
Resuscitation (2005) 67S1, S39—S86

European Resuscitation Council Guidelines for
Resuscitation 2005
Section 4. Adult advanced life support

Jerry P. Nolan, Charles D. Deakin, Jasmeet Soar,
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a. Prevention of in-hospital cardiac
rrest

he problem

his new section of the guidelines stresses the
mportance of preventing in-hospital cardiac arrest.
ewer than 20% of patients suffering an in-hospital
ardiac arrest will survive to go home.1,2 Most sur-
ivors have a witnessed and monitored VF arrest,
rimary myocardial ischaemia as the cause, and
eceive immediate defibrillation.

Cardiac arrest in patients in unmonitored ward
reas is not usually a sudden unpredictable event,
or is it usually caused by primary cardiac disease.
hese patients often have slow and progressive
hysiological deterioration, involving hypoxia and
ypotension, that is unnoticed by staff, or is recog-
ised but poorly treated.3,4 The underlying cardiac
rrest rhythm in this group is usually non-shockable
nd survival to hospital discharge is very poor.1,5

antecedents in 79% of cardiac arrests, 55% of deaths
and 54% of unanticipated ICU admissions.4 Early and
effective treatment of seriously ill patients might
prevent some cardiac arrests, deaths and unantici-
pated ICU admissions. A third of patients who have
a false cardiac arrest call die subsequently.9

Nature of the deficiencies in acute care

These often involve simple aspects of care includ-
ing: the failure to treat abnormalities of the
patient’s airway, breathing and circulation, incor-
rect use of oxygen therapy, failure to monitor
patients, failure to involve experienced senior
staff, poor communication, lack of teamwork and
insufficient use of treatment limitation plans.3,7

Several studies show that medical and nurs-
ing staff lack knowledge and skills in acute care.
For example, trainee doctors may lack knowl-
edge about oxygen therapy,10 fluid and electrolyte
balance,11 analgesia,12 issues of consent,13 pulse
The records of patients who have a cardiac
rrest or unanticipated intensive care unit (ICU)
dmission often contain evidence of unrecog-
ised, or untreated, breathing and circulation

oximetry14 and drug doses.15 Medical students
may be unable to recognise abnormal breathing
patterns.16 Medical school training provides poor
preparation for doctors’ early careers, and fails to
t
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un
each them the essential aspects of applied physi-
logy and acute care.17 There is also little to sug-
est that the acute care training and knowledge of
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problems.3,4,6—8 The ACADEMIA study showed
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senior medical staff is better.18,19 Staff often lack
confidence when dealing with acute care problems,
and rarely use a systematic approach to the assess-
ment of critically ill patients.20

Recognising the critically ill patient

In general, the clinical signs of acute illness are
similar whatever the underlying process, as they
reflect failing respiratory, cardiovascular and neu-
rological systems. Abnormal physiology is com-
mon on general wards,21 yet the measurement
and recording of important physiological observa-
tions of sick patients occurs less frequently than
is desirable.3,4,8 This is surprising, as respiratory
rate abnormalities may predict cardiorespiratory
arrest.22 To assist in the early detection of criti-
cal illness, many hospitals now use early warning
scores (EWS) or calling criteria.23—25 Early warning
scoring systems allocate points to routine vital signs
measurements on the basis of their derangement
from an arbitrarily agreed ‘normal’ range.23—25 The
weighted score of one or more vital sign observa-
tions, or the total EWS, may be used to suggest

alerted to a patient’s abnormal physiology, there
is often delay in attending the patient or referring
to higher levels of care.3,4,7 Whereas the use of a
warning score based on physiological abnormalities
is attractive, it is possible that a more subjective
approach, based on staff experience and expertise,
may also be effective.32

Response to critical illness

The traditional response to cardiac arrest is a
reactive one in which hospital staff (‘the cardiac
arrest team’) attend the patient after the cardiac
arrest has occurred. Cardiac arrest teams appear
to improve survival after cardiac arrest in circum-
stances where no team has previously existed.33

However, the role of the cardiac arrest team has
been questioned. In one study, only patients who
had return of spontaneous circulation before the
cardiac arrest team arrived were discharged from
hospital alive.34 When combined with the poor
survival rate after in-hospital cardiac arrest, this
emphasises the importance of early recognition and
treatment of critically ill patients to prevent car-
diac arrest. The name ‘cardiac arrest team’ implies
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increasing the frequency of vital signs monitoring to
nurses, or to call ward doctors or critical care out-
reach teams to the patient. Alternatively, systems
incorporating ‘calling criteria’ are based on rou-
tine observations, which activate a response when
one or more variables reach an extremely abnormal
value.23,26 There are no data to establish the supe-
riority of one system over another, but it may be
preferable to use an EWS system, which can track
changes in physiology and warn of impending physi-
ological collapse, rather than the ‘‘calling criteria’’
approach, which is triggered only when an extreme
value of physiology has been reached.

There is a clinical rationale to the use of EWS
or calling criteria systems to identify sick patients
early. However, their sensitivity, specificity and
accuracy in predicting clinical outcomes has yet to
be validated convincingly.27,28 Several studies have
identified abnormalities of heart rate, blood pres-
sure, respiratory rate and conscious level as mark-
ers of impending critical events.22,23,29 The sugges-
tion that their incidence has predictive value must
be questioned, as not all important vital signs are,
or can be, recorded continuously in general ward
areas. Several studies show that charting of vital
signs is poor, with gaps in data recording.3,4,8,30

Although the use of physiological systems can
increase the frequency of vital signs monitoring,31

they will be useful for outcome prediction only
if widespread monitoring of hospitalised patients
becomes available. Even when medical staff are
hat the team will be called only after cardiac
rrest has occurred.

In some hospitals the cardiac arrest team has
een replaced by a medical emergency team (MET)
hat responds, not only to patients in cardiac
rrest, but also to those with acute physiological
eterioration.26 The MET usually comprises medical
nd nursing staff from intensive care and general
edicine. and responds to specific calling crite-

ia. Any member of the healthcare team can ini-
iate a MET call. Early involvement of the MET
ay reduce cardiac arrests, deaths and unantic-

pated ICU admissions.35,36 The MET may also be
seful in detecting medical error, improving treat-
ent limitation decisions and reducing postoper-

tive ward deaths.37,38 MET interventions often
nvolve simple tasks such as starting oxygen ther-
py and intravenous fluids.39 A circadian pattern of
ET activation has been reported, which may sug-
est that systems for identifying and responding to
edical emergencies may not be uniform through-

ut the 24-h period.40 Studying the effect of the
ET on patient outcomes is difficult. Many of the

tudy findings to date can be criticised because
f poor study design. A recent, well-designed,
luster-randomised controlled trial of the MET sys-
em demonstrated that the introduction of a MET
ncreased the calling incidence for the team. How-
ver, it failed to show a reduction in the incidence
f cardiac arrest, unexpected death or unplanned
CU admission.41
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In the UK, a system of pre-emptive ward
care, based predominantly on individual or teams
of nurses known as critical care outreach, has
developed.42 Outreach services exist in many
forms, ranging from a single nurse to a 24-h, 7 days
per week multiprofessional team. An outreach team
or system may reduce ward deaths, postoperative
adverse events, ICU admissions and readmissions,
and increase survival.43—45

Other attempts to improve the general ward
care of patients and prevent physiological deteri-
oration and cardiac arrest include new admission
processes, early physiological monitoring and clini-
cal intervention in the emergency department (ED),
and the appointment of new grades of emergency
physicians. Many of these models attempt to sup-
port the primary admitting team with the skills
of ‘resuscitation’ specialists.46 Medical and surgi-
cal assessment units act as a single location for all
acute admissions until their required level of care
is evaluated. Patients are monitored and observed
for periods of up to 72 h, and there is usually
rapid access to senior medical staff, diagnostics and
urgent treatment.47 The single location provides a
central focus for on-call medical, nursing and phys-
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study shows that higher nurse staffing is associated
with reduction in cardiac arrest rates, as well as
rates of pneumonia, shock and death.55

Resuscitation decisions

Consider ‘do not attempt resuscitation’ (DNAR)
when the patient:

• does not wish to have CPR
• will not survive cardiac arrest even if CPR is

attempted

Hospital staff often fail to consider whether
resuscitation attempts are appropriate and resus-
citation attempts in futile cases are common.37

Even when there is clear evidence that cardiac
arrest or death is likely, ward staff rarely make
decisions about the patient’s resuscitation status.4

Many European countries have no formal policy for
recording DNAR decisions and the practice of con-
sulting patients about the decision is variable.56

Improved knowledge, training and DNAR decision-
making should improve patient care and prevent
futile CPR attempts (see Section 8).

G
c

T
h

1

2

3

4

5

6

otherapy staff, in contrast to the traditional system
n which staff and patients are dispersed through-
ut the hospital.

Many acutely ill patients present to hospital via
he ED and are obviously in need of immediate
CU-type interventions. Early goal-directed therapy
n the ED reverses physiological derangement and
ppears to improve patient survival.48

ppropriate placement of patients

deally, the sickest patients should be admitted
o an area that can provide the greatest super-
ision and the highest level of organ support and
ursing care. This often occurs, but some patients
re placed incorrectly.49 International organisa-
ions have offered definitions of levels of care and
roduced admission and discharge criteria for high
ependency units (HDUs) and ICUs.50,51

taffing levels

ospital staffing tends to be at its lowest during the
ight and at weekends. This may influence patient
onitoring, treatment and outcomes. Admission to
general medical ward after 17:00 h52 or to hos-

ital at weekends53 is associated with increased
ortality. Patients who are discharged from ICUs

o general wards at night have an increased risk of
n-hospital death compared with those discharged
uring the day and those discharged to HDUs.54 One
uidelines for prevention of in-hospital
ardiac arrest

he following strategies may prevent avoidable in-
ospital cardiac arrests.

. Provide care for patients who are critically ill
or at risk of clinical deterioration in appropriate
areas, with the level of care provided matched
to the level of patient sickness.

. Critically ill patients need regular observations:
match the frequency and type of observations to
the severity of illness or the likelihood of clinical
deterioration and cardiopulmonary arrest. Often
only simple vital sign observations (pulse, blood
pressure, respiratory rate) are needed.

. Use an EWS system to identify patients who are
critically ill and or at risk of clinical deteriora-
tion and cardiopulmonary arrest.

. Use a patient charting system that enables the
regular measurement and recording of EWS.

. Have a clear and specific policy that requires
a clinical response to EWS systems. This should
include advice on the further clinical manage-
ment of the patient and the specific responsibil-
ities of medical and nursing staff.

. The hospital should have a clearly identified
response to critical illness. This may include
a designated outreach service or resuscitation
team (e.g. MET) capable of responding to acute
clinical crises identified by clinical triggers or
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other indicators. This service must be available
24 h per day.

7. Train all clinical staff in the recognition, mon-
itoring and management of the critically ill
patient. Include advice on clinical management
while awaiting the arrival of more experienced
staff.

8. Identify patients for whom cardiopulmonary
arrest is an anticipated terminal event and in
whom CPR is inappropriate, and patients who
do not wish to be treated with CPR. Hospitals
should have a DNAR policy, based on national
guidance, which is understood by all clinical
staff.

9. Ensure accurate audit of cardiac arrest, ‘false
arrest’, unexpected deaths and unanticipated
ICU admissions using common datasets. Audit
also the antecedents and clinical response to
these events.

4b. In-hospital resuscitation

After in-hospital cardiac arrest, the division
between basic life support and advanced life sup-

risk of cardiac arrest should be cared for in a mon-
itored area where facilities for immediate resusci-
tation are available.

Training of first responders

All healthcare professionals should be able to
recognise cardiac arrest, call for help and start CPR.
Staff should do what they have been trained to do.
For example, staff in critical care and emergency
medicine will have more advanced resuscitation
skills than staff who are not involved regularly in
resuscitation in their normal clinical role. Hospital
staff who attend a cardiac arrest may have differ-
ent levels of skill to manage the airway, breathing
and circulation. Rescuers must undertake the skills
in which they are trained and competent.

Number of responders

The single responder must ensure that help is com-
ing. If other staff are nearby, several actions can be
undertaken simultaneously.

Equipment available
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port is arbitrary; in practice, the resuscitation pro-
cess is a continuum and is based on common sense.
The public expect that clinical staff can under-
take cardiopulmonary resuscitation (CPR). For all
in-hospital cardiac arrests, ensure that:

• cardiorespiratory arrest is recognised immedi-
ately

• help is summoned using a standard telephone
number

• CPR is started immediately using airway
adjuncts, e.g. a pocket mask and, if indicated,
defibrillation attempted within 3 min

The exact sequence of actions after in-hospital
cardiac arrest will depend on many factors, includ-
ing:

• location (clinical/non-clinical area; moni-
tored/unmonitored area)

• training of the first responders
• number of responders
• equipment available
• hospital response system to cardiac arrest and

medical emergencies, (e.g. MET) cardiac arrest
team

Location

Patients who have monitored arrests are usu-
ally diagnosed rapidly. Ward patients may have
had a period of deterioration and an unwitnessed
arrest.3,4,6—8 Ideally, all patients who are at high
ll clinical areas should have immediate access
o resuscitation equipment and drugs to facilitate
apid resuscitation of the patient in cardiopul-
onary arrest. Ideally, the equipment used for CPR

including defibrillators) and the layout of equip-
ent and drugs should be standardised throughout

he hospital.57

esuscitation team

he resuscitation team may take the form of a tra-
itional cardiac arrest team, which is called only
hen cardiac arrest is recognised. Alternatively,
ospitals may have strategies to recognise patients
t risk of cardiac arrest and summon a team (e.g.,
ET) before cardiac arrest occurs.35,36,39,41,58 The

erm ‘resuscitation team’ reflects the range of
esponse teams. In hospital cardiac arrests are
arely sudden or unexpected. A strategy of recog-
ising patients at risk of cardiac arrest may enable
ome of these arrests to be prevented, or may pre-
ent futile resuscitation attempts in those who are
nlikely to benefit from CPR.

mmediate actions for a collapsed patient in
hospital

n algorithm for the initial management of in-
ospital cardiac arrest is shown in Figure 4.1.
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Figure 4.1 Algorithm for the treatment of in-hospital cardiac arrest.

• Ensure personal safety.
• Check the victim for a response.
• When healthcare professionals see a patient col-

lapse or find a patient apparently unconscious in
a clinical area, they should first shout for help,
then assess if the patient is responsive. Gently
shake the shoulders and ask loudly: ‘‘Are you all
right?’’

• If other members of staff are nearby, it will be
possible to undertake actions simultaneously.

The responsive patient

Urgent medical assessment is required. Depending
on the local protocols, this may take the form of a
resuscitation team (e.g., MET). While awaiting this
team, give the patient oxygen, attach monitoring
and insert an intravenous cannula.

The unresponsive patient

The exact sequence will depend on the training
of staff and experience in assessment of breath-
ing and circulation. Trained healthcare staff cannot
assess the breathing and pulse sufficiently reliably
t 16,59,60

(
i
a
c

•

a

•

◦ Open the airway using a head tilt chin lift
◦ Look in the mouth. If a foreign body or debris

is visible attempt to remove with forceps or
suction as appropriate

◦ If you suspect that there may have been an
injury to the neck, try to open the airway using
a jaw thrust. Remember that maintaining an
airway and adequate ventilation is the overrid-
ing priority in managing a patient with a sus-
pected spinal injury. If this is unsuccessful, use
just enough head tilt to clear the airway. Use
manual in-line stabilisation to minimise head
movement if sufficient rescuers are available.

Keeping the airway open, look, listen, and feel
for normal breathing (an occasional gasp, slow,
laboured or noisy breathing is not normal):

• Look for chest movement
• Listen at the victim’s mouth for breath sounds
• Feel for air on your cheek

Look, listen, and feel for no more than 10 s to
determine if the victim is breathing normally

• Check for signs of a circulation:
◦ It may be difficult to be certain that there is no
o confirm cardiac arrest. Agonal breathing

occasional gasps, slow, laboured or noisy breath-
ng) is common in the early stages of cardiac arrest
nd is a sign of cardiac arrest and should not be
onfused as a sign of life/circulation.

Shout for help (if not already)

Turn the victim on to his back and then open the
irway:

Open Airway and check breathing:
pulse. If the patient has no signs of life (lack
of movement, normal breathing, or coughing),
start CPR until more experience help arrives or
the patient shows signs of life.

◦ Those experienced in clinical assessment
should assess the carotid pulse whilst simulta-
neously looking for signs of life for not more
than 10 s.

◦ If the patient appears to have no signs of life, or
if there is doubt, start CPR immediately. Delays
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in diagnosis of cardiac arrest and starting CPR
will adversely effect survival must be avoided.

If there is a pulse or signs of life, urgent medi-
cal assessment is required. Depending on the local
protocols, this may take the form of a resusci-
tation team. While awaiting this team, give the
patient oxygen, attach monitoring, and insert an
intravenous cannula.

If there is no breathing, but there is a pulse (res-
piratory arrest), ventilate the patient’s lungs and
check for a circulation every 10 breaths.

