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Part 4. Advanced life support

International Liaison Committee on Resuscitation

The topics reviewed by the International Liaison
Committee on Resuscitation (ILCOR) Advanced Life
Support Task Force are grouped as follows: (1)
causes and prevention, (2) airway and ventilation,
(3) drugs and fluids given during cardiac arrest, (4)
techniques and devices to monitor and assist the
circulation, (5) periarrest arrhythmias, (6) cardiac
arrest in special circumstances, (7) postresuscita-
tion care, and (8) prognostication. Defibrillation
topics are discussed in Part 3.

The most important developments in advanced
life support (ALS) since the last ILCOR review in
2000 include

e The emergence of medical emergency teams
(METs) as a means of preventing in-hospital car-
diac arrest

e Additional clinical data on the use of vasopressin
in cardiac arrest

e Several new devices to assist circulation during
CPR

e The use of therapeutic hypothermia to improve
neurological outcome after ventricular fibrilla-
tion (VF) cardiac arrest

e The potential importance of glucose control after
cardiac arrest

For many topics there were insufficient data with
which to make firm treatment recommendations.
The following interventions in particular need fur-
ther research:

e The impact of METs on the incidence of cardiac
arrest

e Outcome data to define the most appropriate
advanced airway adjunct

e Evidence to identify the most effective vasopres-
sor or if any vasopressor is better than placebo for
cardiac arrest

e Randomised controlled trials on several new
devices to assist circulation during CPR

e Randomised controlled trial data on several
postresuscitation care therapies, such as control
of ventilation, sedation, and glucose

e The precise role of, and method for implement-
ing, therapeutic hypothermia: patient selection,
external versus internal cooling, optimum target
temperature and duration of therapy

Causes and prevention

Rescuers may be able to identify some noncar-
diac causes of arrest and tailor the sequence of
attempted resuscitation. Most patients sustaining
in-hospital cardiac arrest display signs of deteri-
oration for several hours before the arrest. Early
identification of these high-risk patients and the
immediate arrival of a MET (also known as Rapid
Response Team in the United States) to care for
them may help prevent cardiac arrest. Hospitals in
many countries are introducing early warning sys-
tems such as METs.

Identification of the aetiology of cardiac

arrest
W119A,W120,W121

Consensus on science. Very few data address the
aetiology of cardiac arrest directly. One prospective
study (LOE 3)' and one retrospective study (LOE 4)?
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suggested that rescuers can identify some noncar-
diac causes of some arrests.

Treatment recommendation. The physical cir-
cumstances, history, or precipitating events may
enable the rescuer to determine a noncardiac cause
of the cardiorespiratory arrest. Under these circum-
stances the rescuer should undertake interventions
based on the presumed noncardiac aetiology.

Impact of medical emergency teams
W128A, W128B, W129A, W129B, W130A, W130B,
W195A, W195B, W195C, W195D, W195E

The METs studied were composed generally of a
doctor and nurse with critical-care training who
were available at all times, responded immediately
when called, and had specific, well-defined calling
criteria. The MET system normally includes a strat-
egy for educating ward staff about early recogni-
tion of critical illness. Variations of the MET system
include critical-care outreach teams and patient-
at-risk teams; all such variants use early warning
scoring (EWS) systems to indicate patients who may
be critically ill or at risk of cardiac arrest.

Consensus on science. Two supportive before-and-
after single-center studies (LOE 3)3* documented
significant reductions in cardiac arrest rates and
improved outcomes following cardiac arrest (e.g.
survival and length of stay in the intensive care
unit [ICU]) after introduction of a MET. One cluster
randomised controlled trial documented no differ-
ence in the composite primary outcome (cardiac
arrest, unexpected death, unplanned ICU admis-
sion) between 12 hospitals in which a MET system
was introduced and 11 hospitals that continued to
function as normal (LOE 2).° In this study, however,
the MET system increased significantly the rate of
emergency team calling. Two neutral studies doc-
umented a trend toward reduction in the rates of
adult in-hospital cardiac arrest and overall mortal-
ity (LOE 3)® and a reduction in unplanned admis-
sions to the ICU (LOE 3).” A before-and-after study
documented reductions in cardiac arrest and death
in children after introduction of a MET service into
a children’s hospital,8 but these did not reach sta-
tistical significance.

Two before-and-after studies (LOE 3)% 9 showed
reduced mortality among unplanned ICU admissions
after the introduction of an EWS system. Another
before-and-after in-hospital study (LOE 3)'"" failed
to show any significant reduction in the incidence
of cardiac arrest or unplanned ICU admissions when
an EWS system was used to identify and treat adult
patients at risk of deterioration.

Treatment recommendation. Introduction of a
MET system for adult hospital in-patients should
be considered, with special attention to details of
implementation (e.g. composition and availability
of the team, calling criteria, education and aware-
ness of hospital staff, and method of activation of
the team). Introduction of an EWS system for adult
in-hospital patients may be considered.

Airway and ventilation

Consensus conference topics related to the man-
agement of airway and ventilation are categorised
as (1) basic airway devices, (2) advanced airway
devices, (3) confirmation of advanced airway place-
ment, (4) strategies to secure advanced airways,
and (5) strategies for ventilation.

Basic airway devices

Nasopharyngeal airway
W45,W46A,W46B

Consensus on science. Despite frequent success-
ful use of nasopharyngeal airways by anaesthetists,
there are no published data on the use of these
airway adjuncts during CPR. One study in anaes-
thetised patients showed that nurses inserting
nasopharyngeal airways were no more likely than
anaesthesiologists to cause nasopharyngeal trauma
(LOE 7)."2 One LOE 5 study'® showed that the tra-
ditional methods of sizing a nasopharyngeal airway
(measurement against the patient’s little finger or
anterior nares) do not correlate with the airway
anatomy and are unreliable. In one report inser-
tion of a nasopharyngeal airway caused some air-
way bleeding in 30% of cases (LOE 7).'* Two case
reports involve inadvertent intracranial placement
of a nasopharyngeal airway in patients with basal
skull fractures (LOE 7).13:16

Treatment recommendation. In the presence of a
known or suspected basal skull fracture, an oral air-
way is preferred, but if this is not possible and the
airway is obstructed, gentle insertion of a nasopha-
ryngeal airway may be lifesaving (i.e. the benefits
may far outweigh the risks).

Advanced 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, is unacceptably high. Alternatives to
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the tracheal tube that have been studied during
CPR include the bag-valve mask and advanced air-
way devices such as the laryngeal mask airway
(LMA) and Combitube. There are no data to support
the routine use of any specific approach to airway
management during cardiac arrest. The best tech-
nique depends on the precise circumstances of the
cardiac arrest and the competence of the rescuer.

Tracheal intubation versus ventilation with

bag-valve mask
W57

Consensus on science. There were no randomised
trials that assessed the effect of airway and ventila-
tion management with bag-valve mask (BVM) alone
versus airway management that includes tracheal
intubation in adult victims of cardiac arrest.

The only published randomised controlled trial
identified (LOE 7)'"7 that compared tracheal intuba-
tion with BVM ventilation was performed in children
who required airway management out-of-hospital.
In this study there was no difference in survival-
to-discharge rates, but it is unclear how applica-
ble this paediatric study is to adult resuscitation.
The study had some important limitations, includ-
ing the provision of only 6h of additional train-
ing for intubation, limited opportunity to perform
intubations, and short transport times. Two stud-
ies compared outcomes from out-of-hospital car-
diac arrest in adults treated by either emergency
medical technicians or paramedics (LOE 3'8; LOE
41%). The skills provided by the paramedics, includ-
ing intubation and intravenous (IV) cannulation81?
and drug administration,'® made no difference in
survival to hospital discharge.

The reported incidence of unrecognised mis-
placed tracheal tube is 6% (LOE 5)20-22 to 14%
(LOE 5).23 An additional problem common to any
advanced airway is that intubation attempts gener-
ally require interruptions in chest compressions.

Treatment recommendation. There is insufficient
evidence to support or refute the use of any spe-
cific technique to maintain an airway and provide
ventilation in adults with cardiopulmonary arrest.
Either bag-valve mask alone, or in combination with
tracheal intubation, is acceptable for ventilation
during CPR by prehospital providers. Rescuers must
weigh the risks and benefits of intubation versus
the need to provide effective chest compressions.
The intubation attempt will require interruption of
chest compressions, but once an advanced airway
is in place, ventilation will not require interrup-
tion (or even pausing) of chest compressions. To
avoid substantial interruptions in chest compres-

sions, providers may defer an intubation attempt
until return of spontaneous circulation (ROSC). To
ensure competence, healthcare systems that pro-
vide advanced airways should address factors such
as adequacy of training and experience and quality
assurance. Providers must confirm tube placement
and ensure that the tube is adequately secured (see
below).

Tracheal intubation versus the

Combitube/laryngeal mask airway
W42A,W42B,W43A,W43B,W44A,W44B

Consensus on science. In some communities tra-
cheal intubation is not permitted or practitioners
have inadequate opportunity to maintain their intu-
bation skills. Under these circumstances several
studies indicate a high incidence of unrecognised
oesophageal intubation misplacement and unrecog-
nised dislodgment. Prolonged attempts at tracheal
intubation are harmful: the cessation of chest com-
pressions during this time will compromise coro-
nary and cerebral perfusion. Several alternative
airway devices have been considered or studied
for airway management during CPR; the Combitube
and the LMA are the only alternative devices to
be studied specifically during CPR. None of the
studies of the LMA and Combitube during CPR
has been adequately powered to study survival as
a primary end point; instead, most researchers
have studied insertion and ventilation success
rates.

