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1. Introduction

The publication of guidelines for advanced life sup-
port (ALS) by the European Resuscitation Council
(ERC) in 1992 was a landmark in international co-op-
eration and co-ordination [1]. Previously, individual
countries or groups had produced guidelines [2] but for
the first time an international group of experts pro-
duced consensus views based on the best available
information. Since 1992, even wider international col-
laboration and support has occurred. In particular, the
establishment of the International Liaison Committee
on Resuscitation (ILCOR) has facilitated global co-op-
eration and discussion between representatives from
North America, Europe, Southern Africa, Australia,
and most recently Latin America. The Advisory State-
ment produced in 1997 by ILCOR forms the basis for
these guidelines [3].

The 1992 ERC guideline documents indicated that
review would occur on a regular basis. Change is not
advocated for its own sake, and is not warranted
without convincing scientific or educational reasons.
Education and its organisation is a process with a long
latency, and it can be confusing and distracting for
trainers and trainees if the message lacks consistency.

The ERC ALS working group recognised that the
previous guidelines necessitated a level of rhythm recog-
nition, interpretation and subsequent decision-making
that some users found difficult. While automated exter-
nal defibrillators (AED’s) ease some of these problems,
the 1992 guidelines were not specifically designed for
these devices. These 1998 ALS guidelines are applicable
to manual and automated external defibrillators. Deci-
sion making has been reduced to a minimum whenever
possible. This increases clarity, while still allowing indi-
viduals with specialist knowledge to apply their
expertise.

Changes in guidelines are only the first step in the
process of care. Their implementation necessitates con-
siderable effort. Training materials and methods may
require modification, information must be disseminated
and, perhaps most importantly, evaluation of efficacy is
needed. For these purposes, reporting and publication
of out-of-hospital and in-hospital cardiac arrest events
using the Utstein templates [4,5] is strongly advised to
provide objective outcome assessment.

The limitations of guidelines must be recognised. As
always in the practice of medicine, words and flow
charts must be interpreted with common sense and an
appreciation of their intent. While much is known
about the theory and practice of resuscitation, in many
areas our ignorance is profound. Resuscitation practice
remains as much an art as a science. Further, the
interpretation of guidelines may differ according to the
environment in which they are employed. We acknowl-
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edge that individual resuscitation councils may wish to
customise the details while accepting that the guiding
principles are universal. Any such changes must be
approved by the ERC if they are to be regarded by this
organisation as representing their official guidelines.

2. Precursors to cardiac arrest

In the so-called industrialised world, the commonest
cause of adult sudden cardiac death is ischaemic heart
disease [6–9]. Prevention of cardiac arrest is to be
greatly preferred to post hoc treatment. The ‘Manage-
ment of peri-arrest arrhythmias’ produced by the ERC
in 1994 and updated in 1996 and 1998 provides guid-
ance for treatment of arrhythmias which may lead to
the development and recurrence of cardiac arrest in
critical situations [10].

Small, but important, sub-groups of patients sustain
cardiac arrest in certain special circumstances other
than ischaemic heart disease. These include trauma,
drug overdose, hypothermia, immersion, anaphylaxis,
pregnancy, hypovolaemia. While this ALS algorithm is
universally applicable, specific modifications may be
required to maximise the likelihood of success in these
circumstances.

3. Specific ALS interventions and their use in the ALS
algorithm

3.1. Defibrillation

In adults, the commonest primary arrhythmia at the
onset of cardiac arrest is ventricular fibrillation (VF) or
pulseless ventricular tachycardia (VT) [11–14]. The
overwhelming majority of eventual survivors come
from this group [15–18]. If the definitive therapy for
these arrhythmias, defibrillation, can be implemented
promptly, a perfusing cardiac rhythm may be restored
and lead to long-term survival. The only interventions
which have been shown unequivocally to improve long-
term survival are basic life support and defibrillation.
VF is an readily treatable rhythm, but the chances of
successful defibrillation decline substantially with the
passage of each minute [19,20]. The amplitude and
waveform of VF deteriorate rapidly reflecting the deple-
tion of myocardial high energy phosphate stores
[21,22]. The rate of decline in success depends in part
upon the provision and adequacy of BLS [23]. As a
result, the priority is to minimise any delay between the
onset of cardiac arrest and the administration of defi-
brillating shocks.

