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INTRODUCTION

"Digitelis treatment is one of the most important
and serious duties of the general physician; it demands a great
deal of skill, power of observation, keen interest and experi-
ence., A long life is too short to learn enough ebout this won-
derful drug." (Winokebach 118) It "is the essential - - -~ in
the treetment of cardiesc decompensation". (Christian 18) It
was the realization of these faots that prompted the subject of
this thesis,

Of the mumerous drugs with similar aotions, digitalis
alone will be considered. The several varieties of foxglove dif-
for slightly in the active principles to which they owe their
effect. All of these have essentially the seme characteristics
so the drug will be dealt with as a whole only.

A short division on the history of the drug will be
followed by a seoction on the effects out of which the beneficial
and toxio action of the drug result. Next, administration will
be consideresd followed by a case history that well 1llustrates

one form of digitalis intoxication.



HISTORY OF DIGITALIS=*

The use of foxglove as & therapeutic agent is
thought of by most people as originating with Willieam Withering.
However, a8 early as Dioscordies, the plant, foxglove, was
knowne There is good evidence to show that Galen used the
plant,

During the eleventh century, it was known to the
Saxons, and a oentury later to the Welsh. Extracts wsre consid-
ered as potent protection against such menaces as witches and
the "evil eye".

A Bavarien nemed Leonerd Fuche (1501-1566) gave the
first accurate description of foxglove, and as he thought the
flower resembled a thimble, he called the plaent the Latin for
finger hut or, digitalis. He was a botanist primarily, but he
ventured far enough from this field to suggest its use to
"scatter dropsy", and to reduce swelling of the internal organs.
Ee also suggested its use in starting the menstrual flow.

That digitalis had only a very limited use at this
time is shown by the fact that Parecelsus (1500-1550) did not
mention the drug in any of his writings.

In Englend in 1640, John Parkinson sang the plant's

preises in "falling sickness" or epilepsy and in serofula. In

*(History taken from 24, 62 and 126)
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1710, Williem Salmon in the British Herbal gave the drug a

great 1ist of uses. One statement of interest was the follow-
ing, "It produces weakness, induces vomiting and purges", thus
he had observed and set down some of the important toxiec symptoms
of the drug.

Foxglove appeared intermittently in the Pharmacopeas
in England, France and Germany between the years 1700-1775. The
first experimental work on animals was performed by Saterene.

He over-fed turkeys and noted the resulting frequent evacuations,
the convulsions and death. By 1775, the drug had no reputation
and had its principal use as an external application for scrofula.

Any thesis on digitalis to be complete should give
some aoccount of the man with whom the word is so closely associ-
ated.s Withering was the son of a Shropshire physician, and it
was while living in this seotion of England as a small town
dootor thet he made most of his observations. The manner in
which Withering happened upon the drug is best narrated in his
own worda.

"In the year 1755, my opinion was asked concerning a
family reoipe for the curs of dropsy. I was told that it had
long been kept a secret by an old women in Shropshire who had
sometimes mede cures where more regular praoctitioners had failed.
-~ The medicine was composed of twenty or more different herbs,
but it was not very diffioult for one conversant in the subject

to perceive thet the active herd could be no other than foxglove."



As Jenner had seized upon and chempioned a local
remedy so did Vithering take up and gain recognition for digitae-
lis, He bheceme very interested in it and used it with ever
increasing effectiveness upon his patients., Finally in 1785,
he published his classie book upon, "An Account of Foxglove and
Its Medioal Uses",

In this monograph, he gave an accurate desoription
of the drugs toxic effects. He showed that he well understood
the use of the drug. As the ideel indicetion for its use, he
described accurately a patient with cardiasc decompensation.

His work becomes all the more remarksble when consideration is
given the relative scarcity of knowledge and the inadequate
methods of study evailaeble at that time.

The modesty and genuine scientific attitude of the
men are shown in the guotation from his book, "Time alone will

fix the real value upon this discovery, and determine whether I

have inposed upon myself and others or contributed to the benefit

of science or menkind".

Withering's clear and concise teaching prevailed for

3e

only a relatively short period of time. Ferriar in 1799 and King-

lake in 1801 confirmed his work and concluded that the pulse was

slowed and strengthened by the use of digitalis.

Unfortunately the drug so efficient in its indiocated

field fell down when used in swellings such as hernias and boils.

It also failed to ocure tuberculosis in spite of the glowing
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report of Beddois (1801).

In his words -~ "In cases of pulmonary disease
where the presence of tubercles was indicated by eovery symptom
and when they seemed ready to break out into open ulcers, I have
verified the efficacy of digitalis; end I daily see meny pe-
tients edvencing towards recovery with so firm a pace that I
hope consumption will hence forward be as regularly cured by
foxglove as ague by the Peruvian bark",

The drug momentarily fell into such disrepute that
Napolean's physician, Crouisart (1806-1818), refused to mention
it in any of his books.

With the work of Laemnic (1819) valvular lesions
began to be diagnosed, and in 1832, Corrigen gave a more positive
reason for not using the drug. He reasoned that in lesions of
the aortic wvalve characterized by insufficiency, the drug by
prolonging diastole inoreased the back flow of blood. Bouilland
(1824) oalled digitalis a cardieoc sedative, "the opium of the
heart", and used it to quiet the heart in fevers. This did little
to brighten the drug's reputationQ

In 1840, réports of its use agein became more numer-
ous in Germany and France., Schoenlein (1842) and Aran (1842),
representing these two countries, had much to say in fevor of
the drug. The English, however, continued to scorn its use.

Such men as Stokes (1853) and Fothergill (1871) could find

little to recommend foxglove.
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A8 early as 1844, physiologists began active work
on the drug. Homalle obtained the first active extract of the
foxglove, and Movell in 1860 first crystalized out one of the
active principles. The substance he succeeded in isolating was
identical with digitoxin.

The method of action of the drug was the subject of
much study after 1850. The German physiologist, Franke, showed
that the sedative action of digitalis was a result of vagsal
stimulation. Boehm (1872) showed that there was a direct action
of the drug on the heart muscle, Schmiedeberg confirmed this
observations Finally Cushney in 1898 was able to state that in
men "in cases of dilatation of the heart with weak and ineffici-
ent systols, its action is almost specific; =- the setion is
very simple -~ the increased wventricular systole approaches
normal®,

In 1899 however, Jurgensen stated thet the use for
the drug is in the totally irregular and rapid heart.

