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Ventricular fibrillation occurs as the terminal arrhythmia in
approximately 50 per cent of patients.1 If ventricular fibrilla-
tion develops in hearts that are relatively normal, especially
during operations, defibrillation may be life saving. During the
period before regular rhythm is restored the heart must be
exposed and rhythmically massaged in the interval. This method
of cardiac resuscitation has been developed in the laboratory by
Hooker,2 Wiggers,3 and Beck,4 and applied to patients by the
latter. The method consists of the injection of 5 cc. of 2 per
cent procaine hydrochloride into the right side of the heart
followed by a brief period of cardiac massage to distribute
the drug throughout the myocardial bed. The heart is then
placed between two large electrodes and ordinary 110 volt
alternating current with 1.5 amperes is momentarily impressed
through the heart between the electrodes. Usually a series of
such shocks is necessary to accomplish defibrillation. If the
treatment is successful, the ventricles cease fibrillating and
remain in standstill momentarily before a supravcntricular

Fig. 1.—Electrocardiogram before operation, showing inverted T wave
in leads II and III.

rhythm is established. Massage is again continued until the
vigor of the heart beat is sufficient to empty the cardiac cavities
of blood. Defibrillation of the human ventricles at the operating
table has been performed five times at this hospital in the past,
but all patients have subsequently died without regaining con-
sciousness. We are reporting the first case with complete
recovery after prolonged ventricular fibrillation. We present it
with the hope tnat, following Beck's suggestion,5 operating
rooms will be equipped to handle cases of sudden ventricular
fibrillation and that personnel will be trained in the method.
Speed and precision in the technic are important.

REPORT OF A CASE

R. H., a white boy aged 14, was admitted to Dr. Claude
Beck's service of this hospital for sternal resection because of
a severe congenital funnel chest. Growth and development had
been normal and the only symptom was dyspnea on effort, grad-

ually increasing for the previous two years. Physical examina-
tion showed a boy, large for his years, in whom the only
abnormality noted was limited to the severe degree of "funnel
chest" with slight displacement of the heart toward the left.

Laboratory work revealed : specific gravity of the urine,
1.032; hemoglobin, 15 Gm. ; red blood cells, 4,970,000, and white
blood cells, 6,400. The electrocardiogram showed inversion of
T in leads II and III (fig. 1). Roentgenograms of the chest
demonstrated the heart to be somewhat displaced toward the
left, and special lateral mediastinal views showed the sternum
depressed in its greatest depth to within 1 inch (2.54 cm.) of the

Fig. 2.—to) First rec ¿-ded electrocardiogram at operation showing coarse
ventricular fibrillation, (b) Electrocardiogram taken immediately before
first shock applied to heart. Ventricular fibrillation is still present, (c)
Electrocardiogram recorded following successful defibrillation showing
supraventricular tachycardia at a rate of 175.

dorsal vertebrae. Circulation times and venous pressures were
normal, but vital capacity was reduced by 30 per cent.

During the induction of the nitrous oxide and ether anesthesia,
on the sixth hospital day, the pulse rate rose to 160 per minute
and remained at this level for forty-five minutes. After the
administration of 1.6 mg. of lanatoside C the rate returned to
80 per minute, where it remained during most of the two hours
required for completion of the operation. There were no other
unusual circumstances attending the procedure.

During the closure of the wound in the chest, the pulse
suddenly stopped and the blood pressure sounds could not be
heard. The patient was apparently dead. The wound was
reopened and cardiac massage immediately was initiated, 1 mg.
of epinephrine given intravenously and more lanatoside C
administered with no visible or responsive effects. The mechan-
ical respirator was attached, to the intratracheal tube and cardiac
massage continuously given for the next thirty-five minutes, at

Fig. 3.—Electrocardiogram two months after operation; normal record.
T wave in lead II is now upright.

the end of which time the electrocardiogram (fig. 2 a) was
characteristic of ventricular fibrillation. Another record ten
minutes later was recorded just prior to the first electric shock
applied directly to the heart (fig. 2/)). This record, as well as
the tracing recorded immediately after the first shock, also
showed ventricular fibrillation. Since the first shock was
unsuccessful, procaine hydrochloride was injected into the right
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auricle, the heart massaged and a second series of shocks given.
The heart then was in standstill.

Almost immediately, however, feeble, regular and fairly rapid
cardiac contractions were seen, but massage was continued for
five more minutes, at which time it was obvious that contractions
were coordinated and fairly vigorous, though still fast. An
electrocardiogram taken at this time revealed a supraventricular
tachycardia at a rate of 175 (fig. 2 c). From this point on
the heart gradually increased in vigor and brachial sounds were
heard at 50 mm. of mercury. It is of more than passing interest
to note that in spite of the critical condition of the patient and
the apparent hopelessness of the situation, at no time was
cyanosis or pupillary dilatation present. This demonstrates that
massage of the heart had maintained an adequate circulation.

After the coordinated heart beat had been established for
twenty minutes, the wound in the chest was closed. Within ten
minutes after closure of the wound the intratracheal tube was
removed and respirations were resumed. Within one and one-
half hours the blood pressure rose to 60 systolic and 40 diastolic,
and thereafter it showed a steady, gradual rise to 100 systolic
and 70 diastolic. Three hours after defibrillation of the
ventricles, the patient responded rationally to questioning, and
by eight hours he was fairly alert in spite of his stormy opera-
tive course.

The convalescence for the next few days was chiefly char-
acterized by signs of digitalis intoxication and moderately severe
azotemia, the nonprotein nitrogen reaching 100 mg. per hundred
cubic centimeters on the second postoperative day. Within
eight days, however, the patient was much improved, digitalis-
induced coupling having disappeared and the blood urea nitrogen
having returned to 18 mg. per hundred cubic centimeters.

