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1. Executive Summary
1.1 There are approximately 50,000 treated cardiac arrests each year in the UK and

approximately one eighth of these will get admitted to an intensive care unit (ICU).

Approximately one third of those admitted to ICU will be discharged from hospital –

80% return to their normal residence. There is considerable variation in the outcome

of post cardiac arrest patients admitted to UK ICUs, even when adjustment is made

for case mix.

1.2 Consider the post cardiac arrest care bundle for those patients admitted

comatose to ICU after cardiac arrest. This comprises: early coronary reperfusion (if

appropriate) and haemodynamic optimisation; control of ventilation; blood glucose

control; temperature control; and treatment of seizures.

1.3 Consider tracheal intubation, sedation and controlled ventilation in any patient

with obtunded cerebral function following resuscitation from cardiac arrest.

1.4 Prior cardiopulmonary resuscitation is not a contraindication to thrombolysis –

restoration of coronary perfusion is a priority. If there is evidence of coronary

occlusion, consider immediate revascularisation by thrombolysis or percutaneous

coronary intervention. If the facilities are available, primary PCI is the preferred

technique for revascularisation.

1.5 Prolonged seizure activity may cause cerebral injury, and should be treated

promptly and effectively.

1.6 Treat any hyperthermia occurring in the first 72 h after cardiac arrest with

antipyretics or active cooling.

1.7 Unconscious adult patients with spontaneous circulation after out-of-hospital VF

cardiac arrest should be cooled to 32–34°C. Cooling should be started as soon as

possible and continued for at least 12–24 h. Rewarm slowly (0.25–0.5oC/h). Mild

hypothermia might also benefit unconscious adult patients with spontaneous

circulation after out-of-hospital cardiac arrest from a non-shockable rhythm, or

cardiac arrest in hospital.
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1.8 Patients admitted to ICU after cardiac arrest should have their blood glucose

monitored frequently and hyperglycaemia treated with an insulin infusion. Recent

studies indicate that post cardiac arrest patients may be treated optimally with a

target range for blood glucose concentration of up to 8 mmol/L.

1.9 Prognosis cannot be based on the circumstances surrounding cardiac arrest and

cardiopulmonary resuscitation. The decision to admit a comatose post cardiac arrest

patient to ICU should be based predominantly on the patient’s status before the

cardiac arrest. Absent pupil or corneal reflexes within days 1 to 3 after CPR, or

absent or extensor motor responses 3 days after cardiac arrest reliably predict a poor

outcome in the normothermic patient. Myoclonic status epilepticus within the first day

after a primary cardiac arrest reliably predicts a poor outcome. Until more data are

available, if a patient has been treated with mild hypothermia, prognostication should

probably be delayed but the optimal time has yet to be determined.

2. Introduction
2.1 Survival after cardiac arrest

Ischaemic heart disease is the leading cause of death in the world [1] and sudden

cardiac arrest is responsible for more than 60% of adult deaths from coronary heart

disease. [2] Based on data from Scotland the annual incidence of resuscitation for

out-of-hospital cardiac arrest is 60 per 100,000 population – 82% of these are caused

by primary cardiac disease. [3] Ventricular fibrillation is the first monitored rhythm in

approximately 40% of out-of-hospital primary cardiac arrests.[4] Rates of survival to

hospital discharge after out-of-hospital cardiac arrest are 7-10%.[3,5] The incidence

of primary cardiac arrest in hospital is approximately 1.5-3.0/1000 admissions[6] and

rates of survival to hospital discharge are approximately 17%.[7,8] With the exception

of patients resuscitated from a very brief period of cardiac arrest, most of those with a

return of spontaneous circulation (ROSC) will initially be comatose and those without

extensive comorbidity will generally be admitted to an ICU. Organ injury caused by

ischaemia and hypoxia during prolonged cardiac arrest is compounded by

reperfusion injury that occurs when a spontaneous circulation is restored. These

insults trigger a systemic inflammatory response, similar to that associated with

sepsis,[9] which causes multiple organ dysfunction - this is termed the post cardiac

arrest syndrome.[10-12] It has been estimated that there are approximately 50,000

treated cardiac arrests each year in the UK and approximately 6350 (12.7%) will get

admitted to an intensive care unit (ICU).[13] Based on an analysis of the Intensive
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Care National Audit and Research Centre Case Mix Programme Database (ICNARC

CMPD), unconscious, mechanically ventilated survivors of cardiac arrest account for

5.8% of all admissions to ICUs in the United Kingdom (UK). Of these 24,132

admissions, 42.9% survived to leave the ICU and 28.6% survived to hospital

discharge.[13] Two-thirds of patients dying after admission to ICU following out-of-

hospital cardiac arrest die from neurological injury and 25% of patients dying after

admission to ICU following in-hospital cardiac arrest die from neurological injury.[14]

It is has now been established that interventions in the post-resuscitation period have

a significant influence on the ultimate outcome.[15-18] A recent analysis of the

ICNARC CMPD indicates that there is considerable variation in the outcome of post

cardiac arrest patients admitted to UK ICUs even when adjustment is made for case

mix (Harrison D, personal communication).

2.2 The goal of resuscitation

The ultimate goal is to return the patient to a state of normal neurological function

with a stable cardiac rhythm and normal haemodynamic function. This will require

further resuscitation tailored to the individual needs of each patient. The post-

resuscitation phase starts at the location where ROSC is achieved but, once

stabilised, the patient is transferred to the most appropriate high-care area (e.g., ICU,

coronary care unit) for continued monitoring and treatment.

