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CHAPTER 14
Introg Uctory Remark

THE € of dierpagiy Tarks the begmm'ng of the

modemn er of cardrae therapy, Whole-leaf digi.
talis ang the Punfieq denvahves, the ac gl
sides, Continye 44 the mogt effective Tedicina) agents
in the

Muscle Strength and the worl]

heart €rapy i therefore directed toward yy, ToY.

Ing the function of the failing heary muscle and pa_
ing th 7] d Ocardiym,

Such direcy action on yp Myocardiym, All other
Measures 5re Ancillary The neegq for thege supple.
Mentary Measures 1y 5 given cage Vvanes invcmly with
the el’ﬁcacy of digitatyy
Durmg the lagy decade ntensyyg Study of the Patho.
8enesis of one of the features of €ongestye heart fay).
- Damely, edemyz accumulanon — focuseq
Attention o the kudney A Glomeryl,, tubular gy,
balance has peeq Suggested a¢ the ntcal facep m
the formangy of cardyae edemga 1,z Emphags on the
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role dney i ncreagy Cardiac jopq
through s: ate. Ctention pag broughs abouye
2 deviy ion Pt of ¢, prir aCy of ¢h,
heart iy, ; itian'ng a; ustaim'ng failyre, has
€N reacheq at whi, Argumens are being advanceq
ign to the heg, the ma or rofe in the compley

dram;, gestive €At faifyre, he ¢, ‘Ndency o
Tegard faj, € as the TSequence of renal imp, frment
has py tic |y plications 2 resyle therap,
is Sometimes 4, ed excluxively on sajs m2anipylation
achieveq h v, iou Tegim of ietary salt
restncuon, imerfercnce with intem'nal ab.
Sorptip, Promotion a2l saly Jogg The
mercuria] 4, reti the weyop: 8 scale haye been

e,
Proposeq ¢ the vitay IMplemenys for man,, ng con.
gestive heary failyre s
COgnition of the inscparablc intemclicn of car.
10, © Pathogenegs of
ide the, y Translated into Practice
this means thay digiealss is useful, vy but few ex.
Ceptions, dy, ing the €ntire COUISE of the evolution of
Cardiae failure, In ¢he early Stages ma Jor relance s
Placed o, digitals Measures that diminjsh heart
work, honever, are nog neglecteq As decompensa-
tion 4, vances anq digitals 20 longer OVErcomes ¢he
deten'oration N cardiae comperence, €mphasjs shifts
to the festrction of alt intare a
5



presents many problems. Questions of when and how
to administer the drug as well as how to determine
the adequacy of maintenance dosage are not yet fully
answered. During the past three years new data on
the action of digtalis have been acquired in our lab-
oratory. In this report some of our work and the
relevant studies of others are reviewed. These are
considered from five points of view: the mode of ac-
tion of digitalis and the clinical indications for its
use; the toxic properties common to all therapeuti-
cally active digitalis-like preparations; the changes in
the toxic threshold after alterations in body electro-
Iytes, atnal arthythmias frequently resulting from
overdosage; and a method Ior predicting digitals re-

for peutic effect before
d:glmlaauon




CHAPTER II

The Action and Clinical Use of Digitalis
in Heart Failure

Extracardiac Effects

The rational use of digitalis requires an understand-
ing of jts action on human cardiovascular dynamics,
The effectiveness of digitalis in heart failure has been
attributed to direct cardiac as well as extracardiac
actions, Withering was impressed with the diuretic
properties of digitalis and attributed improvement to
drug action on the kidneys.* His contemporary, John
Ferriar, was the first to conclude that the essential
quality of the plant was exerted on the heast, Pres-
ent-day concept is in accord with Ferriar's® view and
holds that mobilization of edema is secondary to im-
proved cardiac function.

Recent studies with Digoxin, however, show that
this ghycoside has a moderate but definite diuretic ac-
tion.® In patients without edems ar with noncardiac
edema a slight increase m saft and water excretion
follows its adminstration, When nornmal petsens are
given desoxycorticosterone acefate (DOCA) and an
mcreased salt intake untit edema forms, Digoxin in-
duces a profound diuresis parable qualitativel
and quantatively to that observed in congestive
heart fatlure  In none of these subjects did digitaliza-
tion produce alterations in renal or cardiac hemo-
dymamics Digexin may thesefore exest a direct effect
on the renal tubules Presumably, the drug depresses ~
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sodium reabsorption by competition with a DOCA-like
adrenal steroid that it resembles i chemical configu-
ratron.® In ordmary ehmecal failure the improvement
that occurs with digitalization frequently precedes and
at times 15 not associated with any significant diuresis,
“This suggests that of a direct renal factor is operatne
st 15 m all hilelihood subsidiary to the effect of digitalis
on the cardiovascular system
Is the climcal value of digitalis derived from a
peripheral or central action on the cardiovascular ap-
paratus? The reduction 1n venous pressure and the
enhanced cardiac nutput after dmnhzanon rescmblc
the changes d by
hlebotomy McMichael nnd Sharp:y-Schafer' therc-
fore concluded that digitabis acts through venocon-
striction  They reasoned that, by augmenting periph-
eral venomotor tone, digitahs lowered venous pres-
sure, decreased venous return and lessened the over-
load on the heart The result was a more efficient
and more compl of the heart
When ouabamn was the glycoside tested the same
observers found that 1n half the cases of heart failure
there was a defimte mcrease in cardiac output with-
out associated changes in venous pressure This in-
dicated direct stimulation of the heart® Others utihz-
ing cardiac-catheterization technics found no relation
between the magnitude of fall m venous pressure and
the degree of increase mn cardiac output Further-
more, the increased cardiac output preceded the fall
in the central venous pressure® Sumilar studies m
patients with 1solated failure of the left ventncle dem-
onstrated that with digitalization there was a sigmifi-
cant ncrease n cardiac output and stroke volume

£7]




accompam‘ed bya decreage in pulmonary Arteria] preg,

Sure, These Mere achieyeq Withoyg nltcmnom in
ighbventnc d-diastolye Pressure ap, could not pe
ascribeq a f the g Stemic venoys
Pressyre 10
Cardrag Aetion
Hect te heart 1y I &eneral thep, are tuo
oncepts of 4, ode of digitalys action o, the heay
e schoo) Onsiders g, t resto, ion ns3.
tion js o direcy ¢, ¢t medjateq throygy reduction
I rate, and the other , tributes ; o direcy action
] ocardium, Ckenzjets Lewige
ascribed 4 efits to g, Pression of :xmoventncu!ar
condyc, and vag, lslowmg of the b ate  Dig;
talis v, therefor, Sthicted 1 Patents vy atral
fbrillag, and Pid ven, cular e, onse. The
2TECr nump, Patieny Wwhose fa,; accom.
Panjeq h [rcquemly WWere not treateq
with digitalys g 2 view 557, NECT tenaple Ex.
fensive o, 1cal dy. attest g0 ¢p, fact ¢, t patients
with ! s, anism g, striki, gly benefited,
Xperi, i hac cu!hetcnzanon n failyre
demongy,, tes simyf, heme, e chy '5es after dig,
tals Clry, unde YIng rhy, €18 now
generaj), believeq hat, with the €XCEPtion of certam
Wing of 4p,

e pres,
fate oceyrs Withoue decompensnt:on, as in the sinus



tachycardas of fever, anemia and thyrotoxicosis, digs-
tahs is notoriously ineffective.
Atrial fibrillation may be an exception when rarc

rse is 2 factor ibuti
improvement. In patients with atrial fibnilation, »ho
are highly susceptible to rate fluctuations, the ventric-
ular rate reflects the state of compensation. When
failure Is accompanied by fibnllation with a rapid
ventricular response, slowing 1nvariably occurs with
restored T That rate red alone 15
2 wgmficant factor is indicated by the following ob-
senvation  Occasionally, 2 paxiem with mutral steno-
ss and pulmonary congestion, having normual sinus
thythm, farls to improve on digitalis only to show a
distinet clinical improvement with the onset of atrial
fibrillation  This change for the better may tahe place
on the same dose of digrtalis if the ventricular rate
after the onset of fibnllation becomes slower than it
was with sinus shythen Thas apparently results from
the ability of the drug 1 this mstance to slow the
ventricles when the atria are fibnllating, in contrast
10 its failure to do so when the rhythm s regular
Two mechanisms are operathe m slowmng the
beart.™ WWhen small doses of digitahs are admnis-
tered slowing is mediated by the yagus nerve and
may be abohshed by atropine or exercise. As the dose
1 ! factors pred The
resting rate with small or large doses of digitalis may
be the xame When the slowing 1s merely vagal, how-
ever, physical exertion causes exaggerated aceelera-
tion of the heart ' These facts account for the ob-
senation that further improvement mav be achieved
after more digttalis without rate alteranon In pa-

i8]




tiengs With atria) ﬁbn’l!arion ate response 10 exercise
Serves as an effective BaUge 1o (p, .udequacy of ther.
3Dy Such a clear~cut ind:cator Is absent iy Patients
with Rormal siny, thythm . IS in pary Tespongble
for the belief that digitalss ;¢ effectiye only 1n Patients
ion,

he major phannacologic effect of digitals 7, its

direct action g the myocardyyy, Digitafis increases

the force of Systolic Contractign ©f heare muscle, 13
i size,

Without 4 ton 1astolic g, 28, The
more forcefyy €ontracy, sults j, more Complete
ventricylay tying nise in olume ottpuyy,
e s alg, enhy, Pacity o Propel bloog
against ncreaseq Petiphery) Sistance 10 4 e same
time the duratjo, oL systole i 2bbrey;a e L allowing
8reater tin, for b, Ventricyla, lillx'ng d b
rest.1r diastofye size of heart 5 reduced 1¢

gen
dhastolje fiber Jengthis such 5 reduction size dy.
Mitushes tha OXygen €xXpenditype for any work opg.
put® pp. work €apacity of the heary IS increased,
and 5 ater Percentage of the hberateq energy,
therc[ore, S used 1y ¢he Mechancat Processes of short.
ening ang dc»elopmen! of tengyop, € Over-alf resyly
820 incregee M cardige eﬂicicncy and ougpy,, The
basie Pattern of Myocardy} derangcment that char.
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Clinical Use

The cardinal therapeutic salue of digitalis in failure
is ity abibty to increase a deficient candiac output. In
the usual case of chronic congestive heart failure the
effect on the inadequate output is continuous. In the

- pauent with inaprene failure, increase m output may
occur only during brief periods of the day when de-
mands for sofume or pressure work are beyond the
capacity of the myocardium  Measurable increase in
the cardiac output is not an invamable end sesult of
digttahs therapy It occurs only in the presence of
congestive heart fatluse

Harnson and Leonard® found that, when digitahs
is given to nommal dogs, cardiac output 1s decreased
by about 25 per cent Similxr reductions were ob-
senved in human and ammal studies m the absence
of orgame¢ heart disease In the presence of heart
disease, as by cardiac but in
the absence of failure, digitalis 1s abo ineffective 1w
raning the owtpt In a third of such panents studied
at rest with cardi due to cor pul le and
hvpertension, coronary-artery or vahular heart dis-
case, digitalis decreased the cardac output In the
remaiming pavents of this group output was un-
changed. These results with digitalis could not be re-
lated to a previous hustory of congestive heart farlure,
to heart size or to the mittal level of the cardiac out-
put® The effect of digitalis 1n increasing cardiac
autput therefore depends on the qualitative alteratons
in cardrac metabolism assocrated with Falure

Althongh farure 13 a prerequnte for the myocar-
diat effect of dugrtahs, ats presence does not assure

1]



(2 t

in cardiae tamponage OF constrie, ive Pericardigis .
Jess €Oncurren My ocardjy) failure exists 23 Digitalis
Provides Jig, benefi; iy, the Presence of active rhey.
matic Carditjs, 24,23 t has limiteq value i Cyanotje
Congenuta) heare disease 2 Finally, digitalis affords no
improvement in the Majority o Sases of so.calleg
high~ourpu! faddure o 1S group jy charactcn'z:d by
decreageq Peripheray arteriola, resistance Although
the Testing cardiae Output ;5 elevated j, does not g5
fice for Body needs altered by metabole op echani.
<al facyors It COompriseq such onditions a¢ thyro.
ro‘acosis, 2nemj, bcnbcn, Osteitis defazm:ms and
rterovengys fistulag

In the Majority of €ases of heary failure ghe loss of
cardiae Teserve i Associated yyjpy, 2 decreageg cardiae

output 1y s 8T0up of 4. lled low-output
failure 4o, the cardiae 8hycosides strengthen the eon.
tractle po,o of Myocard, lete or

Pendent of the heary o te or the undcrl}mg atnal
rhythm Why digitans 15 effectrye g, failure ang the

[12]



Manner jn which e demngement is improved Te.
main unsolyeq,

Plxy:i:n:lx:mt'ml Basis g5, Digitays Action
Suggestiong fegarding tha bioch cal site of digi.

eI
talis action are being adduceq from Studies o the
Contracyle elements of muscle Accnrding o the

the unjon of the COntractile Protems, Thee, Proteins
adsorh adenoxmemphospha!c (ATP) The Tesulting
acmmyosm-ATP Complex becomes mzuumally dis-

Charged ang fold 1th a Jogs of cnergy  Tpe enzy.
matie ydroly si of ATp faHow:, with myosin acty,
as an “AS€ and wyyp, 5 ase Phosphat,,
bond ene, BY 10 rechay, the contracy,), tem ang
Tetum 4 gy Telaxed stapg, 8 the recoye,
Phase of 4 ardiac Cycle, catapy), SSES remvyesy

energy into the A’ molecyle g that 1t serve
28ain a5 gh, Primary high-cncrgy Phosphate donor
0 the ¢ejf

¢ compley Process here outhned hag been arby.
tranly divided mto tyg 25e8, one of EDErgy produc.
tion, dunng which substraze and OXygen are utilized,

[13}



7ot 1 the phage of aerobic ENergy release byg rather
in the conversion of the normalfy available energy
into usefy) work .30 Presumably, the defect resides
in the Overstretched contractle elements of the mus.
cular machine

On the basis of chinicaf €Xperience (hay digitalis
ACls mamly in low-output failure 11, biochemical
site of yg action jg Apparently limited 10 the encrgy.
utilization phase J¢ may therefore be anticepated thys
digitalis 1 Some manner affects eithey the contractile
elemens themselyeg or the Oncentration of intra-
cellular Potassium thae mediates the contractile aetion

In vitrg studies are Providing ey dence of such ac.
Uon - Digitalis can accelerate ghe SPiraling of myosin
threads st Digaitans €ompounds ajse, speed the poly.






atria} tachyearg;, when simpley Measures of vagal
stimulation haye Proved unavailing.