Thus one school used the drug with the idea that it
inoreased the heart's efficiency through slowing its rate, and
the other sohool with the idea that it strengthened the heart
beat through direct action on the muscle.

The former group quickly gained the ascendancy through
a series of investigetions by Mackenzie (1911). This remarkeble
¢linicien ably supported by Thomes Lewis in the laboratory so

conclusively showed the value of the drug in auricular fibrilla-
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tion that this condition beceme the indication for digitelis.
These men felt that it was through the slowing of the beat in
this condition that the improvement was ettained.

It remained for Cohn in & series of artiocles from
1915 to 1924 to recenter the investigators ettention on the
possibility of digitelis exerting a favorable effeot in heart
disease by increesing the force of contraction through direct
action on the heart muscle.

For our detailed knowledge of the digitalis serises,
we are chiefly indebted to Cushney (1925) who over & period of
twenty«five years worked to unravel this complicated femily.

The lack of uniformity in potency of digitalis proe
ducts was frequently an importent factor in producing faulty
use of the drug. Hatoher and Brody in 1910 worked out the cat
mothod of bio assey. This plen is the most widely used in this
country todey, and through its applioation, it is now possible
for eny physician to buy a product of known potency.

Two modern methods of atteining the desired thera-
peutiec efcht with the drug were set forward by the Englishman,
Mackenzie (1911), end by the American, Cary Eggleston (1915).
The former echisved his results over e long period while the
later showed the way to a rapid accurate means of digitaliza-

tion.
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ACTION OF DIGITALIS

Effect upon the Heart.

There are several avenues by which digitalis may
exert its effect upon the heart. The first of tnese is a di-
rect actions However, it may act indirsctly upon the organ
first by effecting its autonomic control and second by alter-
ing its blood supply through the coronary vessels.

(a) Direct Action upon the Hearte. (18)

In connection with the disoussion of the affects
of digitalis direectly on the heart, a short summary of the life
hisbory of the drug as it passes through the body will be pre-
senteds Digitaelis is absorbed readily from the subcutaneous
tissue, the intestinael traot or the musocle.

The drug upon entrance into the blood stream is
fixed almost immedistely by the tissues of the body. The heart
muscle binds it to a degree greater than does any other tissue.
The ratio compared to othe} orgens is fourteen to one for skele=
tal muscle, five to one for liver, and two to one for kidney.
The degree of absorption in the heart muscle depends upon sever-
al faotors, It varies directly with the mass of muscle and with
the concentration of the drug in the blood stream and inversely
with the speed of the ocirculating bloods The large failing
heart which is ineapable of keeping up the normal rate of flow

will thus take up more of the drug than it will later after the
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circulation has improved and the heart size is diminished.
This gives a nicely funoctioning ocontrol of the diseased heart
according to the degree of need. (108)

After fixetion in the heart muscle, there is a
short period, a matter of seoonds, during which the drug may
be washed awaye. Following this it becomes irreversably fixed
in the muscle. The binding action is the result of the formation
of @ cholesteride,

After the drug is bound, it gradually decomposes
into e cardio-sctive portion, a genin, and an inasctive portionm,
a sugare. The former is slowly removed from the heart muscle
and eliminated. This elimination is chiefly through the liver.
(33 = 42) The cardio-active principle acts through increasing
the hydrophillic phase of the muscles This inoreamses the ability
of the ocardisc muscle to swell, and a stronger ocontraction and
a more ocomplote relaxation results,.

The gradual breakdown of the drug into its active
principle expleins the delayed appearance of its effect. Ad-
-ditionel doses will lead to fixatlon of more drug ir the heart
muscle before previous doses have been eliminatede In this way,
digitalis exhibits its well known culminative action.

(b) Action upon Autonomic Control.

The influence of the wvagus upon the heart wes re=-

cognized by the nineteenth century physiologistse These men

also recognized that digitalis acted to inorease this inhibitory



function of the nerve, Stimulation of the wveagus centers was
held to be the mode of sction of the drug. After the nerve was
cut, digitalis no longer slowed the heart. (24)

However, the influence of the vagus may be primarily
the result of digitalis aotion on the heart, for it hes been
demonstrated that this drug increases the sensitivity of the
muscle to vagal tone. (112 - 1)

Experiments devised by Heymans indicate the action
is through the carotid and aortic reflexe ie was able to per-
fuse separately the brain and carotid sinus. Perfusion of the
former wes ineffective in elieiting a vago tonic response.
However, the action on the carotid sinus produced the typical
inhibitory effects. (60)

Thus digitelis seems to exert its wvegal action
through direct influence on the heart muscle and through reflex
increase in vagal tone as a result of an action upon the carotid
sinuse.

(6¢) Effeoct on Blood Supply.

The effeot upon the coronary circulation will be
described latere This matter is a subject of much speculetion
end thet any significent chenge at all is produced is far from
acoepted.

Now that the means by which digitalis exerts its in-
fluence over the heart have been presented, some of the effecis

of these influences will be discussed.
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(1) Effect on the Contraction of the Heart Muscle.

Williem Withering noted of digitelis -- "It has a
power over the motion of the heart to a degree yet unobserved of
any other medicine", Since then workers have established an in-
crease in the contrectile power of the heart muscle. It has
been demonstrated by x-ray thet the heart‘under the influence of
digitalis responds with an increased excursion. (24) The heart
is eble to empty itself against a higher arterisl pressure (98),
and the seme amount of work osnm be done with less diastolic
filling, following & raise in venous pressure. (8)

In the dog, toxioc doses can produce the opposite
effect through vagal activity with e resuiting deoreese in
strength of ventriculer contraction and finally with auricular
standstille (26)

Digitalis alters the speed of contraction through
a direct action on the heart muscles The duration of systole
is shortened with a reletive inerease in diastole. Vagotomy or
atropine are ineffective in influencing this response. (123)

(2) Irritability of the Heart.

Digitalis may reise the irritability of the heart
muscle so that one or more points in suricles or ventricles may
temporarily become the pace maker of the heart for one or more
contractions. Extra systoles ere the result. This ection is
important in telling the clinicians that enough drug has been

given. (See toxic effects.)



11.

(3) Conduction in the Heart.

