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Preface

HIS monograph on the use of quinidine in the
treatment of disorders of the heart is in-
tended primarily as a guide for the general practitioner.
Since emphasis 15 placed on a way of thinking about these
problems and planmng for them, it is my hope that both
medical students and specialists in cardiology may find
informative reading in it. Many of the observations and
the methods advocated here are in complete agreement
with those of others. Accordingly, the writings and views
of others receive considerable attention, This is not, how-
ever, a review of the literature 1n the usual sense, but a
personal account of knowledge based on experignce with
successes and failures, reading, and reflection in relation
to this subject during a period of about twenty-five years;
1n the teaching of laboratory and climical pharmacology to
medical students; pharmacologic and climeal research; the
care of several thousand cardiac patients in the hospital,
clinic, and private practice; postgraduate medical courses;
and lectures to groups and socteties of medical practitioners
of widely different interests, skalls, and experience.
Observation has led me to the belief that only a small
part of the potentialities of quinidine in disorders of cardiac
rhythm is put to effective use, although these disorders are
among the very common problems encountered 1n medical
practice, The chief reason for this is the use of rigid stock
methods rather than technics that are custom-built to suit
the particular individual. What 1s often wanting is sufficent
famibiarity with the mechamsm of the disordered rhythm
and with the pharmacology of quinidine. These data, if
properly integrated, lend flexibility to any method with
.



vi PREFACE

which treatment is started, and provide not only for rational
beginnings, but also for rational changes in procedure in-
dicated by the initial results.

In the presentation of the material, I have tried to
pursue a fairly umform plan: to define the particular
physiologic mechanism to which quinidine is to be applied;
to crystallize the precise therapeutic objective; to explain
the particular action of quimdine on which dependence is
being placed; to point out the sources of danger that may
apply in special situations; to outline the doses with which
treatment 15 begun with the intervals between doses;
methods of adjustment and gudes to adjustment in
dosage; to discuss the complicating actions of the drug
which may confuse the issue in a particular case; and to
describe the toxic effects of quinidine and methods for
their control. Particular emphasis is placed on the rationale
of the practices that are advocated. An attempt has been
made to clear certain matters by the account of case his-
tories. Special sections have been included which deal with
general principles applicable to the use of quintdme in all
cases. Detatls of climical diagnosis and prognosis have been
kept at 2 minimum, and presented only where they seemed
to be of some importance for a better insight into the
problems of treatment.

In the account of the mechamisms of various disorders
of rhythm and of the mode of action of quinidine, I have
adopted formulations which are most commonly accepted.
Many points on mechanisms are unsettled and involve
controversial issues. 1 have utilized the concept of the
circus movement in the explanation of some of the prob-
lems, although there 1s considerable evidence to the effect
that the mechamsm in 2 particular disorder may not be 2
circus movement, but multiple fod of excitation with
asynchronism in the contraction of muscle blocks. I have
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made use of the conventional concepts of the S-A node,
A-V node, and conduction systems, although evidence has
appeared which suggests that none of these applies to the
human heart. As further knowledge is added and our
understanding of mechanisms is better crystallized, some
of the statements may need revision. The decsion to do
this was made in the interest of avoiding confusion and
maintaining the length of the theoretical discussions within
Limits consistent with the text as a whole.

A selected bibliography, arranged chronologically, is
appended. It is a linuted one, and does not even include
all of the best papers, but it should serve the purpose of
directing the reader’s attention to some of the more
important hterature bearing on special points mentioned
in the text.

There is no doubt of the fact that there are particular
patients in whom a disorder of rhythm cannot be controtled
by quinidine, The considerations listed above help to dis-
cover who these are, and help to distinguish therapeutic
failures due to the drug from those due to its improper
application, The importance of judgment based on experi-
ence in the use of quinidine should nrot be underestimated,
but in examining my own experiences in which a threatened
defeat or disaster seemed to have been averted, I find that
the responsibility for the result was usually to be aseribed
to the application of one or another of the foregoing con-
siderations. If I have described them sufficiently clearly, I
shall have reason to hope that this monograph may succeed
in enhancing the power of quinidine as an instrument of
therapy in disorders of the heart.

To Professor McKeen Cattell I wish to express my
appreciation of the generons number of hours he took
from a crowded schedule to review the manuscript and
especially to scrutinize the statements relating to basic
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pharmacology and physiology. His comments have proved
invaluzble. It is a particular pleasure to express my grati-
tude to Dr. Theodore Greiner, one of our Research Assist-
ants in Clinical Pharmacology during the tenure of a
Natjonal Institute of Health Fellowship. He brought the
fresh perspective of a recent medical graduate to bear on
a critical examination of an early draft and rendered sub-
stantial aid in rephrasing sections to insure their intended
meaning. To Dr. Leon J. Warsaw I am in debt for valu-
able help in the final revision of the manuscript, the read-
ing of proof, and for the major work in the preparation
of the index. ¥ am also greatly obligated to Dr. Nathaniel
T. Kwit and Dr. Walter Modell for their liberal assistance
in the review of the more practical sections, the assembling
and checking of bibliography, and the reading of proof.
To my daughter Naom: I am deeply indebted for the
arduous task of taking and typing dictation of the greater
part of the preliminary draft of the text.

New York Harry Gorp, M.D.
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1O
Indications

ILE the cinchona bark contains more
than twenty alkaloids, the general discus-
sions are based on quinidine alone. This is done so because
quinichne is the most important member of the group in
the treatment of disorders of the heart and the largest part
of the climcal literature on the cardiac actions of this
group of compounds relates to quinidine. All doses of
quimdine, unless otherwise stated, will refer to quinidine
sulfate, since this is the salt most commonly prescribed. It
is well to bear n mind, however, that several of the cin-
chona alkaloids closely related to quinidine have received
attention 1n regard to their actions on the heart and
circulation, and are of importance 1n special cases 1n which
quinidine 1tself cannot be used. These exert cardiac actions
that are similar to qunidine, but there are significant
quantitative differences, and there are some indications of
qualitative differences. A more detailed discussion of the
other compounds and the conditions under which they
may be called upon is found in a later section,

Dusorders of cardiac rhythm constitute the only indica-
tions for the use of qumidine in disturbances of the heart.
It has no primary place in the treatment of cardiac pain or
failure. There are some conditions 1n which quinidine
prevents or abolishes cardiac pain or farlure, but such results
are due neither to direct dilatation of the coronary arteries
nor direct action on the force of contraction of cardiac
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muscle. When they occur, they are the indirect result of
the prevention or abolition of one or another disorder of
cardiac rhythm which in some individuals gives rise either
to cardiac pain or failure.

The following is 2 list of the disorders of cardiac rhythm
in which quinidine is effective:

. Premature contractions or extrasystoles (auriculas,
nodal, ventricular)

2. Paroxysmal auricular tachycardia

3. Nodal tachyeardia

4- Auricular flutter

5. Auritular Bbrillation

6. Ventricular tachycardia

7. Ventricalar fbrillation

It is perhaps well to call attention to the fact that not
all of these disorders of rhythm afways require treatment,
For example, there are many patients in whom premature
contractions are discovered In a routine examination, the
patient being unaware of their presence. Many do just as
well, and some better, when aifowed to continue with these
ectopic beats which are In themselves harmless. There is
also the fact that some of these disorders of rhythm may
be treated i other ways and by means of other drugs. The
circumstances in the particular cases will determine the
decision.

The disorders of cardine rhythm present themselves in
two general forms of therapeutic problems. The ona
cancerns the patient in the midst of an ectopie rhythm
which needs to be terminated and 2 normal rhythm re-
stored, The other concerns the patent with a normal
rhythm but with a history of repeated pasoxysms of ectopic
rhythr which need to be prevented. These two problems
are often presented by the same patient.
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Although a course of quinidine therapy to abolish pre-
mature contractions is usually carried out with the patient
up and about, the restoration of 2 normal rhythm with
quinidine in the case of the other disorders should rarely
be attempted unless the patient is under close supervision
and at rest. On the other hand, the prevention of attacks
or recurrences is usually 2 problem of treatment in the
ambulant patient.

I mentioned the fact that the indications for quinidine
in cardiac disorders are the ectopic rhythms, and that these
are among the very common problems encountered in
medical practice. That about 25 per cent of an average
aardizc population presents problems of disordered rhythm
is probably a fair estimate, The number of these cases does
not, however, satisfactorily reflect the importance of 2 drug
which is effective in controlling them. A large proportion of
patients with abnormal rhythm have a condition which is of
no great consequence, affecting neither their ability to carry
on nor their Jongevity. In many patients, the condition pro-
duces no symptoms and the disorder of rhythm may first be
discovered during an examination for some other purpose.
In fact, the onset of some patients’ troubles often dates
back to the time when the disorder of rhythm was called
to their attention. There is, however, 2 sizable group in
which the abnormal rhythm takes on the aspect of a serious
disease. Among these, depending on the kind of disorder
of rhythm, the type of patient, the condition of the heart,
the following may result: cardiac neurosis, panic, palpitz-
tion, cough, attacks of syncope, cardiac pain, pulmonary
edema, congestive failure, emboli, shock, and death.
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Therapeutic Actions

I T IS probably only one basic action of quinidine
which accounts far the large number of thers-
peutic applications of the drug in disorders of cardiae.
rhythm, namely, increase in refractoriness of the varous
crdiac structures. However, quinidine exerts many actions
on the heart, the cxmﬂ:txon, and extracardiac structures.
It is necessary to bear this in mind in order to compsehend
the wide varicty of reactions which are observed in the
numerous condstions in which it is used. The utility of the
drug depends on the wide dufferential in doses necessary
to affect different structures and to produce the various
changes. It would hardly prove a useful drug in ventricufar
tachycardsa, for example, sf the same dose which suppresses
the rapid ectopic pacemaker i the ventricle also suppressed
the normal pacemaker of the sino-aunicular node or stimu-
lated the vomiting center. The fact that the rapid ectopic
focus 1n the ventricls 15 relatively more sensitive to quini-
dine than the normal sinus node or the vomsting center
accounts for the large number of cases m which ventricular
tachycardia 15 uneventfully controlled. But patients differ,
and there are some in which these differentals are either
clxmmated or reversed. Thus, undue sensitrvnty of the gas-
1 tract is responsible for one of the himitations
in the therapentic usefulness of the drug, and undue sen-
sitivity of the normal sinus paccmaker, approximating that
of the ectopic ventricular pacemaker, accounts for onc of
4
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the serjous hazards of the drug, namely, complete cardiac
standstill with doses which are required to abolish the
ventricular tachycardia. Many similar examples could be
cited.

Familiarity with the basic actions of quinidine on the
heart and other structures is very helpful in the therapeutic
use of this drug for disorders of cardiac rhythm. While in
the large proportion of cases the desired therapeutic action
is dominant, and such simple dosage plans as will be
described lead to the uneventful control of the cardiac
disorder, there are many others in whom undesirable
actions both on the heart and on extracardiac structures,
socalled side-actions, intrude. An understanding of these
is of material assistance in charting the course of therapy,
especially in the case of the more difficult problems. Al-
though there are many gaps in our knowledge of the basic
actions of quinidine, enough informatton has been obtained
from ammal experiments and direct observations on man
to afford a bass for understanding most of the comman
patterns of response during the therapeutic use of this drug.
The more important effects and those most likely to be
encountered in the routine use of quinidine are here listed.

I, Quimdine prolongs the refractory time of heart
muscle, This has been determined in various ways. The
essence of one expenmental method consists of applying
electrical stimuli at varying intervals of time to the
rhythmically beating heart. When these stimuli fall far
enough from the previous beat, they evoke a response;
when they fall too near the previous beat, they fal to
evoke a response. The longest time-interval between the
normal beat and the extra stimulus which fails to call
forth a response 1s one way of measuring the refractory
time. The refractory time varies considerably from animal
to animal, and with the rate of the beat. The refractory
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period of the auricle has been found to vary under dif
ferent condstsons, from less than 0.1 to about 0.2 second.
Quimdine may lengthen this interval between one beat
of the heart and its readiness to respond to another stimulns
by as much as 100 per cent. In another method similar
information has becn obtained by the effect of the drug on
the peak rhythm of the isolated rabbit auricle. For ex-
ample, without the drug the ausicle might respond to
rhythmic stimulation at rates up to 250 2 minute, and at
a rate of 260, there may be failures of response to some of
the stimuli, quinidme might reduce the peak rate to 200
2 munute with fardures of response at rates abave that, The
extent of the lowering of the peak rate has been found to
depend on the dose of the drug. This method has been
utilized as a means of comparing the potency of various
agents possessing 2 quindme-bke action.

2. Quinydine slows conduction in the heart muscle. The
speed of conduction is determined experimentally in the
intact heart by applying 2 stimulus to the heart, and record-
ing the response simultancowly from two points on the
heart. From the record of the difference 1n time between
the responses at the two points and the distance between
the two pomts, the speed of conduction 15 ealenlated. This
alse varies considerably with the rate and condition of the
heart. The speed of conduction in the auricle has been
found to vary from about 500 to 2000 mm. per second,
under vanous conditions.

‘This action of quinidine s also observed dwertly in man
by the use of the electrocardiogram: slowing of the drcus
movement in auricwlar fibrillation and flutter, prolonga-
tion of intraventricular condustion (prolonged QRS time),
i ion of A-V conduction (prolonged P-R inter-

and p
val).
3. Quinidine exerts an sntifibrillary action on the heart,
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This has been observed in animals and directly in man.
There is the observation that auricular fibrillation may be
promptly terminated by a dose of quinidine, and ventricular
fibrillation prevented. In animal experiments, a tetanizing
current of sufficient intensity applied to the heart sends it
into fibrillation. After quinidine, the heart is more resistant
to the tetanizing current and now the intensity of the stimu-
Ius must be increased to send the heart into fibrillation.
This effect is usually explained by the action of quinidine
in prolonging refractory time, although some other type
of action may be involved since there are substances which
shorten refractory time and yet act to prevent fibrillation.

4. Quinidine depresses the excitability of heart muscle.
In animal experiments, a threshold stimulus which evokes
a response is no longer effective after the muscle has been
exposed to quuudine,

5. Qurnidine acts directly on the heart to depress rhyth-
mic function. In animal experiments, 1t may slow the sinus
rhythm after atropine, which indicates that it is a direct
action and not one due to vagal stimulation. Also, high
blood concentrations reached by very slow intravenous in-
fusions, sufficient to block the vagus, may result 1n slowing
of the heart. Sinus slowing 1s sometimes seen 1 humans.
Quinidine also slows the rate of ectopic pacemakers, as in
ventricular tachycardia in animals and man, and 1n larger
doses may completely suppress the rhythmic activity of
the entire heart.

6. Quinidine slows the electrical systole of the heart.
This is detected by the prolongation of the Q-T interval
of the electrocardiogram, The change may result from
slowing of conduction or prolongation of the recovery
phase. This effect may be observed in amimals and man.
‘What part 1t plays in the therapeutic or toxic actions of
quinidine is not known.
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period of the auricle has been found to vary under dif-
ferent conditions, from less than 0.1 to about 0.2 second.
Quinidine may lengthen this interval between one beat
of the heart and its readiness to respond to another stimulus
by as much as 100 per cent. In another method similar
information has been obtained by the effect of the drug on
the peak rhythm of the isolated rabbit auricle. For ex-
ample, without the drug the auricle might respond to
rhythmic stimulation at rates up to 250 2 minute, and at
a rate of 260, there may be failures of response to some of
the stimuli; quinidine might reduce the peak rate to 200
a minute with failures of response at rates above that. The
extent of the lowering of the peak rate has been found to
depend on the dose of the drug. This method has been
utilized as 2 means of comparing the potency of various
agents possessing a qunidine-Jike action,

2. Qumdine slows conduction in the heart muscle. The
speed of conduction 15 determined experimentally 1n the
intact heart by applying a stimulus to the heart, and record-
ing the response simultaneously from two points on the
heart. From the record of the difference in tume between
the responses at the two points and the distance between
the two pomts, the speed of conduction 15 calculated. This
zalso vartes considerably with the rate and condttion of the
heart. The speed of conduction in the auricle has been
found to vary from about 500 to 2000 mm. per second,
under various conditions.

This action of quimdine is also observed durectly in man
by the use of the electrocardiogram: slowing of the circus
movement in aurrcular fibrillation and flutter, prolonga-
tion of intraventricular conduction (prolonged QRS time),
and prolongation of AV conduction (prolonged P-R inter-

val).
3. Quinidine exerts an antifibrillary action on the heart,
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oral route, 0.8 Gm. or more. After intravenous doses,
the cardiac acceleration may be partly nonspecific, result-
ing reflexly from the fall of the blood pressure. The
partial vagal block 1 the A-V node is commonly seen in
the form of acceleration of the ventricle during the use of
quinidine to terminate an attack of auricular fibrillation.

Cardiac acceleration by quinidine appears to be possible
as the result of still other mechanisms. It has been found
that in the normal dog, an intravenous injection may pro-
duce extreme acceleration of the sinus rate when the vagi
are ntact, and also after atropine or vagotomy. How the
latter comes about is unknown.

10. Quinidine causes a fall of systemic blood pressure.
In those without hypertension, this rarely occurs to any sig-
nificant degree after oral therapeutic doses. Intravenous
doses, however, may cause a prompt and fleeting fall of
blood pressure, which is sometimes quite marked and may
be alarming, With a rapid intravenous mjection of about
0.2 Gm. (3 gr.), the blood pressure may fall as much as
50 mm, Hg or more. This can be prevented by very
slow injection, Direct action on the blood vessels to cause
dilatation appears to account for the fall of blood pressure
after moderate doses. Qumdine blocks epinephrne action
on the blood vessels, and the vasodilator action of quim-
dine cannot be counteracted by epinephrine. After massive
doses of quintdine, the fall of the blood pressure involves
not only a perrpheral dilator action, but also central vaso-
motor and cardiac depression.

There are several other actions of quintdine which are
encountered in the therapeutic use of the drug, but since
most of these are extracardiac, they are included in the
next section which deals with side-actions and toxic actions.
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7. Quinidine reduces the contractile force of the heart
muscle, This may be demonstrated readily in isolated
strips of heart muscle and in the intact heart in animal
experiments, It is an action that is feared as a source of
danger in the therapeutic use of the drug, but this action
is rarely suffidently developed in the range of doses in
which quinidine is used for the controf of disorders of
cardiac rhythm to constitute a serious hazard. In the vast
majority of cases other toxic effects lead to the discontinu-
ance of the drug before any substantial interference with
contractile force develops.

8. Quinidine produces ventricular tachyeardia. This is
seen in animals and occasionally in man. It usually occurs
only after very large doses. The nature of the action in-
volved here is unknown. As already stated, the usual action
tends to depress rhythmiaty and abolish ventricular
tachycardia from other causes.

Very large doses of quinidine also cause ventricular
fibrillation in animal experiments, The usual actions of quin-
idmne give rise to a diametrically opposite result. The action
of quinidine which brings about ventricular fibnilation is
not understood; there is the possibiity that extreme im-
pairment of conduction aor prolongation of refractoty time
may lead to functional fractionation of the muscle, which
might give rise to fibrillation.

9. Quinidine blocks the vagus in the heart. When this
action is unopposed by other actions of the drug, the heart
rate (sinus rhythm) is accelerated, It appears to be an
atropinelike action since, after sufficient doses, electrical
stimulation of the vagus is no Jonger as effective in slowing
the heart, and acetylcholine loses its effect. The cardiac
acceferation occurs in man after both oral and ntravenous
doses, the effect beng more pronounced after an intra-
venous injection and requiring fasrly large doses by the
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another; for ple, if quinidine dep rhythmicity
and abolishes ventricular tachycardia, the action is thera-
peutic, but when the abolition of the ventricular tachy-
cardma is attended by a long period of ventricular asystole
cansing syncope or a convulsion before the normal mecha-
nism 15 restored, the action may be described as toxic,

Animal experiments show that the toxic effects of quini-
dine result not only from the total quantity of the drug
but from a high concentration in the blood stream. After
a rapid intravenous injection, as little as 25 mg. per Kg.
may prove fatal, while after smaller doses given over a
period of two hours, the fatal dose may increase to 100 mg.
per Kg. This points to the danger of rapid intravenous
injection.

