
Prevention of Ventricular Tachycardia and Fibrillation
by Intravenous Isoproterenol and Epinephrine

By ARTHUR J. LITNENTHAL, M.D., AND PAUL M. ZOLL, M.D.

THE PREVENTION of recurrent Stokes-
Adams attacks due to ventricular tachy-

cardia and fibrillation has been a particularly
difficult problem. Drugs that depress ventric-
ular irritability, such as quinidine, procaine
amide, and potassium, are contraindicated in
patients with complete atrioventricular block
and should be used with great care, if at all,
in patients with partial block.1-3 We have
previously demonstrated, however, that one
way of preventinig such recurrent attacks is
to drive the ventricles with an electric pace-
maker at rates faster than the idioventricular
rate; rates of 60 to 80 per minute are usually
suffieient.3 Electric stimulation may be ap-
plied externally for short periods,4 by an
endocardial catheter electrode for longer in-
tervals,5 or indefinitely with an implanted
pacemaker and myocardial electrodes.0 8
Another way to accelerate the ventricular

rate is with sympathomimetic drugs. These
affents, however, also have a prominent effect
of increasing ventricular irritabilitv, so that
their use in patients with ventricular tachy-
eardia and fibrillation is usually considered
to be contraindicated. Administration of
these drugs under these circumstances re-
(uires meticulous control for the satisfactory
resolution of the dilemma presented by these
opposing effects.
The idea of using such agents to prevent

seizures due to tachyeardia or fibrillation is
not new: ephedrine, isoproterenol, and epi-
nephrine have been used orally, subeutane-
ously, and even intravenously.9-11 WVe have
found, however, that these drugs are often
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unreliable unless they are given intravenously
by a specific technic. We have previously
described the intravenous administration of
dilute solutions of isoproterenol and epineph-
rine to arouse, accelerate, and maintain ven-
tricular pacemakers in patients with Stokes-
Adams attacks due to ventricular standstill.12
Here we are presenting experiences in nine
patients in whom this same technic was suc-
cessful in preventing recurrent seizures due
to ventricular tachyeardia and fibrillation.
One case is reported to illustrate the tech-

nic in detail, and our experiences in all nine
patients are summarized in table 1.

Case Report
Mrs. R.C., a 72-vear-old woman with complete

atrioventricular block for 31/2 years following a
myocardial infarction and with metastatic carci-
noma of the breast for 2 years, was hospitalized
with Stokes-Adams attacks due to ventricular
tachyeardia (fig. 1). She suffered repeated seiz-
ures, many of which required external electric
countershock* for termination.3 Dilute solutions
of isoproterenol or epinephrine were given intra-
venously at carefully, regulated rates while the
cardiac rhythm was monitored continuously and
recorded intermittently with a pacemaker-nmonitort
and an electrocardiograph.12 Variations in the rate
of drug administration fronm 0 to 4 meg. per mnin-
ute produced corresponding variations in ventric-
ular rate from 37 to 64 beats per minute (R-R of
1.61 to 0.94 second).
As the ventricular rate was increased by the

drugs, the ectopic ventricular activity and the re-
current ventricular tachyeardia were prevented.
A critical rate was denionstrated repeatedly within
a narrow range over short periods: the ventricu-
lar rhythm was regular above this range and multi-
focal ectopic ventricular activity or tachyeardia
recurred below it. For example, with three inter-
ruptions of drug administration between 9:00 and
10:10 a.m. on February 2, ectopic activity reap-
peared at the critical ventricular rates of 46 to

*External Defibrillator (D-72) manufactured by
Electrodyne Co., Norwood, Massachusetts.

tPacemaker-Monitor (PM-65) manufactured by
Electrodyne Co., Norwood, Massachusetts.
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Electrocardiogram, precordial lead,
episode of ventricular tachycardia.

47 per minute (figs. 2 and 3A,B). At times, more
marked ventricular slowing, as low as 38 beats
per niinute at 11:00 a.m. on February 2 (fig. 2),
was tolerated for intervals varying from very few
minutes to 18 days without recurrent tachyeardia.
Reasons for these intrinsic variations in ventricu-
lar irritability were not apparent. Unpredictable
variations of this sort are characteristic of Stokes-
Adamns disease and compound the difficulties in
its management.
The early ventricular acceleration produced by

the isoproterenol and epinephrine was often ae-
companied in this patient by a transient increase
in nmultifocal ventricular activity. This exacerba-
tion of ectopic activity occurred six timies on Feb-
ruary 2 and 3, with every resumption of drug
administration, regardless of the ventricular rate
(figs. 2 and 3C). As drug administration was con-
tinued, however, and the acceleration progressed,
the ventricular rhythm became completely regular
(figs. 2 and 3D). This increased ventricular irri-
tability represented an untoward effect of isopro-
terenol and epinephrine, which opposed the desired
effects of ventricular acceleration and control of
ectopic activity. The ominous aggravation of the
ventricular irritability gave us great concern but
did not deter us from persisting with administra-
tion of the drug until ectopic activity was con-
trolled by adequate acceleration of the rate. Al-
though it was never required in this circumstance,
external electric countershock provided an assured
means of resuscitation if ventricular tachycardia
or fibrillation should have persisted.
As a consequence of the balance of these two

opposing effects of the drugs, i.e., ventricular ac-
celeration and irritability, the critical ventricular
Circulation, Volume XXVII, January 1963

