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This chapter contains guidance on the techniques used dur-
ng the initial resuscitation of an adult cardiac arrest victim. This
ncludes basic life support (BLS: airway, breathing and circula-
ion support without the use of equipment other than a protective
evice) and the use of an automated external defibrillator (AED).
imple techniques used in the management of choking (foreign
ody airway obstruction) are also included. Guidelines for the use
f manual defibrillators and starting in-hospital resuscitation are
ound in the section Advanced Life Support Chapter.1 A summary
f the recovery position is included, with further information pro-
ided in the First Aid Chapter.2

The guidelines are based on the ILCOR 2015 Consensus on Sci-
nce and Treatment Recommendations (CoSTR) for BLS/AED.3 The
LCOR review focused on 23 key topics leading to 32 treatment rec-
mmendations in the domains of early access and cardiac arrest
revention, early, high-quality CPR, and early defibrillation. For

hese ERC guidelines the ILCOR recommendations were supple-

ented by focused literature reviews undertaken by Writing Group
embers in areas not reviewed by ILCOR. The writing group were

∗ Corresponding author.
E-mail address: g.d.perkins@warwick.ac.uk (G.D. Perkins).

1 The members of the Adult basic life support and automated external
efibrillation section Collaborators are listed in the Collaborators section.

ttp://dx.doi.org/10.1016/j.resuscitation.2015.07.015
300-9572/© 2015 European Resuscitation Council. Published by Elsevier Ireland Ltd. All
cognisant of the costs and potential confusion created by changing
guidance from 2010, and therefore sought to limit changes to those
judged to be essential and supported by new evidence. Guidelines
were drafted by Writing Group members, then reviewed by the
full writing group and national resuscitation councils before final
approval by the ERC Board.

Summary of changes since the ERC 2010 guidelines

Guidelines 2015 highlights the critical importance of the inter-
actions between the emergency medical dispatcher, the bystander
who provides CPR and the timely deployment of an auto-
mated external defibrillator. An effective, co-ordinated community
response that draws these elements together is key to improving
survival from out-of-hospital cardiac arrest (Fig. 2.1).

The emergency medical dispatcher plays an important role in
the early diagnosis of cardiac arrest, the provision of dispatcher-
assisted CPR (also known as telephone CPR), and the location and
dispatch of an automated external defibrillator. The sooner the
emergency services are called, the earlier appropriate treatment
can be initiated and supported.

The knowledge, skills and confidence of bystanders will vary

according to the circumstances, of the arrest, level of training and
prior experience.

The ERC recommends that the bystander who  is trained and able
should assess the collapsed victim rapidly to determine if the victim
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ig. 2.1. The interactions between the emergency medical dispatcher, the bystander
ho  provides CPR and the timely use of an automated external defibrillator are the

ey ingredients for improving survival from out of hospital cardiac arrest.

s unresponsive and not breathing normally and then immediately
lert the emergency services.

Whenever possible, alert the emergency services without leav-
ng the victim.

The victim who is unresponsive and not breathing normally is
n cardiac arrest and requires CPR. Immediately following cardiac
rrest blood flow to the brain is reduced to virtually zero, which may
ause seizure-like episodes that may  be confused with epilepsy.
ystanders and emergency medical dispatchers should be suspi-
ious of cardiac arrest in any patient presenting with seizures and
arefully assess whether the victim is breathing normally.

The writing group endorses the ILCOR recommendation that
ll CPR providers should perform chest compressions for all vic-
ims in cardiac arrest. CPR providers trained and able to perform
escue breaths should combine chest compressions and rescue
reaths. The addition of rescue breaths may  provide additional ben-
fit for children, for those who sustain an asphyxial cardiac arrest,
r where the emergency medical service (EMS) response inter-
al is prolonged. Our confidence in the equivalence between chest
ompression-only and standard CPR is not sufficient to change cur-
ent practice.

High quality cardiopulmonary resuscitation remains essential
o improving outcomes. The ERC 2015 guideline for chest compres-
ion depth is the same as the 2010 guideline. CPR providers should
nsure chest compressions of adequate depth (at least 5 cm but not
ore than 6 cm)  with a rate of 100–120 compressions per minute.
llow the chest to recoil completely after each compression and
inimise interruptions in compressions. When providing rescue

reaths/ventilations spend approximately 1 s inflating the chest
ith sufficient volume to ensure the chest rises visibly. The ratio of

hest compressions to ventilations remains 30:2. Do not interrupt
hest compressions for more than 10 s to provide ventilations.

Defibrillation within 3–5 min  of collapse can produce survival
ates as high as 50–70%. Early defibrillation can be achieved through
PR providers using public access and on-site AEDs. Public access
ED programmes should be actively implemented in public places

hat have a high density of citizens, such as airports, railway sta-
ions, bus terminals, sport facilities, shopping malls, offices and
asinos. It is here that cardiac arrests are often witnessed, and
rained CPR providers can be on-scene quickly. Placing AEDs in
reas where one cardiac arrest per 5 years can be expected is

onsidered cost-effective, and the cost per added life-year is com-
arable to other medical interventions. Past experience of the
umber of cardiac arrests in a certain area, as well as the neighbour-
ood characteristics, may  help guide AED placement. Registration
tion 95 (2015) 81–99

of public access AEDs allows dispatchers to direct CPR providers to
a nearby AED and may  help to optimise response.

The adult CPR sequence can be used safely in children who  are
unresponsive and not breathing normally. For CPR providers with
additional training a modified sequence which includes providing 5
initial rescue breaths before starting chest compressions and delay-
ing going for help in the unlikely situation that the rescuer is alone
is even more suitable for the child and drowning victim. Chest com-
pression depths in children should be at least one third of the depth
of the chest (for infants that is 4 cm, for children 5 cm).

A foreign body causing severe airway obstruction is a medi-
cal emergency. It almost always occurs whilst the victim is eating
or drinking and requires prompt treatment. Start by encouraging
the victim to cough. If the victim has severe airway obstruction or
begins to tire, give back blows and, if that fails to relieve the obstruc-
tion, abdominal thrusts. If the victim becomes unresponsive, start
CPR immediately whilst help is summoned.