Starting in-hospital CPR

• One person starts CPR as others call the resusci-
tation team and collect the resuscitation equip-
ment and a defibrillator. If only one member
of staff is present, this will mean leaving the
patient.

• Give 30 chest compressions followed by 2 venti-
lations.

• Undertaking chest compressions properly is tir-
ing; try to change the person doing chest com-
pressions every 2 min.

• Recommence chest compressions immediately
after the defibrillation attempt. Minimise inter-
ruptions to chest compressions.

• Continue resuscitation until the resuscitation
team arrives or the patient shows signs of life.
Follow the voice prompts if using an AED. If using
a manual defibrillator, follow the universal algo-
rithm for advanced life support (Section 4c).

• Once resuscitation is underway, and if there are
sufficient staff present, prepare intravenous can-
nulae and drugs likely to be used by the resusci-
tation team (e.g. adrenaline).

• Identify one person to be responsible for han-
dover to the resuscitation team leader. Locate
the patient’s records.

• The quality of chest compressions during in-
hospital CPR is frequently sub-optimal.61,62 The
team leader should monitor the quality of CPR
and change CPR providers if the quality of CPR
is poor. The person providing chest compressions
should be changed every 2 min.

The monitored and witnessed cardiac arrest

If a patient has a monitored and witnessed cardiac
a
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rrest, act as follows.

Confirm cardiac arrest and shout for help.
Consider a precordial thump if the rhythm is
VF/VT and a defibrillator is not immediately
available.
If the initial rhythm is VF/VT and a defibrillator
is immediately available, give a shock first. The
use of adhesive electrode pads or a ‘quick-look’
paddles technique will enable rapid assessment
of heart rhythm compared with attaching ECG
electrodes.63

raining for healthcare professionals

he Immediate Life Support course trains health-
are professionals in the skills required to start
esuscitation, including defibrillation, and to be
embers of a cardiac arrest team (see Section 9).64

he Advanced Life Support (ALS) course teaches the
kills required for leading a resuscitation team.65,66

c. ALS treatment algorithm

ntroduction

eart rhythms associated with cardiac arrest are
ivided into two groups: shockable rhythms (ven-
ricular fibrillation/pulseless ventricular tachycar-
ia (VF/VT)) and non-shockable rhythms (asystole
• Maintain the airway and ventilate the lungs with
the most appropriate equipment immediately to
hand. A pocket mask, which may be supple-
mented with an oral airway, is usually readily
available. Alternatively, use a laryngeal mask air-
way (LMA) and self-inflating bag, or bag-mask,
according to local policy. Tracheal intubation
should be attempted only by those who are
trained, competent and experienced in this skill.

• Use an inspiratory time of 1 s and give enough
volume to produce a normal chest rise. Add sup-
plemental oxygen as soon as possible.

• Once the patient’s trachea has been intubated,
continue chest compressions uninterrupted
(except for defibrillation or pulse checks when
indicated), at a rate of 100 min−1, and ventilate
the lungs at approximately 10 breaths min−1.
Avoid hyperventilation.

• If there is no airway and ventilation equipment
available, give mouth-to-mouth ventilation. If
there are clinical reasons to avoid mouth-to-
mouth contact, or you are unwilling or unable
to do this, do chest compressions until help or
airway equipment arrives.

• When the defibrillator arrives, apply the pad-
dles to the patient and analyse the rhythm. If
self-adhesive defibrillation pads are available,
apply these without interrupting chest compres-
sions. Pause briefly to assess the heart rhythm. If
indicated, attempt either manual or automated
external defibrillation (AED).
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Figure 4.2 Advanced life support cardiac arrest algorithm.

and pulseless electrical activity (PEA)). The prin-
cipal difference in the management of these two
groups of arrhythmias is the need for attempted
defibrillation in those patients with VF/VT. Subse-
quent actions, including chest compressions, air-
way management and ventilation, venous access,
administration of adrenaline and the identification
and correction of reversible factors, are common to
both groups.

Although the ALS cardiac arrest algorithm
(Figure 4.2) is applicable to all cardiac arrests,
additional interventions may be indicated for car-
diac arrest caused by special circumstances (Sec-
tion 7).

The interventions that unquestionably con-
tribute to improved survival after cardiac arrest are
early defibrillation for VF/VT and prompt and effec-
tive bystander basic life support (BLS). Advanced
airway intervention and the delivery of drugs have
not been shown to increase survival to hospital

discharge after cardiac arrest, although they are
still included among ALS interventions. Thus, during
advanced life support, attention must be focused
on early defibrillation and high-quality, uninter-
rupted BLS.

Shockable rhythms (ventricular
fibrillation/pulseless ventricular
tachycardia)

In adults, the commonest rhythm at the time of
cardiac arrest is VF, which may be preceded by a
period of VT or even supraventricular tachycardia
(SVT).67 Having confirmed cardiac arrest, summon
help (including the request for a defibrillator) and
start CPR, beginning with external chest compres-
sion, with a compression:ventilation (CV) ratio of
30:2. As soon as the defibrillator arrives, diagnose
the rhythm by applying paddles or self-adhesive
pads to the chest.
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If VF/VT is confirmed, charge the defibrillator
and give one shock (150—200-J biphasic or 360-
J monophasic). Without reassessing the rhythm or
feeling for a pulse, resume CPR (CV ratio 30:2)
immediately after the shock, starting with chest
compressions. Even if the defibrillation attempt is
successful in restoring a perfusing rhythm, it is very
rare for a pulse to be palpable immediately after
defibrillation,68 and the delay in trying to palpate
a pulse will further compromise the myocardium
if a perfusing rhythm has not been restored.69 If
a perfusing rhythm has been restored, giving chest
compressions does not increase the chance of VF
recurring.70 In the presence of post-shock asystole,
chest compressions may usefully induce VF.70 Con-
tinue CPR for 2 min, then pause briefly to check the
monitor: if there is still VF/VT, give a second shock
(150—360-J biphasic or 360-J monophasic). Resume
CPR immediately after the second shock.

Pause briefly after 2 min of CPR to check the
monitor: if there is still VF/VT, give adrenaline
followed immediately by a third shock (150—360-
J biphasic or 360-J monophasic) and resumption
of CPR (drug-shock-CPR-rhythm check sequence).
Minimise the delay between stopping chest com-

and energy substrates and increase the probabil-
ity of restoring a perfusing rhythm after shock
delivery.71 Analyses of VF waveform character-
istics predictive of shock success indicate that
the shorter the time between chest compression
and shock delivery, the more likely the shock
will be successful.71,72 Reduction in the interval
from compression to shock delivery by even a
few seconds can increase the probability of shock
success.73

Regardless of the arrest rhythm, give adrenaline
1 mg every 3—5 min until ROSC is achieved; this
will be once every two loops of the algorithm. If
signs of life return during CPR (movement, normal
breathing, or coughing), check the monitor: if an
organised rhythm is present, check for a pulse. If a
pulse is palpable, continue post-resuscitation care
and/or treatment of peri-arrest arrhythmia. If no
pulse is present, continue CPR. Providing CPR with
a CV ratio of 30:2 is tiring; change the individual
undertaking compressions every 2 min.

Precordial thump

Consider giving a single precordial thump when car-
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iac arrest is confirmed rapidly after a witnessed,
udden collapse and a defibrillator is not immedi-
tely to hand (Section 3).74 These circumstances
re most likely to occur when the patient is mon-
tored. A precordial thump should be undertaken
mmediately after confirmation of cardiac arrest
nd only by healthcare professionals trained in
he technique. Using the ulnar edge of a tightly
lenched fist, deliver a sharp impact to the lower
alf of the sternum from a height of about 20 cm,
hen retract the fist immediately to create an
mpulse-like stimulus. A precordial thump is most
ikely to be successful in converting VT to sinus
hythm. Successful treatment of VF by precor-
ial thump is much less likely: in all the reported
uccessful cases, the precordial thump was given
ithin the first 10 s of VF.75 There are very rare

eports of a precordial thump converting a perfus-
ng to a non-perfusing rhythm.76

irway and ventilation

uring the treatment of persistent VF, ensure good-
uality chest compressions between defibrillation
ttempts. Consider reversible causes (4 H’s and 4
’s) and, if identified, correct them. Check the
lectrode/defibrillating paddle positions and con-
acts, and the adequacy of the coupling medium,
.g. gel pads. Tracheal intubation provides the
ost reliable airway, but should be attempted

nly if the healthcare provider is properly trained
pressions and delivery of the shock. The adenaline
that is given immediately before the shock will be
circulated by the CPR that immediately follows the
shock. After drug delivery and 2 min of CPR, anal-
yse the rhythm and be prepared to deliver another
shock immediately if indicated. If VF/VT persists
after the third shock, give an intravenous bolus of
amiodarone 300 mg. Inject the amiodarone during
the brief rhythm analysis before delivery of the
fourth shock.

When the rhythm is checked 2 min after giving
a shock, if a nonshockable rhythm is present and
the rhythm is organised (complexes appear regular
or narrow), try to palpate a pulse. Rhythm checks
must be brief, and pulse checks undertaken only
if an organised rhythm is observed. If an organ-
ised rhythm is seen during a 2 min period of CPR,
do not interrupt chest compressions to palpate a
pulse unless the patient shows signs of life suggest-
ing ROSC. If there is any doubt about the presence
of a pulse in the presence of an organised rhythm,
resume CPR. If the patient has ROSC, begin postre-
suscitation care. If the patient’s rhythm changes
to asystole or PEA, see non-shockable rhythms
below.

During treatment of VF/VT, healthcare providers
must practice efficient coordination between CPR
and shock delivery. When VF is present for more
than a few minutes, the myocardium is depleted
of oxygen and metabolic substrates. A brief
period of chest compressions will deliver oxygen
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and has adequate ongoing experience with the
technique. Personnel skilled in advanced airway
management should attempt laryngoscopy with-
out stopping chest compressions; a brief pause in
chest compressions may be required as the tube
is passed through the vocal cords. Alternatively, to
avoid any interruptions in chest compressions, the
intubation attempt may be deferred until return
of spontaneous circulation. No intubation attempt
should take longer than 30 s: if intubation has not
been achieved after this time, recommence bag-
mask ventilation. After intubation, confirm cor-
rect tube position and secure it adequately. Once
the patient’s trachea has been intubated, con-
tinue chest compressions, at a rate of 100 min−1,
without pausing during ventilation. Ventilate the
lungs at 10 breaths min−1; do not hyperventilate
the patient. A pause in the chest compressions
allows the coronary perfusion pressure to fall sub-
stantially. On resuming compressions there is some
delay before the original coronary perfusion pres-
sure is restored, thus chest compressions that are
not interrupted for ventilation result in a substan-
tially higher mean coronary perfusion pressure.

In the absence of personnel skilled in tracheal
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route for vascular access in children, it can also be
effective in adults.78 Intraosseous injection of drugs
achieves adequate plasma concentrations in a time
comparable with injection through a central venous
catheter. The intraosseous route also enables with-
drawal of marrow for venous blood gas analysis and
measurement of electrolytes and haemoglobin con-
centration.

Tracheal route. If neither intravenous nor
intraosseous access can be established, some
drugs can be given by the tracheal route. How-
ever, unpredictable plasma concentrations are
achieved when drugs are given via a tracheal tube,
and the optimal tracheal dose of most drugs is
unknown. During CPR, the equipotent dose of
adrenaline given via the trachea is three to ten
times higher than the intravenous dose.79,80 Some
animal studies suggest that the lower adrenaline
concentrations achieved when the drug is given via
the trachea may produce transient beta-adrenergic
effects, which will cause hypotension and lower
coronary artery perfusion pressure.81—84 If given
via the trachea, the dose of adrenaline is 3 mg
diluted to at least 10 ml with sterile water. Dilution
with water instead of 0.9% saline may achieve
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ntubation, acceptable alternatives are the Com-
itube, laryngeal mask airway (LMA), ProSeal LMA,
r Laryngeal Tube (Section 4d). Once one of these
irways has been inserted, attempt to deliver con-
inuous chest compressions, uninterrupted during
entilation. If excessive gas leakage causes inade-
uate ventilation of the patient’s lungs, chest com-
ressions will have to be interrupted to enable ven-
ilation (using a CV ratio of 30:2).

During continuous chest compressions, ventilate
he lungs at 10 breaths min−1.

ntravenous access and drugs

eripheral versus central venous drug delivery.
stablish intravenous access if this has not already
een achieved. Although peak drug concentrations
re higher and circulation times are shorter when
rugs are injected into a central venous catheter
ompared with a peripheral cannula,77 insertion of
central venous catheter requires interruption of

PR and is associated with several complications.
eripheral venous cannulation is quicker, easier to
erform and safer. Drugs injected peripherally must
e followed by a flush of at least 20 ml of fluid and
levation of the extremity for 10—20 s to facilitate
rug delivery to the central circulation.

ntraosseous route. If intravenous access is diffi-
ult or impossible, consider the intraosseous route.
lthough normally considered as an alternative
etter drug absorption.85 The solutions in prefilled
yringes are acceptable for this purpose.

drenaline. Despite the widespread use of
drenaline during resuscitation, and several
tudies involving vasopressin, there is no placebo-
ontrolled study that shows that the routine use of
ny vasopressor at any stage during human cardiac
rrest increases survival to hospital discharge. Cur-
ent evidence is insufficient to support or refute
he routine use of any particular drug or sequence
f drugs. Despite the lack of human data, the use
f adrenaline is still recommended, based largely
n animal data. The alpha-adrenergic actions of
drenaline cause vasoconstriction, which increases
yocardial and cerebral perfusion pressure. The

igher coronary blood flow increases the frequency
f the VF waveform and should improve the chance
f restoring a circulation when defibrillation is
ttempted.86—88 The optimal duration of CPR and
umber of shocks that should be given before
iving drugs is unknown. On the basis of expert
onsensus, if VF/VT persists after two shocks,
ive adrenaline and repeat every 3—5 min during
ardiac arrest. Do not interrupt CPR to give drugs.

nti-arrhythmic drugs. There is no evidence that
iving any anti-arrhythmic drug routinely dur-
ng human cardiac arrest increases survival to
ospital discharge. In comparison with placebo89

nd lidocaine,90 the use of amiodarone in shock-
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refractory VF improves the short-term outcome of
survival to hospital admission. In these studies,
the anti-arrhythmic therapy was given if VF/VT
persisted after at least three shocks; however,
these were delivered using the conventional three-
stacked shocks strategy. There are no data on the
use of amiodarone for shock-refractory VF/VT when
single shocks are used. On the basis of expert con-
sensus, if VF/VT persists after three shocks, give
300 mg amiodarone by bolus injection. A further
dose of 150 mg may be given for recurrent or refrac-
tory VF/VT, followed by an infusion of 900 mg over
24. Lidocaine 1 mg kg−1 may be used as an alterna-
tive if amiodarone is not available, but do not give
lidocaine if amiodarone has been given already.

Magnesium. Although the routine use of mag-
nesium in cardiac arrest does not increase
survival,91—95 give magnesium (8 mmol = 4 ml 50%
magnesium sulphate or 2 g) for refractory VF if
there is any suspicion of hypomagnesaemia (e.g.,
patients on potassium-losing diuretics).

Bicarbonate. Administering sodium bicarbonate
routinely during cardiac arrest and CPR (especially
in out-of-hospital cardiac arrests) or after return of

Non-shockable rhythms (PEA and asystole)

Pulseless electrical activity (PEA) is defined as
cardiac electrical activity in the absence of any
palpable pulses. These patients often have some
mechanical myocardial contractions, but these are
too weak to produce a detectable pulse or blood
pressure. PEA is often caused by reversible condi-
tions, and can be treated if those conditions are
identified and corrected (see below). Survival fol-
lowing cardiac arrest with asystole or PEA is unlikely
unless a reversible cause can be found and treated
effectively.

If the initial monitored rhythm is PEA or asys-
tole, start CPR 30:2 and give adrenaline 1 mg as
soon as intravascular access is achieved. If asystole
is displayed, check without stopping CPR that the
leads are attached correctly. Asystole is a condi-
tion that could be exacerbated or precipitated by
excessive vagal tone and, theoretically, this could
be reversed by a vagolytic drug; therefore, despite
the lack of evidence that routine atropine for asys-
tolic cardiac arrest increases survival, give atropine
3 mg (the dose that will provide maximum vagal
blockade) if there is asystole or the rhythm is slow
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spontaneous circulation is not recommended. Give
sodium bicarbonate (50 mmol) if cardiac arrest is
associated with hyperkalaemia or tricyclic antide-
pressant overdose; repeat the dose according to the
clinical condition and result of repeated blood gas
analysis. Some experts give bicarbonate if the arte-
rial pH is less than 7.1, but this is controversial.
During cardiac arrest, arterial blood gas values do
not reflect the acid—base state of the tissues96; the
tissue pH will be lower than that in arterial blood.
Mixed venous blood values give a more accurate
estimate of the pH in the tissues,96 but it is rare
for a pulmonary artery catheter to be in situ at the
time of cardiac arrest. If a central venous catheter
is in situ, central venous blood gas analysis will pro-
vide a closer estimate of tissue acid/base state than
that provided by arterial blood.

