
Once the basic techniques (i.e., “ABCs” [airway, breathing, circulation]) of car-
diopulmonary cerebral resuscitation (CPCR) have been initiated, further
intervention is usually indicated. This article discusses the advanced direc-

tives of CPCR, such as drug administration, fluid therapy, electrocardiography
(ECG), and defibrillation. If CPCR results in successful return of spontaneous circu-
lation (ROSC), efforts must then be directed at postresuscitative care.

ELECTROCARDIOGRAPHY
In veterinary medicine, the most commonly reported arrhythmias in cardiopul-

monary arrest (CPA) are asystole, pulseless electrical activity (PEA), and ventricular
fibrillation.1,2 Sinus bradycardia, sinus tachycardia, and ventricular tachycardia are fre-
quent pre- or postarrest rhythms.1

Ventricular asystole is seen with end-stage cardiac, pulmonary, or multisystemic dis-
ease. Increased vagal tone may also precipitate arrest characterized by ventricular asys-
tole. Asystole has a poor prognosis for resuscitation. When indicated, rapid and
aggressive CPCR and epinephrine administration should be instituted.3 Vasopressin
may also be indicated if patients are refractory to epinephrine.4 When asystole is stim-
ulated by excessive vagal tone, atropine administration may be useful.

PEA (Figure 1), previously known as electromechanical dissociation, occurs when
there is no myocardial contractility despite a normal heart rate and rhythm during
ECG. PEA may be the terminal rhythm in patients with metabolic or cardiac disease,
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and the prognosis for successful resuscitation is poor.5

PEA may also result from hypovolemia, cardiac tam-
ponade, or pleural space disease, and the prognosis
improves if the underlying cause can be rapidly cor-
rected. Epinephrine administration is currently recom-
mended in treating PEA,3 and efforts should be directed
at stabilizing blood volume, oxygenation, ventilation,
and circulation. Atropine,6–8 calcium chloride,8 calcium
channel blockers,9 and naloxone10 have all been evalu-
ated for use in PEA. Although experimental trials with
atropine administration or vagotomy have been shown
to improve the rate of ROSC,7,11 none of these drugs
has consistently been shown to be useful in the clinical
situation.

Ventricular fibrillation (Figure 2) is seen in 30% to
60% of humans12,13 and approximately 20% of animals
that experience CPA.1,2 Fibrillation results in random
electrical stimulation to the myocardium so that the
ventricles are unable to effectively contract. Early inter-
vention with electrical defibrillation is the treatment of
choice.3,14,15 Electrical defibrillation involves administer-
ing a direct current, applied externally or internally. For
external defibrillation, the contact areas are optimally on
either side of the thoracic cavity, although in large deep-
chested dogs, the paddles may be placed in dorsal and
ventral positions on the same side of the chest. The con-
tact areas should be clipped and gel applied to the defib-
rillator electrodes. A charge of 3 to 5 J/kg may be
applied.14 Internal defibrillation requires an electric
shock applied directly to the heart.
Internal defibrillator paddles may be
wrapped in saline-soaked gauze and
applied on either side of the heart. A
charge of 0.5 to 1 J/kg may be
applied.14

For both internal and external defib-
rillation, three shocks can be given in
succession, with only a short pause to

recharge the defibrillator and check
the ECG tracing between each
shock.16 The charge administered may
be doubled if two shocks have not
resulted in conversion to a sinus
rhythm.14,17 If defibrillation is not suc-
cessful, chest compressions should be
resumed for 1 to 2 minutes before
reapplying a charge. Care should be
taken during defibrillation to ensure
that personnel are not in contact with

the animal or table and that there are not excessive
quantities of alcohol around the external contact areas.14

Fibrillation lasting longer than 5 minutes is very diffi-
cult to convert with electrical defibrillation, although
success rates may be improved by providing cardiac
compressions and ventilation to enhance myocardial
blood flow before electrical defibrillation.17 Epinephrine
can improve coronary perfusion pressure and may
change fine fibrillation to coarse fibrillation, which is
easier to convert with electrical defibrillation.15,17 How-
ever, epinephrine also increases myocardial oxygen
demand and, in turn, may increase the risk of myocar-
dial ischemia and postresuscitative arrhythmia.

