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Key points

� About 8% of people having an out-of-hospital

cardiac arrest survive to discharge.

� The community response (early recognition and

access to emergency medical services, cardio-

pulmonary resuscitation and defibrillation) saves

lives.

� Use a stepwise approach to airway management,

moving on to more advanced techniques only if

ventilation fails.
Learning objectives
By reading this article you should be able to:

� Describe trends in the epidemiology of cardiac

arrest.

� Be aware of changes in adult basic and advanced

life support (ALS) guidelines.

� Appreciate that ALS may be modified in special

circumstances.

� Be up to date in post-resuscitation care.
� Capnography is mandatory if tracheal intubation

is performed. No trace ¼ wrong place, even in

cardiac arrest.

� The guidelines on neuroprognostication after

cardiac arrest have been updated.
The guideline process

Since 2000, cardiopulmonary resuscitation (CPR) guidelines

have been produced on a 5-yearly cycle. Major updates have

been published every 5 yrs interspersed with interim updates

of specific topics as and when very important new science is

published. The International Liaison Committee on Resusci-

tation (ILCOR) coordinates a continuous review of all resus-

citation science and publishes its findings and broad

treatment recommendations in an annual summary docu-

ment.1 This organisation represents resuscitation organisa-

tions from most regions of the world and includes, for

example, the European Resuscitation Council (ERC) and
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American Heart Association (AHA). Although ILCOR publishes

systematic reviews of the highest quality, the relative lack of

high-quality RCTs in resuscitation makes most of the evi-

dence of low or very low certainty. Systematic reviews are

supplemented by scoping reviews, which include broad

search terms and lack bias assessments and meta-analyses.

The lack of high-certainty evidence makes it difficult to

make strong recommendations based on science alone and

inevitably the treatment recommendations produced by

ILCOR often lack the detail that would be required for clinical

implementation. Thus, the regional resuscitation organisa-

tions, such as the ERC and the AHA, publish their own more

detailed guidelines.2,3 In the absence of RCTs, many of

these guidelines are based on expert consensus and are

referred to as ‘good practice statements’. All ILCOR member

organisations sign up to the principle that their clinical

guidelines do not conflict with any recommendations pub-

lished by ILCOR.
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Changes to the European Resuscitation Guidelines
Although based on the 2020 ILCOR Consensus of CPR Sci-

ence, because of the pressures on all healthcare systems

caused by the COVID-19 pandemic, the publication of the ERC

Guidelines was delayed until 2021. The guidelines published

by the Resuscitation Council UK (RCUK) are adapted from

those of the ERC and differ only in being more concisedthis

remained the case in 2021 (https://www.resus.org.uk/library/

2021-resuscitation-guidelines).

The 2021 ERC Guidelines included the following topics:

� Epidemiology4

� Systems saving lives5

� Adult basic life support6

� Adult advanced life support7

� Special circumstances8

� Post-resuscitation care (in collaboration with the European

Society of Intensive Care Medicine)9

� First aid

� Neonatal life support

� Paediatric life support

� Ethics

� Education

The purpose of this review is to highlight themain changes

in the adult resuscitation guidelines; the topics listed in italics

will not be covered here.
Epidemiology

Recent publications derived from resuscitation registries have

provided up-to-date data on incidence and outcome from both

in-hospital cardiac arrest (IHCA) and out-of-hospital cardiac

arrest (OHCA). The annual incidence of OHCA in Europe is be-

tween 67 and 170 per 100,000 population and resuscitation is

attempted by emergency medical services (EMS) personnel in

50e60% of cases.4 In England, EMS personnel attempt resusci-

tation in 53 per 100,000 population annually.10 This represents

50% of all OHCAs.11 Rates of survival to hospital discharge after

OHCA vary across Europe but on average are 8%, which is also

the survival rate in England (https://warwick.ac.uk/fac/sci/

med/research/ctu/trials/ohcao/map).10 In most European

countries a favourable functional outcome is reported in >90%
of hospital survivors, although more sophisticated testing re-

veals cognitive impairment in about half of these. However, in

those few communities in which withdrawal of life-sustaining

treatment (WLST) is not practiced, up to 50% of survivors may

have a poor functional outcome.4

The annual incidence of IHCA in Europe is between 1.5 and

2.8 per 1000 hospital admissions. In the UK, most acute hospi-

tals report IHCAs that include a 2222 call to theNational Cardiac

Arrest Audit (NCAA). The most recent NCAA summary statis-

tics indicate a cardiac arrest rate of 1.0 per 1000 hospital ad-

missions (https://www.icnarc.org/Our-Audit/Audits/Ncaa/

Reports/Key-Statistics), but this will be an underestimate

because cardiac arrests not accompanied by a 2222 call (e.g.