2.3 Levels of evidence and grades of recommendation

This document provides guidance on the intensive care treatment of patients

admitted after resuscitation from cardiac arrest. It is based on systematic reviews of

the literature on post resuscitation care. The levels of evidence and treatment

recommendations have been graded using the system devised by the Scottish

Intercollegiate Guidelines Network (SIGN) (www.sign.ac.uk). Most of the relevant

studies have already been identified and evaluated by the International Liaison

Committee on Resuscitation (ILCOR) during preparation of the 2005 International

Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care

Science with Treatment Recommendations (CoSTR).[19] The systematic reviews

undertaken for CoSTR can be viewed and downloaded at www.c2005.org. For the

purposes of this document, these reviews were updated to include relevant studies

published since 2005. The treatment recommendations in this document are

consistent with those published in an American Heart Association (AHA)/ILCOR

Post-cardiac Arrest Statement of Science.[10]
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3. Airway and ventilation
3.1 Science

There are no data supporting precise indications for intubation, ventilation and

sedation after cardiac arrest. Although cerebral autoregulation is either absent or

altered in a majority of patients in the acute phase after cardiac arrest [2+],[20]

cerebrovascular reactivity to changes in arterial carbon dioxide tension seems to be

preserved [2+].[21-24] Cerebrovascular resistance may be elevated for at least 24

hours in comatose survivors of cardiac arrest.[25] Studies in brain-injured patients

have shown that the cerebral vasoconstriction caused by hyperventilation may

produce potentially harmful cerebral ischaemia [1+].[26] There are no data to support

the targeting of a specific arterial PCO2 after resuscitation from cardiac arrest. There

are no data to indicate an optimal duration for sedation and positive pressure

ventilation after cardiac arrest. The duration will depend on recovery of organ

function.

Adequate oxygen delivery is essential, but animal data indicate that too much oxygen

during the initial stages of reperfusion can exacerbate neuronal damage through

production of free radicals and mitochondrial injury.[27,28] Several animal studies

have demonstrated neurological benefits of controlled reoxygenation during the initial

phases of resuscitation by ventilating with the minimum FiO2 required to maintain

adequate oxygen saturation of arterial blood.[29] Based on these data, avoid

unnecessary arterial hyperoxia, particularly during the initial post-cardiac arrest

period. This can be achieved by adjusting the FiO2 to produce an arterial oxygen

saturation of 94-98%.

3.2 Treatment recommendations

3.2.1 Patients who have had a brief period of cardiac arrest responding immediately

to appropriate treatment may regain consciousness very quickly. These patients do

not require tracheal intubation and ventilation but should be given oxygen via a

facemask [D].

3.2.2 Consider tracheal intubation, sedation and controlled ventilation in any patient

with obtunded cerebral function [D].

3.2.3 Adjust ventilation to achieve normocarbia and monitor this using the end-tidal

PCO2 and arterial blood gas values [B].

3.2.4 Adjust the FiO2 to achieve an arterial oxygenation of 94-98% [D].
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4. Circulation
4.1 Coronary revascularisation

4.1.1 Science

Acute coronary occlusion with myocardial infarction is a common cause of sudden

cardiac death and coronary artery disease accounts for two thirds of sudden cardiac

deaths [2+].[2,3,30] Acute changes in coronary plaque morphology are found in 40-

86% cardiac arrest survivors, and in 15-64% in autopsy studies [3].[31] In a series of

84 consecutive survivors of OHCA who underwent immediate coronary angiography,

40 were found to have coronary artery occlusion [2+].[32] Early post-cardiac arrest

coronary angiography with subsequent PCI is well documented [2+].[32-39] In a

series of 40 patients treated in Oslo, Norway with primary percutaneous coronary

intervention (PCI) after OHCA and ST-elevation myocardial infarction (STEMI), the 2-

year mortality was just 27.5%; before PCI, 90% of the patients were unconscious

[2+].[33] In another study of 135 cardiac arrest patients who had a STEMI and

subsequently underwent coronary angiography, a PCI success rate of 87% and a

survival to discharge rate of 67% was reported [2+].[37] Those who were comatose

at the time of PCI had a long-term survival of 54%.  Similar results were reported in a

study of 186 patients who underwent coronary angiography after resuscitation for

STEMI [2+]:[36] 54% survived to 6 months and 86% of these survivors had normal

cerebral function (Cerebral Performance Category 1).  The combination of early

angiography/PCI with mild therapeutic hypothermia in 40 comatose patients

resuscitated after out-of-hospital cardiac arrest caused by STEMI resulted in a 75%

survival-to-discharge rate compared with 44% among patients undergoing PCI but

not hypothermia [2+].[39] The patient can be brought to the angiography laboratory

while cooling is continued, and the combination of early PCI and mild hypothermia for

patients remaining comatose after cardiac arrest caused by STEMI is very promising

[2+].[15,38,39]

The safety of thrombolysis after cardiopulmonary resuscitation has been documented

[2+].[40,41] In a placebo controlled trial of t-PA given during CPR for asystolic OHCA,

the incidence of major haemorrhage was 1.7% (2/117) [1+].[42] The Thrombolysis in

Cardiac Arrest (TROICA) Study indicated that the incidence of major bleeding

complications was not significantly different between the placebo (7.4%) and

thrombolysis (8.9%) groups [1++]. [in press] Symptomatic intracranial haemorrhage

occurred in 1% of those given thrombolysis.
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The data comparing primary PCI with thrombolysis after acute myocardial infarction

are summarised in the 2005 CoSTR [1++].[43] Six randomised studies [1+],[44-49]

and three meta-analyses [1++],[50-52] compared primary PCI with thrombolysis in

patients with STEMI. These studies documented consistent improvement in the

combined end point of death, stroke, and reinfarction when PCI was undertaken by

skilled personnel in a high-volume centre (i.e. >75 procedures per operator annually)

with minimal delay (balloon inflation ≤90 minutes after first medical contact and within

12 hours after the onset of symptoms). However, there are no randomised controlled

trials comparing primary PCI with thrombolysis in post cardiac arrest patients

specifically. A meta-analysis of 17 trials concluded that facilitated PCI, in which

thrombolysis is given before PCI, is associated with increased intracerebral bleeding

risk and mortality, in comparison with PCI alone [1++].[53]

4.1.2 Treatment recommendation

4.1.2.1 Prior cardiopulmonary resuscitation is not a contraindication to thrombolysis –

restoration of coronary perfusion is a priority. If there is evidence of coronary

occlusion, consider immediate revascularisation by thrombolysis or percutaneous

coronary intervention [B].