At present, the most commonly used transthoracic
defibrillation waveform has a damped sinusoidal pat-
tern. Newer techniques such as biphasic waveforms, or

sequentially overlapping shocks producing a rapidly
shifting electrical vector during a multi-pulse shock,
may reduce the energy requirements for successful defi-
brillation [24–26]. Automated defibrillators that can
deliver a current-based shock appropriate to the mea-
sured transthoracic impedance are available and are
being evaluated. Their use may increase the efficacy of
individual shocks, while reducing myocardial injury in
patients with unusually high, or low, transthoracic
impedance [27,28].

The use of groups of three shocks is retained, the
initial sequence having energies of 200 J, 200 J and 360
J. The reasons for choosing 200 J as the energy for the
first two shocks of conventional wave-form defibrilla-
tion have been presented [29]. Subsequent shocks, if
required, should have energies of 360 J. If a co-ordi-
nated rhythm has supervened for a limited interval,
there is no strong scientific basis for deciding whether
one should revert to 200 J or continue at 360 J. There
is evidence that myocardial injury, both functionally
and morphologically, is greater with increasing ener-
gies, but the comparative success rates for defibrillation
attempts at this point with 200 J versus 360 J are
unknown. Both strategies are therefore acceptable.
Most AED’s have an algorithm that does not revert to
200 J after a short period of non VF/VT. In this case,
defibrillation should continue with 360 J instead of
restarting the AED to allow a 200 J shock to be given.
Alternative waveforms and energy levels are acceptable
if demonstrated to be of equal or greater net clinical
benefit in terms of safety and efficacy.

A pulse check is required after a shock (and should
be prompted by an AED), only if the waveform
changes to one compatible with cardiac output. Thus if
VF, or VT with an identical waveform, persists after
the first 200 J shock, the second shock at 200 J is given
without a pulse check being carried out. If, in turn, this
shock is unsuccessful, the third shock—this time at 360
J—is given. With modern defibrillators, charging times
are sufficiently short for three shocks to be adminis-
tered within 1 min.

Only a very small proportion of the delivered electri-
cal energy traverses the myocardium during transtho-
racic defibrillation [30] and efforts to maximise this
proportion are important. The commonest defects are
inadequate contact with the chest wall, failure or poor
use of couplants to aid the passage of current at the
interface between the paddles and the chest wall, and
faulty paddle positioning or size [31–34]. One paddle
should be placed below the right clavicle in the mid-
clavicular line and the other over the lower left ribs in
the mid/anterior axillary line (just outside the position
of the normal cardiac apex). In female patients the
second pad/paddle should be placed firmly on the chest
wall just outside the position of the normal cardiac
apex avoiding the breast tissue [35].



C. Robertson et al. / Resuscitation 37 (1998) 81–90 83

If unsuccessful, other positions such as Apex–Poste-
rior can be considered [36,37]. Although the polarity of
the electrodes affects success with internal techniques
such as implantable defibrillators, during transthoracic
defibrillation the polarity of the paddles seems unim-
portant [38–40].

3.1.1. Airway management and !entilation
In 1996, guidelines for the advanced management of

the airway and ventilation during resuscitation were
published by a working group of the ERC [41]. These
guidelines outline basic and advanced approaches to
airway management together with their separate indica-
tions, contraindications and descriptions of the proce-
dures. Further reviews have been published in 1997
[42,43].

