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Cardiopulmonary arrest is a medical emergency in
which the lapse of time between event onset and the ini-
tiation of measures of basic and advanced support, as well
as the correct care based on specific protocols for each
clinical situation, constitute decisive factors for a success-
ful therapy.

Cardiopulmonary arrest care cannot be restricted to
the hospital setting because of its fulminant nature. This
necessitates the creation of new concepts, strategies and
structures, such as the concept of life chain, cardio-
pulmonary resuscitation courses for professionals who
work in emergency medical services, the automated
external defibrillator, the implantable cardioverter-
defibrillator, and mobile intensive care units, among
others.

New concepts, strategies and structures motivated by
new advances have also modified the treatment and im-
proved the results of cardiopulmonary resuscitation in the
hospital setting. Among them, we can cite the concept of
cerebral resuscitation, the application of the life chain,
the creation of the universal life support algorithm, the
adjust-ment of drug doses, new techniques —measure of the
end-tidal carbon dioxide levels and of the coronary
perfusion pressure - and new drugs under research.

Cardiopulmonary resuscitation (CPR) wasdevel oped
inamodel similar tothecurrent basiclifesupport (BLS), in
1865, by ayoung medical officer of theU.S. Army —Charles
Augustus L eale — but the reports about resuscitation
mesasures date back to Biblical times. Since then, studies
about theimprovement of themethod have been carried out
and, in 1948, ameeting about CPR washeld by the National
Academy of Sciences—National Research Council.
Sporadic meetings for the discussion of new techniques
wereheld until 1961, whenthe American Heart Association
(AHA) created the Committee on Cardiopulmonary Resus-
citation, which began to coordinate research, training
programsand standardi zati on of CPR throughout theworld.
In 1973, the American Heart Association and theNational
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Academy of Sciences—National Research Council helda
new meeting in which thefirst steps of cardiopulmonary
arrest (CPA) management were standardized, creatingthe
protocols, also known asguidelines®?,

Thisarticleaimsto examinethenew concepts, physio-
logical mechani smsand therapeutical measuresinvolving
cardiopulmonary resuscitation; to point out and discuss
relevant controversies, based on available studies; and to
analyze the new advances documented in experimental
studiesinhumansand animals.

Thelast guideline published by the AHA in JAMA 3
isthe primary landmark of theaimscited above.

INn1992, the AHA andthe American Collegeof Cardio-
logy (ACC) established aclassification of thetherapeutical
measuresaccordingtotheir relativevalues. Thesemeasures
were dightly modified by the International Liaison Com-
mittee on Resuscitation (ILCOR), created in 1992 and
composed of organizationsfrom several countries, aimingto
bring the CPR measures into uniformity throughout the
world3*. Thenew classificationwill beusedinthisarticleto
grade the useful ness of the therapeutical measuresandis
organized asfollows: class|, definitely useful; classla,
probably useful; class IIb, possibly useful; class I,
inconclusive, possibly harmful.

Therecently created concept of life chain is defined
by aset of subsequent and strongly interrelated measures
that, once implemented, provide better resultsthan CPR
alone. Thelinks of the life chain consist of the early
recognition of the CPA, early beginning of the BLS,
precociousdefibrillation, when indicated, and precocious
implementation of the advanced cardiac life support
(ACLYS). This concept wasinitialy proposed for out-of-
hospital careof CPA, but waslater extended toin-hospital
resuscitation ®. Inthisstudy, eachlink of thelifechainwill
be discussed in detail.

Basic cardiopulmonary resuscitation (CPR)
Basic CPR or BL S should be started right after any
health care professional insideahospital or any professio-

nally qualifiedfirst aid person verifiesthe unconsciousness
of the patient. These people should be properly trained to
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providethefirst aid of life support, which aimstomaintain
adequate cerebral and heart oxygen supply until the
installation of the ACL Sand reversal of thecardiac arrhy-
thmiacausing CPA with el ectrical shocks, whenindicated.

Basic CPR comprises not only the cardiopulmonary
support measures because it begins with the verification of
the unconsciousness of the patient. Once thisis done, the
next stepistoactivatethe ACL Sservice; to put thepatientin
the correct position; to check the known ABCs of CPR: A
(airway) —toclear airway; B (breathing) —to check breathing
andtheneedfor ventilation support; C(circulation) - tocheck
thecentral pulse, if absent, begin circulatory support”; and,
morerecently, D (defibrillation) - usedin casesof ventricular
fibrillation (VF) andventricular tachycardia(V T) without pul-
se. Thesefour measuresformthe ABCDsof theBL S8,

Inclusion of defibrillationintheBL Sand theactivation
of the ACL S(second step of the basic CPR measures) result
from the observation that 80% to 90% of the cases of CPA
have VF astheinitial cardiac rhythm and its treatment
requireseither immediate or the most precocious possible
defibrillation.

Precocious defibrillation in BLS can be performed
either by means of a conventional defibrillator, which
requires special training of the operator for recognition of
cardiac arrhythmias, or by meansof an automated external
defibrillator, which hasthe ability to recognize cardiac
arrhythmias. Thisallowsitsuseby first aid personnel witha
basic training level, which is discussed in detail in the
section “ Perspectivesand New Advances’. Defibrillation
should be performed only in casesof VF or VT without pul-
se with up to three consecutive electrical shocks of
progressively higher voltage. At thisstage, BLSiscomple-
tedand ACLShegins®.

In case of traumaor drowning affecting children or
adults, inwhich pulmonary arrest precedes cardiac arrest
and early ventilationisdecisivefor theprognosis, thebasic
measures of CPR should be established one minute before
asking for advanced support. Recent datasuggest that VF
isacardiacrhythmrarely foundinindividual syounger than
30years, and, therefore, the same conduct described above
should be followed for this age range, in the absence of
clinical and circumstantial information®.

