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PROLOGUE
"tTig not & fib, Vtis fibrilletlon "
after Shskespeare

Procaine is reputed to be in widespread use in ventricular fibrilletion,
The rztionsle for this use is not esisblished, Fundamentally the cardiac
use of procaine is related to disturbances of the conducted impulse in the
heart, It follows thet evaluation of the cardizc zction of procaine and
related substances is best made by studying lts actlon on both conducticn
of the impulse and response of the heart to the impulse, The zuricle
provides a convenient test objects its beat is easily controlled, and its
thir myocardium pernits easier and less complicated measurements of
function than does the ventricle,

The development of new therapeutic sgents calls for a systematic
pharmacological evaluestion. If the evaluation is to have meaning, it
should begln with a solid physiological foundation. The study presented
here is an attempt in this direction., The objectives are first, the de=
velopment of methods for the study of cardiac drugs and second, the
evaluation of the actions of procaine a2nd some related substances on the

hesrt,
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CHAPTER I
The Cardiac Actions of procaine.
History

The changes which occur in cardiac tissue as a result of impulse con-
duction have received considerzble study. The conduction of an inmpulse
through a tissue results in chenges in electrical excitability, refractory
period, conduction velocity, etc, ZEvents occurring in the auricle also
affect the response of the speclialized zuriculo-ventiricular tissue, TFor
the mos& part these aspects of cardisc function as they change during
passage of the impulse or as they are affected by stimulation of the
cardiac nerves have been studied as discrete entitles, Correlation of
the change of any one factor with respect to another has been somewhat
difficult since the experimental data have been obtained 1in many
different species of enimal and by varled techniques, There has not
yet been deviged a systematic plan of study whereby the effects of
pharmacologically active substances could be compared,

The first report on a cardiac actlion of procalne was made by
Watanabe (1) in 1923, He reported that the local application of pro-
caine to the simus node of the frog!s heart caunsed auriculc-ventricular
dissociation., Shookhoff (2) in 1926 duplicated this result in the dog
hezrt and elso stated that the injection of procaine into the jugular
vein produced right bundle branch block,

Van Dongen (3) was the first investigator to study extensively
certain surienler actions of procaine, He found that procaine raiged
the threshold of the electrical stimulus required to produce fibrillaw

tion and that it prevented the development of heterotopic rhythms
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ceused by epinephrine in cats and barium chloride in rabbits, Van
Dongen (4) has =mlso repeatedly reported that the doses of procaine for
these effects were smaller than the doses which decreased conductlon
velocity or increased refractory period, Unfortunately van Dongen kas
not presented descriptions of the methods employed for such measurements
but has stated he used myographic and electrocardiographic recordings.
Interpretetion of such recordings is difficuit.

Mautz and Beck (5) published several reports in 1936 and 1937 on the
topical action of procaine on the dog heart in situ. They also stated
that procaine reduced the "irritability" of the heart., Burstein and
Marangani (6) in 1940 again demonstrated the local action of procalne,

In 1936 Shen and Simon (7) reported the first studies om the effect
of procaine sgainst epinephrine and cyclopropane~cpinephrine arrhythnies
in animals. Their results demonstrated a protective actlion for procaine,
Memtz and Beck (8) later substentiated their results,

These last pileces of work spparently inspired Burstein and several
of his co-workers o continue this line of investigation, They firsg
demonstrated statistically that procaine prevented epinephrins-cyclopropsne
arrhythmias both experimentally in the dog and in their experiences in
the opersting room. In 1946 Burstein (9) reported on a serles of sbout
30 patients vho had developed zcute arrhythmias during intrathoracic
operations. After injection of = single dose of 30 to 70 nililgrams of
procaine, he observed improvement in every case. In some instances Hthe
pulse wes restored from zero to normal® (sic). Pulse rate and strength

wore the criteris used.
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On the negative side Stutzmaan, Orth, et al (10) have rsporied
geveral times the fallure of procaine to protect against cyclopropane-
epinephrine induced arrhythmias, In addition they injected procaine
after development of the arrhythmis and found it hed no action whatso-
ever. Smith and Ferguson (11) in Toronto also used procaine both before
and during the errhythmiss and fziled to find a protective actlon of
proceine, They felt that the depression of veniricular muscle, cited
as the reason for the reported protective action, was only a translent
effect and that the predominant action of procaine is an antl-vagal
action resulting in increased heart rate,

In 1942 Hirschfelder and Tamcales (12) issued a preliminary report
on the inhibition of suricular fibrillaiion by procaine In dogs using
methods similer to those of van Dongen.

Hazard (13) has reported that in dogs procaine blocked the cardiac
slowing caused either by stimulation of the vagus or by the injectiion
of acetylcholine while exerting no effect agalnst the hypotenslive response,
He further showed that proczine blocked the émpressor effects of small
doses of nlcotine.

Cppenheimer (lh) in 192? described the toxic effects of intravenous
procaine on the dog heart. His interpretations were made from electro=
cardiograms, He reported tkat "therapeutic! doses usually caused no
change in the ekgz, heart sounds, or blood pressure, Slightly higher doses
generally caused only = decrease in the splke of the R wave, After thls,

the higher the dose, the wider the QRS complex and the wider the P~R

intervals. Doses of 50 to 60 mgm. /kgm. produced ventriculsr tachycardia,
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and with slizhtly higher doses ventriculizr exitrasystoleg, flutter, and
fibrillation appeared 1n sequence.

The metabolism of procaine has been studied both in animals and in
men, PRrodie and his co=workers (15) demonstrated that in normel man
procaine is repidly hydrolyzed to diethylaminoethanol (DEAE) and pe
aminobenzolc acid (PABA) after iantravenous sdminisirstion, They found
thet the urinary excretion of procaine is zlmost negligible, FHowever,
since 70 to 95 per cent of the PABA in the administered procaine was re-
czovered, both free snd conjugeted, in the urine, it was concluded that this
material is largely unaltered in the body., On the other hand, amounts of
DEAE equivalent to only 20 to 35 per cent of that in the original procaine
were lsolated from the urine, When PABA and DEAE were lnjected as such, the
quantitative recovery in the urine was idemtical to that when they were
administered in the esterified form as procaine, It is evident, therefore,
that the DEAE product of the hydrolysis of procaine is further metabolized,

Papper (16) has recently reported that DEAE may be somewhat more
effective than procaine in reversing epinephrine-cyclopropane arrhythmias
in the dog, He reported DEAE to be effective as procaine clinically in the
relief of post=operative pain.

The search for more effective substitutes for quinidine has led to the
gstudy of local anesthetics. Both van Dongen (17) and Bovet (18) found that
several local anesthetics ralse the threshold of electrical stimulation rew
quired to induce auricular fibrillation, Dawes (19) devised a method for

screening compounds for cardiac activity by determlining their action on the
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isolated ravbit auricle, By the use of nmyographic recording and
electrical stimulation he has reported that many local anecthetlcs

decrease maximal rate.
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CHAPTER II
Experimental Procedure

Compounds studied.

It was of interest to compare the cardiac actions of products of the
hydrolysis of procaire, namely, diethylaminoethanol {DEAE) and p-amirobenzoic
acid (PABA) with those of procaine, particulerly since it has been reporied
that DEAE possesses certain pharmacologicel properties similar to those of
procaine,

A second loczl) snesthetic was made avallable for the study. This come
pound is p-diethyleminoethyl 2,4 dichlorobenzoate, and for convenilence will
be called DCB. This compound appeared interesting, first, because of the
different substitutions on the benzolc acid portion of the ester, and second,
because it has a2 low intravenous toxicity., Its products of hydrolysls are
DEAE and 2,4-dichlorobenzoic acid, Tais acid, for convenience celled DCRA,
was also studied in order to compare it to PABA and to determine its role
in the action of the parent compound,

Adueous sclutions of 211 five compounds were freshly prepared about
once g week, The concentrations of the solutions were adjusted so that
doges of approximately 1,0 cc. and not more than 3 cc were edministered
a2t each injection. Procaine hydrochloride and DCB hydrochloride are water
soluble to approximately 30 per cent., PABA and DCBA were neutralized with
a moleculsr equivalent of sodium hydroxide in sgueoms sclution,

Experimental detall,

The experimental procedures were conducted in dogs, usuzlly of between

16 and 23 kilograms body weight., The dogs were znesthetized by an
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intraperitoneal injection of 0.7 ce, fkgm, of Dial with urethane solutlon
(Ciba)¥, The carotild artery was canmulated for recording of arterlal blood
pressure and the external juguler vein was isolated for injections of the
test compounds, The vagi in the neck were freed for future section and
stimulation., The chest was opened under artificial respiration and the
chest walls widely retracted. At this point the animal was turned siightly
on its left side for freer access to the entire right suricle, The peri-
cardium was then split longitudinally and sutured back over the chest walls
to form a cradle for the heart.

Elimination of the sympathetic imnervation to the heart was accomplished
by removal of both thoracic sympathetic chains including the stellate down
to the ganglion of T5, In experiments in which the sympsthetics were to be
stimzlzted the chalns were freed of 21) connections except the postganglionic
cardiac fibers erising from the stellate ganglion. When the effects of the
vegl and sympethetics were eliminated in this mamner the heert is referred
to as decentralized,

Potentlsl changes in the auricle were recerded by clipping lightly to
the amricular muscle pairs of shielded silver electrodes having a small
interelectrodal-disfance (2 to 3 mm,)e In most experiments a similar palr
of electrodes was placed at the suricular tip and wes used as stimulating
electrodes, The recording leads were placed at a measurable distance
from each other in line with the stimulating electrocdes, The ventricular
beat was recorded from a lead placed on the ventricular fet, from the

apical pericardium, or from the right foreleg and left hindleg., All

"an aqueous solution which contains in each cc.: Dizllylbarbituric ecid
0.1 em., Urethane O.1 gm., and Monmoethyl urea O.4 gm.
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recordings were made by means of & three channel ink-writing electro=-
encephalogreph.

A Model 3 A or C Grass stimuletor giving square waves was employed
for stimulation of the suricle, The pulse durstion was always 1 milli-
second, The frequency of stimull was varied from 2 to 15 per second and
the current strength was varied from 0.5 to 15 volis., The duration of
stimlaticn of the auricle was generally about 20 seconds or vntil ade-
quate records for amnalysis could be tzken,

The criterion for maximal nerve stimulation was a significant change
in ventricular rate while the =zuricle was being driven. This was accomp-
lished by using the lowest frequency of stimulation which slowed the ven-
tricle sufficlently and a voltege zbove which no further chenge could be
produced. Maximal stimulation of the cut central end of the vagus was
carried out using stimuli of approximately 0.2 or 0.5 msec, a2t a frequency
of 10 to 30 per second and a voltege of 10 to 20.

The sympathetic chain was stimulated by placing the electrodes btetween
the stellate and the genglion of T2, uslng az pulse duraticn of C.0L msec,
and a freguency of €0 per second, Maximsl voltsge for sympathetic stimue
lation was generzlly found to be between 20 and 40 volts.

Experimentsl sequence.