While recognising that tracheal intubation remains
the optimal procedure, these guidelines acknowledge
that the technique can be difficult and sometimes haz-
ardous and that regular experience and refresher train-
ing are required. The laryngeal mask airway (LMA)
offers an alternative to tracheal intubation and al-
though it does not guarantee absolutely against aspira-
tion, the incidence in reported series is low [44,45]. The
pharyngotracheal lumen airway and the oesophageal/
tracheal Combitube are alternatives but require more
training and have their own specific problems in use
[41].

During cardiac arrest and CPR, lung characteristics
change because of an increase in dead space while the
development of pulmonary oedema reduces lung com-
pliance [46,47]. Oxygenation of the patient is the pri-
mary objective of ventilation and the aim should be to
provide inspired oxygen concentrations (FiO2) of 1.0.
Carbon dioxide production and delivery to the lungs is
limited during the initial period of cardiac arrest. Tidal
volumes of 400–600 ml are adequate to make the chest
rise [48]. Adequate minute ventilation is necessary to
facilitate carbon dioxide elimination and prevent the
potential development of hypercarbic acidosis following
the administration of carbon dioxide-producing buffers
such as sodium bicarbonate.

Ventilation techniques vary from simple bag valve
devices to the most sophisticated automatic ventilators
which can provide an FiO2 of 1.0, consistent tidal
volumes, inspiratory flow rates and respiratory frequen-
cies that are adjustable on demand.

3.2. CPR techniques

The only change recommended in the technique of
closed chest compression is that the rate should be 100
min−1. There have been and are ongoing trials of new
techniques, most notably with active compression–de-
compression (ACD) CPR, but at present no clinical
data show unequivocal improvement in outcomes [49–

52]. To improve the scientific basis for future recom-
mendations, the use of new techniques should be
carefully evaluated by clinical trials before implementa-
tion into prehospital and in-hospital practice.

3.3. Drug deli!ery

The venous route remains the optimal method of
drug administration during cardiopulmonary resuscita-
tion. The previous guidance with regard to venous
cannulation is unchanged [53]. If already in situ, central
venous cannulae can deliver agents rapidly to the cen-
tral circulation. If a central line is not present, the risks
associated with the technique—which can themselves
be life-threatening—mean that for an individual pa-
tient the decision as to peripheral versus central cannu-
lation will depend upon the skill of the operator, the
nature of the surrounding events, and available equip-
ment. If a decision is made to attempt central venous
cannulation, this must not delay defibrillation attempts,
CPR, or airway security. When peripheral venous can-
nulation and drug delivery is carried out, a flush of 20
ml of 0.9% saline is advised to expedite entry to the
circulation.

The administration of drugs via a tracheal tube re-
mains only a second line approach because of impaired
absorption and unpredictable pharmacodynamics. The
agents which can be given by this route are limited to
adrenaline/epinephrine, lidocaine, and atropine. Doses
of 2–3 times the standard IV dose diluted up to a total
volume of at least 10 ml of 0.9% saline are currently
recommended. Following administration, five ventila-
tions are given to increase dispersion to the distal
bronchial tree thus maximising absorption.

3.4. Specific drug therapy

3.4.1. Vasopressors
Experimentally adrenaline/epinephrine improves my-

ocardial and cerebral blood flow and resuscitation rates
in animals, and higher doses are more effective than the
‘standard’ dose of 1 mg [54,55]. There is no clinical
evidence that adrenaline/epinephrine improves survival
or neurological recovery in humans irrespective of
whether standard or high dose is used [56,57]. Some
clinical trials have reported slightly increased rates of
spontaneous circulation with high dose adrenaline/
epinephrine but without improvement in overall sur-
vival rate [58–62]. The reasons for the difference
between experimental and clinical results are likely to
reflect differences in underlying pathology and the rela-
tively long periods of arrest before the ALS team is able
to give adrenaline/epinephrine in the out-of-hospital
clinical setting. It is also possible that higher doses of
adrenaline/epinephrine may be detrimental in the post-
resuscitation period [63,64]. Pending definitive placebo-



C. Robertson et al. / Resuscitation 37 (1998) 81–9084

controlled trials the indications, dosage, and time inter-
val between doses for adrenaline/epinephrine are un-
changed. In practical terms for non VF/VT rhythms
each loop of the algorithm lasts 3 min and therefore
adrenaline/epinephrine is given with every loop. For
VF/VT rhythms, the process of rhythm assessment,
three defibrillatory shocks followed by 1 min of CPR
will take 2–3 min. Thus, adrenaline/epinephrine could
generally be given with each loop if precise timing of
administration is impracticable.