many cardiac arrests in ICUs, emergency departments and

cardiac catheterisation laboratories) are not included. This

NCAA cardiac arrest rate has decreased considerably over the

last 5 yrsditwas about 1.5 per 1000hospital admissions in 2016.

Survival rates have also increased during this timedthe most

recent data indicate a rate of survival to hospital discharge of

23.9%. The primary reason for the decrease in the incidence of

cardiac arrest and increased survival rate is likely to be an in-

crease in the use of do-not-attempt CPR decisions; however,

there are no high-certainty data to prove this hypothesis.
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Systems saving lives

The early links in the chain of survival have a greater impact

on survival from OHCA than the final link (post-resuscitation

care). The community response is vital and efforts to improve

recognition of cardiac arrest, immediate access to the EMS,

early bystander CPR and use of public access defibrillation will

all contribute to improving survival rates after OHCA.5

Bystander CPR increases survival rates by 2e3 times.12,13

Emergency dispatchers now routinely provide instructions

to bystanders on how to perform chest compressions while

awaiting the arrival of the EMS. Volunteer lay responders in

the vicinity of the cardiac arrest can be instructed via text

alerts to go to the scene and in some cases can first be directed

to retrieve the nearest automated external defibrillator.14

Campaigns such as the World Restart a Heart Day (16

October each year) and Kids Save Lives are increasing sub-

stantially the number of people who are trained in CPR.5

Adult basic life support

The 2021 ERC Guidelines for basic life support (BLS) are largely

unchanged from those published in 2015; however, the ERC

has also published guidelines for resuscitation of patients

with confirmed or suspected COVID-19.6,15 It is widely

accepted that mouth-to-mouth ventilation carries a substan-

tial risk of transmission of SARS-CoV-2. Whether chest com-

pressions alone generate aerosol, and therefore a substantial

risk of transmission of SARS-CoV-2, remains uncertain. Until

proved one way or the other, the ERC and the RCUK advise

that precautions are taken to reduce the risk of disease

transmission during the resuscitation of a person with known

or suspected COVID-19. Lay persons are advised not to open

the airway and not to place their face near to the person’s

mouth and nose. They should also consider placing a face-

mask or cloth/towel over the person’s mouth and nose before

performing chest compressions and public access defibrilla-

tion. Healthcare personnel are advised to don airborne pre-

caution personal protective equipment (PPE) before starting

chest compressions or making any airway interventions.

Initial defibrillation attempts can be made using droplet pre-

caution PPE (while other team members are donning airborne

precaution PPE) because defibrillation is not thought to be an

aerosol-generating procedure (although some animal data are

suggesting otherwise).16 These guidelines are under continual

review by the ERC and the RCUK and are likely to change as

the effectiveness of vaccines alters the riskebenefit balance of

these interventions.
Adult advanced life support

Although several important RCTs relating to advanced life

support (ALS) have been completed since the last guidelines

were published in 2015, these did not lead tomajor changes in

the Adult ALS Guidelines (Fig. 1).7 Nevertheless, there have

been some changes in emphasis in some interventions such

as airway management, point-of-care ultrasound (POCUS)

and use of extracorporeal CPR (eCPR).
Airway management

Since 2015, two RCTs of airway management strategies in

OHCAhave indicated that the use of bag-mask ventilation or i-

gel supraglottic airway device compared with an initial

strategy of tracheal intubation results in at least equivalent

https://www.resus.org.uk/library/2021-resuscitation-guidelines
https://www.resus.org.uk/library/2021-resuscitation-guidelines
https://warwick.ac.uk/fac/sci/med/research/ctu/trials/ohcao/map
https://warwick.ac.uk/fac/sci/med/research/ctu/trials/ohcao/map
https://www.icnarc.org/Our-Audit/Audits/Ncaa/Reports/Key-Statistics
https://www.icnarc.org/Our-Audit/Audits/Ncaa/Reports/Key-Statistics


