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Preface

This supplement of Resuscitation contains the Euro-
pean Resuscitation Council (ERC) Guidelines for
Resuscitation 2005. It is derived from the 2005
International Consensus Conference on Cardiopul-
monary Resuscitation and Emergency Cardiovascu-
lar Care Science with Treatment Recommendations
produced by the International Liaison Committee
on Resuscitation (ILCOR) published simultaneously
in an issue of Resuscitation.

The European representatives at that Confer-
ence, held in Dallas in January 2005, more than
pulled their weight in the process of producing the
Consensus on Science conclusions arising as a result
of presentations and debate. Their names are listed
at the end of this Foreword, and the resuscitation
community in Europe and beyond is most grateful
to them for their talent, dedication and selfless
hard work. In addition, they, and many others from
Europe, also produced worksheets addressing the
evidence for and against every conceivable detail
of resuscitation theory and practice.

The ERC Guidelines contain recommendations
that, by consensus of the European representatives,
are suitable for European practice in the light of
today’s conclusions agreed in the Consensus on Sci-
ence. As with the Consensus on Science document,
they represent an enormous amount of work by
many people who have worked against the clock
to produce the Guidelines for Europe. Each section
of the Guidelines has been masterminded and coor-
dinated by the leaders of the ERC working groups
and areas of special interest.

Such ventures do not happen without leader-
ship, and we are grateful to Vinay Nadkarni, Bill
Montgomery, Peter Morley, Mary Fran Hazinski, Arno
Zaritsky, and Jerry Nolan for guiding the Consensus
on Science process through to completion. It would
not be invidious to single out Jerry Nolan, the ILCOR
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co-chairman, for thanks and praise. He is univer-
sally respected and popular, and has proved to be
a wonderful ambassador for Europe. His scientific
credibility and understanding are beyond doubt and
his integrity, dedication, sheer hard work, patience
and meticulous attention to detail and sensitivities
have won the admiration of all. He has led the Con-
sensus on Science process on our behalf, and has
been the lead co-ordinator in producing the Euro-
pean Guidelines.

Finally we thank our publishers, Elsevier, through
the Publishing Editor for Resuscitation, Anne Lloyd
and her colleagues, for their professionalism, tol-
erance and patience in these endeavours.

Representatives from Europe at the
International Consensus Conference
held in Dallas, USA, in January 2005

Hans-Richard Arntz (Germany), Dennis Azzopardi
(UK), Jan Bahr (Germany), Gad Bar-Joseph (Israel),
Peter Baskett (UK), Michael Baubin (Austria),
Dominique Biarent (Belgium), Bob Bingham (UK),
Bernd Bottiger (Germany), Leo Bossaert (Belgium),
Steven Byrne (UK), Pierre Carli (France), Pascal
Cassan (France), Sian Davies (UK), Charles Deakin
(UK), Burkhard Dirks (Germany), Volker Doerges
(Germany), Hans Domanovits (Austria), Christoph
Eich (Germany), Lars Ekstrom (Sweden), Peter
Fenici (Italy), F. Javier Garcia-Vega (Spain), Hen-
rik Gervais (Germany) Anthony Handley (UK), Johan
Herlitz (Sweden), Fulvio Kette (ltaly), Rudolph
Koster (Netherlands), Kristian Lexow (Norway),
Perttu Lindsberg (Finland), Freddy Lippert (Den-
mark), Vit Marecek (Czech Republic), Koenraad
Monsieurs (Belgium), Jerry Nolan (UK), Narcisco
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Perales (Spain), Gavin Perkins (UK), Sam Rich-
mond (UK), Antonio Rodriquez Nunez (Spain), Sten
Rubertsson (Sweden), Sebastian Russo (Germany),
Jas Soar (UK), Eldar Soreide (Norway), Petter Steen
(Norway), Benjamin Stenson (UK), Kjetil Sunde
(Norway), Caroline Telion (France), Andreas Thier-

bach (Germany), Christian Torp Pederson (Den-

mark), Volker Wenzel (Austria), Lars Wik (Norway),

Benno Wolke (Germany), Jonathan Wyllie (UK),
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Resuscitation 2005
Section 1. Introduction

Jerry Nolan

It is five years since publication of the Guide-
lines 2000 for Cardiopulmonary Resuscitation (CPR)
and Emergency Cardiovascular Care (ECC)." The
European Resuscitation Council (ERC) based its
own resuscitation guidelines on this document,
and these were published as a series of papers
in 2001.2~7 Resuscitation science continues to
advance, and clinical guidelines must be updated
regularly to reflect these developments and advise
healthcare providers on best practice. In between
major guideline updates (about every five years),
interim advisory statements can inform the health-
care provider about new therapies that might influ-
ence outcome significantly;® we anticipate that
further advisory statements will be published in
response to important research findings.

The guidelines that follow do not define the
only way that resuscitation should be achieved;
they merely represent a widely accepted view of
how resuscitation can be undertaken both safely
and effectively. The publication of new and revised
treatment recommendations does not imply that
current clinical care is either unsafe or ineffective.

Consensus on science

The International Liaison Committee on Resuscita-
tion (ILCOR) was formed in 1993.% Its mission is
to identify and review international science and
knowledge relevant to CPR, and to offer consen-

sus on treatment recommendations. The process
for the latest resuscitation guideline update began
in 2003, when ILCOR representatives established
six task forces: basic life support; advanced car-
diac life support; acute coronary syndromes; pae-
diatric life support; neonatal life support; and an
interdisciplinary task force to address overlapping
topics, such as educational issues. Each task force
identified topics requiring evidence evaluation, and
appointed international experts to review them.
To ensure a consistent and thorough approach, a
worksheet template was created containing step-
by-step directions to help the experts document
their literature review, evaluate studies, determine
levels of evidence and develop recommendations. 10
A total of 281 experts completed 403 worksheets on
276 topics; 380 people from 18 countries attended
the 2005 International Consensus Conference on
ECC and CPR Science with Treatment Recommen-
dations (C2005), which took place in Dallas in
January 2005."" Worksheet authors presented the
results of their evidence evaluations and pro-
posed summary scientific statements. After discus-
sion among all participants, these statements were
refined and, whenever possible, supported by treat-
ment recommendations. These summary science
statements and treatment recommendations have
been published in the 2005 International Consensus
on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science with Treatment Rec-
ommendations (CoSTR). 2
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From science to guidelines

The resuscitation organisations forming ILCOR will
publish individual resuscitation guidelines that are
consistent with the science in the consensus docu-
ment, but will also consider geographic, economic
and system differences in practice, and the avail-
ability of medical devices and drugs. These 2005
ERC Resuscitation Guidelines are derived from the
CoSTR document but represent consensus among
members of the ERC Executive Committee. The
ERC Executive Committee considers these new rec-
ommendations to be the most effective and eas-
ily learned interventions that can be supported
by current knowledge, research and experience.
Inevitably, even within Europe, differences in the
availability of drugs, equipment, and personnel will
necessitate local, regional and national adaptation
of these guidelines.

Demographics

Ischaemic heart disease is the leading cause of
death in the world."3~"7 Sudden cardiac arrest is
responsible for more than 60% of adult deaths
from coronary heart disease.'® Based on data from
Scotland and from five cities in other parts of
Europe, the annual incidence of resuscitation for
out-of-hospital cardiopulmonary arrest of cardiac
aetiology is 49.5—66 per 100,000 population.'?:20
The Scottish study includes data on 21,175 out-
of-hospital cardiac arrests, and provides valuable
information on aetiology (Table 1.1). The incidence
of in-hospital cardiac arrest is difficult to assess
because it is influenced heavily by factors such as
the criteria for hospital admission and implementa-
tion of a do-not-attempt-resuscitation (DNAR) pol-
icy. In a general hospital in the UK, the incidence
of primary cardiac arrest (excluding those with
DNAR and those arresting in the emergency depart-
ment) was 3.3/1000 admissions; 2! using the same
exclusion criteria, the incidence of cardiac arrest
in a Norwegian University hospital was 1.5/1000
admissions. 22

The Chain of Survival

The actions linking the victim of sudden cardiac
arrest with survival are called the Chain of Sur-
vival. They include early recognition of the emer-
gency and activation of the emergency services,
early CPR, early defibrillation and early advanced
life support. The infant-and-child Chain of Survival

Table 1.1 Out-of-hospital cardiopulmonary arrests
(21,175) by aetiology.'®

Aetiology Number (%)
Presumed cardiac disease 17451 (82.4)
Non-cardiac internal aetiologies 1814 (8.6)
Lung disease 901 (4.3)
Cerebrovascular disease 457 (2.2)
Cancer 190 (0.9)
Gastrointestinal haemorrhage 71 (0.3)
Obstetric/paediatric 50 (0.2)
Pulmonary embolism 38 (0.2)
Epilepsy 36 (0.2)
Diabetes mellitus 30 (0.1)
Renal disease 3(0.1)
Non-cardiac external aetiologies 1910 (9.0)
Trauma 657 (3.1)
Asphyxia 465 (2.2)
Drug overdose 411 (1.9)
Drowning 105 (0.5)
Other suicide 194 (0.9)
Other external 50 (0.2)
Electric shock/lightning 28 (0.1)

includes prevention of conditions leading to the
cardiopulmonary arrest, early CPR, early activa-
tion of the emergency services and early advanced
life support. In hospital, the importance of early
recognition of the critically ill patient and activa-
tion of a medical emergency team (MET) is now well
accepted.2? Previous resuscitation guidelines have
provided relatively little information on treatment
of the patient during the post-resuscitation care
phase. There is substantial variability in the way
comatose survivors of cardiac arrest are treated
in the initial hours and first few days after return
of spontaneous circulation (ROSC). Differences in
treatment at this stage may account for some of
the interhospital variability in outcome after car-
diac arrest.24 The importance of recognising crit-
ical illness and/or angina and preventing cardiac
arrest (in- or out-of-hospital), and post resuscita-
tion care has been highlighted by the inclusion of
these elements in a new four-ring Chain of Sur-
vival. The first link indicates the importance of
recognising those at risk of cardiac arrest and call-
ing for help in the hope that early treatment can
prevent arrest. The central links in this new chain
depict the integration of CPR and defibrillation as
the fundamental components of early resuscitation
in an attempt to restore life. The final link, effec-
tive post resuscitation care, is targeted at preserv-
ing function, particularly of the brain and heart
(Figure 1.1).23,26



European Resuscitation Council Guidelines for Resuscitation 2005 S5

Chain of survival

Figure 1.1

The universal algorithm

The adult basic, adult advanced and paediatric
resuscitation algorithms have been updated to
reflect changes in the ERC Guidelines. Every effort
has been made to keep these algorithms simple
yet applicable to cardiac arrest victims in most
circumstances. Rescuers begin CPR if the victim
is unconscious or unresponsive, and not breath-
ing normally (ignoring occasional gasps). A single
compression—ventilation (CV) ratio of 30:2 is used
for the single rescuer of an adult or child (exclud-
ing neonates) out of hospital, and for all adult CPR.
This single ratio is designed to simplify teaching,
promote skill retention, increase the number of
compressions given and decrease interruption to
compressions. Once a defibrillator is attached, if
a shockable rhythm is confirmed, a single shock
is delivered. Irrespective of the resultant rhythm,
chest compressions and ventilations (2 min with a
CV ratio of 30:2) are resumed immediately after the
shock to minimise the ‘no-flow’ time. Advanced life
support interventions are outlined in a box at the
centre of the ALS algorithm (see Section 4). Once
the airway is secured with a tracheal tube, laryn-
geal mask airway (LMA) or Combitube, the lungs
are ventilated at a rate of 10 min—" without pausing
during chest compressions.

