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The discipline of emergency medicine contin-
ues to grow, and the subspecialties continue
to expand in breadth and number. Since
the first edition of this book 20 years ago,
there has been enormous change in the way
emergency care is delivered. This has occurred
both in countries where emergency medicine
originally developed and in those where it
was originally felt that it might not have a role
because it was a ‘first-world’ specialty, limited
in application because of cost. The World
Health Organization is now completely chang-
ing this view and regards emergency medicine
asthe cornerstone of response to acute iliness,
even in countries with very limited resources.

An emergency medicine program provides
essential structure to develop a response to
disasters, epidemics and humanitarian crises.
The importance of emergency medicine in
ensuring an appropriate response to all acute
medical problems is also becoming more
obvious. This edition covers not only specific
medical emergencies such as cardiac, neuro-
logical and respiratory emergencies, it also

Preface

covers the complex organizational issues for
disaster planning and response, humanitarian
emergencies and refugee medicine.

A further feature of this book is that gover-
nance, training, research and organizational
subjects are covered, to give the reader some
frameworks to understand the complexity of
managing major emergency systems of care.

The clinical subjects in this edition have
all been extensively reviewed and updates
provided. There have been major updates in
some of the clinical chapters, such as airway,
shock and sepsis, because guidelines have
changed rapidly. The imaging chapters have
also evolved with changing practice, improved
technology and evidence for inclusion of
emergency physician interpretation of imag-
ing becomes more robust.

Despite the rapid escalation of topics and
depth of potential content, we have tried to
keep the book to a manageable length, fo
ensure accessibility for readers. As part of
this process, we have moved many of the
references online, so that readers who are

interested can still access more detailed infor-
mation. We have also moved many images
and photos online fo reduce printed matter.
The additional material can be found in the
free e-book that comes with the printed ver-
sion—see inside front cover.

In a book of this size and complexity,
there are many people to thank—more than
200 contributing authors from around the
world, and their family and friends who were
deprived of their company whilst writing the
chapters! The production staff from Elsevier
was extremely helpful, especially Fiona Conn
for overall coordination. A special thanks to
Angela Hodges, for assisting the editors and
authors to complete the book in a reasonable
timeframe.

Peter Cameron
Mark Little
Biswadev Mitra
Conor Deasy
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It is hard to imagine an efficient, safe and acces-
sible system of emergency care that is not under-
pinned by the specialty of emergency medicine.
Although the systems of emergency care vary in
maturity in different countries, there is consensus
that having skilled and dedicated staff at the
"front door’ of the hospital significantly improves
outcomes and improves efficiency in the system.

Definition

Emergency medicine is defined by the Inferna-
tional Federation for Emergency Medicine (IFEM)
as ‘afield of practice based on the knowledge and
skills required for the prevention, diagnosis and
management of acute and urgent aspects of ill-
ness and injury affecting patients of all age groups
with a full spectrum of episodic undifferentiated
physical and behavioural disorders; it further
encompasses an understanding of the develop-
ment of pre-hospital and in-hospital emergency
medical systems and the skills necessary for this
development’.

This definition is deliberately broad and
encompasses both the pre-hospital and in-
hospital domains of practice. It is important
to note that, in many countries, elements of
emergency medicine are practised under other
specialties, such as anaesthesia, general practice
and infernal medicine. There is a strong belief
among emergency physicians that, although
there will always be a crossover between differ-
ent specialty training, the emergency medical
system will be optimized only by having a strong
cadre of physicians trained specifically fo provide
emergency care available 24 hours every day.

The Franco-German model of emergency
care has traditionally involved doctors in the
prehospital sphere initiating resuscitation and
assessment and then transporting the patient
directly to inpatient services (without a formal
emergency department). This model of care is
becoming more difficult fo sustain as inpatient
services become more specialized and a greater
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emphasis is placed on early diagnosis, treatment
and discharge. Many patients with potentially
complex presentations can be fully ‘packaged’
within hours of arrival and discharged home. The
idea of a consultant/professorial ward round the
following day is difficult to justify. Equally, when
patients arrive in hospital and are inadequately
assessed and placed on the wrong clinical
pathway, there are dangers for the patient and
inefficiencies in the system.

Development of emergency
medicine

In many ways, emergency medicine is the
foundation of modern medicine. Going back
fo ancient times, patients were forced to seek
the help of a physician for emergencies, such
as wound management, and painful condi-
tions, such as renal colic. Approaches to some
of these conditions were quite sophisticated,
even in ancient Egyptian and Chinese societies.
However, there was little attention to systems
of care and final outcomes were literally in the
hands of the gods.

War—although a terrible thing—can have
some positive influences. From Napoleonic
times, it became evident that casualties could be
better managed by triaging patients—identifying
those most likely to live and identifying life-
threatening injuries. In the last century, the First
and Second World Wars saw huge improvements
in the organization of the emergency response
to injured soldiers. However, it was not until
the Vietnam/American war that we saw a huge
change in the way medical services responded to
war casualties. With helicopter transport and well-
organized paramedics, scene times were reduced
to minutes and times to definitive surgery were
shortened. Surgeons returning from duty on
the war front realized that civilian practice in
major urban centres was lagging behind services
offered on the front line and set about improving
response to civilian tfrauma.

At the same time, major improvements in
medical practice meant that access fo technology
and skills, delivered quickly, could save lives.
Examples included cardiac arrest, trauma, and
sepsis. Prior to the 1950s, there were few time-
dependent treatments that actually changed the
final outcome for most patients.

A further influence on the development of
medical systems was the transfer of industrial
processes from the factory to the hospital. The
lessons learnt in industry showed that if pro-
cesses could be standardized with clear pathways
and reduced variation, quality could be improved
and costs reduced. The idea of the friendly doctor
who knew his/her patients and everything that
happened to them became a thing of the past.
Hospitals changed from a 'cottage industry’ to
a 'factory’ model. Emergency medicine, when
it is performed well, ensures that patients are
received, assessed and treated in a standard-
ized fashion, 24 hours/day, 7 days/week. The
necessity for emergency specialists fo manage
this system is clear. Putting patients on the
wrong ‘conveyor belt’ of management because
of poorly trained staff in the initial assessment
period can have a devastating impact on outcome
and lead to major inefficiencies in the hospital.

Afinal influence on the development of emer-
gency medicine is the problem of worsening
access to emergency care across the Western
world. It is clear that demand for emergency
care has risen at the same time that hospital bed
numbers have been reduced. Governments have
tried to make the best use of limited bedstock by
reducing ‘inappropriate’ admissions and reduc-
ing length of stay. In good emergency medical
systems, only those patients who are unable to
be managed as outpatients will be admitted.
In addition, patients will receive the right treat-
ment from skilled practitioners at the earliest
possible time. Realization of the importance of
skilled practitioners to direct emergency patient
management around the clock has led fo a mas-
sive global investment in emergency medicine.
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INTRODUCTION

Afunctioning emergency medical care system
helps to ensure a more robust response during
natural and humanitarian disasters. The World
Health Organization has recognized this more
recently and promoted the development of basic
emergency training and facilities in lower- and
middle-income countries. Previously, the spe-
cialty of emergency medicine was viewed as an
expensive addition to basic medical care—now
it is seen as a fundamental structure fo enable an
adequate response to disasters.

Scope of practice

The fact that emergency physicians have general
training which can act as a foundation for many
subspecialties has led to a large variation in
practice around the world—according to local
needs and skills. There are core diagnostic and
resuscitation skills that should be common to all
emergency doctors. However, depending on
practice location, some physicians may become
more expert in specific skills because of need. For
example, in many underdeveloped countries,
expertise in obstetrics is essential, including the
ability fo perform a caesarean section. Drugs and
alcohol will be very important in some inner-city
emergency departments, whereas geriatrics may
be more important in other locations. The basic
skills of an emergency physician remain the
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same; identifying life/limb-threatening issues
immediately, then prioritizing, diagnosing and
treating other conditions before discharging
home or admitting to an inpatient team. Finally,
an emergency physician must coordinate the
clinical team and the system to ensure optimal
outcomes for the patient.

Emergency medicine now has a large number
of subspecialties, including toxicology, paediat-
rics, tfrauma, critical care, prehospital/disaster
medicine, sports medicine, hyperbaric medi-
cine, academic emergency medicine and many
more. There are now 1- to 2-year fellowships
available in most of these disciplines. However,
it is important that every emergency physician
has a basic grounding in these subspecialties
so that, when confronted with the unexpected,
they feel comfortable managing the situation.
Having subspecialist skills is important in large
departments with many specialists, so that there
are expert resource people to develop the clinical
service as a whole.