In most cases, there is no indication to use antiar-
rhythmic therapy to treat sinus tachycardia. The cause
of tachycardia should be evaluated and treated when
possible. Sinus tachycardia may be caused by fear,
excitement, pain, fever, hypovolemia, hypoxemia,
increased sympathetic stimulation, and many disease
states.

Ventricular tachycardia has been defined as three or
more rapid, successive, ventricular premature depolar-
izations or as a continuous series of ventricular beats for
more than 30 seconds.18 It can be caused by both cardiac
and noncardiac disease. Treatment should be aimed at
the underlying cause. Antiarrhythmic therapy is indi-
cated only if ventricular tachycardia is severe (i.e., a sus-
tained heart rate >200 bpm or R on T phenomenon
seen on ECG) or there is evidence of circulatory com-

Figure 1. ECGs demonstrating different forms of PEA. (Courtesy of Drs. David
Sisson and Robert Prosek)

Figure 2. ECG demonstrating ventricular fibrillation. (Courtesy of Dr.David Sisson)



promise (i.e., pale mucous membranes, weakness, syn-
cope, peripheral pulse rate <60 bpm). Lidocaine admin-
istration may be indicated for sustained ventricular
tachycardia.18

Hypothermia, increased vagal tone, anesthesia, and
certain drugs may cause sinus bradycardia. If bradycar-
dia continues despite resolution of the underlying cause,
the treatment of choice is atropine. Epinephrine or
dopamine may also be effective in this situation.

DRUGS
Many drugs have been evaluated for use in CPCR

(Table 1), but very few have been proven to have efficacy
during CPA. Epinephrine remains the first-line drug for
treating bradyarrhythmia, asystole, ventricular fibrilla-
tion, or hypotension during CPA.3 Epinephrine is an
adrenergic agonist agent with effects at both α- and β-
adrenergic receptors. In CPCR, the α-adrenergic effects

are the most useful, causing intense peripheral vasocon-
striction that leads to increased mean arterial blood pres-
sure, increased aortic diastolic pressure, and therefore
increased coronary perfusion pressure. β-Adrenergic
stimulation increases the heart rate and myocardial con-
tractility and improves cerebral perfusion by vasodilating
the cerebral vasculature, whereas α-agonists mediate
constriction of the extracerebral carotid vessels.19–21 Other
β-adrenergic effects are potentially less helpful because
the positive inotropic effects may potentiate arrhythmias
and increase the oxygen demand within the myocardium
and cerebrum. However, studies have shown that stan-
dard-dose epinephrine has equal or increased survival-
to-discharge rates compared with pure α-agonists or epi-
nephrine combined with β-blockers.21,22

Historically, low-dose epinephrine (i.e., 0.01 to 0.02
mg/kg) has been administered to patients in which
CPCR has been performed. High-dose epinephrine
(i.e., 0.2 mg/kg) was shown to increase myocardial and
cerebral perfusion as well as oxygen extraction and ini-
tial ROSC in human clinical trials.23 However, there has
also been an increased incidence of postresuscitative
complications, such as hyperglycemia, hyperkalemia,
cardiac dysrhythmias, and myocardial necrosis, with

administration of high-dose epinephrine, with no
change or even a decrease in 24-hour survival rates.22,24

High-dose epinephrine is currently not recommended
for routine use in CPCR but may be indicated if lower
doses fail to achieve ROSC.3

Vasopressin is a nonadrenergic hormone that decreases
renal blood flow and urine output and, in slightly higher
doses, stimulates the smooth muscle of precapillary arteri-
oles, causing vasoconstriction in the peripheral tissue
beds.25 It increases myocardial and cerebral blood flow
without the positive inotropic and chronotropic effects of
epinephrine.25 Vasopressin has a longer onset of action than
epinephrine and a long half-life (17 to 35 minutes) in cir-
culation. Exogenous vasopressin administration has been
shown to have a beneficial effect on ROSC in human and
porcine experimental trials26–29 and an outcome similar to
that of epinephrine in clinical trials.4,26 It has been sug-
gested that vasopressin may be more useful than epineph-

rine in asystolic cardiac arrest.4 However, there are concerns
that its prolonged duration of action may cause post-CPA
complications regarding ongoing vasoconstriction and sig-
nificantly decreased renal blood flow.25