As an jjjys,

Principleg discusscd, One mj,

quent errop that era)

Patients the Iapger decades fife whe complagy
d,

tration of the applicagion of some of the
Commeny o,

of dysp, are not hel, ed by digitalis T rug i
b becayse hears disease "7 the usyyy Cause of
shortneqs f brearh, n the elderty Person, pn these
S, howeyey the dyspnes Proves ¢4 ronchia}

m 0d part of Picture of pulmonary em-
Physema, ise ld readily hay, been avoided
Cause the p, Tt ung, these circyp, tances not gp)
5 not en, d byt may even maller thap
normga Previoys physiologic considerations

e
it coulq be inferred that if tpe heary 4 B0t dilated,

is very unlikely that digitalis would afforg any benefit

There ,, itions i o in signs ang
SYMptomg Simulage heart foy) re bup digitafjs s worth.
fes i Y have g €3, rales ang varied
Pulmony,, dings Owing Achicctasss, Jung
tumor er pry ary TCSPiratory, |, S — mam-.
festationg that ap 0N 11 hears failure ang yet
occyr Withoug heary diseage Sim'laﬂy, an enlarged
ver dye €C’S Cirrhosys Or neoplaspy, may be
confyseq with 1ght-side farlure, wnally, Peniphera)
edemg ), Meroys Causes apary from heary farlure
In aj 4, S Simple hen, IC studies, sych,
as dcrcrmmanons f vengys pre: d crreufation
time, 4 1] -ray Xaminanon for Vascular cop.
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talis leaves are that it produces less nausez and does
not require biologic standardization On close scru-
tiny, however, the value of digitoxin may not be so
great as it seems, Whole-leaf digitahs preparations
that are now available are carefully dardized by
the various manufacturers Although the absorption
of digitalis from the gastromtestinal tract varies some-
what, the clinician may stll detect the effect of the
dose that is absorbed and alter the amounts admin-
sstered accordingly, The prolonged effect of digitom,
sometimes exceeding three weeks after discontinuation
of the drug, is a definite and serious disadvantage In
the seriously ill cardiac patient the symptoms of digi-
toxin d cannot be distinguished from increas-
ing decompensation by the simple expedient of stop-
ping digtalss admimstration for a few days

“ )
doses vary considerably and even 1,0 mg. as an initial
dose may be excessive In Table 1 can be seen the
speed and duration of its action

A rapidly ehminated digitals compound s pre-
ferred 1n patients with advanced heart failure who
are subjected to rigid salt restrictton In the presence
of severe d p 1t 15 frequentl r
whether opttmum benefit 1s bemng derived from digh
talis There 15 no way of telling whether more digi-
talis will improve myocardial function except by gving
more digitals  Such manipulation of dosage incurs
the hazard of overdosage Furthermore, in these pa-
tients the myocardial threshold to the toxic action of

[20]
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ﬁbn'IIalion and Tapyd heare fate, tp, initiay tachycar.
"2 recyrg n ¢ d on
Achieyeq the initia) lever j 10t restore, or five 1o
Seven dayg 12
ome haye Objecteq to the use of Digoviy, becayse
s rapyg climinatinn tis argued thyy Omission of
the drug g, 2 da; f

h
more vy €ause Jog digtal.
Zation, pto, Atlure, how, T, are f.
fective than ‘the nition of g, Physiciay, in di
iplinin t i ke the 8 With negyy

u
Digovp, “onsists iy, tailorj, © "1 dosage 4 4 ¢ specific
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In caq of emergcnc; for the Patieny with Tapidly
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CHAPTER 111

Digitalis Intoxication

Subjective Manifestations

Although idiosyncrasy or hypersensitivity rarely if
ever occurs, digitalis toxicity has been a problem since
the introduction of this drug Little can be added to
the keen observation of Withering* on the results of
overdosage:

syncope and death,

All therapeuti active digitalis prey may
produce toxicity The absence of toxic properties in
a digitalis body is evidence of the cardiotonic inert-
ness of the preparation.? The occurrence of toxicity
bears no relation to the digitalis compound employed
but is conditioned by the extent of failure, the under-
lying etiology of the failure, the cardiac reserve, the
electrolyte balance, the concurrent use of other drugs
and numerous other factors

Anorexia, nausea and vomiting are among the ear-
Liest and most bjecti of
digitalis overdosage. These symptoms occur whct.h:’{
the drug 1s administered orally or intravenously:
Emetic movements are not prevented by the extirpa-

[24]







lassitude, apathys confusion, disor'\emaﬁon, debinum,
SLupory aphasia and at tmes psychot'\c pehavior pat-
terns. Degcncrm'we glial an g'anghonic celtutar
changes i0 the brain stem and cerebettum have beent

s f a

found in {aboratory animals poisone with digita

Cardia¢ Disturbances
The most ymportant toxic effect of digitalis ison
{he heart. Every form of arrhyt ia and ‘conductio®

Qisturbanc® has been amibuted to this gt I e
resence of severe myocards 1 damage tisac mrmon
cause of v tricular ‘tachycardt o It obably 2%
occasional recipitant © d toch
These extreme yeactions cfine the Y i poten!’m\ of

m a de-

Sedbled] T
h gonism petween the vagus NEVE
sect digitalis effects on conduction recovery
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son. The margin of safety with all pxepam!ions is
Yimited. For any digitalis agent appmvmate\y 60 per
cent of th qoxic dose is requ'lrcd 10 achieve & theras

peutic effect. I this respect Digosin, digrtodin 30
- eaf ¥

Elcctrocardmgraphm evidence ©

always present- Adv:mccd intoxication may esst con-
tinuousty wth only spomdlc elect: cardlogmph\c
m nifestatio \geminy 1 such cases © brought
on by dlight © crtion, 4eP ati yEe therapts
straining © he bed pan otional U’ et. THE
electrwcard‘\oo at one mOM t sh p:ricctly
nol thyth wh a few mnutes 1atel \entric”
ular achycard m: dominate U preture: with
advancing gestive heart fanlure i rgin B
cween ther eutic and ® deercast Tnsuch
p:nicm.s, 1 e g tell tale v alar Pre”
Tnature D ats 10 ¥ usprcion £ dosage
mercun:s\ dsures
Towcity § proton ed uration afte?
i Yhen nause omuting 2%

vorm!
cxtmsystcles appeal the pracice 15 to SOP digiahs
s persist unaltered after three or four

{301



days or more the difficulties are attributed to the
severe failure rather than to the digitals, The re-
sumption of digitalis under these circumstances is haz-
ardous and further compromises 2 fimited cardiac re-
serve, When critical electrolyte shifts are produced in
animals digitalis toxicity usually persists for the dura-
tion of the electrolyte derangement. By this means tox-
icity has been prolonged forty times its usual dura-
tion °* If the same phenomenon held true for the hu-
man being in cardiac failure, who also suffers grave
disturbances in electrolyte pattern, toxicity would last
many months alter digitalis had been stopped  This
may account for the observation that small amounts
of digitalis can initiate grave arrhythmias even after
K Lol et s 3

S PR SORE N RN P

lack of well defined myecardial lesions resulting from
tovic doses  In animals an excess of digitalis produces
areas of necrosis and fibrosis, especially m the sub-
endocardial regions of the left ventricle % The ad-
i of atropine duminishes and that of epr-
nephrine mereases the susceptbility of the tested ani-
mals to the pathologic lestons The underlying mech-
anism for the necrosis may be severe coronary vaso-
constriction or a shortened period of coronary fll-
ing® No morphologic changes have been noted n
man Smee death from chgitalis finds no pathological
¢orroboration the sigmificance of the digitalis toacity -
Is often overlooked 'The evceptions are the rare g2
Evuh continuous electrocardiographic trac="
Just before death There are only 6 ¢~
induced ventricular fballation.
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son. The margin 'og safety with all prepnmﬁonx is

fimited For any digitalis agent uppmxxma!c\y 60 per

. a

that with gitalin only 2 third of the toxic dose 38 1%
quired for the therapeutic effect This finding awaits
confirmation- wWith alt digitahs campounds, once 1%
jcity emerges a substantial percentag® of the fatal
dose has been administered When yentricular €2
systoles are produced in animals, from 50 to 80 pef
cent of the minimal tethal dose hos peen given o6

Elect i hic cvidence of overdosage 3* not

1M

straiming o0 the bed pan or emo!
e\ectmcardiogmm at one moment shows & per’
1

ro
is to StoP dignabis

cx(ms)slo\cs appear’ the practice s
after three or four

1f the symptoms persist unaltered
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no evidence of an
only a few extrasystoles lasting for mine minutes. A

standing the large amount of digitalis, he experienced
4 hibited

Tie Ouapary Ammaat, Rare
) 260

) .
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230 13ms__ 260

1 1 1
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e I
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Fioure 1 Electrocardiograms in a Tuwenty-Year-Old Man

without Orgamec Heart Disease but wath a Spontaneous Epr-
sode of Flutter

A shows the tracing on mamtenance digiiahs therapy,

and B the tracing after 13 mg of ouabain had been giwen

ntravenously to snduce further ventnicular slowsng Occa-

sonal premature ventricular beats occur over @ pensod of
nine minutes

contrasting experience 15 shown m Figure 2, A pa-
tient wath severe nght-sided and left-sided failure due
to coronary-artery disease and previous antenior and
postenior myocardial infarctions® had been off digi-
tabs for about five months because of nausea and
vomiting, To test his responsiveness to digitals, he
was given 12 mg of acety] strophanthidm intrave-
*This case 13 more fully discussed by Enselberg et al®
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conduction”™ (Wulﬂ‘ Parhnson-whnc symdrom:) fol.
lowed Shortly ERY pr

rthythm developed, The severe intowication lasted {or
abeut thirty minutes Two days later half the dose
of acety] strophanthidin again evohed marked tox-
seity,

These 2 patients demonstrate both the difficulty
and the ease of producing intoxication. The under-
fying status of the myocardium is one of the impor-
tant factors responsible for this difference. The nor-
mal, therefore, differs from the failing heart both in
Tesponse to beneficial and in toxic actions of digitalis
1t may be that toxicity is but an extension of the thera-
peutic effects at the cellular level.

Rusing Incidence of Digitalis Intoxication

With the introduction of the puﬁﬁed glycosides it
was expected that the incidence of intoxication would
duninish The patient on such maintenance therapy
is assured a constant dosage because the uncontroliable
“ariation in the potency "o digitalis-leaf preparations
\s removed The mnvcrsc howcv:r, h:\s bcen true

given are that the glycosdes are more tu‘uc than Teaf
and that the ¥y are or
absent Both these contentions are wthout climcal
substance. The pattern of towcity is the same irre-
spective of the drug emploved  The therapeutic-toxic
fatio, the only vald way of comparing digitalis com-
gound:, is approximately the same for nearly ail these
gy
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The increasing frequency of intoxication, we believe,
is related to the current manner of digitalis usage and
the changi) hods in the of patients
with congestive heart failure.

With the punfied glycosides rapid intravenous dig-
italization has become a common practice, As a rule
this route is not justified. Digitalis intoxication more
often follows intravenous medication; furthermore,
the oral route permits prompt and effective achieve-
ment of the same result, A more serious problem
derives from dogmatic oversimplification in dosage
prescription A single-dose method for digitatizing
with digitoxin has been p Igated. Patients are
given 1.2 mg of digitoxin at once and are maintained
on 02 mg daily. The administration of equivalent
amounts of digitahs leaf or tincture is not possible
because of the high incidence of prompt gastroin-
testinal upset from direct local irritant action.™ This
method has gained vogue because of its sumpheity
The practice is of little hazard to the ambulatory
cardiac patient with early failure, especially since 1.2
mg of digitosn, as shown by DeGraff and his asso-
crates,* 15 a subdigitalizing dose in most cases. Intod-
cation, however, has been repeatedly observed even
with this dose * For the patient with serious cardiac
disability the dangers multiply. Much of the toxicity
reported since the introduction of the glycosides has
been due to digitoxin, The validity of the single-dose
method holds for the “average” cardiac patient Clini-
cally, such patients are seldom encountered This 2p-
proach creates pharmacologic nigidity for the patient
with congestive heart failure Until a simple proce-
dure has been devised for predicting digitalis require-
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ments responsible practice demands empinc individ-
ualization in dosage schedule for each patient.

Another factor responsible for the increase in fox-
icity is the expanding life span of patients with heart
discase. Antibiotics, salt restriction, surgery and ap-
pheation of newer physiologic principles to therapy
have contnbuted to the lengthening of Ife The
patients who are salvaged by these means have pro-
langed life expectancies with greater opporturuty for
even severer heart failure to develop It has already
Dbeen emphasized that these sicher patients are more
prone to toxicity

Perhaps the most unpon:mt reason for the nse. in

e incid of digrtals i 15 the

F e ol on el 1
Restriction of salt ingestion and admurstration of mer-
cunal dwretics, tum chloride, catton-exchan;
resins, carbonic anhydrase inhibitors and cortisone are
becoming part of the therapy for failure All these
measures induce changes in electrolyte metabolism
and may alter the threshold of the mvocardium to
dipntalis mumr_-mon. Such electrolyte shfts will n-

J digitabis of

heant I;ulun:. “This prob)cm is dealt with in the next
chapter,

4 3
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CHAPTER IV
Electrolytes and Digitalis

Calcium

The classical studies of Ringer’*15* demonstrated
the dependence of cardiac contraction on the efectro-
Iyre eavi In these early experi wath the
perfused frog heart, it was learned that calcium and
potassium ions were antagonistic in their effects on
c When the jon of calcium in
the perfusing medjum was raised, a more vigorous
systole ensued. When the concentration of potassium
was raised, increased relaxation resulted In the ab-
sence of calcium the effects of potassium prevailed
and the heart stopped beating in diastole On the
other hand. increasing the concentration of ealcium
caused systolic arrest of the heart, the so-caffed “cal-
cium rigor

In the intact amimal raismg the serum level of cals
cium by mtravenous injection causes bradycardia and
T-wase changes. The reduction in heart rate js prob-
ably of vagal ongm since it 15 reversed by atropine
Continued administration of calcium results m ven-
tricular fibrillation and death 1#43%

‘The injection of caicium salts m human beings in-
duces bradycardia, smus arshythmua, shifting pace-
maker, various degrecs of heart block and multiple
extrasystoles of large and unusual form There may
also occur a flattening of the T and P waves These
effects are transient.’%557 Low levels of serum cal-
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cium are associated with prolongations of the QT i
terval. The increased duration of electrical systole is
not panied by a p ged hanical yys-
tole 1%

Caleium and the digitalis glycosides act synergisti-
cally to increase contractility of the frog's ventricle.
At any given calcium level there is an optimal con-

fon of p at which 1s maxi-
mal The cardiac glycosides behave as though they
were substituted for a certain amount of caloum
The complex mterrelations between calcm, potas-
stum and ouabain have been expressed n a d'Oragne
P o

shortened the survival time of the ;;repamuons.""
This has not been corroborated in the mtact antmal
organistn When calaum was admunistered to both
digitalized and nondigitalized dogs no differences
were detected 1 the electrocardiograms at the same
serum levels Furthermore, the mode of death, the
lethal dose and the serum lesel of calcium at which
{atality occurred were the same in the two groups
The conclusion drawn from this study was that cal-
clum and digitabs were neither synergistic nov evert
completely additive et

In digitahzed patients deaths have been reported
following intravenous snjection of calcium % The
mechanism respensible for fatality is uncertan It 15
possible that the fallirg heart may be more sensitive
to the toxic action of calerum  The relation between

{23



caleium and digitals in patients with heart disease
remains to be explored.

