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dnecertainties regarcling the Lomieity ol gquinidine un=
doubledly contributes to iis limited use il wedicine, If the Ffatal
reactions encountered during guinioine theragy could be prevented, ithe
drug would be wore widely used in the lreatuent or cardiac arriythaias,
It should Le siressed iron Lae outset wiel disturbances of rate and/or
rioytim constitute lhe wuly incicatlon lor quinidine in cardiac dise
nces (1h). No satisfactory substliuie for quinidine has been dise

covered, Jor crocalne amide, altlhou b safer, cawmob restore chronie

trial ribriilation to sinus riypthm and is less certain i its action
on other cardisc arrhytimias (6) (16). Mo new drug to replace quinie-
dine can be expected in the immediete future for no satisfactory tech-
lgue for producing atrial 12mfi11ai13a in anizals Las yet been de-
veloped wilich has ¢linical velididty for the screenin of potentially
useiul antifibrilletory drugs. Thus it wes proposed 1o wnvestigate, in

animals, the factors wiich contribubted to the instances of "sudden
death” zeen in patients receivin’ quicidine therapy. Ulth a safer
quinidin~ therapy it could be anticipated that a return to a sore physi-
ologle slius rhythia would prevent cardiac cri ples and return patients
to a happier, more productive Life,

Let us consider ithe need for antiarrhythnic and antifib-
rillavory lherapy. Various autliors have reworted that belween 560 and
90 per cent of persons with con estive heart failure will ranifest
atrial fibrillation sometime curine the course of their disease (1) (20)

(31). Congestive heart fallure, even now a couuon Jisease, can be
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expected Lo increase wilh the greater longevity of our population,
Atrial fibrillation is encountered in nearly 50 per cent ol patients
who ive a nlstory of rhewsatic sitral insufficlency (20). 8till
another source of cardiac arrlyilimias ig the patients who are candidates
for cardiac surgery. Surgical correction of cilrsl stenosis Ly comeis-
surotony commonly leads to ihe appearsnce of atrial fibrillation, and
when 1% occurs, progrosis is less optinistic (34)., With ihe advent of
extracorporeal circulation, cardlac surgery hss become near coanonplace,

Heart lesilong wiiich could not be trested by any wsans a few years ayo

e

e may,

P

are bedns surglcally reuasired today with jreat regularily

nowever, anticipate the appearance of atrial fibrillation and other

arvisybivalas lollowing surpical interventlon lor ihe correction of ihese
lesioms (3) (12).

Until recently, ventricular taclycardia and Adams-Stokes
block wme die only arrhythales congidered to have a grave prognosis
requiring viporous therapy. {(Fatal ventricular fibrillation or DI'Q
ionred cardiac arrest are, of course, emergencies.) IHowever, recently
Prinzaetal, Corday and others have o own that any non-sinus conducted
eat decreases lhe efficlency of the heart (20), For examole, sunposedly
benign atrial Dibrillation may result in a L0 per cent decrease in car-
dige wuipub; a corresponding reduction in coronary arbery flow; and a

gignificant mitral and tricuspid insufficleiney or resurpitation (25) (358).

%
—t

ntil we understand all of the lactors prec.pitaling arriytimias, we
mst resort to atleupts Lo restore norasl sinue roythm., The only uni-

foruly effective drug is quinidine,
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Historys:

wuinidine, the dextro-robubory lsomer of quinine s is one of
the natural oceurring cinchoma alkaloide. 1t was deseribed first by
Van Heyninger in 1348 (34), later prepared and nused by Pasteur in 1383
(3k). Vhen quinine and other cinchona derivatives were used in the
treatuent ol aslaria, i1t was noted thut certain malarial patients with
atriel fibrillation would lose thelr arrhythuis wille underpoing th 1eLARY .
The Freach plysician, Jean-Baptisie de Senac, sucsessin 1y eaployed
guinine in a condition he termed "rehellious palpitation in 1ThY and
lg perhaps res.onsible for the earliest recorde’ reference related to
the treatment of atrial [ibrillation with ciichena (34). Tue diagnosis
ol atrial fibrilletion as an irrvepular irrepularity was not 'mown at
tais time end indeed, was nob really estublished unill the developuent
of the electrocardiopraph.

t}wbm 17h9 and 171k, the year Wenchebach reported his work,
an evalualion ol guinine therapy in cardiac arrhyihaias (34), little or
no wentlon is made of the cinchona alikaloids. Wenckebach observed that
if atrial fibrillation was of lony standing {tbat is, Ychronie®), his
success was less satisfactory than i the arriythola was of recent onset
(that is, "acute"). .slthouph he was unable to abolish atrial fibrilla-
tion Zn all cases, he made the Luportent observaiion thot in patients
wiich Jalled to converl o slime rlythm, quinidine, owever, did cause
a warked lowerin: of the often very rapid veabricular rate. Frey, in
1910, as a reselt of Venchkebach's renorts, compared the effectivencss of
quinine, cinchonine and quinidine ln the frectuent of atrial [ibrillae

tlon (3L4). His conclusion was lhat quinidine was the most eifective of
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these cinchona alkal ids, lUis work hes sulsequently been coniirmed and
the use of quinidine bae Leen extonded to embruce otiwer cardiac dige
orders involving raie and rhytihm (16) (34).

wWainldine is a potentially cangerous drug and the poesivility
of deaths frow quinidine is well kmown. The toxiclty of quinidine can
be described as Lelonzing to three iypes:

1. Cinchonisms

This condition affects various body systems amd tois syne
drome can result from the ingestlon ol salicylates and cinchophen as
well as fron the cluchona alkeloids, Oinchonism in its mildest form may
siow only minluel visual disturlunce, mild headache, nausea and ringing
in the ears., I medication is not stupped or if the patient has ine
rested a larce single dose, the svmploms may be wore severe and wide-

-

spread, l.e., hearing and vision am

affected early; lthere ie decreased

&

visual acuity, especlally dininished dark adaptation; color percertlon
is also disturbed. The patient is aleo 1lkely to hote constricted
rigual flelds and scotonmata. ‘here exlete an uncertainty as to whetler
cinchona exerts ils deleterlous effect on hearins and vision prinarily
by involvement of ganplion cells «nd nerve fibers, or secondarily,
through vaseular cuenges in the petina or orpan of Corti. Both vascular
gpasa snd nerve degeneration have Leen observed.

Gastrointesiinal syuptoms are also frequently seen i clne
hondsm. Nausea and vomibing as well as abdoainal paln may be atiri-
buled o the loecal irritent effeet ol guinidine. WNauseaz and voaiting,
however, w8y alsgo bLe exclalned on ke basis of stlmlation of emetic

centers of the central nervous greten s.onece there is also oheserved 1ol



gpecilic central nervous system stlawlstion froa guinidine., With large
doges of any of lhe cinchona al'aloids the siineg and sruptons observed
ineludet headache, fever, vomiting, aporebenslon, exciteseni, confusien,
delirium and syncope,

Respiratlion is flrst stimlated, tinen later depressed; and,
indeed, in Ligh dosages ihe patlient may succumb Lo respirstory arrest.
For the most part, the shove signs and sympious are completely roversable
when Lhe dreg is discontinued, In rare ingtances some residual damage
to optic and/or zuditory funetion may Le observed.