Combitube. Five randomised controlled trials
conducted on adult patients undergoing resuscita-
tion (LOE 2)24~28 and three additional randomised
controlled trials involving patients undergoing
anaesthesia (LOE 7)2°73' documented success-
ful Combitube insertion and acceptable ventila-
tion when compared with tracheal intubation.
Benefits were documented for both experienced
and inexperienced healthcare professionals with
patients in hospital as well as in out-of-hospital
settings.

Six additional studies support the use of the Com-
bitube during CPR (LOE 332; LOE 433; LOE 534-37),
Successful ventilation was achieved with the Com-
bitube during CPR in 78.9—98% of patients (LOE
226,27,38; LOE 332; LOE 433; LOE 534,35).

LMA. Seven randomised controlled trials involv-
ing anaesthetised patients (LOE 7)3~% that com-
pared the LMA with tracheal intubation and another
seven randomised control trials (LOE 7)%~52 that
compared the LMA with other airways or ventila-
tion techniques were reviewed. These studies sug-
gested that experienced and inexperienced person-
nel can insert the device or successfully ventilate
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the patient’s lungs in a high proportion of cases
compared with the tracheal tube or other airway
management and ventilation devices.

One randomised crossover study (LOE 2)3 in
adults undergoing resuscitation in the prehospital
setting compared the Combitube with the LMA and
showed that LMA insertion and successful venti-
lation could be achieved in a high proportion of
patients.

Nonrandomised studies (LOE 3°37%%; LOE 433;
LOE 5%6-%1) have also shown high insertion suc-
cess rates by inexperienced providers both in and
out of the hospital. Complication rates in nonran-
domised studies (LOE 3%8; LOE 4°3; LOE 5°) have
been extremely low.

Successful ventilation was achieved with the LMA
during CPR in 71.5—98% of cases (LOE 238; LOE 3°4;
LOE 433; LOE 5°6,58-60)

Additional airway devices. Use of the laryngeal
tube during CPR was described in just a few cases
included in two LOE 5 studies®?:%® and one LOE
8 paper.®* There were no studies comparing the
laryngeal tube with the tracheal tube in any patient
population, although four randomised controlled
trials compared the laryngeal tube favourably with
the LMA in anaesthetised patients (LOE 7).6>-68

Other devices include the ProSeal LMA, intubat-
ing LMA, airway management device, and pharyn-
geal airway express. There are no published data
on the use of these devices during CPR.

Treatment recommendation. It is acceptable for
healthcare professionals to use the Combitube or
the LMA as alternatives to the tracheal tube for air-
way management in cardiac arrest.

Confirming advanced airway placement

Unrecognised oesophageal intubation is the most
serious complication of attempted tracheal intuba-
tion. Routine confirmation of correct placement of
the tracheal tube should reduce this risk. There are
inadequate data to identify the optimal method of
confirming tube placement during cardiac arrest.
All devices should be considered adjuncts to other
confirmatory techniques. There are no data quan-
tifying the capability of these devices to monitor
tube position after initial placement.

Exhaled CO,
W47,W48,W50

Consensus on science. Evidence from one meta-
analysis in adults (LOE 1),%° one prospective con-
trolled cohort study (LOE 3),7? case series (LOE
5),/7=7% and animal models (LOE 6)39:81 indi-

cate that exhaled CO; detectors (waveform, col-
orimetry, or digital) may be useful as adjuncts
to confirm tracheal tube placement during car-
diac arrest. Of the 14 references included
in this statement, 10 referred to colorimetric
assessment,%%:71-76,79.81.82 foyr to digital,®®—71.77
and four to waveform.%?:70:78,80 There are insuffi-
cient data from cardiac arrests to enable any firm
recommendations for any particular technique.The
range of results obtained from the reviewed papers
is as follows:

e Percentage of tracheal placements detected:
33—-100%

e Percentage of oesophageal placements detected:
97—100%

o Probability of tracheal placement if test result is
positive (exhaled CO; is detected): 100%

e Probability of oesophageal placement if test
result is negative (exhaled CO, is not detected):
20—100%

One adult case series (LOE 5)82 shows that in the
presence of a perfusing rhythm, exhaled CO, detec-
tion can be used to monitor tracheal tube position
during transport.

No studies directly evaluated exhaled CO, to
confirm placement of the Combitube or LMA dur-
ing cardiac arrest in humans.

Treatment recommendation. Healthcare provi-
ders should recognise that evaluation of exhaled
CO, is not infallible for confirming correct place-
ment of a tracheal tube, particularly in patients
in cardiac arrest. Exhaled CO; should be consid-
ered as just one of several independent methods
for confirming tracheal tube placement. Con-
tinuous capnometry may be useful for early
detection of tracheal tube dislodgment during
transport.

Oesophageal detector device
W48A,W48B,W51A,W51B

Consensus on science. Eight studies of at least
fair quality evaluated the accuracy of the syringe
or self-inflating bulb type of oesophageal detector
device (EDD) (LOE 32'.77:83; | OE 584; LOE 7 [noncar-
diac arrest setting]®2-88), but many suffer from few
subjects and lack of a control group.

The EDD was highly sensitive for detection of
misplaced tracheal tubes in the oesophagus (LOE
584 LOE 785-8), |n two studies (LOE 3)77:83 of
patients in cardiac arrest, the EDD had poor sen-
sitivity for confirming tracheal placement of a tra-
cheal tube. In these studies up to 30% of correctly
placed tubes may have been removed because of
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the EDD suggested oesophageal placement of a tube
(LOE 3).78

The EDD had poor sensitivity and specificity in
the operating room in 20 children <1 year of age
(LOE 2).%9

Treatment recommendation. The use of the EDD
should be considered as just one of several inde-
pendent methods for tracheal tube confirmation.

Strategies to secure advanced airways

Accidental dislodgment of a tracheal tube can occur
at any time but may be more likely during resus-
citation and during transport. The most effective
method for securing the tracheal tube has yet to
be determined.

Securing the tracheal tube
W49A,W498

Consensus on science. There are no studies com-
paring different strategies for securing the tra-
cheal tube during CPR. Two studies in the intensive
care setting (LOE 7)%%:%" indicated that commercial
devices for securing tracheal tubes, backboards,
cervical collars, and other strategies provide an
equivalent method for preventing accidental tube
displacement when compared with the traditional
method of securing the tube with tape.

Treatment recommendation. Either commercially
made tracheal tube holders or conventional tapes
or ties should be used to secure the tracheal tube.

Strategies for ventilation

Very few studies address specific aspects of ventila-
tion during ALS. Three recent observational studies
report the ventilation rates delivered by health-
care personnel during cardiac arrest (LOE 5)%2-94:
two studies®??3 show ventilation rates that are
much higher than those recommended by the 2000
International Guidelines for CPR and ECC. Auto-
matic transport ventilators (ATVs) might enable
delivery of appropriate ventilatory rates, but no
data demonstrate clear benefit over bag-valve mask
devices.

Disconnection from ventilation during cardiac

arrest
W54A,W54B

Consensus on science. Eighteen LOE 5 arti-
cles involving 31 cases?~ "2 reported unexpected
return of circulation (and in some cases prolonged
neurologically intact survival) after cessation of

resuscitation attempts. One case series suggested
that this occurred in patients with obstructive air-
way disease (LOE 5)."% Four studies reported unex-
pected return of circulation in six cases in which
resuscitation had ceased and ventilation was shown
on repeated occasions (or was highly likely) to cause
gas trapping and consequent haemodynamic com-
promise (LOE 5).100:108=110 The authors of all these
studies suggested a period of disconnection from
ventilation during resuscitation from PEA may be
useful to exclude gas trapping.

Automatic transport ventilators
W55,W152A,W152B

Consensus on science. Research of simulated car-
diac arrest with manikins showed a significant
decrease in gastric inflation with manually trig-
gered, flow-limited, oxygen-powered resuscitators
and masks compared with bag-valve masks (LOE
6)."13 Anaesthetised patients with unprotected air-
ways but not in cardiac arrest who were venti-
lated by firefighters had less gastric inflation with
manually triggered, flow-limited, oxygen-powered
resuscitators and masks than with bag-valve masks
(LOE 5).""* A prospective cohort study of intubated
patients, most of whom were in cardiac arrest, in
an out-of-hospital urban setting showed no signifi-
cant difference in arterial blood gas values between
those ventilated with an ATV and those ventilated
with a bag-valve device (LOE 4)."" Two labora-
tory studies showed that ATVs may provide safe and
effective management of mask ventilation during
CPR of adult patients with an unprotected airway
(LOE 6).116’117

Treatment recommendation. The use of a manu-
ally triggered, flow-limited resuscitator or an ATV
by professional healthcare providers is reasonable
for ventilation of adults with an advanced airway
in place during cardiac arrest. The use of ATVs for
adults without an advanced airway in place is dis-
cussed in Part 2: **Adult Basic Life Support’’.

Drugs and fluids for cardiac arrest

Questions related to the use of drugs during cardiac
arrest that were discussed during the 2005 Consen-
sus Conference are categorised as (1) vasopressors,
(2) antiarrhythmics, (3) other drugs and fluids, and
(4) alternative routes of delivery.