The toxic effects of quinidine may be considered under
two headings, those which may occur in persons who are
not subject to disorders of rhythm, and those which are
likely to occur only as the result of its use in an attempt
to termnate an ectopic rhythm. A striking illustration of
both types of toxicity in one person came to my attention a
few years ago. It was the case of 2 young woman, 37 years
old, who had rheumatic heart disease with mutral in-
sufficiency, aortic stenosis and insufficency, and marked
enlargement of the heart. She had adequate functional
capacity for strenuous activities when the rhythm was
normal, but she was subject to paroxysms of aunicular
flutter with irregular thythm due to varying AV block
and a heart rate of the order of 170 a minute. During
some of these attacks, congestive failure developed. A daily
oral dose of 1 Gm. (15 gr.) of quinidine sulfate seemed
to provide protection against these seizures for a period
of about 8 months, when, during the mght following an
evening of intemperance in food, drink, and dance, 2
paroxysm developed which was resistant to treatment. Her
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Toxic Actions

HE terms toxic actions and side-actions are

applied rather loosely in the case of quinidine,
as in the case of most other drugs, The two terms are
frequently used interchangeably, although it would be
well to restrict the term toxic actions to those which are
distinctly injurious. It is not possible to make a satisfactory
classification of the actions of qumidine into therapeutic,
toxic, and side-actions. There 15 no difficulty in labeling
as 2 therapeutic action the prolongation of refractory time
in auricular fibnllation, which results in the restoration of
a normal rhythm, This 1s true for labeling as a toxic action
an attack of ventmenlar fibrillation caused by quinidine.
There is also no difficulty 1 designating as a side-action
the mild ringing n the ears smce, while it may be annoy-
ing, it is not particularly mjurious. The proper classifica-
tion of some actions presents more of s problem, as for
example, the prolongation of the electrical systole. 1t
35 not known whether this is useful or harmful. In some
cases, not its quality but its quantity determines whether
an action is toxic or therapeuticy for example, depression
of A-V conduction may be therapeutic when it serves
to maintain a normal ventricular rate during the process
of abolishing auricular fibnillation, but it is toxic when
the degree of this action is sufficient to induce com-
plete heart block. The arcumstances in a particular case
may also shift an action of quinidine from one class to

10
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therefore, involved in attempting to reestablish the normal
rhythm by additional doses, after a convulsion associated
with the initial restoration by the smaller amount. The
prolonged QRS time is indication of trouble ahead which
can be prevented by discontinuing the drug as soon as
this is discovered. Impaired hearing is indication for reduc-
ing the dose or discontinuing the drug, long before ad-
vanced deafness, When the rapid ectopic rhythm had been
supplanted by a slow rhythm with coupling, the normal
mechanism may have already been restored, and the slow
irregular rhythm may now have been a toxic effect of the
quinidine. This was intensified by additional doses to the
point of the final disaster which may have been ventricular
fibrillation,

Quimdine produces the wellknown effects grouped
under the term cinchonism, namely, impairment of hear-
ing, ringing in the ears, blurred vision, hghtheadedness,
giddiness, and tremor, Quinidine acts on the central nerv-
ous system to produce convulsions; this 15 a frequent
symptom in ammals, but humans rarely receive large
enough doses for this effect, The cases of convulsions
after quinidine in humans are more apt to be due to cardiac
asystole occurring in the course of the restoration of a nor-
mal rhythm.

Like other cinchona alkaloids, quimdine may cause gas-
tric discomfort, nausea, vomiting, abdominal cramps, and
fliarrhea. The site of the emetic action may be local, due to
irritation of the gastromntestinal tract occurring shortly after
oral doses before appreciable absorption, or it may be cen-
tral, occurring shortly after an intravenous mnjection, The
doses employed are rarely sufficient to cause vomiting by the
central action. Gastrointestinal symptoms which occur dur-
ing the therapeutic use of quimdine are usually due to the
local irritant action, There are wide individual differences
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physician advised her, by telephoue, to take 0.4 Gm. (6
gr.) of quinidine sulfate every hour until 2 normal rhythm
was restored, and to judge the desired effect by a sen-
sation with which she was familiar from her previows
experiences. However, an unpredicted event took place,
for, after a total of 42 gr., she suddenly developed a con-
vulsion from which she promptly recovered, Shostly there-
after, she was found to have a normal rhythm of go 2
minwte. During the day, the sbnormal rhythm reappeared
and quinidine was resumed in oral doses of 0.6 Gm. (10
gr.) every 2 hours, By the time = total of 92 gr. (including
the original 42 gr.) had been taken, the patient was “stone-
deaf” The heart rate had fallen from 3170 to 84 2 minute,
but since the rhythm still appeared irregular due to
caupling, an additional dose of 0.6 Gm. {10 pr.) was
given. Three hours later, another convulsion developed,
and this proved fatal.

Only one electracardiogram was taken, and this after 2
total of 5§ Gm. (60 gr.). It showed the auricular flutter
with markedly prolonged QRS time (0.16 second). It
may be noted at this point, that several of her electro-
cardiograms taken prior to the terminal episode, shawed
normal QRS time both during the attacks of flutter and
during normal sinus rhythm.

1t would be an error to regard this account as an indica-
tion of the danger of quinidine, for in the dosage employed
in this case, all the common signs of minor toxiec effects,
which point to the need for discontinuing the drug, were
passed by. The first convulsion was probably due to the
fact that, when a rapid ectopic rhythm is suddenly brought
to an end, 4 pause in the heart beat, sometimes of con-
siderable duration, may take place before the normal
rhythm is restored. The duration of the pause is apt to be
increased by large doses of quinidine. An undue risk was,
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ment of the contractile force of the heart with heart failure.

There are no specific antidotes to the toxic actions of
quinidine. The fact that the major part of a large dose of
quinidine is excreted within about twelve hours is a favor-
able factor in the event of serious poisoning.

There is no evidence of subtle chronic changes as the
result of the prolonged use of even large doses of quimdine
which produce no mamfest acute toxic effects. Its actions
are acute and reversible. They depend on the concentra-
tion of the drug 1n the blood stream and in the body.

The eftects decline as the drug is eliminated. The effects
disappear within about twenty-four hours or less, whether
a particular dose, large or small, is taken for days or years,
We now have several patients who have used quinidine
regularly in daily doses of 2 to 4 Gm. (30 to 60 gr.) for
periods of years for the control of troublesome disorders
of rhythm. One of these with hypertensive and arterio-
sclerotic heart disease took a daily dose of 4 Gm. of
quinidine for the control of 2 paroxysmal disorder of
thythm during 2 period of fourteen years, and in this
period he consumed about 20 Kg. of quinidine. None of
these presented changes which might implicate the chronic
action of a drug.

The untoward effects of quinidine occurring only in
patients with disorders of cardiac rhythm are discussed in
the special sections.
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in susceptibility to these actions, They are infrequent with
single doses of less than 0.8 Gm. (12 gr.). Patients are
occasionally encountered in whom a few doses of 0.2 Gm.
(3 gr.) cawse cramps and diarrhea, "The majority of in-
dividuals, however, tolerate such doses 25 2 to 3 Gm. daily,
and many even Jarger amounts, without gastrointestinal
discomforts, The gastrointestinal symptoms are sometimes
overcome by giving the dose together with meals, or by

pending the drug in compound chalk mixture to dintin-
ish its ocal irritant action. In cases in which gastrointestinal
discomforts preclude effective oral therapy, quinidine i
propylene glycol by the intramuscular route may be sub-
stituted (see section on Preparations).

A rare toxic state is seen in humans with the appearance
of shock and respiratory distress for hours before the fatal
termination. The site of this action is not established. It
may be 2 manifestation of the central action seen in animals
after large intravenous doses, which cause primary stimi-
Iation of the central nervous system with convulsions fol-
fowed by secondary depression of the respiratory and vas-
omotor centers. It has been suggested that caffeine may be
effective 1n overcoming the respiratory depression.

Idiosyncrastes to quunidine exsst in the form of urticaria,
purpura, asthma, and changes in the cellular elements of
the blood. These are very rare, and 1n some instances may
be avoded by the use of other members of the cinchona
group. A rare case of thrombopenic purpura, giving rise to
bleeding, has been described occurring within an hour after
0.1 Gm. of quinidine. It was rapidly counteracted by 2
transfusion of citrated blood.

Side-actions or towc actions on the heart include prolon-
gation of A-V conduction, with varying grades of heart
block, intraventricular block, premature contractions, ven-
tricular tachycardia, ventricular fbrillation, and impair-
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may be prolonged to about 0.12 second, and 2 bundle
branch block with 2 QRS time of 0.12 second may show
prolongation to 0.16 or 0.18 second. It is not wise to in-
crease the dose beyond such points. The electrocardiogram
with bundle branch block does not appear to be more sensi-
tive than the normal to prolongation of the QRS time.
Massive doses may spread the QRS tume, zs indication of
impairment of intraventricular conduction, unti] the QRS
loses the contour of a normal ventricular group. This is
a precursor of ventricular fibrillation and represents severe
poisoning of the myocardium, Such tracings may show no
P-waves due to auricular arrest.

In addition to the foregoing, there are on occasion the
few toxic rhythms caused by quinidine, which have already
been mentioned: ventrcular premature contractions, ven-
tricular tachycardia, and ventricular fibrillation.

N
Absorption, Blood Levels,

and Elimination

HE absorption of quinidine after oral admin-
istration on an empty stomach 1s fairly rapid,
and the elimination 15 also rapid. This has been shown by
study of the curve of blaod concentration of the drug.
After a dose of 10 mg, of quinidine alkaloid per Kg. in



L4
Effect on the

Electrocardiogram

UINIDINE can produce changes in all the
p of the el diog but
the electromrdmgram is not a very sensitive indicator of
the actions of this drug, and 1n the vast majority of cases
in which the drug is used effectively for the cantrol of dis-
orders of rhythm there are no conspicuous changes in the
electrocardiogram. This, of course, leaves out of consideva:
tion the therapeutic change which occurs with the abolition
of an abrormal and the restoration of the normal rhythm.
Other than these, changes usually take place only after
very large doses. There is no electrocardiographic patternt
peculiar to quinidine actjon.

The P-waves are sometimes widened. The P-R intervals
may be pmlonged Thc T-waves sometimes become lower,
broad or 3 ily inverted, and some-
tumes a positive T-wave becomes higher. A pecuhar effect
on the T-wave which we observed in animals was the
tendency for a negative T-wave to become less negative,
and as the dose was increased, to become a high positive
T-wave, The Q-T interval may be prolonged,

One effect on the electrocardiogram which s of prac-
tical importance is the prolongation of the QRS time
When it occurs, it usually begms after a daily dose of
about 2 to 3 Gm. A normal QRS time of about 0.08 second

16
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drug reached 1 mg. per liter of plasma or more the ectopic
rhythm was brought under control.

Attempts to correlate the actions of quinidine with the
concentrations of the drug in the blood are in the pre-
liminary stage at the present time. They offer promise of
yielding important information relating to the therapeutic
use of quinidine and its allied compounds in disorders of
cardiac rhythm,

6™
Tolerance

HE natural susceptibility to quinidine on the

part of the majority of individuals falls within
2 sufficently narrow range to make it fairly simple to
establish satisfactory routine dosage plans. However, the
extremes are farly wxde apart. How this matter stands
with respect to the fatal action in man is unknown, but 1n
regard to lesser effects on the heart, brain, and gastro-
intestinal tract, there is a great deal of experience. At one
extreme, there is the patient in whom a single dose of 0.3
Gm. (5 gr.) of quinidine produces diarrhea or nnging in
the ears. At the other, there is the patient in whom these
cffects appear only after 2 daily dose of 5 Gm. (5 gr.).
There is at one end of the scale the patient who remains
free of paroxysms of auricular fibrillation With a dose of
1.0 Gm. (15 gr.) daily, and at the other end, the patient
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normal adults, the drug is detected in the blood stream in
the first hour, its concentration rises to a maximum of
about 2 to 3 mg. per liter of plasma in two to three hours,
and then declines in the ensuing hours to a level of the
order of 10 per cent of the peak concentration at the end
of twenty-four hours. There is indication that the curves
are essentially similar for cinchonidine, somewhat higher
for quinine, and about one-half as high for cinchonine.
Faod in the stomach mterferes with absorption, so that
the concentration in the blood is lower when the drug is
taken after meals, Traces appear in the urine within about
thirty munutes after the dose, and the drug usually dis-
appears from the urine in about twenty-four hours. About
three-fourths of the dose is destroyed in the body, and the
larger part of the remainder is excreted in the urine,
The curve of quinidine action after an oral dose, as
measured by the slowing of the circus movement in
patients with auricular fibrillation, parallels the major part
of the curve of the concentration of the drug in the blood,
except 1n the areas of subthreshold levels. A distinct effect
is present within about one hour, the maximum effect
develops 1 about two to four hours, a plateau persists for
about two more hours, then the effect begins to decline,
and usually disappears in abont twelve to eighteen hours.
There are some observations indicating a correlation of
the concentration of the drug with certain effects. It has been
observed 1n dogs, following the slow intravenous injection
of quinidine, that the cardiac vagus is completely blocked
when the concentration of the drug reaches 7.4 mg. per
liter of plasma. The corresponding level in the case of
cinchonine is 13 mg.; with cinchonidine, 13.3 mg.; and
with quininc, 19.8 mg. Simular observations made in
patients with paroxysmal nodal tachyeardia aftcxi oral doses
of quinidine showed that when the concentration of the
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clined to believe that these represent physiologic adjust-
ments rather than true acquired tissue tolerance, since the
symptoms reappear when the same dose is given following
an interruption of treatment for a day or two. Among our

. patients who have used quinidine for long periods of time,

we had one who took a dose of 4 Gm. (60 gr.) daily for
fourteen years. This regimen kept his attacks of auricular
flutter and fibrillation in abeyance except for brief test
periods when the drug was withheld. In the fourteenth
year with this dosage, there were periods of escape. An
attempt to control these by increasing the dose to 5 Gm.
(75 gr.) daily proved ineffectual and resulted in impair-
ment of hearing and blurring of vision. These symptoms
had been produced by test doses of this size in the early
period of treatment, so that no tolerance had developed
in that area of the drug action. However, the escape of
paroxysms of auricular flutter and fibrillation became in-
creasingly more frequent, which might suggest increased
tolerance of the heart to quinidine. Again, 1 do not believe
this to be a tissue tolerance acquired as the result of the
prolonged use of the drug but as the result of progression
of his hypertensive and arteriosclerotic disease. The four-
teenth year of treatment was his last, He developed a cere-
bral hemerrhage and congestive failure, and the auricular
fibrillation which had been paroxysmal became fixed. This
change in the behavior of auricular fibrillation occurs in
patients who have not had quinidine. Under these con-
ditions, it 15 also well known that quinidine is often in-
effectual in restoring a normal rhythm even if the drug
had not been used before.
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in whom a dose of 4 Gm. (60 gr.) daily is essential to
achieve a similar result. Special tolerance may be similar
in different organs. We had under treatment 2 patient
with paroxysmal auricular fibrillation whose heart showed
inordinate tolerance to quinidie so that a daily dose of 4
Gm. (60 gr.) was necessary to eliminate the paroxysms.
His central nervous system also showed great tolerance,
only when the dose was increased to 5 Gm. (75 gr.) daily
did he develop a sense of lightheadedness, impairment of
hearing, and clouded vision. This, however, is not always
the case. An unusual degree of susceptibility may apply
to only one organ while others remain very tolerant. This
sometimes presents a scrious obstacle to the therapeutic
use of quimdine. An example is the patient in whom a
single dose of 0.6 Gm. (10 gr.) produced buzzing in the
ears but 4 such doses at three-hour intervals were necessary
to termmnate an attack of auricular fibrillation.

There are patients with natural allergy to quinidine. In
these, small doses give rise to skin eruptions, purpura,
asthma, changes 1n the cellular elements of the blood, and
other reactions. These must be very rare, and although
mentioned in the literature, 1 have never encountered
them.

The question of acquired susceptibility or tolerance to
quinidine as the result of prolonged use of the drug is
sometimes raised. As far as I am aware, proof of this
phenomenon does not exist. I have patients who have taken
2 to 4 Gm. (30 to 60 gr.) of quinidine daily for years for
the control of troublesome disorders of rhythm without
indication that the prolonged use had created a state call-
ing for smaller or larger doses. There are occasional cases in
which the necessary therapeutic doses give rise to mild
visual or auditory disturbances in the early period of treat-
ment, which subside as the therapy is continued. 1 am in-
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dition as to hazard poisoning with quinidine. I shall not
consider here the fear of danger from larger doses, but
attention may be focused at this point on the use of an
ineffectual daily dose of quinidine for a period of four
months. Does such 2 practice bear any relation to the
mature of the action of quinidine, its speed of elimunation,
and the curve of cumulation? How long does it tzke to
discover that a particular dosage plan 1s inadequate, and
that the drug should either be abandoned or something
else be done about 1t? Ths illustration refers to the use of
the so-called “average dose.” I have encountered instances
of a similar nature in which the physician broke with the
tradition of the “average dose,” and used as much as 2 Gm.
(30 gr.) daily for several weeks without aval and then
sought advice, The new point here is the large dose: Does
this patient show any signs of toxicity, gastrointestinal dis-
comforts, impairment of hearing, tinnitus, or clouding of
vision? Does the electrocardiogram show any sigmificant
prolongation of the QRS time? Does quinidine produce
any subtle damage in the body, which may suddenly appear
without warning after the drug has been used in large
amounts over 2 long perod of time?

The use of inflewble systems of dosage 15 responsible
for a large share of the defeats in quimdine therapy, and
some of the disasters, A dose of a few grams of qunidine in
the more tolerant individual involves no greater risk than a
few grams 1 the more susceptible one. How much the
patient is taking 18 not the decisive question, but what that
amount 1s doing. If it fails to produce therapeutic effects,
there 15 need for more; 1f toxic effects have resulted, there
is indication for less. The dose of qmumdine cannot be
defined in terms of an amount of drug, but in terms of an
objective and 2 plan for achieving it, the objective being
to bring the abnormal rhythm under control without toxic
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Dosage”

OSAGE is the most important link in the

chain of problems comprising the successful

use of a drug. This applies to all drugs, and in the cse of
quinidine, it appears to be the weakest link. It is infre-
quent that 1 find quinidine applied to the wrong con-
ditions, but this is not the case with respect to dosage.
What is the nature of the difficulties? The point which is
at once apparent 1s an unwarranted concern with the num-
ber of grains or grams the patient is receiving. Numerous
illustrations can be cited. A patient consulted me about
some strange sensations in the chest in which she felt the
heart suddenly “flop over,” land in her throat, and pro-
duce a cough. It turned out to be a case of rheumatic heart
disease 1n which the presenting symptoms were due to
premature contractions. I wrote her family physician
recommending the use of quinidine for their control. He
telephoned me to say that we should have to devise some
other treatment, since quinidine was what she had been
receiving, 0.2 Gm. (3 gr.) three times a day for the past
four months, and the symptoms had continued. The advice
to increase the dose was accepted with reluctance, because 3
gr. was the “average dose” of the Pharmacopoeis, three
times daly was a commonly recommended plan of zdmin-
istration, and premature beats are not so serious a con-
* The system of metric doses and approximate apothecary equivalents

adopted by the U, S, Pharmacopoeia 1s used 1 this text,
212
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individual. It is not wise to attempt to abolish a disorder
of cardiac rhythm with a single dose of quinidine, 2lthough
the first small dose may have this effect in 2 very sensitive
individual. Patients differ too widely in their susceptibility
to this drug and a single dose which will prove effective
in any considerable proportion of patients, is likely to
entail unwarranted risks in others. The highest incidence
of therapeutic results with the Jowest incidence of serious
toxicity in the case of quinidine is assured by an appropriate
cumulative system of dosage. The treatment is started with
a dose that is known to be safe, and one that, by itself, is
likely to prove ineffectual. The peak effect of the oral dose
develops in 2 period of about two to three hours. The dose
is, therefore, repeated every two to three hours in order to
pyramid the effect of one dose on that of the previous
dose. During the course, the patient is observed before
each dose in order to determine whether the objective has
been attained. In this way, the intensity of quinidine action
on the heart increases gradually and by safe steps until the
action is sufficent to produce the therapeutic result, or
minor toxic effects occur which preclude the further use
of the drug.