A procedure composed of two parts was developed during the latter
months of the investigation in which severeal types of experiments were
combined, First, the minimal voltage recguired to drive the auricle at
different frequencies was determired. The driving frequency was lncreased
until the maximel rate ot which the suricle followed the rhythmic stimulil
was estzblished, Perticuler sttention was pald to those fregquencies be=

tween which the ventricle followed each zuriculer best and every second bezt,
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At each frequency of stimulation the speed of the paper was increased from
15 4o 60 mm. per second so that conduction time could be measured, When
the effects of nerve stimulatlion were studied, the nerve was stimuleted
while driving the auricle at each of the frequencles employed, and measure-
_ment was made of their effects on the auriculer response and A-V responses,
These determinegtions were then all repested following injection of the test
compound, Drug effects appeared within 60 seconds and were usually maximal
2 to U4 minutes after intrevenous injection. Thus in the first part of the
experiment information could be obtained on (1) maximal rates, (2) effect
of auriculasr rate on electricsl excitability, conduction wvelocity, and
auriculo-ventricular conduction, {3} the effect of nerve stimulation on
these factors, and (i) effect of different doses of the drugs under study.
The second part of a typlecal experiment deslt with auriculsr flutter,
The auricle was crushed and stimulated to induce flutter as described in

Chapter I, Dose~response relationships for the different compounds were

/0.

established by measurement of thelir effects on both auricular and ventricular

rateg in flutter, In addition, nerve stimnlatlon was carried out during
flutter gnd drug effects against their actions were determined,

Time course of action of proczine and related substances,

In a mumber of experiments measurements of effects were made as early
as 20 seconds following intravenous injection of the drugs and were con-
tinued until return to nearly original conditions occurred. The changes
in electrical excitabilliiy, msximal rate, A~V conductionr, and rate of
auricular flutter caused by procaine, DEAE, and DCB freguently appesred
within 1 minute., During the period of 2 to U minutes after injection the

greatest changes were observed with each compound, After this the degree
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of change became progressively less over a period varying from 20 to 30
mimites following large doses (8 mgm./kem.) of proczine or from 5 to 15
mimites following effective doses (32 mgm./kem.) of DEAE and DCB (& mgm. /kgm. ).
The actual duration of actlion was not determined for any compound, Since

the greatest effects were obtained during the 2 to Y minute interval, the

different evaluations of drug action in this study were always made Suring

this time period,

Experimental criteriea,

The reporited results were obtalned in animals mainteined in comparable
and satisfectory conditionsg during the experiments with regard to level of
bleoecd pressure, body temperature, depth of anesgthesis, and regulation of
respiration,

Rates of injectlon of the test compounds were also kept comparsble,
The solutions were generally injected repldly, Large doses were injected
slowly enough to avoild serious falls of bdlood pressure,

At lepst three ccouplete experiments per compound were conducted in
which evaluatiocn of zll of the factors mentioned was made. In most in-
stances conslderzbly more than three experiments per compound were required
even if all experiments were successful, mainly because effects of vagal
and sympathetic innervation and stimulation could rarely be determined im
the szme animal, The order of injection of different doses and different
compounds was rotated in 211 experiments of the investigation in order to

minimize effects of tachyphylaxis, sensitization, or accumulation.
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CHAPTER III
Conduction Velocity in the Auricle.

History

Previous investigators have measured conduction velocity in the dogts
auricle from auricular electrograms., Experiments of Lewis (20) indicate
that it is sbout 1000 mm./sec. and tends to decrease as the auricular rate
jncresses. Both Iewls and Rosenblueth and Garciz~Ramos (21) heve demon~
ctrated 2 slowed conduction velocity of sbout 500 mm,/sec., in the auricle
fluttering at a rate of 300 to 400 per minute, Iimited evidence has ine
dicated thaet conduction veloclity does not chenge with elther vagal or
sympathetic stimulation(22,23>.
Methods

The velocity of the auricular conductlon wave was determined as follows.
Two pairs of recording leads were placed on the right auricle at a measur-
aeble distance from each other (ususily 2 to U4 cm.) and in line with the
stimulating electrodes which were clipped at the zuricular tip. The re=
cording field was generally at right angles toc the stimulating field. Re~
cordings for conductlion velocity were taken only when the auricle was being
driven., The time for the impulse to pass from the proximal to the distal
pair of electrodes was measured in milllseccnds directly from the electro-
grams and conduction velocity wes calculated from this and the distance'
measured between the leads,

Representative examples of the experiments are presented graphically
in figures 1 to 5. The frequency of the electrically drive auricle is
plotted directly on the abscissae. Conduction time in msec. is shown on

the right ordinates and the left ordinates represent the calculated
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conduction velocity in msec, Electrogram measurements could be msde to
0.25 mm, which corresponds to 4,1 msec, when the paper speed was 60 mn, /sec,
This maximsl error is indicsted in the graphs by the length of the bars,
Results

A. Section and stimulation of nerves,

A typical experiment in which the effect of section of the nerves on
conduction velocity was determined 1s shown in figure 1, Although the graph
is not complete in that conduction time wes not measured at the highest
frequencles following vagotomy, it demonstrates that section of the cardiac
nerves exerts practically no influence on asuricular conduction, It alse
shows that while conduction velocity decreases with an increase in auricular
rate, the change is gradual and small, particularly at the lower auricular
rates, These were the usual findings, In certain snimsls there was a
tendency for conduction velocity to be slower after decentralization but
in most experiments the change was insignificant,

Chenges in conduction velocity produced by vegal and by sympathetlc
stimulaticn ere demonstrated in figure 2. RBoth types of stimulstion
increase the conduction velocity at 21l auricular retes. Following vagel
stimulation the increase 1s small at low auriculer rates snd marked at
high rates. Sympathetic stimulation, in the experiment graphed, caused a
relatively greater increase in conduction velocity at low rates than at
fast auricular rates. Although the number of experiments with sympathetic
stimiletion in which conduction velocity was celenlated was small, con=
duction velocity was also found to be accelerated at low awriculzar rates

in all these experiments.
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“Conduction Velocity

CONDUCTION CONDUCTION
VELOCITY TIME
mm, /sec. m.sec.

arr

Ulntoct innervation

r600

|1 -

EAfter vagotomy

After vagotomy
and sympathectomy

200 300 400 500 600
AURICULAR RATE

Flgure 1
Neither vagotomy nor subsequent sympathectomy

changes conduction velocity significantly.
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B. Drugs

Doses of B mgm, fkem. of procaine always slowed conduction velocity
(tabvle II). Smaller doses also caused slowing but the effect was not
marked, Results of a typicel experiment are graphed in figure 3, After
the injection of proceine conduction veloclty falls zlmost to the lowest
levels observed in any experimsant thus far perforaed at low auriculsr
rates, and is slow at all rates.

DEAE in doses of 32 mgm. /kgm. slowed conduction velocity in most
experiments (table II), but to a much less degree than procaine, The
usual effect is shown in figure 4, The effect wae usually small but it
occurred regularly enough to indicate the direction of DEAE action,

DCB in dosss of 8 mgm./kem. rarely caused a siznificent chenge in
conduction velocity (table II). The typical effect is graphed in Ffigure
5 A small amount of slowing occurs only at the highest frequencies
which the amricle could follow after the injectlon of DCB.

Discussion.

Thegse studies indicate thet conduction velocity can be moedified
in g variety of ways. It is little affected by tonic activity of the
vagel and sympathetlc nervous supply to the heart under the conditions
of these experiments, Resulis obtained when these nerves are stimulated,
however, suggest that under other conditions tonic activity could iacresse
conduction velocity, The effect of vagal stimulation on conduction
velocity iec greatest a2t high suricular rates wherecas the effect of

sympathetic stimulstlion is greatest at low rates., One would expect this
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Conduction Velocity

1

[coNDUCTION CONDUGTION
VELOCITY TIME
\ mm./sec. m.sec.

Control

I Procaine 291

Bmg./kgA

iiﬁfi””ﬂu

r700

600 [I

500

r400 651

200 300 400 500 600
AURIGULAR RATE

Figure 3
8 mem, /kgm. of procaine markedly reduces

conductlon velocity at all suricular rates,
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Conduction Velocity

[conoucTiON
VELOGITY
mm./sec.

CONDUCTION-
TIME

m.sec.
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L1000 I DEAE 29
Li10oc 2mg/, o
F 900 [I

L 800 H

L 700 l
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AURICULAR RATE

Figure U4
DEAE ceuses a slight slowing

of conduction velocitye.
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Conduction Velocity

CONDUCTION CONDUCTION
VELOCITY UConnol TIME
mm/sec. m.sec.
DCB
8mg/kg

Decentralized heart

- ng
. L

\ \

200 300 400 500 600
AURICULAR RATE

Figure §
DCB does not change conduction velocity
except at the highest fregquency of

gtimulation which the auricle follows,
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difference to be evident also in the study of cholinergic and adrenergic
compounds, At any surlcular rate conduction veloeity can be diminished
markedly by procaine and somewhat by DEAE whereas DCB decreases conductlon
velocity only at the maximal rate, These examples show that the study of
conduction velocity permits us to differentiate between drugs which in
some respects are similar in their cardlac esctlon, Tals differentiation
requires the study of conduction veleocity ir auricles beating at a range
of rates from sbout 200 to 600 per minute,

Certain influences which produce changes in the velocity of the
conducted impulse have been described, The ability of the heart to
respond and the conditions under which 1t can respond will be considered

in the following section,
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Table I,

The effect of procaine, DEAE, znd DCB on conduction velocity
in decentrelized, vagotomized, and innervated hearts,

Conduction Velocity

Con— Dose Exper-
ound mem, /Kem. Innervation iments | Decreased | Unchanged
No. No. No.
Pro=- 8 decentralized 1 {-narked
ceine
vago tomized 71 T-marked
intact 4 Lemarked
decentralized 4 3=clicht
DEAE 32
vago tomized Y 2=slight 2
irtact 3 e=ulight 1
decentrallzed 2 2
DCB 8
vagotonized 3 P=plight 1
intact 3 l=clight 2
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CHAPTER IY
Meximal rate and recovery of excitabllity in the auricle,

Introduction.

fhen the heart beats, for a short period one is unable to elicit

further beats from it, This 1s called the absolutely refraciory period,

A -

At its 2nd beoztc mey agalin be elicited by strong stimulil, and as tiae

O]

goes on by weaker stimuli, This is called the period of relative re-
fractoriness, or, of recovery of excitability., The phases of the cardiac
cycle are most convenlently explored by means of electricsl shocks, The
impertant varizbles in such an investization are (1) interval of the
cardiac cycle, (2) strength of stimulus, and (3) duration of stimulus.
Refractory period is defined as that interval of the cardisc cycle during
which no response can be eliclted even with 2 stimulus strength which
approaches infinity. Absolute refractoriness 1s merely inexcitsbility,
Electrical excitability is defined as the electrlical enerzy required to
elicit a response. Thls must be expressed in terms of strength, duratien,
end shape of the electrical shock, Relative refractoriness is merely
decreased excltabllity.