2. uinidine sensltivigys

The allerple manifestations to quinidine include such things
as thrombocytopenic purpura (first reported by Fuillip ludelmen of
Portland, Oregon (24)), early si-ns and sympioms ol wilch are epistaxzis
aun intra-oral bleeding. luitiple hesorrhagic areas of the skin ave
visible and there is a decrease in ihe number of circulating platlets.
dotima may also Le seen in hypersensillve individuals following the
aduinistrotion of clachona, Urtlicarial rashes occur in susceptible ine
dividuals and occasionally edesa and collapse are encountered., PFhotow
piiobla is aleso wanifested in many cases which mey agpravate a skin
eruption, For the most part, these reactions are quite rare sud easily
reversable oy discontinuing the drug,

3. tuinidine's cardiovascular btoxicity:

The cardiovascular toxiclly of g.luid .ne can Le divided iuto
two sain clapsesy a) snock-like collapse, and b) sudden death, These
twe classee of quinldine towicity are the subject of ilavestipation in
thls paper. In a review article in 1950, Or, Sokolow estimetes the

instance of quinidine fatulities as about 131300 (33).
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Suspicion &8 o the cvause of quinidine's sudden death was
directed toward ilie coex.steuce ol cardlac coplications occurring with
the cardiac arriythida, Ihls appeared to be supported by anl.al studies
tiere lethal doses of guin.dine resulted in "depression® of cardiac

b

functien wilh & shock-like collapse., 1.is pheuomenoa has been sbudied

[

by Dellet (1) (2] and wey be related to lonic chanpes, for Wasserman (2)
han ghown that theragy with sodium lactate is an effective antidote.
Lorpce doses of quiuldine or ilie presence of acidosis uey contribute to
the shock gyndrome Lul dlis sbill does (ot account for the sudden deati
eacountered with usual doges of tle dru;. Contriveting possidly to the
quinidiue sudden deaih are the following cardiac complicabions w:iicii
accompany caprdiac arrhythuisss conrestive heart failure, wyocardial ine
farets andfor coronary insu ficlency, valvular defects and disturtances
of myocardial conductlon (4) (17) (23}, The last, disturbances of cone
cuctlion, was chosen as an indtlal approach to lhe quinidine sudden death
proulem. Varlous setuods of wroducing conduetion disturbance experi-
smentally in anluals L ous follows, Support for tois nlan can be found
in various exiracte of the literature.

Difalua in 1950 steted thot gquinidine~-induced arrigythuias
are caused by a slowlng ol the conductiion of the heart with thet heart

t

havin: an already existing latra-ventricular conduction delect {9}

o

DiPalma is merely vepeating sariier clinical impressions for the waraing
hes long existed thui guinidine should nobt be given if it lLas already

cansed a 50 per cent prolongation of the ventricular conduction, l.e,



Te

& widening ol the Q8 wave in the BEG. Dr. Read, in c.iing a case of

fatal ventricular Iilwrillation “ollewiny procaine amide lherapy, ssunded

A

the warning thot thils druy sust ealso be used with ceution in patients

with a bundle Lranch block (29),

Az a tasis for coumparison, the toxlelily of quinidine on the

A

noraal dop heart is presented. Aduli mongrel dogs, anesthetized with

Y

35 mg./kz. of sodium pentobarbital adu.nistered nbravenmusly, were used.
ihe drug, as quinidine pluconate, was adiinistered vy a slow inlravenous
firip, the rate of aduinistration being 1 mo./kg./uin.  In this ias;&mﬁ,
a succeasgion of lncressing doses was avallable, Continusus eleciro~
capd.o rans of several leads were recorded simultaneocusly using a four
chamnel Santorn Polr-Viso eardiette (Illusiratlon 1). The 502 Teke
tronix sscllloscope (Illustration 2) was eaployed in a like manner and
afforded an eagy metiod for contluuous won toring of the exverimental
vreparation. Lead I1 wuas recorded in all cases and precordial leads
were obtained from hDoth ripht and left chest as desired. 1 the text
that follows these V leads are identified by the usual clinical desige
nations of V3it, Vq, or V4o etcs It must be remewbercd that since the
Cog's chest dilliers considersbly from thel of man, these identifications
are not enatomical but rether reprasent électraﬁ&réiagrapaic detires
tynical of those obtalned on pailents for the appropriate desi nstlons,

Y

Figure 1 is a graphic reoresentation of how the expirical
dose of 1 mw./kg./uin. was selected. It can be seen that at high
dosages, l.e. 20 mg./ks./min, ibe letual dose is anproximately 200 nE.
At dosages between 2,5 wge/kpo/mine and 0.5 ur./kg./ain, the lethal dose

remained fairly constant ab aporoximately 115 mg. Below 0.5 ag./ky./min,
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Illustration 1 « A Four Channel Sanborn Poly-Viso Cardiette of the

Nlustretion 2 -

Wype used for simmltanecus recording of several
leads, The lower channel in some CaSes Was Pew
placed with an amplifier suiteble for the recording
of arterial and venous pressures.

A 502 Tektronix Double Bean Oscilloscope allowed
gontinuous EXG monitoring and afforded & means for
viewlng and photographing vestor resultants of two
electrocardiographic leads,



Protocol for
FIGURE 1

his figure deucnstrates how the arbitrary rate of
adminlstration for guinidine was ascertained. It can
be seen that at hipgh rates of adainistration, found

on the left hand portion of the graph, death resulted
very quickly. It can also be seen that at very low
rates of administration, represented on the right hand
portion of the graph, a lethal dose was wuwecessarily
prolonged or never reached.



Lethal dose of quinidine gluconate in mgm/Kg
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the letiial level was either arrived at very late or, in soume cases,
aob &t all, In several instances at the very slow retes of administrae
tion, it was suspected ithat death may have ocourred from causes other
than the direct effects of quinidine, It was therefore postulated that
at the very Lich rates of aduinistration where a specific level is
reached quickly, death is probably due solely to the effects of the drug,
out that excess drug has been adainistered su a true level of toxicity
bas not been ascertained, At the very slow rates of administration it
is poessible for the body to meltabolize, detotify and eucrete the dmug
al a rate faster than it is adainistered, in which case a lethal dose
is never reached. 1 mp./kg./win. was therefore selecied as a rate which
allowed death to occur most likely due to effects of the drug only, and
in & reasonable length of time,

Both femoral artery and common iliac vein pressures were
vallable utilizing lsocetric straln gauge manomebers, Althougzh not
eontinuously recorded, sufficient records at aspropriate intervals were
carried ocut to establish quinidinets effect on blood pressure. Vhen
necessary, respiratory excursions were observed with aid of a straine
gauge taubour connected to a culfed Magill orotracheal tube., These ob-
servations were supplemented by clinical evaluaticn for such things as:
cyanosls, change in response of deep tendon reflexes, peneral mscle
tone, ele.,

zlectrocardlo raepiie time lIntervals wers neasured in the
usual clinical manner utilizing megnifying glass and fine calipers.
Paper speeds of 50 to 100 mu./sec. facllitated mhat is believed to be

a2 hivher degree of accuracy.
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GRS interval uroadening was interpreted as directly re-
sulting from quinidine since reports exist showing Lhat the duration
of the QRS complex is nob altered by a chenge in heart rate (7) (24).
Since both G-T and P-R intervals widen with a decrease in heart rate,
T and PRy intervals were calculated to determine whether changes
recorded during the experisents were primary changes from quinidine oy
were lhie secondery result of an alteration @mThaar% rate,®

Bagzette's (7) formula, T ."V“gsﬁ“; was adopled for the
QT interval, while Fujiwara's (7) relationship between P-R interval
and hear{ rate was converted algebraically to the following expressiong

1.754 FeR
PRy w HHEAT

In sccordance with accepbed electrocardiographic principles,
the (RS time interval asnd the width of the P wave were interpreted as
indicatin; wentricular and atrisl depolarization times. Values for
veniricular repolarisation time were obtained by subtracting the QRS
interval {rom the Q=T interval. The expression "end of 8 wave Lo end
of T wave (8,1)" was adopted ae & measure of repolarization tise. It
was assumed, a prilori, that this interval would also vary with heart
rate, "Correctlon” was made by dividing itlue Sgl Ly a square root funge

tion of the R-K inbterval, as with lhe Q-T,.