Conductivity in the heart is effected by both dir-
ect action and indirect vegal control. The prolongation of the
P-R interval in the EKG represents a deley in the conduction
time through the AV node. This is a vagal effect as atropine
will ebolish ite (26) tiHowever, there is a direct asction of
digitalis in large doses not affected by atropine. (67)
Intraventriocular conduction mey also be reduced with a resulting
bundle branch bloock. (DeBoer 1919) (36)

(4) Pace liaker,

In the isolated heart, digitalis probebly has little
influence upon rete. (26) IHowever, it may produce a slight
elevation. (117) In the intact animal with normal rhythm,
the slowing may be marked and is the result of wvagal inhibition

upon the SA node. (26)

Effect on the Heart Rate.

The ocomplicated control of the heart rate offers a
serious obstacle in the path of any ettempt to determine the
mechanism by whioh a drug msy alter it.

That digitelis may markedly slow the heert was one
of the earliest noted effects of the drug. In the normsl human
without heart disease, this response is little in evidence prior
to the ocourrence of toxic effects. (21) However, preceeding

the alteration in the T wave, changes up to ten beats per minute
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mey be observede (83) This change is due to vagal inhibition
of the S4 node.

In patients with heart failure, there may be marked
slowing of the pulse if techycerdia existed before. That this
change is due to action on the SA node primarily c¢an not be as-
sumed for the improvement in the ciroulation may remove the
factor producing the tachycerdiae In patients with techycardia
due to fevers, little or no alteration in the pulse rate resulis.
fihen ehange‘does occur, it is as apt to be in the form of an
elevation as in the form of a depression. (72)

In eurioculsr fibrillation, the slowing is generelly
accepted a8 being due to decrease in conductivity of the AV
tissues In therepeutic doses, this is s wvagal effect. There
is a group of men, howecver, that feel thet the cardiac muscle
in failure exhibits an inoreassed irritability end thus responds
more readily to stimuli from the auricles. They point out that
the fibrilletor not in failure maey be beating at e slow rate.
(69) The repid heart in auricular fibrillstion is due to this
increased irritability coincident with failure. The slowing in
rate therefore might be attributed to relief of cardisc failure
or e direct sedative action oﬁ the heart muscle.

Thet both a direct action on the muscle and an in-
direct action through the vagus are factors 6f importance is
very likely the case. The amount of the drug given may determine

which factor predominates. (48) Thus in smell doses atropine
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will abolish the slowing in the fibrillasting petient while larger
doses will produce a slowing unaffected by atropine.

Very marked slowing mey be produced through the pro-
duction of AV block. (28) However, through the slowing escape
rhythms are wery apt to ococur whereby extra systoles may actual-
ly be so numerous a8 to increase the heart rate. The irritative

aotion of the drug on the heart musole will amplify this tendenocy.

Effeot on Coronary Flow.

Previously in this péper it was stated that digita-
lig affeoted the heart through alteration in coronary flow,
Discussion wes avoided at that time because the subjeot being
controversial required more discussion.

Digitalis produoes constriotion in the isolsted
coronery of a dog. (26) Thet this mey teke place in the human
heart is suggested by the faot that digitalis when administered
to humens with arteriosolerotic heart disease may develope angina
pectoris. Several suggestions are submitted to explain this find-
inge First in & decompensating heart, the petient tends to re-
striet his aotivity. However, when digitalis is given, the de-
gree of dyspnoes is lessened and the patient 1s able to inorease
his activity. As a result, he may crowd the capacity of his
coronary arteries with a resulting ischemie and anginal pain.
(Mackenzie 1923) (68)

Fishberg finds the explanation in the study of
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patients with angina who decompensate and lose this symtpom.

In such cases, there is a decrease in the amount of blood sup-
plied to the left ventricle by the right. As it is the left
ventricle that is apt to contain the sclerotio arferies, it is
apt to be the source of the pain. Decompensation relieves the
load on this chember due to the decreased supply from the right
heert. Digitalis by producing compensation steps up the right
heart output eand thus the load on the left ventriole with a
possible result of return of the anginal pain.

Since Cushney's time, however, much experimental
work hes been done to prove or disprove alterations in coronary
flow as a result of digitalis., In :zome cmses, no effect has
been notede (9 - 52 = 10) Recently in a carefully controlled
work, this conclusion hes been ferified. (34) That there is a
definite decrease has also been shown. (3 = 35) The confliot-
ing results may be harmonized. The early effect seems %o bé me
of constriotion, reducing coronary flow. Leater due to anoxemias
the blood vessels dilete, and also the cardiac output may be in-
oreased so that an increased coronary flow occurs. (41)

In the final enalysis, angina must be looked upon as
a8 subjective findinge In a weil controlled series recently re-
ported on, it has been demonstrated that the giving of a placebo
is as likely to result in an anginal attack as is the adminis-

tration of digitalis. (49)
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Effeot on Cardlac Size.

Digitelis deoreases the size of the heart in health
end disease. This is perheps the most constant single effect
of the drug. (54 = 110) It is essumed that this is the result
of direct action on the heart muscle whereby each fiber is
shortened decrsasing the size of the whole organ. Extra cardisc
-factors are of no influence since the change in heart size per-
sists though these be altered. (109) However, decrease in
venous pressure and volume of circulating blood may augment

this decreasse in size. (96 - 64)

Influence on Cardiac Efficiency.

There is probebly & marked increase in cardiac ef-
ficiency following optimal dosege of digitelis in decompensated
heart disease. The hcart uses less oxygen for the seme amount
of work accomplished. This change is due to the deoresse in
diastolic size of the heart for it is known that the larger the
heart the greater becomes the oxygen consumption. (85 -51)
Thus following a decrease in size of the heart the funetional

capacity of the orgen will be greetly increased under the same

oxygen supplye

Influence on Cardiac Output.

The effect of digitalis om cardiac output is a very

complicated problem end from the mere fact that a pestient improves



following digitalis therapy, it can not be sssumed that the out-
rut of blood from the heart has been increased.

The fact that a decrease in cardiac output in the
healthy individual takes place was first established by Harrison
in 1927. Since then numerous authors have agreed that such a
decrepse does take place. (13 = 106 - 109)

The effect of digitalis in heart disease is not so
clear cut nor so universally accepted. The most recent studies
show thet given a patient in cerdiac failure that e marked eleva-
tion in cardiac output will result from the therapeutic admin-
istration of digitelis, regardless of whether the heert is fibril-
lating or not. (110) However, with the patients preéentiug heart
disease but no symptoms of failure, the sction is less pronounced.
In this group of cases, the output mey be increased, unchanged
or decrcased. In the first case, the heart acts as a decompensated
organ and in the lest cese, as a normal one.