The minor toxic effects have already been described.
Intervals between doses shorter than two hours are unwise
because if the next dose is given before the full effect of
the previous one has developed the patient may receive
more doses than are necessary. Intervals significantly
longer than three or four hours delay the development of
the required intensity of quinidine action on the heart,
since the next dose is being added after partial recovery
from the previous one due to the rapid elimination of the
drug, If the problem is less urgent and the patient cannot
b_c so closely observed, intervals between doses as long as
six hours may be used. A dose given three times daily with
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effects, Each patient presents a special problem, For exam-
ple, the case of the patient who, while lying in the hospital
with a coronary thrombasis, suddenly goes into shock with
anattack of ventricular tachycardia, is clearly different from
that of the patient who is up and about and working, but
who once or twice a week develops an attack of auricular
fibrillation usually lasting only an hour or two, which
sometimes causes him to faint. Each case calls for 2 special
strategy which can easily be worked out if due considera-
tion is given to the peculiar clinical features of the particu-
lar case and a few basic facts concerning the action and
behavior of quinidine,

At this point, it may he well to note how the usg of
quinidine in disorders of cardiac rhythm differs from most
other forms of therapy. It involves a kind of all-or-none
result, Consider for comparison some of the common
therapeutic agents. When digitalis is used for the relief
of heart faiture, 3 moderate dose will produce some thera-
peutic effects, a larger dose greater therapeutic effects; so
also in the case of diuretics for the control of edema, or
morphine in the treatment of pan. The matter is essen
tially sumlar when quinidine is used to prevent recurrences
of some disorder of rhythm; a particular dosage may be
inadequate to abolish all attacks, but may suffice to reduce
their number or frequency, and this is a partial therapeutic
result. It is othersnse, however, when quinidine is used to
terminate an attack of a particular disorder of rhythm.
Here there are no graded results; the therapy is either 2
complete success or 2 complete fadure,

The dosage plan which makes it possible for the heart
to receive the precise concentration of the drug necessary
in the particular case, is the deading factor,

Enough has been said to indicate that the effective dose
of quimdine is unknown, It has to be determined for every
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daily dose is a self-limiting process. In the case of digitalis,
the use of a daily dose of 0.2 Gm,, for example, shows
increasing wmtensity of action over a period of about three
weeks, when a level is reached beyond which the effect
will not increase regardless of the length of time the same
daily dose is continued. The same principle applies to
quinidine, but in the case of this drug, cumulation comes to
an end in 2 period of four or five days. If treatment is
begun, therefore, with a daily dose of 1 Gm. (15 gr.),
taken as 0.3 Gm. (5 gr.) at intervals of six hours, and the
abriormal rhythm is still present after the first day, the
same dose should be continued for four or five days, for
during that period the intensity of action will increase.
In the event the therapeutic effect does not appear at
the end of five days, it will serve no purpose to use
that dose any longer for, from that point on, the in-
tensity of qumidine action will remain unchanged. The
daily dose is then increased and the new dosage is tested in
a similar manner. This system of increasing the daly
dosage every five days is continued until a level of dosage
is reached which is effective 1n bringing the abnormal
rhythm under control. By the same token, if the effective
daily dosage fails to produce toxic effects after five days,
it may be continued indefimtely with hittle risk of toxicity.

Thus far problems of dosage have been considered only
in relation to one part of the task, namely, that of termunat-
ing an ectopic rhythm and restoring 2 normal one. The
other part is that of maintaining the result, preventing a
recurrence, or preventing attacks in the paroxysmal types
of ectopic rhythm. The special features of dosage appheable
to these will be discussed 1n the next section.
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none during sleep is a convenient and often effective
method of treatment in ambulant cases.

The size of the individual doses usually ranges from
0.2 t0 0.6 Gm. (3 to 10 gr.}, depending on the urgency
of the condition, the kind of supervision that is feasible,
and the result of initial experjences with the patient. Spe-
cial regimens will be discussed in the sections dealing with
the particular disorders of rhythm. A dose of 0.4 Cm.
(6 gr.) every two to three hours is 2 satisfactory routine
with which to begn treatment for terminating a disorder of
rhythm 1 a patient under close supervision. Smaller “test”
doses have been advocated but I have never encanntered
any need for them. The dose may be increased to 0.6 Gm.
(16 gr.) after several doses of the smaller size have failed
10 reveal any undue sensitivity to the drug, and {n more
urgent cases, the treatment may be carried out from the
start with 0.6 Gm. (10 gr.) every two to three hours,
These doses are safe enough as the imtial ones, and zs
increments to nantoxic fevels of quinidine action from pre-
vious doses, they are not Iikely to produce serious toxicity.
The total amount of the drug requred to terminate 2
disorder of rhythm may be large or small, but even if Jarge
it is without danger, for protection agrinst overdosage is
inherent in the technic, calling as it does for the discon-
tinuance of the drug at the fisst signs of undesirable effects.

1 have made mention of the fact that a dose of quinidine
three times datly (intervals of zbout st hours) is often
expedient 1n ambulant patients. It 15 particularly applicable
to patients with premature contractions. Thus treatment is
usually begun with 0.3 Gm. (5 gr.) three times dady. How
long i this dosage continued 1f it is ineffective? In this
connection, 2 speaal feature of qumdine cumulation needs
to be considered. As in the case of many other drugs, such
as bromides or digitalss, quinidine cumulation with 2 fixed
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it subsides promptly when she lies down with the head
lower than the legs. Her only problem is to prevent the
attacks. A man 44 years old with hypertensive and arterio-
sclerotic heart disease has for several years been subject
to seizures which are sometimes auricular flutter and at
other times auricular fibrillation. They last only a few
hours and give him no concern except for the fact that they
recur almost daily and some of the scizures cause him to
faint. On several occasions he fell and sustained bodily
injuries while at work. These experiences have been so
unpredictable that he has had to discontinue his occupation
for fear of faling and sustaining a serious injury. Again,
the presenting problem 1s not that of terminating an attack,
but preventing recurrences.

The details of the o of these problems are
discussed in the sections deahing with the speafic disorders
of rhythm, Only the more general aspects of maintenance
or prevention will be considered here.

The two case histories related above clearly represent
patients with paroxysms of ectopic rhythm m which there is
no doubt of the need for the prevention of attacks. This
is not, however, always the case. In many instances there is,
indeed, the question whether an attempt should be made
to prevent recurrences with quinidine, whether it is not
more practical to allow the patient to develop attacks and
treat each as 1t occurs, because they occur so infrequently
or produce relatively inconsequential disturbances. There
are obstacles in the way of systematic prophylaxis in these
cases. It is a matter of no difficulty to excite a patient’s
enthusiasm for a course of quinidine therapy just after a
few severe paroxysms that have occurred in a period of a
week or two, but it 1s dufficult to sustain this cooperation in
the continued daily use of large doses of quinidine for
periods of many months in which there is freedom from
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" Maintenance and

Prophylaxis

ISORDERS of cardiac rhythm are either

continuous or paroxysmal, In some patients,

an ectopic thythm may come and go spontancously over
periods of years, In others, a particular disorder of rhythm
once established, continues indefimitely unless special meas-
ures are taken to interrupt it. In some of these, the restored
normal rhythm persists without further treatment, but in
the majority there 15 a tendency to recurrence after shorter
or longer intervals, from hours to years. Some patients
present the physiian with two problems: to terminate an
attack of ectopic rhythm and then to prevent a recurrence.
Others present only one problem, that of prophylaxis, the
prevention of paroxysms of ectopic rhythm. In the latter
group, the abnormal rhythm itself may be of little conse-
quence. It may be very fleeting or may be easily terminated
by the patient. The disability arises from the fact that it
keeps recurring. A few examples of the latter might be
cited. A woman 46 years old with rheumatic heart disease
and mitral stenosis has for several years been subject to
paroxysms of auncular tachycardia, They come and go as
often as several times 2 day. Each attack causes 2 sense of
giddiness and fear of fainting, which leads to panic when
she happens to be where she cannot lie down. She requires
no help in terminating the seizure, for she discovered that

28
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restore the normal rhythm. Some observers have ques-
tioned the utility of these smaller maintenance doses. They
are undoubtedly sometimes successful, but often they fail.
It is my observation that the doses of quinidine necessary
for maintenance or prevention are often as large as, or
larger than, those required to terminate an attack. This
is not at all remarkable when one consders the fact that
during the course of treatment to abolsh an attack the
patient is apt to be at rest or in bed, while maintenance or
prevention 1s usually carried out in the ambulant stage. It
is probable that the wider range of experiences, emotional
and physical, to which the patient is exposed when he 15 up
and about and working, gives rise to factors which break
through the milder grades of quinidine action on the heart.
On the face of 1t, the need of larger doses of quinidine for
maintenance than for abolishing 2n abnormal rhythm seems
to differ from the pnncple of therapy m the case of
digitalis where one almost mvariably uses larger doses to
abolish the failure and smaller doses to maintain the gains.

When the matter is considered in terms of the speed
of elmmation of the drugs, however, the difference is
only apparent. In the case of digitalis, the object is to
establish 2 high degree of action by large doses, and small
doses suffice to maintain the level because the drug is
slowly elimmnated. In the case of the rapidly eliminated
digitalss glycosides, the daily maintenance dose approaches
the full digitalizing dose. Such 1s often the case in the use
of quimdine which 1s rapidly elimmated; the mamntenance
dosage to prevent the recurrence of an ectopic rhythm is
often the same as that necessary to abolish the attack. The
analogy with digitalis extends further. It 1s not uncommon
to find that a daily dose of digitalis whch suffices to main-
tain the failure under control and the apex rate in auricular
fibrillation at about 70 a minute, when the patient is at
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attacks, The fact remains that in the attempt ta give quint
dine for prevention in cases with infrequent paroxysms,
the use of the drug is often interrupted and the attacks
recur,

In some respects, the prophylactic use of quinidine pre-
sents greater difficulties than its use in abolishing an attack.
T have already stated that the use of quinidine to terminate
a seizure of ectopic rhythm is usually a procedure to be
carried out with the patient at rest and under close super-
vision, while its use for prevention is an ambulant form
of therapy. The prophylactic use of the drug has the
advantage of greater safety, even though in this case the
patients cannot be subjected to the sume degree of super-
vision as those confined to bed. The reason is that in
preventive therapy, quinidine is usually given in the pres-
ence of a normal rhythm, the only danger being the direct
toxic effects of the drug. These are well known and easily
controlled by reduction of dose. On the other hand, in
the use of guinidine to terminate an attack, there are
additional sources of danger, such as the very rapid
tachycardias which sometimes occur in the intermediary
stages between the abnormal and the normal rhythm,
the long pause m the actvity of the heart after the
abnormal rhythm is interrupted and before the normal
rhythm is resumed, other types of unfaverable action on
shythm which are discussed in another section, and the
possibility of the discharge of emboli when the auricles
begin to contract after fibnllation has persisted for some
tme.

The matter of dosage in prevention presents a special
problem. After quinidine has satisfactonly terminated an
attack of ectopic rhythm, it is customary to prescribe 2
maintenance regimen to prevent recurrences. The doses
that are given are wsuaily smaller than those used to
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with the patient at rest, was responsible for the restoration
of the normal rhythm was confirmed by the fact that a
similar rest period during 5 clinic visits without the drug
had no influence on the abnormal rhythm.

The foregoing is clearly a case in which 2 paroxysm of
auricular fibrillation or flutter is very sensitive to quinidine
when the patient is at rest, but in which the factors prevail-
ing during activity are highly antagonistic to the cardiac
action of the drug; a single dose of 0.6 Gm. (10 gr.)
sufficed to terminate an attack during rest, but as much as
3.3 Gm. (50 gr.) daily was not sufficient to prevent recur-
rences during activity. Since larger daily doses produced
symptoms of cinchonism, the drug proved to be impractical
as 2 prophylactic measure 1n this patient.

In patients with 2 paroxysmal disorder of rhythm in
whom the presenting problem is to prevent attacks, it is my
usual practice to begin with a daily dose of 1 Gm. (15 gr.)
in the form of 0.3 Gm. (§ gr.) three times daily. If and
when an attack occurs, the daily dose is increased by 0.3
Gm. (5 gr.). Ths is usually accomplished by first shorten-
ing the interval between doses, and then increasing the size
of the individual doses. This system of increasing the size
of the dady dosage after each attack is continued until 2
level is reached at which paroxysms no longer occur. The
required daily dosage varies greatly. In some the nitial
dosage of 0.3 Gm. (5 gr.) three times daily is sufficient,
In more stubborn cases, as much as 0.6 Gm. (10 gr.) every
three hours, or about 4 Gm. (60 gr.) daily, proves to be
necessary.

Any number of variations of this general plan may be
employed with advantage. Previous experience with quini-
dine in the particular patient, or urgency of the condition,
may indicate a more intensive system at the start, larger
doses and shorter intervals. If, for example, the attacks
tend to come 1n the late afternoon during the period of
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sest, s insufficient for either when the patient is up and
about and working, Under these conditions larger doses
of digitalis are necessary. This corresponds to the exper-
ence with quinidine in which Jarger doses are necessary for
prophylaxis in the ambulant patient than to abolish an
attack in the patient at rest.

An interesting case may be cited in this connestion, in
which an experiment was performed to demonstrate this
observation. A male patient, age 26, with rheumatic heart
disease, mitral insufficiency, enlarged heart, and faily
normal functional capacity, was subject to paroxysms of
auricular fibrillation and flutter for two years, In the
endeavor to control these, quinidine was given and the
dosage was gradually increased until he received 3.3 Gm.
(50 gr.} daiy, or 0.6 Gm. (10 gr.) at approgimately three-
hour intervals. The attacks continued to recur, and larger
doses exceeded his tolerance, producing dizziness, mild
deafness, and ringing 1n the cars. An experiment was car-
ried out to determmne the single dose of quinidine which,
during a paroxysm of auricnlar flutter or fibrilfation, would
establish a sinus rhythm. Accordingly, quinidine was dis-
continued. When the patient returned ta the clinic during
one of the attacks, an electrocardiogram was taken, a dose
of 0.6 Gm. (10 gr.) of quinidine was given by mouth, the
patient rested quietly, and additional electrocardiograms
were taken at intervals of an hour. This dose sufficed to
establish 2 normal rhythm within one to two hours in
4 of 5 such tests carried out during a penod of six weeks.
Yet in a period of sixteen months the ectopic rhythm was
present during 14 of the 17 visits, although throughout
this period he took from 2 to 3.3 Gm. (30 to 50 gr.) quini-
dine daily in capsules of 0.6 Gm. (10 gr.) each, 2t approxi-
mately four-hour intervals, the last dose being taken
about two hours before the examination. That the single
dose of 0.6 Gm. (10 gr.) taken during the previous tests
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already suffered so much in the previous three years, and
if he had not been informed of the rationale of the pro-
cedure and forewarned of a possible long period before
the desired results could be achieved. The desirability of
informing the patient in advance of the nature of the plan
and of the possibility of a protracted course before the
proper dose is established cannot be overemphasized
Whatever the necessary dosage turns out to be, if it
produces no toxic effects when given for four or five days,
there is little risk of further cumulation or toxicity if it is
continued indefinitely. ‘There is no way of knowing in
advance how long the treatment will be necessary in any
particular patient. In some, the need disappears in a short
time as in patients with active rheumatic carditis in whom
the activity subsides, or in patients with acute coronary
thrombosis after adequate restoration takes place. In others,
the need for the drug remains indefinitely. The answer is
supplied by test penods in which the drug is withheld.

9 >
Premature Contractions

PREMATURE contractions or exXtrasystoles
represent the most prevalent type of ectopic
thythm. They occur very commonly in persons with an
otherwise normal heart. In these, they are frequently
related to storms of emotion or protracted periods of
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greatest stress, protection is concentrated by larger doses
preceding and during those periods. The pattern of the
attacks in the particular individual will often point the
way to sigmificant modifications of the general plan.

The length of time it takes to establish the required
dosage to prevent recurrent paroxysms of ectopic rhythm
is extremely variable. Since every step in the procedure
depends on the occurrence of an attack, the frequency of
attacks in the particular ease is a decisive factor. If attacks
occur £wo or three times a day, it may be only a matter of
a few days before the effective daily level is reached. On
the other hand, if attacks occur at an average interval of
about a month, several months may elapse before the nec
essary dosage level is discovered. For example, in one
patient, 39 years of age, with paroxysmal auricular fbrille-
tion, the attacks occurred at an average mterval of approxi-
mately thirty-five days. They were very disturbing. They
produced a sense of severe palpitation and sufficient faint-
ness to make 1t necessary for him to interrupt his work for
a day or twa. For a period of three years he had visited
many clinics and private physicians, and had become quite
convinced of the uselessness of digtalis and quinidine.
Nevertheless, qunidine was started with 0.3 Gm. (§ gr)
three times daly. When the first attack occurred which
was 1 twenty-three days, the dose was mcreased until the
next attack, which occurred in exghteen days, In this man-
ner, the daily dosage was increased after each attack until
he recerved 3 Gm. (45 gr.) daily, when all attacks ceased.
Nearly six wonths elapsed before the necessary daily
dosage was established, In the light of greater expenence,
it would have been possible to achieve this result m about
one-half the time by larger steps, but even then, it is doubt-
ful that the patient would have cooperated in a course of
therapy with such suggestion of futility, if he had not
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more serious disorder of rhythm, ventricular tachycardia.
It is well to treat them even though the patient is not
aware of their presence.

There are several measures employed in the control of
premature contractions. Quinidine is by far the most use-
ful, and is effective against all forms, those of auricular,
nodal, and ventricular origin. A satisfactory routine dosage
for adults is 0.3 Gm. (5 gr.) of quinidine sulfate in the
form of a capsule or tablet three times daily. It is an ambu-
lant form of therapy. An intensive cumulative system of
dosage is rarely necessary against premature beats because
this diserder of rhythm rarely presents an urgent problem.
As in all cases, there are marked mndividual differences in
susceptibility to the drug. In some, the abnormal beats
may be brought under control by smaller daily doses, while
in many, much larger daily doses are necessary. In the
typical case in which the daily dose of 1 Gm, (15 gr.) is
adequate, the premature beats will disappear after the first
day, or after treatment for a period up to four or five days.
During this period, a moderate degree of cumulation takes
place resulting 1n a progressively increasing concentration
of the drug to which the heart is exposed. As has been
stated in the section on Dosage, the curve of cumulation
with a fixed daily dose of quinidine flattens out by the fourth
or fifth day, and 1f by that time the premature beats persist,
it 1s evidence that the daily dosage is too small, and that
the sbnormal rhythm 1s Likely to persist, no matter how
long beyond that point the same daily dose is continued.
The dose is then increased to 1.3 Gm. {20 gr.) datly (5 gr.
every four hours) for four or five days, and in this manner,
the increase in darly dose is continued to 25 or 30 gr. or
more, until 2 dosage level is reached which 1s effective in
controlling the premature contractions, That dosage is
continued indefinitely for purposes of maintenance. It may
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nervous tension. Reflexes from the biliary or gastrointes-
tinal tract may give rise to them. They are also brought on
by factors operating in organic heart disease, such as the
toxic or cellular changes of active rheumatic carditis, of the
anoxia of coronary insuffici y, or the di jon of the
awricle or ventricle in hypertensive disease, The premature
beat may arise from any portion of the heart, the S-:A node,
the A-V node, the auricles, and ventricles, Detection of the
site of origin is of some practical significance. For example,
when, during the use of digitalis, a patient develops pre-
mature beats, it becormes a matter of importance to decide
whether they are due to the heart failure and possibly
insufficient digitalis, or to excessive digitalization. The dis-
covery in the electrocardiogram that the premature beats
are of auricular origin rules out digitalis poisoning as the
cause, since the beats produced by digitalis are almost
invariably of ventricular origin.

