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Cardiac arrest is a devastating event. Despite

improving resuscitation practices, mortality for

those who suffer an out-of-hospital cardiac

arrest (OHCA) is .90% with many survivors

being left with severe neurological impairment.

However, some do make a good recovery and

return home to a meaningful quality of life.

Accurately predicting those who will achieve a

good neurological outcome in post-arrest coma-

tose patients is difficult. Therapeutic hypother-

mia (TH), now one of the mainstays of

intensive care therapy, has perversely improved

neurological function but made accurate prog-

nostication more problematic. In addition,

clinical signs previously used to assess the like-

lihood of neurological improvement are thought

to no longer act as accurate predictors of

outcome. Recently, some progress has been

made in reliably predicting patients who will

have a poor neurological outcome.

Intensivists and anaesthetists are frequently

asked to make decisions regarding the appropri-

ateness of admission to intensive care and the

validity of providing an ongoing active treat-

ment for patients who have had a cardiac arrest.

This article will examine the methods, both

clinical and investigative, that can aid a clin-

ician in making these difficult decisions. Since

survivors of cardiac arrest can have good out-

comes, it is very important to ensure that the

potential for recovery exists while not providing

an ongoing treatment in the face of futility. The

rationale for identifying poor outcomes is that

most people would not desire to continue living

in such a disabled state.

Epidemiology

Every year in Britain, �50 000 people suffer

an OHCA. The figures for in-hospital cardiac

arrest (IHCA) range from 1 to 5 per 1000

admissions.1

Approximately 6250 people are admitted to

intensive care for post-cardiac arrest care every

year in the UK. Eighty per cent of those who

survive to hospital discharge will return to their

normal place of residence, indicating the likeli-

hood of good neurological recovery.1 The most

common cause of death depends on where the

initial cardiac arrest occurs. For those who

have suffered from OHCA, neurological injury

accounts for two-thirds of all deaths, compared

with only one-third of deaths in those who have

suffered from IHCA. This may simply represent

the delayed time taken to return of spontaneous

circulation (ROSC) in OHCA compared with

IHCA.

Mild TH (32–348C for 12–24 h) has been

shown to improve neurological outcome in

patients who are comatose after an

out-of-hospital ventricular fibrillation (VF)

arrest.2,3 The use of cooling for patients who

have undergone IHCA or non-VF arrests (i.e.

asystole or pulseless electrical activity) has

been more contentious. Although the evidence

base is less robust, it would seem intuitive that

TH would improve neurological outcome, and

indeed, the International Liaison Committee on

Resuscitation (ILCOR) has suggested that there

may be a potential benefit for its use in this

group of patients.4 Post-resuscitation manage-

ment on critical care is now increasingly recog-

nized as making significant improvements to

patient outcome and has led to ILCOR adding

post-resuscitation care to the ‘chain of survival’

(Fig. 1).

Aetiology

Cardiac arrest causes a primary and secondary

injury. The primary injury occurs at the time of

arrest and is non-reversible, and the secondary

injury follows ROSC and subsequent cerebral

reperfusion and is potentially reversible.

The brain is exquisitely sensitive to

hypoxia. Within 20 s of circulatory arrest, neur-

onal oxygen stores are used up leading to

unconsciousness. After 5 min, glucose and
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adenosine triphosphate (ATP) stores are depleted. This leads to

disruption in calcium homeostasis, free radical formation, and the

activation of harmful protease cascades and cell death signalling

mechanisms.5 This causes the primary cerebral injury.

Improvements have occurred in the last few years in limiting the

primary cerebral injury with the increase in education of the

general public with the need for prompt resuscitation, increased

use of automatic defibrillators in communal places, and the inser-

tion of implantable cardioverter defibrillators in at-risk patients.

After cerebral blood flow is restored, ATP is regenerated which

gives rise to devastating free radical formation and the secondary

cerebral injury. Cell death continues by both apoptosis and necro-

sis. Cerebral autoregulation is impaired and cerebral oedema may

develop caused by hyperaemic blood flow and continuing inflam-

matory processes. TH is thought to play a role in ‘damping down’

these mechanisms and thus can improve neurological outcome.

