellular shift of calcium. This in turn causes reactive
oxygen species to accumulate activating degradative
enzymes which contribute to exocytotic cell death and
cerebral injury10, 11, 12. Reperfusion injury occurs in two
13
stages . Initially there is injury at the time of reperfusion
itself when reactive oxygen species are released. With
current practice it is very difficult to ameliorate this with
therapeutic hypothermia because reperfusion remains the
priority. The second stage lasts hours to days and is related
to transmembrane dysfunction as outlined above. This stage
can be targeted by therapeutic hypothermia in its current
form.
Induced hypothermia causes cerebral metabolic rate to drop
14
by 7% for every 1°C fall in body temperature . This reduces
cellular metabolism and cerebral oxygen demand15 and
confers protection by several other mechanisms; it reduces
the production of free radicals16, improves cellular ion
17
handling and pH balance and reduces the inflammatory
signalling which leads to cell death18. Therapeutic
hypothermia is currently advised by the Resuscitation
Council (UK) following a cardiac arrest, although the new
guidelines recognise the lower level of evidence for its use
following a PEA or asystolic arrest19. Its use is
contraindicated in severe systemic infection, pre-existing
20
coagulopathy and multiple organ failure .

STUDY LIMITATIONS
This is not a randomised trial; rather it is an audit of practice
and outcomes at a single district general hospital in England.

DISCUSSION
At rest, the brain uses 20% of total body oxygen
consumption in order to allow oxidative phosphorylation of
glucose to ATP. Since the brain has a high metabolic rate but
a lack of substrate storage (glucose) it is extremely sensitive
to hypoxia. In order to protect the brain, autoregulation
ensures that cerebral blood flow (CBF) is kept constant
when the mean arterial pressure (MAP) is between 50-100
9
mmHg . When the MAP drops below 50 mmHg, the CBF
initially increases to compensate for hypoxia but in a cardiac
arrest scenario this compensation mechanism cannot
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It is important to acknowledge that circumstances of the
period before cooling is commenced can vary widely
between patients. This audit did not correct for other
variables such as time from arrest to commencement of
CPR, or time to cooling or for co-morbidities. While all
patients admitted were considered to potentially have a
favourable outcome, the findings of this audit do not take
account of why cooling was not implemented in certain
patients. Co-morbidities or contraindications to cooling may
have existed, which would have made a favourable outcome
less likely regardless of whether or not induced hypothermia
was instigated.
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CONCLUSIONS AND RECOMMENDATIONS
It was shown that patients who suffer a VF cardiac arrest
have a 62% rate of survival if subsequently treated with
hypothermia at St Peter’s ICU. This varies only slightly
whether the arrest was as an inpatient or out of hospital: 60%
and 62% respectively. 92% of the survivors of out of
hospital arrests and 100% of the survivors of in-patient VF
arrests had a good neurological recovery. Those who are not
cooled following a VF arrest have a 20% survival rate
overall (25% for out-of-hospital arrests and 20% for
inpatient arrests).
This audit was presented at a regional meeting of the Surrey
Wide Critical Care Network and was contributory in
influencing practice within all Intensive Care Units in this
county. It was concluded that it was best practice to treat all
patient transferred to ICU post-VF or VT arrest with
therapeutic hypothermia.

References
1. Straus SM, Bleuminka GS, Dielemana JP, van der Lei J,
Strickera BH, Sturkenbooma MC: The incidence of sudden
cardiac death in the general population. J Clin Epidemiol
2004; 57: 98-102.
2. Rea TD, Pearce RM, Raghunathan TE, Lemaitre RN,
Sotoodehnia N, Jouven X, Siscovick DS: Incidence of outof-hospital cardiac arrest. Am J Cardiol 2004; 93: 1455-60.
3. Nichol G, Thomas E, Callaway CW, et al: Regional
variation in out-of hospital cardiac arrest incidence and
outcome. JAMA 2008; 300(12): 1423-1431.
4. de Vreede-Swagemakers JJ, Gorgels AP, Dubois-Arbouw
WI, et al: Out-of-hospital cardiac arrest in the 1990s: a
population-based study in the Maastricht area on incidence,
characteristics and survival. J Am Coll Cardiol 1997; 30:
1500-1505.
5. Arrich J,Holzer M,Herkner H,Müllner M: Hypothermia
for neuroprotection in adults after cardiopulmonary
resuscitation. Cochrane Database of Systematic Reviews
2009, Issue 4. Art. No.: CD004128. DOI:

4 of 5

10.1002/14651858.CD004128.pub2.
6. 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
Engl J Med 2002; 346: 557-63.
7. Hypothermia after cardiac arrest study group: Mild
therapeutic hypothermia to improve the neurologic outcome
after cardiac arrest. N Engl J Med 2002; 346(8): 549-56.
8. Resuscitation Council (UK) Advanced Life Support 5th
edition. Revised June 2008.
9. Aaslid R, Lindegaard K-F, Sorteberg W, Nornes H:
Cerebral autoregulation dynamics in humans. Stroke 1989;
20: 45-52.
10. Redmond J, Gillinov AM, Zehr KJ, Blue ME, Troncoso
JC, Reitz BA, et al: Glutamte excitotoxicity: a mechanism of
neurologic injury associated with hypothermic circulatory
arrest. J Thorac Cardiovasc Surg 1994; 107: 776-86.
11. Neumar, R: Molecular mechanisms of ischaemic
neuronal injury. Ann Emerg Med 2000; 36: 483-503.
12. Lipton, P: Ischaemic cell death in brain neurones.
Physiol Rev 1999; 79: 1431-568.
13. Lampe, JW and Becker, LB: State of the art in
therapeutic hypothermia. Annu Rev Med 2011; 62: 79-93.
14. Kozik, TM: Induced hypothermia for patients with
cardiac arrest: Role of a Clinical Nurse Specialist. Crit Care
Nurse 2007; 27: 36-42.
15. Erecinska, M., Thoresen, M. and Silver, IA: Effects of
hypothermia on energy metabolism in mammalian central
nervous system. J Cereb Blood Flow Metab 2003; 23:
513-530.
16. Shao Z, Sharp WW, Wojcik KR, et al: Therapeutic
hypothermia cardioprotection via Akt- and nitric oxidemediated attenuation of mitochondrial oxidants. Am J
Physiol Heart Circ Physiol 2001; 298(6): H2164–73.
17. Polderman KH: Mechanisms of action, physiological
effects, and complications of hypothermia. Crit Care Med
2009; 37(Suppl 7): S186–S202.
18. Yang D, Guo S, Zhang T, Li H: Hypothermia attenuates
ischemia/reperfusion-induced endothelial cell apoptosis via
alterations in apoptotic pathways and JNK signaling. FEBS
Lett. 2009; 583: 2500–506.
19. Resuscitation Council (UK) Resuscitation Guidelines
2010, p78. http://www.resus.org.uk/pages/als.pdf accessed 5
February, 2011.
20. Soar J, Nolan JP: Mild hypothermia for post cardiac
arrest syndrome. BMJ 2007; 335: 459–460.

Induced Hypothermia Following Cardiac Arrest And Subsequent Neurological Outcomes: An Audit

Author Information
Mark Sage
Intensive Care Unit, Ashford and St Peter’s Hospitals NHS Trust
Johanna Wales
Intensive Care Unit, Ashford and St Peter’s Hospitals NHS Trust
Jonathan Cooper
Intensive Care Unit, Ashford and St Peter’s Hospitals NHS Trust
Ian White
Intensive Care Unit, Ashford and St Peter’s Hospitals NHS Trust

5 of 5