Vasopressors

Despite the widespread use of adrenaline/epine-
break phrine during resuscitation and several
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studies involving vasopressin, there is no placebo-
controlled study that shows that the routine use of
any vasopressor at any stage during human cardiac
arrest increases survival to hospital discharge. Cur-
rent evidence is insufficient to support or refute
the routine use of any particular drug or sequence
of drugs. Despite the lack of human data, it is rea-
sonable to continue to use vasopressors on a routine
basis.

Adrenaline and vasopressin
W83B, W83E, W83F,W83G, W83H, W84A,

W84B,w84D,W85A,W85B,W85C,W112

Consensus on science. Despite promising lower-
level data (LOE 2''8; LOE 5'"°'2') and multiple
well-performed animal studies [LOE 6]), two large
randomised controlled human trials of adults in car-
diac arrest (LOE 1)'22:123 were unable to show an
increase in the rates of ROSC or survival for vaso-
pressin (40 U, with the dose repeated in one study)
when compared with adrenaline (1 mg, repeated)
as the initial vasopressor. In one large multicen-
ter trial involving out-of-hospital cardiac arrest
with all rhythms (LOE 1),"23 on post hoc analysis
the subset of patients with asystole had significant
improvement in rate of survival to discharge but
not neurologically intact survival when vasopressin
40 U (dose repeated once if necessary) was used
as the initial vasopressor compared with adrenaline
(1mg, repeated if necessary). A meta-analysis
of five randomised trials (LOE 1)'?* showed no
statistically significant differences between vaso-
pressin and adrenaline for ROSC, death within
24 h, or death before hospital discharge. The sub-
group analysis based on initial cardiac rhythm did
not show any statistically significant differences
in the rate of death before hospital discharge
(LOE 1).124

Treatment recommendation. Despite the absence
of placebo-controlled trials, adrenaline has been
the standard vasopressor in cardiac arrest. There
is insufficient evidence to support or refute the
use of vasopressin as an alternative to, or in com-
bination with, adrenaline in any cardiac arrest
rhythm.

Alpha-methyl noradrenaline
W83B,W48C

Consensus on science. Preliminary animal studies
(LOE 6)'%5-127 have suggested some potential short-
term benefits with the use of alpha-methyl nora-
drenaline in animal models of VF. At this stage no
published human studies have been identified.

Endothelin
W83D,W83|

Consensus on science. Evidence from five studies
of cardiac arrest in animals (LOE 6)'28-132 docu-
mented consistent improvement in coronary per-
fusion pressure with endothelin-1, but this did not
translate into improved myocardial blood flow. No
published human studies were available.

Antiarrhythmics

There is no evidence that giving any antiarrhyth-
mic drug routinely during human cardiac arrest
increases rate of survival to hospital discharge. In
comparison with placebo and lidocaine, the use
of amiodarone in shock-refractory VF improves the
short-term outcome of survival to hospital admis-
sion. Despite the lack of human long-term outcome
data, it is reasonable to continue to use antiarrhyth-
mic drugs on a routine basis.

Amiodarone
W83A,W83lI

Consensus on science. In two blinded randomised
controlled clinical trials in adults (LOE 1),'33.134
administration of amiodarone (300mg'33; 5mg
kg—1134) by paramedics to patients with refrac-
tory VF/pulseless ventricular tachycardia (VT) in
the out-of-hospital setting improved survival to hos-
pital admission when compared with administra-
tion of placebo’33 or lidocaine 1.5 mgkg~1.134 Addi-
tional studies (LOE 7)'3%~13% document consistent
improvement in defibrillation response when amio-
darone is given to humans or animals with VF or
haemodynamically unstable VT.

Treatment recommendation. In light of the short-
term survival benefits, amiodarone should be con-
sidered for refractory VF/VT.

Other drugs and fluids

There is no evidence that giving other drugs rou-
tinely (e.g. buffers, aminophylline, atropine, cal-
cium, magnesium) during human cardiac arrest
increases survival to hospital discharge. There are
several reports on the successful use of fibrinolytics
during cardiac arrest, particularly when the arrest
was caused by pulmonary embolism.

Aminophylline
W98A,W98B

Consensus on science. One case series (LOE 5)'40
and three small randomised trials (LOE 2)'41-143



Part 4: Advanced life support

219

indicate that aminophylline does not increase ROSC
when given for bradyasystolic cardiac arrest. No
studies have shown an effect of aminophylline on
rates of survival to hospital discharge. There is
no evidence of harm from giving aminophylline in
b1r%iyasystolic cardiac arrest (LOE 2'#1-143; |OE
5149,

Atropine
W97A,W97B

Consensus on science. Five prospective controlled
nonrandomised cohort studies in adults (LOE
3)19:144-147 3nd one LOE 4 study'“® showed that
treatment with atropine was not associated with
any consistent benefits after in-hospital or out-of-
hospital cardiac arrest.

Buffers
W34,W100A,W100B

Consensus on science. There were no published
LOE 1, 2, or 3 studies on the use of sodium bicar-
bonate during CPR. One LOE 2 study'# showed no
advantage of Tribonate over placebo (neutral), and
five retrospective analyses of uncontrolled clinical
use of sodium bicarbonate were inconclusive (LOE
4).150-154 One LOE 4 study'>> suggested that emer-
gency medical services (EMS) systems using sodium
bicarbonate earlier and more frequently had signif-
icantly higher rates of ROSC and hospital discharge
and better long-term neurological outcome.

Results of animal studies are conflicting and
inconclusive. Sodium bicarbonate was effective for
treating the cardiovascular toxicity (hypotension,
cardiac arrhythmias) caused by tricyclic antidepres-
sants and other fast sodium channel blockers (see
**Drug Overdose and Poisoning’’, below). Only one
LOE 5 publication'® reported the successful treat-
ment of VF cardiac arrest caused by tricyclic poi-
soning using sodium bicarbonate.

Treatment recommendation. Giving sodium bicar-
bonate routinely during cardiac arrest and CPR
(especially in out-of-hospital cardiac arrest) or
after ROSC is not recommended. Sodium bicarbon-
ate may be considered for life-threatening hyper-
kalemia or cardiac arrest associated with hyper-
kalemia, preexisting metabolic acidosis, or tricyclic
antidepressant overdose.

Magnesium
W83K,W101A,W101B

Consensus on science. Studies in adults in- and
out-of-hospital (LOE 2'37-160; | OE 316'; LOE 7'62)
and animal studies (LOE 6)'63-166 jndicated no
increase in the rate of ROSC when magnesium

was given during CPR. Results from one small case
series of five patients (LOE 5)'’ indicated bene-
fit from giving magnesium in shock-resistant and
adrenaline/lidocaine-resistant VF.

Treatment recommendation. Magnesium should
be given for hypomagnesemia and torsades de
pointes, but there are insufficient data to recom-
mend for or against its routine use in cardiac arrest.

Fibrinolysis during CPR
W96A,W96B,W96C

Consensus on science. Adults have been resusci-
tated successfully following administration of fibri-
nolytics after initial failure of standard CPR tech-
niques, particularly when the condition leading to
the arrest was acute pulmonary embolism or other
presumed cardiac cause (LOE 3'68; LOE 4169171,
LOE 5'72-176)  One large clinical trial (LOE 2)'77
failed to show any significant treatment effect from
administration of fibrinolytics to out-of-hospital
patients with undifferentiated pulseless electrical
activity (PEA) cardiac arrest unresponsive to ini-
tial interventions. Four clinical studies (LOE 3'68;
LOE 4'69-171) and five case series (LOE 5)'72-176
indicated that there is no increase in bleeding
complications with fibrinolysis during CPR for non-
traumatic cardiac arrest. Two animal studies (LOE
6)'78:179 showed positive effects on cerebral reper-
fusion with fibrinolysis during CPR.

Treatment recommendation. Fibrinolysis should
be considered in adult patients with cardiac arrest
with proven or suspected pulmonary embolism.
There are insufficient data to support or refute the
routine use of fibrinolysis in cardiac arrest from
other causes.

Fluids
W105

Consensus on science. There were no published
human studies of routine fluid use compared with
no fluids during normovolaemic cardiac arrest. Four
animal studies (LOE 6)'80-183 of experimental VF
neither support nor refute the use of IV fluids rou-
tinely. Fluids should be infused if hypovolemia is
suspected.

Alternative routes for drug delivery

If IV access cannot be established, intraosseous (10)
delivery of resuscitation drugs will achieve ade-
quate plasma concentrations. Resuscitation drugs
can also be given via the tracheal tube, but the
plasma concentrations achieved are variable and
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substantially lower than those achieved when the
same drug is given by the IV or 10 routes.

Intraosseous route
w29

Consensus on science. Two prospective trials in
adults and children (LOE 3)'8%185 and six other
studies (LOE 4'86; LOE 5'87-189. | OE 7190.191) docu-
mented that 10 access is safe and effective for fluid
resuscitation, drug delivery, and laboratory evalu-
ation, and is attainable in all age groups.

Drugs given via the tracheal tube
W32,W108

Consensus on science

Atropine and adrenaline. In one historic non-
randomised cohort study (LOE 4)'°2 in adults, the
rate of ROSC (27% versus 15%, P=.01) and rate
of survival to hospital admission (20% versus 9%,
P=.01) was significantly higher in the IV drug
(atropine and adrenaline) group compared with the
tracheal drug group. No patient who received tra-
cheal drugs survived to hospital discharge com-
pared with 5% of those who received IV drugs.