This ischaemia/reperfusion response is also seen throughout the

body leading to systemic inflammatory response syndrome,

impaired vasoregulation, increased coagulation, adrenal suppres-

sion, impaired tissue oxygen delivery and utilization, and impaired

resistance to infection.

The combination of post-cardiac arrest cerebral injury and is-

chaemia/reperfusion response coupled with post-cardiac arrest

myocardial dysfunction and multiorgan dysfunction defines the

post-cardiac arrest syndrome first described by Negovsky in 1972.

The release of pro-inflammatory cytokines leads to this sepsis-like

syndrome.

Predicting patient’s survival immediately
after ROSC after cardiac arrest

Ideally, in the post-arrest comatose patient, survival would be pre-

dicted accurately from the immediately available clinical and

physiological information. Unfortunately, this is not the case with

prediction of those who subsequently make a good recovery

difficult.

When deciding about the future provision of critical care, the

following should be the major factors considered: the underlying

physiological and functional status, the presence or absence of

severe concurrent disease, and, if known, the patient’s wishes.

Shorter time to cardiopulmonary resuscitation (CPR), shorter

duration of CPR, and an initial rhythm of VF or ventricular tachy-

cardia (VT) have all been associated with improved outcome.

However, none of these cardiac arrest characteristics guarantees

either survival or non-survival. Therefore, prognosis, in individual

cases, should not be based on the circumstances of

cardiopulmonary resuscitation.

Scoring systems have been developed that aim to predict sur-

vival immediately after cardiac arrest. These include the Prognosis

After Resuscitation (PAR) score (Table 1) and the OHCA score.

The OHCA score is cumbersome and does not lend itself to use on

the ward or in the emergency department environment since it can

be difficult to estimate accurately the ‘no flow’ and ‘low flow’

times, and the equation is complicated. The PAR score is, com-

paratively, more straightforward. A PAR score .5 predicts non-

survival, but it was originally based on the retrospective analysis

of IHCA.6 No scoring system has yet been fully prospectively vali-

dated. We have undergone a retrospective review of 225 cardiac

arrests admitted to our intensive care over 8 yr and only four

patients with a score .5 survived to hospital discharge (all of

whom we would still have admitted despite the score). We would

not recommend clinicians to use the PAR score as a sole reason to

determine admission to intensive care. However, the PAR score is

very useful in helping us to formulate a decision for those we are

reluctant to admit.

In patients with suspected acute myocardial infarction, an

urgent cardiological opinion should be sought. Coronary reperfu-

sion should be performed, either pharmacologically or via angiog-

raphy, if indicated as a priority. TH is not a contraindication to

revascularization and can be commenced before and during revas-

cularization techniques.

Predicting neurological outcome
after critical care admission

Classifying neurological outcome

Long-term neurological function after cardiac arrest is usually

assessed using Cerebral Performance Categories (CPC) and

Glasgow Outcome Scoring System (Tables 2 and 3), but these are

unhelpful in the immediate hours and days after ROSC. Clinicians

however are often required to predict survival immediately after

cardiac arrest and several days later.

Table 1 PAR score

Variable Score

Metastatic malignancy 10

Non-metastatic malignancy 3

Sepsis 5

Dependent functional status 5

Pneumonia 3

Creatinine .130 mmol litre21 3

Age .70 yr 2

Acute myocardial infarction 22

A score .5 indicates non-survival.

Fig 1 Chain of survival.
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Clinical

While we have robust clinical tests to diagnose brainstem death,

the diagnosis of cerebral cortical death is more difficult. In the im-

mediate post-arrest phase, both fixed dilated pupils and a Glasgow

Coma Score (GCS) motor response of 1 were historically thought

to indicate hopeless neurological prognosis.7 However, a good

cerebral recovery has been observed in patients demonstrating

these signs thus negating their usefulness.

From day 1, the post-arrest myoclonic status (in patients who

have not suffered cardiac arrest secondary to respiratory causes) is

associated with a hopeless neurological prognosis.7,8 However,

caution must be used when diagnosing this condition as the

Lance–Adams syndrome can closely mimic it but is associated

with a good neurological outcome. The Lance–Adams syndrome

is associated with an intentional myoclonus with the preservation

of consciousness compared with the involuntary jerking move-

ments of the myoclonic status. Myoclonic movements are often

misdiagnosed and we would recommend an expert neuromedical

review if there is doubt.