Cardiac arrest

Sudden cardiac arrest (SCA) is one of the leading causes of
death in Europe. Depending how SCA is defined, about 55–113 per
100,000 inhabitants a year or 350,000–700,000 individuals a year
are affected in Europe.4–6 On initial heart-rhythm analysis, about
25–50% of SCA victims have ventricular fibrillation (VF), a percent-
age that has declined over the last 20 years.7–13 It is likely that many
more victims have VF or rapid ventricular tachycardia (VT) at the
time of collapse, but by the time the first electrocardiogram (ECG)
is recorded by emergency medical service personnel their rhythm
has deteriorated to asystole.14,15 When the rhythm is recorded soon
after collapse, in particular by an on-site AED, the proportion of vic-
tims in VF can be as high as 76%.16,17 More victims of SCA survive
if bystanders act immediately while VF is still present. Success-
ful resuscitation is less likely once the rhythm has deteriorated to
asystole.

The recommended treatment for VF cardiac arrest is immedi-
ate bystander CPR and early electrical defibrillation. Most cardiac
arrests of non-cardiac origin have respiratory causes, such as
drowning (among them many children) and asphyxia. Rescue
breaths as well as chest compressions are critical for successful
resuscitation of these victims.

The chain of survival

The Chain of Survival summarises the vital links needed for suc-
cessful resuscitation (Fig. 2.2). Most of these links apply to victims
of both primary cardiac and asphyxial arrest.18

Early recognition and call for help

Chest pain should be recognised as a symptom of myocardial
ischaemia. Cardiac arrest occurs in a quarter to a third of patients
with myocardial ischaemia within the first hour after onset of chest
pain.19 Recognising the cardiac origin of chest pain, and calling the
emergency services before a victim collapses, enables the emer-
gency medical service to arrive sooner, hopefully before cardiac
arrest has occurred, thus leading to better survival.20–23

Once cardiac arrest has occurred, early recognition is criti-

cal to enable rapid activation of the EMS  and prompt initiation
of bystander CPR. The key observations are unresponsiveness
and not breathing normally.  Emergency medical dispatchers can
improve recognition by focusing on these keywords.



G.D. Perkins et al. / Resuscitation 95 (2015) 81–99 83

 chain

E

v
t
W
m
c
h

E

r
o
t
c
d
d

E
c

c
c
p
a

T

c
5
t
u

a
i
r
i
u
i
f
m
c
a

d

Fig. 2.2. The

arly bystander CPR

The immediate initiation of CPR can double or quadruple sur-
ival from cardiac arrest.20,24–28 If able, bystanders with CPR
raining should give chest compressions together with ventilations.

hen a bystander has not been trained in CPR, the emergency
edical dispatcher should instruct him or her to give chest-

ompression-only CPR while awaiting the arrival of professional
elp.29–31

arly defibrillation

Defibrillation within 3–5 min  of collapse can produce survival
ates as high as 50–70%. This can be achieved by public access and
nsite AEDs.13,17,32,33 Each minute of delay to defibrillation reduces
he probability of survival to discharge by 10–12%. The links in the
hain work better together: when bystander CPR is provided, the
ecline in survival is more gradual and averages 3–4% per minute
elay to defibrillation.20,24,34

arly advanced life support and standardised post-resuscitation
are

Advanced life support with airway management, drugs and
orrecting causal factors may  be needed if initial attempts at resus-
itation are un-successful. The quality of treatment during the
ost-resuscitation phase affects outcome and are addressed in the
dult advanced life support and post resuscitation care chapters.1,35

he critical need for bystanders to act

In most communities, the median time from emergency
all to emergency medical service arrival (response interval) is
–8 min,16,36–38 or 8–11 min  to a first shock.13,27 During this time
he victim’s survival depends on bystanders who initiate CPR and
se an automated external defibrillator (AED).

Victims of cardiac arrest need immediate CPR. This provides
 small but critical blood flow to the heart and brain. It also
ncreases the likelihood that the heart will resume an effective
hythm and pumping power. Chest compressions are especially
mportant if a shock cannot be delivered within the first few min-
tes after collapse.39 After defibrillation, if the heart is still viable,

ts pacemaker activity resumes and produces an organised rhythm
ollowed by mechanical contraction. In the first minutes after ter-

ination of VF, the heart rhythm may  be slow, and the force of

ontractions weak; chest compressions must be continued until
dequate cardiac function returns.

Use of an AED by lay CPR providers increases survival from car-
iac arrest in public places.16 AED use in residential areas is also
 of survival.

increasing.40 An AED uses voice prompts to guide the CPR provider,
analyse the cardiac rhythm and instruct the CPR provider to deliver
a shock if VF or rapid ventricular tachycardia (VT) is detected. They
are accurate and will deliver a shock only when VF (or rapid VT) is
present.41,42

Recognition of cardiac arrest

Recognising cardiac arrest can be challenging. Both bystanders
and emergency call handlers (emergency medical dispatchers)
have to diagnose cardiac arrest promptly in order to activate the
chain of survival. Checking the carotid pulse (or any other pulse)
has proved to be an inaccurate method for confirming the presence
or absence of circulation.43–47

Agonal breaths are slow and deep breaths, frequently with a
characteristic snoring sound. They originate from the brain stem,
the part of the brain that remains functioning for some minutes
even when deprived of oxygen. The presence of agonal breathing
can be erroneously interpreted as evidence that there is a circu-
lation and CPR is not needed. Agonal breathing may  be present
in up to 40% of victims in the first minutes after cardiac arrest,
and if responded to as a sign of cardiac arrest, is associated with
higher survival rates.48 The significance of agonal breathing should
be emphasised during basic life support training.49,50 Bystanders
should suspect cardiac arrest and start CPR if the victim is unre-
sponsive and not breathing normally.