The best published studies of the excitabillity cycle of the mammalian
auricle (isolated) ere those of Brooks, et sl. (24). In cats =nd guinea
rigs they measured the relation of strength of stimulus to the length of
shock at different intervals of the cycle and found that the recovery fronm
refractoriness was cooprised of intervals of greater and intervals of
legser excitability,

Determinetions of refractory period are usually made by introducing
a test stimlus between two rhythmic stimuli in various phases of the

cardiasc cycle (Lewis, 1921), (25). Measurement is mede of, first, the
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the shortest interval between g rhythmic and a test stimulus, each of

which produces a response, and second, the longest interval between these
stimuli, the first of which alone produces a response, The intermedlate
time interval is used to express the length of refractory period. Andrus
end Carter (26) used the same method but placed the stimuleting and re-
cording electrodes very close together in order to minimize the error due
to changes in conduction, The method has been refined by using two test
shocks (27). Several rhythmic shocks are given followed by = second test
shock which is adjusted as to interval so that the response can be recorded
at a distence, The first test shock 1s then moved through the entire cycle
from the rhythmic to the second test shock. The absolutely refractory
period is then measured by the earliest shock which, although it produces
no conducted disturbance, delays or abolishes the conducted response t0 =z
second stimulus which follows.

These methods haves been used by many investigators to evaluate the
effect of vagal etimulation., Some argument, however, still exlists whether
vagal stimulation shortens the entire refractory perlsd (28) or shortens
the absolute but lengthens the so~called relative refractory periad (29).
Rosenblueth and Garcia-Ramos (30) have recently estimated effects of vagal
stimalation and acetylcholine injection on refractory period by driving
the auricle at a rate just faster than it could follow. The application
of either influence allowed the auricle to follow each stimuluss this was
interpreted to mean shortened refrzctory perilod.

The method most generally used for evaluation of electrical excitw

ability is the measurement of chronaexie, i,e., the minimal duration of
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electrical stimulation which excites the tissue when the intensity is
twice the threshold stimmlus for a long shock. In a second method the
threshold strength of a shock of convenlient duration required to elicit

a response is determined. Rosenblueth and Garcia-Remos (30) heve modified
the second method by measuring changes in auriculasr response to vagal
stimulation when stimuli just below the threshold value are employed,
Methods

In this study measurements of electrical excitability end zbsolutely
refractory period were made by determining the voltage of 2 1 millisecond
sqguare wave required to produce a series of conducted responses when the
auricle was driven at increasing frequencies. The rate was increased by
increments of 15 to 20 per cent and at each interval the minimel voltege
was determined at which the auricle followed =2ach stimulus for a periocd
of 20 seconds, The lowest frequencles used were very little above the
sinus rate,

Results are present graphically in figures 6 to 13, The auricular
frequency is shown on the abscissae expressed as its reciprocal, i.e., the
interval between responses in seconds, The ordinates represent a rslative
voltage scale; the voltage required for excitation at the lowest frequency
being teken azs one, Upward deviations from the control curve indicate
higher thresholds or decreased excitabllity, and domnward deviations in-
dicate lower thresholds or lncressed excitability. Control curves usually
show a plateau at low zuricular rates which suggests "resting! excitebility
while the slope of the curve at faster ratﬁg,indicates the rate of recovery

of excitability. Dotted line extensions from the meximel driving rates
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to the next higher frequency (at which the auricle did not follow) and to

a voltage of 15 (or 2 to 5 times the threshold at the maximal rate) are
used in the graphs to demonstrate differences in length of absolutely re-
fractory period., The difference is indiceted by arrows labelled R. Voltage
dizl settings were found to be accurate to within 0.25 volt. This maximal
error is indiczted in the graphs by the length of the bars, Less than 2
per cent error was involved in counting the auricular rates from the
electrograms,

Results

A. Section and stimulation of nerves.

The effect of sectlon of the vagzus and sympathetic innervation to the
heart is shown in figure 6., Section of the vegl increases the maximal rate
and lowers the curve of thresholds. Subsequent removal of the sympathetic
chaine results in higher thresholds but no further change 1ln maximal rate,

Pypicel effects of vagal stimulstion are shown in figure 7. The excit-
ability of the auricle 1is significantly Iincreased, and the maximal rate is
also increased {shortened refractory period) as illustrated by the difference
between R and Rl. Effects of sympathetic stimulestion were not evaluated
critically.

Turther evidence of a shortened refractory period due to nerve stimule~
tion is shown in figure 8. It can be seen in the upper electrogram that the
auricle followed a frequency of stimulation after the beglmning vagal stim-
ulation which it could not follow a few seconds before., It is well known
that vagal stimulation predisposes the auricle to rapidly repeated response.
The electrograms immedistely below show the flutter which was frequently

induced under these circumstances. The lowest record shows that when the
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Maximal Rate and Recovery of Excitebility
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Figure &
Vagotomy decreazases the threshold of excitability and ine
creases maximel rate, Subsequent sympathectomy increases

the threshold and has no further effect on maximel rate,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

K6



X7,

Maximal Rate and Recovery of Excitability
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Figure 7
Stimulstion of the vagus lowers the threshold

of excitability and increases maximal rate.
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auricle ls being driven zt a rate which it cannot follow, it begins to
follow when the sympathetlic chain is stimulated,

Figures 7 and 8 indicate that both vagal and sympathetic stimalation
shorten the refractory period as well as increasing excitability throughout
the recovery period, It is paradoxical that both section and stimulation
of the vagli shorten the refractory period and increase excitability. The
same effects are produced by stimulation of the sympathetics., This suggests
the hypothesis that the shortened refractory period and increased excite
2bility occurring when the vagl are sectloned may be the result of an
increase of sympathetic tone., The reflexes resulting from vagotomy have not
been investigated in this study.

B. Drugs

Flgures 9 and 10 present typical changes occurring after the intravenous
injection of proceine, The effects were similer regardless of whether the
heart was innervated, vagotomized, or decentralized, The dose-response rew
lation is apparent; a dose of Y mgm./kem. decreased excitability at high
auricular frequencles but not at low rates and did not change the meximal
rate, A doge of 8 mgm./kgm. alwsys markedly reduced the maximal rate, in-
dicating lengthening of refrectory period, as shown by the difference between
R and Ryj. The 8 mgm. /kgm. dose also decreased excltsbility at high rates
but usually not at low rates, suggesting that the recovery of excitability
was slow immediately after the refractory period and then became more repid,
Teble I shows that at auricular frequencies above Y50 per minute procaine in
doses of 8 mgm. /kgm. always decreased excitability. At low zuricular rates
proczine increased excltability in 9 out of 19 experiments while in the re-

meining experiments it was decreassed in half and not chenged in the rest,
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Masimal Rate and Recovery of Excitability
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& mgn, /kgm. of procaine decreases the maximal rate,

slows recovery of excitability at high auricular rates

but not at low r=tes in the decentrelized heert,

-
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Changes in electrical excitability and maximal rste produced by the
injection of 32 mgm./ksm., of DEAE are grephed in figures 11 and 12, Doses
of 1€ mgm. /kgn. caused only small changes. The action of DEAE was not
influenced by a change in the innervation to the hesrt, Doses of 32 mem. [kem.
of DEAE either did not change or significantly increase the threshold of
excitebility &t all auricular rates (Tadble I), The marked decrease in
maximal rate indicates that the refractory periocd was lengthened,

The effect of DCB on recovery of excitability and maximal rate are
demonstrated in figure 12, It was found for this compound =2lso that doses
of 4 mgm, /kem, were considerably less effective, and that its action was
not affected by state of innervation to the heart. In half the experiments
(Table I) DCB in doses of & mem. fkgm, caused a significant increase in
threshold voltage while in the balence no effect was noted, These doses
elways markedly decreased the maximzl rate,

Discussion,

As the interval between auricular beats 1s shortened, the electrical
energy required to excite the auricle is increzsed, This proceeds until
the suricle can no longer corduct an impulse, Winen either the vagl or
sympathetics are stimulested, the suricle cen ccnduct an impulse at even
shorter intervals and less electrical energy 1s required to excite, When
thege rerves are sectioned, the suricle is less exclteble at all frequencies
studied, This suggests that the tonic influence of both nerves tends to
keep the auricle more excitable znd to decrease the period of inexcitability,
The actlions of the vagi and sympathetics on these functions of the auricle

add to the evidence presented in Chapter III that the sympathetic and
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Maximal Rate and Recovery of Excitzbility

RELATIVE

VOLTAGE f
Rt \

[}

]

PP S S—

IComrol
DEAE
32 mg./kg.

Decentralized heart

e

T
—
—

[oX] Seconds 0.2 0.3
INTERVAL BETWEEN RESPONSES

Wisare 12

il

DEAE rzises the threshold of exclitabllity and de-

creases meximal rate in the decentrslized heart,
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parasympathetic divisions of the autonomic nervous system are not slweys
opposite in effect,

All three of the compounds lengthen refractory pericd. Proczine also
slowes the rate of recovery of excitability at high auricular rates but not
at low retes, while DEAE and DCB decrease excitability during the entire
cardisc cycle, These differences demonstrate the importance of determining
relative excitsbility at different intervals during the vhole cardisc cycle.
By this procedure it is possible to affect the phases of the excitzbility
cycle differentislly with different drugs.

This study further demonstrztes that the conditions under which the
heart responds to an impulse can be changed independently of changes in
velocity of the conducted impulse, This 1s brought out by the actions of
DCB which depresses excltabllity in all phases of the cycle but does not
alter conduction velocity.

The investigations so far have dealt with electrical changes in the
auricle only. I% now becomes important to consider the events occurring
when the impulse is conducted from the auricle to the veniricle gnd verious

factors modifying these events.
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CHAPTER V

Auriculeo~-ventricular Corduction

History.

The term suriculo-ventricular (A-7) conduction includes the entlre
mechenism concerned in ths conduction of gn impulse from the =zuricle to
the ventricle, Previous investigators have eveluated changes in A~V con-
duction in two weys. Usually the interval between suricular systole and
ventricular systole or between the auricular and ventricular waves of the
electrocardiogram is measured, and lengthening of thls period has been
interpreted ss impairment of A-V conduction. A~V conduction has also been
evaluated in terms of the ventricular rate under various conditlons during
faredically maintesined auricular fibdbrillation (31).

In this study A=V conduction was determined with respect to auricular
rete, The ratioc of the ventricular rate to the auriculer rate, V/A, is
determined for different auricular rates over & wide range, Since the
auricular rate is controlled, effects on the A-V conductling system can be
separated from changes occurring in the auricle,

Methods.