During the remaining seventeen hospital days, there were no

symptoms or signs indicative of injury to the central nervous
system, and he was discharged on his thirty-first hospital day.
In a follow-up interview three months later, the patient stated
that he had considerable increase in exercise tolerance. Electro-
cardiographic tracings at this time were normal (fig. 3).

COMMENT

The cause contributing to the onset of ventricular fibrillation
in this patient is unknown, but this type of rhythm in short
paroxysms has been noted before as occurring during surgical
procedures.6 The total duration of the arrhythmia likewise
cannot be accurately stated. To the operator (C. S. B.), how-
ever, by inspection of the feeble heart directly, ventricular
fibrillation was noted at the reopening of the wound. Ventric-
ular fibrillation was confirmed by the first electrocardiogram
and persisted until defibrillation thirty-five minutes later.

The problems offered by this case "illustrate several important
principles in resuscitation technic. Since cardiac arrhythmias
cannot often be diagnosed by inspection alone, easy access to an

electrocardiograph is necessary. Precise knowledge of the
cardiac mechanism is of utmost importance if successful
restoration of a normal rhythm is to be intelligently planned.

In 1936 Wiggers demonstrated, and Beck has reemphasized,
the importance of proper cardiac massage in defibrillation tech-
nics. Wiggers found that failure to recover from ventricular
fibrillation depended not so much on the inability to defibrillate
the heart as on the incapacity of the myocardium subsequently
to resume vigorous beating. Apparently, the fibrillating
ventricles, deprived of their coronary blood supply for even a
short time, lose their capacity for normal contraction and when
defibrillated respond with only feeble, frustrated beats. He
suggested, therefore, that cardiac massage which sustains
coronary flow be started as soon as possible after the onset
of fibrillation and be continued until the electrodes are ready
for application to the heart.

The final recovery in this case can be ascribed as much to the
effective cardiac massage which prevented general anoxia before
defibrillation as to the technic involved in eventual restoration
of the heart to a normal rhythm.

Although the central nervous system and heart were spared
any detectable damage, the kidneys received a fairly severe

temporary ischémie injury during the period of low blood pres-
sure. Presumably this was the lower nephron type of renal
lesion following shock, about which much has been written
in recent years.

It is of considerable importance to appreciate that serious
renal damage from ischemia may result from long periods of
grossly inadequate cardiac output such as occurs in ventricular
fibrillation. Therefore, all necessary measures should be under-
taken in the immediate postfibrillation period to sustain an

adequate level of blood pressure and an optimum amount of
fluid for renal function. During the course of the emergency,
this patient's blood pressure was low enough for a long enough
period to impair renal function, but was high enough to prevent
irreversible renal failure.

SUMMARY

The case of a healthy boy is presented in which ventricular
fibrillation developed during a thoracic surgical procedure and
was present in all probability during the one hour and ten
minutes when manual massage of the heart was necessary
to maintain life. For thirty-five minutes of this time electro-
cardiographic tracings showed the presence of ventricular
fibrillation. By electric shock, applied directly to the exposed
heart, ventricular fibrillation was abolished and supraventricular
rhythm was restored. The patient made a complete recovery
without detectable neurologic or cardiac damage.

6. Feil, H. S., and Rossman, P.: Electrocardiographic Observations in
Cardiac Surgery, Ann. Int. Med. 13:402, 1939.
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RAYTHEON MICROTHERM ACCEPTABLE
Manufacturer : Raytheon Manufacturing Company, Waltham

54, Mass.
The Raytheon Microtherm Model CMD 4 generates a beam

of high frequency radiofrequency energy (radar) for the pur-
pose of locally raising the temperature of soft tissues of the
human body. It is housed in a portable box, or case, which can
be set on a table. The over-all size is 39 by 24 by 16 cm. (15j^
by 9¿4 by 6l/2 inches), and the weight including the 10 cm. cup-
shaped director is 16 Kg., or 36 pounds.

Much interest is attached to this device, inasmuch as the fre-
quencies used in it had been little understood until they were

intensively studied for military purposes during World War II.
Only in the past year have critical studies on human subjects
been published. They show that radiations of this frequency
range do not have harmful effects differing qualitatively from
the harmful effects of an excess of diathermy or ordinary heat.

The wavelength of this radiation is approximately 12.2 cm.

(2,450 megacycles). Among radio engineers it is known as radar,
and it has some of the characteristics of light 9i that it is appar-
ently propagated in straight lines and can be reflected, refracted
and absorbed. Its physiologic effects in some respects resemble
those of diathermy but in others resemble those of the radiant
energy from infrared lamps. Its therapeutic effects are simply
those of the heat liberated in the tissues.

The following statements are based on evidence submitted by
the manufacturer. At 2,450 megacycles (12.2 cm.) the absorption
of radiofrequency energy in water at 38 C. is of the order of
seven thousand times the absorption at the frequency of 27 mega-
cycles (11 meters), now commonly used for short wave dia-
thermy. On passing the 2,450 megacycle radiation into distilled
water at 40 C, at a depth of 6 cm. the absorption amounts to
87 per cent. Directed into lean horsemeat, the 2,450 megacycle
radiation produces temperature gradients little different from
those produced by 27 megacycles. At a meat-fat junction the
rises in temperature are always above those observed in an
all meat medium. The rises in temperature generated in meat
underlying a fat layer equal or exceed those to be observed in
an all meat sample. In an all fat medium increases, in tempera-
ture as high as two times those in a lean medium may be-
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