Quality of CPR

Interruptions to chest compressions must be min-
imised. On stopping chest compressions, the coro-
nary flow decreases substantially; on resuming
chest compressions, several compressions are nec-
essary before the coronary flow recovers to its
previous level.?” Recent evidence indicates that
unnecessary interruptions to chest compressions

ERC Chain of Survival.

occur frequently both in and out of hospital.28-31
Resuscitation instructors must emphasise the
importance of minimising interruptions to chest
compressions.

Summary

It is intended that these new guidelines will
improve the practice of resuscitation and, ulti-
mately, the outcome from cardiac arrest. The
universal ratio of 30 compressions to two ventila-
tions should decrease the number of interruptions
in compression, reduce the likelihood of hyper-
ventilation, simplify instruction for teaching and
improve skill retention. The single-shock strat-
egy should minimise ‘no-flow’ time. Resuscitation
course materials are being updated to reflect these
new guidelines.
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Section 2. Adult basic life support and use of
automated external defibrillators

Anthony J. Handley, Rudolph Koster, Koen Monsieurs, Gavin D. Perkins,

Sian Davies, Leo Bossaert

Basic life support (BLS) refers to maintaining airway
patency and supporting breathing and the circula-
tion, without the use of equipment other than a
protective device.! This section contains the guide-
lines for adult BLS by lay rescuers and for the use
of an automated external defibrillator (AED). It
also includes recognition of sudden cardiac arrest,
the recovery position and management of choking
(foreign-body airway obstruction). Guidelines for
in-hospital BLS and the use of manual defibrillators
may be found in Sections 3 and 4b.

Introduction

Sudden cardiac arrest (SCA) is a leading cause of
death in Europe, affecting about 700,000 individ-
uals a year.Z At the time of the first heart rhythm
analysis, about 40% of SCA victims have ventricular
fibrillation (VF).37¢ It is likely that many more vic-
tims have VF or rapid ventricular tachycardia (VT)
at the time of collapse but, by the time the first
ECG is recorded, their rhythm has deteriorated to
asystole.”8 VF is characterized by chaotic, rapid
depolarisation and repolarisation. The heart loses
its coordinated function and stops pumping blood

effectively.” Many victims of SCA can survive if
bystanders act immediately while VF is still present,
but successful resuscitation is unlikely once the
rhythm has deteriorated to asystole.'® The opti-
mum treatment for VF cardiac arrest is immediate
bystander CPR (combined chest compression and
rescue breathing) plus electrical defibrillation. The
predominant mechanism of cardiac arrest in victims
of trauma, drug overdose, drowning, and in many
children is asphyxia; rescue breaths are critical for
resuscitation of these victims.

The following concept of the Chain of Survival
summarises the vital steps needed for success-
ful resuscitation (Figure 1.1). Most of these links
are relevant for victims of both VF and asphyxial
arrest. "

1. Early recognition of the emergency and call-
ing for help: activate the emergency medical
services (EMS) or local emergency response sys-
tem, e.g. ‘‘phone 112’*.12.13 An early, effective
response may prevent cardiac arrest.

2. Early bystander CPR: immediate CPR can double
or triple survival from VF SCA.10,14-17

3. Early defibrillation: CPR plus defibrillation
within 3—5 min of collapse can produce survival
rates as high as 49—75%.'825 Each minute of

0300-9572/$ — see front matter © 2005 European Resuscitation Council. All Rights Reserved. Published by Elsevier Ireland Ltd.
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delay in defibrillation reduces the probability of
survival to discharge by 10—15%.1417

4, Early advanced life support and post-
resuscitation care: the quality of treatment
during the post-resuscitation phase affects
outcome.26

In most communities, the time from EMS call to
EMS arrival (response interval) is 8 min or longer.2”
During this time the victim’s survival is dependent
on early initiation by bystanders of the first three
of the links of the Chain of Survival.

Victims of cardiac arrest need immediate CPR.
This provides a small but critical blood flow to the
heart and brain. It also increases the likelihood
that a defibrillatory shock will terminate VF and
enable the heart to resume an effective rhythm and
effective systemic perfusion. Chest compression is
especially important if a shock cannot be delivered
sooner than 4 or 5min after collapse.28:2% Defibril-
lation interrupts the uncoordinated depolarisation-
repolarisation process that occurs during VF. If
the heart is still viable, its normal pacemakers
then resume their function and produce an effec-
tive rhythm and resumption of circulation. In the
first few minutes after successful defibrillation, the
rhythm may be slow and ineffective; chest com-
pressions may be needed until adequate cardiac
function returns.3?

Lay rescuers can be trained to use an automated
external defibrillator (AED) to analyse the victim’s
cardiac rhythm and deliver a shock if VF is present.
An AED uses voice prompts to guide the rescuer. It
analyses the ECG rhythm and informs the rescuer
if a shock is needed. AEDs are extremely accurate
and will deliver a shock only when VF (or its precur-
sor, rapid ventricular tachycardia) is present.3' AED
function and operation are discussed in Section 3.

Several studies have shown the benefit on sur-
vival of immediate CPR, and the detrimental effect
of delay before defibrillation. For every minute
without CPR, survival from witnessed VF decreases
by 7—10%.' When bystander CPR is provided, the
decline in survival is more gradual and averages
3—4%min~1.10.1417 Qverall, bystander CPR dou-
bles or triples survival from witnessed cardiac
arrest.10,14,32

Adult BLS sequence

BLS consists of the following sequence of actions
(Figure 2.1).

1 Make sure you, the victim and any bystanders
are safe.
2 Check the victim for a response (Figure 2.2).

Adult basic life support

{ UNRESPONSIVE? ]

[NOT BREATHING NORMALLY? J

30 chest

compressions

2 rescue breaths
30 compressions

*or national emergency number

Figure 2.1 Adult basic life support algorithm.

e gently shake his shoulders and ask loudly:

“*Are you all right?”’
3a If he responds

e leave him in the position in which you find him
provided there is no further danger

e try to find out what is wrong with him and get
help if needed

e reassess him regularly

Figure 2.2 Check the victim for a response. © 2005
European Resuscitation Council.
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Figure 2.3 Shout for help. © 2005 European Resuscita-
tion Council.

Figure 2.5 Head tilt and chin lift in detail. © 2005 Euro-

3b If he does not respond L .
pean Resuscitation Council.

e shout for help (Figure 2.3)

e turn the victim onto his back and then
open the airway using head tilt and chin lift
(Figure 2.4)

o place your hand on his forehead and gently
tilt his head back keeping your thumb and

index finger free to close his nose if rescue
breathing is required (Figure 2.5)

o with your fingertips under the point of the
victim’s chin, lift the chin to open the air-
way

4 Keeping the airway open, look, listen and feel
for normal breathing (Figure 2.6).
e Look for chest movement.
e Listen at the victim’s mouth for breath
sounds.
e Feel for air on your cheek.

In the first few minutes after cardiac arrest, a
victim may be barely breathing, or taking infre-
quent, noisy gasps. Do not confuse this with
normal breathing. Look, listen, and feel for no

Figure 2.4 Head tilt and chin lift. © 2005 European Figure 2.6 Look listen and feel for normal breathing.
Resuscitation Council. © 2005 European Resuscitation Council.
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5a

5b

Figure 2.7 The recovery position. © 2005 European Resuscitation Council.

more than 10s to determine whether the vic-

tim is breathing normally. If you have any doubt

whether breathing is normal, act as if it is not

normal.

If he is breathing normally

e turn him into the recovery position (see
below) (Figure 2.7)

e send or go for help/call for an ambulance

e check for continued breathing

If he is not breathing normally

o send someone for help or, if you are on your
own, leave the victim and alert the ambu-
lance service; return and start chest compres-
sion as follows:

o kneel by the side of the victim

o place the heel of one hand in the centre of
the victim’s chest (Figure 2.8)

o place the heel of your other hand on top of
the first hand (Figure 2.9)

o interlock the fingers of your hands and
ensure that pressure is not applied over the
victim’s ribs (Figure 2.10). Do not apply any
pressure over the upper abdomen or the
bottom end of the bony sternum (breast-
bone)

o position yourself vertically above the vic-
tim’s chest and, with your arms straight,

Figure 2.8 Place the heel of one hand in the centre of

the
cil.

victim’s chest. © 2005 European Resuscitation Coun-

6a

press down on the sternum 4-5cm
(Figure 2.11)

o after each compression, release all the
pressure on the chest without losing con-
tact between your hands and the sternum;
repeat at a rate of about 100 min—" (a little
less than 2 compressionss—"')

o compression and release should take equal
amounts of time

Combine chest compression with

breaths.

o After 30 compressions open the airway again
using head tilt and chin lift (Figure 2.12).

e Pinch the soft part of the nose closed, using
the index finger and thumb of your hand on
the forehead.

e Allow the mouth to open, but maintain chin
lift.

e Take a normal breath and place your lips
around his the mouth, making sure that you
have a good seal.

o Blow steadily into the mouth while watch-
ing for the chest to rise (Figure 2.13), taking
about 1s as in normal breathing; this is an
effective rescue breath.

e Maintaining head tilt and chin lift, take your
mouth away from the victim and watch for the
chest to fall as air passes out (Figure 2.14).

rescue

Figure 2.9 Place the heel of your other hand on top of
the first hand. © 2005 European Resuscitation Council.
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Figure 2.10 Interlock the fingers of your hands. © 2005 Figure 2.11 Press down on the sternum 4-5cm. © 2005
European Resuscitation Council. European Resuscitation Council.

e Take another normal breath and blow into the
victim’s mouth once more, to achieve a total
of two effective rescue breaths. Then return
your hands without delay to the correct posi-
tion on the sternum and give a further 30
chest compressions.

e Continue with chest compressions and rescue
breaths in a ratio of 30:2.

e Stop to recheck the victim only if he starts
breathing normally; otherwise do not inter-
rupt resuscitation.