Magnesium

Magnesium salts depress the contractility of volun-
tary and cardiac muscle.!*>#%¢ Hygh serum concen-
trations produced by f 1 administration cause
bradycardia, conduction disturbances and eventually
cardiac arrest.**? The depressant action of magnesium
is not mediated by the vagus nerve since it persists
after vagotomy or atropinization 193297 Death ensues
from respiratory failure

A consistent effect noted after intravenous mag-
nestum administered to patients 1s a feehng of intense
heat in the throat which radiates downward through
the body and is associated with visible blushing.i®®
It has bren claimed that magnesium is effective in

g ventricular tachycard d fibrillati

P!

after large doses of fal diur-
etics 10

The capacity of magnesium to abolish digitalis in-

ion was first d by Zwillinger.'™ He

successfully treated a patient with ventricular flutter
after mtravenous strophanthin by the intracardiac ad-
mmistration of magnesium, He also reported thc.pm-
tective action of magnesium against digitalis poison-
ing in frogs and dogs However, ventricular tachy-
cardia and fibnillation can be provohed in dogs despite
high concentrations in the blood.'®® Ensclberg z‘nd
co-workers found that 20 cc of 20 per cent solution
of magnesium sulfate when given rapdly by intrave-
nous route to cardiac patients abolished or reduced
the frequency of extrasystoles due to digitalis ** The
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efect was nearly instantaneous, but of very short dura-
. - S 1, PR

The therapeutic use of magnesium for dhgitalis 1n-
toxication 1s limited by its transient action and by its
occasional undesirable effecty

Potassium

‘The importance of potassium jons for heart function
was pointed out by physiologists near the turn of the
century.”*" These observations were overlooked or
neglected unul chingeal assocratrons called attention to
them Of all the ionic alterations encountered in man,
those due to potassium have the most pronounced
effects on the heart. One of the properties that dif-
ferentiate potassium from other catous is its high rate
of mobility across cell membranes®™ This may be
the basis for the critical role of potassium m muscular
excitability and conductivity It appears that the
migration of potassum fons links the electric phe-
nomenon of excitation with the biochemical process
of enery release essential for the mechamcal event
of contraction.

Changes in body potassum content when accom-
pacied by al m
are reﬂccted in the electrocardiogram  The effects of
both hyperkalemia and hypokalezmz on the heart
have been adequately repotted

A profound relation exists between digitalis and
potassium. Digitalis affects the potasstum concen-
tration of the myocardial cell There 15 general agree-
ment that toxde doses of digitahs hiberate potassium

(4]




from heart muscle® Skeletal muscle also Joses por
tassium when poisoned with digitalis *** Digitahs sen.
sitizes the heart to acetylcholine and vagus-nerve in.
hibition; these two factors have been shown 1o be as-
sociated with a d 1 intraceliul
of potassivm *** Tt may be that Jiberation of cellular
potassium is the result of the depletion of energy-rich
phosphates that occurs with digitalis overdosage '™

No agreement exsts on the eflects of therapeutic
doses of digitalis on cellular potassium concentration.
The whole range of possibilities from no change in
potassium®®* to cellular foss* and gain®** has been
reported, Boyer and Poindexter®® attribute the ther.
apeutic action of digitalis to restoration of cellufar
potassium and 1mproved cellular hydration The re-
semblance between digitalis and adrenal steroids in
chemical structure prompted the suggestion that
there may also be a similanty in function m that digi-
tabs acts to maintain potassium within the cell, Other
similarities have been noted The cardiac glycosides
as well as the adrenal cortical hormones protect rats,
mice and cats agamnst lethal dases of potassum and
prolong the hfe of adrenalectomized animals.}™

A converse relation also exists: changes in potas
sium concentration influence the action of digi!ali.s.
At present, data are available pamanly on the tode
effect When the isolated striated muscle of a frog it
treated with ouabain there is an initial rise in tension
and heat production, follawed in time by loss of £¢
citabilty Jmmersing the muscle in Ringer's solution,
which contains potassium, causes a reversal of 10%
joty #* When rabbits are given potassium salts the
Tethal dose of ouabain is increased. Similarly, when
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the isolated duck heart is perfused with fluid of high
potassum concentration the toxic action of digitalis
is inhibited ® This inhibition may be due either to
depression of myocardial irritability by potassum or
to the interferente with the escape of cellular potas-
sium when the heart is exposed to large amounts of
digitalis

In man potassium salts reduce or abolish ventnicular
extrasystoles and at times reverse paroxysms of ven-
tricular tachycardia ® * The effectiveness of potas-
sium 13 not contingent on the precipitating factoxs of
the arthythmia C leden?”” found that

induced v beats were p ted
when the patient was pretreated with potassmm He
was also ful in les occa-

sioned by msulin hypoglycemia 1n a diabetic paent
Sampson,#” who first mtroduced potassium i the
treatment of clinical arrhythmia, noted that 1ts action
15 more effective when the disturbance of rhythm 15
caused by digitalis Other investigators have con-
firmed that potassium 15 promptly effective agamnst
many of the arthythmas produced by digitalis +4 #%6°
1t has been reported that potassium salts also ehminate
the symptoms of overdosage and rap:dly promote a
sense of well-being m patients with digitalis poison-
g &

Potassium Metabolsm in Heart Failure

Electrol 1 1

and water m congestive
heart farlure are due both to derangements in heart
funcnon and to the therapeutic procedul’es in current

In heart failure the excretion of sodium is impaired
[431



from heart muscle 20 Skeletal muscle also Joses o
tassium when poisoned with digitalis 3" Dygicalis sen.
sitizes the heart to acetylcholine and vagus-nerve in.
hibition; these two factors have been shown to be as.
sociated with a d d 1l i
of potassium, 7 ¢ may be that liberation of cellular
Potassium is the result of the depletion of energy-rich
phosphates that occurs with digitalis overdosage "

No agreement exists on the effects of therapeutic
doses of dugitalis on cellylar Potassium concentration,
The whole range of possibilities from no change in
potassium®®® to ceflular loss*® and gain®* has been
reported. Boyer and Poindexter®® attribute the ther-
apeutic action of digitalis to restoration of cellular
potassium and imp: cellular hydration The re-
semblance between digitalis and adrenal steroids 1
chemical structyre prompted the suggestion lhl}
there may also be a similarity in function in that digi-
tahis acts to maintain potassivm within the cell Other
similarities have been noted The cardiac glycosides
as well as the adrenal cortical hormones protect ratt,
mice and cats against lethal doses of potassium and
prolong the life of adrenalectomized anima!s,‘"

A converse relation also exists: changes in potat-
sium concentration influence the action of digitahs,
At present, data are available primarily on the toxic
effect When the isolated striated muscle of 2 rmg is
treated with ouabain there is an initial rise in tension
and heat production, followed in time by Joss Of.“"
citability Immersing the muscle in Ringer’s solution,
which contains potassium, causes a reversal of tox
icity ®* When rabbats are gven potassium salts the
lethal dose of ouabain is increased. Similarly, when
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the isolated duck heart is perfused with fluid of high
potassium concentration the toxc action of digitalis
u mhlblted 8 This mhlbmon may be due either to
by | or
to the mtctference with the escape of cellular potas-
sum when the heart is exposed to large amounts of
digatalis
In man potassiumn salts reduce or abohsh ventricular
extrasystoles and at times reverse paroxysms of ven-
tricular tachycardia ** ** The effectiveness of potas-
sium 1s not contingent on the precipitating f:\ctars of

the arrhythmm C led found that

mduced p beats were pi d
when the pauem was pretreated with potassum He
was also m ext toles occa-

sianed by insulim hypoglycemia mn a dibetc patient
Sampson,* who first introduced potassum m the
treatment of chncal arrhythmia, noted that 1ts action
1s more effective when the disturbance of rhythm s
caused by dxguahs Other mvestigators have con-
firmed that potassium 1s promptly effective agamst
many of the arrhythmias produced by dyptalis 4%
It has been reported that potassum salts also elminate
the symptoms of overdosage and rapwly promote a
sense of well-being m patients with digitalss poson-
1ng ®
Potassium Metabolism tn Heart Farlure

Electrolyte and water abnormalities in congestive
beart failure are duc both to derangements in heart

function and to the therapeutic procedures in current
use

In heart failure the excretion of sodum is impaired
[431]



plasm potassium is essential. In rats potassium dep-
rivation induces myocardial lesions and causes death
{rom congestive heart failuse 1ot
Present-day therapy also contributes to the de-
ranged electrolyte picture. [t has been stated that
electrolyte abnormalities in the serum are absent in
the untreated patient %1% Low-sale diets and di
uretics are the chief agencies that disturb normal
fectraly il he injection of o1
diuretics p the jon of a bicarb -free
chloride-rich urine. After administration of mercurial
diuretics the urinary chloride and potassium con-
centrations are significantly higher and the sodium
lower than their respective values in the serum. With
extensive diuretic therapy hypochloremic hypokalemic
alkalosis may result**® The compoasition of the
diuretic urine and the lack of change in serum sodium
and potassiurm levels fndicate that potassium leaves
while sodium enters the cellular compartment, The
edematous patient who has been on rigid salt restric-
tion for 2 long time is more likely to respond to mer-
curial agents with increased potassium diuress 2% The
patient with advanced failure is therefore more likely
to experience serious losses of potassium
o

The p i of ium chlo-
ride by jtself may result in potassium depletion, Usa-
ally, chlonide 1s employed to synergize the

action of mercunal diuretics, The excretion of potas-
sium is increased by such pretreatment Potasium
concentration 1 the diretic unne is raised by 'abmfﬁ
15 milliequiv per hter when ammonium chlandeulf
given to enhance the action of mercurial diuretics
Recently duced metheds for g sodwm
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from the body exert pronounced effects on the potas-
siwm balance. Dock™? first showed that cation-ex-
change resins wiil increase fecal ehmination of gastro-
intestinal sodium ‘These resins are now widely em-
ployed in the treatment of cardiac edema. The resing
m use have a greater affinity for potassium than for
sodium, and unless a potassium-cycle resin is incor-
porated 1n the mixture!®*#** or adequate potassium 1s
provided, serious defieits may occur. Hypokalemia
may be encountered even when resins containing po-
tassium are utilized }*s

Another agent now being used as an oral d)urenc
18 the sull di tive Diamox (.
1,3,4-thi {e-5.sull de) ‘The sul di
have been found to be spearfic carbomic anhydrase in-
tubitors.® Such inhibition of renal carbonic anhy-
drase prevents the tubular secrenon of hydrogen 1on
and its reabsorption of sodium '*' Schwartz'*® found
that sulfanilamide caused dwresis in patents with
congestive failure, Diamox 15 from fifty to four hun-
dred times more potent as 3 carbonic anhydrase whi-
bitor than 1s sulfamilarmide *¥* Furthermore, 1t is much
fess toxic These properties are finding chmical applh-
cation*® From the standpomt of potassum, both
expenmental and human studies reveal that Dia-
mox causes substantial mcreases in its urnary ex-
cretion W11

In patients with heart farlure the underlymng path-
ologic process and the therapeutic regimens for its
management constitute the two general categories
of factars that deplete both cellular and myocardial
po!assxum It is unknown to what extent potassium

ion i to the bioch 1 lesion and
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aggravates the clinical state of congestive failure It
has been demonstrated that the loss of potassium sig-
nificantly affects the body's threshold to the tovc ac-
tion of digitalis and may be an important cause for
the rising incidence of digitalis toxicity,

{481



CHAPTER V
Relation of Potassium to Digitalis Intoxication

Mercunal Redigitalization

Evidence that potassium Joss from the body may
precipitate digitahs mto‘ucanon was ﬁm gmned ina
study of the p
non  From twenty-four to forty-eight hours after
diuresis a digitalized p:ment may eXperience nausea,

vomiting, dd and d weak-
ness El d may d any of the
changes mat occur with an overdose of digitalis
The of digtal edema has
been 1 as the T Two

studics have been carned out to date Miller™® de.
termined the amount of digstalis 1 ascitic and pleural
fluid by means of the Hatcher cat assay techme In
digitalized patients with heart falure he found the
trgmendous concentration of 046 to 09 cat units per
100 cc of edema Schuther and Levine™ uuhzed
the frog assay method and also noted signsficant quan-
ties of drug in the extravascular flurd accumulations
of dnguahzcd patients They presumed that as much
as 01 gm of digitabs leaf or equwalents may be
present n a Liter of edema It was their conclusion
that the postmercunal mamifestations were due to the
S P A,

dosage after diurests
[40]



If the explanation is valid, the administration of
an extra amount of digitalis, without any, diuretics,
to patients who tend to develop this syndrome should
precipitate toxicity The additional amount required
would be predictable from the size of the diuresis {(as-
suming that a liter of edema contains as much as 01
gm. of digitalis bodies), When a dose of digitalis is
given equivalent to the i amount p d
mobilized no toxicity follows, If, for example, a pa.
tient who experiences postmercurial redigitalizations
with diuresis of about 1500 cc. receives in addition to
his maintenance dose 0 15 to 03 gm of digitalis leaf,
no toxicity is produced. There is a further objection
to this theory If digitalis-laden edema is the causa.
tive factor, the onset of the syndrome should relate
to the magnitude of the diuresis Schnitker and Le.
vine'®® observed no such relation Direct evidence of
the absence of digitalis glycosides in edema fluid has
been provided in a recent study by the micro-assay
technic utilizing the embryonic duck-heart prepara.
tion 1** These investigators found that edema fluid
removed from 8 patents digitalized with digitosin
revealed a maximal digitoxin content of 20 micro-
grams per liter of edema, In half the patients no digi-
toxm was detected Even massive diuresss, therefore,
could not mobilize sufficient digitalis to account for
the postdiureti fcati

A mechanism
operate to chany
tion of some of 5
enon suggests another explanation The patients who

exhibit such postmercurial difficulties invariably have
advanced congestive failure They have been main.