The dog was prepared for electrical recording of the auricular and
ventricular impulses as described in Chapter II, The auricle was stimulated
et different frequencies from slightly above the spontaneous rate of the
heart to frequencles which the auricle could not follow,

The results of these experiments were znalyzed as follows, The ratio
of the ventriculsr to the auricular rete, the V/A ratio, was celculated
for all zuricular freauencies employed., The ratio was then plotted against

the auricular rate,
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An example of A=V conductlon obialined in z typical experiment ig
presented in figure 14, Portions of the electrogram from this animel are
shown near the points on the curve whose coordirztes are derived from them,
When the suricle 1s driven at increasing frequenciles, the insbility of the
ventricle to Tollow each auricular beat appears at rates bvetween 300 and
360 and becomes progressively more striking at higher rates, In thils exgperia
ment the veatricle followed each suricular beat up o about 300 per mlnute,
When the szuricular frequency was raised to 360 the ventricular rate fell to
290, or a V/A of 0.8. At the next higher suricular frequency tested the V/A
fell to approximately 0.6 while at an auricular rate of 600 the ventriculer
rate was 300, making V/A 0.5. Thus, above a certain auricular rate, A=V
conductlon decreases roughly in proportion to the increase of auricular
rate. This figure also shows the wide range of rates over which V/A ratios
of 1.0 and 0,5 prevail. For the most part it 1s in the range between these
two ratics in which changes of A=V conduction can best be demonstrated,

As the V/A decreases from 1.0 to 0.5, there ig a2 progressive increose
in the number of dropped ventriculer beats, The dropping of beats usually
occurs in an irregzular sequence as shown in the electrograms in figure 14,
This is the result of an interference phenomensn brought into pleyas the
phasic excitatory activity of the auricle is displaced with refersnce to
the phasic recovery of excitablility of the A=V nede,

A, Section znd stimulation of nerves,

Figures 15 and 16 illustrate A-V conduction under different conditions
of inmervetion. Each broken line in the graphs represents results obtained
in an individual dog. The experimental groups plotted were chosen from

larger groups in order to illustrate the variation from animal to animel,
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Figure 15
Each broken line represents the curve of A-¥ conduction for zn in-
dividuel dog end the solld lines show the distribution of curves of
A-V conductlion obtailned in decentrslized hearts, Distribution of the

curves 1s similar for decentrzlized, vagotomized and innervated
heerts (see also figure 16).
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Figure 16

Distribution of curves of A=V conductinn in

different states of innervation (see figure 15),
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The distribution outline found for decentralized hearts (fizure 15) is
shovn by the heavy black lines in the graphs for other conditions of
innervetion (figures 15, 16), The change in A-V conduction following

( frqore 1716,
sympathectomy is plotted for =z single experiment, Similar results were
obtained in two additionsl experiments, Almost all experimental results
fell within the range for decentraiized hearts indicating that distribu~
tion of A~V conduction curves is roughly the same for decentralized,
vagotomized, and innervated hearts. In individual animals (figure 17%)
A~V conduction is slightly improved followlng simple vagotomy and merkedly
depressed followlng sympathectomy with the vagl intact, In the vagotomized
heert A-V conducticn is impaired folleowing subsequent sympathectomy while
in the sympathectomized heart (ficure 17) A-V conducticn is enhanced
following subsequent vagotonmy.

The effect of veagel stimulation and preganglionic stimuliation of the
sympathetic chain on A-V conduction is grzphicslly represented in figure 1€,
Vegal stimulation in these experiments was maximsl wlth respect tec voltage
vut the freguency of stimulatlon was adjustsd to yield only z moderste degres
of ventricular slowing, The rezzons for this selection are, first, that =2
very slow ventricular rate would impeir the circulation significantly, end
second, that there is gpparently considersble accommodation which occurs
during rapid maximal vagal stimuletion, and third, strong stimulation of
the wvagus predisposes to ectopic bheats,

Vhen the sinus node is the pacemeker, depression of 4=V conduction is
not evident with the rates of vegel stimulsticn employed, A-Y conduction
is depressed zt auriculer rstes of approximately 200 to 250 per minute and
upwerd, or about 30 per cent less than the rates at which V/A falls below

1.0 in the absence of vagal stimulation,
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The curve of A=V conduction during stimulation parzllels that obtalned
before stimulation: however, this figure shows that at the higher suriculer
retes the V/A ratlos fall from & range of 0,5 - 0,3 to 0.25 or lower,

The depression of A=V conduction occurring during vegal stimulation
appears wlthin e few seconds and reaches a pezk within § to 10 seconds,
After this there mzy be some accommcdation of the A-V node to the stimulew-
tien and the ventricular rzte msy tend to return toward normel, When
stimilaticn is stopped, A-V conductlon returns within 5 seconds to 1its
originzl value., UNo overshooting to z more rspld rate has been observed,

As shown in figure 18 the improvement of A-Y conduction occurring
during preganglicnic stimulatlon of the sympsathetic chaln is also marked,
¥ith the type of stimulation employed the range of auriculsr rates over
vhich a2 V/A of 1.0 cen be maintained is incressed by approximately 25 per
cent, The curve of A~V conduction during sympathetic stimulation 2lso
parallels that before stimulation and shows thet the majority of lmpulses
from the auricle are effective, This suggests a quicker recovery of the
A=Y node, A V/A of 0.5 is never reached because the auricle cannot be
driven at rapid enough rates,

In one instance stimulation of the sympathetic chain alone without
driving the auricle csused the heart rate to increase to 480 per minute
vith a V/A of 1.0, Since in most experiments the right or left chain was
uged indiscriminately and the rise of the heart rate was considersbly less,
1t is possible thet in this animal the sympathetic fibers of the side used
were equelly distributed between the sinus and 2=V nodes, Generzliy the
rate could be ralsed to zbout 350 or 380 by sympathetic stimulstion 2lone,

and effects on A~V conduction then demonsirated by driving the hezrt at

grezter frequencies, Effects of sympathetic stimulation recuired
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approximately 10 or more seconds to beceme mznifest in the driven auricle
as well as in the spontaneously besting auricle, The maximal effect then
remained for about the same period zfter cessation of stimulation, Return
to the original heart razte however did not occur for nearly 3 nminutes.,
Residual effects of sympsthetic stimulation persisted for zs long as 20
minutes following a single effective burst of stimulation since A-V con-
duction at the various auricular frequencies did not return to pre-stimulation
levels for this period of time., In a2ll experiments, therefore, care was
teken to walt reasonsble periods of time after sympathetic stimulation if
other cardiac sctions were to be observed.

B. Drugs.

1, The response of the heart to an injection of epinephrine is shown
in figure 19. Vhen the heart was beating normally, the rate wes incressed
by about 30 per cent (figure 19a), During driving of the suricle at a
frequency giving e,V/A of about 0.5 the V/A was increessed slmost to 1.0
(figure 19b).

2. The injection of a2 large dose of acetylcholine (figure 20), when
the hesrt was beating normelly, markedly slowed the ventriculsr rate but
did not chenge the auriculer rate. During driving of the asuricle, acetyl-
choline caused marked A~V block and auricular fibrillation (figure 21).

The effects ¢f epirnephrine and acetylcholine are comnarable to those
produced by sympathetic and vagal stimulation.

3. The effects of procsine on A~V conduction in hearts with different
stetes of innervation ere shown in figures 22 and 23, Procaine depresses

A=V conduction in the decentrelized hesrt., VWhen the innervation is intact
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A~V Conduction

Acetylcholine
120mg/kg 1V.

200,

Beats
per
minutes
1004
O Auricle

® Ventricle

— Control
-= Procaine,8mg/kg

Vagotomized heart

-4 =2 0 .1 .2 3 4 5 Minutes 10

Figure 20
The injection of a large dose of acetylcholine slowed the ven=
triculsr rete but not the asuriculer rate when the heart was bezt-~

ing normally. Procaine completely prevented the ventricular

slowing.
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A=Y Conduction

Acetycholine
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Figure 21

when the

The injection of e 1<.rge do 5e of acet lcholine markedly reduced

Qe
the ventricular rate (EENEER ;- RS
auricle was being driven 'by electric shoc}:s.

b, After procaine the injection of acetylcholine caused auriculsr
fibrillation and shortened the period of ventricular slowing,
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A~V Conduction

- 0.5

Vagotomy and sympathectomy
GControl
-——-Procaine, 8mg./kg.

260 300 400 500 600
AURIGULAR RATE

a

-0.5

Vagotomy
— Gontrol
-~---Preocaine, 8 mg/kg

200 300 400 500 800
AURICULAR RATE

)

Figure 22
Procaine depresses A~V conductiom in decentralized hearis(a)

and improves A~V conductlion in vagotomized hearts(bd).
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A=Y Conduction

Va

Sympathectomy

—— Control
~—-—Procaine, 8mg/kg

200 300 400 500 600
AURICULAR RATE

Intact innervation
Gontrol
--—=- Procaine, 8mg./kaq.

200 300 400 500 600
AURICULAR RATE

b
Figure 23
Procaine improves A-V conduction in

sympathectomized and in innervated hearts.
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or when only the sympzthetics =re sectioned, procaine improves A~V con-
duction, After vagotomy procaine slightly improves A-V conduciion,

Figure oY shows the action of procaine on 4~V conduction during
nerve stimuletion, It prevents depression of A-V conduction during vagal
stimulation and also prevents the improvement of A-V conduction during
sympethetic stimulation, After the injection of proczine A-V conduction
wes aporoximately the same with or without vagal stimulation whereas stime-
ulation of the symnethetics after proczine still caused some improvement of
A-V conduction,

In the zbsence of nervous influences, procaine depresses A~V conduction,
This can be considered a direct action on the physiological mechanism of
A=V conduction., When the vegl are intact, with sympathetics either vresent
or absent, procaine improves AfV conduction, The direct depressicn of A=V
conduction by procaine may be assuned to occur also under these cénditions
of innervation, The difference between the decentrelized and the innervsted
heart can be attributed to an effect on the innervation, e.g., blocking the
vagal action, If the two factors mentioned, that is, direct depresslon and
vagal blocking, were the only ones involved, the impalrment of A~V cenduction
occurring when the innervation is intact would indicaete that the direct de-
rression is less important then blocking the vegus, After vagotomy when the
sympathetics alone are intact, however, procalne still cesuses a slight but
definite improvement in A~V conduction, But procazine blocks the effects of
stimalation of the sympathatic chain, an action which would reinforce the
direct action on the A-V mechanism; hence, some excitatory mechanism may
be agssumed to be at work during the action of procaine, This might, for

example, be the reflex activation of the cardiac innervation by the action
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A=Y Coz duction

rl.0 ~—— Control
During vagus
stimulation
V/A —=—-Procaine,8mg./kg.
0.5
Vagotomy and sympathectomy
260 300 400 500 600
AURICULAR RATE
a
1.0
v/A
0.5 .

—— Controi
A During sympathetic stimulation
-—- Procaine, 8mg./kg.

Vagotomy and sympathectomy

200 300 400 500 600
AURICULAR RATE

b
Figure 24

Procaine prevents the depression of A~V conduction occurring during vazal stimulstion

(a) and the improvement of A-V conduction occurring during sympathetic stimulation (b).
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of proczine on some other part of the body. Proczine also larzely
prevents the depression of A-V conduction produced by the injecticn of
acetylcholine {figure 20). Procaine does not prevent the improvement
of A-V conduction produced by the injection of epinevhrine (figure 19),
These facts suggest that the vagel inhibition depends partly upon an
anti-acetyicholine action, but that the sympathetic inhibltion does nct
deperd upon an anti~epinephrine action.

Diethylaminoethanol.

The typical effect of DNEAE on A~V conduction is shown in figure 25,
Adequate doses always caused a depression of A-V conduction regerdless of
state of lnnervetion of the heart.