Adrenaline. During CPR the equipotent
adrenaline dose given endobronchially was approxi-
mately 3—10 times higher than the IV dose (LOE
5193; LOE 6'°4). Endobronchial adrenaline (2—3 mg)
diluted in 5—10mL 0.9% NaCl achieved therapeutic
plasma concentrations (LOE 5).'9® Endobronchial
adrenaline achieved higher plasma concentrations
when diluted with water rather than 0.9% saline
(LOE 6).1%

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 reab-
sorption of adrenaline from the lungs into the pul-
monary circulation may occur (LOE 6),'%* causing
arterial hypertension, malignant arrhythmias, and
recurrence of VF.

Lidocaine. All studies were performed in haemo-
dynamically stable (nonarrest) patients. Thera-
peutic plasma concentrations of lidocaine were
achieved in these patients (LOE 5)'96:197 after tra-
cheal tube instillation but in only 40% of sim-
ilar patients after instillation via an LMA (LOE
5).197,1%8 |n anaesthetised healthy adults, endo-
bronchial delivery delayed the increase in lidocaine
plasma concentrations (LOE 2).'"? In some (LOE
5),198:200 byt not all of these studies (LOE 2197;
LOE 5'%6), deep endobronchial delivery of lidocaine
via a catheter achieved lower blood concentra-
tions than when lidocaine was injected directly
into the tracheal tube. Endobronchial lidocaine

achieved higher plasma concentrations and caused
less reduction in PaO; when diluted with water
instead of 0.9% saline (LOE 5).201

Vasopressin. Endobronchial vasopressin was
more effective in increasing diastolic blood pres-
sure than equivalent doses of endobronchial
adrenaline (LOE 6).292 |n a small animal study,
endobronchial vasopressin was more effective than
placebo in increasing coronary perfusion pressure
during CPR and improved survival rates (LOE 6).203

Treatment recommendation. If IV access is
delayed or cannot be achieved, 10 access should
be considered. Give drugs via the tracheal tube
if intravascular (IV or 10) 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. Dilution
with water instead of 0.9% saline may achieve
better drug absorption.

Monitoring and assisting the circulation

Specific questions related to the use of techniques
and devices to (1) monitor the performance of CPR
during cardiac arrest or (2) assist the circulation
(alternatives to standard CPR) during cardiac arrest
were discussed during the 2005 Consensus Confer-
ence. They are listed below.

Monitoring CPR performance

End-tidal CO; can be used as an indicator of ROSC.
Arterial blood gas analysis may help to guide ther-
apy. Measurement of coronary artery perfusion
might be helpful, but because it is technically dif-
ficult to measure, it is not available routinely.

End-tidal CO, monitoring to guide therapy

during cardiac arrest
W92A,W92B

Consensus on science. No studies have addressed
this question directly. The studies published over
the past 5 years were consistent with the older
literature, which showed that higher end-tidal
CO;, values during CPR correlate with ROSC (LOE
5),204-207

In experimental models, end-tidal CO, concen-
tration during ongoing CPR correlated with cardiac
output, coronary perfusion pressure, and success-
ful resuscitation from cardiac arrest (LOE 6).208-214
Eight case series have shown that patients who
were successfully resuscitated from cardiac arrest
had significantly higher end-tidal CO; levels than
patients who could not be resuscitated (LOE
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5).73,204-207,215-217 Capnometry can also be used as
an early indicator of ROSC (LOE 5218:219; | OE 6220),

In case series totaling 744 patients, intubated
adults in cardiac arrest receiving CPR who had
a maximum end-tidal CO; of <10mmHg had a
poor prognosis even if CPR was optimal (LOE
5).204,205,217,221-223 Thjs prognostic indicator may
be unreliable immediately after starting CPR
because two studies (LOE 5)217:223 show no differ-
ence in ROSC and survival in those with an initial
end-tidal CO; of <10 mmHg. Two additional studies
(LOE 5)221,222 reported that five patients achieved
ROSC despite an initial end-tidal CO; of <10 mmHg
(one patient survived).

Treatment recommendation. End-tidal CO; moni-
toring is a safe and effective noninvasive indicator
of cardiac output during CPR and may be an early
indicator of ROSC in intubated patients.

Arterial blood gas monitoring during cardiac

arrest
W93A,W93B

Consensus on science. There was evidence from
one LOE 5 study?24 and 10 LOE 7 studies?25234 that
arterial blood gas values are an inaccurate indi-
cator of the magnitude of tissue acidosis during
cardiac arrest and CPR in both the in-hospital and
out-of-hospital settings. The same studies indicate
that both arterial and mixed venous blood gases are
required to establish the degree of acidosis.

Arterial blood gas analysis alone can disclose the
degree of hypoxaemia (LOE 523%; LOE 6236:237; | OE
7225,227,231,238-240) " Arterial blood gas analysis can
also highlight the extent of metabolic acidosis (LOE
5241: | OF 6236; L OF 7225,227,230,231,238,239)

Arterial CO, is an indicator of adequacy of ven-
tilation during CPR (LOE 2242; LOE 5235; LOE 6236;
LOE 7°%:227,239,243) ' |f ventilation is constant, an
increase in PaCO; is a potential marker of improved

perfusion during CPR (LOE 5%44; LOE 629%:245; |OE
7246)'

Treatment recommendation. Arterial blood gas
monitoring during cardiac arrest enables estimation
of the degree of hypoxaemia and the adequacy of
ventilation during CPR but is not a reliable indicator
of the extent of tissue acidosis.

Coronary perfusion pressure to guide

resuscitation
W95A,W95B,W95C

Consensus on science. Coronary perfusion pres-
sure (CPP) (aortic relaxation [diastolic] minus the

right atrial relaxation phase blood pressure dur-
ing CPR) correlated with both myocardial blood
flow and ROSC (LOE 3)%47:248; 3 value >15mmHg is
predictive of ROSC. Increased CPP correlated with
improved 24-h survival in animal studies (LOE 6)24
and is associated with improved myocardial blood
flow and ROSC in studies of adrenaline, vasopressin,
and angiotensin Il (LOE 6).249-251

Treatment recommendation. Coronary perfusion
pressure can guide therapy during cardiac arrest. In
an intensive care facility the availability of direct
arterial and central venous pressure monitoring
makes calculation of CPP potentially useful. Out-
side the intensive care facility the technical diffi-
culties of invasive monitoring of central arterial and
venous pressure make it difficult to calculate CPP
routinely during cardiac arrest.

Techniques and devices to assist circulation
during cardiac arrest

Several techniques or adjuncts to standard CPR
have been investigated, and the relevant data were
reviewed extensively. One multicenter human study
(LOE 2)** showed poor quality and frequent inter-
ruptions in chest compressions delivered during
prehospital CPR. In the hands of some groups, novel
techniques and adjuncts may be better than stan-
dard CPR. The success of any technique depends on
the education and training of the rescuers or the
resources available (including personnel). Because
information about these techniques and devices is
often limited, conflicting, or supportive only for
short-term outcomes, no recommendations can be
made to support or refute their routine use.

Transcutaneous pacing for asystole
w104

Consensus on science. Three randomised con-
trolled trials (LOE 2)2°2-254 and additional studies
(LOE 325%; LOE 5%°6-25%; | OE 6260; LOE 72¢") indi-
cate no improvement in the rate of admission to
hospital or survival to hospital discharge when pac-
ing was attempted by paramedics or physicians in
asystolic patients in the prehospital or the hospital
(emergency department) setting.

Treatment recommendation. Pacing is not recom-
mended for patients in asystolic cardiac arrest.

CPR prompt devices
W190A,W190B

Consensus on science. Two studies in adults (LOE
5)?3:%4 show that unprompted CPR was frequently of
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poor quality in the out-of-hospital and in-hospital
settings. One study in adults (LOE 3),22 one study
in children (LOE 3),263 and animal (LOE 6)264.265
and manikin studies (LOE 6)29¢=272 show consistent
improvement in end tidal CO, or quality of CPR per-
formed, or both, when feedback was provided with
a variety of formats to guide CPR. In one manikin
study (LOE 6),270 95% of rescuers reported discom-
fort in the heels of their hands and wrists when
using a CPR prompt applied between their hands
and the victim’s chest, but no long-term injuries
were noted. A crossover study of paramedic stu-
dents previously trained in CPR showed that audio
feedback significantly improved the proportion of
correct inflations, correct compression depth, and
duration of compressions (LOE 6).268 A similar study
of nursing students showed improved inflations and
depth of compression (LOE 6).272

Treatment recommendation. CPR prompt devices
may improve CPR performance. See also Part 8:
““Interdisciplinary Topics’’.

Interposed abdominal compression CPR
W73A,W73B

Consensus on science. Two randomised controlled
trials (LOE 1%Z73; LOE 2%74) of in-hospital car-
diac arrests showed improved ROSC and survival
of event when interposed abdominal compression
CPR (IAC-CPR) performed by rescuers trained in
the technique was compared with standard CPR.
One of these studies (LOE 1)273 also reported
improved rates of survival to hospital discharge.
These data and those from a crossover study
(LOE 3)%75 were combined in two meta-analyses
(LOE 1).276:277 Qpe randomised controlled trial
(LOE 2)Z78 of out-of-hospital cardiac arrests did
not show any survival advantage when IAC-CPR
was undertaken by rescuers trained in the tech-
nique compared with standard CPR. Some harm
was reported in one child (LOE 5).Z7° Although
only a small proportion of patients had postmortem
examinations, there was no evidence of significant
harm.

