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T he acceptance of closed-chest cardiac 
massage as an effective measure in 

the treatment of cardiac arrest necessitates 
a re-evaluation of other measures which 
might also be used in this situation. Most 
of our information in regard to closed- 
chest cardiac massage is based on clinical 
reports. It is known experimentally, how- 
ever, that closed-chest cardiac massage 
combined with intermittent positive pres- 
sure ventilation will reoxygenate the ar- 
terial blood even when asphyxia is pro- 
found.’ This artificial circulation is much 
less than norma1,2 and, therefore, a spon- 
taneous circulation must be restored at 
the earliest possible moment. 

The use of intracardiac injections of 
epinephrine to restore heart action has 
been advocated for years. There are con- 
flicting directions as to the dosage and 
manner of use, and almost no data about 
its effectiveness. The following experi- 
ments were performed to correct this de- 
ficiency. 

Methods 

Seventy mongrel dogs were anesthetized 
with pentobarbital (25 mg. per kilogram 
of body weight) given intravenously. Each 
animal was intubated with a cuffed endo- 
tracheal tube. Aortic pressure and elec- 
trocardiogram were recorded continuously 
in all animals. With the animal secured in 

the supine position and breathing room 
air, the endotracheal tube was occluded 
at the end of an exhalation. At first there 
were increasing efforts to breathe, ac- 
companied by great fluctuations in aortic 
pressure. Between 2 and 4 minutes after 
airway obstruction the animals became 
apneic. Circulation then gradually deterio- 
rated, with the development of hypotension 
and bradycardia. From 6 to 8 minutes 
after airway obstruction, fluctuations in 
aortic systolic blood pressure stopped in 
each animal. Cessation of circulation at 
this point had been confirmed in other 
experiments by the absence of measurable 
myocardial contractile force and by cessa- 
tion of blood flow in the carotid artery. 

The dogs were divided into 7 groups of 10 
dogs each (see Table I). In Group 1, inter- 
mittent positive pressure ventilation with 
room air (25 ml. per kilogram of body 
weight at a rate of 20 breaths per minute) 
was begun when the aortic systolic pres- 
sure fell to 2.5 mm. Hg. In Group 2, ven- 
tilation was begun at a systolic pressure of 
25 mm. Hg, and 1 ml. of 1 :lOOO epinephrine 
was injected into one of the ventricles as 
ventilation was begun. It made no differ- 
ence in the final results whether the in- 
jection was made into the right or the 
left ventricle. In Group 3, ventilation of 
the lungs and closed-chest cardiac massage, 
performed by compressing the sternum 
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toward the vertebral column 5 times after 
each lung inflation, were started 1 minute 
after total circulatory arrest. In Group 4, 
these two resuscitative maneuvers were 
started after 5 minutes of total circulatory 
arrest, and 1 minute later 1 ml. of 1:lOOO 
epinephrine was injected into a ventricular 
chamber. In Group 5, ventilation of the 
lungs and closed-chest cardiac massage 
were started after 10 minutes of complete 
circulatory arrest, and 1 minute later the 
same dose of epinephrine was injected into 
a ventricular cavity. 

epinephrine was combined with ventila- 
tion of the lungs (Group 2), spontaneous 
circulation returned in 4, and the animals 
recovered after a brief period of hyper- 
tension. All appeared to be normal the 
next day. In none of these dogs was closed-. 
chest cardiac massage performed. 

In Groups 6 and 7, the dogs received a 
1 lo-volt A.C. shock to the chest wall at 
the time of circulatory arrest, producing 
instant ventricular fibrillation. One minute 
later, ventilation and closed-chest cardiac 
massage were started. In Group 7, 1 ml. 
of 1:lOOO epinephrine was injected into a 
ventricle 1 minute after resuscitation was 
started. Each of these 20 dogs received 
one or more 480-volt A.C. shocks (x sec- 
ond duration) to the chest wall 3 minutes 
after resuscitation was started. 

In Group 3, spontaneous circulation was 
restored in only 2 of the 10 dogs within 
the 20-minute period of resuscitation. Both 
dogs appeared to be normal the next day. 
When the same combination was started 
5 minutes after circulatory arrest, and 
epinephrine was injected 1 minute later 
(Group 4), spontaneous circulation re- 
turned in all. Half of the dogs of Group 4 
showed signs of brain damage the next day. 
In Group 5, spontaneous circulation was 
restored in 9 of 10 dogs when resuscitation 
was begun 10 minutes after circulatory 
arrest. All of these dogs suffered severe 
brain damage. 