The future

Emergency medicine is a specialty that has arisen
from the evolution of medical care from cottage
industry to a system of care based on industrial
processes. This is not staticand is likely to change
even more dramatically into the future. It is

cerfain that the work pattern of an emergency
specialist going forward, will be very different.
Changes to diagnostics, therapeutic modalities,
patient demographics and the work pattern of
our medical colleagues will all have an impact
on what emergency medicine practice entfails.
Patient expectations regarding service delivery
are also changing, with greater emphasis on
shared decision making, timely access to care
and physician accountability.

There are potential threats to the quality of
emergency medical care delivered, such as
overly burdensome time-based key perfor-
mance indicators, used indiscriminately to meet
government fargets. Overcrowding has made
life difficult to practice good care in many emer-
gency departments and government changes to
funding arrangements have served to deny poor
people access to emergency care. These potential
threats and others may also represent further
opportunities to streamline care and improve
inferaction with colleagues in acute management
and demand advocacy on the part of emergency
physicians. Despite these threats, there is an
underlying strength in our specialty—the abil-
ity fo provide the best care to undifferentiated
emergency patients 24 hours/day, 7 days/week.
If we focus on our core business, the specialty
will continue to grow and remain a central pillar
of the overall medical system.
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1.1 Basic life support
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ESSENTIA

central role in this process.

1 A patient with sudden out-of-hospital cardiac arrest (OHCA) requires activation of
the Chain of Survival, which includes early high-quality cardiopulmonary resuscitation
(CPR) and early defibrillation. The emergency medical dispatcher plays a crucial and

2  Over telephone, the dispatcher should provide instructions for external chest
compressions only CPR to any adult caller wishing to aid a victim of OHCA. This approach
has shown absolute survival benefit and improved rates of bystander CPR.

3 In the out-of-hospital setting, bystanders should deliver chest compressions to any
unresponsive patient with abnormal or absent breathing. Bystanders who are trained,
able, and willing to give rescue breaths should do so without compromising the main
focus on high quality of chest compressions.

A4 Early defibrillation should be regarded as part of Basic Life Support (BLS) training, as
it is essential to terminate ventricular fibrillation.

5 There is strong emphasis on the implementation of public-access defibrillation
programs, which include the use of automated external defibrillators by untrained or
minimally trained lay rescuers in public areas.

Introduction

Basic Life Support (BLS) aims to maintain respira-
tions and circulation in the cardiac arrest victim.
BLS's major focus is on CPR with minimal use
of ancillary equipment. It includes chest com-
pressions with or without rescue breathing
and defibrillation with a manual or automated
external defibrillator (AED). BLS can be success-
fully performed immediately by any rescuer with
little or no prior training or experience using
dispatcher-assisted telephone instructions in the
OHCA.. BLS has proven value in aiding the survival
of neurologically intact victims.'3

This chapter outlines an approach to BLS that
can be delivered by any rescuer while awaiting
the arrival of emergency medical services (EMS)
or medical expertise able to provide Advanced
Life Support (ALS) (see Chapter 1.2).

Chain of Survival

The Chain of Survival is the series of linked
actions taken in treating a victim of sudden
cardiac arrest.4 The first steps are early recogni-
tion of an individual at risk of or in active cardiac
arrest and an immediate call to activate help from
EMS. This is followed by early commencement
of CPR with an emphasis on high-quality chest

compressions and rapid defibrillation, which
significantly improves the chances of survival
from ventricular fibrillation (VF) in OHCA."-3 CPR
plus defibrillation within 3 to 5 minutes of collapse
following VF in OHCA can produce survival rates
as high as 49% to 75%.577 Each minute of delay
before defibrillation reduces the probability of
survival to hospital discharge by 10% 10 12%.23
The final links in the Chain of Survival are effec-
tive ALS and integrated post-resuscitation care
targeted at optimizing and preserving cardiac
and cerebral function.®

Development of protocols

Any guidelines for BLS must be evidence based
and consistent across a wide range of providers.
Many countries have established national com-
mittees to advise community groups, ambulance
services and the medical profession of appropri-
ate BLS guidelines. Box 1.1.1 lists the national asso-
ciations that make up the Infernational Liaison
Committee on Resuscitation (ILCOR). The ILCOR
group meets every 5 years to review the BLS
and ALS guidelines and to evaluate the scientific
evidence that may lead to changes.

Box11.1 Membership of the International
Liaison Committee on Resuscitation 2015

American Heart Association (AHA)

European Resuscitation Council (ERC)

Heart and Stroke Foundation of Canada (HSFC)

Resuscitation Council of Southern Africa (RCSA)

Australian and New Zealand Committee on
Resuscitation (ANZCOR)

InterAmerican Heart Foundation (IAHF)

Resuscitation Council of Asia (RCA)
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Basic Life Support

Dangers?

Responsive?

Send for help
Open airway
Normal breathing?

Start CPR

30 compressions : 2 breaths

Attach Defibrillator (AED)
as soon as available and follow its prompts

Continue CPR until responsiveness or

normal breathing return

FIG. 1.1.1 Australian Resuscitation Council and New Zealand Resuscitation Council Basic Life Support
flowchart. AED, Automated external defibrillator; CPR, cardiopulmonary resuscitation. (Reproduced from

https://resus.org.au/guidelines/flowcharts-3/)

Revision of the Basic Life Support
guidelines, 2015

The most recent revision of the BLS guidelines
occurred in 2015 and followed a comprehensive
evaluation of the scientific literature for each
aspect of BLS. Evidence evaluation worksheets
were developed and were then considered by
ILCOR (available at http://circ.ahajournals.org/
content/132/16_suppl_1/S40). The final recom-
mendations were published in late 2015.8

Australian Resuscitation Council and
New Zealand Resuscitation Council
Basic Life Support guidelines

Each national committee endorsed the guide-
lines with minor regional variations to take into
account local practices. The recommendations
of the Australian Resuscitation Council (ARC)
combined with those of the New Zealand
Resuscitation Council (NZRC) on BLS were
published jointly in 2016 and are available at

2

http://www.resus.org.au/policy/guidelines/ and
http://www.nzrc.org.nz/guidelines/ respectively.

DRSABCD approach to Basic Life
Support

A flowchart for the initial evaluation and provi-
sion of BLS for the collapsed patient is shown in
Fig. 1.1.1. This is based on a DRSABCD approach,
the letters of which stand for Dangers? Respon-
sive? Send for help; open Airway; normal
Breathing? start CPR; and attach Defibrillator. This
process therefore includes the recognition that a
patient has collapsed and is unresponsive, a safe
approach to checking for danger and immedi-
ately sending for help to activate the emergency
medical response team. This is followed by open-
ing the airway and briefly checking for abnormal
or absent breathing, with rapid commencement
of chest compressions and rescue breaths if the
pulse is absent. A defibrillator is attached as soon

as it is available, and prompts are followed if it is
automatic or semiautomatic.

Change to the adult Basic Life Support
in 2015

Asignificant change to the adult BLS in the ILCOR
2010 resuscitation guidelines was the recommen-
dation for a Compressions, Airway, Breathing
(CAB) sequence instead of an Airway, Breathing,
Compressions (ABC) sequence. This was aimed at
minimizing any delay in initiating chest compres-
sions, particularly when the sudden collapse is
witnessed and likely of cardiac origin. In the 2015
guidelines, the ILCOR task force differed from
regional resuscitation councils in deciding fo use
the CAB or ABC sequence, as limited literature
exists to make any single recommendation.

Regional variations
There are regional variations in the interpretation
and incorporation of opening the airway within
the BLS algorithm. In the European Resuscita-
tion Council (ERC) and the ARC with the NZRC
algorithm, opening the airway comes before
assessment of breathing followed by compres-
sion if required. This effectively preserves the
ABC sequence to avoid confusion, whereas the
American Heart Association (AHA) Resuscita-
tion Guidelines 2015 contfinue to advise a CAB
sequence for CPR.

The ILCOR 2015 universal BLS algorithm with
ARC and NZRC considerations is discussed in the
remainder of this chapter.

Check for response and send for help
The patient who has collapsed is rapidly assessed
to determine whether he or she is unresponsive
and not breathing normally, indicating pos-
sible cardiorespiratory arrest. For an untrained
rescuer, this can be sequentially assessed by
a gentle 'shake and shout’ and observation of
the patient’s response rather than by looking
specifically for signs of life (which was deemed
potentially confusing). The rescuer can then
assess the unresponsive patient for absent or
inadequate breathing.

If cardiac arrest is assumed, the rescuer
should immediately telephone the EMS (call
first) and initiate chest compressions as advised
by the dispatcher fo initiate BLS care. A trained
rescuer or health care provider may check for
unresponsiveness and abnormal breathing at the
same time and then activate the EMS or cardiac
arrest feam.