If your initial rescue breath does not make the
chest rise as in normal breathing, then before
your next attempt:

e check the victim’s mouth and remove any
obstruction

° re(_:hef:k that there is adequate head tilt and Figure 2.12 After 30 compressions open the airway
chin lift again using head tilt and chin lift. © 2005 European Resus-

e do not attempt more than two breaths each  citation Council.
time before returning to chest compressions
If there is more than one rescuer present, 6b Chest-compression-only CPR may be used as fol-

another should take over CPR every 1—2 min to lows.

prevent fatigue. Ensure the minimum of delay e If you are not able or are unwilling to give

during the changeover of rescuers. rescue breaths, give chest compressions only.
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Figure 2.13 Blow steadily into his mouth whilst watch-
ing for his chest to rise. © 2005 European Resuscitation
Council.

e If chest compressions only are given, these
should be continuous, at a rate of 100 min—".

e Stop to recheck the victim only if he starts
breathing normally; otherwise do not inter-
rupt resuscitation.

7 Continue resuscitation until

e qualified help arrives and takes over

o the victim starts breathing normally

e you become exhausted

Risk to the rescuer

The safety of both rescuer and victim are
paramount during a resuscitation attempt. There
have been few incidents of rescuers suffering

Figure 2.14 Take your mouth away from the victim and
watch for his chest to fall as air comes out. © 2005 Euro-
pean Resuscitation Council.

adverse effects from undertaking CPR, with only
isolated reports of infections such as tuberculosis
(TB)33 and severe acute respiratory distress syn-
drome (SARS).3* Transmission of HIV during CPR
has never been reported. There have been no
human studies to address the effectiveness of bar-
rier devices during CPR; however, laboratory stud-
ies have shown that certain filters, or barrier
devices with one-way valves, prevent oral bacterial
transmission from the victim to the rescuer during
mouth-to-mouth ventilation.3%:3¢ Rescuers should
take appropriate safety precautions where feasi-
ble, especially if the victim is known to have a
serious infection, such as TB or SARS. During an
outbreak of a highly infectious condition such as
SARS, full protective precautions for the rescuer are
essential.

Opening the airway

The jaw thrust is not recommended for lay res-
cuers because it is difficult to learn and perform
and may itself cause spinal movement.3” Therefore,
the lay rescuer should open the airway using a head
tilt-chin lift manoeuvre for both injured and non-
injured victims.

Recognition of cardiorespiratory arrest

Checking the carotid pulse is an inaccurate
method of confirming the presence or absence
of circulation.3® However, there is no evidence
that checking for movement, breathing or cough-
ing (‘signs of a circulation’) is diagnostically supe-
rior. Healthcare professionals as well as lay rescuers
have difficulty determining the presence or absence
of adequate or normal breathing in unresponsive
victims.3%40 This may be because the airway is
not open*' or because the victim is making occa-
sional (agonal) gasps. When bystanders are asked
by ambulance dispatchers over the telephone if
breathing is present, they often misinterpret agonal
gasps as normal breathing. This erroneous informa-
tion can result in the bystander withholding CPR
from a cardiac arrest victim.*2 Agonal gasps are
present in up to 40% of cardiac arrest victims.
Bystanders describe agonal gasps as barely breath-
ing, heavy or laboured breathing, or noisy or gasp-
ing breathing.®3

Laypeople should, therefore, be taught to begin
CPR if the victim is unconscious (unresponsive) and
not breathing normally. It should be emphasised
during training that agonal gasps occur commonly
in the first few minutes after SCA. They are an indi-
cation for starting CPR immediately and should not
be confused with normal breathing.
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Initial rescue breaths

During the first few min after non-asphyxial cardiac
arrest the blood oxygen content remains high, and
myocardial and cerebral oxygen delivery is limited
more by the diminished cardiac output than a lack
of oxygen in the lungs. Ventilation is, therefore,
initially less important than chest compression.4
It is well recognised that skill acquisition and
retention is aided by simplification of the BLS
sequence of actions.?> It is also recognized that
rescuers are frequently unwilling to carry out
mouth-to-mouth ventilation for a variety of rea-
sons, including fear of infection and distaste for the
procedure.*¢~*8 For these reasons, and to empha-
sise the priority of chest compressions, it is recom-
mended that in adults CPR should start with chest
compression rather than initial ventilation.

Ventilation

During CPR the purpose of ventilation is to maintain
adequate oxygenation. The optimal tidal volume,
respiratory rate and inspired oxygen concentration
to achieve this, however, are not fully known. The
current recommendations are based on the follow-
ing evidence:

1. During CPR, blood flow to the lungs is sub-
stantially reduced, so an adequate ventilation-
perfusion ratio can be maintained with lower
tidal volumes and respiratory rates than
normal.4?

2. Not only is hyperventilation (too many breaths
or too large a volume) unnecessary, but it is
harmful because it increases intrathoracic pres-
sure, thus decreasing venous return to the heart
and diminishing cardiac output. Survival is con-
sequently reduced.°

3. When the airway is unprotected, a tidal volume
of 11 produces significantly more gastric disten-
tion than a tidal volume of 500 ml.>’

4. Low minute-ventilation (lower than normal tidal
volume and respiratory rate) can maintain
effective oxygenation and ventilation during
CPR.%Z-% During adult CPR, tidal volumes of
approximately 500—600 ml (6—7 mlkg~") should
be adequate.

5. Interruptions in chest compression (for exam-
ple to give rescue breaths) have a detrimental
effect on survival.>® Giving rescue breaths over
a shorter time will help to reduce the duration
of essential interruptions.

The current recommendation is, therefore, for
rescuers to give each rescue breath over about 15,
with enough volume to make the victim’s chest

rise, but to avoid rapid or forceful breaths This
recommendation applies to all forms of ventilation
during CPR, including mouth-to-mouth and bag-
valve-mask (BVM) with and without supplementary
oxygen.

Mouth-to-nose ventilation is an effective alter-
native to mouth-to-mouth ventilation.?” It may be
considered if the victim’s mouth is seriously injured
or cannot be opened, the rescuer is assisting a vic-
tim in the water, or a mouth-to-mouth seal is diffi-
cult to achieve.

There is no published evidence on the
safety, effectiveness or feasibility of mouth-
to-tracheostomy ventilation, but it may be used
for a victim with a tracheostomy tube or tracheal
stoma who requires rescue breathing.

To use bag-mask ventilation requires consider-
able practice and skill.?®>° The lone rescuer has
to be able to open the airway with a jaw thrust
while simultaneously holding the mask to the vic-
tim’s face. It is a technique that is appropriate
only for lay rescuers who work in highly specialised
areas, such as where there is a risk of cyanide poi-
soning or exposure to other toxic agents. There
are other specific circumstances in which non-
healthcare providers receive extended training in
first aid which could include training, and retrain-
ing, in the use of bag-mask ventilation. The same
strict training that applies to healthcare profession-
als should be followed.

Chest compression

Chest compressions produce blood flow by increas-
ing the intrathoracic pressure and by directly com-
pressing the heart. Although chest compressions
performed properly can produce systolic arterial
pressure peaks of 60—80 mmHg, diastolic pressure
remains low and mean arterial pressure in the
carotid artery seldom exceeds 40 mmHg.? Chest
compressions generate a small but critical amount
of blood flow to the brain and myocardium and
increase the likelihood that defibrillation will be
successful. They are especially important if the first
shock is delivered more than 5 min after collapse.®’

Much of the information about the physiology of
chest compression and the effects of varying the
compression rate, compression-to-ventilation ratio
and duty cycle (ratio of time chest is compressed
to total time from one compression to the next) is
derived from animal models. However, the conclu-
sions of the 2005 Consensus Conference®? included
the following:

(1) Each time compressions are resumed, the res-
cuer should place his hands without delay ‘‘in
the centre of the chest’’.%3
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(2) Compress the chest at a rate of about
100 min—1,64-66

(3) Pay attention to achieving the full compression
depth of 4—5cm (for an adult).67-68

(4) Allow the chest to recoil completely after each
compression. %70

(5) Take approximately the same amount of time
for compression and relaxation.

(6) Minimise interruptions in chest compression.

(7) Do not rely on a palpable carotid or femoral
pulse as a gauge of effective arterial flow.37!

There is insufficient evidence to support a spe-
cific hand position for chest compression during CPR
in adults. Previous guidelines have recommended a
method of finding the middle of the lower half of
the sternum by placing one finger on the lower end
of the sternum and sliding the other hand down to
it.”2 It has been shown that for healthcare profes-
sionals the same hand position can be found more
quickly if rescuers are taught to ‘‘place the heel
of your hand in the centre of the chest with the
other hand on top’’, provided the teaching includes
a demonstration of placing the hands in the middle
of the lower half of the sternum.®3 It is reasonable
to extend this to laypeople.

Compression rate refers to the speed at which
compressions are given, not the total number deliv-
ered in each minute. The number delivered is
determined by the rate, but also by the number
of interruptions to open the airway, deliver res-
cue breaths and allow AED analysis. In one out-
of-hospital study rescuers recorded compression
rates of 100—120min~"' but, the mean number of
compressions was reduced to 64 min~—" by frequent
interruptions. 68

Compression—ventilation ratio

Insufficient evidence from human outcome studies
exists to support any given compression:ventilation
ratio. Animal data support an increase in the ratio
above 15:2.73775 A mathematical model suggests
that a ratio of 30:2 would provide the best compro-
mise between blood flow and oxygen delivery.”6:77
A ratio of 30 compressions to two ventilations is
recommended for the single rescuer attempting
resuscitation on an adult or child out of hospi-
tal. This should decrease the number of inter-
ruptions in compression, reduce the likelihood
of hyperventilation,®%78 simplify instruction for
teaching and improve skill retention.

Compression-only CPR

Healthcare professionals as well as lay rescuers
admit to being reluctant to perform mouth-to-

mouth ventilation in unknown victims of cardiac
arrest.“64 Animal studies have shown that chest
compression-only CPR may be as effective as com-
bined ventilation and compression in the first few
minutes after non-asphyxial arrest.*7% In adults,
the outcome of chest compression without venti-
lation is significantly better than the outcome of
giving no CPR.80 If the airway is open, occasional
gasps and passive chest recoil may provide some air
exchange.?:82 A low minute-ventilation may be all
that is necessary to maintain a normal ventilation-
perfusion ratio during CPR.

Laypeople should, therefore, be encouraged to
perform compression-only CPR if they are unable
or unwilling to provide rescue breaths, although
combined chest compression and ventilation is the
better method of CPR.