Give high-quality chest
compressions, and:
• Give oxygen
• Use waveform capnography
• Continuous compressions if
  advanced airway
• Minimise interruptions to
  compressions
• Intravenous or intraosseous
  access
• Give adrenaline every 3–5 min
• Give amiodarone after 3 shocks
• Identify and treat reversible
  causes

Identify and treat reversible
causes
• Hypoxia
• Hypovolaemia
• Hypo-/hyperkalaemia/
  metabolic
• Hypo/hyperthermia
• Thrombosis – coronary or
  pulmonary
• Tension pneumothorax
• Tamponade – cardiac
• Toxins
Consider ultrasound imaging
to identify reversible causes

Consider
• Coronary angiography/
  percutaneous coronary
  intervention
• Mechanical chest
  compressions to facilitate
  transfer/treatment
• Extracorporeal CPR

After ROSC
• Use an ABCDE approach
• Aim for SpO2 of 94–98%
  and normal PaCO2
• 12-lead ECG
• Identify and treat cause
• Targeted temperature
  management

Adult advanced life support 

Unresponsive and
not breathing normally

Assess rhythm

Return of spontaneous
circulation
(ROSC)

CPR 30:2
Attach defibrillator/monitor

Call resuscitation
team/ambulance

SHOCKABLE
(VF/Pulseless VT)

1 shock

Immediately resume
CPR for 2 min

NON-SHOCKABLE
(PEA/Asystole)

Immediately resume
CPR for 2 min

Maintain
personal

safety

Fig 1 The 2021 Resuscitation Council UK adult advanced life support algorithm. Reproduced with the kind permission of Resuscitation Council UK. ABCDE, airway,

breathing, circulation, disability, exposure/environment; EMS, emergency medical services; PaCO2, arterial partial pressure of carbon dioxide; PEA, pulseless

electrical activity; SpO2, arterial oxygen saturation; VF, ventricular fibrillation; VT, ventricular tachycardia.

Changes to the European Resuscitation Guidelines
outcomes.11,17 One RCT in the USA indicated that the use of

the laryngeal tube by paramedics resulted in higher 72-h

survival than the use of a tracheal tube; but the intubation

success rate in this study was only 50%.18 Whether the results

of these out-of-hospital studies can be generalised to IHCA is

uncertain, but a time-dependent propensity analysis of a large

IHCA registry in the USA showed that tracheal intubation

within the first 15 min of cardiac arrest was associated with
worse survival.19 A large RCT comparing tracheal intubation

with supraglottic airway insertion in IHCA (AIRWAYS-3) is

about to start in the UK. Having taken into consideration the

results of these studies, the newALS guidelines emphasise the

importance of a stepwise approach to airway management in

cardiac arrest until return of spontaneous circulation (ROSC)

is achieved; this means starting with basic airway in-

terventions (e.g. bag-mask ventilation) and progressing to
BJA Education - Volume 22, Number 7, 2022 267



Adult post resuscitation care

Airway and breathing
• Maintain SpO2 94–98%
• Insert advanced airway
• Waveform capnography
• Ventilate lungs to normocapnia

Control temperature
• Constant temperature 32–36°C
• Sedation; control shivering

ICU management
• Temperature control: constant temperature
  32–36°C for ≥ 24 h; prevent fever for at
   least 72 h
• Maintain normoxia and normocapnia;
  protective ventilation
• Avoid hypotension
• Echocardiography
• Maintain normoglycaemia
• Diagnose/treat seizures
  (EEG, sedation, anti-epileptic drugs)
• Delay prognostication for at least 72 h

Circulation
• 12-lead ECG
• Obtain reliable intravenous access
• Aim for SBP >100 mmHg
• Fluid (crystalloid) – restore normovolaemia
• Intra-arterial blood pressure monitoring
• Consider vasopressor/inotrope to
  maintain SBP

Likely cardiac cause?

Secondary prevention
e.g. ICD, screen for inherited disorders,

risk factor management

Functional assessments
before hospital

discharge

Structured
follow-up

after hospital
discharge

12-lead ECG
ST elevation?