Immediately following cardiac arrest, blood flow to the brain is
reduced to virtually zero, which may  cause seizure-like episodes
that can be confused with epilepsy. Bystanders should be suspi-
cious of cardiac arrest in any patient presenting with seizures.51,52

Although bystanders who have witnessed cardiac arrest events
report changes in the victims’ skin colour, notably pallor and bluish
changes associated with cyanosis, these changes are not diagnostic
of cardiac arrest.51

Role of the emergency medical dispatcher

The emergency medical dispatcher plays a critical role in the
diagnosis of cardiac arrest, the provision of dispatcher assisted CPR
(also known as telephone CPR), the location and dispatch of an auto-
mated external defibrillator and dispatch of a high priority EMS
response. The sooner the emergency services are called, the earlier
appropriate treatment can be initiated and supported.

Dispatcher recognition of cardiac arrest
Confirmation of cardiac arrest, at the earliest opportunity
is critical. If the dispatcher recognises cardiac arrest, survival
is more likely because appropriate measures can be taken.53,54
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Unresponsive and 
not breathing normally

Call Emergency Services

Give 30 chest  compressions

Give 2 rescue breaths

Continue CPR 30:2

As soon as AED arrives - switch 
it on and follow instructions
4 G.D. Perkins et al. / Res

nhancing dispatcher ability to identify cardiac arrest, and optimis-
ng emergency medical dispatcher processes, may  be cost-effective
olutions to improve outcomes from cardiac arrest.

Use of scripted dispatch protocols within emergency medical
ommunication centres, including specific questions to improve
ardiac arrest recognition may  be helpful. Patients who  are
nresponsive and not breathing normally should be presumed to
e in cardiac arrest. Adherence to such protocols may  help improve
ardiac arrest recognition,9,55–57 whereas failure to adhere to pro-
ocols reduces rates of cardiac arrest recognition by dispatchers as
ell as the provision of telephone-CPR.58–60

Obtaining an accurate description of the victim’s breathing
attern is challenging for dispatchers. Agonal breathing is often
resent, and callers may  mistakenly believe the victim is still
reathing normally.9,60–68 Offering dispatchers additional educa-
ion, specifically addressing the identification and significance of
gonal breathing, can improve cardiac arrest recognition, increase
he provision of telephone-CPR,67,68 and reduce the number of

issed cardiac arrest cases.64

Asking questions regarding the regularity or pattern of breath-
ng may  help improve recognition of abnormal breathing and thus
dentification of cardiac arrest. If the initial emergency call is for a
erson suffering seizures, the call taker should be highly suspicious
f cardiac arrest, even if the caller reports that the victim has a prior
istory of epilepsy.61,69

ispatcher assisted CPR

Bystander CPR rates are low in many communities. Dispatcher-
ssisted CPR (telephone-CPR) instructions have been demonstrated
o improve bystander CPR rates,9,56,70–72 reduce the time to
rst CPR,56,57,68,72,73 increase the number of chest compressions
elivered70 and improve patient outcomes following out-of-
ospital cardiac arrest (OHCA) in all patient groups.9,29–31,57,71,74

Dispatchers should provide telephone-CPR instructions in all
ases of suspected cardiac arrest unless a trained provider is already
elivering CPR. Where instructions are required for an adult victim,
ispatchers should provide chest-compression-only CPR instruc-
ions.

If the victim is a child, dispatchers should instruct callers to
rovide both ventilations and chest compressions. Dispatchers
hould therefore be trained to provide instructions for both tech-
iques.

dult BLS sequence

The sequence of steps for the initial assessment and treatment of
he unresponsive victim are summarised in Fig. 2.3. The sequence
f steps takes the reader through recognition of cardiac arrest, call-
ng EMS, starting CPR and using an AED. The number of steps has
een reduced to focus on the key actions. The intent of the revised
lgorithm is to present the steps in a logical and concise manner
hat is easy for all types of rescuers to learn, remember and perform.

Fig. 2.4 presents the detailed step-by-step sequence for the
rained provider. It continues to highlight the importance of ensur-
ng rescuer, victim and bystander safety. Calling for additional help
if required) is incorporated in the alerting emergency services step
elow. For clarity the algorithm is presented as a linear sequence
f steps. It is recognised that the early steps of checking response,
pening the airway, checking for breathing and calling the emer-
ency medical dispatcher may  be accomplished simultaneously or

n rapid succession.

Those who are not trained to recognise cardiac arrest and
tart CPR would not be aware of these guidelines and therefore
equire dispatcher assistance whenever they make the decision
Fig. 2.3. The BLS/AED Algorithm.

to call 112. These guidelines do not therefore include specific
recommendations for those who  are not trained to recognise car-
diac arrest and start CPR.

The remainder of this section provides supplemental informa-
tion on some of the key steps within the overall sequence.

Opening the airway and checking for breathing

The trained provider should assess the collapsed victim rapidly
to determine if they are responsive and breathing normally.

Open the airway using the head tilt and chin lift technique whilst
assessing whether the person is breathing normally. Do not delay
assessment by checking for obstructions in the airway. The jaw
thrust and finger sweep are no longer recommended for the lay
provider. Check for breathing using the techniques described in
Fig. 2.4 noting the critical importance of recognising agonal breath-
ing described above.

Alerting emergency services

112 is the European emergency phone number, available every-
where in the EU, free of charge. It is possible to call 112 from
fixed and mobile phones to contact any emergency service: an
ambulance, the fire brigade or the police. Some European countries
provide an alternative direct access number to emergency medical
services, which may  save time. Bystanders should therefore follow
national guidelines on the optimal phone number to use.