The health care rescuers may commence
CPR with ventilation for approximately 2 min-
utes before calling the EMS (CPR first) when the
collapse is due to suspected airway obstruction
(choking) or inadequate ventilation (drowning,
hanging, efc.) or for infants and children up to
18 years of age.


http://circ.ahajournals.org/content/132/16_suppl_1/S40
http://circ.ahajournals.org/content/132/16_suppl_1/S40
http://www.resus.org.au/policy/guidelines/
http://www.nzrc.org.nz/guidelines/
https://resus.org.au/guidelines/flowcharts-3/

1.1 BASIC LIFE SUPPORT

Assessment of airway and breathing

Make an assessment of the airway if a patient has
collapsed and is apparently unconscious. Place
the patient supine if face down and look for any
signs of obvious airway obstruction. A trained
lay rescuer or health care rescuer may open the
airway using the head tilt—chin lift manoeuvre
when assessing breathing or giving ventilations.
Care should be taken not to move the patient’s
neck in the case of suspected trauma; however,
the airway takes precedence over any injury.

Adequate respiration is assessed by visually
inspecting the movement of the chest wall,
whether it rises and falls, and listening for
upper airway sounds. In cases of cardiac arrest,
occasional deep respirations (agonal gasps)
may continue for a few minutes after the initial
collapse; these are not considered to represent
normal breathing. In suspected foreign body
obstruction, one can assess the severity of
obstruction by effective cough in a conscious
patient. If the initial assessment of an uncon-
scious patient reveals adequate respiration the
victim should be turned to the semi-prone or
lateral recovery position, followed by constant
checks to ensure continued respiration and the
maintenance of breathing while awaiting the
arrival of the EMS.

The current recommendation for an untrained
lay rescuer is that he or she should not attempt to
palpate for a pulse, as a pulse check is inaccurate
in this setting.® A health care provider should take
no more than 10 seconds fo check for a pulse.
If the rescuer does not definitely feel a pulse
within 10 seconds, chest compressions should
be started immediately.

Cardiopulmonary resuscitation

In the past, the BLS sequence of rescuer opening
the airway, positioning the patient, retrieving a
barrier or giving mouth-to-mouth expired air
resuscitation (EAR) breaths as two initial ‘rescue
breaths’ often delayed the chest compressions.
These are also difficult and challenging for an
untrained lay rescuer to implement and have
resulted in significant delays or, worse still, no
attempt at CPR af all. Therefore the current rec-
ommendation is to initiate CPR with immediate
chest compressions if the patient is assumed fo
be in cardiac arrest.

Management

Chest compressions

All lay rescuers (trained or untrained) and health
care rescuers should begin CPR by perform-
ing chest compressions on the lower half of
the sternum on any adult in apparent cardiac
arrest. The patient should be placed supine
on a firm surface—such as a backboard, hard
mattress, or even the floor—to optimize the

effectiveness of the chest compressions. There
is strong emphasis on delivering high-quality
chest compressions: rescuers should push hard
to a depth of at least 5 cm (or 2 inches) at a rate
of approximately 100 fo 120 compressions per
minute, allowing full chest recoil by avoiding
leaning on the chest between the compres-
sions and minimizing interruptions in the chest
compressions.® Hence the maxim, 'Push hard,
push fast, allow complete recoil and minimize
interruptions”. During BLS in the OHCA setting,
there is insufficient evidence to support a pulse
check while performing CPR. Therefore all atten-
tion should be paid to delivering high-quality CPR
and noting any obvious change in the patient’s
response until the EMS arrives.

Cardiac or thoracic pump mechanism
There is ongoing debate as to whether external
chest compressions generate blood flow via
a ‘cardiac’ or a 'thoracic pump’ mechanism.
Whatever the predominant mechanism of blood
flow, owing to the relative rigidity of the chest
wall, chest compressions result in around 20%
of normal cardiac output in the adult.

Chest compressions with ventilation
Rescuers willing, trained, and able to provide
ventilation should give two rescue breaths after
each 30 compressions, for a compression/venti-
lation ratio of 30/2. However, time fo deliver two
rescue breaths should be kept to 10 seconds or
less, followed by immediate resumption of the
chest compressions.

‘Chest compression only’
cardiopulmonary resuscitation

In the case of untrained rescuers, where rescuers
are unable or unwilling to perform mouth-to-
mouth breaths (‘standard’ CPR), ‘compression
only’ CPRis recommended. This technique is also
recommended for EMS dispatchers providing
telephone advice to callers seeking to aid adults
with suspected OHCA.

Health care professionals as well as lay
rescuers are often uncomfortable giving
mouth-to-mouth ventilation to an unknown
victim of cardiac arrest. This should not, how-
ever, prevent them from carrying out at least
'hands-only’ or ‘chest compression-only’ CPR,
as bystander CPR has been shown to improve
survival over no CPR af all.? The consensus on
compression-only CPR compared with con-
ventional CPR suggests no difference between
the two methods in survival and favourable
neurological or functional outcome in the short
or long term.© Therefore to improve the likeli-
hood of bystander CPR, compression-only CPR
remains the recommended technique for the
untrained rescuer or OHCA responder who is
unable or unwilling to deliver rescue breaths.

Passive ventilation with chest recoil

The rationale for hands-only or chest compres-
sion—only CPR is that if the airway is open,
passive ventilation may provide some gas
exchange during the recoil phase of the chest
compressions. However, the passive ventilation
technique should not be considered an alterna-
tive to conventional CPR. The EMS responders
may adopt the passive ventilation technique
as part of a bundled intervention of care with
free-flowing oxygen supply during a continuous
high-quality chest compression phase.

Emergency medical services bundled
intervention cardiopulmonary
resuscitation care

In a broad definition, most EMS bundled interven-
tions include 200 initial chest compressions fol-
lowed by single shock and immediate resumption
of next 200 chest compressions before a rhythm
or pulse check. The rate of compressions remains
100 10 120 per minute and ventilation is achieved
with bag-mask device at the rate of 8 per minute so
as fo minimize interruptions during compressions.
Few EMS systems also use passive oxygen insuf-
flation with basic airway adjunct and rely solely
on passive ventilations during chest recoil. There
is a growing literature in support of EMS bundled
intervention as an alternative to conventional CPR
for witnessed shockable OHCA.
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Airway and breathing

The airway is opened using the head tilt—chin
lift manoeuvre when assessing breathing or
giving ventilations in an unresponsive adult or
child. Solid material in the oropharynx should
be removed with a careful sweep of a finger if
inspection of the airway reveals visible foreign
material or vomitus in the upper airway.

Foreign body airway obstruction

If a victim suspected of a foreign body airway
obstruction (FBAO) can cough, he or she should
be encouraged to cough and expel it out. If the
cough is ineffective and the patient is conscious,
he or she may be given up to five back blows
with the heel of a hand and then up to five chest
thrusts af the same compression point as in CPR,
but sharper and slower. These techniques may
be alternated, but it is also important to call for
the EMS. If the victim becomes unresponsive,
CPR may be started as described in Fig. 1.1.1.

Airway obstruction manoeuvres A number of
manoeuvres have been proposed to clear the
airway if it is completely obstructed by a foreign
body. In many countries, abdominal thrusts are
still endorsed as the technique of choice (i.e.
the Heimlich manoeuvre). However, as this
technique is associated with life-threatening
complications, such as intra-abdominal injury, it
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is no longer recommended by the ARC or NZRC.
Instead, the preferred technique for clearing an
obstructed airway is by alternating back blows
and/or chest thrusts.

Airway equipment
When cardiac arrest occurs in a medical facility,
simple airway equipment may be used as an
adjunct to EAR. This would include the use of a
simple face mask or bag-valve-mask ventilation
with or without an oropharyngeal Guedel airway.
This equipment has the advantage of familiarity,
it decreases the risk of cross-infection, is aestheti-
cally more appealing and may deliver additional
oxygen, but it does require prior training.®
Whichever technique of assisted ventilation
is used, the adequacy of the tidal volume deliv-
ered over 1 second is assessed by a rise of the
victim's chest. Current guidelines during adult
cardiac arrest support the use of the highest
possible percentage of inspired oxygen during
CPR. However, any concentration of oxygen
during CPR is acceptable, the aim being to use
the maximum available concentration fo correct
tissue hypoxia.®

Defibrillation

As soon as a defibrillator is available, the elec-
trode pads should be attached to the victim and
the device switched on. Self-adhesive defibril-
lation pads have the practical advantages of
being safe, convenient and effective; they are
increasingly preferred over handheld paddles.
In all cases, the safety of the rescuers and other
team members remains paramount during the
handling of defibrillators and shock delivery.

Shock delivery

When using an automated external defibrillator,
the rescuer follows the voice instructions, such
as 'stand clear’ and 'press the button' to deliver
the shock if indicated. When using a manual
defibrillator, the health care rescuer must person-
ally select the desired energy level and deliver a
shock after recognizing a shockable rhythm (VF
or pulseless ventricular tachycardia [VT]).

Minimizing interruptions to chest compres-
sions Irrespective of the resultant rhythm,
chest compressions must be resumed immedi-
ately after each shock to minimize the ‘no-flow’
time. The interruption during chest compres-
sions, including the preshock interval (for rhythm
analysis and shock delivery) and postshock
interval (from shock delivery to resumption
of compressions), should be no more than 10
seconds.