These greaphs also demonstrate that DEAE improves A-V conduction de=~
pressed by vegal stimulation and depresses the improved A-V cenduction
ceused by sympethetic stimulation, DEAE, like proczine, blocks the effects
of vagal stimulation more effectively than those of sympathetic stimulation,
but in generzl the degree of inhibition is less than that produced by pro-
ceine, The primary effect of DEAE appears to be directly depressant to A=V
conduction because changes in innervation to the hezrt do not affect itsg
action,

In two ocut of three experiments DEAE prevented A~V depression produced
by the injection of acetylcholine, The duration of this action was less than
thet of procaine, The actions of procaine and DEAE outlined above suggest
that both subétances may possess anti-acetylcholine action, in the concentre-
tions used, and thus may antagonize the effects of acetylcholine wherever

it occurs,
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A~V Conduction

-1.0 —— Gontrol
During vagus
' stimulation
{ v/ --- DEAE, 32mg./kg. !
f 0.5
i
Vagotomy and sympathectomy
200 300 400 500 600
AURICULAR RATE
a
1.0
v/A
r0.5
—— Gontrot
A During sympathetic stimulation
~—- DEAE, 16 mg./kg.
Vagotomy and sympatheciomy
[ i L L) o
200 300 400 500 600

DEAE denresses A~V conduction.

AURICULAR RATE

b

Figure 25

It largely prevents the depression during

vaegal stimulation and the improvement during symnathetic stimuiztion,
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B~-Diethyleminoethyl 2,4-dichlorobenzoate HC1,

DCB depressed A~V cenduction in innervated, vagotomized, end de-
centralized hearts, figure 26. These grarhs also demonstrate that DCB
has 1ittle, if any, blocking action on the effects of elther vazgel or
sympathetic stimulation. Figure 26 shows the small amount of vszel block
by DCB in vagotomized or innervated preparations, The action is of short
duration.

Table III gives the incidernce of charge of A~V conduction produced by
injection of the three compounds, DEAE and DCB 2lmost invariably devress
A~T conduction in the conditions of innervation studied. Procaine always
improves A-V conduction when the vagl are intact and depresses it when the
hesrt is decentralized, In the absence of the vagi and in the presence of
the sympathetics the results are variable, In two experiments, however,
marked improvement of A-V ccnduction occurred,

Discussion.
Studies on A~V conduction have little meaning unless the time of

occurrence of either the phasic excitatory influence of the auricle upon

57

the A~V node or the phasic recovery of excitability of the node is controlled

beczuse conduction of the impulse from auricle to ventricle depernds upon the

temporal relation of these phenomena to ezch other, When one of these is

controlled, the effect of varying its phase cn the response of the A~V node

to eauriculer excitation czn be determined, and with this information changes

in the phasic activity of the other can be eveluated,
A-V conduction cazn be changed directly by an action on the junctional
tissues, or indirectly through the sctions of nerves, The potential

effect of the imnervation is of considerable importance in the regulstion
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A-Y Conduction

e—— Gontrol
----DCB, 8mg/kg
O During vagal stimulation
A During sympathetic stimulation

0.5

200 300 400 500 600
AURICULAR RATE

Figure 26

DCB depresses A-V conduction but does not
prevent the depression during vagal stimula-~
tion or the improvement during sympathetic
stimulation.
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Table III.

hearts in different conditions of innervation.

Effect of procaine, DEAE, and DCB on A-V conduction in

A=V Conduction

Com=  Dose Exper— :
ound = mem, /Kem,  Innervetion iments | Improved | Depressed| Unchanged
No, No. No. Ne,
decentralized g 1 6 1
vagotomized 5 3 1 1
P o-— 8
calne sympa- 1 1 0 0
thectomized
intact 3 3 0 ]
decentrslized > 5 0 0
DEAE 32
vagotomlzed 4 4 0 0
intact 2 2 0 0
E decentrzlized 2 2 0 0
CB g
{ vagotomized 3 2 0 1
intact 2 2 0 0
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of A~V conduction as indicated by the marked chanses produced by the
stimulation of nerves and the fact thet the anti-vegel effect of procaine
on A~V conduction is grezter than its direct action. The actions of
nrocaine zlso illustrate the comovlexity of A-V conduction =and that
direct and indirect effects of drugs on this system may be completely

different,
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CHAPTER VI
Auricular Flutter
History.

The term flutter was first used by McWillian in 1887 (32) to describe
an extremely rapid movement of the auricle in response to faradic stimule-
tion., Auriculsr flutter was not clearly recogmnized as a Glstinct condicion
uniil 1t wes described for the human suricle by Heriz and Goodhart in 1908
(33). The term was adopted by Jolly and Rltchie in 31910 (34) to mean rapid
suricular besting, The term aurleular fidrillation is applied to conditions
of very rapid and irregular beating.

Rothberger and Winterberz (1909) (35) were the first to exemlne the
fluttering or fibrillating auricle by means of direct leads, They suggested
e close interrelation of flutter end fibrillation and that the refractory
period was importent regarding the behavior of the auricle after stimulation.
Trom subsequent studies they concluded thet in fibrillation the muscle fiberg
contract independently and thet this was csused only by agents vhich ine-
creased the excitsbhility of the cardisc musculeture, These ideas led to
the theory that multiple ectopic feel of stimulus formation hed developed.

The demonstration that auricular flutter is probably due to a con-
tinuously circulating wave is the end result of observations conducted by
Romanes (1876) (36) and Meyer (1908) (37) on the umbrells of Jelly-fish and
by Mines (1513) (38) on rings of muscle cut from the auricle of fishes,
These investigztors demonstrated that an induced contraction wave could
travel continuously in one direction around such rings of tissue,

Tewls and his co-workers (39), working at the same time as Rothberger
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and Winterberg, had attempted to follow the path of the impulse in
electricaelly-induced auricular fidbrillation. Fortunately flutter occurred
fairly frequently snd it was found to be much simpler to follow the ex=
citation wave in this condition., They found they were recording the
effects of only one impulse and were able to locallze the pathway as

being one sround the collar of auricular muscle detween the atriﬁm
(euriculsr tissue between the 2 venz cavee) and the auricle proper.

Lewis (H0) also suggested a very close relationship between flutter
and fibrillation, He felt that both conditlons were due to a single
circulating wave and that the main difference was that in flutter the
wave follows a relatively constant anatomical path, wvhereas in fibrilla-
tion this path varies, sometimes considerably, from cycle to cycle, In
explaining this similarity Lewis proposed that the main factor affecting
the rate is the length of refractory period, which ig shorter in fibrilla-
tion, and that the regularity or irregularity of transmission of the
impulse depends upon the number and size of the refractory barriers, In
the case of flutter these barriers are smgll and such deviations from the
straight path as occur are minute, while in fibrillation the barriers =re
larger and deflect the waves along sinuous paths,.

A period of about 25 years has elapsed since the work of Lewls and
only recently have further investigations of the phenomenaz concerned with
auriculer flutter and fibrillation been conducted,; except sporadically
by van Dongen,

Since 1938 wvan Dongen (3, 17) has been accumulating evidence by means
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of pharmacological studies to support the theory of Rothberger and
Winterberg that fibrillation has its origin in ons or more heterotopic
centres continuously giving rise to new stimuli with high frecuency., His
conclusion remzins as stzted in 1950 that "“the complete correlation" be-
tween (1) neutralization of fibrillstlon induced electrically, and (2)
suppressicn of heterotopic rhythms induced by acetylcholine or epinevhrine,
by different drugs “gives a very strong indication that the origln of fib=-
rillation and flutter lies in one or more ectopic centrs, continuously
giving rise to a new stimuli," Ven Dongen has a2lso concluded that a "genersal
antagonism" with eplnephrine and acetylcholine is independent of the
anti-fibrilleting actlion of aciive compounds.

Scherf (Y1) has recently reported some interesting results of a more
Physiological analysis of some of the factors he has encountered in
auricular fibrillation vhich may be summarized as follows. By the topical
application of aconitine to the auriculer tip or to the sinus node he has

been able to induce a condition of regular tachycardia of about 300 per

o9

minute, Cocling of the treated srea interrupis but does =n

Ct
ot
4]
ck
s
<k
oy
O

flutter, from which Scherf concluded that rapid impulse formation of this
area had been hindered but was still capable of impulse formation since
waves resulting from it appear when the tissue again becomes responsive.

In a2ddition, Scherf has applied traction or otherwise stretched the anricle,
which invariably results in an increased razte of flutter, chenging into
fivrillztion., He feels that this response is analogous to inducing spon-
taneous rhythmic discharges in nerve or muscle or increasing the rate of

an exlsting stimulus formation (Ceskell) end to that observed in isolated
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cardiac tissue (Goldenberg and Rothberger), In these experiments he

has deternined that stretch does not alter conduction velocity, Thusg, if

a circus movement were present, the increased rate of flutter =2nd its

change into fibrillation would recuire the assumption of increased speed

of the circulating wave, Prinzmetsl et al. (he) have demonstrated by

means of hizgh speed motion pictures that in the auricular flutter and
fibrillation induced by Scherf's methods the contraction waves are ini=
tiated at a single ectopic focus and spread over the auriculer surface in

a non-circus fashion, They report that the contraction waves of suricular
extrasystoles, tachycardias, and flutter, and the large waves of suricular
fidrillstion arising from the site of injection of aceonitine are indistinguish-
able except for their rate end speed of conduction., Above a certain rste of
beating the minute waves of fibrillation sppear and are superimnosed on the
large waves,

Rosenblueth and Garcié-Ramos (QS) recently have extensively investigzated
euricular flutter in dogs by inducing a wave to circulate around en artificial
obstacle in the auricle., For the obstacle they used a crushed areas which in
essence prolonged the opening or junction of the inferior vena cava. By
means of electrodes placed arcund the perimeter of the crushed area they
were able to demonstrate, more accurately then had Lewis for an uninjured
auricle, that in flutter a single excitation wave proceeds around the oven-
ing of the cavae with an gpproximately constant velocity. If the electrodes
were placed perpendicular to the perimeter at édistance, the recorded
electrogrems showed that the impulse reached these electrodes at the time
predicted by the assumption that flutter is due to a single impulse travel-

ing continuously and unidirectionally around the obstacle,
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It is perhaps Garrey!s views on the interpretation of circus contrac-
tions, pnublished in a review in 1924 (44) which best express why conflicting
views regarding flutter and fibrillatlion still exist. Employins the funda=-
mental concept of circus motions and tzlking into consideration possible
veriations in position, degree, and duration of refractory barriers, and
possible differences in excitability and conductivity, ffarrey hes summarized
some of the ways in which circus motions can express themselves, There may
be (a) brief, shuttling impulses within the time of =2 single normal cycle,
(p) 2 simple, single circuit czusing an extrasystole superimposed on and
continuous with the preceding normsl beat, (c) a simple circuit invelving
the whole structure successively and continuously in its circulating pro-
gress, (d4) impulses sharply localized and limited to & circumscribed psth
within a part of the musculszture repeating their single course in rhythm,
causing a regular coordinate flutter in the rest of the auricle, (e) these
latter may csuse wild localized fibrillation, (f) wild fibrilletion involv-
ing the whole auricle; in this the impulse is diverted into di%ferent paths,
weaving and inter-weaving through the tissue mass. In support of his
theories Garrey relied partly on clinical ss well as experimentzal des-
criptions of loczlized znd generaiized fibrillation, and flutter. He felt
that an impulse must be 2lready shuttling Back and forth since =2 single
impulse may precipitate fibrillation.