Not all cases of premature contractions require treat-
ment. There are those in whom the premature beats cause
symptoms, such as a sense of palpitation, hacking cough,
strange sensations 1n the chest, throat, or head. They may
give rise to undue cardmac awareness and apprehension.
Such patients are treated. Many of these, however, prefer
to carry on without treatment, once they are assured that
the ectopic beats are without danger and do not represent
or cause sertous cardiac disease. In a large proportion of
the cases, the premature contractions cause no symptoms,
the patient being unaware of them and their presence being
discovered in the course of an examination for other pur-
poses. Since premature beats are withaut harm to the heart
or dirculation, these are allowed to go without treatment.
The one exception is the case of premature beats arising
in relation to an acute coronary thrombosis. In these, the
premature contractions are sometimes a precursor of a
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more serious disorder of rhythm, ventricular tachycardia.
It is well to treat them even though the patient is not
aware of their presence.

There are several measures employed in the control of
premature contractions. Quinidine is by far the most use-
ful, and is effective against all forms, these of auricular,
nodal, and ventricular origin. A satisfactory routine dosage
for adults is 0.3 Gm. (s gr.) of quinidine sulfate in the
form of a capsule or tablet three times daily. It is an ambu-
Lant form of therapy. An intensive cumulative system of
dosage is rarely necessary against premature beats because
this disorder of rhythm rarely presents an urgent problem.
As in all cases, there are marked individual differences in
susceptibility to the drug. In some, the abnormal beats
may be brought under control by smaller daily doses, while
in many, much larger daily doses are necessary. In the
typical case in which the daily dose of 1 Gm. (15 gr.) is
adequate, the premature beats will disappear after the first
day, or after treatment for 2 period up to four or five days.
During this period, 2 moderate degree of cumulation takes
place resulting in a progressively increasing concentration
of the drug to which the heart is exposed. As has been
stated in the section on Dosage, the curve of cumulation
with a fixed daily dose of quinidine flattens out by the fourth
or fifth day, and if by that time the premature beats persist,
it is evidence that the daily dosage is too small, and that
the abnormal rhythm s likely to persist, no matter how
long beyond that point the same daily dose is continued.
The dose is then increased to 1.3 Gm. (20 gr.) daily (5 gr.
every four hours) for four or five days, and in this manner,
the increase in daily dose is continued to 25 or 30 gr. or
more, unti] a dosage level is reached which is effective in
tm\tf'olling the premature contractions. That dosage is
continued indefinitely for purposes of maintenance. It may



38 QUINIDINE IN DISORDERS OF THE HEART

be interrupted for a2 few days from time to time, in order
to learn whether there is any further need for the drug,
for in the course of time changes take place in the patient
or the heart which eliminate the cause of the premature
beats, and thus remove the need for the further use of
the drug.

C 10 D
Sinus Tachycardia

INUS tachyeardma is the most common form
of rapid heart action. The pacemaker is the
sino-auricular node, the mechanism which drives the nor-
mal heart. The rapid heart action of exercse, fever, infec-
tions, stervousness, and Graves® disease 15 usually due to
a1 speeding up of the rate of the sinus node, or sinus tachy-
cardia, The rhythm is usually regular and the rate vaties
widely. This type of acceleration of the heart is usually the
result of inkubition of vagal tone similar to the result of
varying doses of atropine, although under conditions of
extreme stress when the rate rises to 150 a minute or more,
stimulation of the accelerator (sympathetic) nerves to the
heart may be involved.

The control of sinus tachycardia is brought about only
by the removal of the cause. For example, the rapid heart
rate of fever slows when aspirm lowers the temperature,
the rapid heart fate of pneumonia slows when peniciltin
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checks the infection, the rapid heart rate of Graves’ disease
slows when iodine or propylthiouracil lowers the metabolic
rate. There are no drugs which are useful in the control
of sinus tachycardia by direct stimulation of the vagus
center or direct depression of the sino-auricular node.

Quinidine is sometimes used 1n sinus tachycardia to slow
the heart, but it is rarely, if ever, sufficiently effective.
There is the experimental observation that quinidine de-
presses the sino-auricular node, and that such an action
occurs in man is evident from the occasional instance of
severe poisoning which results in sinus arrest. Slowing of
a rapid sinus rhythm, short of complete arrest of sius
activity, might be expected, but in actual trial this result
is extremely rare. In advanced heart disease, quinidine
occasionally leads to sinus bradycardia with rates of 40 or
50 a minute, but in the common conditions associated with
sinus tachyeardia such as physical exertion, fever, Graves’
disease, organic heart disease, and heart failure, there is
no conspicuons slowing of the heart by quinidine after
even very large therapeutic doses. This may, in part, be
due to the well-established fact that the normal sinus pace-
maker of the heart is not as sensitive to quinidine as ectopic
pacemakers, and in part to the fact that large doses of
quinidine block the vagus in the heart. This release of the
sinus node from vagal control would mask moderate slow-
ing which mght result from direct depressant action on
the sinus node.
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Paroxysmal Auricular

Tachycardia

URICULAR tachyeardia is a term applied to

a rapid heart action due to an ectopic focus

in the auricle. The attack comes on abruptly and terminates
abruptly. The rhythm is regular. The rate is very rapid,
about 180 a minute or more. In rare cases, the rate is much
slower and in occasional cases, much faster. The rate tends
to be fixed and shows little tendency to fluctuate with rest
or physical exertion, I had under care a streetcar conductor
who had had a successful thyroidectomy for Graves’ dis-
ease, but who during his work was subject to frequent
attacks of auricular tachycardia with a rate of 270 a minute.
In him these caused negligible symptoms. There are cases
in which this kind of rhythm persists for years with occa-
sional interruption by a normal sinus rhythm, but these
are extremely rare. 1 have seen only one such case in
twenty-five years, The common variety is paroxysmal.
Here the patient is suddenly seized with severc palpi-
tation, a sense of throbbing in the neck and chest. There
may be a sensc of lightheadedness or faintness, In
young individuals, the attack may cause no serious symp-
toms. Aside from the sense of rapid heart action, pallor,
and attending apprehension, the attacks come and go un-
eventfully. On the other hand, in elderly individuals, or
in those with coronary disease, or advanced hypertensive

40
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disease, the attacks may result in anginal pain, or heart
failure with pulmonary edema. The duration of attacks
varies greatly, from a few seconds to many hours, days, or
even months. The attacks are not linked to any particular
form of heart disease. A large proportion of them are seen
in patients who have no organic disease. They sometimes
occur during emotional upsets, after anesthesia, and in
acute infections. In those with the more rapid rates, the
stroke volume is so small that the radial pulse, and the
blood pressure measured in the usual indirect manner,
disappear.

The mechanism is an irntable focus in the auricular
muscle with an exceptional degree of rhythmiaity. This
focus is extremely sensitive to the cholinergic substance, as
seen from the fact that 1t may be suppressed by carotid sinus
pressure and other devices which are known to exert vagal
stimulation, mecholyl, and drugs which excite the vomiting
mechanism, such as syrup of 1pecac or apomorphine. Digi-
talis is very effective in suppressing these abnormal pace-
makers in the auricle.

Quinidine 15 lughly effective 1n terminating a paroxysm
of auricular tachycardia, Many years ago, Otto and I
studied a patient subject to spontaneous paroxysms of aurc-
ular tachycardia in whom the ectopic rhythm could be
preaipitated at will by a dose of epinephrine, We hap-
pened to have used quinine in this case, and by means of
this drug, we were able to terminate and prevent these
attacks. The mechamsm of the action here has not been
established with certamnty. The vagal blocking action of
quinidine would tend to prolong refractory time in the
auricle, but it is probable that the main action is directly on
the muscle to prolong refractory time. The mechanism
may be simular to that described in the section on Actions.
There attention was called to an experimental method for
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studying quinidine-like actions of drugs. The method,
using the isolated auricle of the rabbit, involves a con-
dition essentially similar to that prevailing in auricular
tachycardia. In the case of the rabbit experiment, the
auricle, when driven by an electrical shock at the maximum
rate at which each stimulus evokes a response before quini-
dine, shows dropped responses after quinidine, as the result
of increased refractoriness. In the clinical paroxysm of
auricular tachycardu, if such a state is induced by suitable
doses of quinidine, a properly placed discharge from the
sinus would enhance the refractoriness sufficiently to termi-
nate the ectopic rhythm.

None of the measures employed for the control of
paroxysms of auricular tachycardia is uniformly successful.
There are cases which respond best to one method, and
some which respond best to another. The incidence of suc-
cess with quinidine is not known. Many of the failures are
undoubtedly due to inadequate dosage. There is the tend-
ency, to which I have referred, to employ a rigid system
of dosage, which naturally results in insufficient doses in
many cases. I am mnclined to believe that 2 high proportion
of cases of paroxysmal auricular tachycardia can be brought
under control by adequate doses of quinidine.

Since paroxysmal auricular tachycardia shows a marked
tendency to recurrence, most patients present two thera-
peutic problems, one, to abolish an attack, and the other,
to prevent recurrences. In the majority of cases, the routine
of 0.4 Gm. (6 gr.) every two to three hours should suffice
to terminate an attack, As the intensity of the drug action
increases, the rate may show some tendency to slow, but
more often the effect on the pacemaker is all-or-none, and
one is not likely to observe a progressive slowing of the
ectopic thythm. The abnormal pacemaker usually continues
to discharge at whatever rate it had before the drug, until
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enough of the drug accumulates in the heart to inactivate
the irritable focus completely, when it abruptly ceases to
function and the normal sinus pacemaker takes over the
task of driving the heart.

The vagal blocking action of quinidine may be a source
of misinterpretation. At the same time that quinidine is
acting on the auricular muscle, it may also be acting to
block vagal control of the sinus node. The result is that
when the abnormal focus ceases to function, it may be
a rapid sinus node which takes over. In a specific case,
for example, the course of events may be as follows: A
patient with a paroxysm of auricular tachycardia has a
heart rate of 180 2 minute; he receives 0.4 Gm. (6 gr.)
of qunidine every two to three hours; after the sixth
or seventh dose, the heart rate may be found to be 130
2 minute. This may be erroncously taken to be 2 slowing
of the ectopic thythm, whereas 1n fact, it may represent 2
complete suppression of the ectopic pacemaker with the
normal sinus node in command of the heart, The rapid
rate of 130 is, i this case, due to the vagal blocking action
of quinidine, It is well to r ber this fact, for it 1s at
this - point that quinidine should be discontinued. If more
quindine is given, either the rate will remain at 130, or
it may go higher by reason of greater blocking of the
vagus. If quinidine is discontinued, the rate of 130 wil
gradually slow as the drug is excreted, and within eight
hours or so the normal rate of 70 or 80 a minute will
return. The actual rates will differ from case to case. What
must be borne in mind are the general features of this
mechanism: If in the course of the treatment of a parox-
ysm of auricular tachycardia, one becomes aware of a
substantial slowing of the heart rate, even though it is
still quite rapid, one may suspect that the therapeutic
objective has already been attained—the ectopic focus has
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iﬂready been suppressed and the normal sinus pacemaker
is operating in its place. There are exceptions, 1f there is
doubt, an electrocardiogram taken 2t this time is vsually
decisive,

So much for the problem of sbolishing a paroxysm of
auricular tachycardia, We now come to the problem of
preventing its recurrence. The routine of 0.3 Gm. (5 gr.)
three times daily (at intervals of about six hours) is 2
satisfactory starting point. This is essentially 2 noncumula-
tive system of dosage; the concentration of the drug in the
bload and the heart will vary considerably during the day,
but there is apt to be only little cumulation from day to
day, and after five days, no further cumulation takes place,
as deseribed in the section on Dosage. This daily dose ma,
therefore, be continued indefinitely, If an attack occurs,
showing that the dosage level is insufficient, it is well to
abolish it by the mtensive dosage system described above,
and then resume maintenance with ¢ doses of 0.3 Gm-
(5 gr.) daly (one dose every four hours). 1f an attack
oceurs again, the procedure is repeated to abolish it, and
then the plan of 5 doses of 0.3 Gm, (5 gr.) daily 15 con-
tinued as the maintenance system, In this way, the mainte:
nance dosage is increased unul a level is reached which
suffices to prevent recurrence of attacks, It is not uncom-
mon to discover that the dosage level necessary to prevent
attacks is as high as, and sometimes higher than, that
needed to abolish the attack. The reasons for this have
been discussed in the section on Dosage.

‘The intenstee dosage plan for the abolition of an attack
should be applied with the pattent under close observation
and at rest. The chuef reason is the fact that when the rapid
auricular ectopic rhythm is brought to an sbrupt end, the
heart may pause before the sinus pacemaker revives and
takes over, The interval of cardiac arrest is of varying
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duration. It is usually a matter of a few seconds, but there
are rare instances in which fifteen seconds or longer may
elapse, before the normal rhythm is resumed, and in that
period faintness or syncope may occur.

It should not be assumed that all cases of paroxysmal
auricular tachycardia should be placed on a maintenance
regimen of quinidme, If it is the first attack, it is wise to
discontinue the quinidine after the seizure has subsided.
It may well be that the particular patient will never have
another attack. Such is often the case when the attack is
brought on by an acute coronary thrombosis, or some acute
infection, If months elapse between attacks, the patient
may do better treating each attack than attempting to
prevent them by a regimen of treatment which requires
the uninterrupted use of quinidine several times daily for
many months. There 1s no lasting effect of quimdine and
the patient accumulates no credit for its use durmng the
months in which no attack would have occurred without
the drug. It is often a source of great disappointment to
the patient who has been faithfully carrying out the order
to take 4 or 5 capsules of medicine a day for menths, to
find himself in an attack on the one day 1n which, for one
reason or another, there was a lapse of one or two doses.
The maintenance system of treatment 1s particularly appli-
cable to patients 1n whom attacks are frequent, several
times a day to once a week or so.

Only the oral route has been considered in relation to
paroxysmal auricular tachycardia. The method and dangers
of the intravenous use of quinidine are discussed m another
section. While an intravenous dose of quimdine may termi-
nate 2 paroxysm almost at once, auricular tachycardia is
not often sufficiently urgent a problem to justify the risk
of its treatment by the intravenous route.
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Nodal Tachycardia

T HE mechanism of nodal tachycardiz is essen-
tally the same as that of auricular tachy-
cardia. It 15 2 paroxysmal form of ectopic rhythm. The
abnormal focus of the rapid pacemaker resides in the AV
node, Its clinical features and treatment are the same 2s
thase of auricular tachycardia. It is much more resistant
than auricular tachycardia to all measures of trestment.

QL3
Auricular Flucrer

URICULAR flutter is a disorder of cardiac

rhythm of short duration in the vast major-

ity of cases. While there are a few patients in whom it is

chromc or permanent, i the vast majority it comes in a

single attack, or takes on the form of recurrent paroxysms.

Unlike paroxysmal awricular tachycardia, which often

comes and goes in attacks of varying duration for periods

of many years, unrelated to any specific event or experience
6
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in the patient’s life, a paroxysm of auricular flutter is more
apt to be linked to some particular occurrence, such as an
acute coronary thrombosis, reactivation of rheumatic car-
ditss, an acute infection, and the Like. If a careful search is
made, one is more likely to find some acute precipitating
cause for the attack of auricular flutter than is the case n
paroxysmal zunicular tachycardsa.

Clinically, the most common form of auricular flutter
presents features indistinguishable from a paroxysm of
auncular tachycardia, The patient is suddenly seized with
2 sense of extremely rapidly beating heart, usually regular
and with a rate of about 160 or 170 a munute. It is rarely
much faster than that, and if the rate is nearer 200 2
minute, 1t is more likely to be a paroxysm of auricular
tachycardia, Also, the rate is fixed and does not fluctnate
appreciably with rest or exercise. In its typical form auric-
ular flutter differs from auricular tachycardsa in its response
to carotid sinus pressure, or equivalent measures. Here,
when carotid pressure produces an effect, it is not that of
terminating the abnormal rhythm, but of slowing the
ventncular rate, reducing it to one-half the previous rate,
or rendering the pulse or ventricular thythm slower and
srregular. In some instances, 1t causes complete ventricular
arrest. The changes are always fleeting, and the onginal
thythm returns even when the carotid pressure is con-
tinued. These responses may be recorded in the electro-
cardiogram, and they are helpful in arriving at a diagnosis.

The mechanism of auncular flutter 15 different from
that of auricular tachyeardia. In the most prevalent view,
the pacemaker in auncular flutter is believed to be 2 circus
movement in a ring of muscle between the superior and in-
ferior vena cava, A continuous wave of exatation develops
In this area, usually at a rate of about 350 2 minute. These
flutter waves may be counted in the electrocardiogram. The
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AV c?nducting mechanism is too refractory to allow such
rapid impulses ta pass down to the vestricles, The usual re-
sult is a 2:1 block, the ventricufar rate being only one-half
that of the auricle, The patient therefore presents 2 heart
rate or pubse rate of about 170. In some cases, the refrac
toriness of the A-V conducting system is irregular, and this
gives sise to a rapid and irregular heart rate or pulse rate.

Unlike auricnlar tachycardia, for the control of which
any one of a large number of measures are avaflable, there
are only two which are effective in abolishing the abnormal
pacemaker of auricular flutter: digitalis and quinidine.
Some patients respond only to digitafis, others only
quindine, while in still others both agents prove equally
effectsve. In many cases there is no basis for 2 chaice in
advance. It 1 preferable to try digitalis in the patient who
also has congestwe failure. Otherwise, it is wsually advis-
able to try quinidine first, The advantage of trying quini-
dine first Hes in the €act that it is rapidly ehminated 2nd,
should maximum doses prove ineffectual, one may proce
with digitahization after an interval of twelve or twenty-
four hours. As is pomnted out in another section, there is
danger in the combined use of massive doses of quinidine
and digitalis. When one has used digitalis first, and it has
proved ineffectual, unless it is one of the rapidiy eliminated
digitalis glycosides, it is well to wait several days to allow
for a connderable degree of recovery from the digitalis
before one turns to quinidine in the endeavor to abolish
the attack of flutter,

The plans of dosage of qusnidine both for the abolition
of an attack and for the prevention of recurrences are
similar to those already described for auricular tachycardia.
1In the usual case, to abolish an attack, one begins with 0.4
Gm. (6 gr.) and repeats the dose every two to three hours.