High-frequency CPR
W74,163H

Consensus on science. One clinical trial of nine
patients (LOE 4)280 showed that high-frequency
CPR (120 compressions min—") improved haemody-
namics over standard CPR. Three laboratory stud-
jes (LOE 6)281-283 showed that high-frequency CPR
(120—150 compressions min~') improved haemo-
dynamics without increasing trauma. In one addi-
tional laboratory study (LOE 6),284 high-frequency

CPR did not improve haemodynamics over standard
CPR.

Active compression-decompression CPR
W75A,W75B,W163J

Consensus on science. Despite initial promising
studies suggesting short-term survival benefits (LOE
2)28.286 and even intact neurological survival (LOE
1),287 a Cochrane meta-analysis (LOE 1)288 of 10
trials (involving 4162 patients) compared active
compression-decompression (ACD) CPR with stan-
dard CPR in the out-of-hospital setting and did not
show a significant increase in rates of immediate
survival or hospital discharge. One meta-analysis
(LOE 1)28 of two trials (826 patients) comparing
ACD-CPR with standard CPR after in-hospital car-
diac arrest did not detect a significant increase in
rates of immediate survival or hospital discharge.
Although one small study (LOE 4)28% showed harm
with an increased incidence of sternal fractures in
the ACD-CPR group when compared with standard
CPR alone, the large meta-analysis?®® did not find
any increase in complications when ACD-CPR was
compared with standard CPR.

Load distributing band CPR
W76A,W76B,W163F

Consensus on science. The load distributing band
(LDB) is a circumferential chest compression device
composed of a pneumatically actuated constrict-
ing band and backboard. A case control study of
162 adults (LOE 4)2%0 documented improvement in
survival to the emergency department when LDB-
CPR was administered by adequately trained rescue
personnel to patients with cardiac arrest in the
prehospital setting. The use of LDB-CPR improved
haemodynamics in one in-hospital study of end-
stage patients (LOE 3)2°" and two laboratory studies
(LOE 6).292’293

Mechanical (piston) CPR
W77A,W77B,W163B,W163E

Consensus on science. One prospective ran-
domised study and two prospective randomised
crossover studies in adults (LOE 2)294-2% jndicated
improvement in end-tidal CO, and mean arterial
pressure when automatic mechanical (piston) CPR
was undertaken by medical and paramedical per-
sonnel in the hospital or prehospital setting. In sev-
eral studies in animals (LOE 6),297-300 mechanical
(piston) CPR improved end-tidal CO,, cardiac out-
put, cerebral blood flow, mean arterial pressure,
and short-term neurological outcome.
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Lund University Cardiac Arrest System CPR
W77B,W163D

Consensus on science. The Lund University Car-
diac Arrest System (LUCAS) is a gas-driven sternal
compression device that incorporates a suction cup
for active decompression. There were no published
randomised human studies comparing LUCAS-CPR
with standard CPR. A single study of pigs with VF
showed that LUCAS-CPR improved haemodynamic
and short-term survival rates compared with stan-
dard CPR (LOE 6).2° The LUCAS was also used
in 20 patients, but incomplete outcome data was
reported (LOE 6).29

Phased thoracic-abdominal

compression-decompression CPR
W78A,W78B,W163C,W168

Consensus on science. Phased thoracic-abdominal
compression-decompression (PTACD) CPR combines
the concepts of IAC-CPR and ACD-CPR. One model-
ing study (LOE 7)39" and one laboratory study (LOE
6)392 showed that PTACD-CPR improved haemody-
namics. One clinical, randomised study in adults
(LOE 2)3°" and additional experimental studies (LOE
6302303, | OF 73%4) documented no improvement in
survival rates for patients with cardiac arrest when
PTACD-CPR was used for assistance of circulation
during ALS in the prehospital or in-hospital setting.
PTACD-CPR did not delay starting CPR substantially
and had no significant known disadvantages nor
caused harm when used correctly.

Minimally invasive direct cardiac massage
W79A,W79B

Consensus on science. Minimally invasive direct
cardiac massage (MIDCM) involves insertion of a
plunger-like device through a small incision in the
chest wall to enable direct compression of the
heart. MIDCM improved ROSC and coronary perfu-
sion pressure compared with standard CPR in one
laboratory study (LOE 6)3% and generated systemic
blood flow and myocardial and cerebral flow similar
to that produced with open-chest cardiac massage
in two laboratory studies (LOE 6).3%:307 The MIDCM
device was placed in patients in the field and gener-
ated improved blood pressure over standard CPR in
one clinical study (LOE 3).3%98 But in this study, use
of the MIDCM device caused cardiac rupture in one
patient. MIDCM increased the defibrillation thresh-
old for standard external defibrillation but reduced
the defibrillation threshold if the MIDCM device was
used as one of the electrodes in one laboratory
study (LOE 6).39°

Impedance threshold device
W80,W163A,W163I

Consensus on science. The impedance threshold
device (ITD) is a valve that limits air entry into the
lungs during chest recoil between chest compres-
sions. It is designed to reduce intrathoracic pressure
and enhance venous return to the heart. A ran-
domised study of 230 adults documented increased
admissions to the ICU and 24-h survival rates (LOE
2)310 when an ITD was used with standard CPR in
patients with cardiac arrest (PEA only) in the pre-
hospital setting. The addition of the ITD improved
the haemodynamics during standard CPR in five
laboratory studies (LOE 6)3'"=3'> and one clinical
study (LOE 2).316

A randomised study of 400 adults showed
increased ROSC and 24-h survival rates (LOE 1)317
when an ITD was used with ACD-CPR in patients
with cardiac arrest in the prehospital setting. The
addition of the ITD improved the haemodynamics
during ACD-CPR in one laboratory study (LOE 6)318
and one clinical study (LOE 2).3'® One laboratory
study failed to show an improvement in haemody-
namics with the use of the ITD during ACD-CPR (LOE
6).3'* Compared with standard CPR, ROSC and 24-
h survival were increased when the ITD was used
with ACD in a randomised study of 210 prehospi-
tal patients (LOE 1),320 and haemodynamics were
improved in two laboratory studies (LOE 6).32:322

Extracorporeal techniques and invasive

perfusion devices
W28,W82

Consensus on science. The only adult data come
from three case series (LOE 5).323-325 Qne of
these323 indicated that extracorporeal CPR (ECPR)
was more successful in postcardiotomy patients
than those in cardiac arrest from other causes. The
other two studies324:325 suggested that ECPR is not
beneficial for patients presenting to the emergency
department in cardiac arrest with the exception of
cardiac arrest associated with hypothermia or drug
intoxication.

Open-chest CPR
W81A,W81B

Consensus on science. No prospective randomised
studies of open-chest CPR for resuscitation have
been published. Four relevant human studies were
reviewed, two after cardiac surgery (LOE 432¢; LOE
5327) and two after out-of-hospital cardiac arrest
(LOE 4328; L OE 532%). The observed benefits of open-
chest cardiac massage included improved coro-
nary perfusion pressure32? and increased ROSC.328
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Evidence from animal studies (LOE 6)339-344 indi-
cates that open-chest CPR produces greater survival
rates, perfusion pressures, and organ blood flow
than closed-chest CPR.

Treatment recommendation. Open-chest CPR
should be considered for patients with cardiac
arrest in the early postoperative phase after car-
diothoracic surgery or when the chest or abdomen
is already open.

Periarrest arrhythmias

Narrow-complex tachycardia

There are four options for the treatment of narrow-
complex tachycardia in the periarrest setting: elec-
trical conversion, physical manoeuvers, pharma-
cological conversion, or rate control. The choice
depends on the stability of the patient and the
rhythm. In a haemodynamically unstable patient,
narrow-complex tachycardia is best treated with
electrical cardioversion.

Drug therapy for atrial fibrillation
w86

Consensus on science. One randomised controlled
trial in adults and three additional studies docu-
mented improvement in rate control when magne-
sium (LOE 3),3* diltiazem (LOE 2),3¢ or B-blockers
(LOE 2)347:348 were given by physicians, nurses, and
paramedics in both the out-of-hospital (LOE 3)34°
and hospital settings to patients with atrial fibrilla-
tion with a rapid ventricular response.34°

Two randomised controlled trials in adults
(LOE 2)3%0:351 and additional studies documented
improvement in rhythm when ibutilide, digoxin,
clonidine, magnesium, or amiodarone were given
by physicians or nurses to patients with atrial fib-
rillation in the hospital setting.

Treatment recommendation. Magnesium, dilti-
azem, or B-blockers may be used for rate control in
patients with atrial fibrillation with a rapid ventric-
ular response. Amiodarone, ibutilide, propafenone,
flecainide, digoxin, clonidine, or magnesium may
be used for rhythm control in patients with atrial
fibrillation.

Drug therapy for regular narrow-complex

tachycardia
w7

Consensus on science. In one randomised study
in the ED, 41 of 148 (28%) patients with paroxys-

mal supraventricular tachycardia (PSVT) were con-
verted to sinus rhythm with carotid sinus massage
or a Valsalva manoeuver (LOE 2).352Z One study (LOE
4)353 showed that stable paroxysmal supraventric-
ular tachycardia (PSVT) in younger patients may
be treated first with vagal manoeuvers but will be
unsuccessful 80% of the time.