There are those who produce evidence to show that no
constant increase does oocur in decompensated heart cases. (54)

The question now arises how does the drug produce
these effects? In failurs, the blood supply to the heart is
more then adequate. Venous pressure is high and the output thus
depends not on the supply of blood, but upon the hsart's capacity
to digtribute the ample supply. Through the slowing, increased
efficiency and increesed force of contraction, the functional

capaocity of the heart is raeised. This tends to inoreasse the
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volume of blood expelled from the heart.

In the healthy individuel, the decreased output is
not so easily explained., That the decrcased size is an important
fector is more then possible. (109) Thet there is an extra
cardiac influence at work must also be given some considerstion.
(64) Thus it has been shown that digitalis diminished the volume
of circulating bloods (79 -~ 127 = 99) This reduction might be
due to a constriotion of the hepetic veins pooling blood in the
splanchnic areae (27) In heart failure, the blood volume tenls
to increase from the very neture of the disorder. The segment
of the circulation upstreem from the failing chamber will show
this inorease, (53) The relief of failure in itself will thus
account for a large decrsase in the volume of circulating blood.

Now the findings in health and disease will be
harmonized. Two factors sre at worke The first is an increased
capacity of the heart to do worke This tends to increase cardiac
output. The second is a decrease in circulating blood; this tends
to decrease cardiac output.

In the healthy individual, the functional capsaocity
of the heart is not a factor to be considsred as it can easily
manage large variations in blood returned to it. Thus the extra
cardiac faotors éroduce a decrsase in cardiac output with the
possible aid of the decrgase in the size of the heart.

It will be remembered thet in one group of decompen-

sated patients a constant rise in output existed., Here the ine
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crease in funoctionsl cepacity predominated. In the other group,
no constant change in cardiac output was observed. In the cases
where a decreased output appeared, the smeller blood volume and

the smaller cardiec size were the determining factors.

Relief of Heart Failure by Digitalis.

Now that some of the efféots of digitelis have been
presented it is interesting to speculate on just how these ef-
fects bring about the marked improvement so frequently observed
in the failing heart.

Improvement depends on two factorse. The first is
an inoreesse in funotional capacity of the heart, and seocond e
deorease in the load on the heart. The heart fails because the
work to be done surpesses the functional limits of the orgean,
Digitalls alleviates heart feilure by attaching both the faotors.
(36)

The increased functional capacity is brought about
by three modes of action. The first is on the AV node. The
fibrilleting heart is slowed. This gives more time for the
chamber to fill and for the heart to rest, The result is a
stronger end more efficiently working machine. (76) The se-
oond action less definite is an effect upon the SA node slowing
the failing heart with tachycardiae. Through this action the
heart is given a longer rest periods The third action is upon

the heart muscle. This results first in an increased strength
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of contraction (47); second in an increased mechanical ef=
fioienoy (54) and third in a lessened fatiguability. (98)
The load of the heart is deoreased by decreasing

the volume of the circulating blood. (27)

The Effect of Digitalis on the Kldney and Urine.

The apparent effect of digitalis upon the kidney
first oalled William Withering's attention to the drug. He con-
sidered the diuretic aoction to be the principal faotor in im=-
proving the dropsiocal patient. That this action 1s not on the
kidney is shown by the fact that digitalis does not aid in re-
duoing edema of any origin other than ocardiac.

In heart, lung and kidney preparations of dogs, an
increase in urine has been produced through administration of
digitalis. (50) However, this does not prove that diuresis in
men hes a similar origin. The fundamental fector in diuresis is
one of improving the circulation. This produces a fall in ven=-
ous pressure with a decreass in capillary pressures. The blood
supply to the tissues is improved so that waste products in
the tissues are removed. By this twofold influence, edema
fluid is sbsorbed and carried to theo kidney where it is eli-
minated.

Prior to the diuresis in cardiac patients there is
a deorease in the plasma specific gravity., (107) This indicates

that ebsorption of tissue fluid is fundamental in the diuresis
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not the reverse,

Effect on the Llestrocardiogram.

As early as Cohn's work in 1915, it wes known that
digitalis effeoted the electrocardiogrem. Since that tims,
electrocardiographic alteraetions have become well recognized.
The importance of recognition of these changos may be consider=
able as & digitalis effect may simulate findings of serious
coronary disease. The changes ars of some importance in deter-
mining whether or not a patient has had digitalis recently.
Over dosage may be recognized first in the eardisc tracing.

The chénges to be found will be listed in some

detail.

P Waves. The P wave may become lower or diphasiec
(95) or may be unaffected. (65 - 120)

P-R Interval. There may be no change in the length

of this segment of the electrocardiogram (106) or it mey increase
anywhere from .01 « 04 sec. where the drug is given in small
doses to normal humans. (120 - 114) Changes in the PR interwml
may vary with respirations following the administration of digi-
talis. (70) Thess changes in the undamaged heart are not marked
and rarely given an intervel sbove .25 sec. Howsver, in the
dissased heart, grester effects may follow small doses, Large
doses may produce varying degrees of block up to complets AV

disassociations (28) The lesser degrees of PR prolongation are
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probably a vagal effect as atropine will abolish them. However,
in larger emounts, atropine will no longer prevent PR prolonga-
tion and thus the effect is probably directly upon the AV bundle.
(90)

QRS Complex. The height and conformation of the
QRS complex may rarely be changed under digitalis. (116 - 12 -
38) The changes, however, are the exception and not the rule.
(65)

QT Time. This inter§a1 is quite regulerly decreased.
(15) It is illustrative of the shortemed ventricular systole
spoken of earlier.

ST Segment end T Waves, The chenges in this portion

of the cardiograph are most characteristiec. They appear quiockly
after administration of digitalis if given in large doses. The
usual alteration is e depression of the ST segment with a ocoin=-
cident lowering or flattening of the T wave. The latter may go
on to diphasic state or to complete inversion. (65) The T wave
if negative may become positive. (83) When axis devietion is
present, the T wave may change so as to become opposite the chief
defleotion of the QRS. (83) Atropine fails to abolish these
changes so they appear to be a result of direot action upon ths
heart muscle.

Other slteratlons will be discussed under toxic ef=-
fects of digitalis.