4.1.2.2 If the facilities are available, primary PCI is the preferred technique for

revascularisation [B] – extrapolated from data derived from non-cardiac arrest

patients.

4.1.2.3 Management of the ventilated, haemodynamically unstable post cardiac

arrest patient in the cardiac catheter laboratory is challenging and requires the

presence of an experienced ICU clinician [√].

4.1.2.3. When indicated, cooling can be continued in the angiography laboratory [C].

4.2 Myocardial dysfunction after cardiac arrest

4.2.1 Science

Haemodynamic instability is common after cardiac arrest and manifests as

hypotension, low cardiac index, arrhythmias [2++],[54] and impaired contractility on

echocardiography [3].[55] This post-resuscitation myocardial dysfunction is usually

transient and often reverses within 24–48 h [animal study].[56] The post-resuscitation

period is associated with marked elevations in plasma cytokine concentrations,

manifesting as a sepsis-like syndrome and multiple organ dysfunction [2++].[57]

These patients will commonly require considerable fluid, and inotropes and/or
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vasoactive drugs. Mechanical circulatory assistance with an intra-aortic balloon pump

(IABP) may be required until myocardial dysfunction has recovered. Several recent

studies have documented high long-term survival rates (> 50%) in post cardiac arrest

patients despite the need for treatment with an IABP [2+].[15,36,38]

4.2.2 Treatment recommendations

4.2.2.1 Infusion of fluids may be required to increase right heart filling pressures or,

conversely, diuretics, vasodilators and inotropes/IABP may be needed to treat

myocardial dysfunction [C].

4.2.2.2 In the presence of a significant inflammatory response, noradrenaline may be

required to maintain an adequate blood pressure [C].

4.2.2.3 Early echocardiography will enable the extent of myocardial dysfunction to be

quantified and may guide therapy [D].

4.3 Blood pressure control after cardiac arrest

4.3.1 Science

There are very few randomised trials evaluating the role of blood pressure on the

outcome after cardiac arrest. One randomised study demonstrated no difference in

the neurological outcome among patients randomised to a mean arterial pressure of

>100 mmHg versus ≤100 mmHg 5 min after ROSC; however, good functional

recovery was associated with a higher blood pressure during the first 2 h after ROSC

[2+].[58] Good outcomes have been achieved after out-of-hospital cardiac arrest

using a MAP target from as low as 65-75 mm Hg to as high as 90-100 mm Hg [2-

].[15,59] A patient with an evolving AMI or severe myocardial dysfunction might

benefit from the lowest target MAP that will assure adequate cerebral oxygen

delivery.

4.3.2 Treatment recommendation

4.3.2.1 In the absence of definitive data, target the mean arterial blood pressure to

achieve an adequate urine output, taking into consideration the patient’s normal

blood pressure [C].

4.4 Prophylactic anti-arrhythmic therapy

4.4.1 Science

No studies have specifically and directly addressed the prophylactic use of

antiarrhythmic therapy started immediately after resuscitation from cardiac arrest. Six

studies ([2+],[60-64] [3][65]) have shown inconsistent improvement in long-term
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survival when prophylactic antiarrhythmics were given to survivors of cardiac arrest

from all causes. Six studies ([1++],[66-68] [1+],[69,70] [2++][71]) showed that

implantable cardioverter defibrillators (ICDs) improve survival when compared with

antiarrhythmics in survivors of cardiac arrest. In comparison with beta-blocker alone,

or sotalol, a combination of amiodarone plus beta-blocker reduced the number of

shocks from ICDs [1++].[72]

Immediately after cardiac arrest there is often a period of hyperkalaemia, caused by

the release of intracellular potassium associated with ischaemia [3].[73] Subsequent

endogenous catecholamine release promotes intracellular transportation of

potassium, causing hypokalaemia. Hypokalaemia may predispose to ventricular

arrhythmias. Dysrhythmias are commonly caused by focal cardiac ischaemia, and

early reperfusion treatment is probably the best anti-arrhythmic therapy.

4.4.2 Treatment recommendation

4.4.2.1 Giving prophylactic antiarrhythmics to patients who have survived cardiac

arrest, irrespective of aetiology, can neither be recommended nor rejected. It may be

reasonable, however, to continue an infusion of an antiarrhythmic drug that restored

a stable rhythm successfully during resuscitation [D].

4.4.2.2 Give potassium to maintain the serum potassium concentration between 4.0

and 4.5 mmol/L [D].

4.5 Adrenal function and coagulation

4.5.1 Science

The stress of total body ischemia/reperfusion affects adrenal function. Relative

adrenal insufficiency, defined as failure to respond to corticotrophin (i.e. <9 µg/ml

increase in cortisol), is common and is associated with increased mortality [2-].[74-

78] One small study has demonstrated increased ROSC when patients with out-of-

hospital cardiac arrest were treated with hydrocortisone [1-],[79] but the use of

steroids has not been studied in the post cardiac arrest phase.