Persistent ventricular fibrillation

In VF persists, consider changing the position of
the paddles (Section 3). Review all potentially
reversible causes (see below) and treat any that
are identified.

The duration of any individual resuscitation
attempt is a matter of clinical judgement, taking
into consideration the circumstances and the per-
ceived prospect of a successful outcome. If it was
considered appropriate to start resuscitation, it is
usually considered worthwhile continuing as long as
the patient remains in VF/VT.
EA (rate <60 min ). Secure the airway as soon
s possible, to enable chest compressions to be
elivered without pausing during ventilation. After
min of CPR, recheck the rhythm. If no rhythm is
resent (asystole), or if there is no change in the
CG appearance, resume CPR immediately. If an
rganised rhythm is present, attempt to palpate a
ulse. If no pulse is present (or if there is any doubt
bout the presence of a pulse), continue CPR. If a
ulse is present, begin post-resuscitation care. If
igns of life return during CPR, check the rhythm
nd attempt to palpate a pulse.

Whenever a diagnosis of asystole is made, check
he ECG carefully for the presence of P waves,
ecause this may respond to cardiac pacing. There
s no benefit in attempting to pace true asystole.

If there is doubt about whether the rhythm is
systole or fine VF, do not attempt defibrillation;
nstead, continue chest compressions and ventila-
ion. Fine VF that is difficult to distinguish from
systole will not be shocked successfully into a per-
using rhythm. Continuing good-quality CPR may
mprove the amplitude and frequency of the VF and
mprove the chance of successful defibrillation to a
erfusing rhythm. Delivering repeated shocks in an
ttempt to defibrillate what is thought to be fine VF
ill increase myocardial injury, both directly from

he electricity and indirectly from the interruptions
n coronary blood flow.

During the treatment of asystole or PEA, if
he rhythm changes to VF, follow the left side of
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the algorithm. Otherwise, continue CPR and give
adrenaline every 3—5 min (every other loop of the
algorithm).

Potentially reversible causes

Potential causes or aggravating factors for which
specific treatment exists must be considered during
any cardiac arrest. For ease of memory, these are
divided into two groups of four based upon their
initial letter: either H or T. More details on many of
these conditions are covered in Section 7.

The four Hs

Minimise the risk of hypoxia by ensuring that the
patient’s lungs are ventilated adequately with 100%
oxygen. Make sure there is adequate chest rise
and bilateral breath sounds. Using the techniques
described in Section 4d, check carefully that the
tracheal tube is not misplaced in a bronchus or the
oesophagus.

Pulseless electrical activity caused by hypo-
volaemia is due usually to severe haemorrhage.
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In the absence of a specific history, the acci-
dental or deliberate ingestion of therapeutic or
toxic substances may be revealed only by labora-
tory investigations (Section 7b). Where available,
the appropriate antidotes should be used, but most
often treatment is supportive.

The commonest cause of thromboembolic or
mechanical circulatory obstruction is massive pul-
monary embolus. If cardiac arrest is thought to be
caused by pulmonary embolism, consider giving a
thrombolytic drug immediately (Section 4e).97

4d. Airway management and ventilation

Introduction

Patients requiring resuscitation often have an
obstructed airway, usually secondary to loss of con-
sciousness, but occasionally it may be the primary
cause of cardiorespiratory arrest. Prompt assess-
ment, with control of the airway and ventilation of
the lungs, is essential. This will help to prevent sec-
ondary hypoxic damage to the brain and other vital
organs. Without adequate oxygenation it may be
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his may be precipitated by trauma (Section 7i),
astrointestinal bleeding or rupture of an aortic
neurysm. Intravascular volume should be restored
apidly with fluid, coupled with urgent surgery to
top the haemorrhage.

Hyperkalaemia, hypokalaemia, hypocalcaemia,
cidaemia and other metabolic disorders are
etected by biochemical tests or suggested by the
atient’s medical history, e.g. renal failure (Sec-
ion 7a). A 12-lead ECG may be diagnostic. Intra-
enous calcium chloride is indicated in the pres-
nce of hyperkalaemia, hypocalcaemia and calcium
hannel-blocker overdose.

Suspect hypothermia in any drowning incident
Sections 7c and d); use a low-reading thermome-
er.

he four Ts

tension pneumothorax may be the primary cause
f PEA and may follow attempts at central venous
atheter insertion. The diagnosis is made clinically.
ecompress rapidly by needle thoracocentesis, and
hen insert a chest drain.

Cardiac tamponade is difficult to diagnose
ecause the typical signs of distended neck veins
nd hypotension are usually obscured by the
rrest itself. Cardiac arrest after penetrating chest
rauma is highly suggestive of tamponade and is an
ndication for needle pericardiocentesis or resusci-
ative thoracotomy (see Section 7i).
mpossible to restore a spontaneous cardiac output.
hese principles may not apply to the witnessed pri-
ary cardiac arrest in the vicinity of a defibrillator;

n this case, the priority is immediate attempted
efibrillation.

irway obstruction

auses of airway obstruction

bstruction of the airway may be partial or com-
lete. It may occur at any level, from the nose
nd mouth down to the trachea (Figure 4.3). In
he unconscious patient, the commonest site of
irway obstruction is at the level of the pharynx.
ntil recently this obstruction had been attributed
o posterior displacement of the tongue caused by
ecreased muscle tone; with the tongue ultimately
ouching the posterior pharyngeal wall. The pre-
ise cause of airway obstruction in the unconscious
tate has been identified by studying patients under
eneral anaesthesia.98,99 These studies of anaes-
hetised patients have shown that the site of air-
ay obstruction is at the soft palate and epiglottis
nd not the tongue. Obstruction may be caused
lso by vomit or blood (regurgitation of gastric
ontents or trauma), or by foreign bodies. Laryn-
eal obstruction may be caused by oedema from
urns, inflammation or anaphylaxis. Upper airway
timulation may cause laryngeal spasm. Obstruc-
ion of the airway below the larynx is less com-
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Figure 4.3 Causes of airway obstruction.

mon, but may arise from excessive bronchial secre-
tions, mucosal oedema, bronchospasm, pulmonary
oedema or aspiration of gastric contents.

Recognition of airway obstruction

Airway obstruction can be subtle and is often missed
by healthcare professionals, let alone by lay peo-
ple. The ‘look, listen and feel’ approach is a simple,
systematic method of detecting airway obstruction.

• Look for chest and abdominal movements.
• Listen and feel for airflow at the mouth and nose.

In partial airway obstruction, air entry is dimin-
ished and usually noisy. Inspiratory stridor is caused
by obstruction at the laryngeal level or above. Expi-
ratory wheeze implies obstruction of the lower air-
ways, which tend to collapse and obstruct during
expiration. Other characteristic sounds include the
following:

• Gurgling is caused by liquid or semisolid foreign
material in the main airways.

• Snoring arises when the pharynx is partially
occluded by the soft palate or epiglottis.

• Crowing is the sound of laryngeal spasm.

In a patient who is making respiratory efforts,
complete airway obstruction causes paradoxical
chest and abdominal movement, often described
as ‘see-saw breathing’. As the patient attempts to
breathe in, the chest is drawn in and the abdomen
expands; the opposite occurs during expiration.
This is in contrast to the normal breathing pattern
of synchronous movement upwards and outwards
of the abdomen (pushed down by the diaphragm)
with the lifting of the chest wall. During airway
obstruction, other accessory muscles of respiration
are used, with the neck and the shoulder mus-
cles contracting to assist movement of the tho-
racic cage. Full examination of the neck, chest and
abdomen is required to differentiate the paradox-
ical movements that may mimic normal respira-
tion. The examination must include listening for
the absence of breath sounds in order to diagnose
complete airway obstruction reliably; any noisy
breathing indicates partial airway obstruction. Dur-
ing apnoea, when spontaneous breathing move-
ments are absent, complete airway obstruction is
recognised by failure to inflate the lungs during
attempted positive pressure ventilation. Unless air-
way patency can be re-established to enable ade-
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uate lung ventilation within a period of a very few
inutes, neurological and other vital organ injury
ay occur, leading to cardiac arrest.

asic airway management

nce any degree of obstruction is recognised,
mmediate measures must be taken to create and
aintain a clear airway. There are three manoeu-

res that may improve the patency of an airway
bstructed by the tongue or other upper airway
tructures: head tilt, chin lift, and jaw thrust.

ead tilt and chin lift

he rescuer’s hand is placed on the patient’s fore-
ead and the head gently tilted back; the fingertips
f the other hand are placed under the point of the
atient’s chin, which is gently lifted to stretch the
nterior neck structures (Figure 4.4).100—105

aw thrust

aw thrust is an alternative manoeuvre for bringing
he mandible forward and relieving obstruction by
he soft palate and epiglottis. The rescuer’s index
nd other fingers are placed behind the angle of
he mandible, and pressure is applied upwards and
orwards. Using the thumbs, the mouth is opened
lightly by downward displacement of the chin
Figure 4.5).
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Figure 4.4 Head tilt and chin lift. © 2005 European
Resuscitation Council.

These simple positional methods are successful
in most cases where airway obstruction results from
relaxation of the soft tissues. If a clear airway can-
not be achieved, look for other causes of airway
obstruction. Use a finger sweep to remove any solid
foreign body seen in the mouth. Remove broken or
displaced dentures, but leave well-fitting dentures
as they help to maintain the contours of the mouth,
facilitating a good seal for ventilation.

Airway management in patients with suspected
cervical spine injury

If spinal injury is suspected (e.g., if the victim has
fallen, been struck on the head or neck, or has been
rescued after diving into shallow water), maintain
the head, neck, chest and lumbar region in the neu-
tral position during resuscitation. Excessive head
tilt could aggravate the injury and damage the cer-
vical spinal cord106—110; however, this complication
has not been documented and the relative risk is
unknown. When there is a risk of cervical spine
injury, establish a clear upper airway by using jaw
thrust or chin lift in combination with manual in-
line stabilisation (MILS) of the head and neck by an
assistant.111,112 If life-threatening airway obstruc-
tion persists despite effective application of jaw
thrust or chin lift, add head tilt a small amount
at a time until the airway is open; establishing a
patent airway takes priority over concerns about a
potential cervical spine injury.

Adjuncts to basic airway techniques

Simple airway adjuncts are often helpful, and
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Figure 4.5 Jaw thrust. © 200
ometimes essential, to maintain an open airway,
articularly when resuscitation is prolonged. The
osition of the head and neck must be maintained
o keep the airway aligned. Oropharyngeal and
asopharyngeal airways overcome backward dis-
lacement of the soft palate and tongue in an
nconscious patient, but head tilt and jaw thrust
ay also be required.

ropharyngeal airways. Oropharyngeal airways
re available in sizes suitable for the newborn
o large adults. An estimate of the size required
s obtained by selecting an airway with a length
orresponding to the vertical distance between

ropean Resuscitation Council.
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Figure 4.6 Insertion of oropharyngeal airway. © 2005 European Resuscitation Council.

the patient’s incisors and the angle of the jaw
(Figure 4.6). The most common sizes are 2, 3 and 4
for small, medium and large adults, respectively.

If the glossopharyngeal and laryngeal reflexes
are present, vomiting or laryngospasm may be
caused by inserting an oropharyngeal airway; thus,
insertion should be attempted only in comatose
patients. The oropharyngeal airway can become
obstructed at three possible sites:113 part of the
tongue can occlude the end of the airway; the air-
way can lodge in the vallecula; and the airway can
be obstructed by the epiglottis.

Nasopharyngeal airways. In patients who are not
deeply unconscious, a nasopharyngeal airway is
tolerated better than an oropharyngeal airway.
The nasopharyngeal airway may be life saving in
patients with clenched jaws, trismus or maxillofa-
cial injuries, when insertion of an oral airway is
impossible. Inadvertent insertion of a nasopharyn-
geal airway through a fracture of the skull base
and into the cranial vault is possible, but extremely
rare.114,115 In the presence of a known or suspected
basal skull fracture an oral airway is preferred but,
if this is not possible and the airway is obstructed,

Oxygen

Give oxygen whenever it is available. A stan-
dard oxygen mask will deliver up to 50% oxy-
gen concentration, providing the flow of oxygen
is high enough. A mask with a reservoir bag (non-
rebreathing mask), can deliver an inspired oxygen
concentration of 85% at flows of 10—15 l min−1. Ini-
tially, give the highest possible oxygen concentra-
tion, which can then be titrated to the oxygen sat-
uration by pulse oximeter (SpO2) or arterial blood
gases.

Suction

Use a wide-bore rigid sucker (Yankauer) to remove
liquid (blood, saliva and gastric contents) from
the upper airway. Use the sucker cautiously if the
patient has an intact gag reflex; the sucker can pro-
voke vomiting.

Ventilation

Provide artificial ventilation as soon as possible
for any patient in whom spontaneous ventilation
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gentle insertion of a nasopharyngeal airway may be
life saving (i.e., the benefits may far outweigh the
risks).

The tubes are sized in millimetres according to
their internal diameter, and the length increases
with diameter. The traditional methods of siz-
ing a nasopharyngeal airway (measurement against
the patient’s little finger or anterior nares) do
not correlate with the airway anatomy and are
unreliable.116 Sizes of 6—7 mm are suitable for
adults. Insertion can cause damage to the mucosal
lining of the nasal airway, with bleeding in up to
30% of cases.117 If the tube is too long it may stim-
ulate the laryngeal or glossopharyngeal reflexes to
produce laryngospasm or vomiting.
s inadequate or absent. Expired air ventilation
rescue breathing) is effective, but the rescuer’s
xpired oxygen concentration is only 16—17%, so
t must be replaced as soon as possible by venti-
ation with oxygen-enriched air. Although mouth-
o-mouth ventilation has the benefit of not requir-
ng any equipment, the technique is aestheti-
ally unpleasant, particularly when vomit or blood
s present, and rescuers may be reluctant to
lace themselves in intimate contact with a vic-
im who may be unknown to them.118—121 There
re only isolated reports of individuals acquiring
nfections after providing CPR, e.g. tuberculosis122

nd severe acute respiratory distress syndrome
SARS).123 Transmission of human immunodefi-



European Resuscitation Council Guidelines for Resuscitation 2005 S53

Figure 4.7 Mouth-to-mask ventilation. © 2005 Euro-
pean Resuscitation Council.

ciency virus (HIV) during provision of CPR has
never been reported. Simple adjuncts are avail-
able to enable direct person-to-person contact to
be avoided; some of these devices may reduce the
risk of cross-infection between patient and res-
cuer, although they are unlikely to offer significant
protection from SARS.123 The pocket resuscitation
mask is used widely. It is similar to an anaesthetic
facemask, and enables mouth-to-mask ventilation.
It has a unidirectional valve, which directs the
patient’s expired air away from the rescuer. The
mask is transparent so that vomit or blood from the
patient can be seen. Some masks have a connec-
tor for the addition of oxygen. When using masks
without a connector, supplemental oxygen can be
given by placing the tubing underneath one side and
ensuring an adequate seal. Use a two-hand tech-
nique to maximise the seal with the patient’s face
(Figure 4.7).

High airway pressures can be generated if the
tidal volumes or inspiratory flows are excessive,
predisposing to gastric inflation and subsequent risk
of regurgitation and pulmonary aspiration. The pos-
sibility of gastric inflation is increased by

• malalignment of the head and neck, and an

•

•
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an adequate volume, minimising the risk of gas-
tric inflation, and allowing adequate time for chest
compressions. During CPR with an unprotected air-
way, give two ventilations after each sequence of
30 chest compressions.

Self-inflating bag

The self-inflating bag can be connected to a face-
mask, tracheal tube or alternative airway device
such as the LMA or Combitube. Without supple-
mental oxygen, the self-inflating bag ventilates
the patient’s lungs with ambient air (21% oxygen).
This can be increased to about 45% by attaching
oxygen directly to the bag. If a reservoir system
is attached and the oxygen flow is increased to
approximately 10 l min−1, an inspired oxygen con-
centration of approximately 85% can be achieved.

Although the bag-mask device enables ventila-
tion with high concentrations of oxygen, its use by a
single person requires considerable skill. When used
with a face mask, it is often difficult to achieve a
gas-tight seal between the mask and the patient’s
face, and to maintain a patent airway with one hand
while squeezing the bag with the other.124 Any sig-
nificant leak will cause hypoventilation and, if the
airway is not patent, gas may be forced into the
stomach.125,126 This will reduce ventilation further
and greatly increase the risk of regurgitation and
aspiration.127 Cricoid pressure can reduce this risk
but requires the presence of a trained assistant.
Poorly applied cricoid pressure may make it more
difficult to ventilate the patient’s lungs.128

The two-person technique for bag-mask venti-
lation is preferable (Figure 4.8). One person holds
the facemask in place using a jaw thrust with both

Figure 4.8 The two-person technique for bag-mask ven-
tilation. © 2005 European Resuscitation Council.
obstructed airway
an incompetent oesophageal sphincter (present
in all patients with cardiac arrest)
a high inflation pressure

Conversely, if inspiratory flow is too low, inspi-
atory time will be prolonged and the time avail-
ble to give chest compressions is reduced. Deliver
ach breath over approximately 1 s and transfer
volume that corresponds to normal chest move-
ent; this represents a compromise between giving
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hands, and an assistant squeezes the bag. In this
way, a better seal can be achieved and the patient’s
lungs can be ventilated more effectively and safely.