The data now availzble indicate that there are actually two types of
experimental auricular flutter. The tyre which freguently follows repid
faradic stimulation or the local application of agents such a2s econitine,

methacholine, etc. tends te depend upon one or more ectopic focl of rapid
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stimuius~Fformation resulting in rapld, rezulzar or irregular, sequential

or non-seguentizl contraction waves., Theother type of flutter is the one
demonstrated to exist ian the mammallan curicle by Lewls and Rosenblueth
and Gercia~-Kemos and employed in the mresen’t work. In this type of flutter
it can be shown that there are no ectopic foci, aand that the contraction
eround & known
barrier,

Localized, generzlized, or irregular fibrillations are inadequate for
several reasons for the auantitative study of the auricular properties
concerned and how they can be influenced, First, such arrhythmias are
generally traansitory and can nelther be maintained in a stezdy state nor
can they be accurately duplicated for comparative determinations. Second,
the changes involved in such types are repid and complex and require highly
refined technigues for recording and analyzing the phenomena, Third, such
types may be induced experimentally only by the application of some noxious
agent, i.e., failrly prolonged high frequency stimulation, acetylcholine,
methacholine, aconitine, or combinations of these, causlng a considerable
alteration in excitability.

Auricular flutter as induced by the method of Rosenblueth and Garcfg-
Rzmos was chosen for the exverimental study, Rapid and regular contrace-
tions involving the entire auricle sequentially at z rate of 2 to U times
the normal sinus rate can he induced which continue for hocurs without
further stimulation, Further, the conducted wave czn be demonstrated to be
a single impulse traveling along a circular pathway. The pathway caon be

locelized, conduction velocity calculated, and effects of nerve stimulzstion

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ce.



c7

and drug action can be cuzrtitatively and comparatively determined.,

The dogs were prepsred as described in Chapter II., TFlutter was
induced sround a crushed arez on the surface of the right suricle by
electrical stimulation at a frequency usually just higher than that which
the auricle could follow using a voltasge 3 or 4 times that reouired to
exclie the suricle,

The auricular surface was crushed by means of a2 hemostet. Two loca-
tions of crush were used. One extended from the sunerior surface of the
inferior vena cava about 1 1/2 cm. ceudad to the auricular orifice continu-
ing upward onto the right auricle for several centimeters. This srea is
similar to that employed by Rosenblueth and GarciérRamos. The second type
was made across the right suriculer surface from the reglon of the sinmus
node., The area of elther type of crush was extended if difficulty in in-
ducing flutter was encountered, but was generally a crush of about Lo by
Y mm, In most experiments the stimuletion was applied near the junction
of the superior venz cave and the right auricle, |

Instances of flutter which resulted from this experimental procedure
were in general of two types apparently differing only in their stability,
Some persisted for periods of less than 5 minutes; these could be re-induced
repeatedly but the duration of successive episodes was alweys brief, In this
type some instances of flutter showed a gradually decreasing rate while
others graduzlly increased in rate, More frequently the flutter rate was
steady until only one or two beats before reversion. Regardless of whether
or not such small changes in rate occurred, reversions generally appesred

at a certain constant interval from the beginning of the flutter episode,
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The behavior of the flutter rate in these episodes suggests thet z
nrogressive chenge occurs, This may be, for example, the result of
successive small changes in the path of the impulse which brings it to
refrectory tissue, or the result of a2 refractory barrier grzdually
increasing in size which comes into the path of the impulse. In nost ex-
reriments filutter usually persisted for longer than 5 minutes. If a
flutter persisted for at least 5 minutes, it would almost zlways persist
for hours,

The criteria of flutter suitable for subsequent experimental study
were: adeguate rate (2 to Y times the sinus rate), regularity of rate,
duration of at least 5 minutes, and failure to revert tc simus rhythm
following the injection of 2 cc. of s=line,

It was found that 2z rapid and regular flutter developed in the absence
c¢f crush upon stimulation at rates of 9 to 11 per second in 12 of 18 ani-
rals, the flutter was frequently stable, but the experiments were not em-
ployed in any of the following studies,

Cbservations incidental to the procedure irnducing flutter are briefly
as follows. TFlutter was difficult to induce in small dogs or in dogs with
small hearts, suggesting that in these znimals the auricles were not large
enough to permit a circus movement. Occasionally with certzin sized crushes
it was possible to produce z lssting flutter by a single stimulus, If the
obstacle was not continuous or of sufficient size, various types of arrhythmizas
developed uvpon rapid stimuletion., In most experiments this was a generslized
fibrillation of short durstion. In other experiments flutier was of elter-
nating rhythm, composed of fast and slow components which were separated
either by short or long intervals of either rhythm. Frequently this type

of flutter could be demonstrated severel times in the same heart by stopping
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the flutter and re-stimulating, suggesting that zlternate pathways are
involved., A steble regular flutter could be induced in these heerts

either by mekine the crushed area continuocus (by elimineting =211 normel
tissues in the area) or by extendinz the limits of the crush. If = single
excitation wave is assumed to be circulating around the crushed asreaz or
around an srea azdjacent to the crush these results suggest that when the
crush is not contlnuous the impulse a2t certain times travels through sone
undsmeged non-refractory tissue in the crushed ares or is deflected to
another path and either long or short pathways can be the site of the circus,

Fibrillating rhythms frequently revert to sinus rhythm, probably be-
czuse the obstacle is too small and the impulse is more likely to meet
refractory tissue. Alternating flutters frequently revert, probadbly becazuse
the impulse meets refractory tissue in changing its course,

Fesults,
A. Evidence for circus movement of impulse,

Attempts were made to follow the path of the impulse in flutter accorde
ing te the method described by Rosenblueth and Garciz—-Remos, Several vairs
of recording electrodes were pleced close to the crush and at several points
around its perimeter, Before flutter was initizted 2 record was taken with
the electrodes in place in order to demonstrate that the impulse 4id not
appear et the electrodes in e consecutive pattern., Afier flutter was es-
tzblished the order of sppearance of the impulse at the different electrcdes
wvas determined,

It is possible to demonstrate crudely the course of the conduction wave
around the obstacle by measuring the conduction time between the different
electrcdes., The distance between the electrodes was measured in order to

calculate conduction velocity.
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Figures 27, 28, 29, and 30 indlcate (1) the vosition of the electrodes
in relztion to the auricle and the crush, (2) the actual electrogrems re=-
corded From the individu=l points, TFigure 27 also contains a grephic
suggestion of the possible path of the impulse considering it in terms of a
circle, The arez of the crush was slso converted to a circulzr area. This
11lustration is intended to be a roush description of a process which ig
complicated by other refrzctory berriers, anatomicel distances, angles and
curvatures, and limitations of recording.

Figure 27 demonstrates the type of crush used and flutter obtained
by Rosenblueth and Garciz-Ramos. The obstacle extends from a non-cocnducting
portion of the inferior vena cave as determined by the characteristics of
the electrograms at that point. The wave appears at electrodes 1 to 5 in
successive order., Conduction velocity is similer between each pelr of
electrodes,

Figure 28 shows a similer experiment in which the impulse circulsted
around. the obstacle in the opposite direction to that shown in Figure 27,

Tigure 29 shows the occurrence of zalternating slow and fest flutter in
the seme heart at frequent intervals without reversion to sinus rhythm. One
of the possible locations of the fast component is a short cut through the
centre of the crush whieh may not have been entirely damaged., Cther
possibilities for this path might be around the inferior vena cava or
around the opening of the cevae at the auricle., The different locstions
were not explored sufficiently to determine the exact path of the impulse,

Figure 30 shows flutter vhen the obstacle wzs made on the lstersl
suricular surface from an arez midway between the sinus node and the right

ventricular orifice toward the tip of the auricle. The electrogrems show
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Figure 27

Part (a) shows the electrograms recorded durinz suricular flutter from
palrs of electrodes 1 to 5 placed around a crushed area of the auricle
(b). The diagram indicates the area of the crush and path of the impulse
considered as a circle, Figures outside the circle are conduction times:
those inside the circle are the distances between electrodes, The arrows
indicate calculated conduction velocity between each pair of electrodes,
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Figure 28

(2) shows the zrea of a crush in relation to the right auricle and
the posiiions of electrodes 1 to 5 around the perimeter, Part (b)
shows the electrograms from the auricle recorded from electrodes 1
to 5 during auricular flutter, The relation of the auricular waves
to each other indicates the impulse traveled around the obstecle,
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Auriculzar Flutter
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Figure 29

The electrograms show a slow reguler flutter (290/min.) and a
rapid irregular flutter (510/min,) which occurred in the same
heart and alternzted for a long period without reversion to
sinus rhythm, The position of the crush is shown in the smgll
picture,
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Figures 30

The electrograms indicate the impulse arrives

at electrodes 1, 2, and 3 earliier than at electrodes
Y and 5. The path of the impulse may be in the
region of the crushed area shown in the small
insert.
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that the impuise arrives successively a2t electrodes 1, 2, and 3, and rela-

tively later at electrodes Y and 5., This indicates that the course of the
wave was localized in the body of the suricle nearer to the tip than to the

atrium,.

Figure 27 is one exemple of & demcnstrated clrcus movement. The same

«

"
jole

;

phenomnenon wes observed in additionasl sxper

ments, Ln other experiments

the circus neture was demonstreted only partislly and in still others no
attenpt was made to explore the path of the impulse., It is assumed, however
baged on the results obtained when the movement was studied and on incidentsl
observations, that the circus phenomenon was present in 211 flutter prep-
arations employed in this study.

The velocity of the conducted impulse during auricular flutter was found
to be between zbout 500 and 600 mm, [/sec, in 211 experiments, as illustreted
in figure 27. This velocity of conduction is similar to that occurring
in the electrically driven auricle when the rate of stimulotion approximated
that of flutter (Chapter III, figures 2, 3). As has been noted, Lewis and
Rosenblueth and Gerciza—Ramos slso found the same range of cenduction velocity
for flutter,

The effect of a crushed area of the asuricle on meximal rate and
excitebility was determined in order to learn whether the crush employed in
the procedure to 1nduce flutter might comnlicate the actions of the drugss.
Figure 31 demonstrates that essentialiy no change occurred in this experi-
ment slthough the decrease in maximal rate indicztes 2 slight lengthening

of refractory period. In some experiments the threshold of excitability

was slightly increased., ILocel changes in excltability occurrines close to
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Auriculezr Flutter

Maximel Rate and Recovery of Excitability
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Figure 31
A crushed ares of the right auricular wall produces

no significant change in maximal rate or excitebility,
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the crushed srez may have been greater than the changes recorded =2t the
location of the electrodes,
B, Section and stimulation of nerves,

Figure 32 summarizes the relation of V,A to auriculzr rate in over U0
experiments with auricular flutter., It shows that flutter rates tend to be
higher when the innervztion to the heart is intact then when the heart is
decentralized,

It is kmowrn that wvegal or sympathetic stilmulstion during flutter in-
creaeses the rate., Typical effects of vegal stimulation are shown in figures
3% end 40, Figure 34 shows the usual effect of sympathetic stimulation. The
increase in rate of flutter during stimulation of either nerve averasged szbout
5 per cent under the conditions of these experiments. Since both vagal and
sympathetic stimulation ircrease the rate of flutter, the effect of their
tonic discharge may eccount for the tendency towerd higher flutter rates
when innervation is intact,

C. Drugs.

i. The effects of the Lnjection of acetylcholine and of epinephrine
on the auricular rate in flutter sre shown in figures 35 and 36, 3Both
substances increase the rzte. Acetylcholine alweys caused the flutter to
change to a fibrillation which reached a rate of 2000 or more per minute
within a few seconds, ususlly foliowed by reversion to simms rhythm., This
wild activity probably represents the type of fibrillation induced by
acetylcholine in the experiments reported by van Dongen., Npinephrine in-
creased the rate from 5 to 25 per cent but did not affect the regularity

of the beat and rarely caused reversions. These results are similar to

those reported by Rosenblueth and Garciz-Remos (43) and by Acheson et al. (45).
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Auriculzar Flutter

l Vagal Stimulation 7007
Heart Decentralized
600+
Auricular 500
0.6 Bea?s'
{ per Mhin.
400~
0.5
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viy
0.3
0.2
e
Fo.l
LO —

Flzure 33
Darinzg suricular flutter vagal stimula-
tion causes increased rate of flutter

(top 1line) and fall of V/j (bottom line),
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Sympathetic Stimulation
Heart Decentralized

1

Auricular
Beats 430
per min.

