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CHAPTER I

BACKGROUND OF THE INTRAVERTRICULAR
SYRCHRONY CONCEPT

The response of the heart to stimulation by way of the
stellate ganglion has been studied by many inveastigators over
the past century and has led to the inference recently by
Ulmer and Randall (2%) and by Sarnoff and his co-workers (16,
19) that it includes a modification in the synchrony of myo-
cardial contractlon. ZXatcher and co-workers (7) demonstrated,
by stereoscopic cinematography, changes in the synchrony of
loft vantricular segments subsequant to the injection of
levarterenal, The gsumation of individual muscle segment
shortening to produee net ventricular work was first clsarly
deseribed by Wiggers (27) in 1927, and he stated that the intra-
vantricular pressure curve "may not be regarded as an addition
of ultimate contraction in phase but as a sumation of rapidly
succeding fractlionate contractions". Since sympathetic stime
vlation substantially reduces the period of systole and cor-
respondingly increases the period of diastole (13,17, 23), an
altered synchroniss of fiber contraction would seem to be an
important influence of aympathetic immervation in producing
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inoreased power and work.

Hatioulous measurenents of the sequence of ventricular ox-
citation have been made, using epicardial electrodes, by Lewis
and Rothsohild in 1915 (11), by Wiggers in 1927 (2?35 and by
Harris in 1941 (4). More precise pathways of electrical excl.
tation have recently been traced by Scher in 1961 (21,22), The
latter investigator utilized multirolar electrodes plunged into
the walls and contractile tissues of the ventricles. Rlectri-
cal activity began in the proximal terminations of the bundle
branches, spread rapidly along tha endoosrdial surfacaes to the
apical rortions of the septum and papillary m&aa; trang-
rurally from endocardial to epicardisl surfaces in the middle
and apical free walls and finally townrd the base of the walls
and interventricular septum.

It is inmportant to point out that all of the above des-
ceriptions of electrical sequential spread rerresent data ob-
tained from anesthetized animals in the abasence of sympathetic
stimulation. From these &emi;xtiana; however, a mmber of
presumptions have been made. Firsgt, if it were possible to
rocord separntely the successive emeitation of individual seg-
ments of myvcardium, it would seam roasonable to expect a
varallel soquence of mechandicnl shortoning, Secondly, it
would sean reasonable to presme that the pattern of electrie
cal excitation as demonstrated in the control state would re-
nain essentially unchanged, as regards the basic sequence of




electrical execlitation, during periods of left at:alz‘atq gangli-
on stimiation. The facts of the matter are, however, that
sequential recordings of tho contraction of warilous myocardizl
segments have never been made. It has been penerally presumed
that the interventriclar septim contrmets early in systola,
but this has never been dommented. The photographie evidence
of Fuff (12) and the strain gauge data recorded Crom chordae
tendineae by Salisbury (157 have added some data to the con-
cept of intraventricular synchrony. puff's high speod photo~
graphs demonstrate the asynchrony of the ventricular sogments
inoluding the papillary musele action, inflow and outflow
tracts ot do mot includs an attempt to demonstrate any ale
terations assoelatod with gyrpathetic avgnentation., Salisbury
has recently attemptad to measure the tanporal relationship

of papillary muscle contraction with the initisl rise of in-
traventrioular pressurs by measuring chordae tendine

le interprots his data as indiecating that chorda tendine

alon develops at the samo tine as the initigd upstrole of the
intraventrioular pressure. Thiz would tend to conflict with
the data of Puff and Ruslmar (1% who teach that the papillary
rmisale begins contracting before all other ventrioulor rmuiscle
segnents. However, Salisbury rocorded Mie datz a% a naper
apead too glow to allow for accurato mensurenent of the nimte
time difforencos which would be expected on such recordings.
This is Iindeed unfortinate becmuse svch measurements rroparliy




mode with a high apm rocording apparatus would contribute
rmuch to the present understanding of ventricular synchrony and
cardiac dynamics.

In the presant mmigatmm; a gseries of amall strain
gauge arches in combination with pin eloctrodes were positioned
at several sites on the left ventricle of a mumber of dogs in
an attempt to measure the sequence of machanical shortening
and electrical excitation. The data derived during control
poriods will be contrasted with that derived during sympathetie
stimilation. In this way the above nmentioned inforences and
presumptions can be tested,



CHAPTER IX
HATERIALS ALD HETIODS

In a group of nine mongral dogs (6-23 Kg) anesthetized
with Nembutal (Pentobarbital Sodiwm, 32 mpg/¥z) a left thors-
cotomy was roerformed and the third and fourth ribs removed
{(Series I). A unipolar elooctrode was looped arcund the caudal
pole of the lafi sheallate ganglion and a pericerdial cradle
constructed. Three SR-Y% BLE strain gauges (modified Walton
gauges) were sutured to the anterior epleardiwm of the left
ventricle with -0 surglical silk. A1l gauges wore poslitioned
perpendicular to tho interventricular septun (Figure 1), ohe
(o, 1) at the base, a second (Vo. 2) st the apex and a third
(fo. 1) aprroximately midwey Letwean the above two. A fourth
gauge (Uo. 3) %0 be descoribed in greater deteil later was
plunged inte the interventricular septun rather than sutured
in rosition on the eplcardium. A sognont of apyroxinmately 1 on
of myocardiwm was contained botweon the points of attachment
of each gtrain gavge arch, and the sutures of gavges Hos. 1,

2, and b ponetrated to a depth of approxinmately 3 mm. The rel-
abive rogition of rlacenent of the strain gauge arches as well

as their gross degign will be noted on Flgure 1.