Consider coronary
angiography ± PCI

Consider CT brain
and/or CTPA

Treat non-cardiac cause
of cardiac arrest

Admit to ICU

YES

YES

YESNO

NO

IM
M
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TE
 T

R
EA

TM
EN
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SI
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NOCoronary angiography ± PCI

Cause for cardiac arrest identified?

Rehabilitation

Fig 2 The 2021 Resuscitation Council UK post-resuscitation care algorithm. Reproduced with the kind permission of Resuscitation Council UK. CTPA, computed

tomography pulmonary angiogram; ICD implanted cardioverter defibrillator; PCI, percutaneous coronary intervention; SBP, systolic BP; SpO2, arterial oxygen

saturation.

Changes to the European Resuscitation Guidelines

268 BJA Education - Volume 22, Number 7, 2022



Changes to the European Resuscitation Guidelines
more advanced techniques only if ventilation is ineffective.7 If

an advanced airway is required, only rescuers with a high

tracheal intubation success rate should attempt tracheal

intubation. The expert consensus is that a high success rate is

>95% within two attempts at intubation. Chest compressions

should be interrupted for <5 s (or uninterrupted) during a

tracheal intubation attempt. There are some data indicating

that the use of videolaryngoscopy reduces the interruptions in

chest compressions. The guidelines suggest using direct or

video laryngoscopy for tracheal intubation according to local

protocols and rescuer experience. Waveform capnography

must be used to confirm tracheal tube positiondcarbon di-

oxide will be detected during CPR if the tracheal tube is in a

major airway. If carbon dioxide is not detected, the tube is in

the oesophagus (‘no trace ¼ wrong place’) and must be

removed.
Drugs

The intraosseous (i.o.) route enables rapid delivery of drugs

during cardiac arrest. In the UK, existing EMS protocols

generally recommend that the i.o. route is attempted if two

attempts at intravenous (i.v.) access have failed. The UK

PARAMEDIC-3 study will randomise 15,000 patients with

OHCA to either an i.o. first strategy or an i.v. first strategy

(https://doi.org/10.1186/ISRCTN14223494) and may help to

determine the precise role of the i.o. route in resuscitation.
POCUS

The use of POCUS has increased in the emergency setting, as

has its use during CPR.20 POCUS can be used to diagnose

treatable causes of cardiac arrest including cardiac tampo-

nade and pneumothorax, but the guidance emphasises that it

should be performed by skilled operators. Interruptions in CPR

must be minimised and a subxiphoid probe position during a

planned rhythm check is advised. There are many limitations

including overinterpretation of right ventricular (RV) dilation

to indicate massive pulmonary embolismdRV dilation occurs

in multiple aetiologies of cardiac arrest.21 An ILCOR system-

atic review also noted that no findings on POCUS had suffi-

cient sensitivity to terminate CPR.22
eCPR

Extracorporeal CPR is the establishment of veno-arterial

extracorporeal membrane oxygenation in patients undergo-

ing CPRwho have failed to achieve ROSC.23,24 It aims to restore

circulation and gas exchange and enable reversible causes of

cardiac arrest to be addressed. A weak recommendation is

made that eCPR can be considered when conventional CPR is

failing in settings where it can be implemented. Setting up an

eCPR service requires substantial resources25; the extent of its

implementation internationally is highly variable.
Special circumstances

The special circumstances section of the ERC guidelines out-

lines the modifications needed to BLS and ALS for cardiac

arrest from specific special causes (e.g. hypoxia, trauma),

settings (e.g. operating theatre, on transport [in-flight], mass

casualty incidents), and patient groups (e.g. asthma, preg-

nancy), the full scope of which is beyond this article but some

key highlights are summarised.8
Traumatic cardiac arrest (TCA) differs from medical car-

diac arrest because it is typically caused by hypovolaemic,

obstructive or neurogenic shock. In TCA focus is on the im-

mediate simultaneous treatment of reversible causes

including, where indicated: controlling external catastrophic

haemorrhage, securing the airway and maximising oxygena-

tion, bilateral chest decompression, relief of cardiac tampo-

nade in penetrating chest injury, proximal vascular control

(e.g. resuscitative endovascular balloon occlusion of the aorta/

aortic compression), application of a pelvic binder and acti-

vation of a massive haemorrhage protocol. Where there is

expertise, equipment, an appropriate environment and <15
min since the loss of vital signs, a resuscitative thoracotomy