{501

intoxication p.
. e L i atan et



tained on rigid salt restriction and are usually re-
cewing ammonium chloride to improve the response
to mercurials.’o These are thc patients who are Jikely
to excrete sub of ium in re-
sponse 1o diretics, It may be that the heart’s thres-
hold to the toxic properties of digitalis is reduced
by potassium depletion, as is true in solated heart
preparations *

If potassium loss is responsible for the toxicity, po-
tasslum administration should abolish it. This ss in-
deed the case The action of potassium on the post-
diuretic symptoms and signs 18 no different from ats
action in stopping other manifestationy of digitahs
possoning  After the ingestion of potassum chloride
the first effects are noted within twenty to thirty min-
utes Peak action occurs in one to three hours, at the
time when the highest serum level is achieved Dis-
sipation oi cﬂ:cx follows within four to exght hours.
Occast arrhytt are per-
manently ehmmatcd usually lhcn: 1S a recurrence
within the above.ndicated time interval after a single
dose of potassium,

The and of
effect would Iead one to conclude zhat the action of
potassium is pharmacelogically in the nature of a de-
pression of myocardial irntability rather than the
result of a correction of defiaits resulung from the
dwresis This conclusion 1s contradicted by the fol-
lowing experience  When a patient who consistently
develops redigitalization 15 given potasstum during the
diuresis the later occurrence of symptoms and signs Is
prevented  Since the duration of the effect of potas-
swm is about eight hours, whereas toaty usually
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Meruplomen y which had been supplemen! ated by 200
nwm_ chl hlorsde '\‘h| ume the response 0 12 mg of acetyl
!mph anthidin was Qv a\nal\v:\y different [$33:4 38). With-
n 5 minutcd o! \b: jnjection ultifoeal ventricular, PEE

i

mntuxe beats nppened, with TUDS of ny an

eminy One bo after the maphamhldm ‘the patent -
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W ter
tom:m\, jthout any ¥ wgnificant changes it

AR a 20¢ axo\d man yib mitral stcaost
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n 2 oceasiond 1 mo! mh apart. she was aij gmh with
S

xma\\ !uctxunal oses o! ouabait of
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A and B represent different occastons uhen ouabain was gu-
en intravenously In cach @ prior mercurial wnection had
been followed by substantral diuresis and potaspum excretion
(Table 2) A} sre control tracmgs, 2 and 3 were obtaned
therty monures after @G and 07 my ouabatn  Nausea and
vomitng followed both digitahieanions In B, after 7.5 gm
potasstums chlonde dadly for ten days ouabatn was again ad-
munstered with same dosage schedule as previously Tosic

protective action of potassium )



lherapy In its presence digitalis should be discon-

nnucd‘and potassxum admm\stcred by mouth until

the evids of Serious dis-

turbances of rhythm and even death will be prevented

if diuretics are withheld when the patient gives any
of digitalis i

Potassium Depletion Through Means Other than Mer.
curial Diuretics
Losses of p of
the toxic action of d\gxtahs, Both dew‘ycomcostcmnc
acetate and cortisone may produce negative potassium
balance and alter the threshold of the heart to digi-
talis. 41T We ha\c obs:rvcd a case in which post-
4 d

loped only after corti-
sone had been started Symptoms and signs were
[ lled by oral p Marked

disturbances of rhythm may result from small doses of
digitalis when patients have sustained chronic potas-
sium depletion through either the renal or the gastro-
intestinal route. In these patients, especially when the
serum potassium level is depressed, even small amounts
of digitalis can prove fatal.

Generally, there is no reliable correlation between
serum. potassium concentration and digitalis require-
ment. The increased sensitivity that at times follows
diuresis is not reflected by the serum level The serum
potassium value is usually normal in the presence of
digitalis intoxication. When the manifestations of
overdosage are reversed with potassium there is no
significant or sustained rise of the serum potassium
concentration A relation, however, exists between
body potassum balance and the heart's sensitivity

158



to digitalis This senutivity increases with a negative
balance and decreases with a positive one.

There is one exceptional circumstance where low-
ering of the serum potassium concentration without
reducing body stores sensitizes the myocardium to the
toxic action of digitalis, The intravenous administra-
non of glucose and msubn to dhgitahized patients and
ammals may provoke digitalis-like arrhy(hmms S
Withun fise to ten minutes after m]ecuon 1hem isa
fall m the serum ium level The hyp
15 transtent and is caused by the withdrawal of exra-
cellular potassium necessary for the deposition of gly-
cogen in cellular depots *** The arrhythmia is dose-
ty correlated 1t gnset and termination with the altera-
tions in the serum potassium vatues

It 15 possible that  thus spectal example cellular
defierts of potassium are also mvolved in the funda-
mental mechansm The cellular compartment i not
a stngle homogeneous reservoir Factors goserning
concentration of the bulk jons no doubt are differ-
entiated to subserve spectfic tissue function, so that
concentraton will vary from tisue to tussue with
changes in mternal and external environment The
mternal shifts in this case might increase the potassium
in tssues where glycogen 1s being deposited while de-
creasmg 1t 11 the myocardium  The sharp gradient m
potassium concentration existing between cells and in-
terstshial flusd may require cellular ouidative energy for
its It can be p d, therefore, that
i the presence of tissue anoxia or mterference with
cellular putrition munor fluctnanons m extracellular
potassium cancentration critically affece the concen-
tratton rati0 between the two compartments The

{591




patient with congestive heart failure thus may be pre-
disposed to release myocardial potassium when the
serum level js abruptly lowered,

Animal Hemodialysis

The studies cited above do not establish with finality
a relation between the myocardial threshold to digi-
talis toxicity and the potassium balance of the body.
In all eases multiple and complex electrolyte changes
in addition to those due to potassium were either
induced or present at the time of the digitalization.
This limitation can be overcome by the use of the
artificial hidney Hemodialysis makes possible selective
alterations of individual ions while controlling other
variables, Furthermore, the avalability of acetyl

phanthidin® as the digitalizing agent permuts nu-

merous discrete digitahizations to identical end pomnts
in the course of a single day The combination of
these methods enables one to effect biologe titration
of digitalis requirement while body potassium is
being increased or decreased S+

The relation of digitalis to potassium was imesti-
gated in 11 dogs by means of the artificial kidney and
acety) strophanthidin  During this study, which con-
sisted of four phases spaced one to two weeks apart,
178 individual digitafizations were carried out to end
pounts of ventnicular 1achycardia, In the first phase 5
separate d 1 were plished, with frac-
tional doses of acetyl strophantiudin at two-hour -
tervals, Dumng the sccond phase the digtalizations
sere repeated while the dog was being hemodialyzed
against a normal bath, with electrolytes in the dialysate

*Rundly supplied by Eli Ly and Company, Indinspohs, Indiacs.
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adjusted to their respective serum concentrations, The
third procedure was limited to extensive potassium
extractions by hemodualyzing against a bath without
potassium. The final phase, the titration dialysis, again
consisted of 5 digitalizations, 1 earried out before and
4 during the dialysis. Of the 4 digitalizations on the
artificial hidney, 1 followed two hours of potassium
cxtractmn, another followed the addition of potas-
sium, and 2 were phthed while the
was maintained at a normal value
Th: d:\ta indicated that the quantity of acetyl
D ary for toxicity ined con.
stant of the dogs were digitalized every two hours
With the start of hemodialysis there was a reduction
in the dose needed to produce ventricular tachycardia
D of the d of dialysis, the
dose remained constant as long as no electrolyte alter-
ations were induced During the potassium extraction
phase, which lasted over four hours, the serum level
was lowered to about 1.9 mulliequiv and an average
of 48 milliequiv. was removed from the body Al-

though specific el g 1
lar and

changes i g
icul pl were produced,
no arrhythmias or conduction disturbances result-
ed, 19
When body potassium was increased during the ti-
tration dialysis, the dose of acetyl strophanthidin for
toxicity rose to 240 per cent of the normal dialysis re.
quirements Toxieity Jasted 2 few seconds. Atrial
standstill was usually produced prior to disturbance in
the ventncular rhythm. When massive doses were
administered interventricular block and cardiac arrest
rather than ventneular tachycardia followed 15120
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When digitalization was carried out after the re-
moval of f striking qual e and tat
tive changes ensued Dunng the titration dialysis the
serum potassium was lowered to 2 1 mulliequiv., and
25 mlliequiv was removed {or about half the
amount elimimnated from the body dunng the longer
extraction phase) The dose of acetyl strophanthidin
necessary for toxacity was lowered by 60 per cent com-
pared with digitalizanons dunng normal dialysis
(Table 3). The reduction in the amount of acetyl was
consistently greater than 40 per cent.

There was also a sigmficant prolongation of the
duration of toxiaty  Without changes in body potas-
sium ventricular tachycardia persisted for a maximum
of fifteen minutes When the potassum was lowered
toxicity lasted sevcra\ hours A further difference was
the of p beats, bigem
and bid 1 ventricular tack dia {Fig 5)
Hitherto, such rhythms have not been induced with
digitalis in the intact mammalian heart in situ **

1t can be concluded that dogs depleted of potassium
respond to digitahs n a manner similar to that ob-
served n the cardiac patent in falure there is a
sigmficant reduction in the dose that will cause in-
towucation, toxicity once produced 1s of prolonged
duration, and there 15 an appearance of multifocal
ventricular rhythms

Human Hemodualysts

Patients with renal shutdown are improved by
hemodialysis In some cases the procedure may be
hfesaving If the relation between digitalis and po-
tassum described i dogs holds for human bengs
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rapid (Fig 7). At the end of 1 hour his blaod
fose to 124/78, and he brgan to have a copions Waress
‘Thereafter, recovery was continuous and uneventful, A
blood sample drawn before therapy revealed a potassium

H per liter, b the

of 7,
impression of hyperkalema.

These patients illustrate two contrasting situations.
Superficial examination of A N. would have led one to
give more digitahs. The patient, indeed, was showing
an increasing heart rate, and the general circulatory
state was deteriorating Further digitalis might very
well have proved lethal. The regularity of the rapid
ventricular response in a previously fibnillating patient
was the special feature that suggested overdigitaliza-
tion For that reason potassium was given and was
effective

In EM the lach of P waves again led the attending
staff to the diagnosis of nodal rhythm caused by an
overdose of digitalis The administration of potassium
was considered However, the possibility of digitalis
intoxication was dismussed for two reasons- in human
beings digitalis intoxication does not cause intraven-
tricular-conduction i t, and when )
atrioventricular dissociation or nodal rhythm results
from an overdose of digitalss, the ventricular response
1s usually regular  When it is irregular, interference
from sporadic conduction of the atral impulse is
evident,

A slow irregular ventncular rhythm with intra-
ventricular block and atnal paralysis strongly sug-
gests potassium porsomsng  This is to be considered
even in the absence of the characteristic changes in
the T contour Advanced hyperhalerma may be pres-
ent without peahed T waves *° In EM. the rapd

{7]
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CHAPTER VI
Paroxysmal Atrial Tachycardia with Black

The relation between the potassium batance of the
body and the toxic action of digitalis called attention
to parovysmal atrial tachyeardia with blockh, This
arthythmia frequently resulted from either an ab-
solute overdose of digitaks or a relative overdose con-
ditioned by a cl\an"ed cardmc threshold, Study cor-

b { and amg hified the of p
and digitalis ¢

Digitalis m towic amounts has been reported to pro-
duce the \vholc gamut of cardiac arrh)\hmms en-

icaify ** Disturh in ventneular
rhythm are well recogmized consequences of digitalis
ntoxication. Abnormal atrial mechanisrus, howeer,
are regarded as rare and nonspeaific  In our experi-
ence paroxysmal atrial tachycardia with block is a
common, serious and speafic chnical entity that usu-
ally results from digitabs mioxication 1*

Electrocardrographic Features

While the presence of paroxysmal tachycardia with
block can be suspected on purely chnical grounds, its
dentification 15 not possible without an electrocardio-
gram It 13 a hybnd arthythmia partaking of the
characteristics of both atmal tachycardia and flutter
The atnal rate varies from 120 to 230, the usual rate
range being between 150 and 190. The onset and
offset are gradual and sequential. Unlike untreated
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The P waves, when discernible, are upright in Leads
1,2 and 3 They may be indistinguishable from the
P waves originating in the sints node, but generally
differ in contour and amplitude In some cases the
P wave is notched or peaked and of great size. In
others it is extremely diminutive, barely ruffling the
base line. The PR interval may not be constant; those
incorporating a QRS complex are at times of shorter
duration. Unlike flutter, in which the base line is in
contintous motion, in this arrhythmia an iso-electric
interval separates the atrial complexes (Fig. 8).

Evidence of digitalization is usually present. The
ST segment may be depressed, with inversion of the
first portion of the T wave and QT-mterval shorten-
ing In addition ventricular premature beats are ob-
served in most patients These may occur singly or
assume bigeminal patterns and at times give way t
brief or prolonged runs of unidirectional or bxd:rcc-
tional ventricular tachycardia,

Experimental Studies

In dogs paroxysmal atnal tachycardia with block
has been produced by an dose of acetyl stroph
thidin and by the removal of potassium from the dxgl-
talized animal The administraton of glucose and
msulin to dogs who have been digitalized evohes atrial
tachycardias, The phases m the emergence of these
archythmias are similar to those observed in chnical
cases 7

1f paroxysmal atnal tachycardia with block, as ob-
served 1n the cardiac patients, 1s caused by digitalis,
3t shoutd be possible to demonstrate the following* the
production of this arthythma by digitalis when the
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intervention of other factors is excluded; the precipi-
tation of paroxysmal atnal tachycardia with block in
the digitalized patient by the loss of potassum from
the body; the abolition of paroxysmal atria] tachycar-
dia with block by the administration of potassium and
the failure to abolish aunicular arrhythmas, including
paroxysmal atral tachycardia with block, when digi-
talis 1s not a factor mn their genesis

Production by digitahs Heyl'™ was the first to
demonstrate that dimtalis was a causative factor of
this arthythmia On three separate occasions he
was able to induce paroxysmal atmal tachycardia
with block 1n a patient with congestive heart failure
by the administration of digitalis leaf. When the drug
was discontinued normal sinus rhythm was re-estab-
Lshed The arrhythmia exhibited all the essential
features described above (Fig 8) The role of digitalis
and quimdme was later also suggested by Decherd,
Herrmann and Schwab''® on the basis of a study of 40
patients Of this group, 33 had recerved digrtalis, and
in 23 the amounts were regarded as excessive by the
authors In a study of 1247 pauents with acute myo-
cardial infarctions, Askey'’ observed 5 with supra-
ventricular tachycardia  Two of the patients showed
the typical features of paroxysmal atnal tachycardia
with block In these 2 and m 2 others digitalis was
impheated 1 production of the arrhythmia

In these chinical expertences many factors were oper-
aung, and the role of digitahs was conjectural If a
relation between digitalis and paroxysmal atrial tachy-
cardia with block exists it 1s necessary to demonstrate
1ts of without the of other im-
portant vanables This was made possible by the use

[75]




of acetyl strophanthidin, which permits digitalization
in the course of a few minutes, To date we have
observed 3 patients in whom paroxysmal atrial tachy-
cardia with block promptly followed the intravenous

dmunistration of acetyl strophanthidin. No other
drugs were utilized The maximum interval for the
emergence of the arrhythmia was twelve minutes and
its development was a gradual sequential process iden-
tical in the 3 patients

‘There were roughly four phases in this development
The first consisted of an increase in atral rate fre-
quently associated with a slight or prominent altera-
tion in the contour and magnitude of the P wave but
not 1n its direction, This represented the usurpation
of pace-setting function by a more excitable ectopic
focus. A gradual acceleration of the atrial mechanism
followed, with a continuation of a 1:1 ventricular
response. The third phase consisted of migration of
the P waves with increasing atrioventricular block
Lastly, when the rate had reached a cntical level, 2:1
or greater or less degrees of atroventncular block
developed (Fig 9) The cntical rate at which block
ensued differed from patient to patient and m any
one patient under varying arcumstances The ex-
perience 1n these 3 patients clearly indicates the as-
sociation with digitalis

Production by potassium removal. In digitalized
patients the loss of body potasstum may have the same
effect as the admunustration of addivonal digitals In
the study with the artificial lidney discussed above, 7
of the digitalized patents gave evidence of intoxica~
tion durng the removal of potassium by hemodialysis.
In 2 of these patients paroxysmal atrial tachyeardia
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af acetyl strophanthidin, which permits digitatization
in the course of a few minutes. To date we have
observed 3 patients in whom paroxysmal atrial tachy-
cardia with block promptly followed the intravenous

dministration of acetyl strophanthidin, No other
drugs were utilized. The maximum interval for the
emergence of the arrhythmia was twelve minutes, and
its development was a gradual sequential process iden-
tical in the 3 patients.