Atropine sulfate has parasympatholytic (vagolytic)
effects and is recommended in treating sinus bradycar-
dia or counteracting effects of increased vagal tone. It
has also been used in combination with epinephrine to
treat ventricular asystole and PEA6,7; in clinical trials,
however, atropine has not been shown to increase sur-
vival or ROSC.8,30

Bretylium tosylate is a class 3 antiarrhythmic agent
regarded as a chemical defibrillator; used alone, how-
ever, it is unlikely to convert ventricular fibrillation in
dogs. Using bretylium may decrease the amount of elec-
trical charge required for defibrillation.31 Bretylium
decreases norepinephrine release from peripheral adren-
ergic nerve endings, leading to antiadrenergic and
hypotensive effects. Loss of autonomic reflexes may
result in impaired recovery of patients from episodes of
defibrillation32; thus this drug is not widely used in vet-
erinary medicine. Bretylium is not currently recom-
mended for use in human CPCR because of its variable
efficacy, side effects, and limited availability.3

October 2004 COMPENDIUM

CPCR: Emergency Drugs and Postresuscitative Care 793CE

In clinical trials, atropine has not been shown to increase
survival or ROSC.



COMPENDIUM October 2004

An In-Depth Look: Cardiopulmonary Cerebral Resuscitation794 CE

Table 1. Drugs Used in CPCR

Drug Mechanism of Action Doses Used in Resuscitation Indication

Amiodarone Class 3 antiarrhythmic 5 mg/kg IVa Ventricular fibrillation 
Refractory ventricular tachycardia

Atropine sulfate Parasympatholytic 0.04 mg/kg IV or IOb Sinus bradycardia
Decreases vagal tone to the 0.4 mg/kg IT Atrioventricular block

atrioventricular node Excessive vagal tone

Calcium gluconate Positive inotrope 0.5–1.5 ml/kg IV, to effect Hypocalcemia
(10% solution) (monitor ECG)b Hyperkalemia

Calcium channel blocker toxicosis
Hypermagnesemia

Diltiazem Calcium channel blocker 0.25 mg/kg slow IV to Supraventricular tachycardia
cumulative dose of Hypertrophic cardiomyopathy
0.75 mg/kgb

Dobutamine Positive inotrope 5–15 µg/kg/min CRIb Myocardial failure
Predominately β-agonist 

effects 

Dopamine Positive inotrope with 3–10 µg/kg/min CRIb Myocardial failure
α- and β-agonist effects Hypotension

Epinephrine Positive inotrope Low dose: 0.01–0.02 Asystole
Increases myocardial mg/kg IV or IO every PEA

contractility 3–5 min until ROSCa Bradycardia
Peripheral vasoconstriction 0.1 mg/kg IT
Cerebral and coronary High dose: 0.1–0.2

vasodilation mg/kg IV or IOa

1 µg/kg/min CRI 

Furosemide Loop diuretic Dogs: 2–4 mg/kg IM or IVb Cardiogenic pulmonary edema
Cats: 1–2 mg/kg IM or IV Hypertension 

Lidocaine Class 1B antiarrhythmic Dogs: 2–8 mg/kg bolus Ventricular arrhythmia
IV, IT, or IO followed by Note: Cats are very sensitive
25–100 µg/kg/min CRIb to the central nervous

Cats: 0.25–0.5 mg/kg slow system effects of lidocaine
IV followed by 10–20 
µg/kg/min CRIb

Magnesium sulfate Antiarrhythmic: blocks 0.15–0.3 mEq/kg slow IV Refractory ventricular arrhythmia
calcium-dependent bolus (maximum 0.75 Ventricular fibrillation
membrane channels mEq/kg/day)b Severe hypotension

Mannitol Osmotic diuretic 0.25–0.5 g/kg slow IVb Cerebral edema
Anuria
Oliguria

Naloxone Opiate antagonist 0.02–0.04 mg/kg IV or IOb Reversal of opiate effects
0.3 mg/kg IT

Sodium Alkalinizing agent 0.5–1 mEq/kg IV or as Severe metabolic acidosis
bicarbonate determined by blood 

gas evaluationb

Vasopressin Vasoconstriction 0.8 µ/kg IV or IO oncea Asystole
Ventricular fibrillation

CRI = constant-rate infusion; IO = intraosseous; IT = intratracheal.
aCole SG, Otto CM, Hughes D, et al: Cardiopulmonary cerebral resuscitation in small animals: A clinical practice review, part II. J Vet
Emerg Crit Care 13(1):13, 2003.
bPlumb DC: Veterinary Drug Handbook, ed 4. Ames, Iowa State University Press, 2002.