In each of the 70 dogs, ventilation of 
the lungs was continued for a period of 
20 minutes, and closed-chest cardiac mas- 
sage was continued for the same period 
unless an adequate spontaneous blood 
pressure was restored. 

Results 

None of the animals in Group 2, which 
were given epinephrine just prior to cir- 
culatory arrest, developed ventricular fibril- 
lation. Two of the dogs in Group 4 de- 
veloped fibrillation after a Sminute period 
of cardiac arrest and epinephrine. Five 
of 10 animals in Group 5 developed fibril- 
lation. Of these 7 dogs which developed 
fibrillation after the injection of epineph- 
rine, 6 survived after external electrical 
defibrillation. 

In Group 1, an adequate spontaneous All 20 dogs of Groups 6 and 7, which 
circulation returned in only 1 dog. Circula- were given a llO-volt shock to the chest 
tion continued to decline in the other 9, and wall at the time of circulatory arrest, im- 
the animals died. When an injection of mediately developed ventricular fibrilla- 

Table I. Epinephrine in restoration of circulation after asphyxia 

Grout Resuscitation started Resuscitation techniques 
Circulaiion 

restored 

1. 
2. 
3. 
4. 
5. 
6. 

i. 

BP = 25 mm. Hg 
BP = 25 mm. Hg 
Circulatory arrest for 1 min. 
Circulatory arrest for 5 min. 
Circulatory arrest for 10 min. 
Circulatory arrest and ventricular 

fibrillation for 1 min. 
Circulatory arrest and ventricular 

fibrillation for 1 min. 

IPPB/air 
IPPB/air, Epinephrine 
IPPB/air, CCCM 
IPPB/air, CCCM, Epinephrine 
IPPB/air, CCCM, Epinephrine 
IPPB/air, CCCM, EED 

IPPB/air, CCCM, Epinephrine, 
EED 

l/10 
4110 
2/10 

lO/lO 
9/10 
l/10 

9/10 

IPPB/air: Intermittent positive pressure breathing with air. CCCM: Closed-chest cardiac massage. EED: External electrical defibril- 
lation. Epinephrine: 1 ml. of 1 :lOOO solution injected into a ventricular cavity. BP: Aortic systolic blood pre~llre. 
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Fig. 1. Resuscitation of a dog after 10 minutes of circulatory arrest due to asphyxia. Intermittent positive pres- 
sure ventilation of the lungs and closed-chest cardiac massage were combined with injection of epinephrine 
into the left ventricle. Ventricular fibrillation occurred and external electrical defibrillation led to the restoration 
of circulation. 

tion. The 480-volt shocks that were given 
after 3 minutes of resuscitation caused 
defibrillation in 19 of 20 dogs in Groups 
6 and 7, yet in only 1 of the 10 dogs of 
Group 6 was a spontaneous circulation 
restored. Nine of the 10 dogs of Group 7, 
which were treated with epinephrine, had 
a return of spontaneous circulation and 
survived. Long-term survival was not 
studied. 

Discussion 

Clinically, cardiac arrest occurs in the 
majority of patients because of, or con- 
comitant with, asphyxia. Unconsciousness 
from any cause often leads to respiratory 
obstruction, respiratory failure, and, ulti- 
mately, circulatory collapse. Correction 

of myocardial anoxia is, therefore, the 
first consideration in resuscitation. We pro- 
duced circulatory arrest by asphyxia in 
order to simulate clinical experience. 

The acceptance of closed-chest cardiac 
massage has focused attention on resuscita- 
tion in the wards and outpatient depart- 
ments, where only a few patients have a 
needle in a vein at the moment of death. 
In most instances of cardiac arrest outside 
the operating room, attempts at intra- 
venous medication may result in a con- 
siderable loss of time. Intracardiac injec- 
tion can be performed immediately. For 
this reason we injected epinephrine into 
the heart in these experiments, and do so 
in clinical situations whenever intravenous 
injection will cause delay. From other 
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experiments we are aware that intravenous 
medication is effective, provided that 
cardiac massage is continued so as to move 
the drug into the coronary circulation. 
Failure to follow an intracardiac injection 
by cardiac massage probably accounts for 
many of the failures, and much of the dis- 
satisfaction, with this treatment in the 
past. Without cardiac massage we have 
never seen any beneficial effect solely from 
needling the heart or from injection of any 
drug either into the myocardium or into a 
heart chamber. Cardiac massage must 
follow the injection of any drug. 