Five prospective controlled nonrandomised
cohort studies (LOE 23%4; LOE 3355-3%8) jndicated
that adenosine is safe and effective in converting
PSVT in the hospital and out-of-hospital settings.
Two randomised clinical trials (LOE 2)33%.3%°
documented no statistical significance in PSVT
conversion rate between adenosine and calcium
channel blockers, but the effect of adenosine is
more rapid, and side effects are more severe with
verapamil. One randomised clinical trial in the ED
(LOE 2)3%0 documented no difference in the PSVT
conversion rate between infusions of verapamil
(99%) and diltiazem (96%). One randomised clinical
trial in the ED (LOE 1)3' documented signifi-
cantly better PSVT conversion rates with diltiazem
(100%) in comparison with esmolol (25%). One
electrophysiologic study (LOE 6)3¢2 documented
that amiodarone achieved 100% efficacy in the
inhibition of induced sustained reentrant PSVT.

Treatment  recommendation. Stable narrow-
complex tachycardia (excluding atrial fibrillation
or atrial flutter) should be treated first with vagal
manoeuvers (avoiding carotid sinus massage in the
elderly); these will terminate about 20% of PSVTs.
If vagal manoeuvers are not used or if they fail,
give adenosine.

A calcium channel blocker (verapamil or dil-
tiazem) infusion or amiodarone may be used
as a second-line treatment for the 10—15% of
patients who do not respond to adenosine. In
unstable PSVT electrical cardioversion is the treat-
ment of choice; IV rapid bolus adenosine can be
tried if electrical cardioversion is not immediately
available.

Broad-complex tachycardia

The stability of the patient determines the choice
of treatment for wide-complex (broad-complex)
tachycardia. In unstable wide-complex tachycardia
electrical cardioversion is the treatment of choice.

Drug therapy for stable ventricular tachycardia
W35,W88

Consensus on science. Three observational stud-
jes (LOE 5)363-365 jndicated that amiodarone is
effective for the termination of shock-resistant or
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drug-refractory VT. One randomised parallel study
(LOE 2)"38 indicated that aqueous amiodarone is
more effective than lidocaine in the treatment of
shock-resistant VT. One randomised trial (LOE 2)36¢
indicated that procainamide is superior to lidocaine
in terminating spontaneously occurring VT. Three
retrospective analyses (LOE 5)3¢7—36% jndicated a
low rate of termination of VT with lidocaine in
patients with and without acute myocardial infarc-
tion. One randomised controlled trial (LOE 1)370
indicated that sotalol is significantly more effective
than lidocaine for terminating acute sustained VT.
One meta-analysis (LOE 1)3¢7 showed that the over-
all risk of torsades de pointes in patients treated
with a single infusion of IV sotalol is approximately
0.1%.

Treatment recommendation. Amiodarone, pro-
cainamide, and sotalol are effective in terminating
stable sustained VT.

Drug therapy for polymorphic ventricular

tachycardia
w89

Consensus on science. One observational study
(LOE 5)37" showed that IV magnesium will not
terminate polymorphic VT (excluding torsades de
pointes) in patients with a normal QT interval. Lido-
cai?;z is not effective, but amiodarone may be (LOE
4).

Treatment recommendation. For haemodynami-
cally stable polymorphic VT, where electrical ther-
apy is not desirable or is ineffective, treatment with
amiodarone may be effective.

Therapy for torsades de pointes
W90

Consensus on science. Two observational studies
(LOE 5)371:373 showed that IV magnesium can ter-
minate torsades de pointes effectively in patients
with prolonged QT interval. One adult case series
(LOE 5)37% showed that isoproterenol or ventricu-
lar pacing can be effective in terminating torsades
de pointes associated with bradycardia and drug-
induced QT prolongation.

Treatment recommendation. Magnesium, isopro-
terenol, and ventricular pacing can be used to treat
torsades de pointes.

Bradycardia

In the periarrest setting the rescuer should seek
and treat reversible causes of bradycardia. In the

absence of reversible causes, atropine remains the
first-line drug for acute symptomatic bradycardia.
Failure to respond to atropine will usually neces-
sitate transcutaneous pacing, although second-line
drug therapy with dopamine, adrenaline, isopro-
terenol, or theophylline may be successful. Fist
pacing may be attempted pending the arrival of an
electrical pacing unit.

Drug therapy for symptomatic bradycardia
W91

Consensus on science. In one randomised clin-
ical trial in adults (LOE 2)375 and one historic
cohort study in adults and additional reports (LOE
4),376=379 |V atropine improved heart rate, symp-
toms, and signs associated with bradycardia. An
initial dose of 0.5mg, repeated as needed to a
total of 1.5mg, was effective in both in-hospital
and out-of-hospital treatment of symptomatic
bradycardia.

In two prospective controlled nonrandomised
cohort studies in hospitalized adults (LOE 4),376,380
administration of IV theophylline improved heart
rate, symptoms, and signs associated with brady-
cardia that did not respond to atropine.

One case series (LOE 5)379 documented improve-
ment in heart rate, symptoms, and signs associated
with bradycardia when IV glucagon (3 mg initially,
followed by infusion at 3mgh~"! if necessary)
was given to hospital patients with drug-induced
symptomatic bradycardia not responding to
atropine.

One study in 10 healthy volunteers indicated that
a 3-mg dose of atropine produces the maximum
achievable increase in resting heart rate (LOE 7).381
One study indicated that atropine may paradoxi-
cally cause high-degree AV block in patients after
cardiac transplantation (LOE 5).382

Treatment recommendation. For symptomatic
bradycardia, give atropine 0.5—1mg i.v., repeated
every 3—5min, to a total of 3mg. Be prepared to
initiate transcutaneous pacing quickly in patients
who do not respond to atropine (or second-line
drugs if these do not delay definitive management).
Pacing is also recommended for severely symp-
tomatic patients, especially when the block is at
or below the His-Purkinje level. Second-line drugs
for symptomatic bradycardia include dopamine,
adrenaline, isoproterenol, and theophylline. Con-
sider IV glucagon if B-blockers or calcium channel
blockers are a potential cause of the bradycardia.
Atropine should not be used in patients with cardiac
transplants.
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Fist pacing in cardiac arrest
W58

Consensus on science. Three case series indicated
that fist pacing can be effective. Two of the largest
studies have included 100 (LOE 5)38 and 50 (LOE
5)384 patients. One study (LOE 5)35 compared
fist pacing with two electrical modes in the same
patient and found all three techniques equally
effective. Selected case series indicate that the
most effective technique is to deliver serial rhyth-
mic blows (fist pacing) with the closed fist over the
left lower edge of the sternum to pace the heart
at a physiological rate of 50—70 beats min~—! (LOE
5).383.384 There are no prehospital case reports of
fist pacing. In virtually all published cases of fist
pacing, complete heart block was the underlying
bradyarrhythmia.

Treatment recommendation. Fist pacing may be
considered in haemodynamically unstable brad-
yarrhythmias until an electrical pacemaker (tran-
scutaneous or transvenous) is available.

Cardiac arrest in special circumstances

In some circumstances modification of the stan-
dard resuscitation technique is required to max-
imize the victim’s chance of survival. In many of
these special circumstances recognition of the crit-
ically ill patient may enable early treatment to
prevent cardiac arrest. The special circumstances
reviewed during the consensus process can be cat-
egorised as environmental (hypothermia, submer-
sion, electrocution), pregnancy, asthma, and drug
overdose/poisoning.

Environmental

Hypothermia
W131,W162A,W1628

Hypothermic patients with
386

Consensus on science.
pulse. One randomised controlled trial (LOE 1)
showed active surface heating to be more effec-
tive than metallic foil insulation in an experimental
model of accidental hypothermia. Two studies (LOE
4)387,388 documented successful active rewarming
with external surface, forced air, and warm infu-
sions.

Hypothermic patients with cardiac arrest.
Two studies (LOE 4)389:390 documented successful
resuscitation with prolonged CPR and successful
recovery using invasive rewarming (extracorporeal
circulation or cardiopulmonary bypass). Success-
ful resuscitation from hypothermic cardiac arrest

was reported using active noninvasive rewarming
(forced air, warm infusions) (LOE 4).38% Better out-
comes were documented for nonasphyxial versus
presumed asphyxial hypothermic arrest (LOE 4).38°
For victims of avalanche, a small air pocket may
pre})\ﬁnt an asphyxial component of the arrest (LOE
5).

Treatment recommendation. For hypothermic
patients with a perfusing rhythm and without a pre-
ceding cardiac arrest, consider active (noninvasive)
external warming (with heating blankets, forced
air, and warmed infusion). Severely hypother-
mic patients in cardiac arrest may benefit from
invasive warming (cardiopulmonary bypass or
extracorporeal circulation).

Drowning
W132,W160,W161

For additional information see ‘‘Drowning’’ in Part
2: **Adult Basic Life Support’’.

Consensus on science. One study indicated that
victims of drowning are at risk for cervical spine
injury only if they have clinical signs of severe
injury (LOE 4).3°2 Three single case reports (LOE
5)393-395 documented the use of exogenous surfac-
tant for fresh water-induced severe respiratory dis-
tress syndrome; two victims survived. A case report
described the use of noninvasive positive-pressure
ventilation in two victims of submersion (LOE 5).3%

There was no evidence to support or refute
the use of steroids (LOE 5),3% nitric oxide
(LOE 5),3% extracorporeal membrane oxygenation
(ECMO) rewarming after ROSC (LOE 5),38 thera-
peutic hypothermia after ROSC (LOE 5),3%° or vaso-
pressin (LOE 5)%%0 after submersion. Case reports
documented the use of ECMO in young children

with severe hypothermia after submersion (LOE
5).401,402

Treatment recommendation. Victims of submer-
sion should be removed from the water and
resuscitated by the fastest means available. Only
victims with risk factors (history of diving, water
slide use, trauma, alcohol) or clinical signs of injury
or focal neurological signs should be treated as hav-
ing a potential spinal cord injury, with stabilisation
of the cervical and thoracic spine.