Once a tracheal tube, Combitube or supraglottic
airway device has been inserted, ventilate the lungs
at a rate of 10 breaths min−1 and continue chest
compressions without pausing during ventilations.
The seal of the LMA around the larynx is unlikely
to be good enough to prevent at least some gas
leaking when inspiration coincides with chest com-
pressions. Moderate gas leakage is acceptable, par-
ticularly as most of this gas will pass up through the
patient’s mouth; if excessive gas leakage results in
inadequate ventilation of the patient’s lungs, chest
compressions will have to be interrupted to enable
ventilation, using a compression—ventilation ratio
of 30:2.

Automatic ventilators

Very few studies address specific aspects of ventila-
tion during advanced life support. There are some
data indicating that the ventilation rates delivered
by healthcare personnel during cardiac arrest are
excessive.61,129 Automatic ventilators or resuscita-

A manikin study of simulated cardiac arrest and
a study involving fire-fighters ventilating the lungs
of anaesthetised patients both showed a signifi-
cant decrease in gastric inflation with manually-
triggered flow-limited oxygen-powered resuscita-
tors and mask compared with a bag-mask.130,131

However, the effect of automatic resuscitators on
gastric inflation in humans in cardiac arrest has not
been studied, and there are no data demonstrating
clear benefit over bag-valve-mask devices.

Alternative airway devices

The tracheal tube has generally been considered
the optimal method of managing the airway dur-
ing cardiac arrest. There is evidence that, without
adequate training and experience, the incidence of
complications, such as unrecognised oesophageal
intubation (6—14% in some studies)132—135 and
dislodgement, is unacceptably high.136 Prolonged
attempts at tracheal intubation are harmful; the
cessation of chest compressions during this time
will compromise coronary and cerebral perfusion.
Several alternative airway devices have been con-
sidered for airway management during CPR. The
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tors provide a constant flow of gas to the patient
during inspiration; the volume delivered is depen-
dent on the inspiratory time (a longer time provides
a greater tidal volume). Because pressure in the air-
way rises during inspiration, these devices are often
pressure limited to protect the lungs against baro-
trauma. An automatic ventilator can be used with
either a facemask or other airway device (e.g., tra-
cheal tube, LMA).

An automatic resuscitator should be set ini-
tially to deliver a tidal volume of 6—7 ml kg−1 at
10 breaths min−1. Some ventilators have coordi-
nated markings on the controls to facilitate easy
and rapid adjustment for patients of different sizes,
and others are capable of sophisticated variation in
respiratory pattern. In the presence of a sponta-
neous circulation, the correct setting will be deter-
mined by analysis of the patient’s arterial blood
gases.

Automatic resuscitators provide many advan-
tages over alternative methods of ventilation.

• In unintubated patients, the rescuer has both
hands free for mask and airway alignment.

• Cricoid pressure can be applied with one hand
while the other seals the mask on the face.

• In intubated patients they free the rescuer for
other tasks.

• Once set, they provide a constant tidal volume,
respiratory rate and minute ventilation; thus,
they may help to avoid excessive ventilation.
ombitube, the LMA, and the Laryngeal Tube
LT) are the only alternative devices to be stud-
ed during CPR, but none of these studies have
een powered adequately to enable survival to
e studied as a primary endpoint; instead, most
esearchers have studied insertion and ventilation
uccess rates. There are no data supporting the
outine use of any specific approach to airway
anagement during cardiac arrest. The best tech-

ique is dependent on the precise circumstances
f the cardiac arrest and the competence of the
escuer.

aryngeal mask airway (LMA)

he laryngeal mask airway comprises a wide-bore
ube with an elliptical inflated cuff designed to seal
round the laryngeal opening (Figure 4.9). It is eas-
er to insert than a tracheal tube.137—143 The LMA
as been studied during CPR, but none of these
tudies has compared it directly with the tracheal
ube. During CPR, successful ventilation is achieved
ith the LMA in 72—98% of cases.144—150

Ventilation using the LMA is more efficient and
asier than with a bag-mask.124 When an LMA can be
nserted without delay it is preferable to avoid bag-
ask ventilation altogether. When used for inter-
ittent positive pressure ventilation, provided high

nflation pressures (>20 cm H2O) are avoided, gas-
ric inflation can be minimised. In comparison with
ag-mask ventilation, use of a self-inflating bag and
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Figure 4.9 Insertion of a laryngeal mask airway. © 2005 European Resuscitation Council.

LMA during cardiac arrest reduces the incidence of
regurgitation.127

In comparison with tracheal intubation, the per-
ceived disadvantages of the LMA are the increased
risk of aspiration and inability to provide adequate
ventilation in patients with low lung and/or chest-
wall compliance. There are no data demonstrating
whether or not it is possible to provide adequate
ventilation via an LMA without interruption of chest
compressions. The ability to ventilate the lungs
adequately while continuing to compress the chest

may be one of the main benefits of a tracheal tube.
There are remarkably few cases of pulmonary aspi-
ration reported in the studies of the LMA during
CPR.

The Combitube

The Combitube is a double-lumen tube intro-
duced blindly over the tongue, and provides a
route for ventilation whether the tube has passed
into the oesophagus (Figure 4.10a) or the tra-

F . (b
R

igure 4.10 (a) Combitube in the oesophageal position
esuscitation Council.
) Combitube in the tracheal position. © 2005 European
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chea (Figure 4.10b). There are many studies of
the Combitube in CPR and successful ventilation
was achieved in 79—98% of patients.146,151—157 All
except one151 of these studies involved out-of-
hospital cardiac arrest, which reflects the infre-
quency with which the Combitube is used in hospi-
tals. On the basis of these studies, the Combitube
appears as safe and effective as tracheal intubation
for airway management during cardiac arrest; how-
ever, there are inadequate survival data to be able
to comment with certainty on the impact on out-
come. It is possible to attempt to ventilate the lungs
through the wrong port of the Combitube (2.2% in
one study)152: This is equivalent to unrecognised
oesophageal intubation with a standard tracheal
tube.

Other airway devices

Laryngeal Tube. The LT is a relatively new air-
way device; its function in anaesthetised patients
has been reported in several studies. The per-
formance of the LT is favourable in comparison
with the classic LMA and LMA,158,159 and success-
ful insertion rates have been reported even in

version appeared to function slightly better.167 The
pharyngeal airway express (PAX) also performed
poorly in one study of anaesthetised patients.168

There are no data on the use of either of these
devices during CPR.

Intubating LMA. The intubating LMA (ILMA) is
valuable for managing the difficult airway during
anaesthesia, but it has not been studied during
CPR. Although it is relatively easy to insert the
ILMA,169,170 reliable, blind insertion of a tracheal
tube requires considerable training171 and, for this
reason, it is not an ideal technique for the inexpe-
rienced provider.

Tracheal intubation

There is insufficient evidence to support or refute
the use of any specific technique to maintain an
airway and provide ventilation in adults with car-
diopulmonary arrest. Despite this, tracheal intuba-
tion is perceived as the optimal method of providing
and maintaining a clear and secure airway. It should
be used only when trained personnel are available
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studies of paramedics.160 There are sporadic case
reports relating to use of the laryngeal tube during
CPR.161,162 In a recent study, the LT was placed in
30 patients in cardiac arrest out of hospital by mini-
mally trained nurses.163 LT insertion was successful
within two attempts in 90% of patients, and ventila-
tion was adequate in 80% of cases. No regurgitation
occurred in any patient.

ProSeal LMA. The ProSeal LMA has been studied
extensively in anaesthetised patients, but there are
no studies of its function and performance during
CPR. It has several attributes that, in theory, make
it more suitable than the classic LMA for use dur-
ing CPR: improved seal with the larynx enabling
ventilation at higher airway pressures,164,165 the
inclusion of a gastric drain tube enabling venting of
liquid regurgitated gastric contents from the upper
oesophagus and passage of a gastric tube to drain
liquid gastric contents, and the inclusion of a bite
block. The Proseal LMA has potential weaknesses as
an airway device for CPR: it is slightly more difficult
to insert than a classic LMA, it is not available in dis-
posable form and is relatively expensive, and solid
regurgitated gastric contents will block the gastric
drainage tube. Data are awaited on its performance
during CPR.

Airway management device. In anaesthetised
patients, the airway management device (AMD)
performed poorly in one study,166 but a modified
o carry out the procedure with a high level of skill
nd confidence. The only randomised controlled
rial comparing tracheal intubation with bag-mask
entilation was undertaken in children requir-
ng airway management out-of-hospital.172 In this
nvestigation there was no difference in survival to
ischarge, but it is unclear how applicable this pae-
iatric study is to adult resuscitation. Two reports
ompared outcomes from out-of-hospital cardiac
rrest in adults when treated by either emer-
ency medical technicians or paramedics.173,174

he skills provided by the paramedics, including
ntubation and intravenous cannulation and drug
dministration,174 made no difference to survival
o hospital discharge.

The perceived advantages of tracheal intubation
ver bag-mask ventilation include: maintenance of
patent airway, which is protected from aspiration
f gastric contents or blood from the oropharynx;
bility to provide an adequate tidal volume reliably
ven when chest compressions are uninterrupted;
he potential to free the rescuer’s hands for other
asks; the ability to suction airway secretions; and
he provision of a route for giving drugs. Use of the
ag-mask is more likely to cause gastric distension
hich, theoretically, is more likely to cause regur-
itation with risk of aspiration. However, there are
o reliable data to indicate that the incidence of
spiration is any more in cardiac arrest patients
entilated with bag-mask versus those that are ven-
ilated via tracheal tube.
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The perceived disadvantages of tracheal intu-
bation over bag-mask ventilation include: the risk
of an unrecognised misplaced tracheal tube, which
in patients with out-of-hospital cardiac arrest in
some studies ranges from 6%132—134 to 14%135; a
prolonged period without chest compressions while
intubation is attempted; and a comparatively high
failure rate. Intubation success rates correlate with
the intubation experience attained by individual
paramedics.175 Rates for failure to intubate are
as high as 50% in prehospital systems with a low
patient volume and providers who do not perform
intubation frequently.134 The cost of training pre-
hospital staff to undertake intubation should also
be considered. Healthcare personnel who under-
take prehospital intubation should do so only within
a structured, monitored programme, which should
include comprehensive competency-based training
and regular opportunities to refresh skills.

In some cases, laryngoscopy and attempted
intubation may prove impossible or cause life-
threatening deterioration in the patient’s condi-
tion. Such circumstances include acute epiglot-
tal conditions, pharyngeal pathology, head injury
(where straining may occur further rise in intracra-
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niques to confirm correct placement of the tra-
cheal tube should reduce this risk. Primary assess-
ment includes observation of chest expansion bilat-
erally, auscultation over the lung fields bilater-
ally in the axillae (breath sounds should be equal
and adequate) and over the epigastrium (breath
sounds should not be heard). Clinical signs of cor-
rect tube placement (condensation in the tube,
chest rise, breath sounds on auscultation of lungs,
and inability to hear gas entering the stomach) are
not completely reliable. Secondary confirmation of
tracheal tube placement by an exhaled carbon diox-
ide or oesophageal detection device should reduce
the risk of unrecognised oesophageal intubation. If
there is doubt about correct tube placement, use
the laryngoscope and look directly to see if the tube
passes through the vocal cords.

None of the secondary confirmation techniques
will differentiate between a tube placed in a main
bronchus and one placed correctly in the trachea.
There are inadequate data to identify the optimal
method of confirming tube placement during car-
diac arrest, and all devices should be considered
as adjuncts to other confirmatory techniques.176

There are no data quantifying their ability to mon-
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ial pressure) or cervical spine injury. In these
ircumstances, specialist skills such as the use of
naesthetic drugs or fibreoptic laryngoscopy may
e required. These techniques require a high level
f skill and training.

Rescuers must weigh the risks and benefits of
ntubation against the need to provide effective
hest compressions. The intubation attempt will
equire interruption of chest compressions but,
nce an advanced airway is in place, ventilation
ill not require interruption of chest compressions.
ersonnel skilled in advanced airway management
hould be able to undertake laryngoscopy with-
ut stopping chest compressions; a brief pause in
hest compressions will be required only as the
ube is passed through the vocal cords. Alterna-
ively, to avoid any interruptions in chest compres-
ions, the intubation attempt may be deferred until
eturn of spontaneous circulation. No intubation
ttempt should take longer than 30 s; if intubation
as not been achieved after this time, recommence
ag-mask ventilation. After intubation, tube place-
ent must be confirmed and the tube secured ade-
uately.

onfirmation of correct placement of the
racheal tube

nrecognised oesophageal intubation is the most
erious complication of attempted tracheal intuba-
ion. Routine use of primary and secondary tech-
tor tube position after initial placement.
The oesophageal detector device creates a suc-

ion force at the tracheal end of the tracheal
ube, either by pulling back the plunger on a large
yringe or releasing a compressed flexible bulb. Air
s aspirated easily from the lower airways through

tracheal tube placed in the cartilage-supported
igid trachea. When the tube is in the oesopha-
us, air cannot be aspirated because the oesoph-
gus collapses when aspiration is attempted. The
esophageal detector device is generally reliable in
atients with both a perfusing and a non-perfusing
hythm, but it may be misleading in patients with
orbid obesity, late pregnancy or severe asthma

r when there are copious tracheal secretions; in
hese conditions the trachea may collapse when
spiration is attempted.133,177—180

Carbon dioxide detector devices measure the
oncentration of exhaled carbon dioxide from the
ungs. The persistence of exhaled carbon dioxide
fter six ventilations indicates placement of the
racheal tube in the trachea or a main bronchus.181

onfirmation of correct placement above the carina
ill require auscultation of the chest bilaterally in

he mid-axillary lines. In patients with a sponta-
eous circulation, a lack of exhaled carbon dioxide
ndicates that the tube is in the oesophagus. Dur-
ng cardiac arrest, pulmonary blood flow may be so
ow that there is insufficient exhaled carbon diox-
de, so the detector does not identify a correctly
laced tracheal tube. When exhaled carbon dioxide
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is detected in cardiac arrest, it indicates reliably
that the tube is in the trachea or main bronchus but,
when it is absent, tracheal tube placement is best
confirmed with an oesophageal detector device. A
variety of electronic as well as simple, inexpensive,
colorimetric carbon dioxide detectors are available
for both in-hospital and out-of-hospital use.

Cricoid pressure

During bag-mask ventilation and attempted intuba-
tion, cricoid pressure applied by a trained assis-
tant should prevent passive regurgitation of gas-
tric contents and the consequent risk of pulmonary
aspiration. If the technique is applied imprecisely
or with excessive force, ventilation and intubation
can be made more difficult.128 If ventilation of the
patient’s lungs is not possible, reduce the pressure
applied to the cricoid cartilage or remove it com-
pletely. If the patient vomits, release the cricoid
immediately.

Securing the tracheal tube

4e. Assisting the circulation

Drugs and fluids for cardiac arrest

This topic is divided into: drugs used during the
management of a cardiac arrest; anti-arrhythmic
drugs used in the peri-arrest period; other drugs
used in the peri-arrest period; fluids; and routes
for drug delivery. Every effort has been made to
provide accurate information on the drugs in these
guidelines, but literature from the relevant phar-
maceutical companies will provide the most up-to-
date data.

Drugs used during the treatment of cardiac
arrest

Only a few drugs are indicated during the imme-
diate management of a cardiac arrest, and there
is limited scientific evidence supporting their use.
Drugs should be considered only after initial shocks
have been delivered (if indicated) and chest com-
pressions and ventilation have been started.

There are three groups of drugs relevant to the
management of cardiac arrest that were reviewed
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Accidental dislodgement of a tracheal tube can
occur at any time, but may be more likely during
resuscitation and during transport. The most effec-
tive method for securing the tracheal tube has yet
to be determined; use either conventional tapes or
ties, or purpose-made tracheal tube holders.

Cricothyroidotomy

Occasionally, it will be impossible to ventilate an
apnoeic patient with a bag-mask, or to pass a tra-
cheal tube or alternative airway device. This may
occur in patients with extensive facial trauma or
laryngeal obstruction due to oedema or foreign
material. In these circumstances, delivery of oxy-
gen through a needle or surgical cricothyroidotomy
may be life-saving. A tracheostomy is contraindi-
cated in an emergency, as it is time consuming,
hazardous and requires considerable surgical skill
and equipment.