Tn many cases, all that is seen is 2 rapid heart rate of,
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Jet us say, 160 a minute at the beginning, and after several
doses, 2 normal rhythm with a rate of 70 or 80 a minute
in its place, If one follows the course more closely, how-
ever, one is often able to detect the various stages in the
process of abolishing the flutter and restoring 2 normal
rhythm. As the blood concentration of quinidine rises with
the increasing doses, the ventricular rate and the rate of
the flutter in the auricles, as seen in the electrocardiogram,
begin to slow. For example, in a particular case, the rate
of the auricle may be 320, and of the ventricle 160 at the
beginning; after several doses of the drug, the rate of the
auricle may decline to 300, and, of the ventricle, to 1503
as the doses are continued, the rate of the auricle may
decline to 250, and, of the ventnicle, to 125. Up to this
time, there has been considerable slowing of the heart and
pulse rate, but the mechanism is still that of auricular
flutter with a 2:1 block. After additional doses, the rate of
the auricle may decline to 200, and at this pomnt the rate
of the ventricle or pulse, mstead of falling further, sud-
denly rises to 200, to equal the rate of the auncle. Now
further doses may produce some further slowing of both
the auricle and ventricle, to 180 or even 160 2 minute,
when suddenly the heart stops, usually for only a few
seconds, and then resumes ts beat with a normal rhythm
and rate of 70 or 80 a minute.

These fluctuations in the heart rate and pulse rate are
confusing and incomprehensible unless one bears 1n mind
the mechamsm at work. At the beginning of the treatment
in auricular futter, the auricle 15 discharging at 320 a
minute and the ventricle is responding to only 160 of these
impulses because of the refractoriness of the A-V node.
Quinidine slows the speed of the circus movement in the
auricle, and this results in a slowing of the ventricle as
long as the = 1 block persists. When, however, the rate
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of the auricle is reduced to about 200 a minute, the 2:1
block disappears, since the node is rarely refractory to 2
rate of 200, and at this point the ventricle begins to
respond to all the auricular impulses. With the estabhsh-
ment of the 1:1 thythm the heart rate suddenly rises. The
second phase of cardiac slowing then begmns as the increas-
ing action of quinidine produces further slowing of the
circus movement in the auricle in the presence of a 1.1
thythm, The slowing of the circus movement tends to
perpetuate the flutter, but at the same time that quinidine
is slowing the rate of the circus movement, it is also increas:
ing the refractory time of the auricular muscle, and when
the refractory time is sufficiently long, the circus movement
comes to an abrupt end. This usually takes place when
enough quinidine action has developed in the auricle to
slow the rate of the circus movement to about 180 a minute.
‘The abrupt cessation of impulses from the auricle in flutter
leaves the heart without a pacemaker; the entire heart stops
beating, and after an interval of a few seconds, the sino-
auricular node resumes its rhythmic discharge and takes
over the function of driving the heart at a normal rate and
rhythm.

There are numerous variants of this pattern, arising
from the fact that quinidine exerts several actions at the
same time; these have been described 1n the section on the
Actions of Quinidine, The drug may fail to abolish the
flutter because toxic effects arise before sufficient prolonga-
tion of refractory time is present. Disturbing acceleration
of the heart may occur because marked vagal depression
may Jift the 2:1 A-V block when the rate of the flutter in
the auricle is still very rapid. An irregular ventricular
rhythm may appear because of a direct action of quinidine
on the A-V node giving rise to varying A-V conduction.
The failure of quinidme to restore 2 normal rhythm in
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avricular flutter is sometimes due to an unfavorable balance
between the two opposing actions on the auricle: that of
prolonging refractory time which tends to abolish the
drcus movement, and that of slowing conduction which
promotes the continuation of the circus movement. When
these two actions happen to be improperly balanced in a
particular case, quinidine may slow the rate of the auricle
and ventricle, but the restoration of 2 normal rhythm will
fail to take place after even toxic doses. If one is encounter-
ing dificulties during the use of quinidine in the attempt
to abolish auricular flutter and restore a normal rhythm—
if, for example, the heart rate has slowed moderately from
the onginal level of about 160 to about 120 2 minute,
after 2 to 3 Gm. (30 to 45 gr.) have been admunistered,
it is well to check the situation by means of the electro-
cardiogram. It may well be, in such a case, that the normal
sinus rhythm has already been restored, but 1s maintained
rapid by the blocking action of quimdine on the vagus.

Q147
Auricular Fibrillation

T WAS the effect of quinine in auricular fibril-
lation which first directed attention to the
value of the cinchona alkaloids in disorders of cardiac
rhythm, The discovery was made by a patient of Wencke-
back’s, who was suffering with an extremely irregular
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heart, and who was in need of taking: quinine periodi-
cally as a protective against malaria. He observed that
during those periods, his heart became regular, Wencke-
bach looked into the matter further and found that quinine
was effective in abolishing auricular fibrillation. A few
years later, Frey tested several members of the cinchona
group, and observed that quinidine was more effective than
quinine for this purpose. The early reports were stirring,
for they indicated 2 new cure for a form of cardiac disorder
which afflicts about 20 per cent of all patients with heart
disease. The extensive research and experience of the past
thirty years have gone a long way in crystallizing the
place of quinidine in auricular fibrillation, its utility, limita-
tions, and dangers.

There are two general classes of patients, those with the
chronic form, and those with the paroxysmal form of
auricular fibrillation,

Shortly after the discovery of the effect of quinidine in
this type of ectopic rhythm, the drug was widely applied
to patients with the persistent or chronic form of auricular
fibrillation. Many of these patients had long-standmg
rheumatic heart disease, in many the heart had become
very large, and in many there was heart failure. Quinidine
proved successful in restoring the normal rhythm in a high
proportion of these cases, and in a few the cardiac and
circulatory status improved, However, in most of them the
results were not particularly satisfactory. While the rhythm
had become regular, the rate was now often rapid and could
not be readily slowed by digitalis, unlike the case when the
patient was maintained in auricular fibrillation. In some,
even though a normal rate and rhythm had been restored,
the patient seemed to be no better off, since the heart failure
persisted and needed to be treated with digitalis. In some,
it was found extremely difficule to maintain the normal
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thythm, and the fibrillation returned even though large
doses of quinidine were continued. In the course of time,
a few disasters were encountered, sudden deaths or dis-
charge of emboli from thrombi which had formed in the
auricles during the long period of fibrillation. These ex-
periences led to a re-evaluation of the indications for quini-
dine in auricular fibrillation. The result is that its use in
long:standing auricular fibrillation has for the most part
been abandoned.

It is the paroxysmal form which provides the chief
indication for the use of quinidine in auricular fibrillation,
Attacks of auricular fibrillation often appear in patients
without evidence of organic heart disease. By far the Jarger
proportion of cases, however, involve a heart that is the
seat of organic disease, arteriosclerotic, hypertensive, rheu-
matic, and other forms. As in other paroxysmal forms of
ectopic tachycarduas, the attacks come on abruptly and
terminate abruptly. The heart rate is usually rapid, 120
or more 2 minute, the rhythm is totally rrregular, and not
2l beats come through to the radial artery, giving rise to
2 pulse deficit, Aside from the sensation of rapid end
irregular pounding 1n the chest, some of these attacks give
tise to anginal pam, heart failure, or pulmonary edema,
(?oasionally, the paroxysm of auricular fibrillation gives
Tise to such severe substernal pain that there is for a time
uncertainty as to whether it is an attack of coronary throm-
bosis resulting in auricular fibmllation or whether the
ectopic rhythm is causing symptoms of coronary insuff-
cency, a question which 1s deaded by the frequency of the
attacks and the sequence of events. The duration of the
attacks varies greatly from case to case, and as, in other
paroxysmal disorders of ectopic rhythm, the attacks may
Iast from a few seconds to hours, days, or weeks, unless
measures are taken to control them.
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In the use of quinidine for auricular fibrillation, there
are again two problems, to abolish the attacks and to pre-
vent recurrence. With a patient in the midst of an attack
of auricular fibrillation, the question as to whether quini-
dine should be used is to be preceded by the question as to
whether it is wise to abolish the fibrillation in this particular
case.

The answer to the second question is the answer to the
first, for there are no agents in common use other than
quinidine or its related anchona alkaloids which possess
any substantial power to abolish auricular fibrillation.
There are some cases in which acute failure causes fibrilla-
tion of the auricles and the relief of the failure by digitalis
restores the normal rhythm, but more often the relation
of events is reversed: The attack of auricular fibrillation
precipitates heart failure, and digitalis increases the tend-
ency of auricular fibrillation to persist.

The judgment as to the wisdom of terminating the
auricular fibrillation depends on several factors. The first
question is, how long has it persisted? There is some
indication that intramural thrombi are more apt to form
in patients with auricular fibrillation than in those with
normal sinus rhythm, due to the stasis of blood in the
fibrillating auricles, because these auricles do not con
tract as @ whole. How long 1t takes for such thrombi to
form is unknown. In general, it is considered unwise to
attempt to abolish the fibrillation after it has persisted
some weeks. The duration of the fibrillation is not the only
source of danger. The presence of a very narrow mitral
valve with marked enlargement of the heart, particularly
enlargement of the left auricle, provides a special source
of risk, for such cases are especially prone to develop intra-
mural thrombi within the auricles, There are other patients
in whom the abolition of auricular fibnllation is attended
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by a special risk, namely, those who are known to have
had emboli at one time or another, and those with con-
gestive failure, who are especially prone to form thrombi.
The hazard in all of these cases appears to lic in the sud-
den contraction of the auricles when the fibrllation ceases,
resulting in the discharge of an embolus. An example may
help to understand the nature of such disasters: A woman,
40 years of age, had a long-standing rheumatic heart dis-
case with mitral stenosis and insufficiency. There was mod-
erate enlargement of the heart and some enlargement of
the left auricle. There was no heart failure. She developed
an attack of auricular fibrillation. The irregular pounding
of the heart was very disturbing to her. It was allowed to
continue for about three weeks in the hope that 1t would
terminate spontaneously. The patient became very un-
happy about this new development, since the heart disease
in the past had caused her virtually no discomfort. The
deasion was reached to abolish the fibrillation with quini-
dine. She received 0.3 Gm. (5 gr.) of qunidine three times
daily. She proved to be quite sénsitive, and three hours after
the last dose on the first day, a normal rhythm was restored.
Eight hours later, she developed a severe pain in the rght
leg with pallor and coldness indicating an embolus. This
cleared in about thirty minutes. Two hours later, she
developed 2 h legia due to an embolus in the left hemi-
sphere. This also cleared in a few hours. Four hours later,
she developed another embolus to the brain which resulted
in coma, and two days after the normal rhythm was re-
stored, the patient expired. This could have been a coindi-
dence, but there are now a suffient number of analogous
experiences which leave little doubt that the restoration
of a normal rhythm after fibrillation has continued for
some time may result in disaster. It 15 good fortune
that such occurrences are rare, Against these musfortunes,
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there are the cases in which the restoration of 2 normal
rhythm puts an end to showers of emboli which some
patients experience during the course of chronic auricular
fibrillation, presumably as the result of improved circulation
through the auricular chamber diminishing the tendency
to intramural thrombosis.

That the restoration of 2 normal rhythm in a patient
with auricular fibrillation may cause the discharge of
emboli is not universally accepted. It is argued that emboli
from the heart are very frequent even when the rhythm
is normal, and there is no convincing proof that they are
more frequent in auricular fibrillation, There is, however,
the point that intramural thrombi formed while the auricle
is fibrillating may not be sufficiently adherent to the wall to
keep them in place when the auricle suddenly begins to
contract with vigor, and that may explain the observation
that occasionally embolization takes place shortly after the
normal rhythm is restored.

Emphasis should be placed on the fact that these acd-
dents occurring after quinidihe are not due to any inherent
toxic effect of the drug, but are due to the restoration of
a normal rhythm; they would be expected to occur after
any other drug which had the power to abolish auricular
fibnllation. I mention this point because of an experience
in which a patient with acute coronary thrombosis and
auricular fibrillation developed a hemiplegm within a few
minutes after quinidmne had restored the normal rhythm.
‘When the fibrillation returned, the physician agam resorted
to quinidine, but now, because of the orginal accrdent, in
only very small doses, much too small to restore a normal
rhythm, This 1s clearly a misunderstanding of the ssues,
for the accident was not due to the dose of the drug, but
to the fact that a normal rhythm was established. The
result was that the patient continued to receive quinidine
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in ineffectnal doses and continued to exhibit fibrillation of
the auricles. In this case it is worth noting that 2 subsequent
course of large doses of quinidine (0.6 Gm. every three
hours) restored 2 normal rhythm uneventfully. It may
also be noted that, if the hemiplegia was due to restoration
of the normal rhythm the first time, this case indicates that
a repetition of the treatment at a subsequent time may, in
some cases, be carried out without untoward results.

From what has already been stated, it is clear that much
Temains that is unknown about the conditions which pre-
dispose to embolic accidents when auncular fibrillation is
terminated. There are large numbers of patients with
auricular fibnllation which has lasted for years, in whom
quinidine restored 2 normal rhythm uneventfully, How
long it takes for the thrombus to form undoubtedly
varies greatly from case to case. The character of the
thrombus which may lead to an embolus seems to be
determined by more factors than its age. There is little
doubt that quinidine is eredited with accidents which are
purely coincidental. Agam, there is the good fortune that
these accidents are rare, and if the restoration of a normal
thythm is attempted hours after the attack comes on,
the danger is not great. Those patients who have had
previous attacks which terminated spontaneously with-
out emholi, are particularly favorable, for in them, the
action of quinidine amounts to nothing more than terminat-
ing the attack sooner, and thereby reduang the danger of
embolization which might occur in the event that a particu-
far attack of fibnllation were to come to an end spontane-
ously after it had persisted a longer period of time.

A course of heparin or dicumarol therapy preparatory
to quinidine for the restoration of 2 normal rhythm might
reduce the risk of embolus in auricular fibrillation which
bas persisted for some time. Although there 1s no proof
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of their value in such cases, there is ample evidence that
these anticoagulants inhibit thrombus formation and may
diminish the hazard of the fresh thrombus.

The mechanism of auricalar fibrillation is most com-
monly believed to be that of 2 complex circus movement in
the muscle of the auricles. It produces impulses, usually at
the rate of about 450 or 500 2 minute, Most of these are
blocked at the A-V node so that the ventricular response is
much slower, The ventricle usually beats at about 120 2
minute, and the rhythm is irregular. As the intensity of the
quinidine action is increased by repeated doses, the speed of
the circus movement in the auricle is reduced. This should
have the effect of reducing the speed of the ventricle also,
but, as already stated, it often happens, and especially after
fairly large doses, that quinidine blocks the vagus and
reduces the degree of A-V block, so that the rate of the
ventride rises while that of the fibrillating auricles falls.
When the speed of the fibrillating auricles is reduced to
about 350 or 300 a munute, the mechanism changes from
auricular fibrillation to auricular futter, The electracardio-
gram shows a change from the very rapid and frregular
deflections of fibrillation to the slower and regular deflec-
tions of flutter. From this point o, the increasing intensity
of quinidine action gives rise to a series of events similar
to those described 1 the section on Aurcular Flutter.

As 1n other disorders of rhythm, 2 wide variety of pat-
terns of response to qumidine in auricular fibnillation may
oceur by reason of the various actions of the drug occurring
simultaneously. They can only be understood if these
actions are kept in mind. They sometimes determine the
change in the initial plan of treatment. For example, 3
man, age 53, with arteriosclerotic heart disease, developed
an attack of auricular fibrillation with an apex rate of 172
a minute. The patient was digitalized and the apex rate
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was reduced to about 80 2 minute. An attempt was then
made to abolish the ectopic thythm by means of 0.4 Gm.
(6 gr.) quinidine every three hours. After 10 such doses
or a total of 4 Gm. in twenty-four hours, the patient sud-
denly developed an unfavorable reaction; there was a cold
clammy sweat, extreme cyanosis, and pulmonary rales.
The rhythm had changed from a slow and irregular beat
at the apex to a regular rhythm with a rate of 180 a
minute, An electrocardiogram taken at this point showed
a supraventricular tachycardia, perfectly regular, and pro-
-longed intraventricular conduction (QRS time of o.12
second). The rhythm was that of auricular flutter. Since
the original electrocardiogram of the auricular fibrillation
with the ventricular rate of 172 2 minute showed normal
intraventricular conduction (QRS time of 0.06-0.08 sec-
ond), it was assumed that the prolongation of intraven-
tricular conduction was not the result of fatigue by the
rapid rate, but of 2 toxic action of the quinidine (see section
on Toxic Actions). Here was a case, therefore, n which
the expected series of changes was taking place after quini-
dine in auricular fibnllation, namely, passage from fibnlla-
tion to flutter, but in this particular individual so much
quinidine action on intraventricular conduction had devel-
oped by the time the flutter appeared that the electro-
cardlogram took on the aspect of ventricular tachycardia.
In view of this, it was deemed unwise to continue the
attempt to restore the normal rhythm by the intensification
of quinidine action. The quinidine was discontinued and
twenty-four hours later the flutter came to an abrupt end;
a normal sinus rhythm took its place. In another section
it has been stated that quinidine exerts two opposing
actions on the auncular muscle: one, to prolong refractory
time which tends to abolish flutter or fibrillation and the
other, to slow conduction which tends to promote their
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continuance. In the case cited above, the action of slowing
conduction was dominant with the result that the flutter
became fixed.

Another case may be cited in which the various actions of
quinidine on the heart complicated the problem of con-
trolling auncular fibrillation, ‘This patient, 44 years of
age, had arterjosclerotic and hypertensive heart disease.
He was subject to paroxysms of auricular flutter and fbril-
lation, sometimes one and sometimes the other. These
were several attacks 2 month over 2 period of about four
years. He was completely incapacitated by these attacks
because some of them produced syncope. Without treat-
ment, the heart rate during a seizure was about 150 2
minute. There was no appreciable influence on the attacks
until the dosage of quinidine was increased to 2 Gm. (30
gr.) daily, Now the attacks still occurred but the disturbance
they produced was negligible because the heart rate during
a paroxysm was only between 8a and 9o a minute. The
disturbance was so slight that it became difficult for him
to know when the rhythm was normal or abnormal. This,
therefore, is an nstance in which quinidine behaved more
Like digitalis in 2 patient with auricular fibnllation, It
allowed 1t to continue but induced so much A-V block 25
to reduce the heart rate to 2 tolerable level, Still another
situation arose in this patient; the quinidine, at one level
of dosage, provided 2 more favorable state for auricular
fibrillation. Whereas before the quimdine, attacks lasted
only a few hours, and the longest attack during a four-year
period lasted less than three days, during the use of 2.7
Gm. (40 gr.) quinidine daily, he not only developed more
frequent attacks, but had an attack of auricular fbrillation
with a slow ventricular rate which lasted 2 period of about
fourteen days. This is evidence of a predominant action
of quinidine on the conduction rate of the circus movement
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in the auricle; by slowing the conduction rate without
significant increase in the refractory time, the development
of the arcus movement is favored, and it becomes more
stable. This is the action which sometimes fixes auricular
flutter and makes it impossible to terminate an attack of
auricular flutter or fibrillation with quinidine. When, in
this patient, the dose was increased to 4 Gm. (60 gr.) daily,
enough prolongation of refractory time took place to ter-
minate the fibrillation and restore a normal sinus rhythm
which continued during 2 period of several years as long
as that daily dosage was taken.

The most favorable dosage plans for terminating a par-
oxysm of auricular fibrillation and preventing recurrences
are similar to those for auricular flutter, and are described
in the section dealing with flutter.

15 D
Ventricular Tachycardia

ENTRICULAR tachycardia is one of the

less common forms of ectopic rhythms. Its
occurrence in individuals with an otherwise normal heart
is rare. It is usually associated with advanced grades of
heart disease. more often hypertensive and arteriosclerotic
dlselw It most commonly presents itself as a problem in
patients who have suffered an attack of coronary throm-
bosis. It is never a long-lasting tachyeardia. In a small
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number, it takes on a paroxysmal character; attacks come
and go over a period of years. It does nat, however, fre-
quently behave in this way, and when a patient complains
of frequent attacks of rapid heart action over periods of
years, paroxysmal ventricular tachycardia is Jeast likely to
be the correct diagnosis. The story in most cases is likely to
involve 2 single attack or a series of attacks over short
periods of time, most often in relation to a serious cardize
upset, especially an acute coronary thrombosis. In all of
these sespects it differs from ectopic auricular tachycardia.