Electrocution
W135

Consensus on science. Case reports (LOE 5)#03—412
indicated that early BLS and ALS may be lifesaving
and may decrease short and long term cardiac and
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neurological sequelae for victims of electrocution
and lightning injuries.

Case studies of victims of lightning and electric
injuries emphasize the possible coexistence of mul-
tiple injuries and the importance of ensuring initial
responder safety. Survivors may have permanent
neurological and cardiac sequelae.

Pregnancy

Aetiology of cardiac arrest in pregnancy
W119C,W134

Consensus on science. One large case series (LOE
5)413 suggested that systematic consideration of
the reversible causes of cardiac arrest may enable
skilled rescuers to identify the aetiology of cardiac
arrest in pregnancy in the hospital setting.

Evidence extrapolated from peri-arrest resusci-
tation scenarios (LOE 7)#14413 indicated that ultra-
sound assessment undertaken by trained rescuers
may help to identify intra-abdominal haemorrhage
as a cause of cardiac arrest in pregnancy in the hos-
pital setting.

Treatment recommendation. Rescuers should try
to identify common and reversible causes of cardiac
arrest in pregnancy during resuscitation attempts.
The use of abdominal ultrasound by a skilled oper-
ator should be considered in detecting pregnancy
and possible causes of cardiac arrest in pregnancy,
but this should not delay other treatments.

Resuscitation technique for pregnancy
w134

Consensus on science. A case series (LOE 5)*'¢ and
numerous case reports (LOE 7417; LOE 8418-421) doc-
umented an improvement in rates of maternal and
neonatal survival to discharge when delivery of the
fetus was performed within 5 min of cardiac arrest
in pregnancy if initial resuscitative efforts by skilled
rescuers in the hospital setting failed.

Extrapolation from anaesthesia (LOE 7)*22 and a
manikin study (LOE 6%23) suggests that a left lateral
tilt of 15 degrees will relieve aortocaval compres-
sion in the majority of pregnant women and enable
effective chest compressions by rescuers in any set-
ting.

A human volunteer study (LOE 7)*2* showed that
there was no change in transthoracic impedance
during pregnancy. The standard recommended
energy levels for adults should be used by rescuers
when attempting defibrillation in cardiac arrest
during pregnancy in any setting.

Treatment recommendation. If initial resuscita-
tive efforts fail, Caesarean delivery of the fetus
(hysterotomy) should be performed within 5 min of
onset of cardiac arrest in pregnancy to improve
maternal or fetal survival. A left lateral tilt of 15
degrees is required to relieve inferior vena caval
compression in the majority of pregnant women.
The energy levels used for defibrillation in adults
are appropriate for use in pregnancy.

Asthma

Defibrillation in asthma
W119B,W133

Consensus on science. One volunteer study in
healthy adults (LOE 7)*2°> documented an increased
transthoracic impedance with increasing positive
end-expiratory pressure (PEEP) and suggested that
increased shock energy may be required if ini-
tial defibrillation attempts fail for patients with
asthma-induced cardiac arrest in any clinical set-
ting.

Treatment recommendation. If initial attempts at
defibrillation fail for the patient with asthma and
VF, higher shock energies should be considered.

Ventilation in asthma
W119B

Consensus on science. Evidence extrapolated
from a systematic review of patients with noncar-
diac arrest (LOE 7)*2¢ suggested decreased dynamic
hyperinflation (auto-PEEP) when helium/oxygen
mixtures were used to ventilate the lungs of asth-
matic patients during in-hospital cardiac arrest.

Evidence extrapolated from three noncardiac
arrest case series (LOE 7)#7~429 suggested that
asthmatic patients were at risk of gas trapping
during cardiac arrest, especially if they were ven-
tilated with higher tidal volumes and rates than
recommended. Two small case series (LOE 5)430,431
and anecdotal reports (LOE 8)*32 failed to show a
consistent benefit from compression of the chest
wall, followed by a period of apnoea to relieve
gas trapping, for patients with asthma-induced
cardiac arrest in any clinical setting (see also
“*Disconnection From Ventilation During Cardiac
Arrest’’, above).

Evidence extrapolated from a noncardiac arrest
case series (LOE 7)*28 suggested improved ventila-
tion of the lungs and decreased gastric inflation if
the trachea is intubated early by trained rescuers
for patients with asthma-induced cardiac arrest in
any setting. Evidence from two noncardiac arrest
case reports (LOE 7433; LOE 8434) neither supported
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nor refuted the use of open-chest ventilation and
cardiac compressions in asthma-induced cardiac
arrest.

Treatment recommendation. There are insuffi-
cient data to support or refute the use of helium-
oxygen mixtures in asthma-related cardiac arrest.
Compression of the chest wall or a period of apnoea
may relieve gas trapping if dynamic hyperinfla-
tion occurs. In asthma-related cardiac arrest the
patient’s trachea should be intubated early to facil-
itate ventilation and minimize the risk of gastric
inflation.

Drug overdose and poisoning
w198

Sodium bicarbonate for poisoning and

electrolyte disturbances
W197A,W197B,W197C,197D,197E

Consensus on science. Evidence from the use of
bicarbonate in calcium channel blocker overdose
in two children (LOE 5)*3 with fatal overdoses of
nifedipine neither supported nor refuted the value
of bicarbonate in calcium channel blocker over-
dose.

There were no controlled human studies of
sodium bicarbonate therapy for arrhythmias or
hypotension related to tricyclic antidepressant
overdose. However, evidence from case reports
(LOE 5)*36:437: animal studies (LOE 6),*%447 and
in vitro studies (LOE 6442:448,449. | OF 7430,451) gyp-
ported the use of sodium bicarbonate to treat
tricyclic antidepressant-induced arrhythmias or
hypotension.

Treatment recommendation. Sodium bicarbonate
is recommended for the treatment of tricyclic
antidepressant-induced arrhythmia or hypotension.
Although no study has investigated the optimal tar-
get pH with bicarbonate therapy, a pH of 7.45—7.55
has been commonly accepted and seems reason-
able.

Ventilation before naloxone in opioid overdose
W18,W106

Consensus on science. Evidence from case series
(LOE 5)#2-434 jn adults and extrapolation from LOE
7453456 and LOE 847 studies indicate fewer adverse
events when ventilation is provided before admin-
istration of naloxone by EMS personnel to patients
with opioid-induced respiratory depression in the
prehospital setting.

Postresuscitation care

ROSC is just the first step toward the goal of com-
plete recovery from cardiac arrest. Interventions
in the postresuscitation period are likely to sig-
nificantly influence the final outcome, yet there
are relatively few data relating to this phase.
In the absence of firm guidelines, approaches to
postresuscitation care are heterogeneous. Postre-
suscitation interventions are categorised into the
following areas: (1) ventilation, (2) temperature
control (therapeutic hypothermia and prevention
and treatment of hyperthermia), (3) seizure control
and sedation, and (4) other supportive therapies
(blood glucose control, coagulation control, pro-
phylactic antiarrhythmic therapy).

Therapeutic hypothermia improves neurologi-
cal outcome in some cardiac arrest survivors, and
hyperthermia appears harmful. Tight blood glucose
control improves outcome in undifferentiated crit-
ically ill patients, but the effect of this therapy in
the postresuscitation phase is unknown. Prediction
of outcome in comatose survivors of cardiac arrest
remains problematic: median nerve somatosensory-
evoked potentials measured 72h after cardiac
arrest may be helpful, but analyses of several serum
markers were inconclusive.

Ventilation

Control of arterial carbon dioxide
W114B

Consensus on science. Five studies in adults (LOE
2458,459. | OF 3)%60; | OE 5%"; LOE 7462) and numer-
ous animal studies (LOE 6)*3—465 documented
harmful effects of hypocapnia (cerebral ischemia)
after cardiac arrest. Two studies provide neutral
evidence (LOE 54¢; LOE 6467).

Treatment recommendation. There are no data
to support the targeting of a specific PaCO; after
resuscitation from cardiac arrest. Data extrapo-
lated from patients with brain injury, however,
imply that ventilation to normocarbia is appropri-
ate. Routine hyperventilation may be detrimental
and should be avoided.

Temperature control

Therapeutic hypothermia
W109A,W109B

Consensus on science. Two randomised clinical tri-
als (LOE 1468; LOE 2%6%) showed improved out-
come in adults who remained comatose after ini-
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tial resuscitation from out-of-hospital VF cardiac
arrest and who were cooled within minutes to
hours after ROSC. Patients in these studies were
cooled to 33°C*8 or to the range of 32—34°C4?
for 12—24h. The Hypothermia After Cardiac Arrest
(HACA) study“®® included a small subset of patients
with in-hospital cardiac arrest.

One study (LOE 2)*% documented improved
metabolic end points (lactate and O, extraction)
when comatose adult patients were cooled after
ROSC from out-of-hospital cardiac arrest in which
the initial rhythm was PEA/asystole. A small
study (LOE 4)*" showed benefit after therapeu-
tic hypothermia in comatose survivors of non-VF
arrest.

External or internal cooling techniques can be
used to initiate cooling within minutes to hours
(LOE 1468; LOE 2469.470. | OE 5%/2-475) The only
studies documenting improved outcome with thera-
peutic hypothermia after cardiac arrest used exter-
nal cooling (LOE 1468; LOE 2469:470)  An infusion
of 30mlkg~" of 4°C saline achieved a decrease
in core temperature of approximately 1.5°C (LOE
5).472,473,475 QOne study in patients with cardiac
arrest (LOE 5)*4 and three other studies (LOE
7)#76—478 have documented that intravascular cool-
ing enables more precise control of core tempera-
ture than external methods.