Surgical cricothyroidotomy provides a defini-
tive airway that can be used to ventilate the
patient’s lungs until semi-elective intubation or tra-
cheostomy is performed. Needle cricothyroidotomy
is a much more temporary procedure providing
only short-term oxygenation. It requires a wide-
bore, non-kinking cannula, a high-pressure oxygen
source, runs the risk of barotrauma and can be par-
ticularly ineffective in patients with chest trauma.
It is also prone to failure because of kinking of the
cannula, and is unsuitable for patient transfer.
uring the 2005 Consensus Conference: vasopres-
ors, anti-arrhythmics and other drugs. Routes of
rug delivery other than the optimal intravenous
oute were also reviewed and are discussed.

asopressors

here are currently no placebo-controlled studies
howing that the routine use of any vasopressor at
ny stage during human cardiac arrest increases
urvival to hospital discharge. The primary goal
f cardiopulmonary resuscitation is to re-establish
lood flow to vital organs until the restoration of
pontaneous circulation. Despite the lack of data
rom cardiac arrest in humans, vasopressors con-
inue to be recommended as a means of increasing
erebral and coronary perfusion during CPR.

drenaline (epinephrine) versus vasopressin.
drenaline has been the primary sympathomimetic
gent for the management of cardiac arrest for
0 years.182 Its primary efficacy is due to its
lpha-adrenergic, vasoconstrictive effects caus-
ng systemic vasoconstriction, which increases
oronary and cerebral perfusion pressures. The
eta-adrenergic actions of adrenaline (inotropic,
hronotropic) may increase coronary and cerebral
lood flow, but concomitant increases in myocar-
ial oxygen consumption, ectopic ventricular
rrhythmias (particularly when the myocardium
s acidotic) and transient hypoxaemia due to
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pulmonary arteriovenous shunting may offset these
benefits.

The potentially deleterious beta-effects of
adrenaline have led to exploration of alternative
vasopressors. Vasopressin is a naturally occurring
antidiuretic hormone. In very high doses it is a
powerful vasoconstrictor that acts by stimulation
of smooth muscle V1 receptors. The importance of
vasopressin in cardiac arrest was first recognised in
studies of out-of-hospital cardiac arrest patients,
where vasopressin levels were found to be higher in
successfully resuscitated patients.183,184 Although
clinical185,186 and animal187—189 studies demon-
strated improved haemodynamic variables when
using vasopressin as an alternative to adrenaline
during resuscitation from cardiac arrest, some,186

but not all, demonstrated improved survival.190,191

The first clinical use of vasopressin during car-
diac arrest was reported in 1996 and appeared
promising. In a study of cardiac arrest patients
refractory to standard therapy with adrenaline,
vasopressin restored a spontaneous circulation in
all eight patients, three of whom were discharged
neurologically intact.186 The following year, the
same group published a small randomised trial
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cant difference in the rate of death before hospital
discharge.195

Participants at the 2005 Consensus Conference
debated in depth the treatment recommendations
that should follow from this evidence. Despite the
absence of placebo-controlled trials, adrenaline
has been the standard vasopressor in cardiac arrest.
It was agreed that there is currently insufficient
evidence to support or refute the use of vaso-
pressin as an alternative to, or in combination with,
adrenaline in any cardiac arrest rhythm. Current
practice still supports adrenaline as the primary
vasopressor for the treatment of cardiac arrest of
all rhythms.

Adrenaline
Indications

• Adrenaline is the first drug used in cardiac arrest
of any aetiology: it is included in the ALS algo-
rithm for use every 3—5 min of CPR.

• Adrenaline is preferred in the treatment of ana-
phylaxis (Section 7g).

• Adrenaline is second-line treatment for cardio-
genic shock.
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f out-of-hospital ventricular fibrillation, in which
he rates of successful resuscitation and sur-
ival for 24 h were significantly higher in patients
reated with vasopressin than in those treated with
drenaline.192 Following these two studies, the
merican Heart Association (AHA) recommended
hat vasopressin could be used as an alternative
o adrenaline for the treatment of adult shock-
efractory VF.182 The success of these small stud-
es led to two large randomised studies compar-
ng vasopressin with adrenaline for in-hospital193

nd out-of-hospital194 cardiac arrest. Both stud-
es randomised patients to receive vasopressin or
drenaline initially, and used adrenaline as a res-
ue treatment in patients refractory to the initial
rug. Both studies were unable to demonstrate an
verall increase in the rates of ROSC or survival
or vasopressin 40 U,193 with the dose repeated
n one study,194 when compared with adrenaline
1 mg, repeated), as the initial vasopressor. In the
arge out-of-hospital cardiac arrest study,194 post-
oc analysis suggested that the subset of patients
ith asystole had significant improvement in sur-
ival to discharge, but survival neurologically intact
as no different.
A recent meta-analysis of five randomised

rials195 showed no statistically significant differ-
nce between vasopressin and adrenaline for ROSC,
eath within 24 h or death before hospital dis-
harge. The subgroup analysis based on initial car-
iac rhythm did not show any statistically signifi-
Dose. During cardiac arrest, the initial intra-
enous dose of adrenaline is 1 mg. When intravascu-
ar (intravenous or intra-osseous) access is delayed
r cannot be achieved, give 2—3 mg, diluted to
0 ml with sterile water, via the tracheal tube.
bsorption via the tracheal route is highly variable.

There is no evidence supporting the use of higher
oses of adrenaline for patients in refractory car-
iac arrest. In some cases, an adrenaline infusion is
equired in the post-resuscitation period.

Following return of spontaneous circulation,
xcessive (≥1 mg) doses of adrenaline may induce
achycardia, myocardial ischaemia, VT and VF.
nce a perfusing rhythm is established, if further
drenaline is deemed necessary, titrate the dose
arefully to achieve an appropriate blood pressure.
ntravenous doses of 50—100 mcg are usually suffi-
ient for most hypotensive patients. Use adrenaline
autiously in patients with cardiac arrest associated
ith cocaine or other sympathomimetic drugs.

Use. Adrenaline is available most commonly in
wo dilutions:

1 in 10,000 (10 ml of this solution contains 1 mg
of adrenaline)
1 in 1000 (1 ml of this solution contains 1 mg of
adrenaline)

oth these dilutions are used routinely in European
ountries.
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Various other pressor drugs (e.g.,
noradrenaline)196 have been used experimen-
tally as an alternative to adrenaline for the
treatment of cardiac arrest.

Anti-arrhythmics

As with vasopressors, the evidence that anti-
arrhythmic drugs are of benefit in cardiac arrest
is limited. No anti-arrhythmic drug given during
human cardiac arrest has been shown to increase
survival to hospital discharge, although amiodarone
has been shown to increase survival to hospital
admission.89,90 Despite the lack of human long-term
outcome data, the balance of evidence is in favour
of the use anti-arrhythmic drugs for the manage-
ment of arrhythmias in cardiac arrest.

Amiodarone. Amiodarone is a membrane-
stabilising anti-arrhythmic drug that increases the
duration of the action potential and refractory
period in atrial and ventricular myocardium. Atri-
oventricular conduction is slowed, and a similar
effect is seen with accessory pathways. Amiodarone
has a mild negative inotropic action and causes
peripheral vasodilation through non-competitive

volume of 20 ml (or from a pre-filled syringe), if
VF/VT persists after the third shock. Amiodarone
can cause thrombophlebitis when injected into a
peripheral vein; use a central venous catheter if
one is in situ but,if not, use a large peripheral vein
and a generous flush. Details about the use of amio-
darone for the treatment of other arrhythmias are
given in Section 4f.

Clinical aspects of use. Amiodarone may para-
doxically be arrhythmogenic, especially if given
concurrently with drugs that prolong the QT
interval. However, it has a lower incidence of
pro-arrhythmic effects than other anti-arrhythmic
drugs under similar circumstances. The major acute
adverse effects from amiodarone are hypotension
and bradycardia, which can be prevented by slow-
ing the rate of drug infusion, or can be treated with
fluids and/or inotropic drugs. The side effects asso-
ciated with prolonged oral use (abnormalities of
thyroid function, corneal microdeposits, peripheral
neuropathy, and pulmonary/hepatic infiltrates) are
not relevant in the acute setting.

Lidocaine. Until the publication of the 2000 ILCOR
g
o
h
i
u
h
a

a
m
a
s
s
t
t
e
w
i
o
fi
f

n
t
d
t
i
L
m
d
t

alpha-blocking effects. The hypotension that
occurs with intravenous amiodarone is related to
the rate of delivery and is due more to the solvent
(Polysorbate 80), which causes histamine release,
rather than the drug itself.197 The use of an
aqueous amiodarone preparation that is relatively
free from these side effects is encouraged but is
not yet widely available 198,199.

Following three initial shocks, amiodarone in
shock-refractory VF improves the short-term out-
come of survival to hospital admission com-
pared with placebo89 or lignocaine.90 Amio-
darone also appears to improve the response to
defibrillation when given to humans or animals
with VF or haemodynamically unstable ventricular
tachycardia.198—202 There is no evidence to indi-
cate the time at which amiodarone should be given
when using a single shock strategy. In the clini-
cal studies to date, the amiodarone was given if
VF/VT persisted after at least three shocks. For this
reason, and in the absence of any other data, amio-
darone 300 mg is recommended if VF/VT persists
after three shocks.

Indications. Amiodarone is indicated in

• refractory VF/VT
• haemodynamically stable ventricular tachycardia

(VT) and other resistant tachyarrhythmias (Sec-
tion 4f)

Dose. Consider an initial intravenous dose of
300 mg amiodarone, diluted in 5% dextrose to a
uidelines, lidocaine was the antiarrhythmic drug
f choice. Comparative studies with amiodarone90

ave displaced it from this position, and lidocaine
s now recommended only when amiodarone is
navailable. Amiodarone should be available at all
ospital arrests and to all out-of-hospital arrests
ttended by ambulance crew.

Lidocaine is a membrane-stabilising anti-
rrhythmic drug that acts by increasing the
yocyte refractory period. It decreases ventricular

utomaticity, and its local anaesthetic action
uppresses ventricular ectopic activity. Lidocaine
uppresses activity of depolarised, arrhythmogenic
issues while interfering minimally with the elec-
rical activity of normal tissues. Therefore, it is
ffective in suppressing arrhythmias associated
ith depolarisation (e.g. ischaemia, digitalis toxic-

ty) but is relatively ineffective against arrhythmias
ccurring in normally polarised cells (e.g., atrial
brillation/flutter). Lidocaine raises the threshold
or ventricular fibrillation.

Lidocaine toxicity causes paraesthesia, drowsi-
ess, confusion and muscular twitching progressing
o convulsions. It is considered generally that a safe
ose of lidocaine must not exceed 3 mg kg−1 over
he first hour. If there are signs of toxicity, stop the
nfusion immediately; treat seizures if they occur.
idocaine depresses myocardial function, but to a
uch lesser extent than amiodarone. The myocar-
ial depression is usually transient and can be
reated with intravenous fluids or vasopressors.
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Indications. Lidocaine is indicated in refractory
VF/VT (when amiodarone is unavailable).

Dose. When amiodarone is unavailable, con-
sider an initial dose of 100 mg (1—1.5 mg kg−1) of
lidocaine for VF/pulseless VT refractory to three
shocks. Give an additional bolus of 50 mg if neces-
sary. The total dose should not exceed 3 mg kg−1

during the first hour.

Clinical aspects of use. Lidocaine is metabolised
by the liver, and its half-life is prolonged if the
hepatic blood flow is reduced, e.g. in the pres-
ence of reduced cardiac output, liver disease
or in the elderly. During cardiac arrest normal
clearance mechanisms do not function, thus high
plasma concentrations may be achieved after a
single dose. After 24 h of continuous infusion, the
plasma half-life increases significantly. Reduce the
dose in these circumstances, and regularly review
the indication for continued therapy. Lidocaine is
less effective in the presence of hypokalaemia
and hypomagnesaemia, which should be corrected
immediately.

Magnesium sulphate. Magnesium is an important

Indications. Magnesium sulphate is indicated in

• shock-refractory VF in the presence of possible
hypomagnesaemia

• ventricular tachyarrhythmias in the presence of
possible hypomagnesaemia

• torsades de pointes
• digoxin toxicity

Dose. In shock-refractory VF, give an initial intra-
venous dose of 2 g (4 ml (8 mmol)) of 50% magne-
sium sulphate) peripherally over 1—2 min; it may
be repeated after 10—15 min. Preparations of mag-
nesium sulphate solutions differ among European
countries.

Clinical aspects of use. Hypokalaemic patients
are often hypomagnesaemic. If ventricular tach-
yarrhythmias arise, intravenous magnesium is a
safe, effective treatment. The role of magnesium
in acute myocardial infarction is still in doubt. Mag-
nesium is excreted by the kidneys, but side effects
associated with hypermagnesaemia are rare, even
in renal failure. Magnesium inhibits smooth mus-
cle contraction, causing vasodilation and a dose-
related hypotension, which is usually transient and
responds to intravenous fluids and vasopressors.
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constituent of many enzyme systems, especially
those involved with ATP generation in muscle.
It plays a major role in neurochemical transmis-
sion, where it decreases acetylcholine release and
reduces the sensitivity of the motor endplate.
Magnesium also improves the contractile response
of the stunned myocardium, and limits infarct
size by a mechanism that has yet to be fully
elucidated.203 The normal plasma range of magne-
sium is 0.8—1.0 mmol l−1.

Hypomagnesaemia is often associated with
hypokalaemia, and may contribute to arrhythmias
and cardiac arrest. Hypomagnesaemia increases
myocardial digoxin uptake and decreases cellular
Na+/K+-ATP-ase activity. Patients with hypomagne-
saemia, hypokalaemia, or both may become car-
diotoxic even with therapeutic digitalis levels. Mag-
nesium deficiency is not uncommon in hospitalised
patients and frequently coexists with other elec-
trolyte disturbances, particularly hypokalaemia,
hypophosphataemia, hyponatraemia and hypocal-
caemia.

Although the benefits of giving magnesium in
known hypomagnesaemic states are recognised, the
benefit of giving magnesium routinely during car-
diac arrest is unproven. Studies in adults in and out
of hospital91—95,204 have failed to demonstrate any
increase in the rate of ROSC when magnesium is
given routinely during CPR. There is some evidence
that magnesium may be beneficial in refractory
VF.205
ther drugs

he evidence for the benefits of other drugs, includ-
ng atropine, aminophylline and calcium, given
outinely during human cardiac arrest, is limited.
ecommendations for the use of these drugs are
ased on our understanding of their pharmacody-
amic properties and the pathophysiology of car-
iac arrest.

tropine. Atropine antagonises the action of the
arasympathetic neurotransmitter acetylcholine at
uscarinic receptors. Therefore, it blocks the

ffect of the vagus nerve on both the sinoatrial (SA)
ode and the atrioventricular (AV) node, increasing
inus automaticity and facilitating AV node conduc-
ion.

Side effects of atropine are dose-related
blurred vision, dry mouth and urinary retention);
hey are not relevant during a cardiac arrest.
cute confusional states may occur after intra-
enous injection, particularly in elderly patients.
fter cardiac arrest, dilated pupils should not be
ttributed solely to atropine.

Atropine is indicated in:

asystole
pulseless electrical activity (PEA) with a rate
<60 min−1

sinus, atrial, or nodal bradycardia when the
haemodynamic condition of the patient is unsta-
ble
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The recommended adult dose of atropine for
asystole or PEA with a rate <60 min−1 is 3 mg intra-
venously in a single bolus. Its use in the treatment
of bradycardia is covered in Section 4f. Several
recent studies have failed to demonstrate any ben-
efit from atropine in out-of-hospital or in-hospital
cardiac arrests174,206—210; however, asystole carries
a grave prognosis and there are anecdotal accounts
of success after giving atropine. It is unlikely to be
harmful in this situation.

Theophylline (aminophylline). Theophylline is a
phosphodiesterase inhibitor that increases tissue
concentrations of cAMP and releases adrenaline
from the adrenal medulla. It has chronotropic and
inotropic actions. The limited studies of amino-
phylline in bradyasystolic cardiac arrest have failed
to demonstrate an increase in ROSC or survival to
hospital discharge211—214; the same studies have
not shown that harm is caused by aminophylline.

Aminophylline is indicated in:

• asystolic cardiac arrest
• peri-arrest bradycardia refractory to atropine

Theophylline is given as aminophylline, a mix-

not give calcium solutions and sodium bicarbonate
simultaneously by the same route.

Buffers. Cardiac arrest results in combined res-
piratory and metabolic acidosis caused by cessa-
tion of pulmonary gas exchange and the devel-
opment of anaerobic cellular metabolism, respec-
tively. The best treatment of acidaemia in cardiac
arrest is chest compression; some additional ben-
efit is gained by ventilation. If the arterial blood
pH is less than 7.1 (or base excess more negative
than −10 mmol l−1) during or following resuscita-
tion from cardiac arrest, consider giving small doses
of sodium bicarbonate (50 ml of an 8.4% solution).
During cardiac arrest, arterial gas values may be
misleading and bear little relationship to the tissue
acid—base state96; analysis of central venous blood
may provide a better estimation of tissue pH (see
Section 4c). Bicarbonate causes generation of car-
bon dioxide, which diffuses rapidly into cells. This
has the following effects.