Considerable caution should be employed before
routinely administering adrenaline/epinephrine in pa-
tients whose arrest is associated with solvent abuse,
cocaine, and other sympathomimetic drugs [65–68].

The evidence with regard to other adrenergic and
non-adrenergic vasopressors is limited. Experimentally,
vasopressin leads to significantly higher coronary perfu-
sion pressures and preliminary data in relation to
ROSC rates may be encouraging [69,70], but at present,
no pressor agent other than adrenaline/epinephrine can
be recommended.

3.4.2. Anti-arrhythmic agents
There is incomplete evidence to make firm recom-

mendations on the use of any anti-arrhythmic agent,
although our knowledge of lidocaine is greater than for
the others. Early studies suggested that lidocaine in-
creased the ventricular defibrillation threshold in ani-
mals [71–74], but this may have been influenced by
experimental techniques [75]. In humans, the adminis-
tration of lidocaine prior to defibrillation may not
increase the energy requirements for defibrillation
[76,77]. In one randomised placebo-controlled trial
there was a beneficial effect on the threshold in the
special circumstance of patients undergoing myocardial
reperfusion after coronary artery bypass grafting [78].

For these reasons and pending the results of trials, it
is recommended that no change is made in the previous
recommendations with regard to lidocaine, bretylium
and other anti-arrhythmic agents [79].

Atropine has a well established role in the treatment
of haemodynamically compromising bradyarrhythmias
and some forms of heart block [10]. It was advocated
for asystole in the 1992 guidelines on the basis that
increased vagal tone could contribute to the develop-
ment or unresponsiveness of this arrhythmia. Evidence
of value in this condition is equivocal and limited to
small series and case reports [80–83]. Since any adverse
effect is unlikely in this situation its use can still be
considered in a single dose of 3 mg IV. This dose is
known to be sufficient to block vagal activity effectively
in fit adults with a cardiac output [84].

3.4.3. Buffer agents
In previously healthy individuals, arterial blood gas

analysis does not show a rapid or severe development

of acidosis during cardiorespiratory arrest provided
effective BLS is carried out [85–87]. Simply measuring
arterial (or even mixed venous blood) gas tensions may,
however, be misleading and bear little relationship to
the internal milieu of myocardial or cerebral intracellu-
lar values [88–92].

With this background, the role of buffers in CPR is
still uncertain. Much of the evidence against the routine
use of bicarbonate is based on animal studies, and may
have limited applicability to the human situation as the
doses of bicarbonate used have often been high [93–
95]. One prospective randomised controlled trial has
been reported on the use of buffers in patients with
out-of-hospital cardiac arrest [96]. The buffer used was
Tribonat (a mixture of sodium bicarbonate, trometa-
mol, disodium phosphate and acetate). There was no
improvement in hospital admission or discharge rates.
In this study the dispatch-response time interval was
short, and the confidence interval with the odds ratio
was wide [97].

Pending further studies, it is suggested that the judi-
cious use of buffers is limited to severe acidosis as
defined in the previous guidelines (arterial pH!7.1 and
base excess ! −10) and to certain special situations,
such as cardiac arrest associated with hyperkalaemia or
following tricyclic anti-depressant overdose. For
sodium bicarbonate, a dose of 50 mmol (50 ml of an
8.4% solution) is appropriate, with further administra-
tion dependant upon the clinical situation and repeat
arterial blood gas analysis.