All modern defibrillators are now biphasic
rather than monophasic and are more effec-
tive in terminating ventricular arrhythmias af
lower energy levels. However, there is still no
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randomized study showing superiority in terms
of neurological survival or survival to hospital
discharge.

If a shock is not indicated, the rescuer should
immediately resume CPR at a 30/2 compression/
ventilation ratio and wait for EMS to arrive or for
the victim to start responding.

Automated external defibrillator

The automated external defibrillator is now con-
sidered a part of BLS. AED devices are extremely
accurate in diagnosing VF or VT. AEDs are
simple, safe and effective when used by either
lay rescuers or health care professionals (in or
out of hospital).

Lay rescuer/nonmedical personnel

and public-access automated external
defibrillator

AEDs have been shown to be an effective part
of the BLS program. Both ILCOR and ANZCOR
strongly recommend implementation of public-
access AED programs for patients with OHCA.
AED use in public places such as airports, schools,
sport facilities and recreation facilities by mini-
mally trained rescuers, untrained rescuers, police
officers or fire and disaster management first
responders has achieved improved survival rafes.
Dafa from multiple observational, nationwide
studies have shown improved rates of successful
defibrillator use and chances of survival through
public-access AED programs.

Home-access automated external
defibrillator

Finally, an AED may be placed in the home of a
patient who is at increased risk of sudden cardiac
arrest (who does not have an implantable cardio-
verter-defibrillator [ICD]) for use by a relative who
might witness the event. However, home-access
AEDs are not associated with any improvement in
survival rafes. Therefore the use of such a device
may be considered on an individual basis rather
than as routine recommendation.

Implantable cardioverter defibrillator and
cardiopulmonary resuscitation

Patients at highest immediate risk of unexpected
cardiac arrest may have an ICD inserted which,
on sensing a shockable rhythm, will discharge
approximately 40 J through an internal pacing
wire embedded in the right ventricle. Although
most patients with an implanted defibrillator
remain conscious during defibrillation, CPR
should be commenced if the patient fails to
respond to the ICD counter shocks and becomes
unconscious. Intermittent firing of the implanted
defibrillator presents no additional risk to
bystanders or medical personnel. However, it is
prudent fo wear gloves and to minimize contact
with the patient while the device is discharging.

Basic life support summary

The five links in the Chain of Survival for a patient

with sudden cardiac arrest include the following:

- Immediate recognition of the emergency
and activation of help from the EMS system

« Early CPR with an emphasis on chest com-
pressions

« Earliest use of defibrillation

« Effective ALS

« Integrated post-resuscitation care

Cardiac arrest may be presumed if the
adult victim is unresponsive and not breathing
normally (ignoring occasional gasps) without
assessing for a pulse. A trained rescuer may
open the airway using the head tilt-chin lift
manoeuvre as part of the breathing assessment,
but the lay/untrained rescuer should waste no
time in initiating chest compressions. Rescuers
should activate the EMS system and start chest
compressions immediately. If a lone health
care rescuer responds to suspected asphyxia or
respiratory-related cardiac arrest (e.g. immersion
or drowning), it is still reasonable for the health
care rescuer to provide 2 minutes of CPR before
leaving the victim alone to activate EMS.

All rescuers, whether trained or not, should at
least provide chest compressions to a victim of
cardiac arrest, with a strong emphasis on deliv-
ering high-quality chest compressions. Trained
rescuers should also provide two rescue breaths
after each 30 chest compressions at a ratio of 30/2
and deliver five cycles of 2 minutes each. The
compression rate should be approximately 100
to 120 per minute and a depth of at least 5 cm (or
2inches). All BLS guidelines encourage the use of
an AED by lay rescuers in cases of cardiac arrest,
maintaining chest compressions while charging
the defibrillator to minimize any pre-shock pause.

BLS care should be continued until advanced
help arrives and takes over CPR, the victim starts
to respond or begins breathing normally, it is
impossible for the rescuer to continue CPR (e.g.
exhaustion or safety compromise to rescuer) or
a health care professional calls for the cessation
of CPR.

CONTROVERSIES AND
KNOWLEDGE GAPS

« CPRto follow ABC or CAB sequence initially

« Role of passive oxygenation and ventila-
tion in compression only CPR

« EMS bundled infervention care in OHCA
presenting in non-shockable rhythm

« Timing of CPR cycle and optimal inferval
for rhythm check

. Value of pulse check while performing
CPRin BLS

« Role of realtime audiovisual feedback
and prompt devices during CPR



1.2 ADVANCED LIFE SUPPORT

References

1. Cummins RO, Ornato JP, Thies WH, Pepe PE. Improving
survival from sudden cardiac arrest: the ‘Chain of Sur-
vival' concept. A statement for health professionals from
the Advanced Cardiac Life Support Subcommittee and
the Emergency Cardiac Care Committee, American Heart
Association. Circulation. 1991,83(5):1832-1847.

2. 2015 International Consensus on Cardiopulmonary Resus-
citation and Emergency Cardiovascular Care Science with
Treatment Recommendations. Circulation. 2015;132:51-S3n.

3. Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors
of survival from out-of-hospital cardiac arrest: a sys-
fematic review and meta-analysis. Circ Cardiovasc Qual
QOufcomes. 2010;3(1):63-81.

4. Iwami T, Kawamura T, Hiraide A, et al. Effectiveness
of bystander-initiated cardiac-only resuscitation for
patients with out-of-hospital cardiac arrest. Circulation.
2007;116:2900-2907. https://doi.org/10.m61/CIRCULATIO-
NAHA.107.723411.

5. Bobrow BJ, Spaite DW, Berg RA, et al. Chest
compression-only CPR by lay rescuers and survival from
out-of-hospital cardiac arrest. JAMA. 2010;304:1447-1454.
https://doi.org/10.1001/jama.2010.1392.

6. Bobrow BJ, Ewy GA, Clark L, et al. Passive oxygen
insufflation is superior to bag-valve-mask ventilation for
witnessed ventricular fibrillation out-of-hospital cardiac
arrest. Ann Emerg Med. 2009;54:656-662.e1. https://doi.
org/10.1016/j.annemergmed.2009.06.0m.

7. Bobrow BJ, Clark LL, Ewy GA, et al. Minimally interrupted
cardiac resuscitation by emergency medical services for

1.2 Advanced life support
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ESSENTIALS

tachycardia (VT).

1 Follow the Advanced Life Support (ALS) resuscitation guidelines developed by, or
based on, those of the International Liaison Committee on Resuscitation (ILCOR).

2 Perform chest compressions without interruption for patients with no pulse, except
when performing essential ALS interventions.

3 Deliver a shock to attempt defibrillation (150-200 joules [J] biphasic or 360 J
monophasic) if the rhythm is either ventricular fibrillation (VF) or pulseless ventricular

4 \nstitute other ALS interventions as indicated.
5 Correct reversible causes of cardiac arrest—the ‘4 Hs and 4 Ts".

6 Implement a comprehensive, structured post-resuscitation treatment protocol.

Introduction

A patient in cardiac arrest represents the most
time-critical medical crisis an emergency physi-
cian manages. The interventions of Basic Life
Support (BLS) and Advanced Life Support (ALS)
have the highest probability of success when
applied immediately; they become less effective
with the passage of time and, after only a short
interval without freatment, are ineffectual.’

Larsen ef al., in 1993, calculated the fime
intervals from collapse to the initiation of BLS,
defibrillation, and other ALS treatments and ana-
lysed their effect on survival after out-of-hospital
cardiac arrest. When all three inferventions were
immediately available, the survival rate was 67%.
This figure declined by 2.3%/min of delay to BLS,
by a further 11%/min of delay to defibrillation,
and by 2.1%/min to other ALS interventions.
Without treatment, the decline in survival rate is
the sum of the three, or 5.5%/min.

Chain of Survival

The importance of rapid treatment for cardiac
arrest led to the development of a systems man-
agement approach, represented by the concept
of a ‘Chain of Survival’, which has become the
accepted model for emergency medical services
(EMS).2 This concept implies that more people
survive sudden cardiac arrest when a cluster
or sequence of events is activated as rapidly
as possible. The Chain of Survival includes the
following:
« Early access to EMS and cardiac arrest
prevention
- Early high-quality cardiopulmonary resusci-
tation (CPR)
- Early defibrillation
. Early advanced care and post-resuscitation
care
All the links in the chain must connect, as
weakness in any one reduces the probability of
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patient survival. ALS involves the continuation
of BLS as necessary, but with the additional
use basic or advanced airway devices, vascular
access technigues, and the administration of
pharmacological agents.

Aetiology and incidence of cardiac
arrest

The commonest cause of sudden cardiac arrest
in adults is ischaemic heart disease.3 Other causes
include respiratory failure, drug overdose, meta-
bolic derangements, trauma, hypovolaemia,
immersion and hypothermia.