CPR in confined spaces

Over-the-head CPR for single rescuers and straddle
CPR for two rescuers may be considered for resus-
citation in confined spaces.83.84

Recovery position

There are several variations of the recovery posi-
tion, each with its own advantages. No single posi-
tion is perfect for all victims.85:8¢ The position
should be stable, near a true lateral position with
the head dependent, and with no pressure on the
chest to impair breathing.?”

The ERC recommends the following sequence
of actions to place a victim in the recovery
position:

e Remove the victim’s spectacles.

e Kneel beside the victim and make sure that both
legs are straight.

e Place the arm nearest to you out at right angles to
the body, elbow bent with the hand palm upper-
most (Figure 2.15).

e Bring the far arm across the chest, and hold the
back of the hand against the victim’s cheek near-
est to you (Figure 2.16).

o With your other hand, grasp the far leg just above
the knee and pull it up, keeping the foot on the
ground (Figure 2.17).

o Keeping his hand pressed against his cheek, pull
on the far leg to roll the victim towards you onto
his side.

e Adjust the upper leg so that both hip and knee
are bent at right angles.

e Tilt the head back to make sure the airway
remains open.
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Figure 2.15 Place the arm nearest to you out at right
angles to his body, elbow bent with the hand palm upper-
most. © 2005 European Resuscitation Council.

Figure 2.16 Bring the far arm across the chest, and hold
the back of the hand against the victim’s cheek nearest
to you. © 2005 European Resuscitation Council.

Figure 2.17 With your other hand, grasp the far leg just
above the knee and pull it up, keeping the foot on the
ground. © 2005 European Resuscitation Council.

Figure 2.18 The recovery position. © 2005 European
Resuscitation Council.

¢ Adjust the hand under the cheek, if necessary, to
keep the head tilted (Figure 2.18).
o Check breathing regularly.

If the victim has to be kept in the recovery posi-
tion for more than 30 min turn him to the opposite
side to relieve the pressure on the lower arm.

Foreign-body airway obstruction (choking)

Foreign-body airway obstruction (FBAO) is an
uncommon but potentially treatable cause of acci-
dental death.38 Each year approximately 16,000
adults and children in the UK receive treatment in
an emergency department for FBAO. Fortunately,
less than 1% of these incidents are fatal.3 The
commonest cause of choking in adults is airway
obstruction caused by food such as fish, meat or
poultry.8? In infants and children, half the reported
episodes of choking occur while eating (mostly con-
fectionery), and the remaining choking episodes
occur with non-food items such as coins or toys.?°
Deaths from choking are rare in infants and chil-
dren; 24 deaths a year on average were reported
in the UK between 1986 and 1995, and over half of
these children were under 1 year.%°
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Table 2.1 Differentiation between mild and severe foreign body airway obstruction (FBAO)?
Sign Mild obstruction Severe obstruction

‘*Are you choking?’’ ““Yes’’

Other signs

Can speak, cough, breathe

Unable to speak, may nod
Cannot breathe/wheezy breathing/silent
attempts to cough/unconsciousness

@ General signs of FBAO: attack occurs while eating; victim may clutch at neck.

As most choking events are associated with eat-
ing, they are commonly witnessed. Thus, there is
often the opportunity for early intervention while
the victim is still responsive.

Recognition

Because recognition of airway obstruction is the key
to successful outcome, it is important not to con-
fuse this emergency with fainting, heart attack,
seizure or other conditions that may cause sud-
den respiratory distress, cyanosis or loss of con-
sciousness. Foreign bodies may cause either mild or
severe airway obstruction. The signs and symptoms
enabling differentiation between mild and severe
airway obstruction are summarised in Table 2.1. It
is important to ask the conscious victim ‘Are you
choking?’

Adult FBAO (choking) sequence

(This sequence is also suitable for use in children
over the age of 1 year) (Figure 2.19).

1 If the victim shows signs of mild airway obstruc-
tion
e Encourage him to continue coughing but do
nothing else
2 If the victim shows signs of severe airway obstruc-
tion and is conscious

e Apply up to five back blows as follows.

o Stand to the side and slightly behind the vic-
tim.

o Support the chest with one hand and lean
the victim well forwards so that when the
obstructing object is dislodged it comes out
of the mouth rather than goes further down
the airway.

o Give up to five sharp blows between the
shoulder blades with the heel of your other
hand

e Check to see if each back blow has relieved the
airway obstruction. The aim is to relieve the
obstruction with each slap rather than neces-
sarily to give all five.

o If five back blows fail to relieve the airway
obstruction, give up to five abdominal thrusts
as follows:

o Stand behind the victim and put both arms
round the upper part of his abdomen.

o Lean the victim forwards.

o Clench your fist and place it between the
umbilicus and xiphisternum.

o Grasp this hand with your other hand and
pull sharply inwards and upwards.

o Repeat up to five times.

o If the obstruction is still not relieved, continue
alternating five back blows with five abdominal
thrusts.

3 If the victim at any time becomes unconscious.

Adult FBAO Treatment

—[ Assess severity ]—

Severe airway obstruction
(ineffective cough)

Mild airway obstruction
(effective cough)

1

Unconscious

Start CPR

Conscious

5 back blows
5 abdominal thrusts

Encourage cough

Continue to check for
deterioration to ineffective
cough or until obstruction

relieved

Figure 2.19 Adult foreign body airway obstruction treatment algorithm.
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e Support the victim carefully to the ground.

o Immediately activate EMS.

e Begin CPR (from 5b of the adult BLS sequence).
Healthcare providers, trained and experienced
in feeling for a carotid pulse, should initiate
chest compressions, even if a pulse is present
in the unconscious choking victim.

FBAO causing mild airway obstruction

Coughing generates high and sustained airway pres-
sures and may expel the foreign body. Aggressive
treatment, with back blows, abdominal thrusts and
chest compression, may cause potentially serious
complications and could worsen the airway obstruc-
tion. It should be reserved for victims who have
signs of severe airway obstruction. Victims with
mild airway obstruction should remain under con-
tinuous observation until they improve, as severe
airway obstruction may develop.

FBAO with severe airway obstruction

The clinical data on choking are largely retrospec-
tive and anecdotal. For conscious adults and chil-
dren over 1 year with a complete FBAO, case reports
demonstrate the effectiveness of back blows or
‘slaps’, abdominal thrusts and chest thrusts.?!
Approximately 50% of episodes of airway obstruc-
tion are not relieved by a single technique.?? The
likelihood of success is increased when combina-
tions of back blows or slaps, and abdominal and
chest thrusts are used.”"

A randomised trial in cadavers’® and two
prospective studies in anaesthetised volunteers?#9?
showed that higher airway pressures can be gener-
ated using chest thrusts compared with abdominal
thrusts. Since chest thrusts are virtually identical
to chest compressions, rescuers should be taught
to start CPR if a victim of known or suspected
FBAO becomes unconscious. During CPR, each time
the airway is opened the victim’s mouth should be
quickly checked for any foreign body that has been
partly expelled. The incidence of unsuspected
choking as a cause of unconsciousness or cardiac
arrest is low; therefore, during CPR routinely
checking the mouth for foreign bodies is not
necessary.

The finger sweep

No studies have evaluated the routine use of a finger
sweep to clear the airway in the absence of visible
airway obstruction,?®~?8 and four case reports have

documented harm to the victim?%%° or rescuer.®’
Therefore, avoid use of a blind finger sweep and
manually remove solid material in the airway only
if it can be seen.

Aftercare and referral for medical review

Following successful treatment for FBAO, foreign
material may nevertheless remain in the upper or
lower respiratory tract and cause complications
later. Victims with a persistent cough, difficulty
swallowing or the sensation of an object being still
stuck in the throat, should therefore be referred for
a medical opinion.

Abdominal thrusts can cause serious internal
injuries, and all victims treated with abdomi-
nal thrusts should be examined for injury by a
doctor.”!

Resuscitation of children (see also
Section 6) and victims of drowning (see
also Section 7c¢)

Both ventilation and compression are important
for victims of cardiac arrest when the oxygen
stores become depleted—about 4—6 min after col-
lapse from VF and immediately after collapse
from asphyxial arrest. Previous guidelines tried to
take into account the difference in pathophysiol-
ogy, and recommended that victims of identifiable
asphyxia (drowning; trauma; intoxication) and chil-
dren should receive 1 min of CPR before the lone
rescuer left the victim to get help. The majority
of cases of SCA out of hospital, however, occur in
adults, and are of cardiac origin due to VF. These
additional recommendations, therefore, added to
the complexity of the guidelines while affecting
only a minority of victims.

It is important to be aware that many children
do not receive resuscitation because potential res-
cuers fear causing harm. This fear is unfounded;
it is far better to use the adult BLS sequence for
resuscitation of a child than to do nothing. For
ease of teaching and retention, therefore, laypeo-
ple should be taught that the adult sequence may
also be used for children who are not responsive
and not breathing.

The following minor modifications to the adult
sequence will, however, make it even more suitable
for use in children.

e Give five initial rescue breaths before starting
chest compressions (adult sequence of actions,
5b).



518

A.J. Handley et al.

o A lone rescuer should perform CPR for approxi-
mately 1 min before going for help.

e Compress the chest by approximately one third
of its depth; use two fingers for an infant under
1 year; use one or two hands for a child over 1
year as needed to achieve an adequate depth of
compression.

The same modifications of five initial breaths, and
1min of CPR by the lone rescuer before getting
help, may improve outcome for victims of drown-
ing. This modification should be taught only to
those who have a specific duty of care to poten-
tial drowning victims (e.g. lifeguards). Drowning is
easily identified. It can be difficult, on the other
hand, for a layperson to determine whether car-
diorespiratory arrest is a direct result of trauma
or intoxication. These victims should, therefore, be
managed according to the standard protocol.

Use of an automated external
defibrillator

Section 3 discusses the guidelines for defibrillation
using both automated external defibrillators (AEDs)
and manual defibrillators. However, there are some
special considerations when an AED is to be used by
lay or non-healthcare rescuers.

Standard AEDs are suitable for use in children
older than 8 years. For children between 1 and 8
years use paediatric pads or a paediatric mode if
available; if these are not available, use the AED as
it is. Use of AEDs is not recommended for children
less than 1 year.

Sequence for use of an AED
See Figure 2.20.