On day 3, the following clinical signs all predict a poor neuro-

logical outcome for the cardiac arrest survivor, who has not under-

gone TH, with a false-positive rate of zero: absent pupillary or

corneal reflexes and absent or extensor motor response.7,8

During TH, the patient undergoes a period of sedation. Drug

clearance is reduced by hypothermia, and it is not yet known how

long this can prolong reawakening due to the build up of drugs.

Data are limited in predicting the neurological outcome after TH.

A recent small study of post-cardiac arrest in patients who had

been treated with TH demonstrated that a small number of patients

with absent corneal or pupillary reflexes on day 3 or myoclonic

status epilepsy regained awareness (defined as an ability to interact

with the environment).9

A persistently low GCS of 4 or less on the fourth day after

cessation of sedation suggests a poor neurological outcome with a

specificity of 95% in patients undergoing TH.10

Further studies are required urgently to fully elucidate the

effect TH has on the historical markers of poor neurological func-

tion in the post-arrest phase. Currently, an expert consensus view

is that extreme caution must now be used when using clinical signs

at 72 h post-cardiac arrest to predict neurological function in those

who have undergone TH.

Electrophysiological

Electroencephalogram
The electroencephalogram (EEG) has been used to attempt to iden-

tify early post-arrest patients in whom the neurological recovery is

poor. Certain characteristics seen in the post-arrest patient have

been associated with a poor outcome. These include generalized

suppression, periodic complexes on a flat background, and burst

suppression with epileptiform activity. Burst suppression is where

high activity on the EEG is interrupted by periods of low activity.

An isoelectric EEG in the first week after cardiac arrest is asso-

ciated with a poor outcome with a specificity of 100%.

Furthermore, EEG may unmask subclinical seizure activity amen-

able to treatment. EEG requires expert interpretation which may

limit availability in different hospitals.

Bispectral index
A bispectral index (BIS) is more widely available on intensive care

and may potentially provide useful prognostic information. A

modified EEG is obtained by attaching a specially designed elec-

trode to the head and gives a BIS value between 0 and 100, indi-

cating the level of cerebral activity. In patients cooled

therapeutically, a BIS value of �22 and a burst suppression ratio

of �48 (indicating the percentage of the EEG that is isoelectric

during a 63 s epoch) immediately after the first dose of neuromus-

cular block are associated with a poor neurological outcome.11

However, BIS as a very early marker of poor neurological progno-

sis is potentially flawed since the prediction may be wrong in up to

10% of the cases. In conclusion, when coupled with clinical and

other indicators of poor neurological function, the BIS may

provide additive information when attempting to predict a poor

neurological outcome, but more research is needed before recom-

mending it as a reliable investigative modality.

Table 2 Cerebral Performance Categories

CPC Activity level Outcome class

1—good cerebral performance Conscious. Can lead normal

life and work. May have

minor deficits

Good

2—moderate cerebral disability Conscious. Cerebral function

adequate for part-time work,

in sheltered environment or

independent activities of

daily living

Good

3—severe cerebral disability Conscious. Dependent on

others for daily support

because of neurological

deficit

Poor

4—coma, vegetative state Not conscious. No interaction

with environment

Poor

5—dead Brainstem dead or dead by

conventional criteria

Poor

Table 3 Glasgow Outcome Scale Scoring System (GOS)