The onset is abrupt, so also the spontaneous termine-
tion. The rate varies greatly from case to case. It is usually
rapid, in most cases 1n the range of 150 to 250 2 minute.
There is negligible fluctuation in rate with rest or exet-
tion. The thythm is usually regular. The mechanism i
that of a seties of premature ventricular contractions. The
series may be of varying length, anywhere from 2 of §
beats in successivn, to an uninterrupted series lasting days.
‘There 15 no question of the diagnosis in the case of a long
series, but there is no sharp line of division, and the ques-
tion as to how many beats in succession there need be f0
iabel it ventricular tachycardia remains unsettled. It is
customary to refer to a series of 2 or 3 premature ven-
trcular beats in successton as a precursor of ventricular
tachycardia, and a large number in a row, as a short run of
ventricular tachycardia. These appear to 1nvolve a type of
increase 1 irritability or rhythmiaty of the heart which
differs from that in the case of isolated premature ventricu-
{ar contractions, which is very common in those with and
without heart disease. It is often stated that the rhythm of
ventricular tachycardia may be grossly wregular. That is,
sndeed, sometimes the case, but, in those patients with ir-
regular rhythm labeled ventricular tachyeardia, 1 have
often discovered an errorin the reading of the electrocardio-
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gram, The irregular rhythm turned out to be supraven-
tricular ectopic rhythm with bundle branch block, either
aurteular fibrillation or flutter with bundle branch block.
The electrocardiogram is essential for the diagnosis of
ventricular tachycardia. The carotid sinus pressure test is
sometimes helpful in excluding ventricular tachycardia
which may clinically 2ppear similar to a paroxysm of auric-
ular tachycardia or auricular flutter, all three showing,
for example, a regular rhythm with a rate of 170. The
origin of the latter two is in the auricle which is supplied
with vagal fibers, while that of the former is 1 the ven-
tricle, not supplied by the vagus. If carotid pressure, there-
fore, canses a change in the rhythm, ventricular tachycardia
is excluded. A negative response 1s, however, of no help
because there are many cases of auricular tachycardia and
flutter which also fail to respond to carotid pressure. An-
other useful point 1n diagnosis may be mentioned. In many
@ses of ectopic tachyeardia, the activity of the aurides in
the form of P-waves or F-waves of the electrocardiogram
is masked in the rapidly recurring deflections of the ven-
tricles. If the ventricular deflections show normal conduc-
tion (QRS time of less than 0.10 second), 2 diagnosis of
supraventricular tachycardia is made. 1f the intraventricular
conduction is prolonged (QRS time of 0,12 or more), it 1s
cither ventricular tachycardia, or supraventricular tachy-
ardia with bundle branch block. 1f, however, the latter
kind of tracng reveals auricular deflections, occurring in 2
fixed relation to those of the ventricles, it is most likely not
ventricular tachycardia but supraventricular tachycardia
with a bundle branch block. This s so because 1t is unlikely
that the auricles and ventricles will beat rapidly at 1dentical
rates, and do so independently of each other. Smce, in such
2 case, one drives the other, it must be the auricles driving
the ventricles, rather than the reverse. Normally, con.
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duction takes place in only one direction, from the auride
to the ventricle, not from ventricle to auride, It is well
known that when an electrical stimulus, applied to the
auricle, produces a premature auricular contraction, it may
be followed by o contraction of the ventricle; 3 similar
stimulus applied to the ventricle causing 2 premature ven-
tricalar beat is not followed by 2 contraction of the auricle.

The treatment of ventricular tachycardia often presents
an urgent problem. The rate is apt to be very rapid, the
efficiency of the circulation is mackedly impaiced, and the
blood pressure falls. Congestive failure or peripheral dir-
culatory collapse ar both may supervene; the patient
devefops cold and clammy skin with or without pulmonary
edema. Its seriousness does not lie in the fact that the heart
is driven by an abnormal pacemnaker in the ventricle, for
a similarly serious state is sometimes caused by an sbnormal
focus in the auricle, as in a paroxysm of aurscular tachy~
cardie which suddenly begins to drive the heart at 200 2
minute or faster, The serious aspect of ventricular tachy-
cardw lies chiefly, if not entirely, 1n the fact that this type
of ectopic tachycardia occurs so commonly in patients with
a badly damaged heart or circulatson which is unable to
bear the sudden stress of the extreme speed and diminished
arculatory flow.

Qurnidine 15 the most important agent available for the
treatment of ventricular tachycardia. An intravenous injec
tion of procamne, magnesmm sulfate, and other drugs have
been found effective in some cases, but experience with these
agents 15 Jumited. The ultimate objective in the treatment of
an attack of ventrcular tachycardsa is to suppress the rapid
pacemaker in the ventrcle, When that takes place, the
ventricle stops beating, and the discharge from the smus
pacemaker in the auricle is conducted down to the ven-
tricle causing it to contract. In this way, the normal rhythm
is established. Basaally itis 2 simple problem but in prae-
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tice many difficulties may arise, partly due to the nature of
quinidine action, and partly due to the state of the hc:.rt,
and these must be und d in order to comprehend un-
expected results and to prevent disasters.

For the restoration of a normal rhythm in a case of
ventricular tachycardia, dependence is placed on one action
of quinidine, that of depressing the rhythmicity of the
idioventricular pacemaker until its rhythmic function comes
to an end, and the normal sinus node takes over. For this
to take place, certain canditions must prevail in the heart,
these being an active S-A node ready to resume rhythmic
discharge, an active A-V conducting system ready to deliver
the impulse to the ventricle, and a ventricle suffidently
irritable to respond to the impulse. 1f all of these conditions
prevail, a few doses of quinidine abolish the ventricular
tachycardia and establish 2 normal rhythm uneventfully.
There are, however, cses in which some of these func-
tiops are impaired or suppressed, and then the abrupt
abolition of the idioventricular tachycardia gives rise to
trouble. The disease of the heart may suppress the auricular
pacemaker or produce A-V block. There is experrmental
evidence that extremely rapid excitation of the ventricle
tends to suppress its automaticty, as evidenced by the
long delay following cessation of the stimulus in such
ases, before the ventncle resumes its beat. The delay
may be as long as fifteen seconds or more, giving rise to
@m2 or convulsion. Such effects may also be produced by
quinidine, or quinidine may increase the tendency to such
changes, which may already be present. Quinidine in large
doses also has a tendency to depress myocardial contrac-
tility, and in such badly damaged hearts may lead to acute
myocardial failure,

It has already been indicated that the abolition of ven-
tricular tachycardia by means of qunidine 15 2 very im-
portant and often lifesaving measure. It has also been
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stated that ventricular tachycardia is rarely a chronic state.
1t either terminates spontaneously in a short time or is
terminated by means of quinidine fairly promptly. Those
patients in whom it tends to persist and the drug fails,
develop cardiac or circulatory failure and succumb to these
in a short period of time,

The foregoing considerations supply the basis for the
method and dosage plan which 1 have vsed with a fair
degree of suctess, and which I advocate for treatment of
the attack of ventricular tachycardia, as a means of insuring
satisfactory results in the largest number and with 4 mini-
mum of danger, In the first stage of this method, one does
not aim to abolish the ventricular tachycardia, but only to
slow its rate. A rate of 230 2 munute fatigues the heart and
damages the circulation. The first step is to try to reduce the
speed of the heart to 2 more favorable rate, usually to about
120 or 110 a minute. This may already be 2 normal sinus
thythm, or still an idwoventricalar rhythm. There is no
evidence that the latter at a rate of 110 is any less favor-
able to the circulation than a sinus rhythm at 110 a minute.
The reason one does not aim to abolish the ventricular
tachycardia directly is the fact that one does not know in
advance what remains when the idioventricular rhythm is
suppressed. One may find arrest of the auncle in which no
sinus discharge 15 produced, or A-V block so that the sinus
impulse cannot get through to the ventnicle, The result is
carduc standstill which may prove disastrous. It is note-
worthy that even such a hazardous state of affairs is not
always fatal, and after an unpleasant period of time, the
heart resumes a beat from some focus. The period is un-
pleasant because the patient develops cyanosis, or gray
pallor, the sespiration becomes Iabored, the eyes roll up,
coma develops, and convulsions may supervene. I have
often been thankful that 1 had resisted the temptation to
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continue the drug to the point of suppressing the ven-
tricular tachycardia. In these cases, after several doses of
quinidine which had slowed the rate from 220 to about
120 2 minute, I examined the electrocardiogram and found
the disquieting evidence of ventricular tachycardia at 120
a minute without any signs of auricular activity, or an
auricular rhythm faster than that of the ventricle, indicating
complete heart block. Had I pressed the treatment further
at this point, there is little doubt that the ventricular tachy-
ardia would have vamshed, and with it, all rhythm in the
ventricle would have vanished.

To treat ventricular tachycardia with the highest in-
cidence of success and lowest chance of disaster, the
procedure should be carried out under the constant super-
vision of the physician and with the aid of the electro-
cardiogram. To prescribe 2 dose of quinidine to be taken
at certain intervals until the patient feels better or is aware
of a change of rhythm is a procedure which can never be
justified. The principles are the same, but the details vary
from case to case, and in any plan with which one starts
alterations are often required by the course of events. One
satisfactory type of regimen may be described. An electro-
cardiogram is taken before therapy, and then 2 dose of
0.6 Gm. (10 gr.) quinidine is given every three hours.
The apex rate 15 counted before each dose. The count
should be precise and recorded, since slowing of rate is the
most important guide to the development of quinidine
action in these cases. Another electrocardiogram should be
examuned 1f the rate shows considerable slowing, to a level
of about 140. This may occur in three hours after the first
dose, or only after 10 or more doses. At this pomt, even
though the rate 15 140 or 130 a minute, the electrocardio-
gram may show that the ventricular ectopic rhythm has
vanished and no further therapy 1s needed,
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I'f the course of events is different, and the original very
rapid rate continues, an electrocardiogram should be taken
before each dose after the third., The object is to detect
Prolongntion in the QRS time as indication of impaired
intraventricular conduction, This is a towic effect which
rarely occurs with less than 2 Gm. and it js not wise to
continue the quinidine if the QRS time has been prolonged
by about 50 per cent above the control in the particular
patient (QRS of 0.08 to 0.12, or QRS of 0.12 to 0.18
chond). With these points in mind, one often finds it pos-
sible to continue the quinidine until the heart rate is about
120 or 110 2 minute. At this point, the use of quinidine is
interrupted, but similar counts of the heart rate are made,
and electrocardiograms are taken at the same intervals.
Often a normal rhythm may be seen in the next few periods
of observation. If not, or if there is evidence of qunidine
effects wearing off, as shown by an increasing heart rate,
the drug may be resumed with the same dose and interval,
or with half the dose (0.3 Gm., or § gr.), n the endeavor
to maintain the state which prevailed at the time the
quinidine was interrupted.

Should this result in intensification of the action so as to
terminate the idioventricular rhythm, there is the fact that
this is safer when the heart has been beating for some
time at 120 than at 240 a minute. This has to do with the
fact that the sinus rhythm sometimes fails to take over
when the ventricular tachycardia is abolished, and abrupt
cessation of a very rapid 1dioventricular rhythm may leave
the rhythmic activity of the ventricle so depressed that 2
pause long enough to produce a convulsion may ensue
before an idioventricular rhythm 1s resumed. It is not
always possible to maintam a check on quinidine action and
secure such graded effects as have been described. How-
ever, such gradation of effects will frequently occur, if the
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above described cumulative dosage system is employed and
the general principle I have described is kept i mind: to
aim at gradually increasing the intensity of quinidine action
until the rapid ventricular rhythm 1s reduced to a reason-
2bly slow rate of 120 or 110 a minute, then to maintain
that level of action until physiologic adjustments restore
the normal rhythm.

1 have laid emphasis on the importance of closely observ-
ing the cardiac mechanism with the electrocardiogram
after the rate falls considerably, as from 200 to 140 2
minute, even if only one or two doses of 0.6 Gm. have
been given, An experience in this regard will help to fix

+ the point. The famuly physician had a female patient
advanced arteniosclerotic disease who went into cireulatory
collapse in association with an attack of rapid heart action,
190 2 munute, which in the electrocardiogram seemed to
be a ventricular tachycardia. He was advised to give 0.6
Gm. (10 gr.) quinidine every two hours and examine the
electrocardiogram taken before each dose. This was not a
particularly attractive prospect because the first dose was
to be given at 10 o’clock on Saturday night. A tracing was
taken before the first dose and again before the second
dose at 12 midnight, at which time the rate had fallen to
160 2 minute. Both tracings were developed and examined
at once, and showed ventricular tachycarda, Before the
third dose at 2 A.M., the heart rate had declined to 140 a
minute, The system of doses and tracings at two-hour inter-
vals was continued throughout the might untl 9 o’clock
Sunday morning. Since the rate did not fall any further,
and tended later to rise to 150 a minute, none but the first
two electrocardiograms was developed and examined untid
the following morning. What they showed was that the
failure to examine every tracing before the next dose cost
the observer a whole night's sleep; the normal rhythm
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was established in the tracing at 2 a.M. before the third
dose, when the heart rate was 140 2 minute. The rapid
rate was due to the vagal depressant action of quinidine
to which this patient happened to be unduly sensitive. The
increase in rate during the night was due to intensification
of this action by the additional doses. The drug should have
been discontinued at 2 .. just before the third dose. The
additional 3 doses were not only unnecessary but probably
delayed restoration of the circulation by the marked sinus
acceleration, Within twelve hours after the last dose, as
the quimdine was excreted, the heart rate declined to 108
a munute, which appeared to be the sinus rate of this patient
in failure.

The cumulative system of dosage is the only one appli-
cable to the use of quinidine in an attack of ventricular
tachycardia. The single dose of 0.6 Gm. (10 gr.) is rarcly
sufficient to achieve the therapeutic results. Sometimes, the
desired effect appears in two to three hours after the second
dose, a total of 1.2 Gm. (20 gr.). There are marked in-
dividual variations mn sensitrvity. Some cases require a3
much as § Gm. (75 gr.) or more by the same dosage plan.
The dosage system here described provides its own safety
controls, regardless of the total amount. The dosage steps
are such that, if the previous quantity given 25 outlined
has caused no toxic effects, the next dosage step will cause
no serious toxicity. The appearance of toxic effects, refer-
able either to the heart, head, or gastrointestinal tract,
usually calls for cessation of the qunidine therapy.

Thus far only the oral route has been considered. The
usual qumdine preparations are too irritant and pain-
ful for routine use by mtramuscular injection, The intra-
venous route is sometimes necessary because the patient is
too ill to take anything by month, or vomiting and drarrhea
from local jrntation preclude the use of adequate doses.
The patient may be in extremis and since here time may
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be the decisive factor, the intravenous route may be used.
This is 2 heroic measure. The dangers are great, and it
should rarely be applied except in very serious situations.
A 1 per cent solution of quinidine sulfate may be freshly
made by dissolving 0.2 Gm. of the salt 1n 20 cc. of distilled
water, This may be injected slowly, using a 26- or 24-gauge
needle on a 20 cc. syringe. Intravenous doses of quinidine
injected rapidly are especally hazardous, and have caused
death. An intravenous dose as small as 0.2 Gm. injected
suddenly may cause an abrupt fall of the blood pressure
of 40 or 50 mm. Hg. The procedure is better carried out
by two operators, one observing the patient and with the
stethoscope listening at the apex, the other making the
intravenous injection. As the injection proceeds and the
drug begins to act, the blood pressure falls, the respiration
deepens and becomes labored, the heart sounds become
more distant, and the rate slows. There are cases of ectopic
rhythms as some of those encountered in anesthesia and
surgery, in which a dose as small as 0.2 Gm. (3 gr.) in-
jected in this manner restores the normal rhythm, In many
cases, however, larger amounts are necessary. In these,
when the heart rate has slowed by 25 or more beats
2 minute, or when the heart sounds have become very
feeble, the injection 15 interrupted until the respiratory
changes, vasodepression, and enfeebled heart sounds right
themselves. This usually takes place i a few mmnutes.
Some slowing of the heart is apt to persist. The proce-
dure is then repeated with further slow injection. The
result is 2 series of cardiac slowings which summate, the
intervals between injections allowing for recovery from
the toxic cffects of igh cortcentrations of quinidine in the
blood stream. This is continued until the heart rate is
reduced to 120 or thereabouts. Frequent electrocardio-
grams are helpful guides in this procedure.
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Ventricular Fibrillation

ITTLE needs to be said of the use of quinidine

1 ventricular fibrillation, It has already been

indicated that quinidine prevents ventricular fibrillation.
Such prophylaxis may be especially important in cardmac
and pulmonary surgery, or in general anesthesia, especially
with cyclopropane. However, with the possible exception
of a surgrcal case in which the heart is exposed and acces-
sible to massage, one is not likely to encounter ventricular
fibrillation in which much of value may be anticipated from
treatment. There are a few patients who have recovered
from an attack, and there are a few of the paroxysmal vari-
ety. Ventricular fibrillation is probably not wuncommon in
coronary thrombosis and heart block, and although most
cases are rapidly fatal before treatment can be applied,
some cases of Stokes-Adams disease in which periods of
syncope are due to fleeting ventricular fibrillation may be
brought under control by quinidine. Usually, however, as
soon as this mechanism is established, the ventricle ceases
to contract as a whole, the blood pressure promptly falls
to zero, and death ensues. It is an occasional cause of
death in digitalis poisoning, and a cause of death which
occurs almost immediately after an intravenous injection
of a mercurial diuretic in especially susceptible individuals.
The diagnosis often remains uncertain even with the elec-
trocardiogram. In animal experiments with the chest open,
the simultaneous 1spection of the heart, the recording of
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the blood pressure, and the recording of the electrocardio-
gram often show the difficulty of distinguishing ventricular
fibrillation from ventricular tachycardia. The onset of
ventricular tachycardia with visible contractions of the ven-
tricles and sustained blood pressure may be promptly
followed by vistble arrest of the ventricle with the quiver-
ing of the walls, and abrupt fall of the blood pressure to
zero. The electrocardiograms during the two phases may
be indistinguishabl imes both sk g regular de-
flections and cther times bizarre and irregular ones.