There were roughly four phases in this development.
The first consisted of an increase in atrial rate fre-
quently associated with a slight or prominent altera-
tion in the contour and magrtude of the P wave but
not 1n sts direcion  This represented the usurpation
of pace-setting function by a more excitable ectopic
focus. A gradual acceleration of the atrial mechanism
followed, with a continuation of a [:1 ventricular
response. The thud phase consisted of migration of
the P waves with increasing atroventricular bloch.
Lastly, when the rate had reached a cntical Jevel, 2:1
or greater or less degrees of atrioventricular black
developed (Fig 8} The critical rate at which block
ensued differed from patient to patient and in any
one patent under varying circumstances. The ex-
penence 1n these 3 patents clearly indicates the as-
soutation with digitalis

Production by potasstum removal In digitalized
patients the loss of body potassium may have the same
effect as the admimstration of addinonal digitalis. In
the study with the artificia} kidney discussed above, 7
of the dygitalized pauents gave evidence of intoxica
tion during the removal of potassium by hemodialysis.
In 2 of these pauents paroxysmal atrial tachyeardia
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with block developed, and in a third its maturation
was stopped by potassium administration, The evo-
lution of the arthythmia was gradual and follawed
the same sequence as in the patients who received
acetyl strophanthidin, A change in pacemaker was
the first harbinger of the tachycardia This was fol-
lowed by acceleration of rate and j ing atrio-
ventricular-conduction impai which finally re.
sulted in second-degree heart block [Fig 10), In
2 of the 3 patients other evidence of digitalis intoxi-
cation also developed The reduction in the serum
potassium concentration a¢ which the archythmias
began averaged | milliequv, per fiter. In all 3 pa-
tients, however, the values were above 3 5 milliequiv,
and in 1 it was 5 6 mlliequiv, per liter, Elevation of
the serum potassium level to its value before the ar-
rhythmia did not promptly reverse the tachycardia
Abolition by potassium admmnistration. When
paroxysmal atrial tachycardia with block is caused by
digitalis potassium 1s rapidly effective in restoring 2

normal mechanism (Fig 11} In 10 episodes induced
[ A R N T A

- orally or

. Table 5).

The process of reversion of the arrhythmia by potas-
sium was a chronologic mirror image of the stage
in its evolution The first change consisted of a slight
slowing of the ectopic focus, with establishment of a
1:1 atrioventricular response. This was associated
with a sudden increase in ventricufar rate and with
aggravation of symptoms of dyspnea and palpitation
A diminution in atrioventncular block followed, with
visible mgration of the P waves and continuous re-

[}




duction in the heart rate, An abrupt change in the

P-wave contour then resulted in the re-establishment
tat, Rat

Tlaﬂ Anl‘xi. e

Sexus x
73 miltuquey Jhter

e

et _,rd 4 ol
S o] [T T U v o e e
Tune 10 Production of Paroxysmal Atnial Tachycardia
with Black by the Removal of Potassium tn o Digitalieed
Uremic Panent
Phases 1n development are similar to those when the ar-
thythma 15 produced by an overdose of digitahs

of a sinus thythm* (Fig 11)

Potassium 1s wneffective m the absence of a back-
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Froure 11, Abolition of Pavoxysmal Atrial Tachycardia wath
Block by the Admsmistration of Potassium

With slowing of atnal rate 1 1 atroventriculay response de-

velops, unth paredoxic ventnicular accelesation (2), Atro-

ventricular block dimimishes with decrease wn atrial rate (3,

4,5) Tinally, abrupt change wn contour of P waue with re-

e e phuvthin Sez Figures 9§ and 10



ground of dwnahs mtoucanon. This is true even if
the mechani ysmal atrial tack with
bloch. In 6 cases of atrial arrhythmias not due to
digitalis, 3 of which were paroxysmal mchycardm
with block, the admi ion of 40 to 200 milli:
(30to 15 D gm ) of potassium chlaride did not alter
the atrial mechamsm  Potassium was ineffective even
though hyperkalemia was produced mn 3 of the 6
patients {Table 5)
It can therefore be concluded that an overdose of
digitabs affects ama as well as ventricles  The atrial
of d digitalis i as-
sume the speaific form of paroxysmal tachycardia
with block The laws relating potassium to the myo-
cardial threshold for digitahis toxacity operate in this
arthythmia as i other cases of digitalis poisoning

Clinscal Studies

Inaidence and predisposing factors In a period of
cleven years at the Peter Bent Brigham Hospital 66
episodes of paroxysmal atnal tachycardia with block
were obseried m 51 patients ¥2 Half the episodes
occurred dunng the past three years In 12 of the
bouts of tachvcardia digitahis was not a factor In the
remainder, all of which were associated with digatalss,
the evidence suggested erther absolute or relative over-
dosage {Table 6) Of the 54 episodes 36 were duc to a
distinct overdose, 8 were precipitated by a massive
mercunal dresis while the patients were on main-
tenance digitalis therapy, and in 10 others a variety of
factars mvolved were believed to have sensitized the
patients to digitalis toicity  In 6 of these substantial
losses of patassum, resulting either from intrinsic
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renal lesions or from extraction by hemodialysis,
were the factors In 3 of the remaining 4 the ad-
ministration of cortisone, insulin or calcium precipi-
tated the arthythmia, whereas in the fourth the pre-
disposing factor appeared to be a 100-pound weight
loss. Thus, in slightly over 80 per cent of the epi-
sodes, digitals was involved in the emergence of
paroxysmal atrial tachycardia with block In all pa-
tients 1 whom digitalis was implicated the arthythmia
ceased when the drug was discontinued.

The data indicate a continuing increase in the ob-
served incidence of paroxysmal atrial tachycardia
with block. Although the heightened awareness and
recogmition of this mechanism 1s a factor, in all like-
Lihood an actual rise mn frequency has occurred. No
doubt the conditions discussed abave, at the beginning
of this section, as responsible for the augmented m-
cidence of digitals intoxication also account for the
increased incidence of tachycardia with block. An
additional reason may be that potassum loss favors
the dc\clopmenl of this arrthythmia Of the 7 pa-
tients digstalis p during k
ysis, 2 had paroxysmal episodes and another demon-
strated the early stages of the arrhythmia In nearly
half the patents, therefore, digitalis intowcation as-
sumed the form of paroxysmal atnal tachycardia with
block In a study of electrocardiographic changes
dunng 13 consecutive hemodialyses Kohn and Kiley'®
observed arthythmas in 3 In 2 of these digutalis was
imphcated One patient, who sustamed potasstum
extrachon, showed mncreasing digitals effect and
then an atral tachycardia In the other pauent, in
whom the potassium shuft was small but other electro-
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fytes, including calcium, were corrected, a brief parox-
ysm of ventricular tachycardia deseloped  Although
the samples are small they indicate a much higher
percentage of atrial arrhythmias than would be found
m a random popul:\uon wuh digtalis intoacation
Since p 1 b o an i
problem in palmms with congestne Theart fature a
continuing rise i the incidence of paraxysmal atral
tachvcardm with block 15 to be antieipated

Prognoss Patients i whom this arrhythmia 1s due
ta dignalis usually have senous heart disease All 5
patients with supraventricular tachycardia studied by
Askey"? dicd shortly after the inception of the ar-
thythmia In the senes of 40 patients described by
Decherd, Herrmann and Schwab''* 55 per cent died
during ther hospital sojourn  Of the 39 patients
studied ot the Peter Bent Bugham Hosputal, 23 (60
per cent} died shortly after the onset of the tachy-
cardia Perusal of the clinical records of the Brigham
patients leaves fittle doubt that the ngh mortahty was
related to the continued admmstration of digtalis, at
times 1 increasing doses  Smee paroxysmal atrial
tachycardia with block 1s associated with ventricular
Tates of over 100, the tendeney 1s to give more digitalis
to slow the ventricles In the critcally 1ll cardiac
patient this usually induces more profound toxicity
and evemua\ly death

1d: ysmal atrial yeardia with block
The 12 patlcnls in whom the arthythmia was idio-
pathic differed 1n o number of respects from those
patients in whom 1t was due to digitalis*** No etio-
logic agents or predsposing conditions were evident
Six of the 12 patients had not recened digitahis for
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atrial tachycardia when 131 conduction occurs fol-
lawing exercise or emotion may be due to the pro-
longed continuance of the rapid atrial rate, which
conditions a new Jevel of equilibriumt of atrial musele
automaticity

There is another type of parovysmal atmal tachy.
cardia that is not related to digitalis When atrial
fibrillation or flutter 15 being converted to sinus rhythm
with quinidine a transiion phase may develop that
exhibits the features of tachycardia with block. Thiv
s a transient electrocardiographic pattern devoid of
clinical sigmificance

Diflerentiation from other atrial mechanisms, Par-
oxysmal atmal tachycardia wath block may resembfe
nearly every atrial mechansm. Before the onset of
block, when the atnal rate is slow and no previous
tracengs are avardable for companson of P waves, jt
may be indi hable from a sinus fia,
When the rate exceeds 150 but the arrhythmia it
still in a 1 1 response phase, it 18 usually considered
21 a supraventricular tachycardia  This s clearly
demonstrated in Figure 12 The patent, F G, whoar

d dition was a p losing nephritie
and malignany hypertension, had five cpisodes of
tachycardza with block whule on digitas, The first
bout (Fig 11) was precipitated by a mercurial djures.

AN NN

rTapid heart actron wilil 2 1dle Ul 1Ud - ol appeared
enticatly fl wu palpitation extreme anxiety ang
advancmg  pulmonary edema  The electrocargy,
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Fiourr 12 Electrocardiograms i F G
On the baas of trecng (1) supraventricular tachycardia
was diagnosed, and digitalis suggested Howedér, the hue
tory of potastum-losing nephrites and prevsous epuodes of
paroxyemal atnal tachycardia uxth block suggested this uas
a 1 1 response phase of the latter arshythoug Oral polos
stum waf eflechwe m rapmdly restoring sinus vhythnt




graphic diagnosis of her arrhythmia was supraventricu-
Iar tachycardia. Since the rhythm resembled a phase in
the recession of paroxysmal atrial tachycardia with
block, instead of digitalis she was given 20 milliequiv.
of potassum chlonde orally. Within fifteen mnutes
her heart rate dropped to 135, and within forty min-

I ATt
i JU gL

Fﬁ—ﬁ‘—wf
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Ficvrz 13 Electrocardiogroms m CW
For over a year the rhythm appeared regular on auscultation,
and electrocardiograms were interpreted as showng nodal
rhythm  The perfectly wo-clectric base hne m all leads
raised suspicion, however, of the underlying mechanism
When carotrd anus pressure was applied while a V lead
was beng taken the presence of paroxymal atrial tachy-
cardig with block was reve

utes sinus rhythm was restored, with abatement of
the signs of failure

When P waves are not i evidence mn the stand-
ard or unipolar leads and the ventricular rate 1s slow
because of atnioventricular block, nodal thythm 1s the
llkely dlagnoslx Pauenl C W represents such a case
of mismterp (Fig 13).
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This sixty-six-year-old man with rheumatic mitral
and aortic disease had had atrial fibrillation for eleven
years. For more than a year the ventricular rhythm
had been perfectly regular on auscultation The elec-
trocardiogram during this time was interpreted as
showing nodal rhythm However, the application of
carotid-sinus pressure, while a precordial lead was
maintained in the V, position, revealed the true na-
ture of the arrhythma,

Atypical flutter is another name used by some for
paro‘(ysmnl atnal tachycardia with block This is a
mnsnomer, fori xt implies that the two mechanisms are
nearly ex ions of a underlymg
process ** Aside from important differences in patho-
genesis and treatment there are significant electro-
cardiographic and clinical differences The patient
in whom flutter develops is on the average a decade
older than the one with tachycardia with block. He
1s less likely to have severe heart failure. He has not
been on rgd salt restniction and has not received
frequent mercunal injections before the onset of the
rapid heart action. In flutter the atrial rate exceeds
250, except during quimdine adminstration; in parox-
ysmal atnal tachycardia with block 1t 15 mvanably
less The following electrocardiographic features fur-
ther differentiate the two arrhythmas: m untreated
flutter, atrioventnicular block 1s usually 2-1, the
Wenckebach type of conduction 1s rare; in nearly 70
per cent of the cases the P waves are nverted in
Leads 2 and 3,* the base line between P waves is
not 1so-electric but has an undulant, sometimes see-
saw quality, and ventricular premature beats are
rare The prognosis 1n flutter is more favorable and
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is about the same as that in the idiopathie variety of
tachycardia with block.

Paroxysmal atnal tachycardia with block is at times
confused with atnal fibrillation  The diminutive P
waves and changing degrees of atrioventricular block
conduce to msinterp The P of
tachycardia with block 1 not precluded by many years
of chronic fibnilation Some of the cases of atmal
fibrillation reported n the lterature after digitalis
overdosage may have been examples of paroxysmal
atrial tachycardia with block  Although atnal fibril-
lation 15 quite rare in patients with syphihitic heart
disease, Resnuk* observed 7 cases in which there ap-
peared to be fibnllaton due to digitalis mtoxication
It is to be noted that at the tume of this report electro-
cardiograms were limited to three standard hmb Jeads
In these leads the two arrhythmas are frequently -
distingushable It 15 of interest that 2 of the patients
at some time 1n the evolution of their fibnllation ex-
hibited varying degrees of atrioventncular block In 1
patient 3 2 block occurred the first ime digitalis was
administered, this was followed by complete atrio-
ventricutar dissociation The second ume digitalis was
tried “atnial fibrillation” developed, lasting for twenty-
six days and finally stopping six days after the discon-
tinuation of strophanthin  When a very small dose of
dipitalis was given a third ume the drug induced
“atmal flutter,” the rate of the “flutter” bemng unusual-
ly slow, 165 The patent died the same day ™ Tt 1
therefore more than hihely that some of the digtahis-
induced “fibnllations” were actually 1nstances of
paroxysmal atnal tachycardia with block

When the ventricular rate of a patent with long-
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standing fbrillation accelerates and regularizes after
2 diuresis or a7 ncrease: dose of digitalis, tachycar
dia with bloch should be suspected- When the routine
leads do not show this mechanist, exploration of the

recordium with CR feads may emonstrate e
bloched P waves Mild exercise WaY e helpful diag-
nostically. In the presence of fibrillation the irregy~
Jarity witt be jncreased; the converse is true in PO
oxysmal atrial tachycardia with bloch Carotid-sinus
pressure may prove rewarding® it frequently enhances
mriovemncu\ar block, cevealng the presence of non*
conducted P waves Finally, if in 2 so-called €3¢ of
fbrillation senall T waves are scen coming at 2 rate O

oxy!

mechanism 15 difficult. In such patients 2 test dose of
potassium or @ digitalis tolerance test may identify
the arrthythmi2

Treatment

The treatment of paro'(ysma\ atrial mchycard'n

with block does not iffer from the methods of man-

aging other mamfestations of diguabs Intoxication
¢§ Al U

procaine amde pronestyl) 33 craploye

Potasstum The cffectiventss of potassuim salts has
been mted out A few comments are necessaty on
the indications {or 1ts UsC: methods of adxmmstmhon



and the hazards that attend therapy In the ambula-
tory patient with digitals overdosage the daily admin-
istration of 50 to 75 gm. of potassium chlonde in
divided oral doses suffices for the control of intoxica-
tion This dose should be reduced or stopped after a
therapeutic result has been achieved When the
episode of intowcation 15 severe 50 gm of potassum
chlaride may be given at once This amount, when
the compound 1 dissolved 1n a chilled fruit beverage,
Pttt v L In patients
. o develops 50
* ++oen given in
dmded daily doses on the day of, and the day after,
the diuretic  When acidosis 1s present the acetate or
citrate salts of potassum can be used instead of the
chlonde Drastic depletion of this electrolyte should
be avoided in the digitalized patient with uremia  The
elevated serum potassium level 1n these patients co-
exists with normal or reduced body stores
In a number of circumstances we prefer the mtra-
venous route for potassum admnstration  The ad-
vantages are that the action 1s prompt and results are
certamn, and when the electrocardiogram s continu-
ously observed, 1t 1s safer than the oral route Once
an oral dose 15 ingested one 1s commtted to that dose
When the potassium 15 given intravenously, however,
the snfusion 15 halted at the first evidence of peaking
or tenting of the T wave,*® and the hyperkalerma
promptly dxsappean For mtr;\venvus use we employ
a solution 40 of
chlonde m 500 cc of 5 per cent glucose and water
This 15 given i the course of an hour and repeated if
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necessary until a total dose of 120 milliequiv, has been
given Oncea therapeunc end point has been reached,
oral maintenance is started,

We have given potassium mlmvenausly to the fol-
lowing types of cases: first, to patients in shock due to
ventricular tachycardia precipitated by digitalis or to
patients exhubiting prefibrillatory ventricular rhythms
that may result in sudden death; second, to elderly pa.
tients with heart failure and digitalis overdosage, since
such patients are prone to develop pasoning even
with small doses of potassium; third, to patients with
paroxysmal atral tachycardia with block, in order
to present a prolonged 1:1 respanse phase that
may aggravate the congestive heart failure; and
fourth, when data were required to ascertain wheth-
er an abnormal cardiac mechanism was due to digi-
tabs.