Score Definition

1 Dead

2 Vegetative state: awake but not aware; does not interact in any cognitive

way with the environment; does not fixate or follow with eyes;

vegetative functions preserved

3 Severe disability: able to follow commands but cannot live

independently; requires support for activities of daily living

4 Moderate disability: able to participate in activities of daily living, but

work and social life are compromised because of mental or physical

disability

5 Good recovery: able to return to work or school
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Somatosensory evoked potentials
Somatosensory evoked potentials (SSEP) involve monitoring brain

response to electrical stimulation of peripheral nerves. The main

response, normally seen is the N20 signal in the primary somato-

sensory cortex (N20) 20 ms after electrical stimulation of the

median nerve (Fig. 2).12 Bilateral loss of this response indicated

cortical cell death, provided that nerve function is intact at the

brachial plexus 7 ms after stimulation (N9/10) and at the cervical

spinal cord 13 ms after stimulation (N13). This ensures that lack of

cerebral response is not secondary to peripheral nerve damage but

due to intrinsic central neurological damage. SSEP appears to

be the most robust of the electrophysiological tests with a

false-positive rate of 0% in both non-therapeutically cooled and

therapeutically cooled patients when bilaterally absent in days 1–3

post-arrest.13 SSEP requires expert interpretation which may limit

the feasibility for routine use.

Radiological

Radiological techniques have been investigated to aid the predic-

tion of neurological function but have a limited role. Computerized

tomographic (CT) scanning of the head is often useful to exclude

an initial intracerebral catastrophe such as a massive intracerebral

haemorrhage or infarct. Loss of grey–white matter differentiation,

historically thought to be a bad prognostic sign, has not been

shown as a useful indicator of the long-term poor neurological

outcome at an early stage.

Biochemical markers

Certain biochemical entities are thought to indicate cerebral

damage. These include: neurone-specific enolase (NSE) and

S-100b.14 However, biomarkers are still largely research-based and

are currently not commercially available in the UK.

NSE is released in cerebral damage and is also a marker for

tumours such as neuroblastoma and small cell lung cancers.

Raised levels, after cardiac arrest both from the blood and cerebro-

spinal fluid (CSF), are indicative of a poor neurological outcome.

Reduced levels are seen after TH which predict a better neuro-

logical outcome.

S-100b is a protein expressed primarily by astrocytes. The ele-

vation of this protein post-cardiac arrest is associated with cerebral

damage and may predict a poorer neurological outcome. The evi-

dence for S-100b is less robust than that for NSE but after TH

does appear to be a significant prognostic value.

Other markers include interleukin-8, creatine kinase brain

isoform, and CSF lactate levels, but there is insufficient research to

support their use.

Intracranial pressure

There are limited data to suggest that raised intracranial pressure in

the post-arrest period is associated with a poor neurological outcome.

At present, there is insufficient evidence to recommend this as a

monitoring modality to aid with neurological prognostication.

Scoring systems

These include systems that indicate the physiological chance of

survival such as the OHCA score and the PAR score discussed

earlier (Table 1). More specifically, the brain arrest neurological

outcome scale (BrANOS)15 was developed to predict mortality and

severe neurological dysfunction after cardiac arrest. This system

using a combination of duration of arrest, GCS, and CT brain find-

ings predicts mortality and severe disability with an overall diag-

nostic accuracy of 90%. However, this score was developed on

non-cooled patients and has not been validated on patients after

TH, so at present until full validation has taken place, it cannot be

recommended.

Conclusion

There have been significant advances in the treatment of cardiac

arrest over the last few years, and patient’s survival and neuro-

logical recovery is steadily improving.

Consequently, it would appear appropriate to err on the side of

caution as temporarily prolonging the life of someone destined to a

poor neurological outcome is less of a significant error than with-

drawing care on someone who could make a good recovery. The

Fig 2 The key response in poor prognosis is the bilateral absence of N20
response from the primary somatosensory cortex assessed 20 ms after
electrical stimulation of the median nerve at the wrist. Electrode placement
of the brachia plexus (N9/10) and the high cervical spinal cord (N13) is
required to demonstrate that signal absence at N20 after median nerve
stimulation only occurs in the presence of intact signals at N9/10 and N13
ensuring an intact peripheral nerve (reproduced with permission from
Young GB12).
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decision to admit to critical care should be primarily based upon a

patient’s pre-morbid physiological status and wishes if known.

Predicting potential recovery based on factors associated with the

cardiac arrest can no longer be recommended. While patients who

incur an unwitnessed non-VF/VT arrest generally have a very poor

outcome, some do make an excellent recovery.