‘With the electrocardiogram alone as 2 guide, as is the
case in clinical situations, the phase of ventricular tachy-
cardia might be labeled fibrillation, or wice wersa. 1 have
seen only one case of so<called paroxysmal ventricular
fibrillation. Lustening at the apex and recording the elec-
trocardiogram simultaneously, I heard the sudden onset of
a tachycardia too rapid to count, The presence of audible
sounds indicated ventricular tachycardia. Within less than
one minute, the sounds disappeared, the patient flushed
and then paled, the respiration became labored, the eyes
rolled up, and a convulston ensued. This phase suggested
ventricular fibrillation, although the changes might have
been due to the impaired blood flow as the result of the
rapid heart rate. The distinction might have been made
by direct inspection of the heart, if that had been possible.
The electrocardiogram was of no help. In both phases there
Was an wrregular and bizarre idioventricular rhythm with
2 rate of approximately 260 2 minute. Within about three
minutes a more favorable and slower rhythm reappeared
and the patient recovered. She had several such attacks
over a period of two years. Quinidine in the doses used
seemed to be of no benefit in this case.
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Disorders of
Cardiac Rhythrn of

Undetermined Mechanism

HE most successful results in the treatment

of disorders of cardiac rhythm are possible
only when the precise nature of the disorder of rhythm is
established. Clinically, a paroxysm of auricular and ven-
tricular tachycardia may appear simular. In both cases, the
patient s seized with an attack of palpitation with a rapid
heast action of about 200 a minute and regular rhythm.
Dygitalis 15 the most effective drug against auricular tachy-
cardra. Quinidine is the only drug effective against ven-
tricular tachycardia, and n this condition there is the
possibility that digitalis may do harm. One cannot, there-
fore, emphasize too strongly the importance of an accurate
differential diagnosis. A precise differential diagnosis, how-
ever, 15 not always possible. The physician may be without
sufficient expenence in the use of the carotid sinus pressure
technic or in the reading of the electrocardiogram. An
electrocardiograph may not be accessible. On clinical exam-
ination, frequent premature contractions often resemble
auricular fibrillation. Auricular Butter with varying A-V
block is often indistinguishable from auricular fibrillation
1n the routine leads of the electrocardiogram. Paroxysmal
auricular tachycardia which does not respond ta carotd

0
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pressure may be impossible to distinguish from some cases
of nodal tachycardia or auricular flutter, even by experts
with all the necessary equipment at theiwr command. Au-
ricular tachycardia, flutter, and sometimes auncular fibrilla-
ton, when associated with bundle branch block, may be
impossible to distinguish from ventricular tachycardia.

The group in which a differential diagnosis cannot be
made for one reason or another is a fairly large one. What
is to be done in these cases® There is the suggestion that
in the interest of safety, no attempt should be made here
to apply specific agents, that the wisest course is to allay
panic or other distress by a barbiturate or morphine, and
temporise until the ectopic rhythm terminates spontane-
ously. While such treatment 15 sometimes adequate, there
are many cases in which symptoms are very severe and
dirculatory disaster threatens, Cases of disordered rhythm
in which the differential diagnosis between the various
mechanisms cannot be made do not need to go without
specific therapy which offers a high probability of success.
Quinidine should be tried 1n these cases. While 1t 1s not
equally effective in all, it 1s highly effective in the 6 com-
mon forms of disorders of rhythm in which a precise
diag; is difficult or 1mpossible to estabhsk
namely, premature contractions, auricular tachycardia,
nodal tachycardia, auricular flutter, auricular fibrillation,
and ventricular tachycardia. Quimidine 15 the only drug
which offers so much 1n the absence of 2 specific diagnosis.
Treatment may be started with 0.4 Gm. (6 gr.) every
three hours, and adjustments i the dose may be made in
accordance with the guides suggested 1 the section on
Dosage.
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Angina Pectoris

UINIDINE has been used for the control
of cardiac pain in patients with coronary
disease and the angina of effort. Doses of the order of 0.3
Gm. (5 gr.) three times daily have been tried. In animal
experiments, there is evidence of direct depressant action
on blood vessels causing relaxation, and blocking of the
vagus which is believed to be the constrictor innervation
of the coronary vessels. There is also evidence of blocking
of an action of epinephrine which may indirectly increase
cardiac work. Its power to increase the capacity for exertion
(exercise tolerance test) in the patient with angina of effort
has been tested and favorable responses have been published.
The clinical evidence for the value of quinidine to control
cardiac pain in patients subject to angina of effort is not
satisfactory. More work on this subject and better con-
trolled clinical experiments are needed.
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Coronary Thrombosis

UINIDINE is used in patients with acute
coronary thrombosis for the same purposes
as in patients with other varieties of heart disease. The
same doses and dosage plans are employed. There is no
satisfactory proof that the tolerance of these patients to
quinidine is different from that of others. The plans of
dosage described in the section on Dosage allow for marked
vatiations in tolerance among diseases and individuals.
.There is one special aspect of the problem in patients
with acute coronary thrombosis, and that relates to their
marked tendency to develop ventncular tachycardia. Since
such an attack s particularly hazardous in the acutely
damaged heart, the prophylactic use of quinidine im-
medlztely after the diagnosis of acute coronary thrombosts,
glas been suggested. This is frequently done, and the drug
i \.lsmlly given in doses of 0.2 Gm. (3 gramns) three times
fiﬂll‘y for this purpose. There is no doubt of the theoretical
Justification for such a practice, but there 1 no satisfactory
d\m.ul proof that it has value. Several factors need to be
considered. The effective dosage for any particular case is
not known in advance, and there is no way of establishing
1t until an attack occurs. In view of the variety of toxic
effeats of quinidine, it would not seem justtfiable to use
Iarge doses prophylactically in 2 routine manner. 1 have,
th.trefore, adopted 2 compromise plan of observing patients
with acute coronary thrombosis with great cre for the
77
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earliest appearance of premature contractions, which often
occur as a precursor of a paroxysm of ventricular tachy-
cardia. Quinidine is then started in a dose of 0.3 Gm. (5
gr.) and repeated at intervals of six hours. If it proves
effective in abolishing the premature beats, this dosage ©
may be continued daily, otherwise the dosage is increased
according to plans suggested in the section on Dosage. The
most satisfactory strategy for meeting the hazard of ven-
tricular tachycardia prophylactically by the use of quinidine
is probably not yet established. There is need for syste-
matic investigation of this problem. The pooling of data
gathered according to preestablished criteria from many
sources should prove useful, for in that way sufficiently
large numbers of cases will become available for valid
statistical study.

Q_/ZO/D

Thyrotoxic
Cardiac Disorders

ATIENTS with hyperthyroidism are subject
to the same disorders of rhythm as occur in
other diseases. Hyperthyroid patients, however, are particu-
larly prone to develop paroxysms of auricular fibrillation.
These attacks usually subside when the Graves® disease is
brought under control by one or another method, such as
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iodine or propylthiouracil therapy, or subtotal thyrodec-
tomy. In the meantime, the paroxysms may be a source of
difficulty, causing panic, severe palpitation, and circulatory
insufficiency. The attacks are particularly troublesome when
they occur just before or shortly after the thyroid oper-
ation, These seizures are apt to be associated with a very
rapid ventricular rate, which 1s likely to be unusually re-
sistant to the slowing action of digitalis. Quinidine is use-
ful to restore and maintain a normal rhythm in these
critical states. There is some experience suggesting that
the usual doses are not as effective in abolishing auricular
fibrillation caused by Graves’ disease, nor =s effective in
preventing recurrences. There is some suspicion of undue
toxiaty of quinidine in a severe hyperthyroid state. This
experience has, however, not been uniform, and observa-
tions have been made which mdicate that these patients
have 2 higher tolerance for qunidine than normal persons.
There are some who do not advocate the use of quinidine
to control the paroxysms of auricular fibrillation m the
thyrotoxic patient, chiefly on the grounds that the drug
is not very effective here, and the condition is temporary
and usually subsides when the hyperthyroidism is brought
under control. It is my belief, however, that the failures
are often a matter of dosage, and 1t is our practice to use
quintdine in paroxysmal aunicular fibrillation which occurs
as part of the hyperthyroid state, for the purpose of
abolishing the attack and preventing recurrences. The
dosage plans are similar to those described 1n the section
on Dosage.

The paroxysmal variety of auricular fibnllation 1s here
also to be distinguished from the chronic state of auricular
ﬁ‘bn'llation. If the abnormal rhythm has persisted a long
time, it should be allowed to continue and digitalis is em-
ployed in the endeavor to slow the ventricular rate. The
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carliest appearance of preraature contractions, which often
occur as a precursor of a paroxysm of ventricular tachy-
cardia. Quinidine is then started in a dose of 6.3 Gm, (§
gr-) and repeated at intervals of six hours. If it proves
effective in abolishing the premature beats, this dosage ©
may be continued drily, otherwise the dosage is increased
according to plans suggested in the section on Dosage. The
most satsfactory strategy for meeting the hazard of ven-
tricular tachycardha prophylactically by the use of quinidine
is probably not yet established. There is need for syste-
matic investigation of this problem. The pooling of duta
pathered according to preestablished criteria from many
sources should prove useful, for m that way suffidently
large numbers of cases will become available for valid
statistical study.

Q/zo’b

Thyrotoxic
Cardiac Disorders

ATIENTS with hyperthyroidism are subject
to the same disorders of rhythm as occur in
other diseases. Fiyperthyrod patients, however, are particu-
farly prone to develop paroxysms of auricular fitrillation.
These atracks usually subside when the Graves’ disease is
brought under control by ene or another method, such as
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nodal, or ventricular tachycardia; auricular flutter or
fbrillation; ventricular fibrillation; heart block; cardiac
arrest. Their appearance is unpredictable. No stage of the
anesthesia or operation is immune. The induction stage of
anesthesia is an especially vulnerable period, but the dis-
orders frequently occur only after deep and prolonged
anesthesia with extensive surgical manipulation, or during
the stage of recovery.

All the volatile anesthetic agents in common use produce
them, such zs ether, mtrous oxide, ethylene, ethyl chloride,
chloroform, and cyclopropane. Cyclopropane behaves much
ke chloroform, sensitizing the heart in such a manner
that minute doses of epinephrine give rise to ventricular
tachycardia and fibrillation.

Surgical procedures, through reflexes or other factors
not well understood, may also bring about disorders of
thythm, Certain kinds of operations are more effective
than others in this respect. Abnormal rhythms are espe-
cially frequent m surgery of the heart and lungs. They
present a conspicuous problem in thyrod operations in
which the chief cause may be manipulation of the nerves
in the region of the carotid sinus or sheath. Their frequent
occurrence in operations on the biliary tract and upper
Portions of the gastroantestinal tract are in line with
experimental and clinical observations indicating that these
regions are rich sources of reflexes which disturb the
rhythm of the heart,

Responsibility for the disorder of rhythm cannot always
be accurately placed, since both surgical manipulation and
the anesthetic agent are mvolved simultaneously. It 15
probable that many cases several factors contribute, such
as preanesthetic anxiety and panic, sudden nise of the
blood pressure, pre-anesthetic medication, the toxicity of
the anesthetic agent, reflexes from the operatve field, in-
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hazards of restoring a normal rhythm in longstanding
aurjcular fibrillation of hyperthyrodism are, in all prob-
ability, similar to those in other states. These have been
deseribed in the seetion on Auricular Fibrillation.

At this point, attention may be called to the fact that
the normal rapid heart action (sinus tachycardia) of hyper-
thyroidism is not an indication for quinidine. There is the
fact that large doses, as high as 3 to 4 Gm, daily, or even
larger, may lower the basal metabolism and slow the
heart rate, Such a remission is not nearly as satisfactory as
that obtamned by jodine or propylthiouracil. It is not recom-
mended as 2 routine practice,

21O
Anesthesia and Surgery

ENERAL anesthesia and surgical operations

often disturb the mechamsm of the heart

beat. If electrocardiograms are taken at frequent intervals,
disorders of the beat may be detected n about 75 per cent
of the patients. There 15 indication that patients with
hypertension or heart discase are somewhat more sus
ceptible. All the wellknown types of changes are en-
countered: sinus bradycardia or tachycardin; exaggerated
sinus arrhythmiz; displ of the p ker from the
sinns node to the auricle, A-V node, or ventricle; premature
contractions of various origins; coupled rhythm; auricular,




ANESTHESIA AND SURGERY 83

of factors only occasional ventricular premature contrac-
tlons are produced; with znother, they may increase ta
form a coupled rhythm; and with still another, premature
contractions may advance to ventricular tachycardia, the
precursor of fatal ventricular fibrillation. The instability
of the factors in surgery and anesthesia is revealed by the
fleeting character of the ectopic rhythms, and the frequency
of several types of abnormal rhythm in the same individual
during different periods of the same operation. A few harm-
less premature contractions would constitute no reason for
concern, if it were not for the posstbility that, under these
conditions, they might be followed by a more threatening
disorder of rhythm before the patient is through either
with the operation or the anesthesia.

The effects of the various factors in surgery and anes-
thesia which give rise to abnormal rhythms are usually
reversible. This is important from the standpoint of treat-
ment. Temporary interruption of surgical manipulation,
an increase in oxygen supply, or a shuft to another anes-
thetic agent may abolish premature contractions, or shorten
2 paroxysm of a major ectopic rhythm, such as ventricular
tachycardia. These are the primary measures in treatment.
When their application is not feasible, or when they prove
unsuccessful, one may turn to specific drugs. In this connec-
tion, it 15 well to mention that such drugs are not altogether
safe, that in the majonty of cases the ectopic rhythm is
fleeting and terminates spontaneously, that the use of the
electrocardiogram for an accurate differential diagnosis of
the ectopic rhythm durmng surgical operations presents
technical difficulties, and that the conversion of an irregular
thythm into 2 regular one by a particular drug is not
necessanly advantageous, for the irregular rhythm may
have been due to the relatively inconsequential premature
contractions, while the regular one may represent the
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creased catbon dioxide, anoxemia, trauma, hemorrhage,
and shock.

Disorders of the mechanism of the heart beat in surgery
and anesthesia have, in some respects, the same significance
as similar disorders occurring under other conditions. It
was pointed out in previous chapters that, in persons with a
structurally normal heart, or even in persons with heart
disease, the sudden onset of a rapid heart rate, as in a
paroxysm of auticular tachycarda or fibrillation, is usually
of no serious consequence, but that in some patieats with
hypertension, coronary sclerosis, or ather forms of heart
disease, especially in an advanced stage, it may impair the
coronary circulation or cardiac function sufficiently to bring
on cardiac or periphersl circulatory failure. Regardless of
the condittons under which they occur, the need, in such
cases, for prompt and vigorous measures to terminate the
ectopic thythm 1s self-evident. Attention was also called
to the fact that premature contractions constitute a minor
disorder, the most common amony the abnormal rhythms.
They are harmless and, 1f the patient is without a disturb-
ing awareness of them, they may be allowed to go without
treatment. The major forms of disordered mechanism,
such as auricular fibrillation, ventricular tachycardm, and
ventricular fibrillation, comprise but a small proportion of
the abnormal rhythms during surgery and anesthesia,
probably less than § per cent. Premature contractions here
also constitute the vast majority, and they are equally
harmless from the standpomnt of the mechanics of the
heart and circulation, However, the factors they often
represent are potennally more dangerous. They signify
that the heart is exposed to such influences as trauma,
reflexes, dehydration, anoxcmm, or a toxic anesthetic agent,

ble combinations of el capable of crusing minor
or serious cardiac disorders. With one factor or combination
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quinidine sulfate in propylene glycol by intramuscular in-
jection in man. Preliminary observations disclosed a curve
of action for quinidine, when given in this way, which
would seem espedcially suited for use in prophylaxis. Experi-
ence is needed to establish the most favorable plan of dos-
age, which would take into account individual differences in
susceptibility. From our present knowledge, I would sug-
gest an intramuscular dose of 0.3 Gm. (5 gr.) to 0.4 Gm.
(6 gr.) every 4 hours for 3 or 4 dases, with the last dose
about 1 hour, prior to the anesthesia, as 2 means of pro-
viding a fairly effective concentration in the heart at the
time it is most needed. This dose may then be continued
at intervals of 4 to 6 hours until the danger of a disorder
of rhythm has passed.

Q_/zz’ﬁ

Combined Use of
Quinidine and Digitalis

ITH the introduction of qunidine for the

treatment of auncular fibrillation, there
soon arose the question of the relation between the actions
of this drug and digitalis, since up to that time digitahs
alone was widely used in the treatment of auricular fibril-
lation. The difference in purpose of the two drugs was well
appreciated. Digitalis was used for the control of heart
failure and for the slowing of the heart mte in patients
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more hazardous rthythm of ventricular tachycardia induced
by the drug, In view of the foregoing and of the fact that
ectopic rhythms which appear during surgery and anes-
thesia are rarely fatal, the routine wse of drugs in the
endeavor to terminate an abnormal rhythm as soon as it
appears cannot be satisfactorily defended.

Several drugs have been tried with varying degrees
of success, Quinidine is highly effective in the majority of
disorders of rhythm which occur during surgery and
anesthesia. In a previous section, attention was called to
its use even in the absence of a differential diagnosis. In
extremely urgent situations, it may be given intravenously.
‘The method of injection which provides the highest chance
of success with a minimum of risk is described in the section
on Ventricular Tachycardia.

In less urgent situations, the intramuscular route will
suffice. The preparation of choice for this purpose is quini-
dine sulfate in propylene glycol (see section on Prepars
tions). A dose of 0.4 Gm. (6 gr.) produces its maximum
effect in about an hour, The dose may be repeated in
accordance with the principles described in the section on
Dosage, until the desired result is obtained.

Prophylaxis is an important aspect of therapy of dis-
orders of rhythm in surgery and anesthesia. For this pur-
pose quinidine holds out the greatest promise. Little is
known of this phase of the problem: the most favorable
cases, Toute of administration, or dosage. The routinc use
of guinidine prophylactically in cyclopropane anesthesia
has been suggested. The regimen of an oral dose of 03
Gm. (5 gr.) at night, repeated in the morning before
operation, and additional doses as necessary, has been used
as 2 routine n cardiac surgery. The oral route would ot
seem to be the most favorable one in surgery and anes-
thesiz. There is always the risk of vomiting or diarrhea.
Modell, Gluck, 2nd I carried out some experiments with
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which leave little ground for a secure decision 2s to the
wisdom of either using them together or avoiding their
combined use. With respect to the action on refractory
time, qunidine prolongs it, while digitalis, through both
vagal stimulation and direct action on auricular muscle,
wsually shortens it, but by the action of increased force of
muscular contraction, digitalis may also prolong refractory
time, On the speed of conduction in the auncle, quinidine
acts to slow conduction, while digitalis tends to accelerate
it. The action on conduction, in the case of digitalis, would
operate in the direction of terminating a circus movement,
since more rapid conduction may create smaller circus
pathways, while, 1n the case of quinidine, the action on con-
duction would operate to perpetuate a circus movement.
The action of quimdine to prolong the refractory period
and of digitalss to speed up conduction, operating simulta-
neously, would make the combination of the two drugs
more effective in terminating fbrillation of the auncles
than quinidine alone. There would remain the question
how often such selective combination of actions can be
secured.

There are other questions which leave the matter of the
combined use of the two drugs in auricular fibrillation in
a state of uncertainty. There is the pomnt that the anti.
fibnllary effect of drugs may be due to an as yet undeter-
mined mechamsm, not necessarily related to measurements
of refractory time or conduction speed. There 1s the fact
that while quinidine often terminates fibrillation of the
auricles, very large doses sometimes give rise to fibrillation
of the ventricles. It 1s well known that digtalis sometimes
preapitates auricular fibnllation in patients with 2 normal
rhythm, and there 1s some indication that digitalis occasion-
ally termunates fibrillation m the auricles, possibly the
consequence of such factors as improved myocardial func.
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with auricular fibrillation, while quinidine was used in the
endeavor to abolish the fibrillation in the ausicles and
establish a normal rhythm. Are the actions of these two
drugs on the heart so independent of each other that their
use at the same time would produce results similar to
those of each alone? Do they exert any antagonistic actions
so that the presence of one might erase the effects of the
other? Or are the actions of the two drugs such, that when
they operate simultaneously, the effects might summate or
potentiate, or give rise to new effects, therapeutic or toxic,
which might not be predictable from the known actions of
cach? These were the kind of questions that have arisen,
and a sizable literature bearing on them now exists.

It can be stated at once that some of the answers are
inconclusive from both experimental and clinical experi-
ence. Practical recommendations are not in accord, First,
there are those who advisc against the use of the two drugs
simultancously, and advocate that failure should be
brought under control by means of digitalis alone, and
that quinidine should be used after an interval, to abolish
the abnormal rhythm. This is based on certam established
antagonistic actions of the two drugs. Second, there are
those who advocate the combined use of the two drugs on
the grounds that their antagomstic action with respect to
fibrallation of the auricles can be overcome by a slight in-
crease in the dose of qunidine. Finally, there are those
who have failed to observe any practical antagonism
between the two drugs. They have sccured the action of
quinidine in abolishing auricular fibritlation with similar
doses in patients who had been digitalized as in those who
had not.