* The (T, snd PeR, iutervals represeut "corrected® values using an

arbityary ge&rﬁ rate of 60 per mimte, Formulae for "eorrected" intervals

are derived from data using norusl human subjects and must be interpreted
ith caution when applied to the dog. Furthermore, such mathematical

relationsiips were established using heart rates varying fros 58 to 130

per uinute. In the anesthetized dog the heart rates were between 106

and 218 per minute,



it is not possible to obta.n a msasure of the true atrial
repolarization time during sinus riytha since the T, wave is submerged
in the GRS complex., Values for PgR, (comparable to 5.T,) were caleu=
lated in the hope that they would :}.méiaa‘i;e the direction of quinidinels
actlion on eirial repolarization time., Albers and Urban's (7) equation

was transformed mathematically to yileld:

Pollg = PgR = 0,325 (1 = R-R)
The time required to inseribe the P wave (atrial depolarisation) having
been subtrected fro. the usual P-f interval was used for PgR. The
caleulation amd interpretetion of the variocus tlue intervals involved
in depolerization vs repolarisation will be diszcussed under Results
which is & move appropriaste time for tiis particular factor.

The 502 Tektronix double bean oseilloscope was uéeé on some
occasions for continuous monitoring of the electrocardiogran of surglcal
preparations, 8ince the output of one amplifier can be imposed on the
horigontal plates, a vectorcardilogram was tius available to assist the
evaluation of the allered myocardilial conduction, FPhotorreaphs of the
vectorcardiopraphie patterns on the oscilloscope were taken ubtllizing |
a Folaroid Land cavera and D-3000 filam, The standard Wilson electrode
placesent wes chosen arbitrarily for recording the vectorcardiopgrams
(L) (15) (19) {32). Since it Jid uot involve a back electrode, the
frontal plene projecilion vectorcardiogram was found most practical,

Following the establishment ol conirol values of quinidine
adainistration, it was necessary thien lo obtain appropriate anlmal pre~
parations with various conduction disturbances. Sir Thomas Lewis in

1915 was apparently the first to attempl ihe experimental production of
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conduction disturbance in the dog heart (22), He cut or clamped the
main branches of tie bundle of His using a trans-sirial, trans-valvulay
approach, The procedure, as improved and described in detail by Starsl
and Gaertner (35), was employed iirst in an abttempt Yo produce bilateral
bundle branch bloek, Adult healtuy mongrel doge anesthetized with

30 mg./kg. of sodium pentobarbital adsinistered intravenocusly were

used, The procedure consists of a thoracotomy in the right fourth
intercostal space utllizing endotracheal respiratory support, this

beln; necessary once the chest ls opened, An oceluding ligature is
placed about the asypos vein anc the pericardiua is opened anterior to
the phrenic nerve. The atrium was opened longitudinally, utilizing a
2% to 3 centimeter incision, A temporary occluding ligature of umbilie
cal tape was used on the superior and inferior vena cava whigh peraits.
& more or less bloodless [ield. Fine restraining or guy suﬁ&res, having
been placed ot the apicies of the proposed iuscision, allowed %cr Luunobile
igatlion of ihe part while the incision wes made, The iaﬁerioé of the
atriwa could now be viewed under direct vision, 4 Lright ueaé light of
the type used by otorhinolaryngologists was found valuable in gisual»
iging the intra-atrial structures ithrough the small incision. %ﬁ sugtion
tip was necessary to rewmove reslidual blood and that draining f%?m the
goronary sinus., Under dirsct vision, an incision is made acros% the

AV junction which lies 5 to 10 mm, anterior to the coronary sin%a. The
cut wap begun at the posterior base of the septal cusp and exte&ded B
short distance into the contijuous suricle and veniricle, 4 aue%essful
cut resulted in slow ventricular Leat wiich bepins ismediately; ﬁhera

is no peried of ventricular asystole. Cavalwocclusion tlse was estimated
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to be between 50 and 40 seconds, Following the procedure, the caval
sgelusion 1s released nd bHlood is allowed to [lush ihe atriums The
atrial incislon is then clamped w.th a Statinsky clamp prior to closure
with L0 silk suture. The atrium, pericerdium, and thoracic wall is
then closed by the usual technigue,

Pre-surgically, the avera e heart rates were 150/ain, in the
thirteen dogs used in this series. Postesurpglcally, the ventricular
rate in the eleven surviving dogs averaged L0/ain. The values ranged
from 13.6 to 70/uin. and those animals with a rate below approximsately
35/min. did nob survive for extended perlods of tise. In tlose anisals
(two in pumber) whose idiopathle rate fell below 35, there was noted
curdiovegsly with congestive heart fallure as a complication of the
sundle severance, and the animals succuubed within & few hours. The
eleven surviving snimals were allowed to recover over a period of weeks
and were then iven guinidine gluconate by intravenous adninisiration
al ihe rate of 1 mg./ke./nin, as deseribed above.

As in the control series, contiuuous electrocardlographic
monitoring was caervied out using a paper speed of 50 and 100 mu./sec,
Having sucvessfully completed & series of dogs w.ih complete bundle
branch block whose response to challengin; doses of gQu.nidine could be
observed, 1t was desirable to carry on siailar studies in anizulé with
other disturbances of «:mﬁmiﬁioﬁ; namely, rizht and left bundle branch
block, each particular condition to exlst independent of the other,

Following the btlind procedure described by Roberts, Crasford,
Abramson, and Cardwell (30), richt bundle branch block was stteupted,

A right thoracotoay was periormed using & proceduwrs siailar to that
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described for complete, bllateral bundle branch block. A calaract
knife was inserted through the anterior waell of the rizhi ventricle
near ite junction with ilhe septum and just below the pulmonary cusps.
The knife wag aligned parallel to the AV groove and the cubtting edpe
directed apainet the septum, The knife was then withdrawn soc ag to
transect the bundle on its course toward the anterior paplilary mscle.

A ginilar procedure was followed lor leit bundle brauch block,
Repinning with a left sided thoracotowy, t.c cataraet knife was inserted
throuch the oubter wall of the left ventricle near its base, The knlfe
was again dirvect toward the septum, 4 finger placed in the éulaus
hetween the pulmonary artery and aoritae in the outflow tract served as a
culde, The tip of the cataract «nife was directed to the Linger ilp,
then moved approximately 1 centimeter toward the apex. Froam this point
on the interventricular septum, L.e knife was then withdrawn, the point
beiny directed ag ingt the septum in order that it may transect the
left bundle in a mammer similar to that described for the production of
rizht bundle branch block. During both surpical procedures the animals
were tested to determine whether a successiul block had ocourred. Using
{the electrocardiogram s successful procedure waz reco nlyed L, those
eriteria that denote ripht or left bundle branch bleck respectively.
The szall stab«like incis.on in the wall of the ventricle was closed
with L=~0 silk subuwre when necessary to control bleeding; in most cases,
howaver, no such sulture was HeCEHSary.

This smethod for the production of right and left bundle branch
block was abandoned Lecause it was found to revert in many instances.