If morethan onefirst aid person isavailable, the
discussion about the activation of the ACLS is solved
throughthedivision of tasks: whileonefirst aid person asks
forthe ACLS, theothersbegintheBLS.

In case of suspected cervical damage, the patient
should be very carefully positioned. If in doubt, act asif
therewerecervica damage, i.e., holdthepatient’ sneck and
occipital region with your handswhilethevictimisbeing
moved, thus avoiding medullar compression and its
harmful consequences.

The ABCDsof CPR, when correctly performed, can
providethrough mouth-to-mouth ventilation air with 16%to
17% of oxygen, causing an aveolar tension of 80mmHg.
Thisisconsidered adegquatefor thevictim, in oppositionto
the former conception that the air expired by thefirst aid
person would be poor in oxygen. AMBU (airway manual
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breathing unit) connected to an oxygen sourceof 10to 15L/
min allows the obtainment of inspiratory oxygen concen-
tration of up to 90%, when coupled with afacial mask, and
upto 100%, when coupled with atracheal tube.

External cardiac massage by chest compression,
performed according to the conventional orientation,
produces systolic pressure (SP) of 60 to 80mmHg and
diastolic pressure(DP) of 15to 35mmHg. Themean carotid
pressure, however, rarely exceeds40mmHg. Cardiac output
resulting from external chest compressions ranges from
oneforth to onethird of the normal; additional studiesare
necessary for its better assessment 71°,

In experimental studies, external chest compression
interposed with abdominal compression revealedincrease
in SP and DP in the aorta, of the coronary perfusional
pressure (CPP) and of the venous return to the heart,
resulting in the elevation of cardiac output. The success of
CPR, reported in astudy in pigs, was encouraging *, but
resultsof CPR studiesin humanswereinconclusive’>®,

External chest compression associated with simul-
taneous ventilation aims at an additional increase of the
intrathoracic pressure and, therefore, of the carotid flow,
when compared withisolated external chest compression.
Experimental studiesin animalsshowed anincreaseof the
carotid flow with thistechnique. Clinical studies, however,
showed unsatisfactory results!>1,

Needfor ventilatory support during theinitial phase of
the CPR measures was recently questioned by an experi-
mental study in pigs?, stimulated by previous studiesin
animals. Theresultsobtained showed similaritiesbetween
thegroups—ventilatory + circulatory support and i solated
circulatory support, bothinitiated 2 minutesafter CPA —in
regard to survival in 24 and 48 hours and to neurol ogical
prognosis. These results, however, should not be inter-
preted asdefinitive. They do not reduce theimportance of
ventilatory support in the context of cardiopulmonary
resuscitation, but they emphasi ze the importance of the
reestablishment of the coronary blood flow and of the
cardiac output through the measures of circulatory
support. Additional studies should be carried out to
definitely clarify this question; data currently available,
however, suggest that the use of isolated circulatory
support is better than indifference, resulting either from
ignorance of the BL S measures or from the resistance of
thefirst aid personnel in performing mouth-to-mouth
ventilationuntil thearrival of ACLS.

Precordial thump

Precordial thump hasmechanical energy that iscon-
verted into astimulus estimated between 1to 10 J*, which
canbestrong enoughtoreverseacardiac arrhythmia, such
asVT without pulsein 11%to 25% of the casesand VFin
approximately 2% 38, Precordial thump, however, can
acceleratethe VT or convertitinto VI, asystoliaor e ectro-
mechanical dissociation, worsening theclinical conditions
of the patient318,
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Precordial thump isconsidered aclass| therapeutical
measure by ILCOR in cardiac arrest assisted by cardiac
monitoring in the cases of VF or VT without pulse, and is
considered class | 1b in nonassisted cardiac arrest, but the
AHA considerstheprecordial thump an optional technique
inthecardiac arrest assisted with available defibrillator and
classlIbwhenthedefibrillator isnotimmediately available™.

Defibrillation

Inthe presenceof VFor VT without pul se, defibrilla
tion should be performed as soon as possible because this
therapeutical measure proved to be the most effective
treatment for reversing thecited arrhythmias.

The energy levels recommended establish 200 Jfor
thefirst electric shock, 200to 300 Jfor thesecond, and 360J
for thethird and subsequent therapeutical electric shocks.
Incasethearrhythmiaisarrested withanenergy level infe-
rior to 360 Jduring the sequence of determined shocks, the
reappearance of the arrhythmiaimpliesthe use of thelast
charge of energy that caused itsreversion 352°,

Tracheal intubation

Tracheal intubationisaconsidered class| therapeu-
tical measureby thelLCOR and AHA. It should beempha-
sized, however, that its performance must strictly follow
the order according to the algorithm determined by the
arrhythmia3®,

Thefact of giving priority tothisprocedureinstead of
thetherapeutical electric shock incasesof VFor VT without
pulseis contraindicated because of the delay in the appli-
cation of theel ectric shock and, consequently, thedecrease
insuccessdueto evolution of thearrhythmiawithtime.

Vias of drug infusion

Theestablishment of aviaof accessfor druginfusion
- class| therapeutical measureaccordingto ILCOR - and the
administration of drugs constitute secondary measures®*°,
Thereforethey should only be performed after the onset of
the basic maneuvers of resuscitation, the cardiac defi-
brillation, whenindi cated, and the adequate obtainment and
handling of the patent airway, which areconsidered primary
measures®. Even though playing asecondary role, medici-
nal therapy is quite important for the success of the
treatment of patientsin CPA.

Therearefour vias of accessfor drug administration:
venous, tracheal, intracardiac, and intraostesal.