An examination of the expermental observations relat-
ing to both drugs reveals a complesity of actions for each,
and a greater complexity when the two are used together,
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not predictable. In animal experiments in which the cardiac
rthythm remained normal after large doses of digatalis,
small doses of quinidine sometimes and quite unexpectedly
produced ventricular tachycardia, and 1n others, 2 moderate
dose of quinidine, after a toxic dese of digitalis, unex-
pectedly produced complete eardiac arrest. These results
followed doses of quinidine which caused no such effects
on the heart that was free of digitalis. The most striking
result was scen in the experiment i a dog, in which 2
total of 40 mg. of quinidine per Kg. intravenously caused
only marked sinus acceleration, but in one possoned by
digitalis, as little as 3 mg. per Kg. caused prompt sinus
arrest.

The use of the two drugs together in human cases has
produced undesirable results, sometimes predictable, but
at other times not easily explained, It is well known that
in patients with auricular fibriflation in whom moderate
doses of digitalis have slowed the apex rate to about 80
2 minute, an oral dose of 0.8 Gm. of quimdine may erase
most of the digitalis slowing and accelerate the rate to 120
a minute or more. The reverse result is occasionally en-
countered. A striking example may be ated. A male

| patient, age 64, with arteniosclerotic and hypertensive heart
disease was subject to paroxysms of auricular fibrillation
during which the electrocardiogram showed 2 bundle
branch block. In these attacks, the ventricular rate was 180
a minute. The patient had mld symptoms of congestive
failure, and during the attacks of fibrillation, the failure
was greatly intensified. At first it was decded to use
digitalis to encourage the fibrillation to contmue and to
maintain a slow ventricular rate at about 70 a munute. This
proved only partially successful, for with full doses of
digitalis the heart rate slowed to 70 2 munute, but the
mechanism continued to shift back and forth between
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tion or marked shortening of the pathways in the complex
circus movement, which renders the fibrillation unstable.
Out of these actions of the two drugs, combinations of
effects are possible which might either promote or abolish
fibrillation. In the A-V node, digitalis slows the speed of
conduction by reflex vagal stimulation and by direct action
on the node, while quinidine exerts two conflicting actions:
one, to slow conduction by direct depression of the node;
and two, to accelerate conduction by blocking vagal func-
tion. When digitalis is first used to slow the ventricular
rate in patients with auncular fibrillation, and quinidine
is then given to abolish the fibrillation of the auricles,
there may result either further slowing of the heart rate
due to the actions of the two drugs in blocking A-V con-
duction, or acceleration of the heart rate may occur due
to the vagal depression by quinidine erasing the vagal
stimulation by digitals. On the contraction of heart muscle,
digitalis acts in small doses to* increase the force and in
excessive doses to diminish the force, while quinidine
exerts no appreciable action on force in small doses, but
also acts to diminish force i large doses. These and other
theoretical possibrlities exist and have been observed in
experiments.

In animals which received large doses of digitalis suf-
ficient to produce ventncular tachycardia, quinidine
abolished the ventricular ectopie rhythm, The result in
some was a sinus rhythm which was rapid because of the
vagal blocking action of quinidine. When the dose of
digitalis caused complete A-V block as well as ventricular
tachycardia, the quinidine abolished the latter, and the
result was ventricular standstill because the block prcventcd
the passage of impulses from the auricle to the ventricle.
Such results were predictable, but the combined use of the
two drugs in animals has produced results which were
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oped premature ventricular contractions and congestive
fardure with mild attacks of nocturnal dyspnea in two and
three weeks, respectively, after the coronary thrombosis.
Both were digitalized and the symptoms of failure dimin-
ished, but when the premature contractions continued and
recurred in groups of 2 or 3 beats, it was decided to attempt
to contral them by means of quinidine. One patient re-
ceved 0.2 Gm, (3 gr.) every four hours, and the other,
0.3 Gm. (5 gr.) three times a day. After the fourth day,
one of them described 2n attack of syncope while in bed.
The attack was over by the time he was seen by the nurse,
but the effect of loss of sphincter control presented suffi-
cient confirmatory evidence. On the second day, the other
developed an attack while the nurse was in the room. His
guze became fixed, respiration stopped, the pulse disap-
peared, and 2 convulsion ensued. In both cases, the cardiac
arrest recurred during a subsequent trial of both drugs.
Further observation in both patients estabhshed the fact
that the reaction could not be produced by the previous
therapeutic doses of digitalis or quinidine alone.

In the reports on the use of quinidine to abohsh auricular
fibrillation, numerous cases of ventricular tachyeardia have
been encountered. It is noteworthy that most of these
occurred in patients who had previously been digitalized.

The adminsstration of quinidine and digitalis 1
ously is widely practiced, especially m the attempt to
abolish auricular fibrillation. It has proved a successful
routine 1n the hands of many observers, and this alone
indicates that the dominant actions of the two drugs are
neither sufficiently antagonistic to interfere with the thera-
peutic results in the majonty of cases, nor are they such
as to lead to frequent serious accidents. I have had an
occasional stubborn case in which the prevention of par-
oxysms of auricular fib=illation seemed 1mpossible by quini-
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auricular fibrillation and normal sinus rhythm, both at 2
rate of about 70 a minute. Since the amount of digitalis
necessary to achieve this result was sufficient to impair the
appetite, the mamtenance dose was slightly reduced, but
this resulted in another difficulty, namely that when the
fibrillation recurred, the heart rate was again very rapid,
It was, therefore, decided to keep the patient moderately
digitalized and attempt to stabilize the normal sinus
rhythm by means of quinidine, The quinidine was begun
when the rhythm was auricular fibrillation and apex rate
86 2 minute. A dose of 0.3 Gm. (5 gr.) of quinidine
three times daily acted in a manner synergistic with the
digitabis and slowed the apex rate to 52 a minute, On the
third day, the normal sinus rhythm was restored, but
the rate of the sinus node was also markedly reduced, as
low as 46 a minute. In this patient, therefore, both the
S-A node and the A-V node were unusually susceptible to
the depressant action of quinidine, and it was found impos-
sible to use enough digitalis to control the failure together
with enough quinidine to maintain a normal rhythm,
without excessive slowing of either the sinus rate or the
ventricular rate in auricular fibrillation. When we at-
tempted to continue the two drugs, the patient developed
long sinus pauses during one of which coma followed by
a convulsion occurred. The tendency to extreme brady-
cardia disappeared promptly when the quinidme was dis-
continued. This is a fairly clear case of synergistic depres-
sion by the combined use of digitalis and quinidine on the
S-A and A-V nodes. Cases of cardsac arrest following quini-
dine have been reported. I encountered two such instances
in patients receiving both digitalis and quinidine, in whom
the evidence was fairly conclusive that the cardiac arrest
was due to the combined action of the two drugs. They
were both patients with coronary artery disease, who devel-
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drug, Several of the extracardiac toxic symptoms, those
grouped under the term “cinchonism,” such as impairment
of hearing, ringing in the ears, or clouding of vision, may
not be detected in infants or young children. In these,
more dependence is placed on electrocardiographic changes
to detect early toxicity, namely, the appearance of 40 or 50
per cent prolongation in the QRS time, or premature beats
of multiple fod.

‘There is no satisfactory evidence on the question of the

. tolerance of infants or children to quinidine, From the
practical standpoint, this is not very important, because a
course of treatment calls for establishing the necessary
dosage in each case by the repetition of a safe dose at such
intervals as will lead to gradual cumulation of the drug
until an effective level is reached. In the light of the
limited knowledge existing at the present time, it is expeds-
ent to use approximately the adult dose on a body weight
basis in infants and children. Accordingly, in the endeavor
to abolish an abnormal rhythm, the most satisfactory
Toutine at the start 15 3 mg. per pound of body weight
given orally every three hours, and continued unti! either
the ab | rhythm is terminated, or vomiting, diarrhea,
or prolonged QRS time appears. In the event of factors
precluding the oral route, qumidine in propylene glycol
may be given intramuscularly in similar dosage (sce section
on Preparations).

There is some limitation in the matter of dosage form.
Adults usually receive the drug in the form of tablets or
@psules. Tt is feasible in some cases to crush the tablet or
place the powder in a and admini ded

P it susp 1
in milke. A suspension of quinidine is sometimes more prac-
ticable. For this purpose, a § per cent suspension of quini-
dine sulfate in chocolate syrup (of the soda fountain) may

beﬂ}irtpared. This thick syrup masks the bitter taste fairly
wt
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dine untif the patient was digitalized. The fact remains,
however, that their combination in certain doses and in
particular individuals appears to have been responsible for
some hazardous effects, and the experimental evidence is
fairly strong that quinidine in otherwise nontoxic doses
may sometimes produce unexpected and disastrous results
in the heart poisoned by digitalis, These are the reasons
for the position I have adopted in this matter—to avoid
the simultaneous use of quinidine and digitalis wherever
possible, especially where large doses of both may be
necessary.

Q2372
Quinidine in Children

HE. indications for quinidine in infants and

children are the same as those in adults. It is
used in the treatment of premature contractions, auricular
tachycardia, auncular flutter, auricular fibrillation, and
ventricular tachycardia. There are, however, spedal prob-
lems applicable to infants and children. These relate to
dosage, preparations, and guides to toxicity.

The plan of quinidine dosage which has been deseribed
involves the repetition of a safe dose at fixed intervals with
a view to accumulating enough of the drug in the heart to
bring the abnormal rhythm under control. The single dose
is rcpmtcd until the therapeutic objective is reached, or
minor toxic effects result which call for interruption of the
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work of Lewis and his collaborators gave quantitative ex-
pression to some of these differences and the conclusion was
drawn that, gram for gram, quinidine is § to 10 times as
potent as quinine. They compared various compounds with
respect to their action in slowing the circus movement in
patients with auricalar fibrillation. They measured the
slowing caused by a large dose of quinidine and 2 similar
dose of quinine, and considered the ratio of the two effects
as representing the ratio of potency of the two drugs, For
example, when 0.6 Gm. of quinidine slowed the auricle
250 2 minute and a similar dose of quinine slowed it
only 50 a minute, they concluded that the first was §
times as patent as the second. It is now known that this is
not a vahid method of bicassay. The relationship between
the doses and the responses for each drug in 2 bioassay,
when charted, makes 2 curve which has a steep slope in
the middle and flattened portions at each end. Drugs are
compared in the dosage range shown by the steep, or sen-
sitive, portion of the curve. There, 2 10 per cent increase
in dose may produce 100 per cent increase in effect. If the
doses are t0o small or too large and fall in the range of
the flattened portions of the curve, the insensitive areas,
100 per cent increase in the dose may produce little or no
increase in effect, and as 2 result, differences in potency of
the two compounds may escape detection. Lewis and his
mll‘a,boramrs used ceiling doses of quinidine 1n their com-
Pparisons. The second defect lies in their seelung out the
dissimilar magnitude of effects produced by similar doses
of drug rather than the differences in doses necessary to
produce similar effects. In the dosage-response curve, the
Tatio of effects differs with the size of the dose. If, for
€Xample, 0.2 and 0.4 Gm. of quinidine fall in the sensitive
steep portion of the curve, the 0.4-Gm. dose may produce
tWice as much slowing of the arcus movement as the 0.2-
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Quinidine and
Related Compounds

UINIDINE of commerce is the natural
quinidine obtained from the cinchona bark.
It is 2 mixture of qumdine with approximately 15 per
cent of ditydroquinidine. The relatve potency of different
cinchona alkaloids on the heast in man presented an urgent
problem during World War II, when the East Indies
fell into the hands of the Japanese, who shut off the supply
of these drugs from the rest of the world. The shortage
could be overcome by the conversion of quiine anto quini-
dine and dihydrogquimding, but this raised the question x5
to whether synthetic quinidine was equally as effective 2s
the natural quimdine, and the further question as to the
relative effectiveness of synthetic quinidine and dihydro.
quinidine m disordess of eardiac rhythm. There are some
animal experiments mdicating that dihydroquinidine is
several times as potent as quinsdine on the heart.

The early observations in humans suggested that the
various alkalowds of the cinchona group are nat equally
effective on the heart, and that qunsdine is more potent
than quinine. Some of the results wore mconclusive Those
obtained by Wenckebach and by Frey were based on
general experience that quinidine was more frequently suc
cessful than quimne in controlling ectopic rhythms, The

24
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that idiosyncrasy to quinine and other levorotatory com-
pounds, in the form of urticana, coryza, or asthmatic
attacks, may sometimes be avoided by the use of the dextro-
isomers, qunidine and cinchonine.

Q25" O
Preparations of Quinidine

HE preparation of qumdine which is most

widely used by the oral route 1s quinidine
sulfate in the form of capsules or tablets. Quinidine sulfate
USP. 15 2 white crystalline powder with a very bitter
taste. It has 2 solubility of approximately 1.100 i water
and 1:10 in alcohol. Its solution darkens on exposure to
Light. For those who cannot take capsules or tablets, 2 §
Per cent suspension in chocolate syrup (of the soda foun-
tain) may be prescribed. The thick syrup masks the bitter
taste fairly satisfactorily. The usual dose of 0.4 Gm. (6
gr.) would be represented by 2 teaspoonfuls of the sus-
pension. This preparation 15 especially useful for infants
and children,

For intravenous injection, a unit of one ampule contain-
ing 0.2 Gm. (3 gr.) of qumdme sulfate powder and
another ampule containing 20 cc. of sterile distilled water
to be made up into a 1 per cent solution just before use,
is practicable. This dilute solution and a 24- or 26-gauge
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Gm, dose; whereas, in the case of 0.8 and 1.6 Gm., falling
in the ceiling portion of the curve, the effects of the two
doses may be indistnguishable. Their method, therefore,
as applied to the relative potency of two compounds, would
yield a series of ratios, none of which might reflect the
true relative potency of two drugs.

These defects were avoided in 2 recent study in our
climes in which several cinchona alkaloids were compared
with respect to their effect on the speed of the circus move-
ment in patients with auricular fibrillation. The results
showed that the potency of natural quinidine is the same
as synthetic quinidme and dihydroquinidine, that these
compounds are twice as potent as quinmne and cinchonidme
on the heart, and that cinchonine is the weakest of all.

Two other points of interest issued from these studses.
One was the indication of a qualttative difference in the
mechanism of action of quimdine and quinine as shown
by a difference in the level of the ceiling effect. The ceiling
for quinidine was found to be about twice as high as that
for qunine. Within a range of action represented by about
20 per cent slowing of the auricle, the same result may be
obtained by either drug, if twice as much quinine as quini-
dine is given. If more mtense action such as is represented
by 40 per cent slowing of the auricle is necessary to pro-
duce the therapeutic result, only quinidine can be used,
since such a degree of action cannot be obtained with
quinine, regardless of the dose.

The other point relates to the toxic actions, gastrointes-
tinal irritation and symptoms of cinchonism, These actions
in the two drugs do not run strictly parallel. A particular
effect on the heart which is attended by unpleasant side-
effects with one of the drugs, is in some patients obtained
with the other without unpleasant effects.

The work of Dawson and his collaborators has shown
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Routes of Administration

UINIDINE 1n the treatment of disorders
of cardine rhythm is admunistered by the
oral route in the vast majority of cases. As in the case of
other cinchona alkaloids, most of its preparations are too
imntant for subcutaneous use or for routine intramuscular
injection. There is indication that absorption after an mtra-
muscular injection 1s only slightly faster than after oral
adminsstration. The rectal route 15 not satisfactory. The
local irritation in the rectum may lead to an inflammatory
reaction, and even solutions of 0.5 to 1 per cent may not
be retained long enough for effective absorption.

The intravenous route may be used in cases in which
there is great urgency, or 1 those in which the oral route
15 not feasible, For thus purpose, 2 freshly prepared 1 per
cent solution of qumidine sulfate 1n physiologic saline may
be emplayed. This solution 1s neutral or shghtly alkaline.
It darkens on exposure to light, although there 1s doubt
whether this change 1 color involves any material change
in potency. Satisfactory solutions of qumdine sulfate are
not avarlable in commerce. It would be well to have at
hﬂ{ld 2 unit consisting of an ampule of 0.2 Gm. of the
quinidine sulfate powder and an ampule containing 20 cc.
of sterile distilled water for the preparation of 2 I per cent
solution of quinidine sulfate prior to mijection. There are
risks in the use of quinidine by intravenous injection
because of the toxicity of this drug in high concentration

99
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hypodermic needle help to insure slow intravenous in-
jection,

A 12 per cent solution of quinidine hydrochloride with
antipyrine and urea has been used by intramuscular injec-
tion with some success, but this solution is not stable and
crystailization tends to form in the ampule after prolonged
storage.

A 6.5 per eent (0.65 G, in 10 ce.) solution of quinidine
lactate for intravenous and intramuscular injection has
been prepared. The lactate is more soluble than the sulfate.
Some solutions of this compound turn yellow. The intra-
muscular injection is painful. More experience in jts use is
needed,

A 20 per cent solution of quinidine sulfate in propylene
glycol (0.2 Gm, 1 1 cc.) has been prepared for intravenous
and intramuscular injection. This solution remains colorless
and its intr far injection is sut wlly painless. We
have tried this material in several patients by the intra-
muscufar route. It produced either no pain or negligible
tenderness in the area of injectron. This preparation offers
great promuse for meeting the problems of pareateral
administration of quinidine. There 15 need for more
experience i its use.
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int the blood stream. This route of administration should
be used only by those who have had experience with it.
The injection is made very slowly, and the ohserver listers
to the heart for signs of effect during the course of the
injection, The detalls are described in the section on the
treatment of ventrieular tachycardia, in which condition
intravenous qumidine is more often needed than in any
other disorder of cardiac rhythm.

There is available in commerce an ampule of quinine
dihydrochloride. This is the most soluble of all the slts
of the cinchona alkaloids, 1 part in 0.6 part of water, This
has been used intramuscularly iz 2 10 per cent sofution
in doses of 0.5 Gm. in § . It is effective but gives rise to
painful indurated areas in the muscle. It 13 also sometimes
wed by intravenous injection in a 0.5 per cent solution,
the dilute solution helping to insure very slow injection.
One must bear in mind the fact that quinine, having 2
Jower ceiling of action than guinidine, may in some cases
prove ineffectual as a substitute for quinidine.

Other preparations for intramuscalar injection are men-
tioned in the previous setion. The ampule containing
quinidine dissofved in propylene glycol, mentioned there,
deserves special attention.
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Sinus tachycardia, see Tachycardia,

sinus
Susceptibility, differences 1m, 13-14
20, 2§
Surgery, 8o-35
intramuscular quimdive 10, 84
prophylactic quimdine 10, $4

11§

Suspension in fyrup, 93, 97
Syncopes 45, 60, 65, 722 91

Tachycardia:
nodal, 18, 46
paroxysmal auricular, 40-45
mechanism of, 41-42, 47
sinus, 38-39
ventricular, 4, 7, 14, 172 37, 59
61-71, 74-755 775 53-84
due to quimdme, 8, 89, 91
and electrocardiogram, 63, 67-
69

intravenous qumidize in, 70~

71
mechanism of, 62
precautions mn trestment of,
67-68
and prematore contractions,
36-37
“Test doses, 21, 26
Thromboss, coromary, sce Coro-
nary thrombosis
Tiontus, 13, 19
Tolerance, 19-21, 97
acquired, zo-21
in children, g3
Toxic actions, see Actions, toxic

Vagus, 7, 8-9, 13, 41, 43 §%> 70,
83

Ventriulas Gbrillation, tee Fibnl-
Tation, ventricular

Ventricolar tachycardia, see Tachy-
cardiz, ventricular