Early contact with the emergency services will facilitate dis-
patcher assistance in the recognition of cardiac arrest, telephone
instruction on how to perform CPR, emergency medical service/first
responder dispatch, and on locating and dispatching of an AED.75–78
If possible, stay with the victim while calling the emergency
services. If the phone has a speaker facility switch it to speaker as
this will facilitate continuous dialogue with the dispatcher includ-
ing (if required) CPR instructions.79 It seems reasonable that CPR
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Fig. 2.4. Step by step sequence of actions for use by the BLS/AED trained provider to treat the adult cardiac arrest victim.
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Fig. 2.4. (Continued ).
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Fig. 2.4. (Continued ).
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Fig. 2.4.

raining should include how to activate the speaker phone.80 Addi-
ional bystanders may  be used to help call the emergency services.

tarting chest compressions

In adults needing CPR, there is a high probability of a primary
ardiac cause. When blood flow stops after cardiac arrest, the blood
n the lungs and arterial system remains oxygenated for some

inutes. To emphasise the priority of chest compressions, it is rec-
mmended that CPR should start with chest compressions rather
han initial ventilations. Manikin studies indicate that this is asso-
iated with a shorter time to commencement of CPR.81–84

When providing manual chest compressions:

. Deliver compressions ‘in the centre of the chest’.

. Compress to a depth of at least 5 cm but not more than 6 cm.

. Compress the chest at a rate of 100–120 min−1 with as few inter-
ruptions as possible.

. Allow the chest to recoil completely after each compression; do
not lean on the chest.

and position
Experimental studies show better haemodynamic responses

hen chest compressions are performed on the lower half of the
ternum.85–87 It is recommended that this location be taught in a
implified way, such as, “place the heel of your hand in the centre
f the chest with the other hand on top”. This instruction should be
ccompanied by a demonstration of placing the hands on the lower
alf of the sternum.88,89
Chest compressions are most easily delivered by a single CPR
rovider kneeling by the side of the victim, as this facilitates
ovement between compressions and ventilations with minimal

nterruptions. Over-the-head CPR for single CPR providers and
inued ).

straddle-CPR for two  CPR providers may  be considered when it is
not possible to perform compressions from the side, for example
when the victim is in a confined space.90,91

Compression depth
Fear of doing harm, fatigue and limited muscle strength fre-

quently result in CPR providers compressing the chest less deeply
than recommended. Four observational studies, published after
the 2010 Guidelines, suggest that a compression depth range of
4.5–5.5 cm in adults leads to better outcomes than all other com-
pression depths during manual CPR.92–95 Based on an analysis of
9136 patients, compression depths between 40 and 55 mm with
a peak at 46 mm,  were associated with highest survival rates.94

There is also evidence from one observational study suggesting
that a compression depth of more than 6 cm is associated with an
increased rate of injury in adults when compared with compression
depths of 5–6 cm during manual CPR.96 The ERC endorses the ILCOR
recommendation that it is reasonable to aim for a chest compres-
sion of approximately 5 cm but not more than 6 cm in the average
sized adult. In making this recommendation the ERC recognises
that it can be difficult to estimate chest compression depth and that
compressions that are too shallow are more harmful than compres-
sions that are too deep. The ERC therefore decided to retain the 2010
guidance that chest compressions should be at least 5 cm but not
more than 6 cm.  Training should continue to prioritise achieving
adequate compression depth.

Compression rate

Chest compression rate is defined as the actual rate of compres-

sions being given at any one time. It differs from the number of chest
compressions in a specific time period, which takes into account
any interruptions in chest compressions.
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Two studies, with a total of 13,469 patients, found higher
urvival among patients who received chest compressions at a
ate of 100–120 min−1, compared to >140, 120–139, <80 and
0–99 min−1. Very high chest compression rates were associated
ith declining chest compression depths.97,98 The ERC recom-
ends, therefore, that chest compressions should be performed

t a rate of 100–120 min−1.

inimising pauses in chest compressions
Delivery of rescue breaths, shocks, ventilations and rhythm

nalysis lead to pauses in chest compressions. Pre- and post-shock
auses of less than 10 s, and chest compression fractions >60% are
ssociated with improved outcomes.99–103 Pauses in chest com-
ressions should be minimised, by ensuring CPR providers work
ffectively together.

irm surface
CPR should be performed on a firm surface whenever possible.

ir-filled mattresses should be routinely deflated during CPR.104

he evidence for the use of backboards is equivocal.105–109 If a back-
oard is used, take care to avoid interrupting CPR and dislodging

ntravenous lines or other tubes during board placement.

hest wall recoil
Leaning on the chest preventing full chest wall recoil is common

uring CPR.110,111 Allowing complete recoil of the chest after each
ompression results in better venous return to the chest and may
mprove the effectiveness of CPR.110,112–114 CPR providers should,
herefore, take care to avoid leaning after each chest compression.

uty cycle
Optimal duty cycle (ratio of the time the chest is compressed

o the total time from one compression to the next) has been
tudied in animal models and simulation studies with inconsistent
esults.115–123 A recent human observational study has challenged
he previously recommended duty cycle of 50:50 by suggesting
ompression phases >40% might not be feasible, and may  be associ-
ted with decreased compression depth.124 For CPR providers, the
uty cycle is difficult to adjust, and is largely influenced by other
hest compression parameters.119,124 In reviewing the evidence,
he ERC acknowledges there is very little evidence to recommend
ny specific duty cycle and, therefore, insufficient new evidence to
rompt a change from the currently recommended ratio of 50%.

eedback on compression technique

The use of CPR feedback and prompt devices during CPR in clin-
cal practice is intended to improve CPR quality as a means of
ncreasing the chances of ROSC and survival.125,126 The forms of
eedback include voice prompts, metronomes, visual dials, numer-
cal displays, waveforms, verbal prompts, and visual alarms.