The incidence of out-of-hospital cardiac arrest
(OHCA) recorded in Aus-ROC Epistry was 102.5
cases per 100,000 population.4 The crude inci-
dence of OHCA in New Zealand was noted as 124
cases per 100,000 person-year. In both studies,
12% 10 15% of cases with attempted resuscitation
survived to hospital discharge or 30 days.

Advanced Life Support guidelines
and algorithms

The most clinically relevant advance in ALS, over
the last two decades has been the substantial
simplification of the management of cardiac
arrest by the development of widely accepted
universal guidelines and algorithms that include
evidence-based recommendations.

International Liaison Committee on
Resuscitation

In Chapter 1.1, Box 1.1.1 shows the national asso-
ciations that formed the International Liaison
Committee on Resuscitation (ILCOR) in 1993.
The ILCOR group used fo meet every 5 years to
review the best available scientific literature and
to publish the Consensus on Cardiopulmonary
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Advanced Life Support for Adults

30 compressions : 2 breaths

Start CPR
Minimize interruptions

During CPR

Airway adjuncts (LMA / ETT)

Oxygen

Waveform capnography

IV/IO access

Plan actions before interrupting compressions

[

Attach
Defibrillator/monitor

Drugs
Shockable:

Shockable

CPR
for 2 min

Tamponade

Toxi
Return of xins

spontaneous
circulation?

12 lead ECG

(e.g. charge manual defibrillator)

* Adrenaline 1 mg after 2nd shock
(then every 2nd cycle)
* Amiodarone 300 mg after 3rd shock

Non shockable:
* Adrenaline 1 mg immediately
Non- (then every 2nd cycle)
shockable Consider and correct
Hypoxia
Hypovolaemia

Hyper/hypokalaemia/metebolic disorders
Hypothemia/hyperthermia
Tension pneumothorax

Thrombosis (pulmonary/coronary)
Post-resuscitation care
Re-evaluate ABCDE

Treat precipitating causes
Re-evaluate oxygenation and ventilation
Temperature control (cool)

FIG. 1.2.1 Algorithm for the management of adult cardiorespiratory arrest. (Reproduced from https://resus.org.au/guidelines/flowcharts-3/)

Resuscitation and Emergency Cardiovascular
Care Science with Treatment Recommendations
(CoSTR). However, ILCOR realized the potential
drawbacks of this approach in terms of delays in
the implementation of new effective treatments.
Since 2016, therefore, ILCOR has adopted the new
procedure of publishing annual ILCOR CoSTR sum-
mary articles so as to provide a nearly continuous
review of resuscitation science. The conference
held in Dallas in February 2015 gave rise to the
CoSTR documents published later that year.

Avustralasian guidelines and algorithms
Each ILCOR member body is expected to use
the CoSTR documents to develop its own guide-
lines for local use. The Australian Resuscitation
Council (ARC) and the New Zealand Resuscita-
tion Council (NZRC) released joint Australasian
guidelines in 2016; these are available at http://
www.resus.org.au/policy/guidelines/ and
http://www.nzrc.org.nz/guidelines/ respec-
tively. The Australasian guidelines include
an Adult Cardiorespiratory Arrest algorithm
(Fig. 1.2.1) that is clear, concise and easy to
memorize and adapt info poster format. It is
also readily applied clinically. This algorithm
provides the framework used throughout this
chapter to discuss ALS interventions.
However, resuscitation knowledge is still
incomplete and many ALS fechniques currently
in use are not supported by the highest levels
of scientific evidence. Thus strict adherence to
any guideline should be informed by common
sense. Individuals with specialist knowledge may
modify practice according to the level of their
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expertise and the specific clinical situation or
environment in which they practice.

Initiation of Advanced Life Support

The purpose of BLS is to support the patient’s
cardiorespiratory status as effectively as possible
until equipment—particularly a defibrillator—
and advanced treatment support become avail-
able. High-quality CPR remains the cornerstone
of both BLS and ALS. The vast majority of cardiac
arrest survivors have ventricular fibrillation (VF)
as the primary rhythm, and electrical defibrilla-
tion is fundamental to the successful treatment
for VF and pulseless ventricular tachycardia
(VT). Therefore the likelihood of defibrillation
restoring a sustained, perfusing cardiac rhythm
and of a favourable long-term outcome greatly
depends on good CPR and decreasing the time
to defibrillation. The chances of survival to hos-
pital discharge decline rapidly after as little as 9o
seconds of cardiac arrest.

The point of entry info the ALS algorithm
depends on the circumstances of the cardiac
arrest. In situations where there are multiple
rescuers, BLS should be initiated or continued
while the defibrillator-monitor is being prepared.
For a single rescuer who witnesses cardiac arrest
in a setting where a defibrillator-monitor is readily
available, it is a reasonable approach to obtain
and atftach the defibrillator immediately without
commencing BLS. In all other cases, there is low-
quality evidence suggesting that a brief period
(1.5—3 minutes) of CPR before defibrillation may
improve survival in patients where the cardiac

arrest is unwitnessed or time to get a defibrilla-
tor is more than 4 to 5 minutes from arrest time.

Automated Chest Compression Devices
Load-distributing band and piston devices as well
as the Lund University Cardiac Arrest System
(LUCAS) are commonly used automated chest
compression devices (ACCDs). Moderate-quality
evidence has shown uncertfainties regarding
the benefits or harms of ACCDs over manual
compressions.5 Therefore ILCORs suggest against
the routine use of ACCDs to replace manual
chest compressions. An ACCD can be used as
an alternative where manual compressions are
impractical or may compromise a provider's
safety, as in a moving ambulance, CPR in limited
space or fewer personnel available for CPR.

Attachment of the defibrillator-
monitor and rhythm recognition

Automated external defibrillator

Apply the self-adhesive pads in the standard
anteroapical positions for defibrillation (see
further on) when using an automated external
defibrillator (AED). An internal microprocessor
analyses the electrocardiographic (ECG) signal
and, if VF/VT is detfected, the AED displays
a warning and then either delivers a shock
(automatic) or advises the operator to do so
(semiautomatic).

Manuval external defibrillator
In manual defibrillation, after applying the self-
adhesive pads or handheld paddles of an external


http://www.resus.org.au/policy/guidelines/
http://www.resus.org.au/policy/guidelines/
http://www.nzrc.org.nz/guidelines/
https://resus.org.au/guidelines/flowcharts-3/

1.2 ADVANCED LIFE SUPPORT

defibrillator, the rescuer must determine whether
or not the cardiac rhythm is VF/VT.

Rhythm recognition

Ventricular fibrillation

VF is a pulseless, chaotic, disorganized rhythm
characterized by an undulating, irregular pat-
tern that varies in amplitude and morphology,
with a ventricular waveform of more than
150/min.

Pulseless ventricular tachycardia

Pulseless VT is characterized by broad, bizarrely
shaped ventricular complexes associated with
no defectable cardiac output. The rate is more
than 100/min by definition and is usually in
excess of 150.

Asystole

Asystole is identified by the absence of any elec-

trical cardiac activity on the monitor. Occasionally

itis incorrectly diagnosed (‘apparent asystole') on
the ECG monitor because

« The ECG lead may be disconnected or bro-
ken. Look for the presence of electrical arte-
fact waves on the monitor during external
chest compression, indicating that the ECG
leads are connected and intact. A perfectly
straight line suggests lead disconnection or
breakage.

« Lead sensitivity may be inappropriate.
Increase the sensitivity setting fo maximum.
The resulting increase in the size of electrical
artefact will confirm that the sensitivity selec-
tion is functioning.

« VF has a predominant axis. Even coarse
VF may cause minimal undulation in the
baseline if the axis is af right angles fo the
selected monitor lead and thus resembles
asystole. Select at least two leads in succes-
sion before asystole is diagnosed, preferably
leads at right angles, such as Il and aVL.

Pulseless electrical activity/
electromechanical dissociation

The absence of a detectable cardiac output in
the presence of a coordinated electrical rhythm
is called pulseless electrical activity (PEA), also
known as electromechanical dissociation (EMD).
Use of an arterial line in place, monitoring of
end-tidal carbon dioxide (ETco,) or point-of-care
cardiac ultrasound can help to differentiate
between a true PEA and a pseudo-PEA. In gen-
eral PEA has a poor outcome compared with
shockable rhythms and there is some evidence
regarding true PEA having a worse oufcome
than pseudo-PEA.¢ In an observational study
of OHCA and patients with PEA, an electrical
frequency of greater than 6o/min compared with
the frequency of less than 60/min showed better
30-day survival rate (22%) and good neurological

outcome (in 15%) — comparable to with shockable
cardiac arrest.

Defibrillation

The only proven effective treatment for VF and
pulseless VT is early electrical defibrillation. The
defibrillator must immediately be brought to the
person in cardiac arrest and, if the rhythm is VF/
VT, a shock must be delivered without delay.