Significant coagulation abnormalities consistent with down-regulation of the

thrombomodulin-endothelial protein C pathway have been documented after

resuscitation from OHCA [2+].[80] One small study has demonstrated improved six-

month survival when high-volume haemofiltration was used after cardiac arrest [1-

].[81]
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4.5.2 Treatment recommendation

4.5.2.1 Routine steroid treatment after cardiac arrest is not recommended [D].

5. Disability (optimising neurological recovery)
5.1 Cerebral perfusion

5.1.1 Science

The mechanisms of brain damage triggered by cardiac arrest and resuscitation are

complex and include excitotoxicity, disrupted calcium homeostasis, free radical

formation, pathological protease cascades, and activation of cell death signalling

pathways [4].[82-84] Many of these processes occur over hours to days following

ROSC. Prolonged cardiac arrest can cause failure of cerebral microcirculatory

reperfusion, and even small infarctions, despite adequate cerebral perfusion

pressures ([4],[85] [animal data][86]).

Immediately after ROSC there is a period of cerebral hyperaemia because of

elevated cerebral perfusion pressures and impaired cerebrovascular autoregulation

([2+][20], [3][87], [animal data][88]). After 15–30 min of reperfusion, however, global

cerebral blood flow decreases and there is generalised hypoperfusion associated

with a decrease in cerebral blood flow to about 50% or less of normal [animal

data].[89] The loss of normal cerebral autoregulation leaves cerebral perfusion

dependent on mean arterial pressure ([2+][20], [3][87]). Under these circumstances,

hypotension will compromise cerebral blood flow severely and will compound any

neurological injury. Although transient brain oedema is observed early after ROSC,

most commonly after asphyxial cardiac arrest, it is rarely associated with clinically

relevant increases in intracranial pressure [3].[90-93]

5.1.2 Treatment recommendation

5.1.2.1 After ROSC, maintain mean arterial pressure at the patient’s normal level [D].

5.1.2.2 There is no indication for routine ICP monitoring after cardiac arrest [D].

5.2 Sedation

5.2.1 Science

Although it has been common practice to sedate and ventilate patients for up to 24 h

after ROSC, there are no data to support a defined period of ventilation, sedation and

neuromuscular blockade after cardiac arrest. The duration of sedation and ventilation
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may be influenced by the use of therapeutic hypothermia (see 5.4.2). In comparison

with other intubated critically ill patients, post cardiac arrest patients are at

particularly high risk of developing pneumonia within the first 48 h of intubation

[2+].[94] Mild hypothermia will prolong the clearance of sedative drugs and

neuromuscular blockers [2+].[95]

5.2.2 Treatment recommendation

5.2.2.1 There are no data to indicate whether or not the choice of sedation influences

outcome, but short-acting drugs (e.g., propofol, alfentanil, remifentanil) will enable

earlier neurological assessment [√].

5.3 Prevention and control of seizures

5.3.1 Science

Seizures and/or myoclonus occur in 5%–15% of adult patients who achieve ROSC,

and in 10-40% of those who remain comatose ([2++],[96] [2+],[97,98] [3],[99]).

Seizures increase cerebral metabolism by up to threefold [animal data].[100] There

are no studies that directly addressed the use of prophylactic anticonvulsant drugs

after cardiac arrest in adults. Myoclonus can be particularly difficult to treat –

phenytoin is often ineffective. Clonazepam is the most effective antimyoclonic drug,

but sodium valproate and levetiracetam may also be effective [4].[101] Effective

treatment of myoclonus with propofol has been described [3].[102]

Shivering associated with therapeutic hypothermia (see 5.4.2) may require the use of

neuromuscular blocking drugs. Because of the relatively high incidence of seizures

after cardiac arrest, consider continuous EEG monitoring for patients requiring

sustained neuromuscular blockade [3].[103]

5.3.2 Treatment recommendations

5.3.2.1 Prolonged seizure activity may cause cerebral injury, and should be treated

promptly and effectively with benzodiazepines, phenytoin, sodium valproate, propofol

or a barbiturate [D]. Each of these drugs can cause hypotension, and this must be

treated appropriately [√].

5.3.2.2 Clonazepam is the drug of choice for the treatment of myoclonus [D].

5.3.2.3 Maintenance therapy should be started after the first event once potential

precipitating causes (e.g. intracranial haemorrhage, electrolyte imbalance, etc) are

excluded [√].
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5.3.2.4 If continuous infusions of neuromuscular blocking drugs are necessary to

control shivering, consider the use of continuous EEG monitoring [D].

5.4 Temperature control

5.4.1 Treatment of hyperthermia

5.4.1.1 Science

A period of hyperthermia is common in the first 48 h after cardiac arrest

[2+],[104,105] [animal study].[106]The risk of a poor neurological outcome increases

for each degree of body temperature >37°C [2++].[107] Antipyretics and/or physical

cooling methods decrease infarct volumes in animal models of global

ischaemia.[108,109]

5.4.1.2 Treatment recommendation

Treat any hyperthermia occurring in the first 72 h after cardiac arrest with antipyretics

or active cooling [C].