(1) Make sure you, the victim, and any bystanders
are safe.
(2) If the victim is unresponsive and not breathing
normally, send someone for the AED and to call
for an ambulance.
(3) Start CPR according to the guidelines for BLS.
(4) As soon as the defibrillator arrives
e switch on the defibrillator and attach the
electrode pads. If more than one rescuer is
present, CPR should be continued while this
is carried out

o follow the spoken/visual directions

e ensure that nobody touches the victim while
the AED is analysing the rhythm

5a If a shock is indicated
e ensure that nobody touches the victim

e push shock button as directed (fully auto-
matic AEDs will deliver the shock automat-
ically)

e continue as directed by the voice/visual
prompts

5b If no shock indicated

e immediately resume CPR, using a ratio of 30
compressions to 2 rescue breaths

e continue as directed by the voice/visual
prompts

6 Continue to follow the AED prompts until

e qualified help arrives and takes over

e the victim starts to breathe normally

e you become exhausted

CPR before defibrillation

Immediate defibrillation, as soon as an AED
becomes available, has always been a key ele-
ment in guidelines and teaching, and considered of
paramount importance for survival from ventricu-
lar fibrillation. This concept has been challenged
because evidence suggests that a period of chest
compression before defibrillation may improve sur-
vival when the time between calling for the ambu-
lance and its arrival exceeds 5min.28:61,100 One
study'?! did not confirm this benefit, but the weight
of evidence supports a period of CPR for victims of
prolonged cardiac arrest before defibrillation.

In all of these studies CPR was performed by
paramedics, who protected the airway by intuba-
tion and delivered 100% oxygen. Such high-quality
ventilation cannot be expected from lay rescuers
giving mouth-to-mouth ventilation. Secondly, the
benefit from CPR occurred only when the delay from
call to the availability of a defibrillator was greater
than 5 min; the delay from collapse to arrival of the
rescuer with an AED will rarely be known with cer-
tainty. Thirdly, if good bystander CPR is already in
progress when the AED arrives, it does not seem
logical to continue it any further. For these reasons
these guidelines recommend an immediate shock,
as soon as the AED is available. The importance of
early uninterrupted external chest compression is
emphasised.

Voice prompts

In several places, the sequence of actions states
‘follow the voice/visual prompts’. The prompts are
usually programmable, and it is recommended that
they be set in accordance with the sequence of
shocks and timings for CPR given in Section 2. These
should include at least:
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AED Algorithm

| Unresponsive

y

[ Open airway ]

Not breathing normally

»| Call for help

y

3
:l Send or go for AED
| Call 112*

CPR 30:2
Until AED is attached

*or national
emergency number

AED

> assesses *
rhythm

Shock

No shock

advised |

\ 4
1 Shock
150-360 J biphasic
or 360 J monophasic

Immediately resume
CPR 30:2
for 2 min

"| advised

Immediately resume
CPR 30:2
for 2 min

Continue until the victim starts to
breathe normally

Figure 2.20 Algorithm for use of an automated external defibrillator.

(1) asingle shock only, when a shockable rhythm is
detected

(2) no rhythm check, or check for breathing or a
pulse, after the shock

(3) a voice prompt for immediate resumption of
CPR after the shock (giving chest compressions
in the presence of a spontaneous circulation is
not harmful)

(4) two minutes for CPR before a prompt to assess
the rhythm, breathing or a pulse is given

The shock sequence and energy levels are dis-
cussed in Section 3.
Fully-automatic AEDs

Having detected a shockable rhythm, a fully-
automatic AED will deliver a shock without further

input from the rescuer. One manikin study showed
that untrained nursing students committed fewer
safety errors using a fully-automatic AED rather
than a semi-automatic AED.'%2 There are no human
data to determine whether these findings can be
applied to clinical use.

Public access defibrillation programmes

Public access defibrillation (PAD) and first responder
AED programmes may increase the number of vic-
tims who receive bystander CPR and early defibril-
lation, thus improving survival from out-of-hospital
SCA.'%3 These programmes require an organised
and practised response with rescuers trained and
equipped to recognise emergencies, activate the
EMS system, provide CPR and use the AED. 04105 | ay
rescuer AED programmes with very rapid response
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times in airports,%2 on aircraft?3or in casinos,? and
uncontrolled studies using police officers as first
responders, %197 have achieved reported survival
rates as high as 49—74%.

The logistic problem for first responder pro-
grammes is that the rescuer needs to arrive not
just earlier than the traditional EMS, but within
5—6min of the initial call, to enable attempted
defibrillation in the electrical or circulatory phase
of cardiac arrest. "% With longer delays, the survival
curve flattens;'%'7 a few minutes’ gain in time will
have little impact when the first responder arrives
more than 10 min after the call?’:'% or when a first
responder does not improve on an already short
EMS response time.''® However, small reductions
in response intervals achieved by first-responder
programmes that have an impact on many residen-
tial victims may be more cost effective than the
larger reductions in response interval achieved by
PAD programmes that have an impact on fewer car-
diac arrest victims.'11:112

Recommended elements for PAD programmes
include:

e a planned and practised response

e training of anticipated rescuers in CPR and use of
the AED

o link with the local EMS system

e programme of continuous audit (quality improve-
ment)

Public access defibrillation programmes are most
likely to improve survival from cardiac arrest
if they are established in locations where wit-
nessed cardiac arrest is likely to occur.''? Suit-
able sites might include those where the proba-
bility of cardiac arrest occurring is at least once
in every 2 years (e.g., airports, casinos, sports
facilities).'03 Approximately 80% of out-of-hospital
cardiac arrests occur in private or residential
settings;!'* this fact inevitably limits the overall
impact that PAD programmes can have on survival
rates. There are no studies documenting effective-
ness of home AED deployment.
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Introduction

This section presents guidelines for defibrillation
using both automated external defibrillators (AEDs)
and manual defibrillators. All healthcare providers
and lay responders can use AEDs as an integral com-
ponent of basic life support. Manual defibrillation is
used as part of advanced life support (ALS) therapy.
In addition, synchronised cardioversion and pacing
are ALS functions of many defibrillators and are also
discussed in this section.

Defibrillation is the passage across the myocard-
ium of an electrical current of sufficient magnitude
to depolarise a critical mass of myocardium and
enable restoration of coordinated electrical activ-
ity. Defibrillation is defined as the termination of
fibrillation or, more precisely, the absence of ven-
tricular fibrillation/ventricular tachycardia (VF/VT)
at 5s after shock delivery; however, the goal of
attempted defibrillation is to restore spontaneous
circulation.

Defibrillator technology is advancing rapidly. AED
interaction with the rescuer through voice prompts
is now established, and future technology may
enable more specific instructions to be given by
voice prompt. The ability of defibrillators to assess

the rhythm while CPR is in progress is required to
prevent unnecessary delays in CPR. Waveform anal-
ysis may also enable the defibrillator to calculate
the optimal time at which to give a shock.

A vital link in the chain of survival

Defibrillation is a key link in the Chain of Survival
and is one of the few interventions that have been
shown to improve outcome from VF/VT cardiac
arrest. The previous guidelines, published in 2000,
rightly emphasised the importance of early defib-
rillation with minimum delay."

The probability of successful defibrillation and
subsequent survival to hospital discharge declines
rapidly with timeZ3 and the ability to deliver
early defibrillation is one of the most important
factors in determining survival from cardiac
arrest. For every minute that passes following
collapse and defibrillation, mortality increases
7%—10% in the absence of bystander CPR.2~4 EMS
systems do not generally have the capability to
deliver defibrillation through traditional paramedic
responders within the first few minutes of a call,
and the alternative use of trained lay responders
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to deliver prompt defibrillation using AEDs is now
widespread. EMS systems that have reduced time to
defibrillation following cardiac arrest using trained
lay responders have reported greatly improved
survival-to-discharge rates,”’ some as high as
75% if defibrillation is performed within 3min of
collapse.8 This concept has also been extended to
in-hospital cardiac arrests where staff, other than
doctors, are also being trained to defibrillate using
an AED before arrival of the cardiac arrest team.
When bystander CPR is provided, the reduction in
survival rate is more gradual and averages 3%—4%
per minute from collapse to defibrillation;Z—
bystander CPR can doubleZ3:° or treble'® sur-
vival from witnessed out-of-hospital cardiac
arrest.

All healthcare providers with a duty to perform
CPR should be trained, equipped, and encouraged
to perform defibrillation and CPR. Early defibrilla-
tion should be available throughout all hospitals,
outpatient medical facilities and public areas of
mass gathering (see Section 2). Those trained in
AED use should also be trained to deliver at least
external chest compressions before the arrival of
ALS providers, to optimise the effectiveness of early
defibrillation.

Automated external defibrillators

Automated external defibrillators are sophisti-
cated, reliable computerised devices that use voice
and visual prompts to guide lay rescuers and health-
care professionals to safely attempt defibrillation
in cardiac arrest victims. Automated defibrillators
have been described as ‘‘... the single greatest
advance in the treatment of VF cardiac arrest since
the development of CPR.”’'" Advances in technol-
ogy, particularly with respect to battery capacity,
and software arrhythmia analysis have enabled the
mass production of relatively cheap, reliable and
easily operated portable defibrillators.'>~'> Use of
AEDs by lay or non-healthcare rescuers is covered
in Section 2.

Automated rhythm analysis

Automated external defibrillators have micropro-
cessors that analyse several features of the ECG,
including frequency and amplitude. Some AEDs are
programmed to detect spontaneous movement by
the patient or others. Developing technology should
soon enable AEDs to provide information about
frequency and depth of chest compressions dur-
ing CPR that may improve BLS performance by all
rescuers, 1617

Automated external defibrillators have been
tested extensively against libraries of recorded
cardiac rhythms and in many trials in adults'®°
and children.2%:2" They are extremely accurate in
rhythm analysis. Although AEDs are not designed to
deliver synchronised shocks, all AEDs will recom-
mend shocks for VT if the rate and R-wave mor-
phology exceed preset values.

In-hospital use of AEDs

At the time of the 2005 Consensus Confer-
ence, there were no published randomised trials
comparing in-hospital use of AEDs with manual
defibrillators. Two lower level studies of adults
with in-hospital cardiac arrest from shockable
rhythms showed higher survival-to-hospital dis-
charge rates when defibrillation was provided
through an AED programme than with manual defib-
rillation alone.?223 A manikin study showed that
use of an AED significantly increased the likelihood
of delivering three shocks, but increased the time
to deliver the shocks when compared with manual
defibrillators.2* In contrast, a study of mock arrests
in simulated patients showed that use of monitor-
ing leads and fully automated defibrillators reduced
time to defibrillation when compared with manual
defibrillators.?>

Delayed defibrillation may occur when patients
sustain cardiac arrest in unmonitored hospital beds
and in outpatient departments. In these areas sev-
eral minutes may elapse before resuscitation teams
arrive with a defibrillator and deliver shocks.26
Despite limited evidence, AEDs should be consid-
ered for the hospital setting as a way to facilitate
early defibrillation (a goal of <3 min from collapse),
especially in areas where staff have no rhythm
recognition skills or where they use defibrillators
infrequently. An effective system for training and
retraining should be in place. Adequate numbers of
staff should be trained to enable achievement of
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 resus-
citation outcomes.