• It exacerbates intracellular acidosis.
• It produces a negative inotropic effect on

ischaemic myocardium.
• It presents a large, osmotically active, sodium
ture of theophylline with ethylenediamine, which is
20 times more soluble than theophylline alone. The
recommended adult dose is 250—500 mg (5 mg kg−1)
given by slow intravenous injection.

Theophylline has a narrow therapeutic win-
dow with an optimal plasma concentration of
10—20 mg l−1 (55—110 mmol l−1). Above this con-
centration, side effects such as arrhythmias and
convulsions may occur, especially when given
rapidly by intravenous injection.

Calcium. Calcium plays a vital role in the cellu-
lar mechanisms underlying myocardial contraction.
There are very few data supporting any benefi-
cial action for calcium after most cases of car-
diac arrest. High plasma concentrations achieved
after injection may be harmful to the ischaemic
myocardium and may impair cerebral recovery.
Give calcium during resuscitation only when indi-
cated specifically, i.e. in pulseless electrical activ-
ity caused by

• hyperkalaemia
• hypocalcaemia
• overdose of calcium channel-blocking drugs

The initial dose of 10 ml 10% calcium chloride
(6.8 mmol Ca2+) may be repeated if necessary.
Calcium can slow the heart rate and precipitate
arrhythmias. In cardiac arrest, calcium may be
given by rapid intravenous injection. In the pres-
ence of a spontaneous circulation give it slowly. Do
load to an already compromised circulation and
brain.

• It produces a shift to the left in the oxygen disso-
ciation curve, further inhibiting release of oxygen
to the tissues.

Mild acidaemia causes vasodilation and can
increase cerebral blood flow. Therefore, full cor-
rection of the arterial blood pH may theoretically
reduce cerebral blood flow at a particularly critical
time. As the bicarbonate ion is excreted as car-
bon dioxide via the lungs, ventilation needs to be
increased. For all these reasons, metabolic acidosis
must be severe to justify giving sodium bicarbon-
ate.

Several animal and clinical studies have exam-
ined the use of buffers during cardiac arrest. Clin-
ical studies using Tribonate®215 or sodium bicar-
bonate as buffers have failed to demonstrate any
advantage.216—220 Only one study has found clinical
benefit, suggesting that EMS systems using sodium
bicarbonate earlier and more frequently had sig-
nificantly higher ROSC and hospital discharge rates
and better long-term neurological outcome.221 Ani-
mal studies have generally been inconclusive, but
some have shown benefit in giving sodium bicarbon-
ate to treat cardiovascular toxicity (hypotension,
cardiac arrhythmias) caused by tricyclic antidepres-
sants and other fast sodium channel blockers (Sec-
tion 7b).222 Giving sodium bicarbonate routinely
during cardiac arrest and CPR (especially in out-
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of-hospital cardiac arrests) or after return of spon-
taneous circulation is not recommended. Consider
sodium bicarbonate for life-threatening hyper-
kalaemia or cardiac arrest associated with hyper-
kalaemia, severe metabolic acidosis, or tricyclic
overdose. Give 50 mmol (50 ml of an 8.4% solu-
tion) of sodium bicarbonate intravenously. Repeat
the dose as necessary, but use acid/base analysis
(either arterial or central venous) to guide therapy.
Severe tissue damage may be caused by subcuta-
neous extravasation of concentrated sodium bicar-
bonate. The solution is incompatible with calcium
salts as it causes the precipitation of calcium car-
bonate.

Thrombolysis during CPR. Adult cardiac arrest
is usually caused by acute myocardial ischaemia
following coronary artery occlusion by thrombus.
There are several reports on the successful use
of thrombolytics during cardiac arrest, particu-
larly when the arrest was caused by pulmonary
embolism. The use of thrombolytic drugs to break
down coronary artery and pulmonary artery throm-
bus has been the subject of several studies. Throm-
bolytics have also been demonstrated in animal
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to proven or suspected acute pulmonary embolus.
Thrombolysis may be considered in adult cardiac
arrest on a case by case basis following initial fail-
ure of standard resuscitation in patients in whom
an acute thrombotic aetiology for the arrest is sus-
pected. Ongoing CPR is not a contraindication to
thrombolysis.

Following thrombolysis during CPR for acute pul-
monary embolism, survival and good neurological
outcome have been reported in cases requiring in
excess of 60 min of CPR. If a thrombolytic drug is
given in these circumstances, consider performing
CPR for at least 60—90 min before termination of
resuscitation attempts.235,236

Intravenous fluids

Hypovolaemia is a potentially reversible cause of
cardiac arrest. Infuse fluids rapidly if hypovolaemia
is suspected. In the initial stages of resuscitation
there are no clear advantages to using colloid, so
use saline or Hartmann’s solution. Avoid dextrose,
which is redistributed away from the intravascu-
lar space rapidly and causes hyperglycaemia, which
may worsen neurological outcome after cardiac
tudies to have beneficial effects on cerebral blood
ow during cardiopulmonary resuscitation,223,224

nd a clinical study has reported less anoxic
ncephalopathy after thrombolytic therapy during
PR.225

Several studies have examined the use of throm-
olytic therapy given during non-traumatic cardiac
rrest refractory to standard therapy. Two stud-
es have shown an increase in ROSC with non-
ignificant improvements in survival to hospital
ischarge,97,226 and a further study demonstrated
reater ICU survival.225 A small series of case
eports has also reported survival to discharge in
hree cases refractory to standard therapy with VF
r PEA treated with thrombolytics227; conversely,
ne large clinical trial228 failed to show any signif-
cant benefit for thrombolytics in cases of undif-
erentiated PEA out-of-hospital cardiac arrest unre-
ponsive to initial interventions.

When given to cardiac arrest patients with
uspected or proven pulmonary embolus, two
tudies have demonstrated possible benefits229,230;
ne found an improvement in 24-h survival.229

everal clinical studies97,226,229,231 and case
eries227,230,232—234 have not demonstrated any
ncrease in bleeding complications with thrombol-
sis during CPR in non-traumatic cardiac arrest.

There are insufficient clinical data to recom-
end the routine use of thrombolysis during non-

raumatic cardiac arrest. Consider thrombolytic
herapy when cardiac arrest is thought to be due
arrest.237—244

Whether fluids should be infused routinely during
cardiac arrest is controversial. There are no pub-
lished human studies of routine fluid use compared
to no fluids during normovolaemic cardiac arrest.
Four animal studies245—248 of experimental ventric-
ular fibrillation neither support nor refute the use
of intravenous fluids routinely. In the absence of
hypovolaemia, infusion of an excessive volume of
fluid is likely to be harmful. Use intravenous fluid
to flush peripherally injected drugs into the central
circulation.

Alternative routes for drug delivery

Intraosseous route

If intravenous access cannot be established,
intraosseous delivery of resuscitation drugs will
achieve adequate plasma concentrations. Several
studies indicate that intraosseous access is safe
and effective for fluid resuscitation, drug delivery
and laboratory evaluation.78,249—255 Traditionally,
the intraosseous route is used mainly for children,
but it is also effective in adults.

Drugs given via the tracheal tube

Resuscitation drugs can also be given via the tra-
cheal tube, but the plasma concentrations achieved
using this route are variable and substantially
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lower than those achieved by the intravenous or
intraosseous routes.

Doses of adrenaline 3—10 times higher than when
given intravenously are required to achieve sim-
ilar plasma concentrations.79,80 During CPR, lung
perfusion is only 10—30% of the normal value,
resulting in a pulmonary adrenaline depot. When
cardiac output is restored after a high dose of
endobronchial adrenaline, prolonged reabsorption
of adrenaline from the lungs into the pulmonary
circulation may occur, causing arterial hyperten-
sion, malignant arrhythmias and recurrence of VF.80

Lidocaine and atropine can also be given via a tra-
cheal tube, but the plasma concentrations achieved
are also variable.256—258 If intravenous access is
delayed or cannot be achieved, consider obtain-
ing intraosseous access. Give drugs via the tracheal
tube if intravascular (intravenous or intraosseous)
access is delayed or cannot be achieved. There are
no benefits from endobronchial injection compared
with injection of the drug directly into the tracheal
tube.256 Dilution with water instead of 0.9% saline
may achieve better drug absorption and cause less
reduction in PaO2.85,259

Interposed abdominal compression (IAC-CPR)

The IAC-CPR technique involves compression of
the abdomen during the relaxation phase of
chest compression.269,270 This enhances venous
return during CPR271,272 and improves ROSC
and short-term survival.273,274 One study showed
improved survival to hospital discharge with IAC-
CPR compared with standard CPR for out-of-
hospital cardiac arrest,274 but another showed no
survival advantage.275 CPR devices include the
following.

Active compression-decompression CPR
(ACD-CPR)

ACD-CPR is achieved with a hand-held device
equipped with a suction cup to lift the ante-
rior chest actively during decompression. Decreas-
ing intrathoracic pressure during the decompres-
sion phase increases venous return to the heart
and increases cardiac output and subsequent coro-
nary and cerebral perfusion pressures during the
compression phase.276—279Results of ACD-CPR have
been mixed. In some clinical studies ACD-CPR
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CPR techniques and devices

At best, standard manual CPR produces coronary
and cerebral perfusion that is just 30% of normal.260

Several CPR techniques and devices may improve
haemodynamics or short-term survival when used
by well-trained providers in selected cases. To date,
no adjunct has consistently been shown to be supe-
rior to conventional manual CPR. CPR techniques
include the following.

High-frequency chest compressions (HFCC)

High-frequency (>100 compressions min−1) manual
or mechanical chest compressions improve haemo-
dynamics but have not been shown to improve long-
term outcome.261—265

Open-chest CPR

Open-chest CPR produces better coronary perfusion
coronary pressure than standard CPR266 and may
be indicated for patients with cardiac arrest due to
trauma (see Section 7i), in the early postoperative
phase after cardiothoracic surgery267,268 (see Sec-
tion 7h) or when the chest or abdomen is already
open (transdiaphragmatic approach), for example,
in trauma surgery.
mproved haemodynamics compared with stan-
ard CPR,173,277,279,280 but in another study it
id not.281 In three randomised studies,280,282,283

CD-CPR improved long-term survival after out-of-
ospital cardiac arrest; however, in five other ran-
omised studies, ACD-CPR made no difference to
utcome.284—288 The efficacy of ACD-CPR may be
ighly dependent on the quality and duration of
raining.289

A meta-analysis of 10 trials of out-of-hospital
ardiac arrest and two of in-hospital cardiac arrest
howed no early or late survival benefit to ACD-CPR
ver conventional CPR.290 Two post-mortem stud-
es have shown more rib and sternal fractures after
CD-CPR compared with conventional CPR,291,292

ut another found no difference.293

mpedance threshold device (ITD)

he impedance threshold device (ITD) is a valve
hat limits air entry into the lungs during chest
ecoil between chest compressions; this decreases
ntrathoracic pressure and increases venous return
o the heart. When used with a cuffed tra-
heal tube and active compression-decompression
ACD),294—296 the ITD is thought to act synergis-
ically to enhance venous return during active
ecompression. The ITD has also been used dur-
ng conventional CPR with a tracheal tube or
acemask.297 If rescuers can maintain a tight face-
ask seal, the ITD may create the same negative



European Resuscitation Council Guidelines for Resuscitation 2005 S65

intrathoracic pressure as when used with a tracheal
tube.297

In two randomised studies of out-of-hospital
cardiac arrest, ACD-CPR plus the ITD improved
ROSC and 24-h survival compared with standard
CPR alone.296,298 When used during standard CPR,
the ITD increased 24-h survival after PEA out-of-
hospital cardiac arrest.297

Mechanical piston CPR

Mechanical piston devices depress the sternum
by means of a compressed gas-powered plunger
mounted on a backboard. In several studies in
animals,299,300 mechanical piston CPR improved
end-tidal carbon dioxide, cardiac output, cerebral
blood flow, MAP and short-term neurological out-
come. Studies in humans also document improve-
ment in end-tidal carbon dioxide and mean arterial
pressure when using mechanical piston CPR com-
pared with conventional CPR.301—303

Lund University cardiac arrest system (LUCAS)
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Phased thoracic—abdominal
compression—decompression CPR (PTACD-CPR)

Phased thoracic—abdominal compression—decom-
pression CPR combines the concepts of IAC-CPR
and ACD-CPR. It comprises a hand-held device
that alternates chest compression and abdominal
decompression with chest decompression and
abdominal compression. One randomised study of
adults in cardiac arrest documented no improve-
ment in survival from use of PTACD-CPR.311

Minimally invasive direct cardiac massage

Minimally invasive direct cardiac massage (MIDCM)
is accomplished by insertion of a small plunger-like
device through a 2—4-cm incision in the chest wall.
In one clinical study the MIDCM generated improved
blood pressure over standard CPR, but the device
caused cardiac rupture in one postoperative cardio-
vascular surgical patient.312 The plunger device is
no longer manufactured.

4f. Peri-arrest arrhythmias
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he Lund University cardiac arrest system (LUCAS)
s a gas-driven sternal compression device that
ncorporates a suction cup for active decompres-
ion. There are no published randomised human
tudies comparing LUCAS-CPR with standard CPR.

study of pigs with VF showed that LUCAS-CPR
mproves haemodynamic and short-term survival
ompared with standard CPR.304 The LUCAS was
lso used in 20 patients, but incomplete outcome
ata were reported.304 In another pig study, in com-
arison with standard CPR, LUCAS-CPR increased
erebral blood flow and cardiac output.305 The
UCAS enables delivery of continuous compressions
uring transport and defibrillation.

Mechanical piston CPR or LUCAS CPR may be par-
icularly useful when prolonged CPR is required;
his might include during transport to hospital or
fter cardiac arrest following hypothermia306 or
oisoning.

oad-distributing band CPR or vest CPR

he load distributing band (LDB) is a cir-
umferential chest compression device compris-
ng a pneumatically actuated constricting band
nd backboard. The use of LDB CPR improves
aemodynamics.307—309 A case—control study docu-
ented improvement in survival to the emergency
epartment when LDB-CPR was delivered after out-
f-hospital cardiac arrest.310
ntroduction

successful strategy to reduce the mortality
nd morbidity of cardiac arrest includes measures
o prevent other potentially serious arrhythmias,
nd optimal treatment should they occur. Cardiac
rrhythmias are well recognised complications of
yocardial infarction. They may precede ventric-

lar fibrillation or follow successful defibrillation.
he treatment algorithms described in this section
ave been designed to enable the non-specialist
LS provider to treat the patient effectively and
afely in an emergency; for this reason, they have
een kept as simple as possible. If patients are
ot acutely ill there may be several other treat-
ent options, including the use of drugs (oral or
arenteral), that will be less familiar to the non-
xpert. In this situation there will be time to seek
dvice from cardiologists or other doctors with the
ppropriate expertise.

More comprehensive information on the
anagement of arrhythmias can be found at
ww.escardio.org.

rinciples of treatment

n all cases, give oxygen and insert an intravenous
annula while the arrhythmia is assessed. Whenever
ossible, record a 12-lead ECG; this will help deter-
ine the precise rhythm, either before treatment

http://www.escardio.org/
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or retrospectively, if necessary with the help of an
expert. Correct any electrolyte abnormalities (e.g.,
K+, Mg2+, Ca2+) (Section 7a).

The assessment and treatment of all arrhyth-
mias addresses two factors: the condition of the
patient (stable versus unstable), and the nature of
the arrhythmia.

Adverse signs

The presence or absence of adverse signs or symp-
toms will dictate the appropriate treatment for
most arrhythmias. The following adverse factors
indicate a patient who is unstable because of the
arrhythmia.

1. Clinical evidence of low cardiac output. This
is seen as pallor, sweating, cold and clammy
extremities (increased sympathetic activity),
impaired consciousness (reduced cerebral blood
flow), and hypotension (e.g., systolic blood pres-
sure <90 mmHg).

2. Excessive tachycardia. Coronary blood flow
occurs predominantly during diastole. Very high
heart rates (e.g., >150 min−1) reduce diastole

1. anti-arrhythmic (and other) drugs
2. attempted electrical cardioversion
3. cardiac pacing

All anti-arrhythmic treatments—–physical man-
oeuvres, drugs, or electrical treatment—–can also
be pro-arrhythmic, so that clinical deterioration
may be caused by the treatment rather than
lack of effect. Furthermore, the use of multiple
anti-arrhythmic drugs or high doses of a single drug
can cause myocardial depression and hypotension.
This may cause a deterioration of the cardiac
rhythm. Anti-arrhythmic drugs are slower in effect
and less reliable than electrical cardioversion in
converting a tachycardia to sinus rhythm; thus,
drugs tend to be reserved for stable patients
without adverse signs, and electrical cardioversion
is usually the preferred treatment for the unstable
patient displaying adverse signs.

Once the arrhythmia has been treated success-
fully, repeat the 12-lead ECG to enable detection
of any underlying abnormalities that may require
long-term therapy.

Bradycardia
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critically, decreasing coronary blood flow and
causing myocardial ischaemia. Broad, complex
tachycardias are tolerated less well by the heart
than narrow, complex tachycardias.