As experience of the management of these patients improves,

so then will neurological prognostication. In the mean time,

caution should be used in interpreting clinical signs at 72 h and the

investigation of choice, although underused in the UK, is SSEP

(Table 4). A multidisciplinary team approach to establishing neuro-

logical prognosis and considering treatment withdrawal is vital. In

addition, while a neurological deficit can be significant in survi-

vors, many suffer from very subtle deficits such as short-term

memory loss and emotional lability. This can often be managed

well if recognized and treated early. All patients who survive to

critical care discharge should be referred for specialist neurore-

habilitation medicine review as a routine.

Declaration of interest

None declared.

References

1. Nolan JP, Laver SR, Welch CA et al. Outcome following admission to UK
intensive care units after cardiac arrest: a secondary analysis of the
ICNARC Case Mix Programme Database. Anaesthesia 2007; 62:
1207–16

2. The Hypothermia after Cardiac Arrest Study Group. Mild therapeutic
hypothermia to improve the neurologic outcome after cardiac arrest.
N Engl J Med 2002; 346: 549–56

3. Bernard SA, Gray TW, Buist MD et al. Treatment of comatose survivors
of out-of-hospital cardiac arrest with induced hypothermia. N Engl J Med
2002; 346: 557–63

4. Nolan JP, Morley PT, Vanden Hoek TL 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

5. Neumar RW, Nolan JP, Adrie C et al. Post-cardiac arrest syndrome: epi-
demiology, pathophysiology, treatment, and prognostication. A consensus
statement from the International Liaison Committee on Resuscitation
(American Heart Association, Australian and New Zealand Council on
Resuscitation. Circulation 2008; 118: 2452–83

6. Ebell MH. Prearrest predictors of survival following in-hospital cardiopul-
monary resuscitation: a meta-analysis. J Fam Pract 1992; 34: 551–8

7. Zandbergen EG, de Haan RJ, Stoutenbeek CP et al. Systematic review of
early prediction of poor outcome in anoxic-ischaemic coma. Lancet
1998; 352: 1808–12

8. Wijdicks EF, Hijdra A, Young GB et al. Practice parameter: prediction
of outcome in comatose survivors after cardiopulmonary resuscitation
(an evidence-based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 2006;
67: 203–10

9. Al Thenayan E, Savard M, Sharpe M et al. Predictors of poor neurologic
outcome after induced mild hypothermia following cardiac arrest.
Neurology 2008; 71: 1535–7

10. Schefold JC, Storm C, Kruger A et al. The Glasgow Coma Score is a
predictor of good outcome in cardiac arrest patients treated with
therapeutic hypothermia. Resuscitation 2009; 80: 658–61

11. Seder DB, Fraser GL, Robbins T et al. The bispectral index and suppres-
sion ratio are very early predictors of neurological outcome during
therapeutic hypothermia after cardiac arrest. Intensive Care Med 2010;
36: 281–8

12. Young GB. Neurological prognosis after cardiac arrest. N Engl J Med
2009; 361: 605–11

13. Tiainen M, Kovala TT, Takkunen OS et al. Somatosensory and brainstem
auditory evoked potentials in cardiac arrest patients treated with hypo-
thermia. Crit Care Med 2005; 33: 1736–40

14. Zandbergen EG, de Haan RJ, Hijdra A. Systematic review of prediction
of poor outcome in anoxic-ischaemic coma with biochemical markers
of brain damage. Intensive Care Med 2001; 27: 1661–7

15. Torbey MT, Geocadin R, Bhardwaj A. Brain arrest neurological
outcome scale (BrANOS): predicting mortality and severe disability fol-
lowing cardiac arrest. Resuscitation 2004; 63: 55–63

Please see multiple choice questions 5–8.

Table 4 PROPAC II study (N ¼ 391). Data presented by Janneke Horn, Amsterdam,

Netherlands at 2010 ESICM Meeting, Barcelona, Spain

Variable False-positive rate (%)

Absent brain stem reflexes on day 3 1

Absent pupil reflexes on day 3 1

Motor score ,3 on day 3 10

NSE . 33 mg litre21 7–10

SSEP during therapeutic hypothermia 3

SSEP during normothermia 0
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