Thevenousviaof accessisthefirst choiceand canbe
obtai ned by catheterization of aperipheral or central vein.
Theperipheral vein should belocated preferably inthe su-
perior limbsand the medication infusedin theform of bolus
with subsequent injection of 20 ml of fluidsand el evation of
thecorresponding limb. Thecentral vein catheterized can
be either theinternal jugular or subclavian vein and the
infusion of additional fluid and postural maneuversarenot
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necessary. The venous access should be kept through the
infusion of solutions—salinesolution or Ringer’ ssolution—
providing aflow notinferior to10ml/min?.,

Inemergencies, whenthe venousaccessismandatory,
aperipheral or central vein can be catheterized without
observing the recommended techniques for asepsis.
However, with clinical stabilization of the patient, thisvia
should be replaced by another, and the new puncture
should be made observing al the asepsis guidelines?.

The tracheal access viarepresents an alternative
when the venous access is impossible. The dose of
medi cation administered by tracheal viashouldbe2t02.5
timesgreater than therecommended intravenousdoseand
shouldalsobedilutedin 10 ml of salinesolution or distilled
water. The use of along catheter that surpasses the distal
extremity of the tracheal tube isadvisable, as are subse-
guent pulmonary insufflationsto transform the solution
into aerosol, makingitsabsorptioneasier 3,

Theintracardiac accessviaisused almost exclusively
in CPA with open chest (surgery), when the venous access
isimpossible, andtheheartiseasily accessibleunder direct
S‘ ght 21,22_

Theintraosteal accessviaisalso an aternative via
although restricted to children, preferably under six years
of age3%,

Pharmacology

Oxygen - Oxygen should be used as soon aspossible
inal patientsin CPA, inits highest concentration, i.e.,
preferably 100% (classl). Thisway, thearterial tension of
oxygen isincreased and, consequently, also the hemo-
globin saturation, improving tissular oxygenation in the
presence of cardiac output 2,

Fluids - Intravenousinfusion of liquidsisnot recom-
mended routinely in the management of ACLS, becauseit
can reduce cerebral and coronary blood flow by hemodi-
[ution. In cases of CPA with volume depletion, however,
fluids should be infused — crystalloid and colloidal
solutions or blood —as heeded 2.

Adrenaline or epinephrine - Itisindicatedinall cases
of CPA at the dose of 1 mg (average of 0.014mg/kg)
intravenously every 3 minutes (class ) %%, The use of
high doses (0.2mg/kg) did not show benefitsin relation to
the conventional dose, in regard to return of the spon-
taneous circulation and postresuscitation survival 4%,
However, higher doses(0.1mg/kg) can beusedin casesnot
responding to the conventional dose (class |1b) 3. An
alternative schemaisthe use of intravenous escal ating do-
sesof adrenaline, beginning with 1 mg and increasing the
doseevery 3minutes(1mg, 3mg, 5mg, etc) until completing
thetotal of 0.2mg/kg 323, Using thistherapeutical schema,
elevated dosesare avoided in patientswho need low doses
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and, on the other hand, adequate doses can be used in the
cases responding to high doses.

Inarecent controlled study with placebo?, adrenaline
in conventional and high doses did not show benefitsin
regard to thesuccessof CPR measureswhen compared with
placebo. A possible explanation could be the beta-adre-
nergic stimulusthroughtheincrease of myocardia oxygen
consumption, with a consequent increase in lactate
production and a decrease in the concentration of adeno-
sinetriphosphate (ATP) 2. Additional studies, however,
should becarried out to clarify thisquestion.

Atropine - Atropine isrecommended in cases of
asystolia, electric activity without pulse and symptomatic
sinus bradycardia (classl), and in atrioventricular block,
when accompanied by low output or ventricular arrhythmia
(classlla). Theinitial dosefor asystoliaand electric activity
without pulseis 1 mg given intravenously, which can be
repeated every 3 to 5 minutesin the absence of initial
response. |n symptomatic sinus bradycardia, the recom-
mended initial doseis 0.5 to 1 mg given intravenously,
which can berepeated every 3to 5 minutes until the total
dose of 3mg (0.04mg/kg), with which the completevagal
blockade can be obtained. The possible parasympa-
thomimetic and depressing effect on heart rate should be
emphasized when it is administered in doses |l ess than
0.5mg, aswell asthe possibility of triggering tachy-arrhy-
thmiasand conseguently increasing themyocardia oxygen
demand, when usedin thedose of completevagal blockade.
Thissuggeststhat this dose should be restricted to the ca-
ses of asystolia®.

Lidocaine — Lidocaineisindicatedinthecasesof VF
and VT without pul se resistant to treatment with electric
defibrillation and administration of adrenaline (classlIb).
Theinitial recommended doseis1to 1.5mg/kgin bolus,
with additional doses, if necessary, of 0.5t0 1.5mg/kgin
bolusand administered every 5to 10 minutesuntil thetotal
doseof 3mg/kg. Inrefractory VF, therecommended initial
doseis1.5mg/kg in bolus, followed by 1.5mg/kgin bolus
every 3to 5 minutes, totaling 3mg/kg. Oncecompl eted the
maximum dose, additiona dosesof 0.5mg/kginboluscanbe
administered every 8 to 10 minutes, which should be
respected because smaller interval sdetermine high poten-
tial of toxicity. After reversal of the cardiac arrest and
reestablishing spontaneous blood circulation, a conti-
nuousinfusion of 2 to 4mg/min should beinitiated prefe-
rably in casesof refractory VF. In patientswithlow cardiac
output, older than 70 years and with impairment of the
hepatic function, the dose should be reduced to half. After
24 hours of continuousinfusion in any patient, the dose
should also be reduced or the serum levels of the drug
should bemonitored?.