The ochanges seen mey persist from a few days to as
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long as four weeks. The F wave and PR time changes appear %o
be very transient and last but a few days. (65) However, QT
time, ST segment and T wave changes may frequently persist as
long as thirty deys, usually twelve to twenty. They reach a
maximum in from twenty-four to seventy-two hours. (65)

The percentage of the lethal dose at which the var-
ious chenges appear hes been worked out in cats. T chaﬁgas ap=- "’
pear at 24 per cent of the fatal dose; PR changes at 52.5 per
oent and ectopic beats at 71.6 per cent with complete AV block

occurring at 80 per cent. (90)
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ADMINISTRATION OF DIGITALIS

Preparations.

In the United States, digitalis is used mostly in
the form of the powdered leaf. The use of other allied prepar=
ations is very limited in this country, However in Europe,
the tineture is quite popular, and the related drug, strophonthus,
has a large followinge. The lsolated components of digitalis are
available but are not used a great deal. Infusions and other
preparations with the exception of the tinecture and powdered
leaf are definitely out of date,

The disadvantage of the tincture is that uniformity
of dosage is diffiocult to obtain. The ordinary dropper doss not
deliver a minim drop; so the drug must be measured out by some
other method. Minim droppers have been devised to surmount this
difficulty. There is some indication that the absorption from
the bowel is more rapid and complete if given in this way than
when administered as the powdered leaf. (36)

The use of the powdered leaf has the support of most
of the leading men in this country. (66 - 121 - 54 - 18 - 68)
This preparation is given either as a pill or in a ocapsule.
Sither method insures uniform dosage. The drug is rapidly and
nearly completely ebsorbed from the bowel. None of the more mn-
centrated preparations have been shown to have any marked advan-

tage over it,
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Of these active principles of digitalis, there are
many on the market in a well stendardized and reliable form.
However, as has been previously stated, none have any advaentage
over the whole leaf preparations that will warrant the added ex-
pense of their use. The claims that with some of the products
there is only & slight tendemney to produce toxic symptoms can be
discounted. Any preparation that is incapable of producing toxioc
symptoms is incapable of producing s therapeutic effect. (66)
That the various fractions have a similar qualitative =ffect is
now fairly well established. (48)

The propertiss of digitalis like products will be
counsidered in this thesis only to mention that there are few
conditions in which any of them prove to be more efficacious
than does digitalis itself.

Any produot used should be standardized by bio-assay.
The cat method is the most widely used in this country and yields
very satisfactory results. (57) Through its application, =
standard digitalis preparation can be obtained any where in the

country.

Dosage.

Digitalis should =-- "be continued until it either
acts on the kidneys, stomech, pulse or bowsls; let it be stopped
upon first sprearance of any of these effects", These were the

words of William Withsering. They are the essence of the rules
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used by most clinicians today. The drug should be used until
the therapeutic effect is obtained or until toxiec manifsstatioms
appears,

then thesevsimple rules were disobeyed one hundred
years ago, the drug fell into disrepute; and today when they are
not followed, poor results are forth coming.

There are two ends to be achieved in digitalis thera-
peutios. The first is to gain the best possible effect with the
initial dose, and the second is to maintain the patient at this
optimum level when once it has been estaeblished.

The modern era of digitalis administration dates from
the work of Maokenzie. The doses given before his work became
esteblished were too small. (75) He gained satisfectory results
through the use of slightly over the maintenance dose and its
ocontinuance over a period of four to seven days.

Dosage sinoce has been placed upon a scientific and
exacting basis. The amount of drug to be given to gain the full
therapeutic effeot can now be roughly estimated before giving,
{(31) That this full emount oen be given over a short time with
good results is slso well establisheds (31) By this rapid method,
clinical results will be shown within twelve hours, and electro-
cardiographic changes will be detected within two. (82)

The ohoice of methods should rest upon the patient.
In a ocase where time may be the deoiding faetor between life and

death, the most rapid means of digitelization is indicsted. For
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the ambulatory patient, the slow method is admirably suited.

For exact figures to quots, those of Paul White
were selected as they seem representative of the thought of a
large group of olinicians. (121)

The smount of the drug to be used for a one hundred
fifty pound man should be 1.5 to 2.1 grems of powdered leaf, the
variation being determined by the length of time over which thé
drug is to be given. The dose is calculated on the basis of
one cat unit or .1 gram per ten pounds of body weight of the
paetient. In the very urgent ocases, 5 grams should be given
three times a day at eight hour intervels. This accomplishes
digitalization in one day. In less urgent cases, 3 grams given
three times a day for two days may be used, While if the patient
is in bed and not badly decompensated, 2 grams three times a day
for three days may be administerede In the ambulatory patient,
o1 gram three times a day for a week is a very satisfactory dose,

There are as many other sets of figures as there are
men writing, end there is no point to repeating them.

The ealculation of the dose ahead of time should be
considered as only a rough guide as there is an individual varia-
tion in people as to the effeot a given dose will have upon them.
Experiments in animals indicate as great as 45 per cent variation
in the amount of drug necessary to produce death. (6) Consider-
able variation in the amount necessary to produce nausea is us-

uelly seen. (2) The degree of slowing in fibrillation is a large
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varieble. (40)

The indication to stop the digitelizing and to start
the meintenance dose should be a satisfactory therspeutic response.
It is not necessary to reach the level of toxic manifestation
before ceasing administration. (68) Withering realized this
facte Too frequently since that time, men have not appreciated
ite Calculated doses of Eggleston fall just under this level
end should be considered the meximum dose for therapeutic response,
There is actually a wide range of therapeutic effectiveness be=-
fore toxic symptoms appear, and the clinician should be able to
place his petient within this limite. (68) It should be remem-
bered that certain patients are beyond improvement, and pushirg
the drug past the point where untowerd effects ere observed does
nothing but add to the burden of the individual.

The maintenence dose is an extremely important con-
siderations, If this deteil is not handled properly, the result
can be a swing from reappearance of decompsnsaetion up through =
picture of digitalis poisoning. The amount usually comes close
to a cat unit or .l gram of the powdersd leaf each day. It
should be varied to meet the needs of the patient. Some men ob-
tain good results giving two to three .1 gram tablets each day
for & limited number of deys and then allowing a rest period.
(40) The patient who uses the drug over e long time will be=-
come very adept et judging the emount of the drug he requires.