Studies documenting improved outcome with
therapeutic hypothermia after cardiac arrest used
continuous temperature monitoring (LOE 148; LOE
2469,470

Multiple studies in animals (LOE 6)479~484 doc-
umented the importance of initiating cooling
as soon as possible and for adequate duration
(e.g. 12—24h). Optimal variables, including onset,
depth, and duration of cooling, are unknown.

Seizures or myoclonus occurs in survivors of
cardiac arrest (LOE 5%448-487) chivering will
necessitate sedation and intermittent or continuous
neuromuscular blockade. Use of continuous neuro-
muscular blockade could mask seizure activity.

Treatment recommendation. Unconscious adult
patients with spontaneous circulation after out-of-
hospital cardiac arrest should be cooled to 32—34°C
for 12—24h when the initial rhythm was VF. Cool-
ing to 32—34°C for 12—24h may be considered for
unconscious adult patients with spontaneous circu-
lation after out-of-hospital cardiac arrest from any
other rhythm or cardiac arrest in hospital.

Prevention and treatment of hyperthermia
w110

Consensus on science. A period of postarrest
hyperthermia is common in the first 48 h after car-

diac arrest (LOE 4).488-490 There were no controlled
prospective studies that examined the clinical
impact of antipyretics (or physical cooling devices)
to prevent hyperthermia after cardiac arrest.

The risk of unfavourable neurological outcome
increased for each degree of body temperature
>37°C (LOE 3).*'" Hyperthermia was associated
with increased morbidity and mortality in post-
stroke patients (LOE 7).492 Post-stroke pyrexia was
not treated effectively by antipyretics such as
paracetamol or ibuprofen (LOE 7)#93:4%4; however,
antipyretics or physical cooling methods have been
associated with decreased infarct volumes in ani-
mal models of global ischaemia (LOE 7).49%:4%

Treatment recommendation. Hyperthermia sho-
uld be avoided after cardiac arrest.

Seizure control and sedation

Prevention and control of seizures
W111A,W111B

Consensus on science. There were no studies that
directly addressed the use of prophylactic anticon-
vulsant drugs after cardiac arrest in adults. There
are data indicating that seizures can precipitate
cardiac arrest (LOE 4497498, | O 5486,499-501. | OE
8°0") and respiratory arrest (LOE 5).592

Treatment recommendation. Seizures increase
the oxygen requirements of the brain and can cause
life-threatening arrhythmias and respiratory arrest;
therefore, seizures following cardiac arrest should
be treated promptly and effectively. Maintenance
therapy should be started after the first event
once potential precipitating causes (e.g. intracra-
nial haemorrhage, electrolyte imbalance, etc) are
excluded.

Sedation and pharmacological paralysis
w113

Consensus on science. There were no data to sup-
port or refute the use of a defined period of venti-
lation, sedation, and neuromuscular blockade after
cardiac arrest. One observational study in adults
(LOE 5)°%3 documents increased incidence of pneu-
monia when sedation is prolonged beyond 48 h after
prehospital or in-hospital cardiac arrest.

Other supportive therapies

Blood glucose control
W115A,W1158B

Consensus on science. Tight control of blood glu-
cose (range 80—110mgdl~" or 4.4—6.1 mmol (")
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with insulin reduces hospital mortality rates in crit-
ically ill adults (LOE 1°%4; LOE 4°9%), but this has not
been shown in post-cardiac arrest patients. Several
human studies have documented a strong associa-
tion between high blood glucose after resuscitation
from cardiac arrest and poor neurological outcome
(LOE 4°9; LOE 5°07-313) There was good evidence
that persistent hyperglycaemia after stroke is asso-
ciated with a worse neurological outcome (LOE
7).514-517

The optimal blood glucose target in critically
ill patients has not been determined. Comatose
patients were at particular risk from unrecognised
hypoglycaemia, and the risk of this complication
occurring increases as the target blood glucose
concentration is lowered (LOE 8). One study in
rats has shown that glucose plus insulin improves
cerebral outcome after asphyxial cardiac arrest
(LOE 6).518

Therapeutic hypothermia was associated with
hyperglycaemia (LOE 2).46%

Treatment recommendation. Providers should
monitor blood glucose frequently after cardiac
arrest and should treat hyperglycaemia with insulin
but avoid hypoglycaemia.

Coagulation control
w116

Consensus on science. There are no studies eval-
uating the role of anticoagulation alone to improve
outcome after ROSC. In three nonexperimental
reports (LOE 4'%%; LOE 5°'%; LOE 6'7°) using fib-
rinolytics combined with heparin (anticoagulation)
after prolonged cardiac arrest in humans, ROSC, but
not 24-h survival rates, was significantly better.

Prophylactic antiarrhythmic therapy
W118A,W118B

Consensus on science. No studies specifically and
directly addressed the prophylactic use of antiar-
rhythmic therapy started immediately after resus-
citation from cardiac arrest. Six studies (LOE
5)320-525 documented inconsistent improvement in
long-term survival when prophylactic antiarrhyth-
mics were given to survivors of cardiac arrest from
all causes. Six studies (LOE 1°26-528, | OF 229,530,
LOE 3%3") showed that implantable cardioverter
defibrillators (ICDs) improve survival when com-
pared with antiarrhythmics in survivors of cardiac
arrest.

Treatment recommendation. Giving prophylactic
antiarrhythmics to patients who have survived car-
diac arrest, irrespective of aetiology, can neither be

recommended nor rejected. It may be reasonable,
however, to continue an infusion of an antiarrhyth-
mic drug that restored a stable rhythm successfully
during resuscitation.

Prognostication

Prognostication during cardiac arrest

Predictive value of neurological examination
W122A,W122B,W122C

Consensus on science. Five studies (LOE 4°32:533;
LOE 5°34-336) documented some ability to predict
outcome in adults when neurological examination is
undertaken during cardiac arrest, but there is insuf-
ficient negative predictive value for this assessment
to be used clinically.

Treatment recommendation. Relying on the neu-
rological exam during cardiac arrest to predict out-
come is not recommended and should not be used.

Prognostication after resuscitation

Predictive value of standard laboratory analyses
W12B

Consensus on science. In eight human prospec-
tive studies (LOE 3237338, | OF 4241,339-343) of the
value of biomarkers in predicting outcome from
cardiac arrest, none was clinically useful in ascer-
taining outcome in the acute setting. One ret-
rospective human study suggested that creatine
kinase-MB could be used as an independent predic-
tor of survival (LOE 4),%3% but delays in complet-
ing the measurement may make this clinically less
helpful.

In some studies in animals (LOE 6),44~3%¢ |actate
and acid base values showed a trend correlating
with unfavourable outcomes. None of these stud-
ies could formulate a predictive model conclusively
to identify a biochemical marker level that gave a
reasonable prediction of outcome.

Predictive value of neuron-specific enolase and

protein S-100b
W126

Consensus on science. One randomised controlled
study (LOE 2),%%7 4 prospective controlled studies
(LOE 3),%58-56" and 11 case series/cohort studies
(LOE 4506,539,562—564; LOE 5512,513,565—568) indicated
that neuron-specific enolase (NSE) and protein S-
100b may be useful in predicting the outcome of
cardiac arrest. But the 95% confidence interval (Cl)
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in these trials was wide, and in many of the trials,
return to consciousness (without comment on level
of function) was considered a ‘good’’ outcome.

The only meta-analysis to look at this topic esti-
mated that to obtain 95% Cl with a 5% false-positive
rate would require a study population of approxi-
mately 600 patients (LOE 1).%%% No study this large
has been conducted.

Treatment recommendation. No laboratory anal-
yses (NSE, S-100b, base deficit, glucose, or soluble
P-selectin) provide reliable prediction of the out-
come after cardiac arrest.

Somatosensory-evoked potentials
W124A,W1248

Consensus on science. Eighteen prospective stud-
ies (LOE 3)%68:570-386 and one meta-analysis (LOE
1)°87 indicated that median nerve somatosensory-
evoked potentials in normothermic patients
comatose for at least 72h after cardiac arrest
predict poor outcome with 100% specificity. Bilat-
eral absence of the N20 component of the evoked
potentials in comatose patients with coma of
hypoxic-anoxic origin is uniformly fatal.

Treatment  recommendation. Median  nerve
somatosensory-evoked potentials measured 72h
after cardiac arrest can be used to predict a fatal
outcome in patients with hypoxic-anoxic coma.

Electroencephalogram

Consensus on science. The use of the electroen-
cephalogram (EEG), performed at least 24—48h
after arrest, has been evaluated in case series
of humans (LOE 5)°78,585,588-398 and animals (LOE
6).599-601 On the modified Hockaday scale, grades |
(normal alpha with theta-delta activity), IV (alpha
coma, spikes, sharp waves, slow waves with very
little background activity), and V (very flat to iso-
electric) were most useful prognostically. But the
prognosis was unpredictable for those with grade Il
and Il EEGs.

Treatment recommendation. The use of the EEG
performed a minimum of 24—48 h after a cardiac
arrest can help define the prognosis in patients with
grade I, IV, and V EEGs.

Appendix A. Supplementary data

Supplementary data associated with this arti-
cle can be found, in the online version, at
doi:10.1016/j.resuscitation.2005.09.018.
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