Strategies before defibrillation

Safe use of oxygen during defibrillation

In an oxygen-enriched atmosphere, sparking from
poorly applied defibrillator paddles can cause a
fire.2’-32 There are several reports of fires being
caused in this way, and most have resulted in
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significant burns to the patient. The risk of fire dur-
ing attempted defibrillation can be minimised by
taking the following precautions.

e Take off any oxygen mask or nasal cannulae and
place them at least 1 m away from the patient’s
chest.

e Leave the ventilation bag connected to the tra-
cheal tube or other airway adjunct. Alterna-
tively, disconnect any bag-valve device from the
tracheal tube (or other airway adjunct such as
the laryngeal mask airway, combitube or laryn-
geal tube), and remove it at least 1 m from the
patient’s chest during defibrillation.

o If the patient is connected to a ventilator, for
example in the operating room or critical care
unit, leave the ventilator tubing (breathing cir-
cuit) connected to the tracheal tube unless chest
compressions prevent the ventilator from deliv-
ering adequate tidal volumes. In this case, the
ventilator is usually substituted for a ventila-
tion bag, which can itself be left connected or
detached and removed to a distance of at least
1m. If the ventilator tubing is disconnected,
ensure it is kept at least 1 m from the patient
or, better still, switch the ventilator off; mod-
ern ventilators generate massive oxygen flows
when disconnected. During normal use, when
connected to a tracheal tube, oxygen from a ven-
tilator in the critical care unit will be vented from
the main ventilator housing well away from the
defibrillation zone. Patients in the critical care
unit may be dependent on positive end expiratory
pressure (PEEP) to maintain adequate oxygena-
tion; during cardioversion, when the spontaneous
circulation potentially enables blood to remain
well oxygenated, it is particularly appropriate to
leave the critically ill patient connected to the
ventilator during shock delivery.

e Minimise the risk of sparks during defibrillation.
Theoretically, self-adhesive defibrillation pads
are less likely to cause sparks than manual pad-
dles.

The technique for electrode contact with
the chest

Optimal defibrillation technique aims to deliver
current across the fibrillating myocardium in the
presence of minimal transthoracic impedance.
Transthoracic impedance varies considerably with
body mass, but is approximately 70—-80% in
adults.33:34 The techniques described below aim to
place external electrodes (paddles or self-adhesive
pads) in an optimal position using techniques that
minimise transthoracic impedance.

Shaving the chest

Patients with a hairy chest have air trapping
beneath the electrode and poor electrode-to-skin
electrical contact. This causes high impedance,
reduced defibrillation efficacy, risk of arcing
(sparks) from electrode to skin and electrode
to electrode and is more likely to cause burns
to the patient’s chest. Rapid shaving of the
area of intended electrode placement may be
necessary, but do not delay defibrillation if a
shaver is not immediately available. Shaving the
chest per se may reduce transthoracic impedance
slightly and has been recommended for elective DC
cardioversion. 3>

Paddle force

If using paddles, apply them firmly to the chest
wall. This reduces transthoracic impedance by
improving electrical contact at the electrode—skin
interface and reducing thoracic volume.3® The
defibrillator operator should always press firmly
on handheld electrode paddles, the optimal force
being 8kg in adults’” and 5kg in children aged
1—8 years when using adult paddles3; 8-kg force
may be attainable only by the strongest mem-
bers of the cardiac arrest team, and therefore it
is recommended that these individuals apply the
paddles during defibrillation. Unlike self-adhesive
pads, manual paddles have a bare metal plate that
requires a conductive material placed between the
metal and patient’s skin to improve electrical con-
tact. Use of bare metal paddles alone creates high
transthoracic impedance and is likely to increase
the risk of arcing and to worsen cutaneous burns
from defibrillation.

Electrode position

No human studies have evaluated the electrode
position as a determinant of return of spontaneous
circulation (ROSC) or survival from VF/VT cardiac
arrest. Transmyocardial current during defibrilla-
tion is likely to be maximal when the electrodes
are placed so that the area of the heart that is fib-
rillating lies directly between them, i.e., ventricles
in VF/VT, atria in atrial fibrillation (AF). Therefore,
the optimal electrode position may not be the same
for ventricular and atrial arrhythmias.

More patients are presenting with implantable
medical devices (e.g., permanent pacemaker,
automatic implantable cardioverter defibrillator
(AICD)). MedicAlert bracelets are recommended for
such patients. These devices may be damaged dur-
ing defibrillation if current is discharged through
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electrodes placed directly over the device. Place
the electrode away from the device or use an alter-
native electrode position as described below. On
detecting VF/VT, AICD devices will discharge no
more than six times. Further discharges will occur
only if a new episode of VF/VT is detected. Rarely,
a faulty device or broken lead may cause repeated
firing; in these circumstances, the patient is likely
to be conscious, with the ECG showing a relatively
normal rate. A magnet placed over the AICD will
disable the defibrillation function in these circum-
stances. AICD discharge may cause pectoral muscle
contraction, but an attendant touching the patient
will not receive an electric shock. AICD and pacing
function should always be re-evaluated following
external defibrillation, both to check the device
itself and to check pacing/defibrillation thresholds
of the device leads.

Transdermal drug patches may prevent good
electrode contact, causing arcing and burns if the
electrode is placed directly over the patch during
defibrillation.3?40 Remove medication patches and
wipe the area before applying the electrode.

For ventricular arrhythmias, place electrodes
(either pads or paddles) in the conventional
sternal—apical position. The right (sternal) elec-
trode is placed to the right of the sternum, below
the clavicle. The apical paddle is placed in the mid-
axillary line, approximately level with the V6 ECG
electrode or female breast. This position should
be clear of any breast tissue. It is important that
this electrode is placed sufficiently laterally. Other
acceptable pad positions include:

e each electrode on the lateral chest wall, one
on the right and the other on the left side (bi-
axillary);

e one electrode in the standard apical position and
the other on the right or left upper back;

e one electrode anteriorly, over the left pre-
cordium, and the other electrode posterior to the
heart just inferior to the left scapula.

It does not matter which electrode (apex/
sternum) is placed in either position.

Transthoracic impedance has been shown to be
minimised when the apical electrode is not placed
over the female breast.#! Asymmetrically shaped
apical electrodes have a lower impedance when
placed longitudinally rather than transversely.4
The long axis of the apical paddle should therefore
be orientated in a craniocaudal direction.

Atrial fibrillation is maintained by functional
re-entry circuits anchored in the left atrium. As
the left atrium is located posteriorly in the tho-
rax, an anteroposterior electrode position may be
more efficient for external cardioversion of atrial

fibrillation.*> Most,***> but not all,*¢*’ studies
have shown that anteroposterior electrode place-
ment is more effective than the traditional antero-
apical position in elective cardioversion of atrial
fibrillation. Efficacy of cardioversion may be less
dependent on electrode position when using bipha-
sic impedance-compensated waveforms.“® Either
position is safe and effective for cardioversion of
atrial arrhythmias.

Respiratory phase

Transthoracic impedance varies during respiration,
being minimal at end expiration. If possible, defib-
rillation should be attempted at this phase of
the respiratory cycle. Positive end-expiratory pres-
sure (PEEP) increases transthoracic impedance and
should be minimised during defibrillation. Auto-
PEEP (gas trapping) may be particularly high in
asthmatics and may necessitate higher than usual
energy levels for defibrillation.*?

Electrode size

The Association for the Advancement of Medi-
cal Instrumentation recommends a minimum elec-
trode size of for individual electrodes and the
sum of the electrode areas should be a mini-
mum of 150cm?.%0 Larger electrodes have lower
impedance, but excessively large electrodes may
result in less transmyocardial current flow.?' For
adult defibrillation, both handheld paddle elec-
trodes and self-adhesive pad electrodes 8—12cm
in diameter are used and function well. Defib-
rillation success may be higher with electrodes
of 12-cm diameter compared with those of 8-cm
diameter.34>2

Standard AEDs are suitable for use in children
over the age of 8 years. In children between 1 and
8 years, use paediatric pads with an attenuator
to reduce delivered energy, or a paediatric mode,
if they are available; if not, use the unmodified
machine, taking care to ensure that the adult pads
do not overlap. Use of AEDs is not recommended in
children less than 1 year.

Coupling agents

If using manual paddles, gel pads are preferable
to electrode pastes and gels because the latter
can spread between the two paddles, creating the
potential for a spark. Do not use bare electrodes
without a coupling material, because this causes
high transthoracic impedance and may increase the
severity of any cutaneous burns. Do not use med-
ical gels or pastes of poor electrical conductivity
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(e.g., ultrasound gel). Electrode pads are preferred
to electrode gel because they avoid the risk of
smearing gel between the two paddles and the sub-
sequent risk of arcing and ineffective defibrillation.

Pads versus paddles

Self-adhesive defibrillation pads are safe and effec-
tive and are preferable to standard defibrillation
paddles.>? Consideration should be given to use
of self-adhesive pads in peri-arrest situations and
in clinical situations where patient access is diffi-
cult. They have a similar transthoracic impedance®’
(and therefore efficacy)®3:>* to manual paddles,
and enable the operator to defibrillate the patient
from a safe distance rather than leaning over the
patient (as occurs with paddles). When used for ini-
tial monitoring of a rhythm, both pads and paddles
enable quicker delivery of the first shock compared
with standard ECG electrodes, but pads are quicker
than paddles.>?

When gel pads are used with paddles, the elec-
trolyte gel becomes polarised and thus is a poor
conductor after defibrillation. This can cause spu-
rious asystole that may persist for 3—4 min when
used to monitor the rhythm; a phenomenon not
reported with self-adhesive pads.>®>” When using
a gel pad/paddle combination, confirm a diagnosis
of asystole with independent ECG electrodes rather
than the paddles.

Fibrillation waveform analysis

It is possible to predict, with varying reliability,
the success of defibrillation from the fibrillation
waveform.?8=77 |f optimal defibrillation waveforms
and the optimal timing of shock delivery can be
determined in prospective studies, it should be pos-
sible to prevent the delivery of unsuccessful high-
energy shocks and minimise myocardial injury. This
technology is under active development and inves-
tigation.

CPR versus defibrillation as the initial
treatment

Although the previous guidelines have recom-
mended immediate defibrillation for all shockable
rhythms, recent evidence has suggested that a
period of CPR before defibrillation may be bene-
ficial after prolonged collapse. In clinical studies
where response times exceeded 4—5 min, a period
of 1.5—3min of CPR by paramedics or EMS physi-
cians before shock delivery improved ROSC, sur-
vival to hospital discharge’®7° and 1-year survival’?
for adults with out-of-hospital VF or VT, compared

with immediate defibrillation. In contrast, a sin-
gle randomised study in adults with out-of-hospital
VF or VT failed to show improvements in ROSC or
survival following 1.5min of paramedic CPR.% In
animal studies of VF lasting at least 5min, CPR
before defibrillation improved haemodynamics and
survival.8"=83 |t may not be possible to extrapo-
late the outcomes achieved by paramedic-provided
CPR, which includes intubation and delivery of 100%
oxygen,”? to those that may be achieved by laypeo-
ple providing relative poor-quality CPR with mouth-
to-mouth ventilation.