The maintenance dose should be such as to metch the
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smount of the drug destroyed or excreted. By observing the ef-
fects of digitalis on the T wave, it has been shown that this
amounts to about 1.25 cat units a day. (82) Neither the type
of lesion nor degree of compensetion has any effect upon this
amount. (12) However, the quantity of digitalis in the body
may be an important factor in governing the quantity destroyed.
The higher the concentration in the bvody the larger the amount
destr-yed. (44)

Evidently the amount required for a child is consid=-
erebly higher in proportion to the body weight than in the adult.
This may eamcunt to as much as a 50 per cent increase. (71) This

guantity is frequently enough to give toxic symptoms. (63)

Avenue of Administration.

(8) Oral:

In the grest proportion of ceses, digitalis can be
given by mouth, It is the essiest method of administering the
druge The objection to this method as compered to the other
avenues is negligible. The cases where the taste of the drug
makes this route inhibitory should be non-existent through the
use of the powdered lesf in capsules.

The drug passes unchanged through the stomach.(92)
and is ebsorbed slowly and incompletély in the small intestine.
(26) Further absorption tekes place in the lerge bowels. Com-

plete removel from the bowel requires from two to six hours. (93)
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There is some evidence that oongestion of the viscera may limit
absorption by mouth or rectum, however, it is gensrally accepted
that digitalis of a high grade will be effectively and evenly
absorbcd even in such a case. (33)

(b) Rectals

The rectal use of the drug should be limited to
cases whore dus to vomiting the drug can not be taken by mouth.
The dosage of digitalis by rectum is the same as that for oral
administration. The tinoture may be used in this plece (40) if
woll dilutede. Active principals, which dissolve readily, are
frequently recommended in this situation. (18) In cases where
vomiting prohibits the use of the drug by mouth, this is probably
the best avenue of administration.

(¢) Parenteral:

Digitalis given intravenously, subcutaneously or intra-
muscularly is the most efficient means. The‘drug passes direotly
to the heart without passing through other organs which could out
down the effeot through fixing a portion of it. It thus theoreti-
cally should require a comparatively small amount to produce the
same result that oral administration would require. (18) 1In
practice, howsver, this is not carried out. In repid digitaliza-
tion by mouth, an initial dose of 5 grams was recommended, and
this is the same dose recommended by many‘for intravenous therapy.
(121 - 66~ 18) The use of smaller doses lacks rational as it is

a rapid effect that is desired whenever this avenue is chosen.
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By use of the intravenous route, benefit may be brought
about in a metter of minutes. It should only be used in ceses
where time will be the deciding factor between life end death, as
in the osse of massive pulmonary edema. (36) It is claimed
strophanthus will yield better results than digitalis in this
emergency. (121 - 18) However, active fractions of digitalis
may be used with excellent results (68) and even the well diluted
tincture may accomplish the desired effect. (40) Only the initial
dose need by given intravenously as administration by mouth may be
begun at the same time and will cerry on the initial benefit before
a second perenteral dose need be given.

Suboutaneous administretion is always painful and
should yield to the intremusculaer route. This method gives rapid
results. Howsver, it is painful and should be replaced by the
intravenous method where repid results are sought. In cases where
continued administretion of digitalis is required, but the oral
route can not be employed, then perhaps intramuscular injections
are indicated. (121) Dosage is the same as for intravenous therapy.
One of the water soluble active principals is the best product for
use slthough the more irriteting tinoture is a satisfactory sub-

stitute.

Indications.

"Digitalis is indicated in all cases of heart failure,

that is, where insufficient funoctioning of the heart is the cause
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of the pathological condition." (118) Thus regardless of etiology,
rate or rhythm the indication is heart failure. (68)

Mackenzie's work so clearly showed the drug's value
in aurioular fibrillation that this ocondition has besen fixed in
many oliniciens' minds as the oritsrion for its use. Regular
rhythms were not considered to show a similar benefit. Thus in
1926, a well known clinicien wrote, "In patients with congestive
feilure and a normal rhythm, it will be necessary to rely on rest
and sedation alone; digitelis is of little value here." (25)

In recent years, however, it has been gradually ac=-
cepted that a heart with normal rhythm may well be benefited by
the use of the remedy. Thers is considerable evidence available
to show that the patient with fibrillation may bs no more improved
than the one with normal rhythm. (110) Though most men feel that
the greatest improvement is seen in the fibrillating patient,
heart failure today stands as the essential indication for digi-
talis therapy.

(1) Ssignificance of Ciiculatory Dynamios.

The patient suffering from right heart failure with
peripheral edemes, enlarged liver and ascities waes the one that
Withering treated, and in such a patient marked improvement does
result. However, the patient in whom the left heart is involved
who presents dyspnea as a result of pulmonary congestion, will
also be markedly relieved. Marked inorease in the vital capacity

of these patients following digitalization has been impressively
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shown. (55)
(2) Significence of Rate and Rhythm.
Techyoardias

Frequently in cases of congestive failure, the heart
beats rapidly until digitalis is given at which time marked slowe
ing ocours and decompensation is relieved. However, it must be
reiterated that the preponderance of the benefit to be gained
from the drug is in relieving heart failure. As a result of this
essential factor, the symptom techycardie diseppears. Thus giv=
ing of digitalis to slow the pulse is an improper indication.

The only occasion where rapid sinus rhythm exists that the drug
is called for is in heart failure.
Fibrilletion:

As far as fibrilletion itself is concerned, it is not
an indicetion for the drug's use. There are cases where transient
fibrilletion occurs as a paroxysmal arrhythmis. The action of
digitelis in such a cese is merely to continue end prolong the
attacks. (37) Various infeoctions end toxemias may produce the dis-
order, but benefit will not follow administration of the drug as
long es heart failure is lackinge (68) In fact in these toxic
states, digitelis may initiate a fibrillastion if it was not pre-
sent before. (100)

Flutter.
Indications for digitalis in flutter are the same as

those for fibrillatione. In cases associated with heart disease,
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marked improvement may result. Digitelis alone will usually turn
the errythmia into a fibrillation following which, if the drug is
stopped, normal rhythm will frequently ensue. In conjunction with
quinidine, meny flutters will be returned to normel rhythms. (84)
At times fibrillstion will remain perménently, however.