Anteroapical pad or paddle position
There are two accepted positions for the defibril-
lation pads or paddles to optimize the delivery
of current to the heart. The most common is the
anteroapical position: one pad/paddle is placed
to the right of the sternum just below the clavicle
and the other is centred lateral fo the normal
cardiac apex in the antferior or midaxillary line
(V5-6 position).

Anteroposterior pad or paddle position
An alternative is the anteroposterior position:
the anterior pad/paddle is placed over the pre-
cordium or apex and the posterior pad/paddle
is placed on the patient’s back fo the left or right
of the spine at the level of the lower scapula or
even in the interscapular region.

Do not attempt defibrillation over ECG elec-
trodes or medicated pafches and avoid placing
pads/paddles over significant breast tissue in
females. Also, the pads/paddles should be
placed at least 8 cm away from the module and
pulse generator, if the patient has an implanted
pacemaker or a cardioverter-defibrillator. Arrange
to check the function of any pacemaker or
cardioverter-defibrillator as soon as practicable
after successful defibrillation.

Waveform and energy of shocks
Two main types of waveform are available from
cardiac defibrillators.

Biphasic waveforms

All modern defibrillators use biphasic waveforms
with impedance compensation; this is now
considered the ‘gold standard’. Biphasic (bidirec-
tional) truncated transthoracic shock defibrillators
are effective at lower energies and result in fewer
ECG abnormalities after defibrillation.

Set the energy level at 150 to 200 J or follow
the manufacturer’s advice if using a biphasic
defibrillator in an adult with VF/pulseless VT
cardiac arrest. For subsequent shocks, if the
defibrillator is capable of increasing energy, it is
reasonable to do so.

Monophasic sinusoidal waveform

Old defibrillators use a damped monophasic
sinusoidal waveform, which is a single pulse
lasting for 3 fo 4 ms. Set the energy level at the

maximum when using a monophasic defibrillator
in adults, which is usually 360 J for all shockable
rhythms in cardiac arrest.

Optimizing transthoracic impedance

A critical myocardial mass must be depolarized
synchronously for defibrillation to be successful.
This interrupts the fibrillation and allows recap-
ture by a single pacemaker. The transthoracic
impedance must be minimized for the greatest
probability of success.

Reduction of transthoracic impedance

. Use pads/paddles 10 to 13 cm in diameter
for adults. Smaller paddles/pads allow too
concentrated a discharge of energy, which
may cause focal myocardial damage. Larger
pads/paddles do not make good chest
contact over their entire area and/or may
allow current to be conducted through non-
myocardial tissue.

« Use conductive pads or electrode paste/gel.
This reduces impedance by 30%. Take care
to ensure that there is no electrical confact
between the pads or paddles, either directly
or through electrode paste, as this will result
in current arcing across the chest wall.

- Apply a pressure of 5 to 8 kg to the paddle
when adhesive pads are not being used.

« Perform defibrillation when the chest is
deflated (i.e. in expiration).

« However, routine use of impedance thoracic
device in addition to conventional CPR is
discouraged.

Current-based defibrillation

Conventional defibrillators are designed to
deliver a specified amount of energy measured
in joules. Depolarization of myocardial tissue
is accomplished by the passage of electrical
current through the heart; clinical studies have
determined that the optimal current is 30 fo 40
amps (A). The current delivered at a fixed energy
is inversely related fo the transthoracic imped-
ance, so a standard energy dose of 200 J delivers
about 30 A to the average patient.

Some newer current-based defibrillators auto-
matically measure transthoracic impedance and
then predict and adjust the energy delivered to
avoid an inappropriately high or low transmyo-
cardial current. These devices have defibrillation
success rates comparable to those of conven-
tional defibrillators while cumulatively delivering
less energy. The reduced energy should result in
less myocardial damage and may reduce post-
defibrillation complications.

Automated external defibrillators

Automated external defibrillators (AEDs) were
first introduced in 1979 and have become stan-
dard equipment in EMS systems for use outside
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hospital, as well as in many areas within hospital.
EMS systems equipped with AEDs are able to
deliver the first shock up to 1 minute faster than
when a conventional defibrillator is used. Rates
of survival to hospital discharge are equivalent
to those achieved when more highly trained first
responders use manual defibrillators.2

The major advantage of AEDs over manual
defibrillators is their simplicity, which reduces
the time and expense of initial training and con-
tinuing education and increases the number of
persons who can operafe the device.> Members
of the public have been trained to use AEDs in a
variety of community settings and have demon-
strated that they can retain these skills for upto a
year.2 Encouraging results have been produced
when AEDs have been placed with community
responders, such as firefighters, police officers,
casino staff, security guards at large public
assemblies, and public transport vehicle crews.2

The Australasian College for Emergency Medi-
cine recommends that all clinical staff in health
care settings should have rapid access to an AED
or a defibrillator with AED capability.

Delivering a shock
If the rhythm is assessed as shockable (VF
or pulseless VT), the defibrillator should be
charged while CPR continues. Then, after health
care personnel are clear of the patient, a single
shock is delivered. Following this shock, CPR
should be recommenced immediately without
any delay to assess or analyse either the pulse
or the rhythm.

If the resuscitation team leader is uncertain
whether the rhythm is shockable or non-
shockable, no shock should be given.

Three stacked shocks

In 2010, the ILCOR recommended single-shock
delivery for cardiac arrest patients with a shock-
able rhythm. Since 2010 no study has shown
that any specific shock strategy is of benefit for
survival, return of spontaneous circulation (ROSC)
or recurrence of VF outcomes. However, keeping
in mind the significance of minimal inferruptions
to chest compressions in improving survival out-
comes, the 2015 CoSTR by ILCOR recommends
single-shock delivery for all cases of cardiac arrest
with shockable rhythm.

In a witnessed and monitored cardiac arrest
with VF/VT, if the time to deliver shock is less
than 20 seconds and time to rhythm check and
recharge the defibrillator is less than 10 seconds,
a sequence of up to three stacked shocks can be
considered. This may be applicable to a patient
who develops witnessed cardiac arrest while
connected to a defibrillator with monitoring
capability in a prehospital, emergency depart-
ment (ED), critical care unit, coronary care unit
or operation theatres.
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Technical problems

Whenever attempted defibrillation is not accom-
panied by skeletal muscle contraction, take care
to ensure good contact and that the defibrillator
is turned on, charged up, develops sufficient
power and is not in synchronized mode. The
operational status of defibrillators should be
checked regularly, and a standby machine should
be available at all times. The majority of defibril-
lator problems are due to operator error or faulty
care and maintenance.

Complications of defibrillation

« Skin burns may occur; these are usually
superficial and can be minimized by ensur-
ing optimal contact between the defibrillator
pad/paddle and the patient.

« Myocardial injury and post-defibrillation
dysrhythmias may occur with cumulative
high-energy shocks.

« Skeletal muscle injury or thoracic vertebral
fractures are possible, albeit rare.

« Electrical injury to the health care provider
may occur as a result of confact with the
patient during defibrillation. These range
from paraesthesia to deep partial-thickness
burns and cardiac arrest. The defibrillator
operator must ensure that all rescue person-
nel are clear of the patient before delivering
a shock.

« Also ensure that the patient, rescuers, and
equipment are dry before defibrillation is at-
tempted in wet conditions, such as outdoors
or around a swimming pool area.

CPR ‘code Blue' process
Shockable rhythms

Immediate defibrillation is essential for VF/pulse-
less VT, although periods of well-performed CPR
help maintain myocardial and cerebral viability and
may improve the likelihood of success with subse-
quent shocks. After delivering a single shock, CPR
should be resumed immediately and continued for
2 minutes unless the patient becomes responsive
and resumes normal breathing.

The rationale for continuing the CPR cycle
immediately after shock is that there is typically
a delay of several seconds before a diagnostic-
quality ECG trace is obtained. Additionally,
even when defibrillation is successful, there is
temporary impairment of cardiac function from
seconds to minutes, associated with a weak or
impalpable pulse. Thus waiting for a recogniz-
able ECG rhythm or palpating for a pulse that
may not be present—even after successful
defibrillation—unnecessarily delays the recom-
mencement of CPR. This is detrimental fo the
patient who does not yet have ROSC.

At the conclusion of this period of CPR, reas-
sess the ECG rhythm and, when appropriate, the

pulse. Give a single shock without delay if VF/
pulseless VT persists. Chest compressions should
continue while the defibrillator is charging, and
the scene is assessed for safe conditions to deliver
the shock. This strategy is recommended to
minimize ‘no flow’ time.

Non-shockable rhythms
When PEA or asystole is present on ECG rhythm
and/or pulse assessment, do not defibrillate, as
this may be deleterious. The prognosis for these
conditions is much worse than for VF/VT and,
unless there is potentially a reversible cause, the
application of other ALS interventions (see further
on) is indicated but seldom of value.