4. Using the universal algorithm

Each step that follows in the ALS algorithm (Fig. 1)
assumes that the preceding one has been unsuccessful.

A precordial thump may, in certain situations such as
a witnessed event, precede (albeit by a few seconds
only) the attachment of a monitor/defibrillator [98,99].

ECG monitoring then provides the link between BLS
and ALS procedures. Electrocardiographic rhythm as-
sessment must be always interpreted within the clinical
context as movement artefact, lead disconnection, and
electrical interference can mimic rhythms associated
with cardiac arrest.

Following this assessment, the algorithm splits into
two pathways—VF/VT and other rhythms.

4.1. VF/VT rhythms

The first defibrillating shock must be given without
any delay. If unsuccessful it is repeated once and if
necessary, twice. This initial group of three shocks
should occur with successive energies of 200 J, 200 J,
and 360 J. If VF/VT persists, further shocks are given
with 360 J energies or the biphasic equivalent. A pulse
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Fig. 1. ALS algorithm.

check is carried out, and should be prompted by an
AED if, following a defibrillating shock a change in
waveform is produced which is compatible with output.
If the monitor/defibrillator indicates that VF/VT per-
sists, then further DC shocks are administered without
a further pulse check.

It is important to note that after a shock the ECG
monitor screen will often show an isoelectric line for

several seconds. This is commonly due to a transient
period of electrical and/or myocardial ‘stunning’, and
does not necessarily mean that the rhythm has con-
verted to asystole, as a co-ordinated rhythm or return
of VF/VT may supervene subsequently. If the monitor
screen of a manual defibrillator shows a ‘straight’ line
for more than one sweep immediately after a shock, 1
min of CPR should be given without a new dose of
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adrenaline/epinephrine, and the patient reassessed.
Only if the result of this reassessment is a non VF/VT
rhythm without a pulse should a new dose of
adrenaline/epinephrine be administered and CPR given
for a further 2 min before the patient is assessed again.
Algorithms of AED’s should also take account of this
phenomenon.

Emphasis must be placed on the correct performance
of defibrillation including the use of couplants. The
safety of the resuscitation team is paramount. During
defibrillation, no-one must be in contact with the pa-
tient. Liquids, wet clothing or the spreading of excess
electrode gel can cause problems. Transdermal patches
should be removed to prevent the possibility of electri-
cal arcing [100]. Paddle/pads should be kept 12–15 cm
away from implanted pacemakers. During manual defi-
brillation, the operator must give a command, e.g.
‘Stand clear!’ and check that this is obeyed before the
shock is given. With automated systems an audio com-
mand is given, and all team members must comply with
this command.

Over 80% of individuals who will be successfully
defibrillated have this achieved by one of the first three
shocks [17,19,20,101]. Subsequently, the best prospects
for restoring a perfusing rhythm still remain with defi-
brillation, but at this stage the search for and correction
of potentially reversible causes or aggravating factors is
indicated, together with an opportunity to maintain
myocardial and cerebral viability with chest compres-
sions and ventilation. During CPR attempts can be
made to institute advanced airway management and
ventilation, venous access, and to administer drugs if
appropriate to do so.

The time interval between the third and fourth
shocks should not exceed two minutes. Although the
interventions which can be carried out during this
period may improve the prospects for successful defi-
brillation, this is unproven, while it is well-established
that with the passage of time the chances of success for
defibrillating shocks lessen.

4.2. ‘Looping’ the algorithm

For the patient with persistent VF/VT, potential
causes or aggravating factors may include electrolyte
imbalance, hypothermia, and drugs and toxic agents for
which specific treatment may be indicated. Where it is
appropriate to continue resuscitation, successive loops
of the algorithm are followed, allowing further se-
quences of shocks, basic life support, and the ability to
carry out and secure advanced airway and ventilation
techniques, oxygenation and drug delivery. Anti-
arrhythmic drugs may be considered after the first two
sets of three shocks, though maintaining the previous

policy of deferring this treatment until four sets would
be acceptable.