-

]



\

~+=--f<LEFT VENTRICLE

VENTRICULAR
GAUGE

SEPTAL
GAUGE

FIGURE 1

SKETCH OF ANTERIOR IBSART WITH STRAIN GAUGE
ARCIHI PLACRMENT AND GROSS DESICN

(

|



In a second group of eight dogs (7-21 Kg) anesthetized
vith ochloralose (i.v. 100 mg/Kg), pin electrodes wers position-
od botwoon the legs of the strain gavge arches to record the
gimd taneous mechanlesl and electrical activity in easch region,
In this second group of dogs (Serles II), strain pauge arch
Fo. & was not applied to the experimental preparations.

The strain gauvge arch used to record activity in the in-
terventrioular septum (No. 3) in both Series I and Series IX
was conatructed in an E shapre as dlagramed in Flgure 1. fThe
lateral prongs, ihich wers sharpened and 1.5 cm in langth, re-
corded the mechanieal activity while the middle prong served
as an electriecal plcel-up alectrode. The latter was inmlated
from the remainder of the wnit with flexible epoxy resin. The
prong itself was insulated except for the terminal 1.7 mm with
several coats of insulating varnish. The prongs of this unit
were pushed through the anterior cardiasc wall beside the an-
torior descending coronary vessels unmtil positioned in approx.-
imately the center of the thiclness of the interventriocular
gseptum at a point approzimately 2 cm from tho base. At the
conclusion of each experiment, the heart was examined to he
cortain that the legs of the gauge were in the anticipated
bhermore, to be certaln thot only septal activity
wvas recorded by this wnit, a right ventriculotomy was rerfomed
and the unit directly implanted into the interventricular
saptum of 3 dogs (Series III). The rocords so obtained wore

position.



compared with all others to rule out artifact in the latter.

Simul taneous recordings of the electrical and contractile
events, together with lef't carotid arterial pulses were record-
ed on a Grass Model YA polygraph at a paper speed of 100 mm/sec.
during control periods and preriods of stellate stimlation.
Stimilation was aceomplished with a CGrass Model 85 isolation
stimulator at 10 volts, a frequency of 5/sec. and a pulse dura-
tion of 5 msec. 8ince the prorer interpretation of the data
to be obtained using the above recording apparatus demanded a
rapid response time of that apparatus, 1t was deamed necessary
to measure the response time of the integral recording system.
This becomes obvious if one considers that a eritical measure-
nent of the type to be presented in this thesis involves the
ability of the recording apparatus to rapidly respend by mosns
of a pen deflection to rapid changas in the muscle segnent
length.

vhen tension waz instaneously released from the legs of
a strain gavge arch, the resronse time before the initial pen
deflaction wag measured to be less than 1 msesc. The rise time
of the ren deflection was measured to be 7 msec. for 60 per
cent of the total amplitude of deflection. The frequency re-
sponge of the strain gauge arch was determined to be in excess
of 250 ops. The frequency response of the polygrarh unit it~
self is linear plus or minus Y por cent from DC to 4% eps. In
view of this, the recording system was considered to be more



than adequate for the type of measurenonts which were to be
made.



CHAPTER IIX
EXFERIMENTAL RESULTS

Figure 2 shows simultaneous recordings of the left car-
otid arterial pressure, mechanical shortening of s segnent at
the base, the apex and the interventricuvlar septum of the left
ventricle. Control rocords are shown at the left and responses
to left stellate ganglion stimulation at the right. The epi-
cardial segment at the base was clearly the first area to shor-
ten. It will be noted that in thig case the latter 1s true of
both the control record and the record of sympathetie stimiln-
ticn. Shortening at the apex followed that at the base by 12
mgec. in the contrel and by 5 msec. in the augmentation record
while the interventriocular septum was the last of the thres
sogments to begin shortening. The onset of shortening of the
interventriculer septum ocoured 5 mses, after that at the apex
in the control tracing and 3 mses. thereafter in the angmenta-
tion traeing. A total of 50 separate measuraments similar to
those demonstrated on page 11 were made using the 9 animals
of Serles I. Of these, during control periods, 20 showed in-
itial shortening at the apex, 23 at the base and 7 in the area
between the base and arex. The time interval between the on-

10
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sot of shortening in the first segment to contract and that in
the last ranged between 10 and 60 msec., with a mean of 21 msec.
Many of the conitraction julses were biphagie showing an ini-
tial upstroke followed by a platesu or brief relazation which
was in turn followed by a second upstroke.