AYb times the reversilon Yo normsl occurred alucst at oncey al other times,



within a mabter of hours. Hepealed sections on the same preperation
which had reverted in an attemt %o produce a permanent block often lsd
to interveniricular septal defects and the resultant death of the animal,

flght and left bundle branch blocke were next produced with
the ald of extracorporeal cireulation. An arterial sud venous pump of
the Signamotor cam~operated mulliple [inger type was first used (Iliuge
tration 3). Oxygenation was accomplished with & DeWall disposable bag
type bubble oxygenator and LU0 per cent oxypen administered at approxi-
metely 6§ liters/min. (Tllustration L), Adult wongrel dogs weighing
between 10 and 20 kg, were used., Preaedication consisted of morphine,
12 mg, and scopolamine, O.h mg. (27). Intravenous sodius thiopental
was then employed for anesthesia, Fresh donor blood was ¢bisined from
other healthy mongrel dogs utilizing standard heparinized blood collec-
tion bottles, the nesdle being introduced direetly into the left venw
tricle of ihe donor animals followin: light snesthesia with pentothal,
in no cage was lie blood collecied more than four hours prior to utilie
zation in the surgical preparation, The blood was kept at 392 constant
temperature with the aid of a weter bath,

The aninal's respiration was maintained by use of a standard
anestbetic pasz machine through a cuffed endotracheal tube, The blood
in the bubbhle oxypenator was waintalned et constant teuwperature by the
use of heat lamps controlled by a thermostat introdueed directly into
the blood column.

A stendard right thoracotomy was then effected, and the
asy o vein ligated, Occluding tapes were placed around both the ine

ferior and superior vena cavae, Venous cathelers were Lhen introduced



17,

Illuatratim 3 « Cam-operated Finger Type sigmamtar Pump of the
type employed in the early extracorporeal cire
culation experiments,

Illustration I - Disposable DeWall Plastic Bag Type Buddle Oxygenator
employed in conjunction with the above Sigmamotor
D,
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through the right atrial wall into the superior vena cava (1llustra-
tlons 5 and 6). These caval cathebers were held in position by purse
siring sutures. At this point in the operation the oceluding caval
tapes are nol compressed and blood is allowed to return to the right
atpiun around the eatheters. Selection of catheter size should be such
that there is no undue obstruction o venous return prior to complete
by-pass.

The right carotid artery is isolated and casnnulated and is
utilized for Lie reburn of oxygenated blood to Lhe preparation during
by-pags (Illustrations 5 and 6), Just prior to cannulation, the animal
is bepariniged utilizing a dose ol 1.5 mg./kg. of heparin, Follaning
the procedure and immediately after removal of the cannulae, twige the
dose of heparin, or 3 mg,/kg. of protauine sulphate is adainistered
over a five to ten minule period after the method of Paneth, Lillehei
et al (27).

With the ald of exiracorporeal circulation, cither a left or
right ventriculotomy could be performed. The septun could Le viewed
under direct vision and a more precise incision made in the inter-venw
Lricular seplun when atbespling either right or left bundle branch blocks.

imch difficulty was encountered when using the above described
procedure, Although most animals survived tie operative procedure it
self and were in relative good condition jmmediately post-operatively,
they failed to survive long enough to recover so that they could be
given guinidine st s later date.”™ Among the most prevalent difficulties

Initial experiments were made using 25 ce./kg./min, blood flow through
the extrecorporeal circuit, Metabolic acidosis to pH 6,7 was observed.
As has so0 well been documented by others (27), the superiority of the

high flow technigue is established; subseguent {low rates were malntained
ab 3{} o 100 CCy k&'t/ﬁiﬂ&
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Illustration § « Venous return catheters can be seen in place in
the right atrium, These catheters are joined at
a *T* junction and are returned via a single tyzon
tube Lo the oxygenator. At the extrame right the
amaller arterial catheter for the return of oxyw
gensted blood Lo the appropriate carotid artery.

Mlustration 6§ « A portion of the anesthetic gus machine attached
to a cuffed Mapill tube is seen in this view.
Arterial snd venwsus catheters in place are again
viasible. :
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encountered were tuose concerned wlih the cloSting aechanism and post-
operative hemostasis, A number of patiological situations were dis-
covered to exist. It was ascertained by the use of speectrophotometric
analysis, using sawples of venous blood withdrawn during surgery, that
the longer the preparation was carried on extracorporeal by-pass, the
greater the hemolysis as evidenced by merkedly increasing levels of
plasma hemoglobin (3). In all cases at post wortem on these animals,
large guantities of unclotted blood were found in the thoracle cavity;
indeed, the gquantilies were more than adequate to account for the marked
atalectasls that was evident and easily explained s hypoxic death on
the basis of insuflicient respiratory exchange.

Selection ol the sbove tecinigue was adopted primarlly bes
cause of the ease with which aseptlic technique could be smployed. The
DeWall bubhle oxygenator being sterile and dispossble seemed a wise
choice at {irst. Ealolic brein damage due to alr, fibrin or antifoam
has been described in dogs when ihese aniuals have under one by-pass on
a bubble oxygenator of this type (13). Although no breln seetions were
made on the doges ‘n this series, there existes a distinet possibility
that this could be 2 ¢ ntrivubing faclor in the deaihs of these animals.
For the abeove listed reasons this technlique was abandoned in favor of
the following described tecimigue.

Right and left bundle branch blocks were next produced with
extracorporeal circulation usin. the DeBakey rolling pump and Kay~Cross
rotatins disc oxygenator (Illusirations 7, 0, 9, and 10). Surpical pro-
cedure was as described for the Sigmanotor pump. With ithis preparation,

red cell hemolysis was minimal (3), pletlet destruction was decreased



Iilustration 7 « Ihe DeBakey Rolling Pump and Kay-Croes Robtating
Dise Type Oxygenator.

Ilustration § ~ Oxygen Cylinder with flow meter in place for
supplylng oxygen to the dise oxygenator,

21,



2z,

Idustration § = DeBesley Rolling Pump and Ray-Cross Rotating Dise
Oxyzenstor. Individual pump speed controls are seen
at the bottom left and right end sutomatic tempera-
ture control unit for the oxygenating chamber is
seen at the bottom middie,

Tlugtration 10 « 7The Key-Oross Rotating Dise Oxygenator resting en

the thermostatically controlled heater unit is
seen in this view,
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and bBetter control of flow rates during perfusion were possible.
When carciac arrest was desumed necessary, either ascetyl chol.ne, in an

»

amount of 10 mg./kz. of body weicht, was injecte

3

into the aorta fol-
lowing aortic clamping (21) or enoush solution to produce asystole of &
preparation composed of heparinised blood (11). Both right snd left
bundle Lranch blocks were produced by an lnc sion into the nide-ventricle
and exposure of the geplui and a trunsverse incisloa could be made under
direct vision., Ag before, & successful bundle branch block was ascer-
tained Ly interpretatlon of electrocardiographic changes noted after
geverance of the bundle, control patterns having been taken just vrior
to section of ithe bundle., The animals were closed following by-pass

in the usual surpgical manner following thoracobosy and allowed to ree
cover,

Having arrived st a value of 1 mg./kg./min. for the rate of
acainistration of quinidime to the various animal preparations, it
seenmed advisable to gorrelate t.e resultand Linal levels of drug %o
those seen in man undergoing quinidine therapy. ¥henever it has been
used clinleally, quinidine is rerely given in single doses larper tlhan
1.0 mm, Assuning a weight of 70 kg. this would amo b to 1h mg./lg.s
aocordingly, quinidine given ab 10 to 20 my./%g. to dogs was assumed to
represent clinical dosage (5) (19). 1In dogs 80 mg./kr. could be given
without ewbarrassment to respiration or circulation und was considered
to be a maximum safe dose, Guinidice doses greater than 60 mg./kg.
cauged hypobtension and resplratory diificulties; deatis ccourred (with

1.0 mg./ig./min. ) for quinidine at $0 to 120 mg,/kg.
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RESULTS

Ten healily adult mongrel dogs of mixed sex and weighing
between 10 to 20 kg. comprised lhe control series. The animals behaved
independent of sex whien challenged wilh varylng doses of the drug being
tested.