4.3. Non VF/VT rhythms

If VF/VT can be positively excluded, defibrillation is
not indicated as a primary intervention, (although it
may be required later if ventricular fibrillation devel-
ops), and the right-sided path of the algorithm is
followed.

For patients in cardiac arrest with non VF/VT
rhythms, the prognosis is in general much less fa-
vourable. The overall survival rate with these rhythms
is approximately 10–15% of the survival rate with
VF/VT rhythms, but the possibility of survival should
not be disregarded. In some series, approximately 20%
of eventual survivors present with a non VF/VT rhythm
[102–105].

With the passage of time, all electrical rhythms asso-
ciated with cardiac arrest deteriorate with the eventual
production of asystole. The abysmal prognosis of this
degenerated rhythm is well justified. There are, never-
theless, some situations where a non VF/VT rhythm
may be caused or aggravated by remediable conditions,
especially if this was the primary rhythm. As a conse-
quence the detection and treatment of reversible causes
become relatively more important.

During the search for and correction of these causes,
CPR together with advanced airway management, oxy-
genation and ventilation, and any necessary attempts to
secure venous access should occur, with adrenaline/
epinephrine administered every 3 min.

The use of atropine for asystole has been discussed
above. Atropine 3 mg IV is given once, along with
adrenaline/epinephrine 1 mg for asystole on the first
loop. Pacing may play a valuable role in patients with
extreme bradyarrhythmias, but its value in asystole is
questionable, except in cases of trifascicular block
where P waves are seen. In patients where pacing is to
be carried out, but a delay occurs before it can be
achieved, external cardiac percussion (also known as
‘fist’ or ‘thump’ pacing) may generate QRS complexes
with an effective cardiac output, particularly in cases
where myocardial contractility is not critically compro-
mised [106–108]. External cardiac percussion is per-
formed with blows at a rate of 100 min−1, given with
less force than a precordial thump and delivered over
the heart, not the sternum. Conventional CPR should
be substituted immediately if QRS complexes with a
discernable output are not being achieved.

After 3 min of CPR, the patient’s electrical rhythm is
reassessed. If VF/VT has supervened, the left-sided
path of the algorithm is followed, otherwise loops of
the right-sided path of the algorithm will continue for
as long as it is considered appropriate for resuscitation
to continue. Resuscitation should generally continue for
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at least 20–30 min from the time of collapse unless
there are overwhelming reasons to believe that resusci-
tation is likely to be futile.

4.4. Post-resuscitation care

There are no changes in the recommendations for
post resuscitation care. The most vulnerable organ for
the ischaemic/hypoxic damage occurring in association
with cardiac arrest is the central nervous system (CNS).
Approximately 1/3 of the patients who have return of
spontaneous circulation die a neurologic death, with
1/3 of long-term survivors having recognisable motor
or cognitive deficits [109–111]. Fortunately only 1–2%
of these individuals do not achieve an independant
existence [112].

Intensive research efforts are rapidly increasing our
knowledge about the pathophysiology of CNS is-
chaemia/hypoxia, but there are no new clinically vali-
dated treatment strategies for the cerebral damage
sustained with cardiac arrest. Efforts should be directed
to the avoidance and/or correction of hypotension,
hypoxia, hypercarbia, electrolyte imbalance, and hypo-
or hyperglycaemia [113–116].

Many victims of cardiac arrest have features indicat-
ing that the event was precipitated by acute myocardial
infarction [117]. In these patients, there is an urgent
need for appropriate management including such as-
pects as thrombolysis or other methods for obtaining
coronary reperfusion and maintaining electrical stabil-
ity to reduce the chances of further episodes of cardiac
arrest and to improve the overall prognosis. These
aspects are covered by the publications on the Manage-
ment of Acute Myocardial Infarction of the European
Society of Cardiology and the ESC/ERC task force on
the pre-hospital management of myocardial infarction
[118–120].
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