may be considered for tamponade or proximal vascular con-

trol, but should not be performed if these conditions are not

met because it will expose the team to unnecessary risk and is

likely to be futile.8

Whilst rare, of special note to anaesthetists is cardiac

arrest in the operating theatre. The ALS algorithm should be

followed while considering specific reversible causes which

occur in this environment (e.g. hypovolaemia from hae-

morrhage, anaphylaxis and systemic local anaesthetic

toxicity). There is a recommendation to use ultrasound to

guide resuscitation and to consider open cardiac compres-

sion as an alternative to closed chest compressions. Where

available, eCPR can be considered as a rescue therapy when

conventional CPR is failing. There is likely to be much

learning on this topic from the 7th National Audit Project of

the Royal College of Anaesthetists, which is currently

examining all cases of perioperative cardiac arrest in the UK

over a 1 yr period.26
Post-resuscitation care

After initial resuscitation and ROSC, the focus moves imme-

diately towards post-resuscitation care, where there is an

effort to determine the cause of the cardiac arrest and insti-

gate specific treatment (e.g. cardiac catheterisation with or

without PCI), alongside neuroprotective strategies (see Fig. 2).

In time, this moves to prognostication and rehabilitation.

There are several significant changes to post-resuscitation

care in the 2021 guidelines.9
Coronary angiography and percutaneous coronary
intervention

Emergency cardiac catheterisation should be undertaken

in patients with ROSC who have ST elevation on their ECG

after OHCA. The absence of ST elevation does not exclude

ongoing ischaemia, which may be suggested by ongoing

haemodynamic or electrical instability, the patient’s past

medical history, warning symptoms preceding the cardiac

arrest, or initial rhythm noted at cardiac arrest. An RCT

comparing early vs late coronary angiography after ven-

tricular fibrillation arrest without ST elevation, showed no

benefit from early angiography, and another RCT pub-

lished after the current guidelines were written also

showed no benefit from early coronary angiography in all-

rhythm OHCA.27,28 However, both of these studies

excluded unstable patients, thus the guidance that emer-

gency cardiac catheterisation be considered in unstable

patients with ROSC after OHCA without ST elevation re-

mains valid.
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Neuroprognostication of the comatose adult patient
after resuscitation from cardiac arrest

1 Major confounders may include
analgo-sedation, neuromuscular
blockade, hypothermia,
severe hypotension,
hypoglycaemia, sepsis, and
metabolic and respiratory
derangements

2 Use an automated pupillometer,
when available, to assess pupillary
light reflex

3 Suppressed background ± periodic
discharges or burst-suppression,
according to American Clinical
Neurophysiology Society

4 Increasing NSE values between
24–48 h or 24/48 and 72 h further
support a likely poor outcome

5 Defined as a continuous and
generalised myoclonus persisting
for 30 min or more

* Caution in case of discordant
signs indicating a potentially
good outcome

Observe and re-evaluate

Poor
outcome
likely(*)

Unconscious patient,
M ≤ 3 at ≥ 72 h

without confounders(1)

Targeted temperature
management and rewarming

At least TWO of:
• No pupillary(2) and corneal reflexes at ≥72 h
• Bilaterally absent N20 SSEP wave
• Highly malignant(3) EEG at >24 h
• NSE >60 mcg/L–1(4) at 48 h and/or 72 h
• Status myoclonus(5) ≤72 h
• Diffuse and extensive anoxic
  injury on brain CT/MR

YES

NO

YES

Fig 3 The 2021 Resuscitation Council UK prognostication algorithm. Reproduced with the kind permission of Resuscitation Council UK. MR magnetic resonance

imaging, ; SSEP somatosensory evoked potential.