In the control series of animals thet were administered quine
idine pluconate &t a rate of 1 mg./kg./min., the following changes were
noted: with incrensing doses ol «quinidine there is broadening of the P
wave and QRS wave until at 70 mg,/kz./min,, these waves ﬁacamz quite
distorted. A slowin: of heart rate is also observed (Figure 2), Res-
piration should be supported sbove 70 mg./kp./ain, and at doses greater
than 120 mg./kge/nin., even in the face of supportive respiration, the
dog dles of circulatory fallure, Respiralory depression in lerge doses
of guinidine is a comson effect of tuds drug (5) (16) (19) (3k)s Im
order that the resulis of increasing doses of the drug might more clearly
be observed, the varlous changes in wave widil is plotted on a "dose
eifeat” curve,

Figure 3 shows that willh a progressive iperesse in the dose
of gquinidine, which is plotted on the abscissa, there is a corresponding
progressive percentage increase on the ordinate of (AS and P wave widths,
The width of the P wave is taken &z a measure of auricular depolariza-
tiong the width of the QRS complex as veniricular depolarization; and
the width of the qR intervals from precordial leads ViR and Vg as the
rirht and left ventricular activation times. The ordinate represents

the percentage change ol the various wave widths {rom control values



Protocol for
PIGURE 2

This Pigure reprssents four electrocardiographic records
taken from the conbrol series at variocus dosage levels.
It is seen ihet as the dese ls increased Lhere is
broadening of the QRS weve and zlowing of the heart rate.
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Protocol for
FIGERE 3

Hongrel dogs were anesthelised with pentobarbital sodium
35 mgefikg. Ouinidine pluconste was administered via a
catheter in a saphenous wveln, the tlp sbot 2 centincters
below the vena cava at 1 my./kg./uin,

Intervale and widthe of waves were obtained following the
criteria of the New York Heart Association. A paper speed
of 50 mam,/sec., hand lens end {ine calipers facilitated
tie measuremente, EKach measuresent rcpresents the average
obtained from three lesrt beats. As plotied each point
represente the mean of 10 expsriments. RS and P wave
widthe were msesured from lead JI., In an attempt to
deternine whether the effect of quinidine wmas equal on
richt and left heart the initial phase of ventricular
depolarization, Q to peak of R designated as qi, was

measured on right and left chest (ViR and Vé leads),



Per Cent Increase from Control Depolarization Time Values

100

| L 1
10 20 30 40 50 60
Accumulated Dose of Quinidine Gluconate (mg./kg.)

Figurs 3



27,

prior o ihe adalnistration ol drug. Bach polont on the curve repre-
gents the mean value obitained from ten dogs.

Only RS end P wave broadening plus a progressive slowing of
rate was uoted in the bten dogs in our control serles, It should be
eaphasized that in no cese was there any evidence of cardiac arrhythaia
in this series, There were, of course, anoxic chunges evident in the
BEG just gprior to death,

Eleven adult wmongrel dogs survived the surpieal sblation
technique of Starzl and Geertner {35) and couprised our series of come
plete or bilateral bundle branch block experimental preparstions.
Following complete recovery these anisals were challenged in & manney
similer to the control seriesj that is, quinidine pluconate was aduine
istered intravensusly at a rate of 1 wmg./kg./min. All the animals in
this serles Lehaved sludlarly to iloese in lhe non-surpical control series,
i.e. there was observed the ususl slowing of rate snd the further
broadening of the P and (RS waves. It will be recalled thst this series
wag couprised of animals whose cardiac stebus wae already such compro-
mlsed. lHeart rates in this series were extremely slow, especially for
dogse <These animals btolerated little more slowing of rate before suc—
cumbing. &t no time, however, prior to death did these animels exhibit
any aonormality other than changes in rate end widih of P and GRS waves.

Figure I 1s a representative sample of the electrocardiow
grapitie recordings oi the animals in this series, It will be aoted in
the Figure that following surgery coaplete AV dissosiation exists, the
anival exhibiting en approximate four Lo one bloek, Again it should be

emphasized that in this syumetricel conduction defect series (both right



Protocol for
FIGURE L

Transection of right and left bundle.

Time intervals in w/sec.

Prior to surgery Following surgery

Dog RS PR RR RR B |1 s Zemarks

1 51 87 328 3070 | 36k 5k

2| 51 89 | 280 || 2368 | 280 5l

3 50 356 408 1790 | 395 50

L 20 50 Los 1844 40O 50

5 50 80 390 1360 396 50

b 50 148 £32 2360 | 514 50 | initial FR prolonged

due morphine sulfate

7 50 90 534 1104 | 560 50

8 50 86 400 1280 | 532 50

9 y2 90 356 1300 | 322 §2 | or = 220
10 53 10k 388 1360 | Loé 53

11 50 87 Lo6 1150 Lo 50 second cub

12 52 80 340 1170 | 296 76

3 5268 20168 hyos

o L39 1631 Loy
Hean rete 136 35.6 146
per sdmibe

Quinidine pluconate at 1.0 mg./kg./ain,

Time intervals in m/sec.

PP RR
Contral 263 1200
10 mg, kg /uin, 320 1220 no tachycardia

10 @ Sieg./ain, 504 1830



ELECTROCARDIOGRAPHIC CHANGES RESULTING FROM SEVERING
BOTH LEFT AND RIGHT BUNDLES
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and lelt bundle branch bloek), no arriythmis other thun slowing wes
elicited when quinidine was aduinistered in clinical and higher doses
(10-20 mg./ug.) As mentioned previously, these aniuals tolerated very
little more slowing of hearit rate and so succunbed at much lower doses
than did the control meries., No dog in this series was even sble %o
tolerate what we had previously determined to be the maximun safe dose,
namely 50 mg./kg.

In the right and left bundle branch block series respece
tively, the following sequence was noted: when the animels were ade
ninistered quinidine gluconate at a vate of 1 mg./kg./min., a bachy-
cardie appeared with dosage levels of approxisately 10-20 ag./kz./ain,
This corresponds quite closely io the therapeutic dosege levels commonly
eaployed in husan patients undergoing quinidine therapy where 500 to
1200 mgs comprises s maximum single dose for & 70 kg, man {5) (19).
Following the onset of the tachyeardia, cardiac output is deereased and
an ixmediste shock-like sequence ensued not unlike that seen in repid
ventricular tachiycardia and/or wentricular fibrillstion and the animals
expired,

‘en dogs survived the procedure described for Lhe production
of right bundle branch block and were allowed to recover. Following
recovery, these animals were chullenged wiith intravenous quinidine S KPS
conate adalnletered in the previouvsly described manner of 1 mg./kg./min;
All the dogs in this series resulted from the latter procedure described
in the section ou Methods end Materials., Although several survivors
were oblained using the blind steb technigue first mentioned, it wase

deemed advisable uot to include these anisals in the same series 88
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those obtained following extracorporeal circulation utilising the
DeBakey puup and digsce oxygenstor.

Figure 5 illustrotes a representative control electrocardio-
gran of risht bundle brancih block taken from the above mentioned series,
Figures 6 and 7, slso selected from this series, represent typical
right bundle branch bleck AVR snd AVF patterns: before operation, fole
lowing section of the bundle, and after the administiration of guinidine,
It is nolted in the two typicel examples selected (Figures 6 and 7) that
when quinidine was adainistered to lhese animals with previously pre-
pared right bundle branech bloglk, ithat a tachycardia resulbted at dossges
near the usual therapeutic level, It was similarly observed thet all
Lhe animals in thls series, possessing an asyumetrical conduetion dige
turbance, namely, right bundle branch block, developed a rapid tachy-
cardia resuliing in the near immediate death of the animal snd again ab
dosages comsonly encountered in clindcel praciice, recallins that
1l mg./ke. is an a-proximate average single dose in huwman subjects,

Five dogs comprised the series of surpgically induced left
bundle branch block. ALl of these animals were prepared in Lhe manner
gimilar Lo that described for the rigint bundle Lranch block series utile
jzing extracorporesl circulation with the DeBakey rolling pump and dise
oxypenstor., Fipures 8 and § illustrate typical electrocardiographie
patterns selscted from this series. It cuan be unoted, as in the [ormer
serles, that when these animals were challenged with inlravenous gquine
idine at a rote of 1 mg,/kg./min,, a rapid tachycardia again resulted
at near clinical dosage levelse-certainly far below the 40 mg./kg. pre-
viously ascertaiﬁaé as the maximum sale doge., All animals in the series
behaved sisilerly and death resulted sihwrtly after the onset of the

tachyeardia.