Other drugs have been advocated for managing
refractory ventricular fibrillation. Amiodarone is another
class 3 antiarrhythmic agent recommended for prevent-
ing fibrillation and increasing the success of electrical
defibrillation. Amiodarone has been used in humans to
treat ventricular fibrillation and in dogs to treat refrac-
tory ventricular tachycardia.33,34 It may prevent potas-
sium efflux from myocytes secondary to prolonged
global ischemia and therefore prevent development of
terminal arrhythmia.35 Hypomagnesemia has been asso-
ciated with myocardial Purkinje fiber excitability and
consequently with generation of ventricular arrhyth-
mia.36 Infusion of magnesium chloride has been used to
convert refractory ventricular dysrhythmia to a normal
sinus rhythm. Magnesium administration may also
decrease ischemic brain injury and interfere with cal-
cium-mediated reperfusion injury by blocking calcium-
dependent membrane channels.36–38

Lidocaine is not indicated for ventricular fibrillation
because it may increase the defibrillation threshold and
make electrical defibrillation more difficult.39,40 Lido-
caine may be indicated for postarrest ventricular tachy-
cardia, although amiodarone or procainamide has
recently been advocated as a first-line drug in these
situations.3,18

Naloxone is an opiate antagonist. Although usually
given to counteract the cardiodepressant and sedative
effects of exogenously administered narcotics, naloxone
can also counter the myocardial effects of endogenous
opiates. Endogenous opioids are thought to play a role
in depressing myocardial contractility, possibly leading
to generation of PEA. Naloxone may also have mild
direct vasoconstrictive, antiarrhythmic, and positive
inotropic effects.41 In CPCR, it has been administered
to reverse opiate effects and make the myocardium more
responsive to catecholamines; however, there is no
increase in myocardial blood flow, cerebral perfusion, or
survival with naloxone administration.10,41

In hypoxic states, calcium entry into cells may

increase. Increased intracellular calcium can lead to
uncoupling of oxidative phosphorylation and generation
of inflammatory mediators and oxygen free radicals,
which are toxic to brain tissue. Increased intracellular
calcium has also been implicated in myocardial stun-
ning, in which myocardial cells surrounding a zone of
ischemia become dormant, leading to an increased
propensity for cardiac arrhythmia.42 Administering cal-
cium to patients in CPA is not recommended by the
American Heart Association unless there is documented
hypocalcemia, hyperkalemia, or hypermagnesemia or
there has been a calcium channel blocker overdose.3

Calcium channel blockers may act on the ischemic
myocardium to increase blood flow and raise the thresh-
old of ventricular fibrillation. They may also antagonize
the proarrhythmogenic effects of β-adrenergic stimula-
tion following ischemic events and exogenous epineph-
rine administration. By blocking calcium-mediated

reperfusion injury, calcium channel blockers may also
improve neurologic recovery after return of spontaneous
cerebral blood flow.9,43

In low-flow circulatory states, carbon dioxide (CO2)
accumulates in peripheral vascular beds. Hypercarbia
leads to decreased left ventricular performance,
decreased cardiac output, and increased refractoriness of
myocardial cells. In this situation, acidemia can be
resolved by reinstituting pulmonary blood flow, which
facilitates excretion of accrued CO2 via the respiratory
system. When high levels of CO2 are present in the
blood, administering sodium bicarbonate (NaHCO3)
paradoxically worsens intracellular and cerebral acidosis
by further increasing CO2 levels via the carbonic anhy-
drase reaction. Adverse effects of NaHCO3 administra-
tion include hypernatremia, hypokalemia, decreased
ionized calcium concentrations, and increased incidence
of cardiac arrhythmia. Overdosing NaHCO3 leads to
metabolic alkalosis, which, in turn, causes a left shift in
the oxyhemoglobin dissociation curve. This means there
is less offloading of oxygen from red cells in the periph-
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eral tissues and, consequently, cellular hypoxia is exacer-
bated.44,45 However, if venous blood gas measurements
reveal preexisting metabolic acidosis, NaHCO3 adminis-
tration may be indicated.