5.4.2 Therapeutic hypothermia

5.4.2.1 Science

Two randomised clinical trials [1+],[110] [1-][111]) and a meta-analysis [1+][112]

showed improved outcome in adults who remained comatose after initial

resuscitation from out-of-hospital VF cardiac arrest and who were cooled within

minutes to hours after ROSC. Patients in these studies were cooled to 33ºC[110] or

to the range of 32ºC to 34ºC[111] for 12 to 24 hours. The Hypothermia After Cardiac

Arrest (HACA) study included a small subset of patients with in-hospital cardiac

arrest.[110]

Three studies with historical control groups showed benefit after therapeutic

hypothermia in comatose survivors of OHCA after non-VF arrest [2+][113] and all

rhythm arrests [2+][59,114] respectively. Other observational studies also indicate its

possible benefit following cardiac arrest in other settings [2-].[115,116] One study

documented improved metabolic end points (lactate and O2 extraction) when

comatose adult patients were cooled after ROSC from out-of-hospital cardiac arrest

in which the initial rhythm was PEA/asystole[1-].[117] Two studies have indicated

favourable outcome from out-of-hospital cardiac arrest associated with STEMI when

patients were treated with combination of primary PCI and hypothermia ([2-][39],

[3][38]).
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External or internal cooling techniques can be used to initiate cooling within minutes

to hours ([1+],[110] [1-],[111,117,118] [2+],[59,114] [3][119-123]) An infusion of 30

ml/kg of 4ºC saline achieved a decrease in core temperature of approximately 1.5ºC

([1+][118], [3][119,120,122,124,125]). Ice cold fluids alone cannot be used to

maintain hypothermia.[126] One study in patients with cardiac arrest [3][121] and four

other studies ([1+],[127] [2+],[128] [3],[129,130]) have documented that intravascular

cooling enables more precise control of core temperature than external methods.

Studies documenting improved outcome with therapeutic hypothermia after cardiac

arrest used continuous temperature monitoring ([1+],[110] [1-],[111,117] [2+],[59,114]

[2-],[39] [3],[38]).

Multiple studies in animals indicate the importance of initiating cooling as soon as

possible and for adequate duration (e.g.,12 to 24 hours) [animal data];[131-138] this

is supported by a recent clinical study [2+].[139] Shivering will necessitate sedation

and possibly intermittent or continuous neuromuscular blockade. Use of continuous

neuromuscular blockade could mask seizure activity [3].[140]

Other complications of mild therapeutic hypothermia include increased infection,

cardiovascular instability, coagulopathy, hyperglycaemia and electrolyte

abnormalities such as hypophosphataemia and hypomagnesaemia ([2+],[141] [4],

[142]). Particular care must be taken during the cooling and rewarming phases

because metabolic rate, plasma electrolyte concentrations and haemodynamics may

change rapidly.

The optimum target temperature, rate of cooling, duration of hypothermia and rate of

rewarming have yet to be determined; further studies are essential. Although the

optimal rate of rewarming is unknown, the consensus is currently about 0.25-0.5 ºC

of warming per hour [4].[115]

5.4.2.2 Treatment recommendations

5.4.2.2.1 Unconscious adult patients with spontaneous circulation after out-of-

hospital VF cardiac arrest should be cooled to 32–34°C [A].

5.4.2.2.2 Cooling should be started as soon as possible and continued for at least

12–24 h [B]. Most experts recommend cooling for at least 24 h [D].
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5.4.2.2.3 Induced hypothermia might also benefit unconscious adult patients with

spontaneous circulation after out-of-hospital cardiac arrest from a non-shockable

rhythm, or cardiac arrest in hospital [C].

5.4.2.2.4 Rapid infusion of ice-cold fluid 30 ml/kg is a very effective, simple method

for initiating cooling [A].

5.4.2.2.5 Treat shivering by ensuring adequate sedation and giving neuromuscular

blocking drugs [D]. Bolus doses of neuromuscular blockers are usually adequate, but

infusions are necessary occasionally [D].

5.4.2.2.6 Rewarm the patient slowly (0.25–0.5oC/h) [D].

5.4.2.2.7 Avoid hyperthermia in all comatose post cardiac arrest patients [C].

5.5 Blood glucose control

5.5.1 Science

There is a strong association between high blood glucose after resuscitation from

cardiac arrest and poor neurological outcome [2+].[16,143-149] Persistent

hyperglycaemia after stroke is associated with a worse neurological outcome

([2++],[150] [2+][151]).

Tight control of blood glucose (4.4–6.1 mmol/L) using insulin reduced hospital

mortality in critically ill adults in a surgical ICU [1++],[152] and appeared to protect

the central and peripheral nervous system [1+],[153] but this has not been

demonstrated in post-cardiac arrest patients specifically. When the same group

repeated this study in a medical ICU, the overall mortality was similar in the intensive

insulin and control groups [1++].[154] Among the patients with an ICU stay of 3 days

or longer, intensive insulin therapy reduced the mortality from 52.5% (control group)

to 43% (P=0.009). Sixty-one of the 1200 patients in the medical ICU study had

neurological disease – the mortality among these patients was the same in the

control and treatment groups (29% versus 30%) [1++].[154] In the UK, the median

length of ICU stay for ICU survivors after admission following cardiac arrest is 3.4

days [2+].[13] One rat study has shown that glucose plus insulin improves cerebral

outcome after asphyxial cardiac arrest [animal data].[155]

There was no difference in 30-day mortality among 90 unconscious survivors of out-

of-hospital VF cardiac arrest who were cooled and randomised between a strict

glucose control group (SGC), with a blood glucose target of 4-6 mmol/L, and a

moderate glucose control group (MGC), with a blood glucose target of 6-8 mmol/L

[1+].[156] Episodes of moderate hypoglycemia (< 3.0 mmol/L) occurred in 18% of the
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SGC group and 2% of the MGC group (p 0.008); however, there were no episodes of

severe hypoglycemia (< 2.2 mmol/L or 40 mg/dl). The upper glucose value of 8.0

mmol/L, which is significantly higher than the 6.1 mmol/L recommended by van den

Berghe [1++],[152] has been suggested by others [2-].[15,157,158] The lower

glucose target range may not reduce mortality any further, but instead, may expose

patients to the potentially harmful effects of hypoglycemia [1+].[156] The incidence of

hypoglycaemia in another recent study of intensive insulin therapy exceeded 18%

and some authors have cautioned against its routine use in the critically ill

[4].[159,160] Regardless of the chosen glucose target range, blood glucose must be

measured frequently ([1+],[156] [2-],[15]) especially when insulin is started and during

cooling and rewarming periods.