The effect of CPR feedback or prompt devices has been studied
n two randomised trials92,127 and 11 observational studies.128–138

one of these studies demonstrated improved survival to discharge
ith feedback, and only one found a significantly higher ROSC rate

n patients where feedback was used. However, in this study feed-
ack was activated at the discretion of the physician and no details
f the decision-making process to activate or not activate feedback

ere provided.136 The use of CPR feedback or prompt devices dur-

ng CPR should only be considered as part of a broader system of
are that should include comprehensive CPR quality improvement
nitiatives,138,139 rather than as an isolated intervention.
tion 95 (2015) 81–99 89

Rescue breaths

In non-paralysed, gasping pigs with unprotected, unobstructed
airways, continuous-chest-compression CPR without artificial ven-
tilation resulted in improved outcome.140 Gasping may  be present
early after the onset of cardiac arrest in about one third of humans,
thus facilitating gas exchange.48 During CPR in intubated humans,
however, the median tidal volume per chest compression was only
about 40 mL,  insufficient for adequate ventilation.141 In witnessed
cardiac arrest with ventricular fibrillation, immediate continuous
chest compressions tripled survival.142 Accordingly, continuous
chest compressions may  be most beneficial in the early, ‘elec-
tric’ and ‘circulatory’ phases of CPR, while additional ventilation
becomes more important in the later, ‘metabolic’ phase.39

During CPR, systemic blood flow, and thus blood flow to the
lungs, is substantially reduced, so lower tidal volumes and respi-
ratory rates than normal can maintain effective oxygenation and
ventilation.143–146 When the airway is unprotected, a tidal vol-
ume  of 1 L produces significantly more gastric inflation than a
tidal volume of 500 mL.147 Inflation durations of 1 s are feasi-
ble without causing excessive gastric insufflation.148 Inadvertent
hyperventilation during CPR may  occur frequently, especially when
using manual bag-valve-mask ventilation in a protected airway.
While this increased intrathoracic pressure149 and peak airway
pressure,150 a carefully controlled animal experiment revealed no
adverse effects.151

From the available evidence we suggest that during adult CPR
tidal volumes of approximately 500–600 mL  (6–7 mL  kg−1) are
delivered. Practically, this is the volume required to cause the chest
to rise visibly.152 CPR providers should aim for an inflation dura-
tion of about 1 s, with enough volume to make the victim’s chest
rise, but avoid rapid or forceful breaths. The maximum interrup-
tion in chest compression to give two breaths should not exceed
10 s.153 These recommendations apply to all forms of ventilation
during CPR when the airway is unprotected, including mouth-to-
mouth and bag-mask ventilation, with and without supplementary
oxygen.

Mouth-to-nose ventilation
Mouth-to-nose ventilation is an acceptable alternative to

mouth-to-mouth ventilation.154 It may  be considered if the victim’s
mouth is seriously injured or cannot be opened, the CPR provider is
assisting a victim in the water, or a mouth-to-mouth seal is difficult
to achieve.

Mouth-to-tracheostomy ventilation
Mouth-to-tracheostomy ventilation may  be used for a victim

with a tracheostomy tube or tracheal stoma who  requires rescue
breathing.155

Compression–ventilation ratio

Animal data support a ratio of compression to ventilation of
greater than 15:2.156–158 A mathematical model suggests that a
ratio of 30:2 provides the best compromise between blood flow
and oxygen delivery.159,160 A ratio of 30:2 was recommended in
Guidelines 2005 and 2010 for the single CPR provider attempting
resuscitation of an adult. This decreased the number of interrup-
tions in compression and the no-flow fraction,161,162 and reduced
the likelihood of hyperventilation.149,163 Several observational
studies have reported slightly improved outcomes after implemen-

tation of the guideline changes, which included switching from a
compression ventilation ratio of 15:2–30:2.161,162,164,165 The ERC
continues, therefore, to recommend a compression to ventilation
ratio of 30:2.
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The conditions for successful resuscitation in residential areas
are less favourable than in public areas: fewer witnessed arrests,
0 G.D. Perkins et al. / Res

ompression-only CPR

Animal studies have shown that chest-compression-only CPR
ay  be as effective as combined ventilation and compression in

he first few minutes after non-asphyxial arrest.140,166 Animal and
athematical model studies of chest-compression-only CPR have

lso shown that arterial oxygen stores deplete in 2–4 min.158,167 If
he airway is open, occasional gasps and passive chest recoil may
rovide some air exchange.48,141,168–170

Observational studies, classified mostly as very low-quality evi-
ence, have suggested equivalence of chest-compression-only CPR
nd chest compressions combined with rescue breaths in adults
ith a suspected cardiac cause for their cardiac arrest.26,171–182

The ERC has carefully considered the balance between poten-
ial benefit and harm from compression-only CPR compared to
tandard CPR that includes ventilation. Our confidence in the equiv-
lence between chest-compression-only and standard CPR is not
ufficient to change current practice. The ERC, therefore, endorses
he ILCOR recommendations that all CPR providers should per-
orm chest compressions for all patients in cardiac arrest. CPR
roviders trained and able to perform rescue breaths should per-
orm chest compressions and rescue breaths as this may  provide
dditional benefit for children and those who sustain an asphyx-
al cardiac arrest175,183,184 or where the EMS  response interval is
rolonged.179

se of an automated external defibrillator

AEDs are safe and effective when used by laypeople with
inimal or no training.185 AEDs make it possible to defibrillate
any minutes before professional help arrives. CPR providers

hould continue CPR with minimal interruption of chest compres-
ions while attaching an AED and during its use. CPR providers
hould concentrate on following the voice prompts immediately
hen they are spoken, in particular resuming CPR as soon as

nstructed, and minimizing interruptions in chest compression.
ndeed, pre-shock and post-shock pauses in chest compressions
hould be as short as possible.99,100,103,186 Standard AEDs are suit-
ble for use in children older than 8 years.187–189

For children between 1 and 8 years paediatric pads should be
sed, together with an attenuator or a paediatric mode if available;

f these are not available, the AED should be used as it is. There are
 few case reports of successful use of AEDS in children ages less
han 1 year.190,191 The incidence of shockable rhythms in infants
s very low except when there is cardiac disease.187–189,192–195 In
hese rare cases, if an AED is the only defibrillator available, its use
hould be considered (preferably with a dose attenuator).