420+
410

+0.8 400~

Vip

0.7

0.6

Figure 34
During suricular flutter sympathetic stimulatlion increases the

rate of flutter (top line) and increases V/A (bottom line),
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Auriculer Flutter

Acetylcholine :
Heart Vagotomized 1100+ !
i
5 ?
900 L
0.6 d
v/,
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Auricular :
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0.4 T 500"
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! 0.3 0.12 Gm./Kgm_ 400 '
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i
‘ |
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0.1 :
{
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Figure %5
During auriculsr flutter the injection of acetylchcline

changes flutter into fibrillation and decreases V/A,
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Epinephrine
Heart Decentralized
"5007
490-
Auricular
Beats  480-
per min.
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Y LV.
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Figure 36
During auricular flutter the 1lnjece
tion of epinephfine increases the

rate of flutter and increases V/A.
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2. Results of experiments using procasine are summarized in figures
37 to 41, Typical effects. of various doses of proczine cn flutter rates when
innervation was intact are shown in figure 37. Doses as smell as 0.5 mzm,/
kem, are effective in slowing the suriculer rate. The f21l of suriculer
rate is accompanied by an increase of the ventricular rate. The duration of

N

the effect is relatively brief and almost full recovery to the

ft

4
et
o

hal

[XN

a
flutter rate occurs within a few minutes. In the vsgotomized heart the
auricular effect is similar but the ventriculer rate remains essentlally
unchanged (figure 3g). When the heart is decentralized (figure 39), the
suriculer slowing is less than vhen the innervation is intact but the ven-
tricular rate is slowed =z2ls0,

Figure 40 presents a summary of the effects of various doses of pro-
caine on amnricular snd ventricular rates for both innervated snd denervated
hearts, The per cent of auriculer slowing is increased =s the dose is in-
cressed., Tor a1l comparable doses the reduction of flutter rate in the
decentralized heart is significantly less than in the innervated hesrt.

The wentriculer rete is frequently slowed in decentrzlized hezsrts, while
it is almost always increased when the innervation is intact,

The inJjection of procsine prevents the effects of vegal stimulation
during flutter (figure 41), During the time that the zuricle is slowed
by procaine, vagal stimulation no longer increases the auricular rste,
Proczine also markedly reduces the gmount of ventricular slowing pro-
duced by vagal stimulstion,

3. The effects of various doses of DEAE on auricular flutter in
innervated, vagotomized, znd decentralized heesrts is shown in filgures Lo
and 43, Doses of 32 mgm./kgm. czuse slowing of both auricular and ven-

tricular raztes regardless of state of lmnervstion, Smaller doses are

alrost ineffective,
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Auricular F—‘lutt er

Auricular Flutter
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Figure 37
Increasing doses of procaine cause an increased
slowing of auricular rate and an increased

ventricular rate in the lnnervated heart.
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Auricular Flutter |
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Figure 38

When the heart is vagotomized procaine
slows the rate of auricular flutter but

has little effect on the ventricular rate,
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Auricular Flutter

PROCAINE, 4mg./ g,

I Vagotomized and IL intact innervation
sympathectomized :
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Figure 4o

39
During suriculer flutter procaine ceuses greater slowing of suriculer
rate in innervated than in decentralized hearts. It increases the
ventricular rete when innervation is intact but slows it when the heert
18 decentralized, A=V conduction during recovery from the maximal
efTect falls within the distribution range obtained with elesctrically

driven auricles,
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Aaricular Flutter

PROCAINE
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Figure %9

Increasing doses of Procaine cause increazing slowing of the
auriculer rate (1OWsY graph) in both innervated and decentralized
hearts and increasing ventricular rates (lowar greph) in imnerveted
hearts and generally decreasing ventricular rates in decentralized

hearts.
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Auricular Flutter

AURICULAR FLUTTER
S min

Procaine
8mg. /i, == Vegal Stimulation

e e

Pigure U1

During vagal stimulaztlion the rate of asuricular flutter is increased
and the ventriculer rate is slowed. VWhen the auricular rate is
slowed by procaine, vagal stimulation does not change the rate and

the ventricular slowlng l1s reduced and even rises,
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Tigure W4 is o summary of the effects of various doses of DEAE on
zuricular and ventricular rztes in both inmnervated and decentralized hezrts,
The per cent slowing of zuriculsr rate increased as the dose is increased
and is grezter at all compareble doses when the innervation is intact than
in the decentralized hesrt. Since doses of 64 mgm./kgm. or more vere
generelly lethal, the effectiveness of DEAE never resches that of pro-
caine, DEAR usuzlly slows the ventricular rate and when the heart is de-
centralized the per cent of ventricular slowing is usually greater than
that of the auricle, IEAE occzsionzlly csuses an increzse in ventricular
rate, This occurred frequently when reversion followed in & few seconds,

-

and also wnen DEAR caused rapid dezth of the dog,
4, Results of experiments with DCB sre presented in figures 45, 46,
snd U7 in the sezme manner as those for the preceding compounds, DCB slows
the auricular rate (figures 45 and 47) but the effect is smell and reversions
occur freguently, so that maximal effects could not be determined, DCR
always causes a2 simultaneous slowinz of the ventricular rate regardless of
the imnervation, In terms of percentage the veantricular slowing ls usuzlly
ghout the same as the auricular slowing, DCB also slows a dose~-response
relationship ingure 46)s this is neerly the same for both innervated and
decentralized hezrts,

5« The influence of injections of peaminobenszoic acid en auricular
flutter in an innervated hesrt is shown in figure U8, Since no cardiac
effects were noted in these experiments no further studies of this com-

pound were made,
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- Auriculer Flutter

DEAE, 32 mg./kg.
I Vagotomized and I Intact innervation
sympathectomized

r 500
A
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i 300 v
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Auricular Rate
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Figure 43

DEA%Y slows both zuricwlar and ventricular rates in flutter, Its
actlon 1is greater in innervated than in decentralized hearts. The
curves of A-V conductlon during recovery from the maximal effect
indicate a possible depression of A~V conduction,
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Auricular Flutter
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Figure 44
During suricular flutter the injection of increasing doses of

DEAE causes an increased slowlng of zuricular and ventricular
rates in both innervated znd decentralized hearts,
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Auricular Flutter
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DCB — Auricular Flutter
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Figure U6

Increasing doses of DCB cause increased slowing of both auricular
end ventriculsr rates., Occasionally the ventricular rate is in-
creased., The effects are similar for both innervated and decentral-
ized hearts. ‘
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Auricular Flutter

Auricular Flutter
DCB ~1.0mg/kg

I Vagotomy and IL Intact innervaotion
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Figure W47

DCB slows auriculsr and ventricular rates in flutter in both
jnpnervated and decentralized hearts. The curves of A-V con-
duction during recovery from meximel effects do not indicate
the depression of A-V conduction which D(CB produces in experi-
ments with the driven auricle,
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Auricular Flutter
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Figure 4g

PABA has no effect on rate of flutter

in doses as high as 128 mgm. fkan.

76.
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6o The effect of verious doses of 2,l-dichlorobenzoic acid are
shown in figure 49, It does not cause slowing of the flutter rate but fre-
quently increasss the ventricular rate, The lethzl dose of this compound
for dogs was lower than that of p-aminobenzoic acid., Since it did not
chanze the auricular rate in flutter, it was not studied further,

- N - P
D. A~V conduciion influtter.

The effects of nerve stimulation and drugs upon A=V conduction during
auricular flutter are difficult to interpret because the auricular rate
ususlly chenges at the same tinme,

Figure 32 shows the relation of V/A to suricular rates during flutter
in hearts with intact innervation znd in decentralized hearts., V/A 2t any
particular suricular rate is cimilar to the V/A et similar rates in the elect-
rically driven heart, although in some instances V/A is somewhat higher,

The gravh shows that A~V conduction is better when innervation to the heart
is iatact., Since vazal stimulzation depresses and sympathetic stimulation
improves A-V conduction, this sugzests that in thsse hearts sympathetic
tone was greather than vagal tcene,

The role of innervstion on A~V conduction during suriculer flutter
is the seme as in the electrically driven zuricle, Vhile vagal stimulation
and sympathetic stimulstion have the same effects on the auricle, their
effects on A~V conduction are opposite, As in the electrically driven auricle
vezal stimulation impeirs A~V conduction, whereas sympathetic stimulzstion
enhances it, Thne difference of effect is fTound as between acetylcholine
and epinephrine, The changes of V/A in these conditions sre plotted in

figures 33, 34, 35, 2nd 36, The changes of V/A shown in these four zre
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Auricuier Flutter
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Figure 49
DCRBA has no effect on rate of flutter, It fre-

quently causes an increase in ventricular rate,
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dramatic, but the effect upon A-V conduction csnnot clearly be seperated
from the effects of change of auricular rate,
47

Figures 39, M} and #%5 show in the upper graphs the typicel slowing of
suricular =nd ventriculzr rates in flutter in innervated =and decentralizéﬁ
hearts produced by proczine, DEAR, snd DCB, In the lower graphs, the re-
lztdion of V/A to zuriculer rate during recovery from the rneximal siowing
is plotted for each of the compounds, The curve of V/A with respect to
auricular rate for each compound in either state of ilnnervstion fzlls within
the normal distribution curve and cenmmot be distinguished from changes in
auricular rate aslone, In the case of DEAE, the curve of A-V conduction when
inmnervation is intact is similar to that of procaine; the former, however,
slows both auricular and ventricular rates whereas the lstter increases the
ventricular rate as the suricle is slowed. In experiments with the
electrically driven auricle these compounds can be demonstrated to have
opnosite effects on A-V conduction when innervation is intact. The above
disparitlies demonstrate that dstaralnations of A-V conduction during
auricular flutter are misleading and complicated by the change in auriculer
rate, which, as deseribed in Chapter V, exerts its own influence on the
A~V conducting mechanism, For this reason controlled conditions of either
auricle or A-V mechanism are essgentlal to determinationé'of A=V conduction.,
Discussion,

The condition necessary for the continuous passege of an impulse
around az fixed obstecle is that a gap of excitable tissue must be present

between the head of the impulse =znd its teil, Judging from studies in the

driwen zuricle the smeller the gap, the smalyrghould be the conduction velocity.
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In guriculer fMlutter conduction velocity is indesd slow, gbout one-half