Procainamide - Procainamide isindicated in the
treatment of recurrent VT and of the prematureventricular
complexes, whenthe use of lidocaineiscontraindicated or
does not have satisfactory results (class I1b). The recom-
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mended dose is 20mg/min until arrhythmiasuppressionis
obtained, aswel| asarteria hypotension, enlargement of 50%
of the QRScomplex or total doseof 17mg/kg. Inanemergency;,
adose superior to 30mg/min adding up to atotal dose of
17mg/kg canbeused. Themaintenancedoseis1to4mg/min,
which should bereducedin the presenceof renal failure?,

Bretylium — Bretylium is used in the treatment of
persistent or recurrent VF without response to treatment
withdefibrillation, adrenaineandlidocaine; of VT with pul-
se that can not be controlled with lidocaine and procai-
namide; and of VT with enlarged complexes without
response to lidocaine and adenosine. In VF, it isrecom-
mended at the dose of 5mg/kg intravenously in bolus,
followed by defibrillation in 30 to 60 seconds. In the
absence of a satisfactory response, the dose can be
increasedto 10mg/kg and repeated every 5 minutesuntil the
maximum doseof 30to 35mg/kg hasbeen administered. In
recurrent VT, adoseof 5to 10mg/kg dilutedin 50ml of 5%
salinesolutionisused every 8to 10 minutes, followed by a
maintenancedoseof 1to2 mg/minin continuousinfusion?,

Calcium — Although animportant element in cardio-
vascular physiology, calcium did not prove to have any
beneficial effectsin retrospective and prospective studies
carried outin patientsin CPA. Therefore, theuseof calcium
saltsis only recommended in cases of hyperkalemia,
hypocal cemia, and intoxication due to calcium channel
blockers(classlla) 3.

Calciumshould beadministeredinbolusof 2to 4mg/kg
of asolutionof 10%calciumchloride(1.36mEqCa?/100mg
of salt/mL) or 5to8 mL of 10% cal cium gluconate (0.46mEq
Ca'? 100mg of salt/mL), repeated at interval sof 10 minutes,
if necessary 33,

Sodium bicarbonate — In 1962, sodium bicarbonate
was incorporated into the routine pharmacol ogical treat-
ment measures for CPA, because of its benefits then
suggested %. In further clinical and experimental studies,
not only absence of the desired effects but also harmful
effectswithitsusewereevidenced, aswell. Currently, itis
known that sodium bicarbonate: 1) does not alter the
success indices of defibrillation, restoration of spon-
taneous circulation and short-term survival; 2) does shift
the curve of saturation of oxyhemoglobin, inhibiting the
release of oxygen; 3) does induce hyperosmolarity and
hypernatremia; 4) does cause paradoxical intracellular
acidosisthroughtheformation of carbon dioxideresulting
fromthesplitting of themoleculeof NaHCO,, whichiseasily
diffused totheinterior of themyocardia and cerebral cells,
aggravating theal ready existing ischemic process; 5) does
inactivatethe catecholaminessimultaneoudy administered;
and 6) can causeextracellular dkal osis, making possiblethe
appearance of refractory arrhythmias?.

Based on the considerations cited above, the indi-
cationsfor the use of sodium bicarbonate were reassessed
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and the drug has been restricted to the following situa-
tions: hyperkalemia(classl); preexisting metabolicacidosis
and intoxication due to tricyclic antidepressant and
phenobarbital (class|1a); and prolonged CPR (class 11b).
Therefore, contrary towhat wasformerly believed, sodium
bicarbonate should not be used in the hypoxic lactic
acidosis(classlll), where, inadditionto being ineffective, it
canasobeharmful 3.

Theinitial recommended dose of sodium bicarbonate
is1mEq/kg, followed by 0.5mEqg/kg every 10minutesinthe
absence of analysis of blood gases®. Whenthisanalysisis
available, however, the dose can be cal culated according to
thefollowingformula™:

HCO, deficit (mEq) = 0.6 X weight (kg) X (desired - measured HCO,)

Note: If ssrumHCO,;isinferiorto 10mEg/L, theconstant 0.7
should be used instead of 0.6.

In order to reducetherisk of alkalosisinduced by the
administration of sodium bicarbonate, the complete
correction of the base deficit should be avoided. However,
some authors do not accept the isolated analysis of blood
gases as representing thetissular perfusionin CPA. They
suggest amoreadequate eval uation with theinterpretation
of the mixed arterial and venous analysis of blood gases,
arteriovenous difference of pH and of partial pressure of
CO,, and capnography 33+%,

As already cited, sodium bicarbonate remains an
important drugfor cerebral CPR. However, thesignificanceof
aveolar ventilationandblood circul ation, when promptly and
adequately installed, should be emphasized in the reesta-
blishment of theacid-base balance, avoiding many timesthe
use of alkaline solutions?®323+35,

Magnesium sulfate— Magnesumsulfateisindicatedin
casesof hypomagnesemiaassociated with VT or refractory
or recurrent VF and also torsade de pointes (class11b). The
recommended doseis1to2gdilutedin 100 ml of 5% sdine
solution, administeredin 1to 2 minutes®,

Cardiac pacemaker

A cardiac pacemaker isindicated in the presence of
dysfunction in the formation or conduction of the electric
impul se, causing bradycardiawith hemodynamic repercus-
sion (systolic pressure <80mmHg, alteration of conscious-
ness, myocardial ischemiaand/or pulmonary edema), or
supraventricular/ventricular tachyarrhythmiasrefractory to
pharmacological treatment or electric cardioversion.
Bradycardiawith hemodynamic repercussion may originate
from second and third degree atrioventricular blocks,
bradycardiainduced by drugs (digoxin, beta-blockers,
calcium channel blockers, procainamide), idioventricul ar
bradycardia, refractory bradycardia secondary to hypo-
volemic shock, and atrial fibrillation or flutter with ahigh
degreeof atrioventricular block 3.
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A cardiac pacemaker isnotindicatedfor VFor VT, but
can be used for the treatment of asystolia(class1Ib) and
electric activity without pulse, although generally ineffec-
tive. Thisoccursbecausetheserhythmsareusualy triggered
by prolonged myocardia hypoperfusion, showing, conse-
quently, restricted myocardial responsetoelectric stimulus.
Therefore, the emergency pacemaker should be used as
soon as possible in these cases, when indicated, for
satisfactory results, because of their closerelation with the
period of myocardia ischemia®.