PR before defibrillation

The importance of immediate defibrillation has always been
mphasised in guidelines and during teaching, and is considered
o have a major impact on survival from ventricular fibrillation.
his concept was challenged in 2005 because evidence suggested
hat a period of up to 180 s of chest compression before defibrilla-
ion might improve survival when the EMS  response time exceeded
–5 min.196,197 Three more recent trials have not confirmed this
urvival benefit.198–200 An analysis of one randomised trial sug-
ested a decline in survival to hospital discharge by a prolonged
eriod of CPR (180 s) and delayed defibrillation in patients with

 shockable initial rhythm.200 Yet, for EMS  agencies with higher

aseline survival-to-hospital discharge rates (defined as >20% for
n initial shockable rhythm), 180 s of CPR prior to defibrillation was
ore beneficial compared to a shorter period of CPR (30–60 s).201

he ERC recommends that CPR should be continued while a
tion 95 (2015) 81–99

defibrillator or AED is being brought on-site and applied, but defi-
brillation should not be delayed any longer.

Interval between rhythm checks

The 2015 ILCOR Consensus on Science reported that there are
currently no studies that directly address the question of opti-
mal  intervals between rhythm checks, and their effect on survival:
ROSC; favourable neurological or functional outcome; survival to
discharge; coronary perfusion pressure or cardiac output.

In accordance with the ILCOR recommendation, and for consis-
tency with previous guidelines, the ERC recommends that chest
compressions should be paused every two minutes to assess the
cardiac rhythm.

Voice prompts

It is critically important that CPR providers pay attention to AED
voice prompts and follow them without any delay. Voice prompts
are usually programmable, and it is recommended that they be set
in accordance with the sequence of shocks and timings for CPR
given above. These should include at least:

1. minimise pauses in chest compressions for rhythm analysis and
charging;

2. a single shock only, when a shockable rhythm is detected;
3. a voice prompt for immediate resumption of chest compression

after the shock delivery;
4. a period of 2 min  of CPR before the next voice prompt to re-

analyse the rhythm.

Devices measuring CPR quality may  in addition provide real-
time CPR feedback and supplemental voice/visual prompts.

The duration of CPR between shocks, as well as the shock
sequence and energy levels are discussed further in the Advanced
Life Support Chapter.1

In practice, AEDs are used mostly by trained rescuers, where
the default setting of AED prompts should be for a compression to
ventilation ratio of 30:2.

If (in an exception) AEDs are placed in a setting where such
trained rescuers are unlikely to be available or present, the owner
or distributor may  choose to change the settings to compression
only.

Fully-automatic AEDs

Having detected a shockable rhythm, a fully automatic AED will
deliver a shock without further action from the CPR provider. One
manikin study showed that untrained nursing students committed
fewer safety errors using a fully automatic AED compared with a
semi-automatic AED.202 A simulated cardiac arrest scenario on a
manikin showed that safety was not compromised when untrained
lay CPR providers used a fully automatic AED rather than a semi-
automatic AED.203 There are no human data to determine whether
these findings can be applied to clinical use.

Public access defibrillation (PAD) programmes
lower bystander CPR rates and, as a consequence, fewer shock-
able rhythms than in public places. This limits the effectiveness
of AED use for victims at home.204 Most studies demonstrating
a survival benefit from AED use were conducted with AEDs in
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ublic places.32,205–208 More recent data from nationwide studies
n Japan and the USA confirmed that when an AED was  avail-
ble, victims were defibrillated much sooner and with a better
hance of survival.16,209 However, an AED delivered a shock in
nly 3.7%209 or 1.2%16 of all cardiac arrests. There was a clear
nverse relationship in the Japanese study between the number
f AEDs available per square km and the interval between col-
apse and the first shock, leading to a positive relationship with
urvival.

Public access AED programmes should, therefore, be actively
mplemented in public places with a high density and movement
f citizens such as airports, railway stations, bus terminals, sport
acilities, shopping malls, offices and casinos where cardiac arrests
re usually witnessed and trained CPR providers can quickly be
n scene. The density and location of AEDs required for a suf-
ciently rapid response is not well established, especially when
ost-effectiveness is a consideration. Factors such as expected inci-
ence of cardiac arrest, expected number of life-years gained,
nd reduction in response time of AED-equipped CPR providers
ompared to that of traditional EMS  should inform this decision.
lacement of AEDs in areas where one cardiac arrest per 5 years
an be expected is considered cost-effective and comparable to
ther medical interventions.210–212 For residential areas, past expe-
ience may  help guide AED placement, as may  neighbourhood
haracteristics.213,214 Registration of AEDs for public access, so that
ispatchers can direct CPR providers to a nearby AED, may  also
elp to optimise response.215 Cost saving is also possible, as early
efibrillation and on-site AED defibrillation may  result in lower

n-hospital cost.216,217

The full potential of AEDs has not yet been achieved, because
hey are mostly used in public settings, yet 60–80% of cardiac
rrests occur at home. The proportion of patients found in VF is
ower at home than in public places, however the absolute num-
er of potentially treatable patients is higher at home.204 Public
ccess defibrillation (PAD) rarely reaches victims at home.208 Dif-
erent strategies, therefore, are required for early defibrillation in
esidential areas. Dispatched first responders, such as police and
re fighters will, in general, have longer response times, but they
ave the potential to reach the whole population.17,36 The logistic
roblem for first responder programmes is that the CPR provider
eeds to arrive, not just earlier than the traditional ambulance,
ut within 5–6 min  of the initial call, to enable attempted defi-
rillation in the electrical or circulatory phase of cardiac arrest.39

ith longer delays, the survival benefit decreases: a few min-
tes gain in time will have less impact when a first responder
rrives more than 10 min  after the call.34,218 Dispatched lay CPR
roviders, local to the victim and directed to a nearby AED,
ay  improve bystander CPR rates33 and help reduce the time to

efibrillation.40

When implementing an AED programme, community and pro-
ramme  leaders should consider factors such as development
f a team with responsibility for monitoring, maintaining the
evices, training and retraining individuals who  are likely to use
he AED, and identification of a group of volunteer individuals who
re committed to using the AED for victims of cardiac arrest.219

unds must be allocated on a permanent basis to maintain the
rogramme.