0f the rate found when the azurilcle lg beating slowly, esnd similar to that
occurring at the same auricular rate in the electrically driven zuricle,
So long as the path of the circus is fixed, the rate of recurrence of the

beat 2t a given spot will be proportional to the averaze conduct
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round the whols pathk., Agenciss which change the recovery of the mechznisms
underliying conduction velocity in the driven suricle should be expected

to affect the rate of flutter in & corresponding direction, 3.,e., if the
recovery is mccelerated, the rate of flutter cshould also be accelerated

and vice versa, Physiological svidences of this relastionship azre seen in
the effects of vagal and sympsthetic stimulotion, both of which increase
conduction velociiy and increase the rate of Tluiter,

The actions of the drugs studied 2lso evidence this relatioanship.
Procaine, DEAE, and DCB 211 slow the rete of flutter. The effect of
procaine is the greatest and that of DCB the lesst. The slowing is
evident with smaller doses than zre reouired to slow conduction velocity
in the driven auricle, This difference probazbly depends upon z difference
of sensitivity in the two conditions., Chanzes as low as 2 per cent in rate
of flutter can be detected while changes in conduction wvelocity in the
driven suricle can be detected only to within 20 vwer cent, Becaouse of this

imitetion in the latter conditlion, =z small amount ¢f slowing vhich may
have been produced by DCB was not obgerved., That DCB does posses sone
sction, however, can be seen when it slows the suriculaer raste in flutter,

The change in wventricular rate during flutter caused by the three
comnounds 1s just what would have been expected from their actions on 2A-V

condnctlon with the electrieczlly driven auricle,
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All three compounds czn zlso prevent the auricular response,to the

circus wave, thus csusing reversion to sinus rhythm, presumably by shortening
the zzp between the head and the tzil of the circulating impulse, This might
occur as g result of lengthening the refractory neriod or increasing the
conduction welocity., None of the compounds increase conduction velocity, but
all three lengthen the refractory period, apprroximately to the same degree,
The frequency of reversions occurring following the injection of wvarious
doses of the three compounds is given in table IV. Reversions occur more fre-
guently when elther DCB or DEAE =2re injected than when procaine is injected.
™e mumber of reversions for comparable doses in the different stztes of in-
nervation esre sporoximately the szme for DEAE =znd for DCB., Reversions are
much less frequent following the injection of rrocaine and occur more often
in the decentralized than in the innervated heart,

The reversions caused by DEAE and by DCB probably zre the result of a
relatively greater effect of lengthening refractory meriod than of slowing
conduction velocity. The gap between the head and the tz2il of the circus is
thus shortened and finally closed., Procszine, in conirast, both lengthens re=
fractory period and slows conduction velocity considerably, the latter effect
being relestively greater., In this event the gap tends to remsin sbout the

seme or may even be lengthened, so that the head of the conductiion wave,
traveling slowly, rarely meets its tail (refractory tissue) and hence re-
versions rarely occur.

If lengthening the refractory period caused = decrease in the recovery

of the mechanism underlying conduction velocity, the auricular rate would

slow nrogressively znd reversiong would not occur, Since reversions do
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occur, the imvortznt conclusion canm be resched that changes in refractory
neriod do not necessarily affect the course of recovery of conduction

velocity,
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Table IV, Incidence of reversions from flutter to sinus rhythm occurring
following the injection of procaine, DEAE, znd DCB in decentralized,
vagotomized, and innervated hearts,

PROCAIRE
DECENTRALIZED VAGOTCMIZED INNERVATED
HEARTS HEARTS HEARTS
No, Ine Ne. In- No. In-
Jections | Percent Jections Percent Jections| Percent
CSE in Rever in Revere in Rever-
lem. [Kem. | Flutter sions Flutter sions Flutter sions

0.5 1 0 - 6 0

1.0 2 0 2 0 g 12.5

2 10 60 2 0 12 33

4 11 66 3 0 9 0

8 2 100 4 25 5 40
16 - - 1 0

DEAE

g - 3 0 5 0

16 2 0 4 25 9 L
32 5 60 4 25 5 4o
64 1 100 1 100 1 100
DCB

0.5 1 0 - 7 14

1.0 L 0 1 0 9 22

2 3 66 1 0 9 55

) 3 100 1 0 L 15

2 - 1 100 1 100
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liscellaneous Observations

Effects on S-A node.

The injection of & mgm. /kgm. of procaine usually increases the sinus
rate approximnztely & per cent, This occurs more frequently in innervated
than in deceniralized hearts,
Doses of 32 mzm. /kem. of DEAE or of 8§ men. [ikem. of DCB ususlly slowed

the sinus rate by about g per cent,

Bleod pressure and evidences of toxicity.

Toxicity of the compounds studied was egtimated roughly from the de-
zree of thelr depressor action, Iarge doses (16 mgm./kgm, of procaine or
DCB or B4 mgm./ksu. of DEAE) czused z fzl2 of bvlood pressure to zero within
a few ninmites, In =2 small number of experiments smaller doses of DEAE or
DCBA czused death by cardiac fallure., In general the fall of blood pressure
increased as the dose was increased for zll compounds,

Doses of 6l mgm./kgm. of DEAE were fatal to about 50 per cent of the
dogs when innervation to the heart was intact. In degs wlith decentralized
hearts doses of 32 mgm. /kgm. were lethal to 3 of 5 enimals, The hearts
stopped suddenly z2nd dilatation occurred soon after the DEAE injection,

Tne depressor response to this znd smaller doses of DEAE was 2lways more
severe when the heart was decentralized, Changes in innervation to the
heart did not appear to alter the blood pressure responses to either pro-
czine or DCB,

During auricular flutter the effect of comparable doses of procaine on
blood pressure was less marked when the heart was decentralized than when
innervation was intact., This probably results from the improved A-V con-

duction occurring in innervated hearts after the injection of proceine
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which results in a ventricular beat st rapid as to 2llow little tinme for
£illing of the ventricular cavlity and hence producing smaller cerdiac
cutnut,

Spike Potential.

The changes in potentiszl which occur in the tissue beneath a pair
of electrodes durinsg the passage of an impulse have been recorded in these
experiments by means of an ink-writing oscillograph. The height of the
recorded potential is a measure of the potential difference between the
poles of the electrodes,

No critical mezsurements of spike potential were mads because of the
mechanicel limitations of the ink-writing system., It was observed in-
cidentally in certain experiments that procaine reduced the helght of the
suricular spike potentizl, Two exzmples are given in figure 50. The upper
electrogram was recorded during auricular flutter and the lower electro-
zram was recorded during spontaneous beating of the heart. DEAE and DCB

did not change the height of the auricular spike potential,
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Conclusions

1., Section of both the vagal and sympathetic innervationr to the
heart results in decreased excitaovility of the suricle, no change in
conduction velocity, and an impairment of A-V conduction., Section of
the vagi only results in increased excitability and shortens the re-
fractory veriod, '

2. Stimilation of either the vagi or the sympathetics has the same
effects on the auricle; it increases conduction veloclity, increases ex-
citebility, shortens the refractory period, and increases the rate of
flutter., On auriculo-~ventriculsr conduction, however, stimulation of the
two innervatione has opposite effects; the vazi impair, the sympathetics
improve,

3o Auricular flubtter induced zround an obstacle by rapid stimuletion
is due to a single impulse circulating contimiously around the obstacle,

4, Procaine lengthens the refractory period, decreases excitability
et high esuricular rates but not at low rates, and markedly slows conduction
velocity, It improves auriculo-ventricular conduction when the vagl are
intact but impalrs auriculo-wventricular conduction when the heart is de=
centrelized, In auriculzar flutter procaine slows the auricular rate and
increases the wventricular rate when innervation to the heart is intact,
but slows both auricuvlar znd ventricular retes when the vagl and sympathetics
are secticned, Reversion from flutter to sinus raste occurs irnfrequently
following procaine injection especlally when the cerdisc innervation is
intact. Assuming a2 cilrcus movement of the impulse, the slowing of the rate
of flutter by procsire is probably due tc slowed conduction, The infrequency

of reversion is attributed to a relatively greater slowing of cenduction
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velocity than lengthening of refractory periocd. Procszine blocks the
effects of vagel stimulation on the auricle znd of vagal and sympathetic
stimuletion on auriculo--ventricular conducticn. The action of procaine
on zuriculo~ventricular conducticn in the innervated heart appears to be
of at lezst two types, directly depregsant and anti-vegal,

5. Diethylaminoethanol (DEAE), the alcoholic moiety of both esiers
used, lengthens the refractory period of the auricle, decreasses exclit-
ability throughout the cardizc cycle, slows conductlon velocity but to a
much less degree than proczine, and depresses auriculo-ventricular con-
duction In innervated, vagotomized, end decentralized hesrts, DFAE glso
blocks the effects of both vagal and sympathetic stimuletion on A-V con-
duction, but less effectively than procaine, In euriculer flutter this
compound slows both auricular snd ventricular rates regardless of innervas-
tion to the heart, Reverslon to sinus rhythm occurs frequently following
its injectlon, presumebly beczuse it lengthens the refractory period
relatively more than it decreases conduction velocity. The toxiclty of
thls compound is greater for decentrelized than for imnervated hearts.

6. B-diethylaminoethyl, 2,4~dichlorobenzoste (DCB) lengthens the
refractory period of the auricle znd decreases excltebility throughout
the cardiszc cycle, but does not affect conduction wvelocity, It depresses
suriculo~ventricular conduction in innervated, vagotomized, and de-
centralized hearts, DCB does not influence the effect of either vagal
or sympathetic stimulation on A-V conduction. I szuriculszr flutter this
conpound slows both the auriculasr and ventricular rates but less effectively

than procaire, Reverslon to sinus rhythm is freauent. It is proposed that
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reversion occurs because refractory period is sufficiently lengthened
without change of conduction velocity.

7s The acid moieties of the esters used, p~aminobenzoic acid and
2,u~dichlorobenzoic ecid, injected 2s sodium salts, do not affect the
rate of flutter evern in the highest tolerated doses. They were not
studied further.

8. The refractory period, electriceal excitebility, and conduction
velocity of the dog's auricle can be varied inderendently of each other

by means of chaenging the imnnervation and the use of drugs with selective

actions,
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Epilogue

The characterization of drug azction in auricular flutter 1s important
because 1t may be of immediate nracticel use, Such studies, however, yield
dete which sre inzdequate for an anzlysis of drug action and which may even

be mislesding.,

r The major difficulty is that changes due to drug admisistrs=
tion cannot be deduced from the changes in suriculsr razte. XExperiments in
which the auricular rate was controlled demonstrated that suriculer refractory
period, excitebility, and conduction velocity, and A-V conduction changed
with the rste., When these changes are relsted to auricular rete, standerd
curves can be constructed by which the effects of nerve stimulation, drug
ection, etc., can be compered. Further, by manipulztion of the innervation
and the selective actions of certain drugs, the above mentioned charactere
istics of the auricle as well as A-V conduction can be dissoclated from each

other, and the role of the individusl verisbles in the whole complex of

auricvlar function can be determined., Studles of the type under considera-

1

tiocn are impertant not cnly in the study of drug action but alsc in expend~

ing the knowledge regardings the basic phenomenz of the heart bezt,

=
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