Figure 1
case 1, showing beginning and end of 24-second

rates for the control of ectopic activity differed
4epending on whether the ventricles were slowing,
or accelerating. As the heart slowed with omission
of the drug, the critical rate at which ectopic
activity appeared was always lower than the rate
at which ectopic activity was again controlled as
drug administration was resumed (figs. 2 and
3B,D).
The critical ventricular rates were the same for

both isoproterenol and epinephrine (fig. 2). Fur-
thermore, similar doses of the two drugs produced
similar accelerations of ventricular rate and sim-
ilar increases of ventricular irritability. Indeed,
the only basis for a choice between the two drugs
was their different effects on the blood pressure.
In this patient with variable hypjertension (140/70
to 200/90 mm Hg), epinephrine caused an exces-
sive rise in pressure (252/108) so that isoproter-
enol was ordinarily used, since it did not have a
vasopressor effect.

Although this mode of therapy with intravenous
isoproterenol and epinephrine was uniformly and
promptly successful in preventing recurrent ven-
tricular tachyeardia and fibrillation, its long-term
application was not practieable. Continuous in-
travenous therapy cannot be carried on indefi-
nitely. Repeatedly, after periods of several hours
to several days, intravenous therapy was gradu-
ally terminated and oral therapy was substituted.
Chlorothiazide was given in doses sufficient to
lower the serum potassium from 4.8 to 3.3 mEq.
per liter. In view of the efficacy of isoproterenol
intravenously, this drug was also given sublin-
gually and the dose was increased progressively
to 50 mg. every 3 hours. Nevertheless, the ven-
tricular rate slowed and ventricular tachyeardia
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patieiits, wvere also comumon in patients ha-N-

ing attacks due to ventricular stanidstill.
Multifocal venitricular activitv xwas wXXell

controlled in all patients bv acceleratillg the
ventricular rate with the drugs; isoproteremmol
was used in eight and epinephrine in three.

Till tlx (1P1-il Xemvei s si IlartiTitli- eti(It58.
wX jll sili81418ll:tk iifI ife(fti'veIatoses and

Lal.tii18P levels of e!r'titt-t \velltUrioulllal7 &l 4(1
1-1oG,^) e1)0 :I1I Inutee
The (Iruhg we9t'( (XuiVel &r(xl' inlevvals varv-

ill1 front Seeral I nintes to 1 9 dayvs. Thel;^
short triias :lI(I81 2? aind 9 \vei.-e adequate
to ( tllScwtrleetee14 ixt;Xv tolitrl itt vetli(UlmP
iiiit;rifi--lix 'fit (-ia 82 tlllstnardized 111

i-serb )pt 1)iititlted strikinki l:l ltilocal veil-
trie u1i[ 811aVi itxv X 1'chisop)-otereill(tl pie=
\ (t

, -w itli 1 idl stt4there Wvas to Si iinfieaiift
veltVtillar ilr2 1f18I-itx So tltat proloi-gi(yed

triatniout wa1s }o101 liee(eSSarx. Sal ikse(1eltltx
irit.allitx iolreased lblt xvls totlled auoam
xxvI l-lkgeii ti-eal--iwet. Il ense- 9 ep-iilepli tille
was S ete(itixe i1 a slhort trittl, bIlt liealllse (f

t1h el (i t(i tranlsport the l)atieltt IX amiibu-
la11ie xtoml11 ele(l lie Stilrtil'ttiot xv-clas used
fomo iore rPelitible Yiiaiiiteiwanie of:f 1 l-e ventrie-
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Figure 3
Electrocardiograms,? left precordial lead, ease 1, from 8:55 a.m. to 9:11 a.m.., February
2,~1961 (fig. 2). A, 8:55 a,m., showcs regular ventricular rhythm during isoproterenol
administration. B, 9:09 a.m.., shows onzset of multifocal activity with slowing of idio-
ventricular raite 7 miniutes after omission o-f isojprotereniol. C, 9:10 a.m., showvs slight
ventricular acceleration and increased ventricular irritability shortly after resumption
of isoproterenol. D, 9:11 a-.m., showcs return of regular ventricular rhythm as the
v'entricular rate accelerated above the critical level.

administration was ofteni interrupted acciden-
tally, or purposefully, to assess the need for
continued treatment. Thereupon, ventricular
irritability often recurred, at times with epi-
sodes of ventricular tachycardia or fibrillation
requiring, countershock. In two patients
(cases 3 and 4), however, ventricular irri-
tability subsided and they were free from
seizures for long, initervals without any drugs.
Oral thierapy with ephedrine, isoproterenol,
and chlorothiazide was tried in several in-
stances and was ineffective.