Themainindication for theemergency cardiac pace-
maker comprisesthearrhythmiaspotentially causing CPA,
acting, thus, as an important prophylactic and modest
therapeutical measure.

Therearetwo typesof pacemakersthat canbeusedin
these cases: transthoracic and pervenous. The placement of
the transthoracic pacemaker is simple because it does not
reguirevascular puncture. Thismakesit thefirst choicein
casesrequiring immediatetreatment and in patientsrecei-
ving or who may receive thrombolytic agents. Analgesia
with narcoticsor sedation with benzodiazepine compounds
arerecommended because of thediscomfort resulting from
muscle contraction. The placement of the pervenous
pacemaker requires puncture of acentral vein for the
introduction of an electrode that will befixed to the right
ventricle apex. The choice of the type of pacemaker de-
pends on the situation. The transthoracic pacemaker may
betemporarily used aiming at hemodynamic stabilization
until the pervenous one can be placed %%,

Universal algorithm — ILCOR

In 1992, the AHA published an extensivedetailed and
updated review on CPR, comprising nine algorithmsfor
treatment of CPA and severeclinical situationsthat may
lead to CPA.

Inthat sameyear (1992), ILCOR wasformed, com-
prising the AHA, the European Resuscitation Council
(ERC), the Heart and Stroke Foundation of Canada
(HSFC), the Australian Resuscitation Council (ARC), the
Resus-citation Councils of Southern Africa(RCSA) and
the recent Council of Latin Americafor Resuscitation
(CLAR), aiming at standardizing and spreading the
scientific knowledge on CPR*.

In 1997, ILCOR published auniversal algorithm to
guidethetreatment of different situationsof CPA (fig. 1) %°.

Thisagorithmismarkedly simpleresulting, therefore,
ineasy understanding, immediateacceptance, and practical
management. Ontheother hand, themain negativepointis
superficiality, which restrains the isolated use of the
algorithm for the treatment of CPA, because it does not
provide medication doses and alternative therapeutical
routesto increase the chances of success of the basic and
advanced support measures. Another negativepoint isthe
lack of agreement among theILCOR membersin regard to
effectivenessand indication of theprecordial thump.

Considering the positive and negative points of the
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Cardiopulmonary arrest

BLS algorithm
if appropriate

7

precordial thump

if appropriate
v

connect

monitor/desfibrillator

7

~)e

v
check pulse
VTIVF No VT/VF
During CPR
* If not established:
. — check position and contact of the
Desfibrillator 3X electrodes/paddles *
if necessary — trylverify: tracheal tube
venous access *
* — epinephrine each 3 min
— correct reversible causes
CPR —consider: buffers CPR
- & antiarrhythmics & | for more
1 min. atropine/pacemaker than 3 min.

«— —

Potentially reversible causes:

— hypoxia

— hypovolemia

— hyper/hypokalemia and metabolic disorders
— hypothermia

— hypertensivo pneumothorax

— buffers

— toxic/therapeutical disorders
—thromboembolic/mechanical obstruction

BLS = Basic Life Support; VT = Ventricular Tachycardia; VF = Ventricular Fibrillation; CPR = Cardiopulmonary Resuscitation.

Fig. 1—Universal algorithm for treatment of cadiopulmonary arrest.
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simplified agorithm, itsuseisjustified inthe orientation of
CPRteamsinregardtowhich stepstofollow, alongwiththe
experienceof theleading physician of the CPRteam andthe
eventual alternative source of consultation.

Cerebral resuscitation

The brain isthe most sensitive organ of the human
body to fluctuationsin the oxygen supply, because it uses
only aerobic metabolism to obtain energy and it cannot
storeglucose and oxygen. Itsoxygen and glucose contents
aredepletedinabout 5 minutesof metabolism, with subse-
guent neuronal damageand death 4142,

Therefore, the central nervous systemis currently
receiving moreattentionin the context of CPR. Theconcept
of cerebral resuscitation has arisen corresponding to the
measures taken after the reestablishment of spontaneous
circulationamingtoarrest or minimizetheanoxic-ischemic
cerebral lesion, directly related to thefunctional incapacity
and poor prognosisfollowing CPR 42,

A neurological lesion is determined by tissular
ischemia during the absence of blood flow and can be
prolonged for hoursor daysafter thereestablishment of the
spontaneouscirculation by the so-called postresuscitation
cerebral syndrome, which occursafter 10 to 20 minutes of
absence of spontaneous cerebral blood flow in hormo-
thermic conditions. This syndrome consists of four
components: 1) failureof cerebral perfusionwith decrease
of oxygen supply to the brain; 2) cerebral reoxygenation,
which causes damage through the activation of a cascade
of chemical events, i.e., intracellular influx of calcium,
tissular lactic acidosisand increasein the concentration of
freefatty acids, free radicals and excitatory amino acids,
such as glutamate and aspartate. This cascade has been
documentedinvitroandin extracerebral organs, but not yet
inthebraininvivo; 3) extracerebral abnormalities, suchas
hyperthermia, hypoxemia, hypercapnia, disorders of the
acid-base metabolism, renal and hepatic failure, and
bacteria trand ocationfromtheintestinal wall impaired by
ischemia; and 4) blood abnormalities secondary to stasis,
such as aggregates of polymorphonuclear leukocytes and
macrophages that can release free radicals, damage the
vascular endothelium and obstruct blood capillaries
resulting in microinfarctions*-44.

Based on the postresuscitation neuronal viability, i.e.,
the possibility of reversing the process of neurological
lesions that spreads after the reestablishment of spon-
taneous cerebral circulation, and on the pathophysio-
logical mechanisms of the postresuscitation neuronal
lesion, therapeutical measureswereestablished, consisting
inthe cerebral resuscitation presented bel ow.