Paroxysmal Tachycardias

Paroxysmel tachycardia of supraventricular origin
mey be tréatgd by digitalis. However, most cases are of short
duretion and are smendable to other epproaches., Persistent
paroxysms may be given a trial with the drug and sccording to
seve;al investigators, the cessation of the aettack will résult.
(4 - 5)

The trestment of tachycardie of ventrioculer origin,
however, mey be a dangerous undertaking. Cases of ventricular
fibrilletion have followed such an ettempt. (30)

Extra systoles:

Extre systoles, such a common result of digitalis,
heve in some eases been eradicated by the druge (101) This has
been true of premature beats of whatever origin. The use in this
disorder, however, should not be & regular preotice; on the other
hand, extre systoles should not be considered contreindiceation to
digitelis.

Heart block:
In heart block, partial or complete, if failure is

present, digitalis may be of benefit. The earlier notion that it
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was a contraindication because it increased the block is now dis~
cerdeds (97) The improvement may be remarkable end the block
even lesseneds (33) In some cases which tend to pass from partial
to complete block with an insuing Stokes Adams syndrome, digitelis
must be used warily. It may in some cases lessen the block or in
others produce the complste block., Either state is better than
changing back and forth as it is here that the Stokes Adams syne-
drome tends to eppear. (68) |

Another condition thet may be produced by digitalis
or egain may be improved by it is the bundle branch blocks. The
finding is in no wey a contraindicetion to the drug's edministra-
tion.

(3) Use in Acute Infections and Toxic Statis.

If the rule that heart failure is the indication for
digitalis is followed, this group of conditions will offer no dif-
ficulty. In high fevers, digitalis has less wvagal effect than
normally, and the toxicity may be incrsased. In lowser fevers,
it produces the same effects as in a normal person. (72) The
rapid heert in toxemiss or infections should not be an indication
for the drug, end only when deocompensation occurs, may it be used.
(68) Several conditions should be mentioned specifically.

In diphtheria, an alteration similsr to digitalis ef-
feet is seen upon the elsctrocardiogram. It is possible that the
drug given will merely increase this toxic action. Howsver, the

test is whether decompensation exists, If it does, the drug is
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indicated; if not, it should be withheld. (68)

In rheumetism where active oarditis exists, poor re-
sponse to the drug can be expected. (45) It may even be consider-
ed a contraindication, unless the decompensation is severe, as it
adds to the toxic effect on the myocardium. (97)

In pneumonia, the heart may be markedly effected by
digitalis, (23) and in the past, it has been held to be life sav-
ing in many ceses and was recommended as a routine measure. (20)
Figures were even presented to show a deoreased death rate follow-
ing its use. (111)

As early as 1891, warning was sounded against this
measure, (14) and Mackenzie discouraged it. (74) In 1927 and
1930, two studies were published that showed digitalis not only
failed to lower mortality statistics, but it showed a definite rise
in these figures. This increased death rate was seen in all cate~
gories of patients including tachycardia, fibrillation and block,
Neither age nor sex showed any difference. It is concluded that
its use should be discouraged, and the only possible place in the
future for the drug is limited doses in pictures of decompensation.
(11 - 128)

The reason for the failure of digitalis in acute ine
feoctions has several factors in the ba&kground. The faoct that
fevor lessens the slowing by digitalis and inoreases its toxicity
has been mentioned. The fact that toxic doses are needed to pro-

duce slowing is another. The ciroculatory breakdown in most of
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these cases is peripheral, and this resembles shoock. The failure
is due to want of blood for the heart to pump. That digitalis de-
creases the volume of circuleting blood has already been shown.
With such a consideration in mind, the danger pf the drug in eny
such situation is evident.

In hyperthyroidism, digitalis again produced less ef=-
fect than would be expected. The presence of fibrilletion does
not oall for the drug, but as before mentiowed, it is decompensa-
tion that does. lodine mey prove a much better agent than foxglove
in such ceses. The two together can be quite efficacious. (68)
That toxic effects upon the brain are likely to oﬁcur is a possi-
bilitye. (86 - 87) However, failure of the heart in hyperthy-
roidism should be considered a definite digitalis indication.

(4) As a Preoperative Mediocant.

In time gone by, digitalis was used quite regularly as
a preoperative mediocant by some men. This was an especielly com-
mon practice in older people. The feeling was that should some
emergency arise postoperatively the patient would already have
the drug in the body. The usual cause of postoperative circula=-
tory collapse is in the peripheral circulation, and as explained
in a preceeding paragraph, digitalis can not aid or may even be
dilatorious in this situation. Clinical studies on the matter
show a higher mortality rate following its administration. (77)
In any condition where there is heart failure or potential heart

failure giving of the drug should be considered upon the same
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principles as though the operation was not in the picture.
(5) Significance of Etiology.

Given e regular rhythm there is some suggestion that
the best results from digitalis obtain in arterial solerotics and
hypertensives. In patients with rheumetic valvular disease, good
results are usually forth coning. When the mitral valve slouns is
involved, an excellent response is likely to follow. FPerhaps this
is mors apparsnt than real as many of these patients are fibrilla-
tors. (36) Hearts with involvement of the aortic valve are usual-
ly less beneficially effected. (93) In leutics, this faot is
especially apparent and is likely due to the coincident narrowing
of the mouths of the coronary arteries. (36) Howsver, in recent
years, this has generally been discarded as a contraindication far
the drug. (36) The preceding paragraph considers ceses where the
work to be done by the hoart is increased. Considerable improve-
ment is expected in most of these conditions. (78)

In conditions where the amount of work the heart is
able to do is decreased, then digitalis is of no evail., Active
rheumatism, diphtherie and beri-beri fall into this category. (68)

In coronary artery diseese with angina, there has been
a discussion previously in this paper, where it was shown that such
cases are rare, and angine is not a contraindication to the use of
digitalise In coronary thrombosis, there is quite a different
story. Ventricular fibrillation is not an uncommon complication.