5.5.2 Treatment recommendations

5.5.2.1 In common with all critically ill patients, patients admitted to a critical care

environment after cardiac arrest should have their blood glucose monitored

frequently and hyperglycaemia treated with an insulin infusion. The blood glucose

concentration that triggers insulin therapy, and the target range of blood glucose

concentrations, should be determined by local policy [B].

5.5.2.1 Recent studies indicate that post cardiac arrest patients may be treated

optimally with a target range for blood glucose concentration of up to 8 mmol/L [B].

6 Prediction of outcome in comatose survivors after

cardiopulmonary resuscitation
6.1 Science

Two thirds of those dying after admission to ICU following out-of-hospital cardiac

arrest die from neurological injury [3].[14] A quarter of those dying after admission to

ICU following in-hospital cardiac arrest die from neurological injury. Predicting the

final outcome of individual patients remaining comatose after resuscitation from

cardiac arrest is problematic. The criteria for prognosis must have near to 100%

specificity.

The Quality Standards Subcommittee of the American Academy of Neurology has

recently completed an evidence-based review of all the studies and on prediction of
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outcome in comatose survivors after CPR and has made several recommendations

for clinical practice [2++].[161]

6.1.1 Circumstances surrounding cardiopulmonary resuscitation

Numerous studies have documented an association between peri-arrest factors (e.g.,

first monitored rhythm, no flow time (arrest to start of CPR), duration of CPR, co-

morbidity) and outcome. Most studies do not document an association between age

and survival after cardiac arrest [2+],[149,162-165] but others show a significantly

lower survival in older patients [2+].[166-169] One high-quality study that included

only comatose survivors of cardiac arrest documented that increasing age was

associated with higher mortality but it was not an independent predictor of poor

neurological outcome [2++].[170] This study also showed that no flow time, duration

of CPR and first monitored rhythm were all associated with outcome but the false

positive rate with these variables ranged from 20-27%. Patients older than 80 years

account for 11% of the mechanically ventilated survivors of cardiac arrest in the

ICNARC CMPD and approximately 19% of these survive to hospital discharge

[2+].[13]

One group has used logistic regression analysis to identify clinical and laboratory

variables, which are readily available on admission, to produce a score that will

predict outcome (the out-of-hospital cardiac arrest (OHCA) score) [2+].[171] Initial

rhythm, estimated no-flow and low-flow intervals, blood lactate and creatinine

concentrations were independently associated with poor outcomes and were used to

build a continuous severity score. While the performance of this score is good for

predicting outcome among cohorts of cardiac arrest patients, it is not appropriate for

predicting outcome in individuals.

The lactate concentration in arterial blood at admission is associated weakly with the

duration of cardiac arrest and high lactate concentrations are associated with poor

neurological outcome [2++].[172] However, arterial lactate concentration has poor

prognostic value for estimating the likelihood of a poor neurological outcome in

individuals.

6.1.2 Neurological examination

The predictive value of the Glasgow Coma Scale (GCS) score, the motor component

of the GCS, brainstem reflexes (pupil light reflexes, corneal reflexes, eye

movements), and the presence of convulsions or myoclonic status epilepticus have
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been investigated in several studies ([1-],[173] [2++],[96,98,174] [2+],[175-181]). Of

these, absence of the pupillary light response, corneal reflex or motor response to

painful stimuli at day 3 provides the most reliable predictor of poor outcome

(vegetative state or death) [2+].[96,161,182]. Based on a systematic review of the

literature, it was reported that absent brainstem reflexes or a Glasgow motor score ≤

2 (i.e., extensor or absent) at 72 hours had a false positive rate (FPR) of 0% [95% CI

0-3%] for predicting poor outcome [2+].[161] In a recent prospective trial, it was

reported that absent pupillary or corneal reflexes at 72 hours had a 0% FPR [95% CI

0-9%] while absent motor response at 72 hours had a 5% FPR [95% CI  2-9%] for

poor outcome.[96] Absent pupil light reflexes at 24-72 h after CPR also had a 0%

FPR [2++]. [96,98,174] Single convulsions and sporadic focal myoclonus do not

predict poor outcome accurately ([2++],[96] [2+][178]). However, myoclonic status

epilepticus (spontaneous, repetitive, generalised multifocal clonus involving the face,

limbs, and axial musculature in comatose patients) on day 1 predicts a poor outcome

with a FPR of 0% [95% CI 0 - 8.8%] ([2++][96,161] [2+][179]). While status

myoclonus has been regarded as a reliable predictor of poor outcome, it may be

misdiagnosed by non-neurologists. There have been a few case reports of good

outcomes despite myoclonic status epilepticus but these have mainly involved

patients with primary respiratory arrest [3].[97,183-185]

6.1.3 Electroencephalogram

There have been several studies examining the electroencephalogram (EEG) as a

predictor of outcome after cardiac arrest [2+].[178,186-189] Generalised suppression

to < 20µV, burst-suppression pattern with generalised epileptiform activity, or

generalised period complexes on a flat background are strongly, but not invariably,

associated with a poor outcome. The Quality Standards Subcommittee of the

American Academy of Neurology meta-analysis of studies reporting malignant EEG

patterns documented a FPR for poor outcome of 3% [95% CI 0.9 -11%] [2++].[161]