Glucose administration is not advised during CPCR
because studies have shown increased morbidity and
mortality associated with hyperglycemia in patients that
have experienced CPA. Glucose is a substrate for anaer-
obic glycolysis and lactic acid production. In brain tis-
sue, toxic concentrations of lactic acid accumulate and
cause cellular damage, leading to permanent neurologic
dysfunction.46,47

Route of Administration
The route of choice for administering drugs during

CPCR is via a jugular catheter to allow simultaneous

fluid and drug administration, facilitate delivery of
drugs at their site of action, and decrease the possibility
of extravasation of vasoactive drugs, which may cause
tissue necrosis. Using a hindlimb catheter is not recom-
mended because flow to and from the caudal half of the
body is restricted during CPCR. If an intravenous
catheter is not in place before CPA, intravascular access
may be difficult to attain and a venous cutdown may be
required. Some emergency drugs can be administered
via the intratracheal route (e.g., lidocaine, epinephrine,
atropine, naloxone, vasopressin) at higher doses than are

usually given intravenously (Table 1). A 5- to 8-Fr uri-
nary catheter or feeding tube may be used to deposit the
drugs, diluted with sterile saline, into the small airways
(Figure 3). Immediately applying positive-pressure ven-
tilation enhances drug absorption.3 The efficacy of this
practice was recently questioned by two human studies
in which endotracheal administration of medications
during CPCR was associated with a lower ROSC48 and
survival to discharge49 compared with intravenous
administration. These results may have been con-
founded by significant comorbidity in patients with dif-
ficult venous access; however, in a clinical CPCR trial in
which epinephrine administration was randomly
assigned to the intravenous or endotracheal route, the
endotracheal route failed to significantly increase plasma
epinephrine concentrations.50 Intraosseous access allows
administration of both drugs and fluids.51,52 The marrow
is close to the central circulation and does not collapse
in cases of poor perfusion. The sites for intramedullary
access include the femur, humerus, and tibia. Intracar-
diac administration of drugs is not recommended, espe-
cially in external CPCR, because of a high probability of
injecting them into the myocardial muscle layer. This
can result in hemorrhage, focal myocardial ischemia,
and cardiac arrhythmia.53

FLUID THERAPY
CPA has been shown to cause a fluid shift where the

plasma volume moves from the intravascular to extra-
vascular space.54,55 Judicious administration of an iso-

tonic crystalloid or colloid may be indicated in CPCR,
especially if the animal was hypovolemic before arrest.
However, administering high rates of fluids can be
harmful because volume loading increases right atrial
pressure, possibly leading to decreased coronary perfu-
sion pressure. Intracranial pressure may also increase,
causing decreased cerebral perfusion pressure.56–58 If
fluid administration is indicated, hypertonic saline has
recently been reported to be more useful than normal
saline or synthetic colloids in resuscitating pigs after
prolonged fibrillation.59 Hypertonic saline improves
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Figure 3. Transtracheal drugs can be administered with
a syringe and urinary catheter or feeding tube.



intravascular volume by increasing osmotic pressure and
may also prevent endothelial cell swelling, which is a
common sequela to cellular hypoxia. Swollen endothe-
lial cells cause increased resistance in the coronary and
cerebral arteries, thereby decreasing blood flow and
exacerbating myocardial and cerebral ischemia.59,60

Hypertonic saline should not be administered to dehy-
drated patients because its mechanism of action results
in further intracellular fluid loss. Concurrently adminis-
tering crystalloid fluids is recommended.