That digitalis may produce the same condition is recognized. (88)
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From this it has been assumed that digitalis in coronury throme
bosis will further increase ths tendency. Experimsnts heve shown
in soms cases no change in the heart's response to digitalis fol-
lowing artificial occlusion, but in other studies, a decrease in
the tolerance of the muscls for the drug was demonstrated. (43 -
7) Dangers of rupture of the heart are increassed by digitaliza-
tion. Thus in each case, the matter must be settled which plan
holds the best chance for the patient. If it is obvious that the
patient will die in decompensation, the drug is indicated; how-
ever, thrombosis itself is no indication for its use.
(8) As a Prophylactio keasure:

Christian has for some years championed the use of
digitalis in ocases of potentiel heart failure. He feels that if
digitalis can be used to prevent subsequent attacks of failure
following one episode, there is no reason to assume thet the pro=
per administration might not postpone the initiel failure., His
reasoning is based upon the assumption that the hypertrophy is
an injurious process. "Cardiac hypertrophy instead of being a
beneficial process is sn injurious influence upon oardiac function.
The heart over enlarged is already on its way to eventual decom-
pensation, to retard hyportrophy is to prolong cardiac efficiency.”
Dilitation, the forerunner to hypertrophy, is prevented by digita=-
lis, for it is well known that digitelis decrsases the heart size.
The. cases of older psople are better effectsd than those of younger

individuals. His oconglusions are on a theroreticael basis and time
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and future clinical experience will determine the wvalue of the

drug in this connection. (17)

Toxic Effects of Digitalis.

Even before the time of #ithering, the symptoms of
digitalis poisoning had been noted. Although it has been inti-
mated that production of toxiec symptoms is not necessary nor de=-
sirable in treatment; nevertheless it is important to know and
recognize these symptoms for at times their production will oc-
cur despite all precautions.

Gastro=intestinal Traoct.

The earliest recorded signs of foxglove intoxication
were those referable to the gestro-intestinal tract. That the
action of the drug is not a looal one is demonstrated by the fact
that nausea and vomiting may ococur after the trasct has been re-
movede (32) The action ssems to be a reoflex stimulastion of the
vagus centers through a direct action upon the heart. (59)

The effect is manifested in anorexia, nausea, vomit-
ing and diarrhea. There is usually & latent period between giving
of the drug and the first symptom, enorexia. The smaller the dose
the longer this period. (91) This may be the only symptom.
However, nausea and vomiting may followe The amount of the drug
to produce these symptoms is varied, (19) but in a person during
a given episode, the amount of nausea end vomiting depends upon

the amount given. The symptoms may be persistent over several
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days, may appear but once or may come in waves.

Diarrhes more rarely seen maey be explained on the
basis of increased motility of the intestine and decreesed empty=-
ing time of the stomach. (115)

Heart and Circulation.

Numerous of the effects referabls to the cardia have
been mentioned under EKG changes. The small increase in the PR
interval and changes in the T waves and ST segments usually occur
before the toxic symptoms. Extra systoles may be a manifestatim
of digitalis poisoning. (122) This may take the form of coupled
bests. (68) The number may be numerous enough to produce in-
creased pulse rate in spite of the eccompanied slowing. Various
grades of block may be produced (122), and complete block has been
recorded as the only toxic manifestation. (29) Ventriouler par=-
oxysmal taohy&ardia has been recorded as a result of the dfug,
(61) and transient (102) to permanent ventricular fibrillation
(88) has been seen as an effect of poisoning. Auricular fibrills-
tion may be produced (113) or once present, prolonged. (37)

Pulses alternans indicates a sevefe degree of digitalis poisoning.
(125) SA block and suricular stendstill are rarely demonstrated
due to this drug. (92)

Other Manifestations.

Nervous s&mptoms are sometimes seen in digitelis poison-
ing. They may be the only menifestations. CSymptoms sometimes pro-

duced are heed ache, depression excitement, impairment of memory
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deep confusion, delirium and convlusionse The occurrence is
most common in elderly people and may be pertially due to de-
hydration. (104)
Disturbance of vision may be in the form of blurring,
fleshes of light, transient blindness or green vision. (105)
Bosinophilia has heen observsd and is believed a vago

tonic effect. (94 - 103)
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CASE REPORT

The literature lends numerous reports of digitalis
produced heart block., (22 - 33 - 122 - 73) Slight prolongation
of the PR intervel is a very common occurrence, but lengthening
past «3 of a second up to complete block is an indication of well
advanced digitelis poisoning. Block is usuelly accompanied by
other severe symptoms, but several cases have been reported in
apparently normal people where block wes the only finding of the
intoxications (29)

The short case summary is of a patient suspected of
having had & heart ailment., Digitalization was carried to a degree
of complete block in which state she entered the hospital. The
series of tracings illustrete her recovery. The petient left the
hospital espparently completely normal with no cardisc findings.

Her only treatment was rest and abstinance from digitalis.

Historys Patient, a 22 year old single female, entered the Univer-
sity Hospital for the first time 4-8«37 complaining of palpitation,
anorexie and loss of weight., The patient had an attack of rheumatic
fever at the age of 12 in 1929. Early in 1938, she was in bed with
scarlet fever whioch was followed by no demonstrable complications.
In September of 1938, the patient had an attack of palpitation and
merked weakness., Following a tonsillectomy, she returned to her

usual household duties. 1In December, the same symptoms recurred.
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These have persisted to admission. For six weeks prior to edmission,
gince late in February, she has been in beds. In the lest half year,
patient hes lost 20 to 30 pounds. Occasional spells of vomiting
have occurred since February. Digitalis hes been administered off

and on sinoe early in February.

Physiocel Exeminations Negative except for systolic murmur heard et

apexe Pulse 50 regular - marked venous pulsations seen in neck.

Diagnosiss Rheumatic carditis,

Imnediate Trestments Rest - removal from digitalis.

Course in Hospital:

4=9-39 Heart now irregular.

4-10=-39 EKG shows digitalis blook.

4-11-39 to 5-3-39 Gradual 1lifting block with dis-
appeareance of anorexia, weakness and palpitation. Patient gaining
weight,

Dismissed with negative cardiac findings and normal

EKG.

Dismissal Diagnosis: Digitelis poisoning.

The £EKG trecing taken 4-10-32 (Fig. I) show runs of
complete block where the sauricles and ventricles are beating inde-
pendentlye. However, in places, the ventricle does respond to im=-

pulses from the auricle as shown by irregulsr spacing of ventricular
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beats. There is marked depression of the ST segments and flatten-
ing of T waves.

4-12-39 (Fig. II) The block is no longer complete.
Each suricular beat is followed by a ventriculsr beat. The PR
interval .34 - .38 seconds is extremely prolonged. The ST seg-
ments are taking off nearer the base line.

4-14-39, 4-18=39, 4-26=-39 (Fig. II) All these
records show normel PR time with graduel elevetion of ST teke off
and increessed amplitude of T waves.

5-3=39 (Fig.II) The final is a normal tracing with
T I, IT and IV entirely positive and with the ST segments all

iso-electrisc.
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