6.1.4 Somatosensory evoked potentials

Several groups of investigators have studied the use of somatosensory evoked

potentials (SSEPs) in response to median nerve stimulation as a means of predicting

poor outcome in comatose patients within 3 days after cardiac arrest ([2++][96]

[2+][176,178,189-193] [1+],[173,194]). SSEPs are minimally influenced by drugs and

metabolic derangements and therefore more useful for prognostication. All but one of

these studies[189] had a FPR of 0%. The Quality Standards Subcommittee of the
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American Academy of Neurology meta-analysis of studies reporting SSEPs

documented a FPR of 0.7% for poor outcome [95% CI 0.1 - 3.7] [2++].[161]

6.1.5 Neurological biochemical markers

Biomarkers that have been studied for their potential for predicting outcome after

cardiac arrest include serum neuron-specific enolase (NSE), serum S100, and

creatine kinase brain isoenzyme (CKBB). NSE is an isomer of enolase that is located

in neurons and neuroectodermal cells; S100 protein is a calcium-binding astroglial

protein and CKBB is present in neurons and astrocytes.

In one high-quality study, 231 patients with a NSE > 33 µg/dl at 1-3 days all had a

poor outcome: FPR 0% [95% CI 0 - 3%] [2++].[96] Other studies have confirmed the

relationship between serum NSE and poor outcome but the cut-off points range from

20 to 65 µg/dl ([2+],[181,195-197] [3],[198]).

Several studies have documented that serum S100 is not as useful as a prognostic

indicator ([2++],[96] [2+],[181,195,197,199,200]). Using a cut-off of 0.7 µg/L, the best

study reported a FPR of 5% [95% CI 0 - 26] [2+].[96]

In six studies CKBB also proved to be a poor predictor of outcome - the median FPR

was 15% [range 0 - 33%] [2+].[201-206]

6.1.6 Radiological studies

Although eight studies have assessed the ability of CT, MRI and nuclear magnetic

resonance spectroscopy to predict poor outcome among comatose patients after

cardiac arrest ([2+][92,207] [3][208-213]) there is not enough evidence to define

lesions that would predict poor outcome with precision [2++].[161] There is some

evidence that loss of distinction between grey (GM) and white matter (WM) on CT

scan predicts poor outcome in comatose patients after cardiac arrest. In the best of

these studies the CT appearances of 25 comatose post cardiac arrest patients were

compared with the scans of normal controls [2+].[92] A difference in GM/WM ratio of

< 1.18 at the basal ganglia level was 100% predictive of death. This single study is

not enough to recommend CT scanning as a means of predicting outcome in

individual cases.
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6.1.7 Prognostication in hypothermia-treated patients

Therapeutic hypothermia alters the progression of neurological injury and, in

comparison with those not subjected to therapeutic hypothermia, alters the evolution

of recovery. Therefore, prognostic factors established in patients not treated with

hypothermia might not predict accurately the outcome of those treated with

hypothermia [4].[10] There are no studies detailing the recovery of key components

of the neurologic examination in cooled patients. But some studies have investigated

the utility of SSEP and biochemical markers in predicting functional outcome with

therapeutic hypothermia after cardiac arrest. One study found that bilateral absence

of cortical N20 responses predicted permanent coma similarly with a FPR of 0%

(95% CI, 0-8%) [1+].[194] Brainstem auditory evoked potential recordings did not

correlate with the outcome in either treatment group. In another study by the same

group, patients treated with therapeutic hypothermia had higher baseline

concentrations of NSE but more patients in the hypothermia arm had decreases in

serum NSE concentrations over the first several days after cardiac arrest than

patients assigned to the placebo group [2+].[195] These decreases in NSE were

associated with a good outcome. Hypothermia may mask neurologic examination, or

delay the clearance of sedative or neuromuscular blocking drugs that may mask

neurologic function [2+].[95,161,214]

6.2 Treatment recommendations

6.2.1 Prognosis cannot be based on the circumstances surrounding cardiac arrest

and cardiopulmonary resuscitation [B].

6.2.2 The decision to admit a comatose post cardiac arrest patient to ICU should be

based predominantly on the patient’s status before the cardiac arrest [√].

6.2.3 Absent pupil or corneal reflexes within days 1 to 3 after CPR, or absent or

extensor motor responses 3 days after cardiac arrest reliably predict a poor outcome

in the normothermic patient [B]. Consider withdrawing therapy.

6.2.3 Myoclonic status epilepticus within the first day after a primary cardiac arrest

reliably predicts a poor outcome [C].

6.2.4 Burst suppression or generalised epileptiform discharges on the EEG predict

poor outcome but this is too imprecise for use in individual cases [C]. Timely access

to EEG recording and interpretation may be a problem on many ICUs.

6.2.5 Bilateral absence of the N2O component of the SSEP with median nerve

stimulation recorded on days 1-3 or later accurately predicts a poor outcome [B];

however, few ICUs will have access to this investigation in a useful time frame.
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6.2.6 There are too few data to determine the value of radiological investigations in

predicting outcome in comatose post cardiac arrest patients [D].

6.2.7 Until more is known about the impact of therapeutic hypothermia,

prognostication should probably be delayed but the optimal time has yet to be

determined [D].