It is reasonable for EMS personnel to give a period
of about 2min of CPR (i.e., about five cycles at
30:2) before defibrillation in patients with pro-
longed collapse (>5min). The duration of collapse
is frequently difficult to estimate accurately, and it
may be simplest if EMS personnel are instructed to
provide this period of CPR before attempted defib-
rillation in any cardiac arrest they have not wit-
nessed. Given the relatively weak evidence avail-
able, individual EMS directors should determine
whether to implement a CPR-before-defibrillation
strategy; inevitably, protocols will vary depending
on the local circumstances.

Laypeople and first responders using AEDS should
deliver the shock as soon as possible.

There is no evidence to support or refute CPR
before defibrillation for in-hospital cardiac arrest.
We recommend shock delivery as soon as possible
following in-hospital cardiac arrest (see Section 4b
and c).

The importance of early uninterrupted external
chest compression is emphasised throughout these
guidelines. In practice, it is often difficult to ascer-
tain the exact time of collapse and, in any case,
CPR should be started as soon as possible. The res-
cuer providing chest compressions should interrupt
chest compressions only for rhythm analysis and
shock delivery, and should be prepared to resume
chest compressions as soon as a shock is delivered.
When two rescuers are present, the rescuer operat-
ing the AED should apply the electrodes while CPR
is in progress. Interrupt CPR only when it is nec-
essary to assess the rhythm and deliver a shock.
The AED operator should be prepared to deliver a
shock as soon as analysis is complete and the shock
is advised, ensuring all rescuers are not in contact
with the victim. The single rescuer should practice
coordination of CPR with efficient AED operation.

One-shock versus three-shock sequence

There are no published human or animal studies
comparing a single-shock protocol with a three-
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stacked-shock protocol for treatment of VF car-
diac arrest. Animal studies show that relatively
short interruptions in external chest compression
to deliver rescue breaths®48 or perform rhythm
analysis3® are associated with post-resuscitation
myocardial dysfunction and reduced survival.
Interruptions in external chest compression also
reduce the chances of converting VF to another
rhythm.87 Analysis of CPR performance during out-
of-hospital'®:38 and in-hospital'’ cardiac arrest has
shown that significant interruptions are common,
with external chest compressions comprising no
more than 51%'® to 76%"” of total CPR time.

In the context of a three-shock protocol being
recommended in the 2000 guidelines, interruptions
in CPR to enable rhythm analysis by AEDs were
significant. Delays of up to 37s between delivery
of shocks and recommencing chest compressions
have been reported.? With first shock efficacy of
biphasic waveforms exceeding 90%,%0-93 failure to
cardiovert VF successfully is more likely to suggest
the need for a period of CPR rather than a fur-
ther shock. Thus, immediately after giving a single
shock, and without reassessing the rhythm or feel-
ing for a pulse, resume CPR (30 compressions:2 ven-
tilations) for 2 min before delivering another shock
(if indicated) (see Section 4c). Even if the defibril-
lation attempt is successful in restoring a perfusing
rhythm, it is very rare for a pulse to be palpable
immediately after defibrillation, and the delay in
trying to palpate a pulse will further compromise
the myocardium if a perfusing rhythm has not been
restored.® In one study of AEDs in out-of-hospital
VF cardiac arrest, a pulse was detected in only 2.5%
(12/481) of patients with the initial post shock pulse
check, though a pulse was detected sometime after
the initial shock sequence (and before a second
shock sequence) in 24.5% (118/481) of patients.?? If
a perfusing rhythm has been restored, giving chest
compressions does not increase the chance of VF
recurring.* In the presence of post-shock asystole
chest compressions may induce VF.%4

This single shock strategy is applicable to both
monophasic and biphasic defibrillators.

Waveforms and energy levels

Defibrillation requires the delivery of sufficient
electrical energy to defibrillate a critical mass of
myocardium, abolish the wavefronts of VF and
enable restoration of spontaneous synchronised
electrical activity in the form of an organised
rhythm. The optimal energy for defibrillation is
that which achieves defibrillation while causing the
minimum of myocardial damage.33 Selection of an
appropriate energy level also reduces the number
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Figure 3.1 Monophasic damped sinusoidal waveform
(MDS).

of repetitive shocks, which in turn limits myocardial
damage.??

After a cautious introduction a decade ago,
defibrillators delivering a shock with a biphasic
waveform are now preferred. Monophasic defibril-
lators are no longer manufactured, although many
remain in use. Monophasic defibrillators deliver cur-
rent that is unipolar (i.e., one direction of cur-
rent flow). There are two main types of monopha-
sic waveform. The commonest waveform is the
monophasic damped sinusoidal (MDS) waveform
(Figure 3.1) which gradually returns to zero current
flow. The monophasic truncated exponential (MTE)
waveform is electronically terminated before cur-
rent flow reaches zero (Figure 3.2). Biphasic defib-
rillators, in contrast, deliver current that flows in
a positive direction for a specified duration before
reversing and flowing in a negative direction for the
remaining milliseconds of the electrical discharge.
There are two main types of biphasic waveform: the
biphasic truncated exponential (BTE) (Figure 3.3)
and rectilinear biphasic (RLB) (Figure 3.4). Bipha-
sic defibrillators compensate for the wide varia-
tions in transthoracic impedance by electronically
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Figure 3.2 Monophasic truncated exponential wave-
form (MTE).
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Figure 3.3 Biphasic truncated exponential waveform
(BTE).

adjusting the waveform magnitude and duration.
The optimal ratio of first-phase to second-phase
duration and leading-edge amplitude has not been
established. Whether different waveforms have dif-
fering efficacy for VF of differing durations is also
unknown.

All manual defibrillators and AEDs that allow
manual override of energy levels should be labelled
to indicate their waveform (monophasic or bipha-
sic) and recommended energy levels for attempted
defibrillation of VF/VT. First-shock efficacy for
long-duration VF/VT is greater with biphasic than
monophasic waveforms,’®~?8 and therefore use of
the former is recommended whenever possible.
Optimal energy levels for both monophasic and
biphasic waveforms are unknown. The recommen-
dations for energy levels are based on a consensus
following careful review of the current literature.

Although energy levels are selected for defibril-
lation, it is the transmyocardial current flow that
achieves defibrillation. Current correlates well with
the successful defibrillation and cardioversion.??
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Figure 3.4 Rectilinear biphasic waveform (RLB).

The optimal current for defibrillation using a
monophasic waveform is in the range of 30—40A.
Indirect evidence from measurements during car-
dioversion for atrial fibrillation suggest that the cur-
rent during defibrillation using biphasic waveforms
is in the range of 15—20A."% Future technology
may enable defibrillators to discharge according to
transthoracic current: a strategy that may lead to
greater consistency in shock success. Peak current
amplitude, average current and phase duration all
need to be studied to determine optimal values,
and manufacturers are encouraged to explore fur-
ther this move from energy-based to current-based
defibrillation.

First shock

First-shock efficacy for long-duration cardiac arrest
using monophasic defibrillation has been reported
as 54%—63% for a 200-J monophasic truncated
exponential (MTE) waveform®”:'9" and 77%—91%
using a 200-J monophasic damped sinusoidal (MDS)
waveform.?6—98,101 Because of the lower efficacy
of this waveform, the recommended initial energy
level for the first shock using a monophasic defib-
rillator is 360J. Although higher energy levels risk
a greater degree of myocardial injury, the bene-
fits of earlier conversion to a perfusing rhythm are
paramount. Atrioventricular block is more common
with higher monophasic energy levels, but is gen-
erally transient and has been shown not to affect
survival to hospital discharge. 92 Only 1 of 27 animal
studies demonstrated harm caused by attempted
defibrillation using high-energy shocks. 103

There is no evidence that one biphasic wave-
form or device is more effective than another. First-
shock efficacy of the BTE waveform using 150—200 J
has been reported as 86%—98%.%6:97,101,104,105 Firgt.
shock efficacy of the RLB waveform using 120J is up
to 85% (data not published in the paper but sup-
plied by personnel communication).?® The initial
biphasic shock should be no lower than 120J for
RLB waveforms and 150J for BTE waveforms. Ide-
ally, the initial biphasic shock energy should be at
least 150J for all waveforms.

Manufacturers should display the effective wave-
form dose range on the face of the biphasic device.
If the provider is unaware of the effective dose
range of the device, use a dose of 200J for the
first shock. This 200 J default energy has been cho-
sen because it falls within the reported range of
selected doses that are effective for first and subse-
quent biphasic shocks and can be provided by every
biphasic manual defibrillator available today. It is
a consensus default dose and not a recommended
ideal dose. If biphasic devices are clearly labelled
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and providers are familiar with the devices they use
in clinical care, there will be no need for the default
200J dose. Ongoing research is necessary to firmly
establish the most appropriate initial settings for
both monophasic and biphasic defibrillators.

Second and subsequent shocks

With monophasic defibrillators, if the initial shock
has been unsuccessful at 360J, second and sub-
sequent shocks should all be delivered at 360J.
With biphasic defibrillators there is no evidence to
support either a fixed or escalating energy proto-
col. Both strategies are acceptable; however, if the
first shock is not successful and the defibrillator is
capable of delivering shocks of higher energy, it
is rational to increase the energy for subsequent
shocks. If the provider is unaware of the effective
dose range of the biphasic device and has used the
default 200J dose for the first shock, use either
an equal or higher dose for second or subsequent
shocks, depending on the capabilities of the device.
If a shockable rhythm (recurrent ventricular fib-
rillation) recurs after successful defibrillation (with
or without ROSC), give the next shock with the
energy level that had previously been successful.

Other related defibrillation topics

Defibrillation of children

Cardiac arrest is less common in children. Aetiology
is generally related to hypoxia and trauma.106-108
VF is relatively rare compared with adult cardiac
arrest, occurring in 7%—15% of paediatric and ado-
lescent arrests.'®112 Common causes of VF in
children include trauma, congenital heart disease,
long QT interval, drug overdose and hypothermia.
Rapid defibrillation of these patients may improve
outcome. 12,113

The optimal energy level, waveform and shock
sequence are unknown but, as with adults, bipha-
sic shocks appear to be at least as effective as,
and less harmful than, monophasic shocks.!14-116
The upper limit for safe defibrillation is unknown,
but doses in excess of the previously recommended
maximum of 4Jkg~! (as high as 9Jkg~") have
defibrillated children effectively without signifi-
cant adverse effects.20:117:118 The recommended
energy level for manual monophasic defibrillation
is 4Jkg~" for the initial shock and for subsequent
shocks. The same energy level is recommended for
manual biphasic defibrillation.'"® As with adults, if
a shockable rhythm recurs, use the energy level for
defibrillation that had previously been successful.