Cardiovascular measures - Among the cardio-
vascular measures, the increase of the perfusion pressure
through the use of adrenaline during the CPR maneuvers,
should beimplemented as soon as possible. The adminis-
tration of high dosesof adrenaineduring CPRispotentialy
beneficial to cerebral perfusion.
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Another measureistheinduction of hypertensionin
the phase of spontaneous cerebral reperfusion — SP
between 150 and 200 mmHg —during 1 to 5 minutes*-°,
which can occur secondarily to theuse of adrenalineduring
CPR or directly with the administration of noradrenaline
with the reestablishment of the spontaneous circulation.
Increased pressure levelsin this phase are necessary to
surpass the no-reflow phenomenon — multifocal and
transitory absence of cerebral perfusion 5°5! —and the
increase of the intracranial pressure, which provides
important resistance to blood flow. However, severe
induced hypertension should not be prolonged, because of
the secondary myocardial ischemiaand the worsening of
the cerebral vasogenic edema’*%3,

Elevation of thehead of the bed at 30° facilitates cere-
bral venous drainage, reducing the intracranial pressure,
whichisusually increased 20 to 30 minutes after spon-
taneous circulation resumes. Knowing that the cerebral
perfusion pressureis equivalent to the difference between
the systemic mean blood pressure and the intracranial
pressure, the use of the combination transitory hyper-
tension and elevation of thehead of thebed isjustified and
provides better results 3224145,

After the period of transitory hypertension, normo-
tension or mild hypertension arerecommended, which can
beattai ned with theinfusion of fluidsisol ated or associated
with dopamine, dobutamineand other drugs.

Hemodynamic monitoring with the Swan-Ganz
catheter, when possible, isindicated for adequate hemo-
dynamic management.

Pulmonary measures - Respiratory support canrange
from oxygen use through anasal catheter to mechanical
ventilation with intermittent positive pressure, depending
onthelevel of consciousnessand on the parametersof the
blood gases.

Incasesof comafollowing CPA, controlled mecha-
nical ventilation for at least 12 hoursisrecommended to
avoid cardiopulmonary failurein addition to providing
oxygen during the period of the highest oxygen extraction,
i.e., 2to 12 hoursafter spontaneouscerebral reperfusion .
Positiveend-expiratory pressure (PEEP) should beavoided
or usedinitslowest valuepossiblein order to minimizethe
increase of the intrathoracic pressure, which causes
reduction of the venousreturn to the heart.

Water and electrolyte measures - Blood volume,
diuresisand electrolytesshould be eval uated to keep serum
osmolarity between 280 and 330mOsm/L andnormal levels
of electrolytes, correcting electrolyte disorders and
replacing fluids, whenever needed . Infusion of dextrose
(classlll) should beavoided becauseof thepotential risk of
increasing the production of lactic acid, which promotes
cellular damage?.

Hematological measures — Hematocrit levelsshould
bekept between 30 and 35% .
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Metabolic measures — Hypo and hyperglycemia
should be corrected to keep serum levels of glucose
between 100 and 200 mg/dL “.

Normothermia must be maintained and convulsions
controlled with phenobarbital, phenytoin or diazepam,
because hyperthermia and convulsionsincrease oxygen
consumption by thebrain. Evenmild hyperthermiashould
be corrected. Experimental studiesin animals showed
benefitswith mild hypothermia(34°C) that, in addition to
exerting a cerebral protective effect, does not induce
arrhythmia as occursin moderate hypothermia (30°C).
Conclusive clinical studiesin humans, however, are not
available.

Caciumchanne blockers(nimodipineandlidoflazine),
barbiturates, corticosteroids and anti-free radicals are
being studied. Theresultsobtained sofar, however, do not
show concrete benefits that justify their usein cerebral
resuscitation +42,

In regard to neurological prognosis, clinical studies
proved it to be poor with rare cases of neurological reco-
very without functional incapacity after threedaysof coma.
Theresultswereevenworseafter seven daysof coma; inthis
group, no case of neurological recovery without functional
incapacity wasevidenced. Analyzing patientsincomafor 30
days, provided discouraging results, because therewas no
record that consciousness had been regained %%,

These prognostic factors of neurological recovery
only emphasize the importance of the adequate mana-
gement of the patientin CPA and the adoption of measures
of cerebral resuscitation, in order to avoid or minimize
neuronal lesion, providing better neurological results.

Ethical aspects. Identification of a final event
and suspension of life support measures

Measures of basic and advanced life support aimto
prevent prematuredeath with thereestablishment of thevi-
tal functions and of the functions of interpersonal and
environmental relations. Thisdoesnot imply prolongingthe
suffering of patientswith end-stage chronic disease.

CPA can besubdividedintothepotentially reversible
andtheirreversible. Inthefirst situation, oncetheeventis
reversed, the patient regains conditions that allow the
returntonorma lifeif thereareno neurol ogical sequelag, or
the patient can resume his/her normal activities with
variabledegrees of adaptation, depending ontheresulting
neurological damage. The second situation correspondsto
thefinal event or death, in which the establishment of the
measuresof lifesupport either doesnot reversethe cardio-
pulmonary collapse or enables only temporary success,
because in a short period of time anew CPA will occur,
determined by the base disease that cannot be treated or
controlled, leading the patient invariably to death. In this
last situation, thereversal of the CPA doesnot savealifebut
prolongsthepatient’ ssuffering; therefore, theuseof CPRin
patients with end-stage chronic diseasesisnot justified®.