Protvocol fov
FIGURE 5

Figure 5 illustrates the various unipolar lead patterns
seen in & surgically induced sepial type ri ht bundle
branchh block,

Protocol Tor
FICURE 6

Right bundle branch block (septal) iHeart rate as HR in n/sec.

Dose of Dog 1X Dog VI Horaal conduction
Luinidine Average of 10 dogs
BE o/ kin HR % rate R % rate BR % rate

Pretreatiseat ,
Control 394 100 503 100 382 100
10 L36 51 L6 101 326 117
20 365 108 234 215 L1k 92
30 282 10 shock| death 522 73
Lo 260 152 566 67
50 2L6 151 582 65
60 265 1Ly 613 62
1 hour later| 340 115 - -

Sauple records of two types of response to quinidine. Dogs anesthetized
with pentobarbital sodium 35 my./kp. Electrocardiogras speed 50 mm./sec,
Quinidine aduinistered at 1.0 wg./kg,/min,



UNIPOLAR RECORDS OF SURGICALLY INDUCED RIGHT BUNDLE BRANGH BLOGCK

ALL REGORDS 50mm/sec




Protocol for
FIGURE 7

Figure 7 ie another example of the eélectrocardiographic
patterns obtained with quinidine following surpical seation
of the right bundle. .

ihe protoecol for Figure 6 would likewise apply to bLuis
Figure,
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ELECTROCARDIOGRAPHIC CHANGES RESULTING FROM QUINIDINE
ADMINISTERED TO A DOG WITH SURGICALLY INDUCED RIGHT BUNDLE

BRANCH BLOCK
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Protocol for
FIGURES 8 and ¢

Left bundle branch block {septal)

Heart rate
GRS PR i per minute
Pre«surgical
control sh 98 Los L6
Post-surgical
control 103 1oL L27 1o
Quinidine
20 mg. /&g, 110 - 2346 28]

Time .ntervals in m/sec.

Sample experiment in response of left bundle branch bleck dogs
to quinidine, Doge anesthetiszed with pentobarbital sodiunm

35 mg./kg, Electrocerdiographie records taken at 50 s, /880,
@inidine gluconate administered at 1.0 mg./kg,/min.
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EFFECT OF QUINIDINE ON EKG OF A DOG WITH SURGICALLY PRODUCED
LEFT BUNDLE BRANCH BLOCK

Lead O

I —1 After section
[ JU | of left bundle

r | 1 j{ I'.-w_ < 0.5mV=lcm.
7 3 I: e

T

I quinidine gluconate

: ll _I!_ : L_I i s ]l,ll-h 20 mgm/kgm
it

L5 1

All records 50mm/sec.

Figure 8

TACHYCARDIA PRODUCED BY QUINIDINE IN A DOG WITH
LEFT BUNDLE BRANCH BLOCK

50mm/seg.

i | H i :: f EE e e = i'_-F{-I RESS £
Left atrial lead Lead II

Dose of quinidine gluconate: |8 mgm/kgm.

Figure 9
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On casual iunspection the arriythnla cbserved in either right
or left bundle branch bloeck preparations challenged with guinidine rew-
sembles that of ventpricular tachycardia eand indeed, references to the
production of ventricular techycardis in patients following the aduinige
tration of quinidine has Leen reported in the literature (7). The ex~
perimental arrhyllucia was regular, showed no veniricular capbure Leats
and had a broad RS wave, Ihe suggesiion ol an occasional F wave super-
imposed on this teciyeardiac rhytha (Pigure 9 left atrial lead)}, however,
surgested the possibility that it was, in fact, a supra-veniricular
tachycardiia, Further evidence was needed to substaniiate this suspicion
and, therefore, in a dog with a previously prepared right bundle branch
block, the chest was exposed and an elecirode was applied directly to
the atrium ilsell so that an exagperailon of the F waves could be obw
tained., 4Yuinidine was administered in {he usual fashion, Fipure 10
denonstrates the elegtrocardiographic pattern of such a preparailon,
Note that a paper speed of 100 mm./sec, was slso used to further facilie
tate interpretation, Upon adainistrition of ihe dog ihe usual tachy-
carcdiac arrhytihmis resulted as in all previous preparatlons with
asyusebric conductlion defectss it was also noted P waves were present
and had the same rate as vhat of ibe ventricles; tous demonsitrating
that the rhytha was not that of a ventricular tachycardis but rather
a supra~ventrlcular tachycardia,

The classic supre-ventricular teslycardia does anot exhibit
& prolonged or broadened QRS wave. Supra-veniricular tachyesrdia in
the presence of a bundle branch vlock, however, would have s broad (RS
wave, In addltion, quinidine also widens the (RS wave and wirht easily

acecount lor the record having he appesrance of a venlricular baclycardia.



Frotocol for
FIGURE 1&

This is the record of o dog operated on eleven weeks pre-
viously. At that time a septal type right bundle braach
tlock was effected, The animel was allowed to recover.
Just prior to the making of ihils record the dog was anes~
thetized with talopental aud a tboracotomy iu the rizht
6th intercostal space perforsed. A direct strial electirode
was pul in place and the electrocapdiographic record taken
at 100 mu,/sec, while quinidine gluconate was aduinistered
at 1.0 mge/kge/ain, Heart rate prior to the adainistration
of quinidine was 130/min. and at 30,0 mg./kg./min, the rate
wag 100/min,



REVISIUN added subsequent to the oral examination for the Master of

Sclence degree - 10 ¥ay, 19803

Differentiation Letween supra~veniricular tachycardia
and venbricular tschycardia is a diflicult decision. In both
arrhytimias 2 techycardia is reguired. In veatricular tacuycardia
the Qi8 is widened ( reater than 0,12 sec. in man); the T wave is
often continuing and opposite to the (AS3 the P wave occurs at an
independent and slower rate than the ventrleular cosmplexes, In
supra-ventricular tachycardia the GRS 1s not widened und P waves
occur with the same frequency as the ventricular coaplexes.

In the records of Figure 10 the following points are
pertinents

The WiS width is 0.07 sec. whereas the norual dog wilS
width is 0.04/0.05 see, This prolongation ai first su . esting
ventricular tachyeardia may well be due to prolongation of the WiS
complex by the bundle branch block plus this effect due to quinidine,

If it is assumed that .he negative deflection following
the QRS complex (in the upper record) are the T waves, Lhen one
may assume the upright wave which follows is & F wave., This
apparently has a relatively constant P~i interval with the expected
time interval for the tachycardia, hence the interpretation of
supra-ventricular tachycardia.

if, however, the P waves as recorded in a direct atrial
lead should have a sharp costour, then the small sherp waves of the
fourth, fifth and sixth complex wuld .ndicate P wave activity,
If so, they occur after a UtS and caunot then initiate the "supra
ventricular® ta.hycardia. It may be objected that if these be P
waves, they occur 2t Lhe same frequency as the ventricular complex
(at least in the three complexes where they are visible) and thus
cannot indicate ventricular tachycardia,

It is thus admitted that in the records preseanted for
Firure 10 the di: erential interpretatlion of supra-ventricular vs.
yventricular tachyesrdia cannot be made. Additional study of une
published records 1s necessary,.