Cardiac pacing does notimprove survival from
asystole, either pre-hospital or in the ED setting.

Algorithm loops

Either continuously or during each 2-minute

CPR cycle of the algorithm, give attention fo the

following:

« Minimize inferruption to chest compressions
during ALS interventions by planning and
confirm their utility before attempting them.

« Administer 100% oxygen when available.

. Attempt fo secure an advanced airway/ven-
tilation technique but do not interrupt CPR
for more than 20 seconds.

« Use waveform capnography to confirm air-
way placement and monitor the adequacy
of CPR.

« Obfain vascular access.

- Administer adrenaline every second loop
(i.e. every 4—5 minutes).

« Administer other drugs or electrolytes as
indicated for individual circumstances.

« Correct potentially reversible conditions that
may have precipitated the cardiac arrest
and/or reduced the chances of successful
resuscitation. These are listed in Fig. 1.2.1and
are conveniently remembered with the 4 Hs
and 4 Ts.

The 4 Hs

Hypoxaemia

Hypovolaemia

Hyper-/hypokalaemia/other electrolyte or
Hydrogen ion disorders

Hypo-/hyperthermia

The 4Ts
Tension pneumothorax
Tamponade (Cardiac)
Toxins, poisons, drugs
Thrombosis: pulmonary or coronary

Even the best-trained team will be unable
to complete all of these management aspects
within a single loop of the algorithm, but further
opportunity will present itself if subsequent
cycles are necessary.
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Advanced airway management
Endotracheal intubation is considered the
optimal method of airway management dur-
ing cardiac arrest, with accompanied risk of
complications such as oesophageal intubation if
performed without adequate training and experi-
ence. Other alternative airway devices commonly
used during CPR include the laryngeal mask
airway (LMA), i-gel supraglottic airway, laryngeal
tubes and the oesophageal-tracheal Combitube.
There is insufficient evidence o support the pref-
erence of any single advance airway device over
others or over basic airway management with
a bag-mask device. Therefore choice of airway
should be based on the equipment available, the
circumstances of the cardiac arrest and the train-
ing and experience of the health care provider.
Either an advance airway device or bag-mask
device is an acceptable choice during cardiac
arrest in any setting.

Endotracheal intubation

When a sufficiently experienced person is avail-
able, tracheal intubation should be performed
provided that it does not interfere with orimpede
the CPR process. Laryngoscopy should be carried
out during chest compressions with a strong
recommendation that only a short interruption in
chest compressions, not exceeding 20 seconds,
should be permitted for insertion of tracheal tube
between the cords.

Once the tube has been inserted, correct
placement must be verified by seeing the tube
pass between the cords, clinical observation of
chest rise/fall and auscultation as well as, impor-
tantly, an exhaled carbon dioxide detector, such
as a waveform capnograph.

The main benefit of an advanced airway, such
as endotracheal intubation, is that no interruption
to chest compressions is then necessary for ven-
tilations during CPR. Also, an endofracheal tube
isolates and protects the airway, allows suction
and facilitates ventilation.

Ventilation and oxygenation

Cardiac arrest and CPR cause an increase in
dead space and a reduction in lung compliance,
thus compromising gas exchange. Therefore
a fractional inspired oxygen concentration
(FIO,) of 1.0 (100% oxygen delivery system) is
essential in cardiac arrest to maximize oxygen
delivery.

Minute volume

Carbon dioxide (CO,) production and delivery
to the pulmonary circulation are limited by the
markedly reduced cardiac output achieved during
CPR. As a consequence, a relatively low minute
volume of 3.5 to 5.0 L is sufficient to achieve
adequate CO, excretion and prevent hypercapnia.
This situation will be altered if a CO,-producing

buffer, such as sodium bicarbonate, is adminis-
tered. A small increase in minute ventilation is
then required fo prevent the development of a
respiratory acidosis.’

Ventilation rate and tidal volume

A ventilation rate of 8 fo 10/min without pausing
during chest compressions and a tidal volume of
400 1o 500 mL (5—-6 mL/kg) are sufficient to clear
CO, during most cardiac arrest situations when an
advanced airway is in place. This should cause a
visible rise and fall of the patient’s chest.

Vascular access and drug delivery
Intravenous route

The ideal route of drug delivery should combine
rapid and easy vascular access with quick delivery
to the central circulation. The intravenous route
is preferred. This is most easily performed by
inserting a cannula info a large vein in the upper
limb or into the external jugular vein. Avoid lower
limb veins because of their poor venous return
from below the diaphragm during CPR as well
as immediate or inexperienced central line inser-
tion, which can have fatal consequences, such as
pneumothorax or arterial laceration.

Drug delivery

Give a 20 to 30 mL IV fluid flush following any
drug administered and/or raise the limb to
facilitate delivery to the central circulation. A
central venous cannula delivers drugs rapidly
to the central circulation and should be used
when already in place. Otherwise, insertion of a
cannula during CPR requires time and technical
proficiency and inferferes with defibrillation and
the CPR process; this, of course, is unacceptable.

Intraosseous route

The intraosseous route is also acceptable for drug
delivery in adults as well as children. Suitable sites
of insertion include above the medial malleolus
or the proximal tibia. Practice is needed to perfect
the technique, usually with a semiautomatic,
handheld drill device.

Intratracheal route

The intratracheal instillation of drugs is an
alternative during CPR, especially when tracheal
intubation precedes venous access. Adrenaline,
lignocaine and atropine may be safely adminis-
tered through the endotracheal tube if there is
a delay in achieving vascular access, although
their efficacy is unproven (as it is for all ALS drugs
by any route).

The ideal dose and dilution of drugs given by
this route are unknown, but using 3 to 10 times
the standard intravenous drug dose diluted
in 10 mL of watfer or normal saline is recom-
mended. The drug should be delivered via a
catheter or quill placed beyond the tip of the

endotracheal tube and followed by ventilations
to aid dispersion.

Fluid therapy

Crystalloid solutions are used for the intravenous
delivery of drugs during CPR. Glucose-contfaining
solutions are avoided during CPR as they may
contribute fo post-arrest hyperglycaemia, which
reduces or impairs cerebral recovery.

Drug therapy in Advanced Life
Support

Not one drug used in resuscitation has been
shown to improve long-term survival in humans
after cardiac arrest. Despite this, a number of
agents are employed based on theoretical, retro-
spective, or low-quality evidence of their efficacy.’

Adrenaline (epinephrine)

The putative beneficial actions of adrenaline in
cardiac arrest relate to its alpha-adrenergic effects,
which result in an increased aortic blood pressure
as well as increased perfusion of the cerebral and
coronary vascular beds and reduced blood flow to
splanchnicand limb vessels. Adrenaline is consid-
ered the 'standard’ vasopressor in cardiac arrest.’
In observational studies, adrenaline was shown
to improve short-term outcomes such as ROSC
and admission to hospital; however, in clinical
trials it had no effect on survival to discharge and
was associated with poor neurological outcome,
questioning its routine use in cardiac arrest.

Indications

« VF/pulseless VT when there is no ROSC after
initial attempts at defibrillation.

« Asystole and PEA as initial treatment and
then during every second loop thereafter.

Adbverse effects

« Tachyarrhythmias

. Severe hypertension after ROSC

« Tissue necrosis affer extravasation

- Poor neurological outcomes in longterm

Dosage

The standard adult dose is1mg IV q 4 to 5 min-
utes. Higher doses have not been shown to
improve long-term outcome.

Amiodarone

Amiodarone has some benefit in survival fo hos-
pital admission refractory VF/VT in the setting of
out-of-hospital cardiac arrest. However, none of
the anti-arrhythmics have shown fo consistently
result in improved survival to hospital discharge
or favourable neurologic outcomes when com-
pared to placebo.? The CoSTR 2015 recommenda-
tions suggest the use of amiodarone in adults
with refractory VF/pVT to improve rates of ROSC.!

9
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Indications

« Persistent VF/pulseless VT during the third
loop following failed defibrillation and
adrenaline administration

« Prophylaxis of recurrent VF/VT

Adverse effects
- Hypotension, bradycardia, heart block, QTc
prolongation with proarrhythmic effects

Dosage
The initial bolus of amiodarone is 300 mg or 5
mg/kg, followed by a further 150 mg if necessary.

Atropine

Atropine has no consistent benefits in cardiac
arrestand is no longer recommended for routine
use in asystole/PEA.

Calcium

Calcium is indicated only when the cardiac arrest
is caused or exacerbated by the conditions listed
here:

Indications

« Hyperkalaemia

+ Hypocalcaemia

. Poisoning by calcium-channel blocking drugs

Adverse effects

« Increase in myocardial and cerebral injury
mediated by cell death

« Tissue necrosis with extravasation

Dosage

The initial dose is 5 to 10 mL of 10% calcium
chloride or 15 to 30 mL of 10% calcium gluconate
(three times the volume of calcium chloride for
the equivalent cation dose).