Determining the adequate moment to suspend CPR
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measures, in the absence of reversion of the arrhythmia
triggering the cardiopulmonary collapse, constitutes a
difficult clinical decision, which, however, may beine-
vitable . Aiming to help in this decision and based on
clinical studies, four criteriaweredetermined, whichwhen
fulfilled, allow the suspension of thelife support measures:
1) CPA inadultsnot associated with trauma, hypothermia,
drugintoxication and nonrespiratory etiology; 2) ACLSfor
more than 25 minutes; 3) failurein reestablishing spon-
taneouscirculation, i.e., heart rate >60bpm for at least 5
minutes; and 4) exclusion of refractory or recurrent VF/VT
without pulse or of neurological activity (spontaneous
respiration, eye opening or motor response) =,

Perspectives and new advances

Techniques - End-tidal carbon dioxide (CO,) levels
condtituteanindirect measureof cardiac output during CPR.
Several studieshave shownitsimportanceasaprognostic
factor in patientsin CPA with cardiac electrical activity
without palpable arterial pulse®-%2, The results obtained
evidenced that end-tidal CO, levels£10mmHg measured 20
minutes after ACL S onset are associated with a poor
immediate prognosis, i.e., failure of the CPR measuresin
patientswith cardiac el ectrical activity without pal pablear-
terial pulse®t¢, However, there was no correlation
between the end-tidal CO, levels measured before ACLS
onset and immediate prognosis, aswell asthere was no
correlation betweentheend-tidal CO, levelsand survival
after the success of CPR °. Another important function of
the end-tidal CO, levels would be the documentation of
the efficacy of the CPR measures, through the indirect
measurement of cardiac output provided by therapeu-
tical managements.

Coronary perfusional pressure (CPP) constitutesthe
pressure gradient between the aortic pressure and theright
atrial pressureduring thediastoleof anormal cardiaccycle
or duringtherelaxing phasein CPR. Experimental studiesin
animals and humans showed CPP' s capacity as a prog-
nostic factor in patientsin CPA, especially after along
period of time, asituation for which data on humans are
available® ™, Resultsof astudy % showed that initial CPP
<OmmHg and maximum CPP<15mmHgareassociated with
absenceof returnto spontaneouscirculation, but maximum
CPP>15mmHg and 25mmHg isassociated with 57% and
79% of return to spontaneous circulation, respectively.
Anather important function of CPPmeasureismonitoringin
real time, which allows therapeutical decisions based on
dataobtained from the patient instead of decisionsrelated
to protocolsof cardiac rhythms, such ascurrently occurs.

Drugs - Vasopressinor antidiuretichormone(ADH) is
produced by the posterior lobe of hypophysis (neuro-
hypophysis) and released into blood flow in conditions of
serum hyperosmolarity or depletion of extracellular volume.
However, experimental studiesin animal sshowed apotent
effect of vasoconstriction even in the presence of hypoxia
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and acidosis, superior to and longer lasting than that of
adrenaline. Therefore, vasopressin improves myocardial
perfusion when compared with adrenaline’ ™. Another
important characteristic is that vasopressin does not
increase myocardial consumption of oxygen (MVO,) and,
consequently, does not increase the production of lactate
during CPA, unlike adrenaline 2. Results of a study on
humans showed higher efficiency of vasopressin at the
initial dose of 40U in bolusthan adrenaline at the conven-
tional dose (protocol recommended by AHA) in the
restoration of spontaneouscirculationinpatientswithVFin
severe hypoxemia and acidosis 2. Angiotensin Il isa
nonadrenergic drug with a potent vasopressor action
through thereceptorsof angiotensin. Experimental studies
inanimalsshoweditsefficacy inincreasing CPP, myocardial
blood flow and myocardia oxygen supply (MDO,) during
CPR; however, there was al so an increase in oxygen con-
sumption (MVO,). With the resumption of spontaneous
circulation, myocardial blood flow and MDO, and MVO,
remained elevated compared with the physiological
parameters(preinduction of CPA). CPP, however, whichhad
animprovement with angiotensin |1 during CPR, showed
significant reduction compared with the physiological
parameters ™,

Endothelin-1, a peptide secreted by the endothelial
cells, has apotent vasoconstrictive effect in vivo and in
vitro, tentimesstronger thanangiotensin I and 1000times
stronger than noradrenaline. It acts through the nona-
drenergic via, increasing the concentration of calciumin
smooth muscle cells of the vascular wall 7. It also has
positive chronotropic and inotropic activitiesin heart
modelsin vitro 882, Results obtained in a study of dogs
showed a significant increase in CPP with the use of
endothelin-1 combined with the conventional dose of
adrenaline. Thiswasnot observed with theisolated use of
endothelin-1 and adrenaline at the conventional dose™.
Additional studiesin animals, however, analyzing the
different experimental models and additional clinical
variablesarenecessary tojustify clinical studiesinhumans.

Carbicarb® isabuffer sol ution consisting of themixture
of sodium bicarbonate (NaHCO,) and sodium carbonate
(Na,HCO,) intheconcentrationof 1.1. It haslessbicarbonate,
resultinginsmaller formation of CO, thansodiumbicarbonate
alone. This makes Carbicarb® a more effective buffer,
according to resultsof experimental studies®8%,

Equipment - Theautomated external defibrillator has
been gaining increasing importancewith theinclusion of
precociousdefibrillationin basic CPR, duetoitssimplicity,
accuracy, and safety, enabling its handling by first-aid
personnel with limited training ®. Thisincreasesthe
number of people capable of performing defibrillation,
increasing the chances of precociousdefibrillation andits
significant benefits, as already discussed.

The automated external defibrillator isconnected to
the patient by two adhesive paddles- oneat theright supe-
rior sternum border and the other upon the apex of the heart
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—responsible for capturing and transmitting the cardiac
rhythm from the patient to the device and for applying the
electric shock. Thefully automated defibrillator requires
only placement of the adhesive paddles and pressing the
button that startsthedevice. If thecardiac rhythmisVFor
VT, the device automatically charges and applies the
electric shock &. In the semiautomated or shock advisory
defibrillator, the first aid person pushes the button
“analyze” to analyze the cardiac rhythm and the button
“shock” to apply the electric shock. Theoretically, the
semiautomated defibrillator would be safer than the fully
automated becauseinthefirst onetheshock isapplied at the
moment thefirst aid personmakesthedetermination. Clinical
experience, however, showsthat both areequally safe®.