3. Excessive bradycardia. This is defined as a
heart rate of <40 beats min−1, but rates of
<60 beats min−1 may not be tolerated by
patients with poor cardiac reserve. Even a higher
heart rate may be inappropriately slow for a
patient with a low stroke-volume.

4. Heart failure. By reducing coronary artery blood
flow, arrhythmias compromise myocardial per-
formance. In acute situations this is manifested
by pulmonary oedema (failure of the left ven-
tricle) or raised jugular venous pressure, and
hepatic engorgement (failure of the right ven-
tricle).

5. Chest pain. The presence of chest pain implies
that the arrhythmia (particularly a tach-
yarrhythmia) is causing myocardial ischaemia.
This is especially important if there is underly-
ing coronary artery disease or structural heart
disease in which myocardial ischaemia is likely
to lead to further life-threatening complications
including cardiac arrest.

Treatment options

Having determined the rhythm and the presence or
absence of adverse signs, there are broadly three
options for immediate treatment:
bradycardia is defined strictly as a heart rate
f <60 beats min−1. However, it is more helpful to
lassify a bradycardia as absolute (<40 beats min−1)
r relative, when the heart rate is inappropriately
low for the haemodynamic state of the patient.

The first step in the assessment of bradycar-
ia is to determine if the patient is unstable
Figure 4.11). The following adverse signs may indi-
ate instability:

systolic blood pressure <90 mmHg
heart rate <40 beats min−1

ventricular arrhythmias requiring suppression
heart failure

If adverse signs are present, give atropine,
00 mcg, intravenously and, if necessary, repeat
very 3—5 min to a total of 3 mg. Doses of atropine
f less than 500 mcg paradoxically may cause fur-
her slowing of the heart rate.313 In healthy vol-
nteers a dose of 3 mg produces the maximum
chievable increase in resting heart rate.314 Use
tropine cautiously in the presence of acute coro-
ary ischaemia or myocardial infarction; increased
eart rate may worsen ischaemia or increase the
one of infarction. If a satisfactory response is
chieved with atropine, or the patient is stable,
ext determine the risk of asystole, which is indi-
ated by:

recent asystole



European Resuscitation Council Guidelines for Resuscitation 2005 S67

Figure 4.11 Bradycardia algorithm.

• Möbitz type II AV block
• complete (third-degree) heart block (espe-

cially with broad QRS or initial heart rate
<40 beats min−1)

• ventricular standstill of more than 3 s

Atrioventricular (AV) blocks are divided into first,
second, and third degrees and may be associ-
ated with multiple medications or electrolyte dis-
turbances, as well as structural problems caused
by acute myocardial infarction and myocarditis. A
first-degree AV block is defined by a prolonged P—R
interval (>0.20 s), and is usually benign. Second-
degree AV block is divided into Möbitz types I and II.
In Möbitz type I, the block is at the AV node, is often

transient and may be asymptomatic. In Möbitz type
II, the block is most often below the AV node at
the bundle of His or at the bundle branches, and is
often symptomatic, with the potential to progress
to complete AV block. Third-degree heart block is
defined by AV dissociation which may be permanent
or transient, depending on the underlying cause.

Pacing is likely to be required if there is a risk
of asystole, or if the patient is unstable and has
failed to respond satisfactorily to atropine. Under
these circumstances, the definitive treatment is
transvenous pacing. One or more of the following
interventions can be used to improve the patient’s
condition while waiting for the appropriate person-
nel and facilities:
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• transcutaneous pacing
• adrenaline infusion in the range of

2—10 mcg min−1 titrated to response

Other drugs that can be given for symptomatic
bradycardia include dopamine, isoprenaline and
theophylline. Consider giving intravenous glucagon
if beta-blockers or calcium channel blockers are
a potential cause of the bradycardia. Do not give
atropine to patients with cardiac transplants—–
paradoxically, it can cause a high-degree AV block
or even sinus arrest.315

Complete heart block with a narrow QRS is not
an absolute indication for pacing, because AV junc-
tional ectopic pacemakers (with a narrow QRS) may
provide a reasonable and stable heart rate.

Pacing

Transcutaneous pacing. Initiate transcutaneous
pacing immediately if there is no response to
atropine, if atropine is unlikely to be effective or if
the patient is severely symptomatic, particularly if
there is high-degree block (Möbitz Type II second- or

third-degree block). Transcutaneous pacing can be
painful and may fail to produce effective mechani-
cal capture. Verify mechanical capture and reassess
the patient’s condition. Use analgesia and sedation
to control pain, and attempt to identify the cause
of the bradyarrhythmia.

Fist pacing. If atropine is ineffective and transcu-
taneous pacing is not immediately available, fist
pacing can be attempted while waiting for pacing
equipment316—318: give serial rhythmic blows with
the closed fist over the left lower edge of the ster-
num to pace the heart at a physiological rate of
50—70 beats min−1.

Tachycardias

Previous ERC guidelines have included three sepa-
rate tachycardia algorithms: broad-complex tachy-
cardia, narrow-complex tachycardia and atrial fib-
rillation. In the peri-arrest setting, many treatment
principles are common to all the tachycardias; for
this reason, they have been combined into a single
tachycardia algorithm (Figure 4.12).
Figure 4.12 Tachyca
rdia algorithm.
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If the patient is unstable and deteriorating,
with signs and symptoms caused by the tachycar-
dia (e.g., impaired conscious level, chest pain,
heart failure, hypotension or other signs of shock),
attempt synchronised cardioversion immediately.
In patients with otherwise normal hearts, serious
signs and symptoms are uncommon if the ventricu-
lar rate is <150 beats min−1. Patients with impaired
cardiac function or significant comorbidity may be
symptomatic and unstable at lower heart rates. If
cardioversion fails to restore sinus rhythm and the
patient remains unstable, give amiodarone 300 mg
intravenously over 10—20 min and re-attempt elec-
trical cardioversion. The loading dose of amio-
darone can be followed by an infusion of 900 mg
over 24 h. Serial DC shocks are not appropriate for
recurrent (within hours or days) paroxysms (self-
terminating episodes) of atrial fibrillation. This is
relatively common in critically ill patients who
may have ongoing precipitating factors causing the
arrhythmia (e.g., metabolic disturbance, sepsis).
Cardioversion does not prevent subsequent arrhyth-
mias. If there are recurrent episodes, treat them
with drugs.
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Broad-complex tachycardia

In broad-complex tachycardias the QRS complexes
are >0.12 s and are usually ventricular in ori-
gin. Although broad-complex tachycardias may be
caused by supraventricular rhythms with aberrant
conduction, in the unstable patient in the peri-
arrest context assume they are ventricular in origin.
In the stable patient with broad-complex tachycar-
dia, the next step is to determine if the rhythm is
regular or irregular.

Regular broad complex tachycardia. A regular
broad-complex tachycardia is likely to be ventric-
ular tachycardia or SVT with bundle branch block.
Stable ventricular tachycardia can be treated with
amiodarone 300 mg intravenously over 20—60 min
followed by an infusion of 900 mg over 24 h. If the
broad-complex regular tachycardia is thought to be
SVT with bundle branch block, give adenosine, using
the strategy indicated for narrow-complex tachy-
cardia (below).

Irregular broad complex tachycardia. Irregular
broad complex tachycardia is most likely to
b
e
a
o
w
W
i
Q
A
s
u

m
I
A
s
d
a
d

s
v
h
v
o
i
h
(
c
a
a

ynchronised electrical cardioversion

f electrical cardioversion is used to convert atrial
r ventricular tachyarrhythmias, the shock must be
ynchronised with the R wave of the ECG rather
han with the T wave. By avoiding the relative
efractory period in this way, the risk of induc-
ng ventricular fibrillation is minimised. Conscious
atients must be anaesthetised or sedated before
ynchronised cardioversion is attempted. For a
road-complex tachycardia and AF, start with 200-J
onophasic or 120—150 J biphasic and increase in

ncrements if this fails (see Section 3). Atrial flutter
nd paroxysmal SVT will often convert with lower
nergies: start with 100-J monophasic or 70—120-J
iphasic.

If the patient with tachycardia is stable (no seri-
us signs or symptoms caused by the tachycardia)
nd is not deteriorating, there is time to evaluate
he rhythm using the 12-lead ECG and determine
reatment options. The ALS provider may not have
he expertise to diagnose the tachycardia precisely,
ut should be capable of differentiating between
inus tachycardia, narrow-complex SVT and broad-
omplex tachycardia. If the patient is stable there
s normally time to consult an expert. If the patient
ecomes unstable, proceed immediately to syn-
hronised electrical cardioversion. Management of
atients with significant comorbid conditions and
ymptomatic tachycardia requires treatment of the
omorbid conditions.
e AF with bundle branch block, but careful
xamination of a 12-lead ECG (if necessary by
n expert) may enable confident identification
f the rhythm. Another possible cause is AF
ith ventricular pre-excitation (in patients with
olff—Parkinson—White (WPW) syndrome). There

s more variation in the appearance and width of the
RS complexes than in AF with bundle branch block.
third possible cause is polymorphic VT (e.g., tor-

ade de pointes), but polymorphic VT is relatively
nlikely to be present without adverse features.

Seek expert help with the assessment and treat-
ent of irregular broad-complex tachyarrhythmia.

f treating AF with bundle branch block, treat as for
F (see below). If pre-excited AF (or atrial flutter) is
uspected, avoid adenosine, digoxin, verapamil and
iltiazem. These drugs block the AV node and cause
relative increase in pre-excitation. Electrical car-
ioversion is usually the safest treatment option.

Treat torsades de pointes VT immediately by
topping all drugs known to prolong QT inter-
al. Correct electrolyte abnormalities, especially
ypokalaemia. Give magnesium sulphate, 2 g, intra-
enously over 10 min.319,320 Obtain expert help, as
ther treatment (e.g., overdrive pacing) may be
ndicated to prevent relapse once the arrhythmia
as been corrected. If adverse features develop
which is usual), arrange immediate synchronised
ardioversion. If the patient becomes pulseless,
ttempt defibrillation immediately (cardiac arrest
lgorithm).
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Narrow-complex tachycardia

Regular narrow-complex tachycardias include:

• sinus tachycardia
• AV nodal re-entry tachycardia (AVNRT, the com-

monest type of SVT)
• AV re-entry tachycardia (AVRT (due to WPW syn-

drome))
• atrial flutter with regular AV conduction (usually

2:1)

Irregular narrow-complex tachycardia is most
commonly AF or sometimes atrial flutter with vari-
able AV conduction (‘variable block’).

Regular narrow-complex tachycardia
Sinus tachycardia. Sinus tachycardia is a com-

mon physiological response to a stimulus such as
exercise or anxiety. In a sick patient it may be seen
in response to many stimuli, such as pain, fever,
anaemia, blood loss and heart failure. Treatment
is almost always directed at the underlying cause;
trying to slow sinus tachycardia that has occurred
in response to most of these situations will make
the situation worse.

or will slow the ventricular response enabling iden-
tification of the rhythm. Most typical atrial flutter
has an atrial rate of about 300 beats min−1, so atrial
flutter with 2:1 block tends to produce a tachy-
cardia of about 150 beats min−1. Much faster rates
(170 beats min−1 or more) are unlikely to be due to
atrial flutter with 2:1 block.

Treatment of regular narrow complex tachycar-
dia. If the patient is unstable with adverse fea-
tures caused by the arrhythmia, attempt synchro-
nised electrical cardioversion. It is reasonable to
give adenosine to an unstable patient with a regu-
lar narrow-complex tachycardia while preparations
are made for synchronised cardioversion; however,
do not delay electrical cardioversion if the adeno-
sine fails to restore sinus rhythm. In the absence of
adverse features, proceed as follows.

• Start with vagal manoeuvres. Carotid sinus mas-
sage or the Valsalva manoeuvre will terminate
up to a quarter of episodes of paroxysmal SVT.
A Valsalva manoeuvre (forced expiration against
a closed glottis) in the supine position may be
the most effective technique. A practical way
of achieving this without protracted explana-

•

•

•

AVNRT and AVRT (paroxysmal SVT). AVNRT is the
commonest type of paroxysmal SVT, often seen in
people without any other form of heart disease
and is relatively uncommon in a peri-arrest setting.
It causes a regular narrow-complex tachycardia,
often with no clearly visible atrial activity on the
ECG, with heart rates usually well above the typical
range of sinus rates at rest (60—120 beats min−1).
It is usually benign, unless there is additional co-
incidental structural heart disease or coronary dis-
ease, but may cause symptoms that the patient
finds frightening.

AV re-entry tachycardia (AVRT) is seen in patients
with the WPW syndrome and is also usually benign
unless there happens to be additional structural
heart disease. The common type of AVRT is a regu-
lar narrow-complex tachycardia, also often having
no visible atrial activity on the ECG.

Atrial flutter with regular AV conduction (often
2:1 block). Atrial flutter with regular AV conduc-
tion (often 2:1 block) produces a regular narrow-
complex tachycardia in which it may be difficult
to see atrial activity and identify flutter waves
with confidence, so it may be indistinguishable ini-
tially from AVNRT and AVRT. When atrial flutter
with 2:1 block or even 1:1 conduction is accompa-
nied by bundle branch block, it produces a regular
broad-complex tachycardia that will usually be very
difficult to distinguish from VT; treatment of this
rhythm as if it were VT will usually be effective,
tion is to ask the patient to blow into a 20-
ml syringe with enough force to push back the
plunger. Avoid carotid massage if a carotid bruit
is present; rupture of an atheromatous plaque
could cause cerebral embolism and stroke. In the
context of acute ischaemia or digitalis toxicity,
sudden bradycardia may trigger VF. Record an
ECG (preferably multi-lead) during each manoeu-
vre. If the rhythm is atrial flutter, slowing of the
ventricular response will often occur and demon-
strate flutter waves.
If the arrhythmia persists and is not atrial flutter,
use adenosine. Give 6 mg as a rapid intravenous
bolus. Record an ECG (preferably multi-lead) dur-
ing each injection. If the ventricular rate slows
transiently but the arrhythmia then persists, look
for atrial activity such as atrial flutter or other
atrial tachycardia and treat accordingly. If there
is no response to adenosine 6 mg, give a 12-mg
bolus; if there is no response, give one further
12 mg-bolus.
Successful termination of a tachyarrhythmia by
vagal manoeuvres or adenosine indicates that
it was almost certainly AVNRT or AVRT. Monitor
the patients for further rhythm abnormalities.
Treat recurrence either with further adenosine or
with a longer-acting drug with AV nodal-blocking
action (e.g., diltiazem or beta-blocker).
Vagal manoeuvres or adenosine will terminate
almost all AVNRT or AVRT within seconds. Failure
to terminate a regular narrow-complex tachycar-
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dia with adenosine suggests an atrial tachycardia
such as atrial flutter.

• If adenosine is contraindicated or fails to ter-
minate a regular narrow-complex tachycardia
without demonstrating that it is atrial flutter,
give a calcium channel blocker (e.g., verapamil
2.5—5 mg intravenously over 2 min).

Irregular narrow-complex tachycardia

An irregular narrow-complex tachycardia is most
likely to be AF with an uncontrolled ventricular
response or, less commonly, atrial flutter with vari-
able AV block. Record a 12-lead ECG to identify
the rhythm. If the patient is unstable with adverse
features caused by the arrhythmia, attempt syn-
chronised electrical cardioversion.

If there are no adverse features, treatment
options include:

• rate control by drug therapy
• rhythm control using drugs to encourage chemi-

cal cardioversion
• rhythm control by electrical cardioversion
•
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Antiarrhythmic drugs

Adenosine

Adenosine is a naturally occurring purine
nucleotide. It slows transmission across the
AV node but has little effect on other myocardial
cells or conduction pathways. It is highly effective
for terminating paroxysmal SVT with re-entrant
circuits that include the AV node (AVNRT). In
other narrow-complex tachycardias, adenosine will
reveal the underlying atrial rhythms by slowing the
ventricular response. It has an extremely short half-
life of 10—15 s and, therefore, is given as a rapid
bolus into a fast running intravenous infusion or fol-
lowed by a saline flush. The smallest dose likely to
be effective is 6 mg (which is outside some current
licences for an initial dose) and, if unsuccessful
this can be followed with up to two doses each of
12 mg every 1—2 min. Patients should be warned
of transient unpleasant side effects, in particular
nausea, flushing, and chest discomfort.327 Adeno-
sine is not available in some European countries,
but adenosine triphosphate (ATP) is an alternative.
In a few European countries neither preparation
may be available; verapamil is probably the next
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treatment to prevent complications (e.g., anti-
coagulation)

Obtain expert help to determine the most appro-
riate treatment for the individual patient. The
onger a patient remains in AF, the greater is
he likelihood of atrial clot developing. In gen-
ral, patients who have been in AF for more than
8 h should not be treated by cardioversion (elec-
rical or chemical) until they have received full
nticoagulation or absence of atrial clot has been
hown by transoesophageal echocardiography. If
he aim is to control heart rate, options include

beta-blocker,321,322 digoxin, diltiazem,323,324

agnesium325,326 or combinations of these.
If the duration of AF is less than 48 h and rhythm

ontrol is considered appropriate, this may be
ttempted using amiodarone (300 mg intravenously
ver 20—60 min followed by 900 mg over 24 h). Ibu-
ilide or flecainide can also be given for rhythm con-
rol, but expert advice should be obtained before
sing these drugs for this purpose. Electrical car-
ioversion remains an option in this setting and will
estore sinus rhythm in more patients than chemi-
al cardioversion.