DEMONSTRATION THAT QUINIDINE'S TACHYCARDIA
IN RIGHT BUNDLE BRANGCH BLOCK IS SUPRAVENTRICULAR
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It has already been shown in the previsus section that
guinidine's broadening of the (RS snd P waves is independent of heart
rate (24). It was next ascertained thai the action of quinidine was
spparently primarily a retardation of the rate of depolarisation of the
heart (Figure 11), QU and PR intervels are used to indicate the time
required for total depolarization and repolarization. B5Since the Ty
wave of auricular repolarizabtion is buried in ithe QRS wave, the time
of total electrical asciivity of the atria is longer than the FR interval.
These tlme intervals of the elecbrocardiogram were measured in ihe
control unoperated doys piven guinidine., It is known that both the
PR time interval and QT interval vary with the heari rute. Frogress-
ively inecreasin; doses of guinidine csuse, firsi, & transitory tachy-
cerdia, and then, ithere is slgnificant slowing of heart rate. When
the QT interval is calculated as a corrected (I, some of the apparent
widening of QT intervel is uhe resull of heart rate. However, the FR,
interval is still widened by guinidine, This Lroadening action of the
WTy, nowever, appears largely related to he depolarization phase.
¥hen the QS is subtracted from the total T interval, the reiainder,
deseribed as end of § to end of T corrected (Sgle), reflects the re-
polarization phase according to soue investigatérs (7). ‘The 3§Te is
not sipni icantly cliered by increasing deses of quinidine. In a simie
lar fashion, *he indirectly derived alrial repolarization phase as well
as time (PgRy) im not significantly widened indicating thai quinidine

has very little effect on atrisl repolarizaiion.



Protocol for
FIGURE 11

Jongrel doge were anesthetized with pentobarbital sodium
35 mz./%g. Guinidine pluconate was aduinistered via a
catheter in a saphenocus vein, the tip aboul 2 centimeters
below the vena eava at 1 mg./kg./uin,

Intervals and widths of waves were obtained following the
eriteria of the New York Heart Aesoclation., 4 paper speed
of 50 ma./sec,, hand lens and fine ealipers facilitated
the neasurements, Lach neasurement represenis the average
obtal ned from three heart bLeats. As plotted each point
represents the wmean of 10 experiments.
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In reviewing the c¢lassic papers of Robert Grant in the
American Journal of liedicine on the electrocardiographie diagnosis of
right and left bundle branch bloek (10) (18), it was observed that the
experisentally produced richi bundle wwranch block differed {rom that of
the usval clinical pleture, Dr. Grant comments thst only aboult 3 per
ecent of the right bundle branch blocks seen in patients have an EXQ
pleture which resesbles that which can be produced experimentally by
surclcal section in the dog, He attrivuites the eliniecal right bundle
branch block of this pattern te (he preseunce of an lanlaret in the sep-
tum. This particular pattern is charscterized by a dominant § wave in
lead AVR with secondary R' waver and $' waves and a dominant upright
wave in lead AVF with an absent 8 wave, The more common clinical type
hag an EKG pattern characterized by a predominant R wave in lead AVR
andd a ¥ shaped wave in lead AVF, Tortunately & dog was obtained with
a spontaneous right bundle branch block which showed ti:is piciure of
the aore eommon clinical right buidle branch bleck (Figure 12)., With
this iype of right bundle branch block, quinidine also produced, in
the usual therapeutic dose levels, a supra-ventricular iachyeardia,
Thie plcture was aimicked in animals by making an elliptical incision
in the right veniricle near the apex mnd extending essentially from
anterior septum to posterior septum, bub uot invelvin: the septum itself.
This second type of sur;ically-induced ri hit bundle branch bloclk is
deseribed as the periphersl lesion or the surgicslly-induced Type 2.
Figure 12 demonsirates ith t surgically-induced Type 2 has at least the
upright and broadened R wave and there is a W pattern, although small,

in lead AVF as descrided by Grant (10) (17) (18). With this Type 2



Protocol for
FIGURE 12

Figure 12 illustrates the various types of bundle btranch
block deseribed more fully ia the text, The top graphs
sliow the patterns cobtained in cne animal thet was found
to have a spentanecus right buncdle branch bloek. The
widdle graphs show typical exauples of the patberns obe
tained in those animals operated end a septal type right
bundle branch block produced, The bottom grephs illus-
trate typical patterns obta ned when the surgical right
bundle branch block was of the peripheral type.
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VARIOUS TYPES OF RIGHT BUNDLE BRANCH BLOCK

: "\ Surgically Induced
Type I

Figure 12
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sur ical lesion of the right bundle Lronch, quisidine in the usual
clinical dose produced the supre-ventricular tsciycardia., Dr, Grant
explaing the more comzon clinieal right bundle branch block as being
due to an infaret in fhe ripght coronary arbery such thait its distribue
tlon allects ithe right conduection bundle as it enters the majior portion
of the right ventricle itself after having left the septum, FPreliainary
attempts in anlimels to produce thls more comson elinical right bundle
branch block by ligating the rizht coropary artery were unsuccessful
due to death of the animals in scute pright wentrieular failure. I%

was thouyht that the ligations were Deinp rleced too hipgh on the right
coronary artery and the instanteneous massive right ventricular infaret
probably sccounted for these repld deaths. Recently, sore distal
ligationg of the right coronary have been effected and a pattern more
nearly resesbling the criteria of Dr, Grant's common clinical type
right bundle branch block have bLeen obtained, Al the time of this
writing there has not been sufflcient time to allow surgical recovery
of these animals end subseguent challenging with quinidine.

Observing that quinidine produced no tachycardia in normal
anlmals or animals with a gymuetrical conduction defect, l.e8. complete
bundle branch block, it was desirsble to furiher analyze the postulate
made by various investigators who have also reported that quinidine
produces in itsell in hich doses a bundle branech block psttern which
say be of the right or leflt vardiely rather than a completely syaset-
rical type. Oontinuous monitoring of our conirol preparations with
the Tektronix 502 double beam oscilloscope recording vectorcardio-

grapile patbterns {ailed to show any axis deviation with increasing
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doses of quinidine, i.e, no asymmebry in the "block paltern®. Figure 13
illustrates the vectorcardiographic patberns of a control preparation
&t various inereasing doses of quinidine, Likewise, it will be noted
that right and left heart patterns of the wvarious precordial leads fail
to suggest either right or left bundle branch bloclk.

Ho significvent change in arterlial bloed pressure is noted
with increasing doses of guinidine in the normal animsl and in those
with syumetrical conduction delects, Indeed, the maximal safe dose
of 60 mg./kg. sust be exceeded before a significant measureable change
is noted, At dosage levels of 80 mr./kg. {epproximestely five times the
average single clinicsl dose) a slizht decrease in both systolie and

dlestolic femoral artery presmures wag noted,
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FIGURE 13

Figure 13 illustrates almvltauejusly r@ﬁnrﬁ@d right and
left precordial leads, nasely V under norasl cone
trol condibtions and after tae auﬂan*auréﬁion of 80 ag./kg.
of quinidine glucunate,

The resuliant vectorecardiograns are alsc included., I[hese
{igures attenpt to illuslrate thal although there are
electrocardiographic changes consistent with slowing of
canductlon following the administration of quinidine, this
slowing is symsetricsl lavelviag both right and left bundle
branch pathways, UNote that there is no gignificant shift
of the electrical axis as illustrated in the two vector-
cardiogroms.