Theautomated externa defibrillator should beplaced
closeto theleft ear of the patient in a supine position,
because of easy accessto the controlsand placement of the
adhesive paddles. Furthermore, this position allows a
second personto perform simultaneousbasic CPR¥,

The main difference between the automated and the
conventional defibrillator isthat thefirst oneanalyzesand
interprets the cardiac rhythm, not requiring electrocar-
diographicknowledgefromitsoperator.

Thisdeviceisfundamental for mobile emergency
services not constituted by physicians, because of easy
training and maintenance, quick operationand cost viahility.
Other placesthat may require adefibrillator are medical
offices, odontology clinics, maxillofacial surgical suites, or
any placewithhighrisk for sudden CPA. Placeswith difficult
access are al so potential candidates, such asaircraftsand
long-distance shipsfor passenger transportation, and places
with high concentrationsof people®.

Theimplantable cardioverter-defibrillator isasmall
devicewith six basic components- onebattery, onesensoria
amplifier, one control circuit (microprocessor), one high
voltagecharger circuit, one capacitor for hol ding the power
for defibrillation, and one high voltage circuit breaker -
capableof identifying potentially hazardousarrhythmiasand
automaticaly performing defibrillation or cardioversion®.

Indications for the use of this device were consen-
sually established by ACC, AHA andthe North American
Society of Pacingand Electrophysiology in 1991, according
tothefollowing therapeutical classes: class| or acceptable:
survival after cardiac arrest; VF or VT in patients whose
electrophysiological test or Holter monitoring cannot be
used aspredictorsof therapeutical efficacy; recurrent VF or
VT despite pharmacological treatment guided by an elec-
trophysiological test or Holter monitoring; VFor VT inpa
tientsinwhom themedicationsarenot tol erated or areinap-
propriate; and persistently inducibleVFor VT despiteade-
guate medi camentoustreatment or ablation; classl| or arbi-
trary: syncopeof indefinitecausein patientswith sustained
VForVTinducibleineectrophysiological test; classl| or
usualy notjustified: VFor VT of irreversible cause (acute
ischemia, recent acutemyocardia infarction (AMI), toxicor
metabolic disorders); recurrent syncope of indefinitecause
and noninducible arrhythmia; incessant VF or VT; VF
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secondary to the syndrome of Wolf-Parkinson-White; and
coexistent medical, surgical, or psychiatric contraindica-
tions®. After the Cardiac Arrhythmia Suppres-sion Tria
(CAST) andMuulticenter Autometic Defibrillator Implantation
Trial (MADIT) studies®, theindicationsthenrestricted to
secondary prevention were extended for usein primary
prevention of cardiacarrest in patientswith ahistory of AMI
associated with left ventricular gjection fraction £35%,
documented episode of nonsustained VT and/or tachyar-
rhythmiasinducibleinelectrophysiological testing.

The current devices have been programmed with
predefined power of defibrillation between 18 and 25 J, but
thereisnot yet aconsensusin regard to the determination
of thevalueof the predefined power of defibrillation based
on thethreshold of defibrillation, i.e., the smallest power
applied necessary to arrest the cardiac arrhythmia. Howe-
ver, recent data suggest that the severity of theleft ventri-
cular dysfunction and the use of some antiarrhythmic
agents can increase the threshold of defibrillation to
unacceptable values *2.

In regard to efficacy, the Cardiac Arrest Study
Hamburg (CASH) * carried out in individual s surviving
sudden cardiac arrest showed that theimplantabl e cardio-
verter-defibrillator issuperior to propafenone considering
total mortality in one year and is associated with asigni-
ficant reduction of two-year mortality, when compared with
amiodaroneand metoprolol, without any relevant difference
between these two drugs (total mortality intwo years:
12.1% and 19.6%, respectively, with p=0.047). The Cana
dian Implantable Defibrillator Study (CIDS) study **
compared the implantable cardioverter-defibrillator with
amiodaronein patientssurviving cardiac arrest or sympto-
matic sustained VVF/V T and showed amodest, although not
significant, reductionintotal mortality infour yearsinthe
group of the implantable cardioverter-defibrillator (total
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mortality: 27% and 33%, respectively, with p=0.07).
However, it should be observed that 30-day mortality was
higher for the devicesimplanted with thoracotomy thanfor
the nonthoracotomy lead system approach (3.3% and
0.36%, respectively).

Significant considerations about the implantable
cardioverter-defibrillator should beemphasized. Thefirst
aid personin contact with the patient at the moment of the
discharge canfeel theshock, but it doesnot offer risks. The
electrodes of the device usually cover apart of the epi-
cardium surface, and can reducethetranscardiac current of
thetransthoracic shock. Therefore, if thereisno successwith
thedefibrillationwith 360 J, the position of theelectrodesof
the paddlesof theexternal defibrillator should bechangedto
anteroposterior and the shock repeated. Thischangein
position of the electrodes can increase the transcardiac
current and, therefore, makethedefibrillationeasier .

Course on learning and systematization of
CPA management

The standardi zation of management of cerebral CPR
developed by the AHA aimsat providing complete assis-
tance to patients based on state-of -the-art technology and
evidence-based medicine, offeringthebest resultspossible.
Therefore, theimportance of the courses on learning and
systematization of CPA management developed by the
AHA should be emphasized, such asthe courseson Basic
Life Support (BLS), Advanced Cardiology Life Support
(ACLYS), and Pediatric Advanced Life Support (PALS).
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