Changes to the European Resuscitation Guidelines
Haemodynamic targets

Previous guidelines advising titration of BP to achieve a urine

output of 1 ml kg�1 h�1 have been updated to suggest the

avoidance of hypotension (MAP <65 mmHg) and achieving a

urine output of 0.5 ml kg�1 h�1 with normal or decreasing

lactate levels. Whilst it is not clear if augmenting MAP is of

benefit, multiple observational studies show an association

between hypotension and harm.9 Although the guidelines

state a threshold value for BP, optimal MAP targets are likely
270 BJA Education - Volume 22, Number 7, 2022
patient specific. MAP is one of the main determinants of ce-

rebral blood flow (CBF). There are relatively few data on ICP in

post-arrest patients, but raised ICP is particularly likely to

occur after asphyxial cardiac arrest. In many postcardiac ar-

rest patients, CBF autoregulation is impaired or the lower limit

is right-shifted. This means that hypotension may result in

cerebral hypoperfusion and higher MAP values may be

appropriate. An individualised approach including cerebral

oxygen saturation or ICP monitoring may help to determine



Changes to the European Resuscitation Guidelines
an optimal MAP, but use of such monitoring is not routine

clinical practice.

Neuroprotection

For neuroprotection, there is a significant update on temper-

ature control and a minor update on the management of sei-

zures. The Targeted Temperature Management after Cardiac

Arrest Trial (TTM-trial), showed no difference in the primary

outcome of all-cause mortality between a target of 33�C vs

36�C for 36 h.29 Following this trial, many units adopted a 36�C
target. An RCT of comatose patients after cardiac arrest from

non-shockable rhythms compared TTM at 33�C with normo-

thermia and showed improved neurological outcomes at 90

days in the TTM 33�C group.30 Since the publication of the ERC

2021 Guidelines, an RCT comparing 33�C with active fever

prevention among comatose survivors of OHCA showed no

difference in mortality or neurological outcome.31 Having

considered all this evidence, ILCOR has issued revised rec-

ommendations on temperature control after cardiac arrest

and the ERC-European Society of Intensive Care Medicine

guidelines have been updated to be consistent with these

recommendations. In patients unresponsive after ROSC, fever

(>37.7�C) should be actively prevented for at least 72 h.32

Temperature control can be achieved by exposing the pa-

tient, using antipyretic drugs, or if this is insufficient, by using

a cooling device with a target temperature of 37.5�C.
Seizures increase cerebral metabolic demand and may

potentiate neurological damage in the postcardiac arrest

brain. To treat seizures, levetiracetam or sodium valproate are

advised as first-line antiepileptic drugs, in addition to stan-

dard sedation. There is no evidence to support prophylactic

treatment with antiepileptics, even though seizures occur in

20e30% of postcardiac arrest patients in intensive care.

Phenytoin and fosphenytoin are no longer recommended as

first-line antiepileptics after cardiac arrest, as they have

negative inotropic and vasodilatory effects that increase epi-

sodes of hypotension.33

Prognostication

There have been significant advances in prognostication since

the 2015 guidelines.34 These are reflected in the updated

prognostication algorithm (Fig. 3).9 Prognostication should be

delayed until at least 72 h, the patient should be rewarmed

after TTM and confounders excluded (e.g. sedation, neuro-

muscular block, hypotension, hypoglycaemia, sepsis, meta-

bolic or respiratory derangements). The patient should have a

Glasgow motor score of �3. This has increased from �2 in the

2015 guidelines because it increases the sensitivity of pre-

dicting a poor outcome without reducing specificity. In these

circumstances the presence of at least two of the following

indicates a poor outcome is likely: no pupillary and corneal

reflexes at �72 h, bilaterally absent N20 somatosensory

evoked potential wave, highly malignant EEG (suppressed

background or burst suppression) at >24 h, neuron-specific

enolase (NSE) value >60 mg L�1 at 48 h, 72 h or both, status

myoclonus �72 h, and, diffuse and extensive anoxic injury on

brain CT or MRI. The NSE threshold value is new to the

guidelinedit should not be used alone to prognosticate. The

likelihood of a poor neurological outcome is not synonymous

with the WLST. There should be separate discussions about

WLST that consider the patient’s age, comorbidities and

preferences, in addition to brain injury.
For those who survive there is increasing appreciation that

rehabilitation and follow-up can improve quality of life.

Functional assessment of physical and non-physical impair-

ments before discharge will identify early rehabilitation

needs. There should also be follow-up within 3 months to

screen for cognitive and emotional problems and fatigue and

to provide further opportunities for information giving and

support to survivors and their families.
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