Refer to text for further discussion,
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Precordial lead electrocardiogrom
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DISCUSE 0N

Quinidine, when aduinistered intravenously iun steadily
inereasing doses to normal dogs or dogs with complete bundle bramch
bloslk, fa. ls to proveke a tachycardia, It appears thult in the ab-
sence of an agymuetrical conduction defect that the lethal dose of
quinidine ls much higher than wien sueh a coaduction defect is pree
sent, Adalttedly, the intravensus route of adsinistration for guinie
Gine 12 not commonplace and indeed, the dangeys that may occur with
such therapy are well known. This method of sdministration did, howe
ever, have certain definite advantages. It elimiﬁ&te& any question as
to the guantity of drug sbgorbed, which is always of concern when
medications are given orally. It also alforded ln s sense an infinite
mumber of separate experimenls sinece every increase in dosage en-
countered by the slow intravenous drip method is a new experiment.
Much variation is encountered in all biologlcal preparations. Woen
mayy aniaals in a series are compared one to the other az to their
response to @ stlanli, small individual Jilferences inadvertestly ine
fluence the resulie adversely. In support of the ueithod used in these

rperinents, each snimal acted aa hls own control over a range of
increasslng doses.

It appears to have becn shown ralher conclusively that under
these experimental conditions al least, a tachycardic riytisn is proe
duced in a dog with a surpically produced asyusetrical conduciion dew
fect. One case of & spontaneous asyuaetrigal conduction defect re«

gponded slmilarly. That b is tachycardia is supree-veniricular rather



than ventriculsr ia oriyin has also been demonstrated. The fact
re.ains, however, that even though the above peints have Leen clearly
shown, the type les on responsible for these experimentsl results is
not the one most commonly encountered in clinieal practice y and guinie
dine sudden death from the more comuon patholocy will contimue unless

a readily recoguissble conbraindication to its use iz realized, Whe
ther all peripheral bundle branch block will react as the more proxizal
type cannot be implied for certain,

The accurate dlagnosis as to whether right or left buadle
branen block exlets in a patleat may, in fact, al times be exirvemely
difficult, The presence of myocardial infarcts that do not directly
involve the regular conductlon pethways may complicate inberpretation
of electrocardiograms Ly affecting the electrical activity of cone
traciile tissue, Dundle branch block may be associated with & number
of conditions, namely: coronary artery disease; hypertenszive ami vale
vular heart diseuse; uyocerdibitis; congenital heart disease; and pul-
monary embolism, Bundle branch block may also develop in a heart which
is ellinically normal and may be i’eeak:nimeﬁ only by electrocardiographie
diagnosls, Propnosis or status of cardiac funetion, however, should
not be ascertained solely on interpretation of the electrocardiograph.

Incomplete richt or left bundle branch block designetes a
conditlon sisllar to the cawplete type with less broadening of the YRS
cadplex. Incomplete right or lelt Lundle branch block is difficult to
differentiate fros right or lefi ventricular hypertrophy, ,Incumplete
right bundle branch bloek has been observed as a transient phenomenon

in right ventriculsr strein due to pulionsry esmbolism, in acute wyow
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cardial infarctlon, during feur.le discase and in the presence of
conzenital heart disease. It ls conceivable thal 2 quinidine sudden
death could oeccur as the result of lncomplete bundle branch blosk pro-
duced by a febrile reaction., The situation being transient in nature
would naturally have been absent on electrocavdiorrashs prior to the
onset of fever,

Valvular sbrormalities, both stenosis and insufficiency,
lead to diletation and hypertrophy of the various heart chasbers and
subsequent disturbances of conduction. Prior to the studies done as
outlined in this paper, atlempts were made sur. ically to alter valwular
funetion in the dog heart and thus produce a more chronic, wore slowly
developing conduction disturbanes, Preliminary experiments were une
successful, With the aid of extracorporesl circulation this approach
iz now wore feasible and should be further investigated, If successful,
it proanlses to produce a wore physiclogic condition und more closely
resemble thal seen in huaan palbients wilh cardisc disease and conduction
disturbance.

The eriteris flor designating right bundle branch block
varies from suthor to avthor., Generally accepted, however, is broadenw
ing of the QRS complex to 0.12 seconds or more resulbing from delay of
the stiswlus in arriving st the right veniricular wall, Ventriecular
activation time is increased from approximately 0.025 seconds to as high
as 0.1 seconds over the right precordial leads. Decsuse of delayed
conductlon time in the right ventriecle there is noted an R' wave of
greater anplitude than the R wave, This results beczuse the late oce

curring potential of the rijht ventricle is unopposed Ly the earlier
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occurring potential of the left ventricle., Thls phenosenon is best
observed in right precordial leads.

Hany patients receiving quinidine are also veceiving other
drugs, most commonly digitalis and diuretics. It ie well known thatb
digitalis in exceseive doses may lead to AV block, auriculoveniri-ular
dissociation, venirlcular tachycardia and other arrhytimias. A change
in myocerdial irritsbility may also result. Various ion concentrations
affect cardise irritebility and indeed, the calciuwm, potessium and
magpesiun serum levels wien disrupted alter (reatly ihe response of
the heart to drug therapy., The electrolytic imbalance and subsegeent
effect of low serum potassium levels was rapidly recognised with the
advent of chlortiiaside and hydrochilorthiezide therapny as a diuretie
in vardiac patients, Further investifatién inte this and other blow
chemleal lesions may be very revealing,

It is readily apprecisted that meny things mey compliecate
quinidine therapy in the cerdiac patient. It is realised that only one
aspect of myocardial conduction has been presented and that under cone
ditions wuich were otherwise perfectly rormal. Much work is left iso
be doue in this area and it is hoped that other investigations will be

undertaken in the future.
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SUMEARY

The results of these experimente demonsirate ithat tacly-
cardia, reduced cardiac output and rapid ensuing cdeath does not fol-
low administration of elther lherapeutic or toxic doses of quinidine
to experimental animals with no conductlon defects, Siailarly, anie
mals surgically prepared wilh couplete Lilatersl bundle branch block,
i.@, & symmetrical conduction defect, failed to develop tacuycardia,
In these two situations two phenomens were observeds 1,) a progressive
slowlng of heart rate directly releled to increasilng levels of quinie
dine unt.l death resulted from vespiratory arrest and/or circulatory
collapse at dosage of approximately 120 mg./kg./min., a level 8 to 10
times thai noraally employed in therapeutic usey and 2.) a progressive
broadening of the P and (RS waves also related to increasing dosage.
It wae also demonstrated that this P and QRS wave broadening was pri-
marily due to the action of quinldine on the depolarisation mechsanism
rather than thal of repolarization. Vectorcardio;raphic analysis
demonstrates thait the "block pattern® produced by quinidine is symset~
ricaly no shift of axis ie nobted Jes.ite a chanpe in the overall cone
figuration of the patterns. Ia tlose animals with an asyusetrical
conduction delect, l.e, right or left bundle branch bleclk independent
of tne oither, quinidine in near ilierapeutic levels produces a rapid
supra-ventricular taciycardia, decreased curdiac output and sudden
death., In an effort to correlate ihe cause of quinidine sudden deaths
in this lmmediate srea with our recent experimental [indings, seven

Portland hospitals! medical record libraries wer searched Tor the past
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lew years lor ianstinces ol guinl.lne sudden death. Six such patients
have heen located, In four of the six, there was clear evidence of a
right or left bundle breach pattern and in three, the width of the (RS
wave was sufficlently broad to make the diagnosis of incomplete or
complete right or left bundle brisch bleck. In the rewaining two
patients, elecirocardiosraphic records are inconclusive but at least

surpestive of the pattern of right or lelt conduction disturbance.
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