Seek expert help if any patient with AF is known
r found to have ventricular pre-excitation (WPW
yndrome). Avoid using adenosine, diltiazem, vera-
amil or digoxin to patients with pre-excited AF or
trial flutter, as these drugs block the AV node and
ause a relative increase in pre-excitation.
est choice. Theophylline and related compounds
lock the effect of adenosine. Patients receiving
ipyridamole or carbamazepine, or with dener-
ated (transplanted) hearts, display a markedly
xaggerated effect that may be hazardous. In
hese patients, or if injected into a central vein,
educe the initial dose of adenosine to 3 mg. In the
resence of WPW syndrome, blockage of conduc-
ion across the AV node by adenosine may promote
onduction across an accessory pathway. In the
resence of supraventricular arrhythmias this may
ause a dangerously rapid ventricular response. In
he presence of WPW syndrome, rarely, adenosine
ay precipitate atrial fibrillation associated with a
angerously rapid ventricular response.

miodarone

ntravenous amiodarone has effects on sodium,
otassium and calcium channels as well as alpha-
nd beta-adrenergic blocking properties. Indica-
ions for intravenous amiodarone include:

control of haemodynamically stable VT, polymor-
phic VT and wide-complex tachycardia of uncer-
tain origin
paroxysmal SVT uncontrolled by adenosine, vagal
manoeuvres or AV nodal blockade
to control rapid ventricular rate due to accessory
pathway conduction in pre-excited atrial arrhyth-
mias
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Give amiodarone, 300 mg intravenously, over
10—60 min depending on the circumstances and
haemodynamic stability of the patient. This load-
ing dose is followed by an infusion of 900 mg over
24 h. Additional infusions of 150 mg can be repeated
as necessary for recurrent or resistant arrhyth-
mias to a maximum manufacturer-recommended
total daily dose of 2 g (this maximum licensed dose
varies between countries). In patients known to
have severely impaired heart function, intravenous
amiodarone is preferable to other anti-arrhythmic
drugs for atrial and ventricular arrhythmias. Major
adverse effects from amiodarone are hypotension
and bradycardia, which can be prevented by slow-
ing the rate of drug infusion. The hypotension asso-
ciated with amiodarone is caused by vasoactive sol-
vents (Polysorbate 80 and benzyl alcohol). A new
aqueous formulation of amiodarone does not con-
tain these solvents and causes no more hypotension
than lidocaine.198 Whenever possible, intravenous
amiodarone should be given via a central venous
catheter; it causes thrombophlebitis when infused
into a peripheral vein. In an emergency it should be
injected into a large peripheral vein.

severe LV dysfunction. For the reasons stated under
adenosine (above), calcium channel blockers are
considered harmful when given to patients with
AF or atrial flutter associated with known pre-
excitation (WPW) syndrome.

Beta-adrenergic blockers

Beta-blocking drugs (atenolol, metoprolol,
labetalol (alpha- and beta-blocking effects),
propranolol, esmolol) reduce the effects of cir-
culating catecholamines and decrease heart rate
and blood pressure. They also have cardiopro-
tective effects for patients with acute coronary
syndromes. Beta-blockers are indicated for the
following tachycardias:

• narrow-complex regular tachycardias uncon-
trolled by vagal manoeuvres and adenosine in the
patient with preserved ventricular function

• to control rate in AF and atrial flutter when ven-
tricular function is preserved

The intravenous dose of atenolol (beta1) is
5 mg given over 5 min, repeated if necessary after
10 min. Metoprolol (beta1) is given in doses of
2
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Calcium channel blockers: verapamil and
diltiazem

Verapamil and diltiazem are calcium channel block-
ing drugs that slow conduction and increase refrac-
toriness in the AV node. Intravenous diltiazem is
not available in some countries. These actions may
terminate re-entrant arrhythmias and control ven-
tricular response rate in patients with a variety of
atrial tachycardias. Indications include:

• stable regular narrow-complex tachycardias
uncontrolled or unconverted by adenosine or
vagal manoeuvres

• to control ventricular rate in patients with AF or
atrial flutter and preserved ventricular function
when the duration of the arrhythmia is less than
48 h

The initial dose of verapamil is 2.5—5 mg intra-
venously given over 2 min. In the absence of a ther-
apeutic response or drug-induced adverse event,
give repeated doses of 5—10 mg every 15—30 min
to a maximum of 20 mg. Verapamil should be given
only to patients with narrow-complex paroxysmal
SVT or arrhythmias known with certainty to be of
supraventricular origin.

Diltiazem at a dose of 250 mcg kg−1, followed by
a second dose of 350 mcg kg−1, is as effective as
verapamil. Verapamil and, to a lesser extent, dil-
tiazem may decrease myocardial contractility and
critically reduce cardiac output in patients with
—5 mg at 5-min intervals to a total of 15 mg. Pro-
ranolol (beta1 and beta2 effects), 100 mcg kg−1, is
iven slowly in three equal doses at 2—3-min inter-
als.

Intravenous esmolol is a short-acting (half-
ife of 2—9 min) beta1-selective beta-blocker. It
s given as an intravenous loading dose of
00 mcg kg−1 over 1 min, followed by an infusion of
0—200 mcg kg−1 min−1.

Side effects of beta-blockade include bradycar-
ias, AV conduction delays and hypotension. Con-
raindications to the use of beta-adrenergic block-
ng agents include second- or third-degree heart
lock, hypotension, severe congestive heart failure
nd lung disease associated with bronchospasm.

agnesium

agnesium can be given for control of ventricu-
ar rate in atrial fibrillation.326,328—330 Give magne-
ium sulphate 2 g (8 mmol) over 10 min. This can be
epeated once if necessary.

g. Post-resuscitation care

ntroduction

OSC is the just the first step toward the goal
f complete recovery from cardiac arrest. Inter-
entions in the post-resuscitation period are likely
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to influence the final outcome significantly,237,331

yet there are relatively few data relating to this
phase. Of 22,105 patients admitted to intensive
care units in the UK after cardiac arrest, 9974 (45%)
survived to leave intensive care and 6353 (30%)
survived to hospital discharge (data from Intensive
Care National Audit and Research Centre (ICNARC),
London, December 1995 to October 2004). To return
the patient to a state of normal cerebral func-
tion with no neurological deficit, a stable cardiac
rhythm and normal haemodynamic function, fur-
ther resuscitation tailored to each patient’s individ-
ual needs is required. The post-resuscitation phase
starts at the location where ROSC is achieved but,
once stabilised, the patient is transferred to the
most appropriate high-care area (e.g., intensive
care unit, coronary care unit) for continued mon-
itoring and treatment.

Airway and breathing

Patients who have had a brief period of car-
diac arrest responding immediately to appropri-
ate treatment may achieve an immediate return
of normal cerebral function. These patients do
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Circulation

If there is evidence of coronary occlusion, consider
the need for immediate revascularisation by throm-
bolysis or percutaneous coronary intervention (see
acute coronary syndromes).

Haemodynamic instability is common after car-
diac arrest and manifests as hypotension, low
cardiac index and arrhythmias.337 This post-
resuscitation myocardial dysfunction (or myocar-
dial stunning) is usually transient and often reverses
within 24—48 h.338 The post-resuscitation period
is associated with marked elevations in plasma
cytokine concentrations, manifesting as a sepsis-
like syndrome and multiple organ dysfunction.339

Infusion of fluids may be required to increase
right heart filling pressures or, conversely, diuretics
and vasodilators may be needed to treat left ven-
tricular failure. In the ICU an arterial line for contin-
uous blood pressure monitoring is essential, and the
use of a non-invasive or invasive (pulmonary artery
catheter) cardiac output monitor may be helpful.
There are very few randomised trials evaluating the
role of blood pressure on the outcome after car-
diac arrest. One randomised study demonstrated
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ot require tracheal intubation and ventilation but
hould be given oxygen via a facemask. Hypoxia
nd hypercarbia both increase the likelihood of a
urther cardiac arrest and may contribute to sec-
ndary brain injury. Consider tracheal intubation,
edation and controlled ventilation in any patient
ith obtunded cerebral function. Ensure the tra-
heal tube is positioned correctly well above the
arina. Hypocarbia causes cerebral vasoconstric-
ion and a decreased cerebral blood flow.332 After
ardiac arrest, hypocapnia induced by hyperventi-
ation causes cerebral ischaemia.333—336 There are
o data to support the targeting of a specific arte-
ial PCO2 after resuscitation from cardiac arrest,
ut it is reasonable to adjust ventilation to achieve
ormocarbia and to monitor this using the end-
idal PCO2 and arterial blood gas values. Adjust
he inspired oxygen concentrations to achieve ade-
uate arterial oxygen saturation.

Insert a gastric tube to decompress the stom-
ch; gastric distension caused by mouth-to-mouth
r bag-mask-valve ventilation will splint the
iaphragm and impair ventilation. Avoid coughing;
his will increase intracranial pressure and may
ause transient hypoxaemia. Give adequate doses
f sedative and, if absolutely necessary, give a neu-
omuscular blocking drug. Obtain a chest radio-
raph to check the position of the tracheal tube
nd central venous lines, etc., assess for pulmonary
edema and to detect complications from CPR such
s a pneumothorax associated with rib fractures.
o difference in the neurological outcome among
atients randomised to a mean arterial blood pres-
ure of >100 mmHg versus ≤100 mmHg 5 min after
OSC; however, good functional recovery was asso-
iated with a higher blood pressure during the first
h after ROSC.340 In the absence of definitive data,

arget the mean arterial blood pressure to achieve
n adequate urine output, taking into consideration
he patient’s normal blood pressure.

Immediately after a cardiac arrest there is
ypically a period of hyperkalaemia. Subse-
uent endogenous catecholamine release promotes
ntracellular transportation of potassium, causing
ypokalaemia. Hypokalaemia may predispose to
entricular arrhythmias. Give potassium to main-
ain the serum potassium concentration between
.0 and 4.5 mmol l−1.

isability (optimising neurological recovery)

erebral perfusion

mmediately after ROSC there is a period of cere-
ral hyperaemia.341 After 15—30 min of reperfu-
ion, however, global cerebral blood flow decreases
nd there is generalised hypoperfusion. Normal
erebral autoregulation is lost, leaving cerebral
erfusion dependent on mean arterial pressure.
nder these circumstances, hypotension will com-
romise cerebral blood flow severely and will com-
ound any neurological injury. Thus, after ROSC,
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maintain mean arterial pressure at the patient’s
normal level.

Sedation

Although it has been common practice to sedate
and ventilate patients for up to 24 h after ROSC,
there are no data to support a defined period of
ventilation, sedation and neuromuscular blockade
after cardiac arrest. The duration of sedation and
ventilation may be influenced by the use of thera-
peutic hypothermia (see below). There are no data
to indicate whether or not the choice of sedation
influences outcome, but short-acting drugs (e.g.,
propofol, alfentanil, remifentanil) will enable ear-
lier neurological assessment. There is an increased
incidence of pneumonia when sedation is prolonged
beyond 48 h after prehospital or in-hospital cardiac
arrest.342

Control of seizures

Seizures and/or myoclonus occur in 5—15% of
adult patients who achieve ROSC, and in approx-
imately 40% of those who remain comatose.343

showed improved outcome in adults remaining
comatose after initial resuscitation from out-
of-hospital VF cardiac arrest, who were cooled
within minutes to hours after ROSC.354,355 The
subjects were cooled to 32—34 ◦C for 12—24 h. One
study documented improved metabolic endpoints
(lactate and O2 extraction) when comatose adult
patients were cooled after ROSC from out-of-
hospital cardiac arrest in which the initial rhythm
was PEA/asystole.356 A small study showed ben-
efit after therapeutic hypothermia in comatose
survivors of non-VF arrest.357

External and/or internal cooling techniques can
be used to initiate cooling.354—356,358—361 An infu-
sion of 30 mg kg−1 of 4 ◦C-saline decreases core
temperature by 1.5 ◦C.358,359,361,362 Intravascular
cooling enables more precise control of core tem-
perature than external methods, but it is unknown
whether this improves outcome.360,363—365

Complications of mild therapeutic hypother-
mia include increased infection, cardiovascular
instability, coagulopathy, hyperglycaemia and elec-
trolyte abnormalities such as hypophosphataemia
and hypomagnesaemia.366,367

Unconscious adult patients with spontaneous cir-
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Seizures increase cerebral metabolism by up to
four-fold. Prolonged seizure activity may cause
cerebral injury, and should be controlled with ben-
zodiazepines, phenytoin, propofol or a barbiturate.
Each of these drugs can cause hypotension, and
this must be treated appropriately. Seizures and
myoclonus per se are not related significantly to
outcome, but status epilepticus and, in particu-
lar, status myoclonus are associated with a poor
outcome.343,344

Temperature control

Treatment of hyperpyrexia. A period of hyper-
thermia (hyperpyrexia) is common in the first 48 h
after cardiac arrest.345—347 The risk of a poor neuro-
logical outcome increases for each degree of body
temperature >37 ◦C.348 Antipyretics and/or phys-
ical cooling methods decrease infarct volumes in
animal models of global ischaemia.349,350 Treat any
hyperthermia occurring in the first 72 h after car-
diac arrest with antipyretics or active cooling.

Therapeutic hypothermia. Mild therapeutic
hypothermia is thought to suppress many of
the chemical reactions associated with reperfu-
sion injury. These reactions include free-radical
production, excitatory amino acid release, and
calcium shifts, which can in turn lead to mito-
chondrial damage and apoptosis (programmed
cell death).351—353 Two randomised clinical trials
ulation after out-of-hospital VF cardiac arrest
hould be cooled to 32—34 ◦C. Cooling should be
tarted as soon as possible and continued for at
east 12—24 h.368—374 Induced hypothermia might
lso benefit unconscious adult patients with spon-
aneous circulation after out-of-hospital cardiac
rrest from a non-shockable rhythm, or cardiac
rrest in hospital. Treat shivering by ensuring ade-
uate sedation and giving neuromuscular block-
ng drugs. Bolus doses of neuromuscular block-
rs are usually adequate, but infusions are nec-
ssary occasionally. Rewarm the patient slowly
0.25—0.5 ◦C h−1) and avoid hyperthermia. The
ptimum target temperature, rate of cooling, dura-
ion of hypothermia and rate of rewarming have yet
o be determined; further studies are essential.

lood glucose control

here is a strong association between high blood
lucose after resuscitation from cardiac arrest
nd poor neurological outcome.237—244 Persistent
yperglycaemia after stroke is also associated
ith a worse neurological outcome.375—378 Tight
ontrol of blood glucose (4.4—6.1 mmol l−1 or
0—110 mg dl−1) using insulin reduces hospital mor-
ality in critically ill adults,379,380 but this has not
een demonstrated in post-cardiac arrest patients
pecifically. The benefit is thought to result from
he strict glycaemic control rather than the dose
f insulin infused.381 One rat study has shown
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that glucose plus insulin improves cerebral out-
come after asphyxial cardiac arrest.382 There are
no randomised controlled human trials of glucose
control after cardiac arrest. The optimal blood glu-
cose target in critically ill patients has not been
determined. Comatose patients are at particular
risk from unrecognised hypoglycaemia, and the risk
of this complication occurring increases as the tar-
get blood glucose concentration is lowered.

In common with all critically ill patients, patients
admitted to a critical care environment after car-
diac arrest should have their blood glucose moni-
tored frequently and hyperglycaemia treated with
an insulin infusion. The blood glucose concentration
that triggers insulin therapy, and the target range
of blood glucose concentrations, should be deter-
mined by local policy. There is a need for studies of
glucose control after cardiac arrest.

Prognostication

Once a heart has been resuscitated to a stable
rhythm and cardiac output, the organ that influ-
ences an individual’s survival most significantly is
the brain. Two thirds of those dying after admission
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only meta-analysis to look at this topic estimated
that to obtain 95% CI with 5% false-positive rate
would require a study population of approximately
600 patients.400 No study this large has been
conducted, and these biochemical tests remain
unreliable for predicting outcome in individual
cases.

Electrophysiological tests

Median nerve somatosensory evoked potentials in
normothermic patients, comatose for at least 72 h
after cardiac arrest, predict poor outcome with
100% specificity.384 Bilateral absence of the N20
component of the evoked potentials in comatose
patients with coma of hypoxic-anoxic origin is uni-
formly fatal. When recorded at least 24—48 h after
ROSC, the electroencephalogram (EEG), provides
limited prognostic information.401—413 A normal or
grossly abnormal EEG predicts outcome reliably, but
an EEG between these extremes is unreliable for
prognostication.
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