7. Information about post resuscitation care for

relatives and carers
This section about information for relatives and carers aims to help doctors answer

the most likely questions they may be faced with. Unlike other devastating illnesses

where a relative’s condition may have deteriorated over time, the relative of a cardiac

arrest patient may have had normality suddenly shattered. They are consequently

often much more afraid. As little medical jargon as possible should be used. A

suggested scheme is as follows:

1. What has happened to my relative?

They have had a period where their heart has stopped beating. Not enough

blood and oxygen has gone to their brain and that is why they are not

conscious.

2. What has caused it?

There could be several explanations. One possibility is that an artery

supplying the heart with blood and oxygen has become blocked and this has

stopped the heart beating. We will need to do more tests.

3. Why are they still asleep?

There are probably several reasons for this. Sometimes when the heart has

stopped beating for a period of time, acids and other substances build up in

the blood, which can impair consciousness.

4. Why are they being admitted to an Intensive Care Unit?

There is some evidence that if your relative has a low level of consciousness

after their heart has stopped beating for a period, then they should be looked

after in a particular way. This may include lowering their body temperature,
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controlling their blood sugar, stopping any fitting, controlling their blood

pressure and the amount of oxygen they are receiving.

If the cause is a blocked artery supplying blood to the heart, they may need to

get the artery opened up.

5. Will they be brain damaged?

In the first few days, it is difficult to predict this with certainty. We will need to

do some tests and allow some time for potential recovery to occur.

6. Will they survive?

This will depend on a lot of factors. Statistically, if you look at all patients in a

similar situation admitted to an Intensive Care Unit, they have a just over 40%

chance of surviving to discharge from ICU but unfortunately not all of these

patients will survive to leave hospital.

8. Implementation, resource issues, and audit
8.1 Local implementation

There is evidence that implementation of mild hypothermia after cardiac arrest has

been slow in most of the developed world – several surveys from the last two years

suggested that only about 25% of ICUs had ever used this therapy [3].[215-218]

However, successful implementation of hypothermia has now been described by

many centres [2+].[15,38,39,59,114,219]

A ‘post cardiac arrest care bundle’ has been proposed and comprises [4]:[12]

1. Early coronary reperfusion and haemodynamic optimisation

2. Control of ventilation

3. Blood glucose control

4. Temperature control

5. Treatment of seizures.

Local implementation of the post cardiac arrest care bundle requires collaboration

among doctors and nurses across several different specialities, but particularly

critical care, emergency medicine and cardiology. Local protocols for the application

of the care bundle should be developed jointly by representatives of all these

disciplines.
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8.2 Resource implications

Many of the interventions applied in the post resuscitation period do not require

expensive equipment. The more expensive cooling systems have some advantages

but are by no means essential. Maintenance of an adequate mean arterial blood

pressure and control of blood glucose are also relatively inexpensive interventions. In

some healthcare systems, the lack of 24 hour interventional cardiology systems

makes it difficult to implement timely PCI, but in most cases it should still be possible

to achieve early reperfusion with thrombolytic therapy. The use of hypothermia

should not extend the length of ICU stay significantly but the data to confirm this are

awaited.

8.3 Key points for audit

Implementation of the post cardiac arrest care bundle should be the subject of

regular audit. The outcome of patients admitted to ICU after cardiac arrest should be

the subject of regular and ongoing audit.

8.4 Recommendations for research

The following critical knowledge gaps relating to the post resuscitation period have

adapted from those compiled by AHA/ILCOR working groups [4].[10,220] Further

research is required on these topics.

8.4.1 Epidemiology

1. What process can be developed to monitor trends in post-cardiac arrest

outcomes in the UK?

8.4.2 Pathophysiology

1. Mechanisms and time course of post-cardiac arrest coma

2. Mechanisms and duration of post-cardiac arrest delayed neurodegeneration

3. Mechanisms and duration of post-cardiac arrest myocardial dysfunction

4. Mechanisms and duration of impaired oxygen delivery and utilisation post-

cardiac arrest

5. The role of intravascular coagulation in post-cardiac arrest organ dysfunction

and failure

6. The mechanism, duration and significance of post-cardiac arrest adrenal

insufficiency

8.4.3 Therapy
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1. Optimal application of therapeutic hypothermia in the post-cardiac arrest

patient.

a. Which patients benefit?

b. The optimal target temperature, onset, duration, and rewarming rate

c. The most effective cooling technique – external versus internal

d. The indications for neuromuscular blockade

2. Indications for early percutaneous coronary intervention

3. Optimal therapy for post-cardiac arrest myocardial dysfunction

a. drugs

b. mechanical

4. The clinical benefit of controlled reoxygenation

5. The clinical benefit of protocolised early hemodynamic optimisation

6. Optimal goals (parameters and target ranges) for early hemodynamic

optimization

a. Mean arterial pressure

b. Central venous pressure

c. Central versus mixed venous oxygen saturation

d. Haemoglobin concentration and transfusion trigger

e. Lactate concentration

f.  Urine output

g. Oxygen delivery

h. Other

7. The clinical benefit of glucose control and the optimal target glucose range?

8. Role of high-volume haemofiltration

9. Role of early glucocorticoid therapy

10. Role of prophylactic anticonvulsants

11. Role of a defined period of sedation and ventilation

12. Role of neuroprotective drugs

8.4.4 Prognosis

1. Optimal decision rule for prognostication of futility

2. The impact of therapeutic hypothermia on the reliability of prognostication of

futility

8.4.5 Paediatrics

1. Evidence specific to children for the knowledge gaps listed above

2. Role of ECMO in cardiac arrest in children and post-arrest support?

8.4.5 Barriers
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1. The most effective approach to implement therapeutic hypothermia and

optimized post-cardiac arrest care

2. The value of regionalisation of post-cardiac arrest care to specialised centres?
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We would welcome comments on this document and suggestions for other standards in
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