Programmes that make AEDs available in residential areas have
nly been evaluated for response time, not for survival benefit.40

he acquisition of an AED for individual use at home, even for
hose considered at high risk of sudden cardiac arrest is not
ffective.220
The special circumstances chapter provides the evidence under-
inning the ERC recommendation that AEDs should be mandatory
n board all commercial aircraft in Europe, including regional and
ow-cost carriers.221
tion 95 (2015) 81–99 91

Universal AED signage
When a victim collapses an AED must be obtained rapidly:

simple and clear signage indicating the location of an AED and
the fastest way to it is important. ILCOR has designed such
an AED sign that may  be recognised worldwide and this is
recommended.222

In-hospital use of AEDs

There are no published randomised trials comparing in-hospital
use of AEDs with manual defibrillators. Two older, observational
studies of adults with in-hospital cardiac arrest from shockable
rhythms showed higher survival-to-hospital discharge rates when
defibrillation was provided through an AED programme than with
manual defibrillation alone.223,224 A more recent observational
study showed that an AED could be used successfully before the
arrival of the hospital resuscitation team.225 Three observational
studies showed no improvements in survival to hospital discharge
for in-hospital adult cardiac arrest when using an AED com-
pared with manual defibrillation.226–228 In one of these studies,226

patients in the AED group with non-shockable rhythms had a lower
survival-to-hospital discharge rate compared with those in the
manual defibrillator group (15% vs. 23%; P = 0.04). Another large
observational study of 11,695 patients from 204 hospitals also
showed that in-hospital AED use was associated with a lower
survival-to-discharge rate compared with no AED use (16.3% vs.
19.3%; adjusted rate ratio [RR], 0.85; 95% confidence interval [CI],
0.78–0.92; P < 0.001).229 For non-shockable rhythms, AED use was
associated with lower survival (10.4% vs. 15.4%; adjusted RR, 0.74;
95% CI, 0.65–0.83; P < 0.001), and a similar survival rate for shock-
able rhythms, (38.4% vs. 39.8%; adjusted RR, 1.00; 95% CI, 0.88–1.13;
P = 0.99). This suggests that AEDs may  cause harmful delays in
starting CPR, or interruptions in chest compressions in patients
with non-shockable rhythms.230 Only a small proportion (less
than 20%) of in-hospital cardiac arrests have an initial shockable
rhythm.229,231,232

We recommend the use of AEDs in those areas of the hospital
where there is a risk of delayed defibrillation,233 because it will
take several minutes for a resuscitation team to arrive, and first
responders do not have skills in manual defibrillation. The goal is
to attempt defibrillation within 3 min  of collapse. In hospital areas
where there is rapid access to manual defibrillation, either from
trained staff or a resuscitation team, manual defibrillation should
be used in preference to an AED. Whichever defibrillation technique
is chosen (and some hospitals may  choose to have defibrillators
that offer both an AED and manual mode) an effective system for
training and retraining should be in place.232,234 Sufficient health-
care providers should be trained to enable the goal of providing
the first shock within 3 min  of collapse anywhere in the hospital.
Hospitals should monitor collapse-to-first shock intervals and audit
resuscitation outcomes.

Risks to the CPR provider and recipients of CPR

Risks to the victim who receives CPR who is not in cardiac arrest
Many CPR providers do not initiate CPR because they are con-

cerned that delivering chest compressions to a victim who is not in
cardiac arrest will cause serious complications. Three studies have
investigated the risk of CPR in persons not in cardiac arrest.235–237

Pooled data from these three studies, encompassing 345 patients,
found an incidence of bone fracture (ribs and clavicle) of 1.7% (95%

CI 0.4–3.1%), pain in the area of chest compression 8.7% (95% CI
5.7–11.7%), and no clinically relevant visceral injury. Bystander CPR
extremely rarely leads to serious harm in victims who are even-
tually found not to be in cardiac arrest. CPR providers should not,
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herefore, be reluctant to initiate CPR because of concern of causing
arm.

isks to the victim who receives CPR who is in cardiac arrest
A systematic review of skeletal injuries after manual chest com-

ression reports an incidence of rib fractures ranging from 13% to
7%, and of sternal fractures from 1% to 43%.238 Visceral injuries
lung, heart, abdominal organs) occur less frequently and may  or

ay  not be associated with skeletal injury.239 Injuries are more
ommon when the depth of chest compression exceeds 6 cm in the
verage adult.96

isks to the CPR provider during training and during real-life CPR
Observational studies of training or actual CPR performance and

ase reports have described rare occurrences of muscle strain, back
ymptoms, shortness of breath, hyperventilation, pneumothorax,
hest pain, myocardial infarction and nerve injury.240,241 The inci-
ence of these events is very low, and CPR training and actual
erformance is safe in most circumstances.242 Individuals under-
aking CPR training should be advised of the nature and extent of the
hysical activity required during the training programme. Learners
nd CPR providers who develop significant symptoms (e.g. chest
ain or severe shortness of breath) during CPR training should be
dvised to stop.

PR provider fatigue
Several manikin studies have found that chest compression

epth can decrease as soon as two minutes after starting chest
ompressions.243 An in-hospital patient study showed that, even
hile using real-time feedback, the mean depth of compression
eteriorated between 1.5 and 3 min  after starting CPR.244 It is there-
ore recommended that CPR providers change over about every two

inutes to prevent a decrease in compression quality due to CPR
rovider fatigue. Changing CPR providers should not interrupt chest
ompressions.

isks during defibrillation
Many studies of public access defibrillation showed that AEDs

an be used safely by laypeople and first responders.185 A sys-
ematic review identified eight papers that reported a total of
9 adverse events associated with defibrillation.245 The causes

ncluded accidental or intentional defibrillator misuse, device mal-
unction and accidental discharge during training or maintenance
rocedures. Four single-case reports described shocks to CPR
roviders from discharging implantable cardioverter defibrillators
ICDs), in one case resulting in a peripheral nerve injury. No stud-
es were identified which reported harm to CPR providers from
ttempting defibrillation in wet environments.