Should the cardiac patient in fatlure be mafntained
on small supplements of potassium? The release of
myocardial potassium in failure, through the patho-
logic process itself as well as through the therapeutic
methods now in vogue, appears to provide a rationale
for such use. However, the loss of the cation in failure
15 1n all likelihood a secondary expression of chronic
lesions in intracellular physicochemxml pmcesscs The
hberation of 1 is theref of
the pathnlomc impairment, 2nd replcmshment of the
aCCrued cellular deficuts dcpcnds on correcuon of the

Fmnine

lation of the levels in the extracellular compartment
would be effective agamst a nearly thirtyfold cellular
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concentration gradient To date there is no clinical
evidence that long-continued administration modifies
or benefits the course of congestive heart failure
Furthermore, when appetite is normal, tn the absence
of renal or gastrontestinal potassium loss, the ubi-
quity of potassium assures an abundant supply of this
cation

Potassum supplementation is indicated only in the
presence of any of the serious manifestations of
digitalis overdosage or when acute loss is superposed
upon the chromc underlymﬂ dlsease Even under
these ci the of
large doses 15 hazatdous It has been stated that in
the absence of anuna the body can excrete large
ingested amounts so rapidly that toxic levels cannot
be produced 1*1%° Other observers have found that
ingested potassum may produce mntowication in pa-
tients with heart disease 1°*-12¢ Brown, Tanner and
Hecht,'* who gave 200 milhequv (8 gm ) of potas-
sium orally, reported stnking differences between
normal subjects and patients with congestive failure
Although the peak serum level normally occurs within
two hours of ingestion, in persons with heart farlure 1t
is reached within three hours, and the level 1s correlat-
ed with the degree of failure  The serum level rose 26
per cent (to 55 mulliequiv per liter) 1n normal per.
sons, 43 per cent (to 6 0 milliequiv per Liter) m pa-
tients with compensated heart failure and 67 per cent
(to a value of 74 miliequiv per liter) m decompen-
sated subjects Not only are these peaks reached later
but they persist longer when the failure 1s uncontrolled
In the patent without heart disease such a potassum
load will be excreted withm four hours, 1n the patient
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with decompensation it may require twenty-four hours
or longer. These differences are due to low renal
clearances in patients with failure.!*

In our experience the ingestion of even a lesser
single dose of potassium may induce severe hyper-
kalemia This is especially true in elderly cardme
patients, Although they may have normal concentrat-
g capacities and urea clearances they handle potas-
sium as though affhicted with advanced renal impair-
ment,

Since the hazards are real and the benefits are du-
bious routine admmistration of potassium should be
restricted to cases in which its use is clearly indicated,
It should be given in mederate doses with electro-
cardiographic supervision for the limited peried of
need,

Procane amide (Pronestyl). A new agent, the
anude analogue of procaine, is proving effective in
controlling the arrhythmias due to overdoses of digi-
talis. For a number of years surgeons and anesthetists
have employed procame to control heart rhythm, ecs-
peaally during cardiac and thoracic surgery ¥#°° The
clinical use of procaine has been restricted because of
rapid hydrolysis in the serum and a tendency to stimu-
late the central nervous system in the unancsthetized
patient Procaine amude, unhke procaine, is stable
within the body and in therapeutic doses 1s devoid of
convulsant action To date, procaine amide is the most
effectve agent n p dogs under cycloprop

from the arrhytt caused by epinep!

h

nine ¥
The antiarrhythmic property of procaine amide rc-
sides principally i its ability to depress excitability ™
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elevates the threshold to electric stimulation in all
wrts of the dog’s heart  Procaine amide also depresses
nduction m both atna and ventneles and prolongs
¢ absolute and relative refractory periods The de-
ee of these changes 15 a function of the plasma level
the drug? Such qumnidine-lihe effects are also
sted in the turtle and human hearts 202,203 In con-
ast to ds however, my 1 ity 13
ot depressed even with high concentrations of pro-
line armide 2

Procaine amide 1s completely and rapidly absorbed
om the mtestial tract and can thus be given either
ally or parenterally Peak levels after an oral dose
re achieved in about ninety minutes 12% After intra-
enous admunistration effects as assessed by the pro-
ngation of the QT interval are noted within four
unutes ¥ The drug 1s slowly metabolized and ex-
eted Plasma levels decline approximately 15 per
ent an hour Roughly 60 per cent 1s excreted un-
hanged 1n the urine On repeated oral doses a
latean 1s reached after thuty-six to forty-eight
ours 26 The electrocardiographic effects, which re-
:mble those of procame™™ or quinidine, ™™ consist of
R and QT prolongation, T-wave flattening and
RS widening

The mmmed:ate hemodynamuc effects of the imtra-
enous 1njection of procame amide have been studied
1 10 patients by cardiac catheterization *** There
as a reduction mn systerme and pulmonary artery
ressure, with a prolongation of the mean crculation
me These values returned to control levels within
bout thirty minutes In half this group of patients
he cardiac output fell The hemodynamuc changes
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were related to the presence of heart disease and were
feast evident in patents with norma) hearts

Procaine amide finds its most effective ehinical appli-
cation in the control of ventricular arthythmias, It
promuptly abolishes most bouts of ventricular tachy-
cardia and diminishes or el [y lar pre-
mature beats 127132295207 {5 soime cases it will control
ventricular tachycardia when quinidine has been un-
suceessful, The action of procaine amide on abnormal
atrial mechanisms has been fess spectacular  In some
cases recently established bouts of atrial fibrillation are
reverted to sinus rhythm %9332 Jrrespective of whether
such restoration is effected a stowing of the atria] rate
follows, The f waves become coarsened and widened
and resemble flutter waves in their configuration. Pro-
caine amide, lihe quinidine, exerts an atropine-lik
effect on the vagus nerve, with acceleration of the ven-
tricular rate in the inadequately digitalized patient.?
Procaine amide has been used with good results in no-
dal tachycardias, with variable results in supraventric-
ular mechanisms and with Little effect in most in-
stances of flutter.

Many of the arthythmias successfully treated with
procaine amide have been precipitated by an overdose
of digialis ¥ 7*° Stearns, Callahan and ENis™" were
able to abolish by mtravenous procaine amide nearly
cvery arrhythmia due to digitais. The doses ranged
from 60 to0 400 mg In 2 such patents with multiple
ventricular extrasvstoles the administration of procaine
amide permatted the contmuation of both digitalis and
diuretre measures, with good effect.

The specific interaction between procame amide
and towc doses of digitalis was experimentaily studied
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by Lown and Crocker,'** who found that in dogs pro-
caine amide was promptly effective in stopping ven-
tricular tachycardias produced by an overdose of
acetyl strophanthidin Such arthythmas usually lasted
from three to fifteen munutes. When 100 mg of
procaine amide was given mntravenously the tachy-
cardia was abolished within a minute, wnhout further

of the tack dia or v extrasys-

toles

To test further the effect of procame amide on the
toxic threshold of digitalis 1n dogs the following study
was carnied out Dogs were digitahzed with acetyl
strophanthidin 5 successive times at two-hour inter-
vals to an end pomnt of ventricular tachycardia  The
first 2 digitalizations served as controls Before the
remaing 3 digitalizations 100 mg of procaime amude
was given mtravenously (Table 7) 1In 38 control
digitalizations 1 7 dogs an average dose of 095 mg
of acetyl strophanthudin was required to produce ven-
tncular tachycardia  After pretreatment with pro-
caine amide the dose was mcreased to 169 mg. or
178 per cent of the control value When digitalization
was carned out two hours after the admmistration of
procame amude the requirement of acetyl strophan-
thidin was still 37 per cent above the control level
When small amounts of acetyl strophanthidin were
mjected just as an episode of ventncular tachycardia
ended spontaneously there was an immediate resump-
tion of the arrhythmua When procame amide was
used to stop such a bout of tachveardia, howeser, 1t
was possible to admunster nearly 65 per cent of the
control dose of the drug before the abnormal mechan-
15m was agam induced (Table 7) 2%
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were related to the presence of heart discase and were
least evident in patients with normal hearts

Procaine amide finds its most effective clinical appli-
cation 1 the control of ventricular arrhythmias, It
promptly abolishes most bouts of ventricular tachy
cardia and diminishes or chiminates ventricular pre-
mature beats 137:132:203-207 Tn some cases it will control
ventneular tachycardia when quinidine has been un-
successful. The action of procame amude on abnormat
atrial mechanisms has been less spectacular, In some
cases recently established bouts of atrial fibrillation are
reverted to sinus rhythm 139332 Irrespective of whether
such restoration 1s effected a slowing of the atrial rate
follows. The {T waves become coarsened and widened
and resemble flutter waves in their configuration  Pro-
camme amide, lihe quimdine, exerts an atropine-like
effect on the vagus nerve, with acceleration of the ven-
tricular rate 1n the madequately digitalized patient
Procaine amide has been used with good results in no-
dal tachycardias, with vanable results in supraventric-
ular mechamisms and with little effect in most in-
stances of flutter

Many of the arthythmias successfully treated with
procaine amide have been precipitated by an overdose
of digitahis 1*7:22 Stearns, Callahan and Ellis*" were
able to abolish by mtravenous procaine amide nearly
every arrhvthmia due to digitalis The doscs ranged
from 60 to 400 mg In 2 such paticnts with multiple
ventricular extrasystoles the admrmistration of procane
amide permitted the continuation of both digitalis and
diuretic measures, with good effect .

The specific nteraction between procaine am{dc
and toxic doses of digtalis was experimentally studicd
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by Lown and Crocher,™ who found that in dogs pro-
camne amide was promptly effective mn stopping ven-
tricular tachycardias produced by an overdose of
acetyl strophanthidin - Such arrhythmias usually lasted
from three to fifteen munutes When 100 mg of
procaine amude was given intravenously the tachy-
cardia was abolished wathin a munute, without further
recurrence of the tachycardia or ventricular extrasys-
toles .

To test further the cffect of procaine amde on the
toxic threshold of digitalis in dogs the following study
was carried out Dogs were digitalized with acetyl
strophanthidin 5 successive times at two-hour inter-
vals to an end point of ventricular tachycardia The
first 2 digitalizations served as controls Before the
remaming 3 digitalizations 100 mg of procane amude
was given intravenously (Table 7) In 38 control
digitalizations i 7 dogs an average dose of 095 mg
of acetyl strophantiudin was required to produce ven-
tricular tachycardia  After pretreatment with pro-
camne amide the dose was increased to 169 mg or
178 per cent of the control value  When digitalization
was carried out two hours after the admimistration of
procaine amude the requirement of acetyl strophan-
thidin was still 37 per cent above the control level
When small amounts of acetyl strophanthidin were
injected just as an episode of ventricular tachycardia
ended spontaneously there was an immediate resump-
tion of the arrhythmia. When procame amde was
used to stop such a bout of tachycardia, however, 1t
was possible to adrunister nearly 65 per cent of the
control dose of the drug before the abnormal mechan-
ism was again induced (Table 7).2%
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by Lown and Crocher,'*! who found that in dogs pro-
caine amide was promptly effective in stopping ven-
tricular tachycardias produced by an overdose of
acetyl strophanthidin, Such arrhythmias usually lasted
from three to fifteen minutes When 100 mg of
procamne amude was given intravenously the tachy-
cardia was abolished within a minute, without further

of the tachycardia or v lar extrasys-

toles

To test further the effect of procane amide on the
toxic threshold of digatalis 1n dogs the following study
was carried out. Dogs were digitahzed with acetyl
strophanthudin 5 successne times at two-hour nter-
vals to an end pomnt of ventricular tachycardia The
first 2 digitalizations served as controls  Before the
remaining 3 digntalizations 100 mg of procaine amide
was given intravenously (Table 7) In 38 control
digitalizations 1n 7 dogs an average dose of 095 mg
of acetyl strophanthidin was required to produce ven-
tricular tachycardia  After pretreatment with pro-
caine amide the dose was increased to 169 mg or
178 per cent of the contral value When digitalization
was carned out two hours after the administration of
procaune amide the requirement of acety! strophan-
thidim was still 37 per cent above the contral level
When small amounts of acetyl strophantludin were
jected just as an episode of ventricular tachycardia
ended ly there was an d resump-
tion of the arrhythmia  When procame amide was
used to stop such a bout of tachycardia, however, 1t
was possible to admmuster nearly 65 per cent of the
control dose of the drug before the abnormal mechan-
15m was agam induced (Table 7) 2
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MO.2 36<ycax-old ‘woman, mam(:stcd yeatricular tachy-
cardia 808 penpheral Onsular_coliapse %% hours after 2
matral yalvuloplasty She had ‘been o0 aaintenante Aigitalis
therapYs and_her previout rhythm had beent that of atnal
Soiiation The Pause of e chycardia 2%, ncertain
She was ? eated with TEC doses of ProCAIne amide, Tollowed
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every