Lignocaine (lidocaine)

The antiarrhythmic properties of lignocaine in
cardiac arrest are known. In the Bayesian nef-
work meta-analysis published after CoSTR 2015
recommendations, lignocaine was found to be
more effective than amiodarone as an effective
anti-arrhythmic agent for survival to hospital
discharge in patients with VF.©

Indications

- VF/pulseless VT refractory to defibrillation
and adrenaline when amiodarone cannot be
used.

« Prophylaxis of recurrent VF or VT.

Adverse effects

. Hypotension, bradycardia, heart block,
asystole

. Central nervous system (CNS) excitation with
anxiety, fremor and convulsions, followed
by CNS depression with coma

10

Dosage

The initial dose is 1 to 1.5 mg/kg with an addi-
tional bolus of 0.5 mg/kg affer 5 to 10 minutes
if indicated.

Magnesium

Magnesium is indicated when the cardiac arrest
is caused or exacerbated by the conditions listed
here. There is no support for its routine use at
present.

Indications

« Torsades de pointes (polymorphic VT). This
is often associated with a prolonged QT
interval due to ischaemia, electrolyte distur-
bances and drugs.

« Hypokalaemia.

« Hypomagnesaemia.

- Digoxin foxicity.

. Cardiac arrest due to VF/VT refractory to
defibrillation and adrenaline.

Adverse effects
- Muscle weakness and paralysis if excessive
quantities are administered

Dosage
The initial dose is a s-mmol bolus (1.25 g or
2.5 mL of a 49.3% solution), repeated if
indicated, and followed by an infusion of 20
mmol (5 g or 10 mL of a 49.3% solution) over
4 hours.

Potassium

Potassium is indicated only when the cardiac
arrest is caused or exacerbated by the conditions
listed here. There is no support for its routine use
in cardiac arrest.

Indication
« Hypokalaemia

Adverse effects
« Hyperkalaemia with attendant dysrhythmias
« Extravasation may cause fissue necrosis

Dosage
A bolus of 5 mmol of potassium is given
intravenously.

Sodium bicarbonate

Sodium bicarbonate is indicated only when the
cardiac arrest is caused or exacerbated by the
conditions listed here. There is no support for
its routine use in cardiac arrest.

Indications

« Hyperkalaemia

« Poisoning by tricyclic antidepressants

- Severe metabolic acidosis

« Protracted cardiac arrest beyond 15 minutes

Adverse effects

« Metabolic alkalosis, hypernatraemia, hyper-
osmolality

« Production of CO, causing paradoxical
intracellular acidosis, which may in part be
ameliorated by adequate ventilation in CPR

Dosage

The initial dose is 1 mmol/kg (1 mL/kg of 8.4%
sodium bicarbonate) over 2 to 3 minutes, then
as guided by the arterial blood gases.

Vasopressin
Vasopressin is an alternative vasopressor to
adrenaline. There is currently insufficient evi-
dence to support its routine use either alone or
in combination with adrenaline in any cardiac
arrest rhythm.

Consider administration for:
« Vasopressor effect as an alternative to
adrenaline

Adverse effects

« Cerebral oedema or haemorrhage after
ROSC

« Persistent vasoconstriction following ROSC,
which may exacerbate myocardial ischaemia
and inferfere with left ventricular function

« Procoagulant effect on platelets

Dosage
The dose is a single bolus of 20 U IV administered
once during the episode of cardiac arrest.

Hemodynamic monitoring during
CPR

End-tidal carbon dioxide

Animal and clinical studies indicate that mea-
suring ETco, is effective and informative for
determining progress during CPR, particularly
if there is ROSC.

ETco, typically falls to less than 10 mmHg at
the onset of cardiac arrest. It can rise to between
one-quarter and one-third of the normal level
with effective CPR and rises to normal or supra-
normal levels over the next minute following
ROSC. A value of 10 mmHg or greafer after
tracheal intubation or 20 mmHg or greater after
20 minutes of CPR may be a predictor of survival
to discharge. However, the ETco, cut-off value
alone should not be used to predict mortality
or to stop CPR.

Arterial blood gases

Arterial blood gas (ABG) monitoring during
cardiac arrest is used as an indicator of oxy-
genation and the adequacy of ventilation but is
notf an accurate measure of fissue acidosis. An
increase in Paco, may indicate improved tissue
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perfusion during CPR or with ROSC, if ventilation
is constant. The measurement of ABGs should
never interfere with the overall performance of
good CPR.

Post-resuscitation care

This is covered in detail elsewhere but is men-
tioned here too as successful ROSC is only the
first step in recovery from cardiac arrest. The
post-cardiac arrest syndrome—comprising
brain injury, myocardial dysfunction, a systemic
ischaemia/reperfusion response and persistence
of the causative pathology—often complicates
the post-resuscitation phase. Among patients
surviving to intensive care unit (ICU) admission
but subsequently dying in hospital, brain injury
is the cause of death in 68% after out-of-hospital
cardiac arrest and in 23% after in-hospital cardiac
arrest.

Implementation of a comprehensive, struc-
tured post-resuscitation treatment protocol may
improve survival in cardiac arrest victims after
ROSC. The most important elements of such a
profocol are summarized in the following algo-
rithm for adult ALS management (see Fig 1.2.1):
« Targeted temperature management (TTM;

select and maintain between 32°C and

36°C), and treatment of hyperpyrexia

« Optimized airway management including
advanced airway techniques in patients
requiring continued ventilation

- Mainfenance of normocapnoea and an arte-

rial oxygen saturation of 94% to 98%

« Circulatory support to maintain tissue perfu-
sion

. Control of seizures

« Control of blood glucose at 10 mmol/L or
less but avoiding hypoglycaemia

- Treatment of any underlying cause of the
cardiac arrest, in particular coronary reperfu-
sion for myocardial ischaemia

Extracorporeal CPR

Limited data exist related fo the use of ECPR in
cardiac arrest. Observational studies have shown
that the use of ECPR improved survival with good
functional outcomes at 30 and 180 days, both in
IHCA and OHCA. However, these observations
were subject to selection bias. Therefore ANZCOR
suggests that in patients with cardiac arrest not
responding fo standard CPR, it is reasonable to
use ECPR as a rescue therapy for selected patients
in settings capable of implementing it. ECPR
can be used as bridging therapy for patients in
cardiac arrest requiring percutaneous coronary
infervention.

Futile resuscitation with prolonged
CPR

The vast majority of patients who survive out-of-
hospital cardiac arrest have ROSC before arrival at
the ED. Only 33 of 5444 patients (0.6%) in 18 stud-
ies between 1981 and 1995 who were transported
to an ED sfill in cardiac arrest after unsuccessful
prehospital resuscitation survived to hospital
discharge. Twenty-four of the surviving patients
arrived in the ED in VF and 1 of these had their
initial cardiac arrest in the ambulance en route to
the hospital or had temporary ROSC before arrival.

Terminating resuscitative efforts

before hospitalization

A range of recommendations with varying

degrees of evidence are available to guide

the decision to terminate CPR." However, the

termination of resuscitative efforts may be con-

sidered if all of the following criteria apply fo a

normothermic adult with OHCA:

1. Unwitnessed out-of-hospital cardiac arrest

2. No AED shocks delivered

3. No bystander CPR delivered

4. Primary arrest condition does not achieve
ROSC within 25 minutes following standard
ALS

In-hospital cardiac arrest with a poor
outcome

A poor outcome is linked to pre-existing condi-
tions, such as cardiogenic shock, metastatic
cancer, renal failure, sepsis and an acute cerebro-
vascular accident. Age alone is not an indepen-
dent predictor of outcome for either in-hospital
or out-of-hospital cardiac arrest.

Outcome of prolonged Advanced
Life Support

ALS resuscitation efforts lasting more than 30 min-
utes without ROSC at any stage are so uniformly
unsuccessful that resuscitation should be aban-
doned, except in certain special circumstances,
such as hypothermia, possibly some drug over-
doses and following thrombolysis in suspected
massive pulmonary embolism (PE). The return
of spontaneous circulation at any time during the
resuscitation process resets the clock time to zero.

Prognosis for survival after cardiac
arrest

The best prospect of neurologically intact long-
term survival after a cardiac arrest exists when

« The victim's collapse is witnessed.

« CPRis commenced immediately.

« Cardiac rhythm is VF or pulseless VT.
- Defibrillation is performed as soon as possi-
ble, ideally within 2 to 3 minutes of collapse.

CONTROVERSIES

« Acceptance of a universal algorithm

. Lack of a demonstrated role for any drug
used in ALS

« Timing and dose for initial epinephrine
in shockable rhythm

« Use of automated chest compression
devices

« Role of ECPR in cardiac arrest
management

« Amiodarone versus lidocaine in
persistent VF arrest

« Criteria for the termination of CPR
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