In five patients electric pacemakers were
also used to control multifocal ventricular
activity. External stimulation was applied ini
one patienit (case 9) for several hours, and
pacemakers with myocardial electrodes were
implanted in the others (cases 2, 5, 6, and 8)
for prolonged control, niow up to 21 monrths.
Circulation, Volume XXVII, January 1963

Discussion
Intravenous administration of dilute solu-

tions of isoproterenol and epinephrine has
proved effective in the prevention of ventric-
ular tachycardia and fibrillation in patients
with Stokes-Adams disease. Given in this way
the drugs have quick, transient actions that
permit moment-to-moment control. The safety
of this approach has been amply demonstrated
and the details of the technic have been thor-
oughly developed in its application to patients
with slow ventricular rates or ventricular
standstill.12

This therapeutic approach may seem para-
doxical in view of the well-known action of
these drugs in increasing, ventricular irrita-
bility. In addition to this action, however,
and crucial to the therapeutic value of this
technic, the dr-ugs accelerate the basic idio-
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ventricular pacemakers, and thereby suppress

ectopic activity in complete heart block. The

mechanism by which ventricular acceleration
reduces irritability is not definitely estab-

lished. More rapid rates shorten the respon-

sive phase of the cardiac cycle so that there

is less timne for multiple foci to disrupt the

ventricular rhythm; furthermore, the more

rapid rate may also increase coronary artery

flow and thereby decrease myocardial irrita-
bilitv.

Aggravation of irritability, either before
acceleration becomes adequate or from exees-

sive doses, may be alarming at times. It is
important to have an external countershock
defibrillator in readiness for ventricular fi-
brillation. Despite careful and precise regu-

lation of the drugs, the proper balance of the

opposing effects may be difficult or even un-

attainable. Indeed, in our early experiences
this difficulty discouraged us from this ap-

proaeh and led us to accelerate the ventricles
by electric stimuilation.3

It is still wvidely held that isoproterenol is
superior to epinephrine, particularly for pa-

tients like these, because it is said to accel-
erate the ventricles more effectively and not

to cause ventricular irritability.-'I 4 Our ex-

tensive previous observations'2 and our expe-

riences in these patients as well indicate that
the two drugs do, in fact, have similar action-s
in producing ventrieular acceleration and
irritability.

This technic of intravenous therapy is val-
uable for the prompt control of ventricular
irritability and the prevention of Stokes-
Adams attaeks due to ventricular tachycardia
and fibrillation. It is not practical for long-
term use, however. Unfortunately, orally
administered drugs have not been effective
in these patients. Just as in the case of at-
tacks dtue to ventricular standstill, however.
long-term control of seizures due to tachy-
cardia or fibrillation has been attained with
implanted electric pacemakers and mvocardial
electrodes that drive the heart above the crit-
ical rate. This method of intravenous drug
therapy together with the technics of external

electric stimulation and countershoek. and
(lirect stimulation, provides a complete arma-
mentarium with which the various )roble}iis
of Stokes-Adams disease can b)e suceessfullx-
managed.

Summary
Isoprotereniol and epinepbrine were give

iiitravenously in dilute solutions to nine pa-
tients with Stokes-Adams attacks due to yen
tricular tachycardia aud fibrillation. Tlv
drugs produced ventricular accelerationr and
tlierebv controlled the attacks. This technic
proved useful for prompt, short-term prevei-
tion of seizures, for the lon.c ternr diroeci
electric stimulationi with intern) al --)a (en alkers
was reqiiired.
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Laennec
Laennec was thirty-seven when he wrote his book De t'Auscultation Me'diate, a thin

meditative man of about five feet three, with chiselled features, high cheek bones, a long
head, light brown hair and blue-grey eyes. He was neither handsome nor robust. Also
one imagines he was rather shy and aloof, a little austere, lacking a keen sense of humour,
and thus not one of those to whom success comes easily. Neglect at home as a child
and dependence on his uncle, acting on a temperament naturally reserved, must have
made him chary of the world at large. But his power of application and sincerity were
immense, and seem to have left few who came in contact with him in any doubt about
his greatness. There was nothing flamboyant, nothing ostentatious, about La6nnec.
Throughout life he remained simple in his tastes, content with very little in the way of
personal comforts and amusements, and wrapped in his work. In what time he spared,
he learnt to play the flute very well, danced a bit, read widely in the classics, and
rambled in the countryside near Paris or by the shores of his native Brittany. He was
hardly versatile as some great men have been. His memorable work dealt with one
branch of mediciae only. Nor was he particularly learned in an academic sense. He
was, essentially, a pioneer; and like many pioneers, he had penetration rather than
range, depth rather than breadth, an immense grasp of detail rather than that kind
of ability which roves more superficially through large tracts of knowledge. We know
that he was well aware of his own ignorance on many things, and readily confessed it.
But on the subject of his own choice he made the knowledge of othbers seem like the
simplicity of the child or the savage. For in a. few brief crowded years he fashioned
the science of diagnosis of diseases of the chest so completely that, as Lawrason Brown
truly said, "he who now adds a single stone to the strueture is deservedly acclaimed by
his fellows."-DR. CLIFFORD HOYLE (Brit. J. Tubere., 1944). The Quiet Art: A Doctor's
Anthology. Compiled by DR. ROBERT COOPE. Edinburgh & London, E. & S. Living-
stone Ltd., 1952, p. 82.
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