‘Rbrallation, :mer%:d 2% the domunalt hythm  Afte? another

g all evidenct of ventricular B abibty bad dusap”

peared TRE aaent howereT: R 04 houss 1t
yentncvlar cachycardia 8 regarded 2% one condiua®

o which ugptolis 15 absolutely ccmrmnd\cated In ths

patient dxgnahs was effective 1n reversing the arrhyth-
sa 1f the 2 d for dete

§ there had a met! g the
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death g Tave been pre;

d
g
Ve have sect a number of smalar cases 1 which,
1o retrospects 1t seemed Jhely that 1§ digitalis ha

peen gIVEDR y and M 1

sreversible failure o7 ‘achycardi® L have been
controlted The convers, Tas also beeR our expenence
dxg'\m\ns was gwvens ath b £ uences; 37

uon the first place was due o overdosage
problem 1 therefore O0¢ of evolving & method for de-
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termining rapidly and without excessive hazard the
patient’s digitalis status and requirements. We have
devised a test that provides such information. Before
delineating the method and 1ts clmical use other ap-
proaches to the problem will be briefly reviewed.
Elec: di as Ind: of Digitall

When Cohn, Fraser and Jamteson”" first reported
that digitalis caused a characterstic alteration in the
form o[ the T wave, it was hoped that the electro-

would pmvxdc on the degree
of digitalization Pardee suggested that the T wave
might be used as a measure of digitalis action 1
man 2% Other corrclatne studies then followed.
Bromer and Blumgart™® found that the earliest altera-
tion of the T wave occurred when about 50 per cent
of the total therapeutic dose had been ingested They
concluded that T-wase changes served as a quantita-
tive index of the amount of digitalis present i the
body It was also reported that QT shortening might
be employed as a measure of digitalization ¥2% Some
even 4 that the el

graphic changes were not only specific for dmtzlxs
but were charactenstic for each type of digitalis prep-
aration employed 41277223

Contrary viewponts were also expressed Geiger
and co-worhers®** found that in digitahized patents
the clectrocardiographic changes were neither un:form
nor When p was
studied by seral el ) no
correlation was observed between the amount of drug
and the resultant changes m the ST segment and T-
wave contour  Gold and his group,* i attempting to
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evolve an electrocardiographic method for the bio-as-
say of digitalis pref ions, found that fully select-
ed normal subjects at rest were required to give a
satisfactory dosage-response cune

The ST segments and T waves are highly variable

of the electr diog They are affect-
cd by alteratmn of body posman, exercise, temperature,
3 hype; il clectrolytes

and a host of other factors M)ocardml mjury and
ventneular hypertrophy give patterns frequently in-
distinguishable from those duc to digitals It has al-
ready been pointed out that advanced poisoning may
occur without the tell-tale electrocardiographic effects
of dugitalis The conclusion to be drawn 1s that in the
absence of intoxication, the clcctmcardrogmm 18 with-
out value in the degree of digital, in the
cardiac patient. At best it may suggest the presence
of digitalis n the body
Chemical and Biologic Assay Methods

Until very recently there was no reliable micro-
chemical method for detecting digitalis and its gl)vco-
sides in the mmute quantities that are active bno!o'n-
cally Chemcal d were a th
less sensitive than the ussue concentration at which
the drug is cfTfective  The carliest chermical study was
that of Keller and Killiam #*¢ The presence of digi-
talis was ascertained by the formation of a blue ring
charactenistic of digitoxose at the interphase of test
fluid and sulfuric acd  The test was capable of de-
tecting up to 005 mg of digitoxin A more sensitise
determination dcpcndcd on thc red color formed by
the interaction between the unsaturated lactone ning
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of digitoin and allaline dinitrophenol.®s* The bio-
chemmical studies of the digitalis content of body flurds
were complex and cumbersome, and the results were
not reproducible ***

The absence of a suitable chermical test led to the
use of animal hearts for the bio-assay of digitalis 32
At first, intact animals such as frogs, gumea pigs and
cats were employed as test objects  The determunation
was based on the production of cardiac standstill 1n a
prescnbed time 2324 The use of the isolated frog
heart or the heart-lung preparation, and recently the
cat’s papillary muscle, enhanced sensitivity of detec-
tion ! #3828 A still more sensitive test object was pro-
vided by the embryonic chick heart 23723 The heart
was immersed 1n the test flnd containing digatalis, and
the concentration was judged by the production of
cardiac irregulanities

Embryonic duck-heart micro-assay method, An
approach similar to the chick-heart method was em-
ployed by Friedman, Bine and co-worhers™ who
adapted the embryonic duch heart for the bio-assay of
digitoan  They were able to detect concentrations as
low as 003 microgram per gram of tissue Would this
test permit evaluation of the digitahized state® Before
answering the question 1t is necessary to review briefly
some of the findings of these and other invesugators
concerning the distribution and concentration of dige-
talis 1n the amimal body Ho2et

Digitoxn 1s completely absorbed from the mtestinal
tract  Absorption 1s not impaired by the presence of
right-nided failure ** Once digitoxin enters the blood
a conniderable fraction 1s physicallv bound to plasma
albumin *3-® Three runutes after mtravenaus ad-
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Unlike other mammals, which did not excrete sig-
nificant amounts of digitoxin, man eliminated through
the hidney from 40 to 50 per cent of a single dose as
cardiac glycoside,#37¢%362 This elimination occurred
atarate of 5 per cent of the administered dose during
the Rrs! twenty-four hours and lesser amounts there-
T et 3£l ama —an £

the urine It has been accordmgly posmlated 1hat the
state of d by
daily excretion of 30 to 50 micrograms {003 to 005
mg ) of digitoxin #*? The presence of acute left-sided
failure or chronic decompensation did not diminish
renal excretion Durmng the first twenty-four hours
after the onset of acute nght-sided failure, excretion
decreased about 50 per cent and thereafter reached
control values

Increases in renal excretion of digitoxin occurred
consistently 1 panents with subjective or objective
symptoms of overdosage Patients with digitalis in-
towication excreted about twice as much in twenty-
four hours as the compensated cardiac patient The
embryonic duck-heart preparation has been used
difficult cases to determine whether adequate or ex-
cessive digitalization ewsted ¢

The duck-heart preparation provides a valuable
method for mvestigating the metabolism of digitalis
Tt has limited applicability, however, m assessing the
clinical state of cigitalization The test 15 complex,
time-consuming and requires special faciities Tt
shares with other bio-assay technics the disadvantage of
excluding substances whch might adversely affect the
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embryonic heart This necessitates a cumbersome
chemical process of extraction of the digitalis agent
Furthermore, in order to overcome the extreme vari-
ation which characterizes biologic testing, 5 or more
hearts have to be employed for each determination.
This apparently does not assure consistency of results,
for Friedman and co-workers™* had to employ eggs de~
nved from a single hatchery which has mamtained &
thoroughbred strain for over two decades, A fun-

Anmnntal ahiontinn tn punh an anneanch athee than

tibility of the myocardium to dgitalis Such data are
critieal for correct chinical evaluation

Radioactwe digitalis With the development of ra-
dioisotope technics, reversion to the chemical method
of studying the metabolism of digitalis has become
possible

The biosynthesis of radioactive digitalis has been
achieved through exposure of digitalis purpurea plants
to an atmosphere of radioactive carbon dioxide **
The tracer technic permuts great sensitivity for detect.
1ng minute amounts of labeled drug, 1t is posuble to
assay as little as 0 02 microgram of radioactive digi-
toxm This method can be adapted to follow meta-
bolic products of the parent comp distinguish
ing between unchanged digitoxin and other cardio-
active principles ** In 1950 Geiling and co-worhers,*
utibizing this technie, reported that dogs excreted up
to 46 per cent of a single dose of digitoxin in the unne,
Fischer and associates?™* found that cats and rats
eliminate a nearly smilar amount of unchanged digi-
toxmn and metabolites through the urinary route.
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‘The finding of the importance of the hidney as a
major pathway for chmnation of digitalis and its
breahdown products contradicts the resuits of earlier
Imveshgations™*- 826556 byt aprees with the duck-
heart method, When digitoxin labeled with radio-
active carbon is administered to cardiac patients, 60
to 80 per cent is elminated by the Lidneys exther as
unchanged digitoxin ar as 1ts metabohe denvatives.®
After 2 single intravenous dose there is a marked m-
ital excreuon of digiton lasting for two days; this is
followed by a gradual leveling off after the hith day.
Duning the initial three-day period 20 per cent of the
admunistered dose 1s ehiminated, and about half this
amount 15 excreted in the first twenty-four hours

Most of the carbon-14 from the labeled drug is
excreted as metabolic products Only 6 to 10 per cent
of the original drug is elmunated as unchanged dgr-
1odin, amd Yhis ocenTs amly i the first st hours ater
injection. A runute amount of unchanged digitoun
can be detected in the urine for as long as forty days
after admimstration, and carbon-14 products con-
tinue to be present 1n the unne up to the seventy-
fourth day *** The cumulative effect of dimitoxin ap-
pears to be related to its persistence 1n the body The

of these rad: boltes 1s uncer-
tain  Their high spearfic activity suggests direct deriva-
tion from dipitoxin rather than resynthess from the
bodily carbon dioude pool, where some of the carbon-
1 enters

Tt is concejvable that tracer techmcs may be adapt-
ed for chinical 1se to assess bodily disposition of digi-
talis By giving radicactive digtalis and determining
urinary excretion and specific actiaty over the myocar-
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dium the digitalis status may be delineated At present
these methods are not of practical significance for
the patient with congestive heart failure,

Acetyl Strophanthidin Tolerance Test

Principle. The purpose of the test 1s to ascertain the
degree of digitalization and myocardial sensitivity to
digitalis in patients whase digitalis status is in doubt,
Since there 13 currently no chinical method for deter-
mming cardiac susceptibility to digitalis, except
through the act of digitalizatson, such a procedure is
employed. Acetyl strophanthidin, the agent uscd, has
a short latency, peak effect is achieved in the course

Strophanthudin

of several minutes, and dissipation is rapid The
amount of drug necessary for a therapeutic or to¥I¢
end pomt determmes whether digitabs 1s to be used
and the approumate dosage for optimal effect
Agent Acetyl strophantiidin 15 an ultrarapid-acting
synthetic ester of the cardiac aglycone, strophanthidin.
It has been proved possible to mtroduce various radi-
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cals on the steroid-ring system of the
molecule by utilizing the huighly reactine properties of
the secondary hydroxyl group at the carbon-atom 3
position. Several denvatnes of strophanthidin have
been preparcd by interaction with various acids and
glucose molecules 7259

Wedd and Blair®® recently cast doubt on the digi-
talis-Iike properties of this agent. They found that
acetyl strophanthidin failed to shorten the refractory
peniod, interpreted as the QT interval, without impair-
mg contractility Since digitalis glycosides slmrtcn (hc
QT mterval, they concluded hat acetyl
isnota dxgntahs-hl\c substance and that its therapeutic
action 1s due to vagus-nenie stumulation  Greiner and
Reilly,?™ however, convincingly demonstrated the digi-
talisdike properties of this drug  When hypody.
namic papillary muscles of cats' hearts were exposed to
acety] strophanthidin there was a marked increase in
the force of contraction The response was quahitative
ly similar to that with other digitalis bodies, but quan-
titatively this drug was the most powerful of all the
preparations tested Although the relation between
the clectric activity and therapeutic action of digitalis
is not clear, it 1s hikely that the entical propertics that
distinguish the digitalis drugs are due to potive mo-
tropic action on the myocardium

In tests on human subjects acetyl strophanthidin has
been found to be a potent digitalis-like agent 3¢ 1%
It 18 much morc rapid in effect and disupation than
ouabain, generally conceded as the most rapid-acting
of all cardiac glycosides #1340 A comparison of
some of the chinical properties of the two drugs is
presented sn Table 8 The carhiest effect of acetyl
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strophanthidin, during 154 trials in 125 ﬁatienu, oc-
curred within one to five minutes, with an average
of three and a half minutes ¥ In a number of pa.
tients we have observed an effect as early as thirty
seconds after administration.*® When the drug was
given over a five-minute peniod 70 per cent of the
maximum action, as gauged by the slowing of the
ventricular rate of atral fibnllation, was evident at
the end of injection.*** The effect persisted for about
an hour, and in no case was it present after four
hours.* In dogs it is possible to digitalize at two-hour

Taete 8 Comparison of Speed of Action and Dissipation
of Quabain and Acetyl Strophanthidin *

Daa Earay  Puak  Poxsismzance Demarow of
Errect  Action o7 Errect  Tosicrmy
mun mn
Ouabain 520 60-120 3 hr-5days  Severalbr

Acetyl strophanthidin~ %-5 12 Zhr 30 mun

*Note that acton of acetyl strophanthidin u more rapid and more
transient than that of ouabain

intervals without evidence of cumulation.*® Toxicity
lasts for about thirty minutes, Enselberg and his co-
worhers,’** who have had the most cuensivc. clxpical
expenence with this agent, reported toxicity in 2
quarter of the trials However, they gave the whole
digttalizing dose at once. In experiments on both
dogs and human beings acetyl strophanthudin 1s about
half as potent as ouabain—that is, 0 1 mg of oual::xll.x:
18 equivalent to 02 mg. of acetyl strophanthidin 135,
Animal experrments. A number of problems re-
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mained t0 e solved pefore the appl'lca(ion of acetyl
t ; the d

slrophamh'\d'm a5 o testing agen! e-
velopment of meth ds for ehmn g of controlhing
oxicity; & rmination whether the action of
acetyl strophanthi in on art antitatively
addinve t0 at of am her digtalis prep: ation
already in the ody—the cnitical posnt lerance
testy and ascertaiming @ ether the state of PR

amez 9. SummE) of Ousbain AN wth Acetst ST
Dhanthaden 0 4 Dogs

No or DEATOLTE PremcTED Dysarion o
Rosva  DOsECL Qusmrt ToxierT®
Do mount GV
ACETYR et
SraoPRANTHITN sropRANTRIH
AND DUABATY
% min mn
20 1]

digna\xzaﬁon modifies the to0c pattern of ac

s!mphamh\dm exther 1M quality OF 1n duratio?