Although injury to the CPR provider from a defibrillator shock
s extremely rare, it has been shown that standard surgical gloves
o not provide adequate protection.246–249 CPR providers, there-
ore, should not continue manual chest compressions during shock
elivery, and victims should not be touched during ICD discharge.
irect contact between the CPR provider and the victim should be
voided when defibrillation is performed.

sychological effects
One large, prospective trial of public access defibrillation

eported few adverse psychological effects associated with CPR or
ED use that required intervention.242 Two large, retrospective,

uestionnaire-based studies found that bystanders who performed
PR regarded their intervention as a positive experience.250,251

amily members witnessing a resuscitation attempt may  also
erive psychological benefit.252–254 The rare occurrences of adverse
tion 95 (2015) 81–99

psychological effects in CPR providers after performing CPR should
be recognised and managed appropriately.

Disease transmission
The risk of disease transmission during training and actual CPR

performance is extremely low.255–257 Wearing gloves during CPR
is reasonable, but CPR should not be delayed or withheld if gloves
are not available.

Barrier devices for use with rescue breaths
Three studies showed that barrier devices decrease transmis-

sion of bacteria during rescue breathing in controlled laboratory
settings.258,259 No studies were identified which examined the
safety, effectiveness or feasibility of using barrier devices (such as
a face shield or face mask) to prevent victim contact when per-
forming CPR. Nevertheless if the victim is known to have a serious
infection (e.g. HIV, tuberculosis, hepatitis B or SARS) a barrier device
is recommended.

If  a barrier device is used, care should be taken to avoid unneces-
sary interruptions in CPR. Manikin studies indicate that the quality
of CPR is superior when a pocket mask is used compared to a bag-
valve mask or simple face shield.260–262

Foreign body airway obstruction (choking)

Foreign body airway obstruction (FBAO) is an uncommon
but potentially treatable cause of accidental death.263 As most
choking events are associated with eating, they are commonly wit-
nessed. As victims initially are conscious and responsive, there
are often opportunities for early interventions which can be life
saving.

Recognition

Because recognition of airway obstruction is the key to success-
ful outcome, it is important not to confuse this emergency with
fainting, myocardial infarction, seizure or other conditions that may
cause sudden respiratory distress, cyanosis or loss of consciousness.
FBAO usually occurs while the victim is eating or drinking. Peo-
ple at increased risk of FBAO include those with reduced conscious
levels, drug and/or alcohol intoxication, neurological impairment
with reduced swallowing and cough reflexes (e.g. stroke, Parkin-
son’s disease), respiratory disease, mental impairment, dementia,
poor dentition and older age.264

Fig. 2.5 presents the treatment algorithm for the adult with
FBAO. Foreign bodies may  cause either mild or severe airway
obstruction. It is important to ask the conscious victim “Are you
choking?” The victim that is able to speak, cough and breathe has
mild obstruction. The victim that is unable to speak, has a weak-
ening cough, is struggling or unable to breathe, has severe airway
obstruction.

Treatment for mild airway obstruction

Coughing generates high and sustained airway pressures and
may  expel the foreign body. Aggressive treatment with back blows,
abdominal thrusts and chest compressions, may cause harm and
can worsen the airway obstruction. These treatments should be
reserved for victims who  have signs of severe airway obstruction.
Victims with mild airway obstruction should remain under contin-
uous observation until they improve, as severe airway obstruction
may  subsequently develop.
Treatment for severe airway obstruction
The clinical data on choking are largely retrospective and anec-

dotal. For conscious adults and children over one year of age
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Fig. 2.5. Step by step sequence of actions for the treatment of the adult victim with foreign body airway obstruction.
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Fig. 2.5. (Continued ).
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ith complete FBAO, case reports have demonstrated the effec-
iveness of back blows or ‘slaps’, abdominal thrusts and chest
hrusts.265 Approximately 50% of episodes of airway obstruction
re not relieved by a single technique.266 The likelihood of suc-
ess is increased when combinations of back blows or slaps, and
bdominal and chest thrusts are used.265

reatment of foreign body airway obstruction in an unresponsive
ictim

A randomised trial in cadavers267 and two prospective stud-
es in anaesthetised volunteers268,269 showed that higher airway
ressures can be generated using chest thrusts compared with
bdominal thrusts. Bystander initiation of chest compression for
nresponsive or unconscious victims of FBAO was  independently
ssociated with good neurological outcome (odds ratio, 10.57; 95%
I, 2.472–65.059, P < 0.0001).270 Chest compressions should, there-
ore, be started promptly if the victim becomes unresponsive or
nconscious. After 30 compressions attempt 2 rescue breaths, and
ontinue CPR until the victim recovers and starts to breathe nor-
ally.

ftercare and referral for medical review

Following successful treatment of FBAO, foreign material may
evertheless remain in the upper or lower airways and cause
omplications later. Victims with a persistent cough, difficulty
wallowing or the sensation of an object being still stuck in the
hroat should, therefore, be referred for a medical opinion. Abdom-
nal thrusts and chest compressions can potentially cause serious
nternal injuries and all victims successfully treated with these

easures should be examined afterwards for injury.

esuscitation of children (see also Recognition of Cardiac
rrest section) and victims of drowning (see also The Chain
f Survival section)

Many children do not receive resuscitation because potential
PR providers fear causing harm if they are not specifically trained

n resuscitation for children. This fear is unfounded: it is far better
o use the adult BLS sequence for resuscitation of a child than to
o nothing. For ease of teaching and retention, laypeople should
e taught that the adult sequence may  also be used for children
ho are not responsive and not breathing normally. The following
inor modifications to the adult sequence will make it even more

uitable for use in children:
Give 5 initial rescue breaths before starting chest compressions.
Give CPR for 1 min  before going for help in the unlikely event the
CPR provider is alone.
• Compress the chest by at least one third of its depth; use 2 fingers
for an infant under one year; use 1 or 2 hands for a child over 1
year as needed to achieve an adequate depth of compression.

The same modifications of 5 initial breaths and 1 min  of CPR by
the lone CPR provider before getting help, may improve outcome
for victims of drowning. This modification should be taught only
to those who have a specific duty of care to potential drowning
victims (e.g. lifeguards).
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