Since the likelihood of re-establishing cir- 
culation decreases as time passes after 
circulatory arrest, injection of epinephrine 
should not be delayed in order to ob- 
tain electrocardio,graphic differentiation be- 
tween ventricular fibrillation and myo- 
cardial standstill. Properly performed ven- 
tilation of the lungs and closed-chest 
cardiac massage reoxygenate the arterial 
blood within I minute. Our experiments 
demonstrate that the incidence of ven- 
tricular fibrillation after injection of epi- 
nephrine increases with the passage of 
time after circulatory arrest. Of the 7 
animals which developed ventricular fibril- 
lation after the administration of epineph- 
rine, 6 were successfully defibrillated. They 
survived. Since only 2 of 10 animals were 
resuscitated without the use of epinephrine 
after 1 minute of circulatory arrest, and 
all 10 survived when epinephrine was used 
after 5 minutes of circulatory arrest, it 
would appear that even when a defibril- 
lator is not available, the incidence of 
successful resuscitation will be consider- 
ably higher when epinephrine is used. 

In those hospitals in which closed-chest 
cardiac massage is to be used, an external 
electrical defibrillator and electrocardio- 
graph should be available. These experi- 
ments clearly demonstrate that one should 
not be afraid of using epinephrine in the 
presence of ventricular fibrillation. Ex- 
ternal electrical defibrillation resulted in 
the restoration of circulation in only 1 
of 10 dogs when epinephrine was not used. 
When epinephrine was injected prior to 
external electrical shock, circulation was 
restored in 9 of 10 animals. 

Inspection of past literature indicates 
a wide range of recommended dosage of 

epinephrine. We find that 1 ml. of 1:lOOO 
epinephrine is satisfactory. In some pa- 
tients, two or more such doses are needed 
in order to obtain the desired response. 
As illustrated by Case 2, we have used this 
dose with good results even in children. 
In the case of very small infants, however, 
we have thought it prudent to use only 
O.l-mg. increments. 

Our anesthesiology department main- 
tains a very active resuscitation service 
in the wards and outpatient department 
at the Baltimore City Hospitals. We have 
repeatedly seen clinical evidence of the 
applicability to resuscitation in human 
beings of the principles demonstrated by 
these experiments. 

Illustrative cases 

Case 1. A 33-year-old man was admitted to the 
hospital with a diagnosis of delirium tremens. Two 
days after admission he got out of bed and fell to 
the floor. He was in severe respiratory distress, and 
there was evidence of a left pneumothorax. He was 
brought to the operating room. As a chest tube was 
being inserted he became unconscious and pulseless: 
no heart sounds could be heard. His trachea was 
intubated, and intermittent positive pressure 
breathing and external cardiac massage were be- 
gun. Next, 1 ml. of 1:lOOO epinephrine was injected 
into the left ventricle. With continued ventilation 
of the lungs and external cardiac massage a pulse 
was palpated between 1 and 2 minutes after injec- 
tion. The blood pressure was noted at 140/90 mm. 
Hg, and the pulse was 160. Pulmonary edema de- 
veloped, and, as the patient was being connected to 
a mechanical respirator, he again became apneic, 
cyanotic, and pulseless. External cardiac massage 
was begun again. Once more, 1 ml. of 1:lOOO epi- 
nephrine was given into the heart, followed im- 
mediately by the return of a strong pulse and a 
blood pressure of 140/90 mm. Hg. 

Case 2. A 17-month-old male child lived near 
Gun Powder River. His mother last saw him at 
11 A.M. About 30 minutes later he was found lying 
unconscious in shallow water. The mother and 
neighbors gave mouth-to-mouth respiration and 
external cardiac massage. On admission to the 
outpatient department about 4.5 minutes after 
removal from the water he was pale but not cya- 
notic. He was pulseless and without heart sounds. 
Almost immediately the trachea was intubated, and 
ventilation of the lungs and external cardiac mas- 
sage were continued. An electrocardiograph was 
attached and a diagnosis of ventricular fibrillation 
was made. One milliliter of 1:lOOO epinephrine was 
injected into the left ventricular cavity. One minute 
later a single 250-volt shock was given to the chest 
wall, and immediately a spontaneous pulse was 
felt, followed by the return of spontaneous respira- 
tions. The child was admitted to the Intensive Care 
Unit for continued management. 
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Summary of both myocardial standstill and ven- 
The use of intracardiac epinephrine in tricular fibrillation. 

the treatment of experimental cardiac 
arrest is described. 

We have shown that the use of epineph- 
rine, as an adjunct to artificial respiration 
and cardiac massage, is of great benefit 
in restoring spontaneous circulation. Epi- 
nephrine should be used in the treatment 
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