THhese problers We studse "~
i E

resent 10 the

acetyl s!mp\mmhldm 1o the pont of ooty did not
alter the to¢ pattern O protong 1ts durauon (Table
9

The possxb\h!y of determinipg the quaptty of dig
{7l



talis in the bady by means of acety] strophanthidin was
tested in dogs  When acetyl strophanthidin is given
at two-hour intervals the dose for the production of
ventricular tachycardia yemams constant. If, how-
ever, a dose of ounbain 1s administered between suc-
cessive doses of acetyl strophanthidin, thete is a re-
duction in the dose of acetyl strophanthidin equivalent
to the amount of ouabain mven A typical example,
one of a group of identical exp is p d
in Figure 15. Four doses of acetyl strophanthidin

ElAcety! strophonthudin
M — Quoboin given
O1 ~— Qucbannbady

3 s
E 2
H 0a &
: i
E i 03 Z
g ke 3
H o2
‘ . .
< = E fE) fos
o jj -

Tise 1y sovas

Fioure 15  Dechning Doses of Acetyl Strophanthidin for
the Production of V. lar Tachycard, "hen 1 4
Amounts of Quabatn Accumulate in the Body

were given to the same tovic end pout two hours
apart The first time the dose required was s{:ghtly m
excess of 20 mg When acetyl strophanthidin was
agan gnen, but this time preceded by 05 mg
of ouabam admmistered an hour earler, 1t required

[ s



only 50 PeT cent of the first digitalizing dose 10
produce \entricular sachycardi® Fach ume ouaba
was injected the reductio 1 the dose of acetyl st

ph:m\hxdm for toxacity was aearly equivalent to the
uab he OMEE

1n 20 simidat assays & shown apled The average
deviation 10 the cedicted amou™ ¢ ouabain §ro
the amount actually 86 wa er €€l 15 Was

s t
{he same as the m:mm!ude of deviation In successive
digitalizations with acetyl s(roph:mthl i when 1O
ouabain Was gnen Thus meth ccmits cEUrAte
nppmsa\ of the quanuty of 2 igitalis pmpamimn
resent withunt the body With these prc\lmmary ob-
servations 1t W S consdered )usnﬁcd 1o employ the
acetyl s(mphanth)dm ‘olerance test 1% man

Clintcal Studes wath the Tolerance Test

Matenal and methods Zhe test W3S employed 1%
patients with congustive heart farlure whose digitalss
status was 1 oubt or 1M whor myoc.ndm\ senstvity
10 the drug ™ as beliey ed to be 1nerease! To date
tests have beent carned out’n 18 panents {he majorty
of whom wer® crseally oF ermnally ¥

Technic pe procedu® of the test was quite
simple Two ampoules. each containg 06 mg &

cent ghuco’ 1f the patent to be tested
had receved utle or no digtab me of acety}
sxrcpham\udm {or of the diluuont W2 gven
\ntravenousty €% Ao TAUtes unt achier€
ment of eithe? & therapeut! eff 4 Ad to¥ic

or 2
response Y the prescnce of possible dugtahs MO
cation the schedule was modificd Father the nterval
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petween Joses Was ceased 0 i or th
initial tW ncre £ acetyt stxophamh' in we'
seduced ¢ g prese an arth hmia
that was ™ ¢ probatiy ue 10 digitalis POV furm was
first LY 4, if ¥ ffective, follow b lerand
test. le srocardiod! s continy sty ©! erved
during the One-minute strips hefore
each 10} . With the onsct of evidenc® of ¥ toxi=
cation, <cepteds e test W ped. { the
toxic P! sisted of ntricutor P e beat®
small am Proc +ne amide ¥ give intrare”
pously V! 1 alt extrasys s had isappe’

Interpretd InX 1atio { the tes! was pased
on the § acetyl tropht athudin € d an
on the P sent’s qud e TespO e If toxicty de
yeloped fter the first i) i 0.15 mg- °F 03
overdosag as presu™ be pre and 10
further digialis W admunist® 4. coxicity €n® ed
after 08 g without the int enth y therd”

eutic effect the ent W arded equ:nc\y
Aigptahiz® vhen ther? ne acts arred afte?
06 mg © m} nal doses of any f the
common\y used digptabis prepamuons were Gver untit

{ the pat!

the $ame effect had beet achieve
reqmred 12 mg or TOTE full d:gna\\zauon was

carnied OV
Results In of the 20 tolerance qests the informa”
non PY wde erved an v dinte curaté
gude further ther ¢ 1es! en ancerta®
m b anothe? pat nt A s00T f the complc-
won of 2 test welve ¢ the tests nt 4 that the
sents could profit fr re i aly o fult
rual dosagss { the tes nter-



preted as contraindicating digitalis (Table 10). Al-
though the findings of the tolerance test frequently
d; 1 chmeal i i the patients’

1 of

bseq courses b e
the test in all instances
Palients requiring digitalis. Of the 12 patients re-

Tanrz 10 Results of 20 Assays in 18 Patients.

Diorraus Requmen Drcrraces Nov Reguinen Errecr
Unezazam
0 or o or
assava P
Rl dgutzaon 8 Touaty 3
Pata) dgstalizston 4 Full dpualiaton 2
Increased sensiivity 1
No therspeutic effect L
Totala n 7 »

“Pauient extubited bidwectional ventricular tachyeardia before test.

quuring digitalis 9 were on maintenance doses Two
had received no digitahs and it was uncertan whether
1 had taken any Some of these cases are reported
below

CC, a 54-year-old man with hypertensive cardiovascular
and coronary-artery disease, had sustained 2 episodes of

myocardsal infarction before entermg the hospital After
ts 24 nfarct, nghinded and leftnded fasure developed
PRl g Dot e et vt

hycardia



DHALMBGIL Evely U BLRRUIES  AREL L g nie Leddl L
vomit again At this point the heart rate had decrense
about 20 per rent, and the extrasystales had disappeate
(Fig 16) ~The test was interpreted to denate that h
needed full diewtalization.  Within the mext 86 houms, b
recerved 4.0 mg of Dicoxin  This dose controlled his fail
ure and further slowed hus rate

Tixe Rurs VEBS Aceret Sito-

o i spure. Y

TSR

PNV AT AN TN s:%
D et v [ SRS .

Fover 16 Traemgs i € C

The acets! strophanthedin tolerance test sndicated the need

of full digualization. When thy had been accomplished
fadlure was controlled, and extrasystoles dimnuhed

Withaut an acetyl strophanthidin tolerance test
there appeared to be no wav of determimng thn
patient’s digitahs necds  The nausca, \omuung and
multfocal ventricular extrasistoles suggested over-
dosage and urged discontuation of the drug, The
unfavorable course, the increasmg pulmonary and
hepatic congestion and the background of mocardial
infarchon ntimated that a possible baus for the
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chnical picture was inereasing failure that might be
remedied by more digitalis  Even though it was con-
cluded that he needed more digutalis, the amount re-
quired would have remained uncertain and inade-
quate dosage might have witiated effective action
The therapy duning the month before hospitalization
was characterized by vacillation between half meas-
ures and resulted 1 sapping of the patient’s well-
being and the physician’s morale,

G, a 49-year-old man, had syphilitic aortic insufficiency
Twelve hours before admission dizziness, marked weakness,
dyspnea and palpitation developed A supraventnicular,

tachycardia with a rate of 180 was found to be the cause of
his symptoms  Sedation, carotid-sinus pressure and Prostig-
EA g bl NS g R e

rate thereupon slowed, and ther¢ was an abrupt reversion
to snuy shythm At this pont he exhibited 2d-degree
heart block, 2 changing pacemaker and ventneular prema-
ture beats  Intravenous injection of procaine amide in a
dose of 300 mg controlled these mamfestations
The tolerance test 15 not only a diagnostic proce-
dure but also, 1n some cases, a therapeutic measure
of requres a
digitalss - prepara(mn that has short latency, prompt
pnak acuon and rapid dissipation of toxicity, acetyl
has these Ergelberg and
his co-worhers'®® caused 11 of 12 cases of supraven-
tricular tachycardia to revert to sinus rhythm with
acetyl strophanthidin, the majonty within one to three
tunutes In I refractory case the panent had “auricu-
lar tachx,cardn with high degree atnoventnicular
lock ™
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In patient G.G. the onset and progress of pulmonary
edema due to the rapid heart action demanded
prompt digitahzation. Since he had received some

Towe Araa Rare

182

T

LA BN IS N S = e

Stropianyitore
G3us

e

20min 150 1.3mg
UL RN
T AT T T
e e

Poure 17 Electrocardiograms in G G, Shousng that Ace-
tyi Strophanthdin Caused the Arrhythrua to Revert to
Stnus Rhythm.
digitalis the amount to be given was uncertain I
ouabain® had been used the cquivalent dosage would
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have been 07 mg. to 08 mg. This dose could not
have been administered with safety in less than two
or three hours, and the longer period might have
jeopardized the patient's life. The problem with some
cases of supraventricular tachycardiz is that 2 toxic
amount of digitalis may be necessary for reversion,
as in this patient, When toxicity develops before the
arthythmia is controlled it 1s hazardous to continue
with more digitalis Furthermore, the toxic reaction
may be more serious and prolonged than the imtial
arthythmia These difficultics are either lacking or

at a mini when acety] stropt 15 used

AN (whose histary was presented on page 67) had severe
nght-uded and left-sided faure, a nodal tachycardia and
ventricular premature beats at the time of hosprtalization for
mitralalve surgery  After digitahs had been stopped the
thythm reverted to atral fibrillation, but he continued to
have premature beats and runs of regular ventricular thythm
His condition had by this time deteriorated, and he wax re-
gl!ded as terminally all  The fconsensus was that he was

In thus patient chimical yjudgment was contradicted
by the results of the tolerance test No basis ewsted
before the test for assuming that he required full digr-
talization  All therapeutic measures were meffectie
in controlling his advancing failure, and 1t was expect-
ed that he would dic within a few days The proper
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In this case 1dentical electrocardiographic arthyth.
mias were caused by diametncally opposite conditions,
and 2 correct appramal required the use of both
ium and acetyl hanthadi

P

GR, a 32-year-old woman with rheumatic mitral stenosis
and atrial fibrillation, entered the hospital as an emergency
admission to the surgical service. Four hours earler she
had experienced sudden, severe pain and numbness i the
night leg  She was anxious, sweating profustly and com-
plammme af dverman code oms ' —od ol Tl
whie
the {
ate .
howe
range
maimntenance digitabi for 3 years, 2 days before hospitaliza-
tion her daly digitoxin dose was increased to mg
Since she had some ventrnicular premature beats, a tendency
to regularity in the fibnllation and what appeared ta be P
waves 1 Lead V, the possibility of digitalis overdosage
was it d An acetyl h dim tolerance test
was carried out She receved 03 mg of the drug every
10 minutes (Fig 20) After 06 mg there was a materal
reduction in heart rate, and she expericnced nausea  She
was then gnen 05 mg of Digoxin intravenously and taken
to the operating room Her rate did not nse over 100, and
a 3! wag fi d

In this patient the test agam provided diagnostic
mformation and proved of therapeutic value. The
rapid heart rate was precipitated by the peripheral
embolization The daily digials intake, sufficient for
usual needs, was madequate 1 this emergency. A
small increment of drug controlled the tachycardia;
thereafter, the digitalis nceds receded to the former
level of requirement The special value of acetyl
strophanthidm in this case was the rapudity of its
effective action Within twenty munutes the patient
was prepared for operation
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sidered. An acety] tolerance test was camied out, After
the first 03 mg there was a change n atrial pacemaker and
a shght acceleration of rate. This was not noted at the
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Fioure 21 Electrocardiograms in RT

Tolerance test induced paroxysmal atral tachycardia with

block, which was controlled with procawne amide Digitalis

was not considered indicated

time and another 03 mg was given  Paroxysmal atnal
tachycardia with block resulted (Fig 9) This reverted to a
sinus tachycardia on the intrasenous amyection of 750 mg of
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procaine amude (Fig 21) It was concluded that the pa-
tient had had adequate digitalis and was bordering on 1n-
toucation  The sinus tachycardia was the resslt of failure
and could not be controlled until the failure was abolished
She was gven much sedation and morphine, Withn a
few hours the pulmonary edema began to abate, and a re-
ducton rate followed = She recovered, and some days
later a mutral valvuloplasty restored her neasly to full activ-
ity

A long-acting digitalis preparation might have pro-
longed the toxic response, and the pulmonary edema
might have impeded or prevented restoration of com-
pensation  Within a few munutes, through use of the
tolerance test, it was evident that digatahs was not to
be employed

Uncertain and unfavorable results In 1 panent
the results were uncertmin  The patient came in with
left-sided failure and atnial fibnilation with a ventricu-
lar rate of 160 A dose of 16 mg of Cedilanid mtra-
venously did not slow the rate The next day he
experienced a cerebrovascular accident, with frequent
grand»mal seizurcg Dunna lhe convulsmn he had
To ascerram
whether dlg‘xtalls would slaw !he rapd fibrallation
acetyl strophanthidin was given  However, the spo-
radic recurrence of bidirechonal ventricular tachy-
cardia prevented judgment whether the patient was
underdigmtalized or overdrgitalized

Acetyl strophanthidin accelerated the death of an-
other patient, who was termmally 1ll with left-sided
and right-uded failure unresponsive to all measures
While she was on mamtenance digtalls an episode
of rﬂpxd heart action mterpreted as supraventricular

with left-bundle-branch block developed

The arrhythmia was terminated with procame amide
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Two days later, because of a ventricular rate of 120,
it was decided to carry out a tolcrance test. Within
thirty seconds of the injection of 03 mg of acetyl
strophanthidin multifocal ventricular premature beats
developed, and within 2 minute progressed to ven-
tricular tachycardia. It was now ewident that the
previous arthythmia had also been an episode of
ventricular tachycardia. The cerebral symptoms, the
anorexin and the extreme regulanty of the atrial
fibrillation appeared as the obvious stigmas of ad-
vanced digutalis intoxication She was therefore given
200 mg of procamne amide intravenously, with rever-
sion to rapid and regular fibrillation However, about
nine munutes after the acetyl strophanthidin and si¢
minutes after the procaine amide she grew cyanotic,
with gasping respirati The elect diog)
vealed ventricular fibnllation.

Whether the terminal episode was due to acetyl
strophanthtdin, procaine amide or other factors will
never be established with finality, Deaths after small
intravenous doses of procaine amide have been re-
ported 3 The chain of circumstances m this patient
demands that her death be ascribed to the tolerance
test It seems to us that 2 number of erzors of judg-
ment were commuitted in this case In the first place
the initial arrhythmia was not recognized as ventricu-
lar tachycardia Secondly, the symptoms, as well as
the regular and rapid ventricular response in a patient
with atrial fibrillatson, should have ind:cated that she
was still seriously intoxicated at the time of the test.
In the presence of overt digitalis mntowcation the ad-
mimistration of potassium 15 the procedure of choice.
‘Without the tolerance test it 1s likely that the patent

[132]

re-




would have received more digitalis and probably the
outcome would have been identical.

Discussion

The amelioration of disease by therapeutic means
that alter internal biologic processes cames with it the
constant possibility of injury In deciding the justi-
fication of any new drug or procedure one must weigh
the benefits to be accrued against the hazards to be
encountered in relation to the seriousness of the un~
derlying problem In the treatment of advanced
cardiac disease situations in which the patient’s well-
being depends on an accurate appraisal of digitalis
needs frequently arise No method has been available
to date for this purpose The test outhned above
provides an indication whether digitalis can be safely
given or must be withheld Our expenence has m-
pressed us with both 1ts great value and its potential
danger Its use is justified only in the most cazefully
selected cases There must be real doubt concerming
the digitalis requrements that cannot be resohed by
slmpler chnical means before the test 1s employed
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such data has been devised It is based on 2 biologic
assay of dial itivity to an ul :|
digitalis-like drug, acetyl strophanthidin

The newer methodologl ployed, i cat-
diac and coronary-sinus catheterization, renal hemo-
dhalysis, micro-assay of dignosin with the embryonic
duch-heart preparation and radioactuine digabs com-
pounds, promise a further extension of hnowledge
concerning the mechamsm of heart falure and the
mode of action of digitalss.

The introductory words of Withering to hus treatse,
which ushered in a new era in the care of patients
with congestive heart failure, form an apt conclusion
1o our study:

‘These remarks consist partly of matter of fact and
pantly of opinton  The former will be permanent, the
latter must vary with the detection of error or improve-
ment of knowledge 1 hazard them with diffidence and
hope they will be examined with candor not by contrast
with other opimions but by an attentwve compaziton of
the phenomena of disease
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