Blind defibrillation

Delivery of shocks without a monitor or an ECG
rhythm diagnosis is referred to as **blind’’ defibril-
lation. Blind defibrillation is unnecessary. Handheld
paddles with ‘‘quick-look’’ monitoring capabilities
on modern manually operated defibrillators are
widely available. AEDs use reliable and proven deci-
sion algorithms to identify VF.

Spurious asystole and occult ventricular
fibrillation

Rarely, coarse VF can be present in some leads, with
very small undulations seen in the orthogonal leads,
which is called occult VF. A flat line that may resem-
ble asystole is displayed; examine the rhythm in
two leads to obtain the correct diagnosis. Of more
importance, one study noted that spurious asystole,
a flat line produced by technical errors (e.g., no
power, leads unconnected, gain set to low, incor-
rect lead selection, or polarisation of electrolyte
gel1(2%ee above)), was far more frequent than occult
VF.

There is no evidence that attempting to defib-
rillate true asystole is beneficial. Studies in
children'?! and adults'?? have failed to show bene-
fit from defibrillation of asystole. On the contrary,
repeated shocks will cause myocardial injury.

Precordial thump

There are no prospective studies that evaluate
use of precordial (chest) thump. The rationale for
giving a thump is that the mechanical energy of
the thump is converted to electrical energy, which
may be sufficient to achieve cardioversion.'23
The electrical threshold of successful defibrillation
increases rapidly after the onset of the arrhythmia,
and the amount of electrical energy generated falls
below this threshold within seconds. A precordial
thump is most likely to be successful in convert-
ing VT to sinus rhythm. Successful treatment of
VF by precordial thump is much less likely: in all
the reported successful cases, the precordial thump
was given within the first 10s of VF.'23 Although
three case series'24~126 reported that VF or pulse-
less VT was converted to a perfusing rhythm by
a precordial thump, there are occasional reports
of thump causing deterioration in cardiac rhythm,
such as rate acceleration of VT, conversion of VT
into VF, complete heart block or asystole. 123,127-132

Consider giving a single precordial thump when
cardiac arrest is confirmed rapidly after a wit-
nessed, sudden collapse and a defibrillator is not
immediately to hand. These circumstances are
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most likely to occur when the patient is monitored.
Precordial thump should be undertaken immedi-
ately after confirmation of cardiac arrest and only
by healthcare professionals trained in the tech-
nique. Using the ulnar edge of a tightly clenched
fist, a sharp impact is delivered to the lower half of
the sternum from a height of about 20 cm, followed
by immediate retraction of the fist, which creates
an impulse-like stimulus.

Cardioversion

If electrical cardioversion is used to convert atrial
or ventricular tachyarrhythmias, the shock must be
synchronised to occur with the R wave of the elec-
trocardiogram rather than with the T wave: VF can
be induced if a shock is delivered during the rel-
ative refractory portion of the cardiac cycle.'33
Synchronisation can be difficult in VT because of
the wide-complex and variable forms of ventricular
arrhythmia. If synchronisation fails, give unsynchro-
nised shocks to the unstable patient in VT to avoid
prolonged delay in restoring sinus rhythm. Ventric-
ular fibrillation or pulseless VT requires unsynchro-
nised shocks. Conscious patients must be anaes-
thetised or sedated before attempting synchronised
cardioversion.

Atrial fibrillation

Biphasic waveforms are more effective than
monophasic waveforms for cardioversion of
AF100,134,135. \when available, use a biphasic defib-
rillator in preference to a monophasic defibrillator.

Monophasic waveforms

A study of electrical cardioversion for atrial fib-
rillation indicated that 360-J MDS shocks were
more effective than 100-J or 200-J MDS shocks.'3¢
Although a first shock of 360-J reduces overall
energy requirements for cardioversion, 360J may
cause greater myocardial damage than occurs with
lower monophasic energy levels, and this must be
taken into consideration. Commence cardioversion
of atrial fibrillation using an initial energy level of
200 J, increasing in a stepwise manner as necessary.

Biphasic waveforms

More data are needed before specific recommen-
dations can be made for optimal biphasic energy
levels. First-shock efficacy of a 70-J biphasic wave-
form has been shown to be significantly greater than
that with a 100-monophasic waveform.100,134:135 A

randomised study comparing escalating monophasic
energy levels to 360J and biphasic energy levels to
200J found no difference in efficacy between the
two waveforms.'37 An initial shock of 120—150J,
escalating if necessary, is a reasonable strategy
based on current data.

Atrial flutter and paroxysmal
supraventricular tachycardia

Atrial flutter and paroxysmal SVT generally
require less energy than atrial fibrillation for
cardioversion.’® Give an initial shock of 100-J
monophasic or 70—120J biphasic waveform. Give
subsequent shocks using stepwise increases in
energy.”®

Ventricular tachycardia

The energy required for cardioversion of VT
depends on the morphological characteristics and
rate of the arrhythmia.3? Ventricular tachycardia
with a pulse responds well to cardioversion using
initial monophasic energies of 200J. Use biphasic
energy levels of 120—150J for the initial shock.
Give stepwise increases if the first shock fails to
achieve sinus rhythm.13?

Pacing

Consider pacing in patients with symptomatic
bradycardia refractory to anticholinergic drugs or
other second-line therapy (see Section 4f). Immedi-
ate pacing is indicated, especially when the block is
at or below the His—Purkinje level. If transthoracic
pacing is ineffective, consider transvenous pacing.
Whenever a diagnosis of asystole is made, check the
ECG carefully for the presence of P waves, because
this may respond to cardiac pacing. Do not attempt
pacing for asystole; it does not increase short-term
or long-term survival in or out of hospital.!40-148
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4a. Prevention of in-hospital cardiac
arrest

The problem

This new section of the guidelines stresses the
importance of preventing in-hospital cardiac arrest.
Fewer than 20% of patients suffering an in-hospital
cardiac arrest will survive to go home. "2 Most sur-
vivors have a witnessed and monitored VF arrest,
primary myocardial ischaemia as the cause, and
receive immediate defibrillation.

Cardiac arrest in patients in unmonitored ward
areas is not usually a sudden unpredictable event,
nor is it usually caused by primary cardiac disease.
These patients often have slow and progressive
physiological deterioration, involving hypoxia and
hypotension, that is unnoticed by staff, or is recog-
nised but poorly treated.3# The underlying cardiac
arrest rhythm in this group is usually non-shockable
and survival to hospital discharge is very poor.!-?

The records of patients who have a cardiac
arrest or unanticipated intensive care unit (ICU)
admission often contain evidence of unrecog-
nised, or untreated, breathing and circulation
problems.346-8 The ACADEMIA study showed

E-mail address: jerry.nolan@ukgateway.net (J.P. Nolan).

antecedents in 79% of cardiac arrests, 55% of deaths
and 54% of unanticipated ICU admissions.* Early and
effective treatment of seriously ill patients might
prevent some cardiac arrests, deaths and unantici-
pated ICU admissions. A third of patients who have
a false cardiac arrest call die subsequently.®

Nature of the deficiencies in acute care

These often involve simple aspects of care includ-
ing: the failure to treat abnormalities of the
patient’s airway, breathing and circulation, incor-
rect use of oxygen therapy, failure to monitor
patients, failure to involve experienced senior
staff, poor communication, lack of teamwork and
insufficient use of treatment limitation plans.3:”
Several studies show that medical and nurs-
ing staff lack knowledge and skills in acute care.
For example, trainee doctors may lack knowl-
edge about oxygen therapy,'? fluid and electrolyte
balance,!" analgesia,'? issues of consent,'® pulse
oximetry™ and drug doses.'® Medical students
may be unable to recognise abnormal breathing
patterns.’® Medical school training provides poor
preparation for doctors’ early careers, and fails to
teach them the essential aspects of applied physi-
ology and acute care.'” There is also little to sug-
gest that the acute care training and knowledge of
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senior medical staff is better.'®1? Staff often lack
confidence when dealing with acute care problems,
and rarely use a systematic approach to the assess-
ment of critically ill patients.2°

Recognising the critically ill patient

In general, the clinical signs of acute illness are
similar whatever the underlying process, as they
reflect failing respiratory, cardiovascular and neu-
rological systems. Abnormal physiology is com-
mon on general wards,2' yet the measurement
and recording of important physiological observa-
tions of sick patients occurs less frequently than
is desirable.3*8 This is surprising, as respiratory
rate abnormalities may predict cardiorespiratory
arrest.22 To assist in the early detection of criti-
cal illness, many hospitals now use early warning
scores (EWS) or calling criteria.23-25 Early warning
scoring systems allocate points to routine vital signs
measurements on the basis of their derangement
from an arbitrarily agreed ‘normal’ range.23~2> The
weighted score of one or more vital sign observa-
tions, or the total EWS, may be used to suggest
increasing the frequency of vital signs monitoring to
nurses, or to call ward doctors or critical care out-
reach teams to the patient. Alternatively, systems
incorporating ‘calling criteria’ are based on rou-
tine observations, which activate a response when
one or more variables reach an extremely abnormal
value.23:26 There are no data to establish the supe-
riority of one system over another, but it may be
preferable to use an EWS system, which can track
changes in physiology and warn of impending physi-
ological collapse, rather than the ‘‘calling criteria’’
approach, which is triggered only when an extreme
value of physiology has been reached.

There is a clinical rationale to the use of EWS
or calling criteria systems to identify sick patients
early. However, their sensitivity, specificity and
accuracy in predicting clinical outcomes has yet to
be validated convincingly.?’-28 Several studies have
identified abnormalities of heart rate, blood pres-
sure, respiratory rate and conscious level as mark-
ers of impending critical events.22:23:29 The sugges-
tion that their incidence has predictive value must
be questioned, as not all important vital signs are,
or can be, recorded continuously in general ward
areas. Several studies show that charting of vital
signs is poor, with gaps in data recording.3#:8:30
Although the use of physiological systems can
increase the frequency of vital signs monitoring,3"
they will be useful for outcome prediction only
if widespread monitoring of hospitalised patients
becomes available. Even when medical staff are

alerted to a patient’s abnormal physiology, there
is often delay in attending the patient or referring
to higher levels of care.?*7 Whereas the use of a
warning score based on physiological abnormalities
is attractive, it is possible that a more subjective
approach, based on staff experience and expertise,
may also be effective.3?

Response to critical illness

The traditional response to cardiac arrest is a
reactive one in which hospital staff (‘the cardiac
arrest team’) attend the patient