POSTRESUSCITATION
Once spontaneous circulation and heartbeat have

been restored, it is important to adequately monitor and
support the vital organ systems, with particular empha-
sis on the respiratory, cardiovascular, and neurologic sys-
tems. Almost half of postresuscitation deaths in humans
occur within 24 hours of CPCR.3 Postarrest inflamma-
tory processes, reoxygenation injury, and reperfusion
failure can combine to cause metabolic derangements
and cellular death, which can cause organ dysfunction
up to 1 to 3 days after the initial insult.3

Supplemental oxygen administration is recommended
via oxygen cage, hood, or nasal catheter. Continued ven-
tilatory support may be required, especially if sponta-
neous respiration is inadequate; however, care must be
taken not to overventilate the patient because postresus-
citation hypocapnia may cause cerebral vasoconstriction
and worsen cerebral ischemia.61 Pulmonary edema may
develop secondary to positive-pressure ventilation, tho-
racic compressions, and changes in pulmonary hydro-
static pressure.62

Restoring blood volume with judicious fluid therapy is
indicated to counteract fluid shifts54 and treat electrolyte
imbalances that occur during CPA.35 Positive inotropic
support, such as dopamine or dobutamine infusion, may
be required to improve cardiac output and peripheral
perfusion.3

Neurologic dysfunction is a common but often tem-
porary postarrest complication, and a minimum of 24 to
48 hours should be allowed to elapse before basing a
prognosis on neurologic signs.2 In humans, complete
recovery has occurred as much as 90 days after
CPCR.43,63 Mannitol infusion may be used to counteract
cerebral edema and provide some scavenging of reactive
oxygen species.64 Glucocorticoids are not indicated in
this situation because they do not reduce cerebral
edema43 and may worsen postischemic neurologic injury
by increasing serum glucose levels.47 Animals with mild

hypothermia (>95˚F [>35˚C]) after CPA should not be
aggressively rewarmed because mild hypothermia com-
bined with vascular support to maintain blood pressure
may improve cerebral resuscitation.65 There are currently
no recommendations to actively cool normothermic
patients.3

CONCLUSION
It is important to remember that CPCR is usually not

successful and good client communication is essential to
prevent unrealistic expectations for patients at risk of
CPA. Successful CPCR relies on patient selection,
teamwork, and appropriate use of resuscitation tech-
niques and drugs. Having a well-trained staff and ade-
quately stocked emergency kit significantly improve the
ability to provide lifesaving care to patients.
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1. Epinephrine acts as an agonist at both α- and β-
adrenergic receptors. Which statement regard-
ing CPCR is correct?
a. The β-agonist effects of epinephrine are most useful

in CPCR.
b. α-Agonist effects cause peripheral vasodilation, lead-

ing to decreased aortic diastolic pressure and there-
fore increased coronary perfusion pressure.

c. The positive inotropic effects of β-agonists increase
myocardial oxygen consumption.

d. Using pure α-agonists leads to better survival-to-dis-
charge rates compared with using epinephrine.

2. Which drug is not indicated as an adjunct for
defibrillation?
a. amiodarone
b. lidocaine
c. bretylium
d. magnesium sulfate

3. Which of the following may be used to help pre-
vent reperfusion injury in the brain?
a. atropine
b. calcium
c. glucose
d. calcium channel blockers

4. Which drug is indicated for treating PEA?
a. epinephrine
b. NaHCO3

c. lidocaine
d. calcium chloride

5. Which route of drug administration is not rec-
ommended during CPCR?
a. central intravenous line
b. intraosseous 
c. intracardiac
d. intratracheal

6. Which of the following is not usually indicated in
the postresuscitation phase?
a. dexamethasone
b. dobutamine
c. oxygen
d. mannitol

7. For which agent is transtracheal administration
not recommended?
a. epinephrine
b. naloxone
c. lidocaine
d. NaHCO3

8. Which of the following is not a common site for
intramedullary catheter placement?
a. humerus
b. sternum
c. femur
d. tibia

9. Which statement best describes PEA?
a. It is an arrhythmia that reflects uncoupling of the

mechanical and electrical activity of the heart.
b. It is an arrhythmia that can be treated effectively with

lidocaine.
c. It is often the result of electrolyte disturbances and

can be easily managed.
d. It may respond to electrical defibrillation.

10. Which statement regarding fluid therapy during
resuscitation is correct?
a. High volumes of fluid are indicated to resuscitate

patients that require fluid therapy.
b. Hypertonic saline should not be used because of the

risk of increased intracranial pressure.
c. Fluid therapy with colloids should be avoided during

resuscitation.
d. Increased right atrial pressure may lead to decreased

coronary perfusion.
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