All segments in Flgure 2 responded to sympathetic stimu-
lation with a marked augmentation in force of contraction, and
heart rate increased from 168 to 26 beats per mimute. The ar-
torial pressure pulse showed a ty;lcal augmentation response
with an increase in mean prassure from 12% rm Hg during con-
trol periods to 163 rm Hg during stimvlation. The fast trace
roveals dramatic alterations In the contour of the individual
pulses togethor with the increase in force. To the author's
Inowledge, this is the first demenstration of awgnmentation in
the force of contraction of the interventricular sepbm during
sympathetic stinmulation. The alterations in individual pwlse
contour include a much more rapid rate of muscular shortening,
as well as longthening or relaxing, together with & reduction
in the total durntion of the oycle. It is interesting also
that a sharp rigse in the earotid arteorial blood rresgsure 1s
wall established conalderably before any alterations in the
forece of contraction appeared in the teat muscle segmants, It
is clear from thig that the straln gauge arches woere most liko-
1y not pogitioned on the segments of the ventricular myocardium
whilch most rapidly responds with an inerease force of sontrac-



13
tion vhen a gympathetdc stimilus is arplied. It is also pos-
sible, however, that improved asynchrony of contraction of mul-
tirle muscle segnents could indies o rore pronpt olevation of
intraventricular pressure with little or no alteration in fores
of contraction by each individusl segment.

The intervals designated by the letters By, A and 5 in Pig-
ure 2 represent the time intervals between the onset of shorten-
ing in each individual muscle segment and the initial upstroke
of the arterisl prressure pulse (eontraction-mlgse interval).
The segment shortening first has a longer contraction-rulse in-
terveal than those which follow it. Singe these intervels POg~
3e83 & conmon refereonce point (initial uwpstroie of arterial
rreagsure mulse), they indicate the sequence of shortaning, as
well as a neasmure of synchrony of shortening. The contraction-
rulae interval of the base in the coentrol rortion of Figure 2
1s 75 msec. and that of the septum 57 msec. The difference
between these two values is the time interval between initial
shortening in the first and last segments, in this case 18
msec. The corresponding values during stimulation are 41 msec.
at the base and 32 maee. at the saptum for a difference of 9
ngec. Thus, by two different measurements (the successive
times to onget of muscular shortening, and the contraction-
pulse interval) it is clear that these three serarate migele
segments contracted nore synchronousgly during left stellate
ganglion stimiation,



1
thareas the straln gavge arch fiwed %o the miscle sopmont
at tho base of the hoart showed initial shortening In apvroxl-
notoly one half of the £ifty control tracoa, 1t revealed initial
gshortening in 49 of the 5@ traces during symroathetic stimla-
tlon. The interval botweon the onsot of shortening in the
irst arca to contract and the last to controct during stellate
stimlation ranged between 2 ard 39 msec. with an average of
12 msec. as compared with an average of 21 meoce. during control
In figuro 3 both the alactrical and the mochanicol aoki-
vity are illustrated at the interventricular soptum, tho apex
and the base of the left ventricis. The carotid arterial 6 <7 0
gure 18 also shown, Sequantial patterns of olootrionl
tlon and mechanical shortening wore dotermined, and counling
times betwean the eleetricsl exeitation and onset of nechanical
shortening were measured. while the sgquence of sglectrical ex-
cltation in the control trace (left vortion of Pigure 3)
pared favorably with the rosults obtained by Horris (&) and by
Wiggers (27), the maquonce of nechanical shortaning 4id not
Lfollow the same sequantial pattorn. Duo to the location of

the active portlion of the septal goupe in apirrozinataly the
canter of tho thick musele mass of the mtm; congiderable
deviation from the tine of axcitation ab the soptal endocar-
dlwm s to be epected, In nany oxperiments cloctyical exei-
tation in this portion of the septum ocoured soveral nillisece



15
onds after it ocoured at the other recording points on the apex
and bago.

In the control portion of Figure 3, clectrical activity
apreared £irst at tho septal electrical recording point, ap~
proximately © mapo. later ot the apex electrode and 10 nsec.
later at the base clectrods. The interval between cloctrical
exeitation and mechanical shortening (electro-mechanical coup-
ling time) was 30 msec. at the septum, :425 nmsee, at the apex
and 20 msec. at the base. Comparable data derived from pulses
recorded just a few seoconds later, but during stellate stimu-
lation, show that electrical activity first appeared at the
base ;szaemﬁe, followed 10 msec. later by activity at the apex
mﬁ 15 nsec. later at the soptal electrode. These observations
are shown on the figure on page 16 by a horigontal line ex~
teanding from the simltaneous ordinate on sach of the clectri-
cal activity traces. In both the contrel and the stinmulation
portions of the rocord, the time interval from the ordinate to
the initlal deflection of the electrical trace of the baso
electrode vas laid off, and an identicle line drawn beneath
the traces of apex and septal activity. In the control records
the baso exeltation clearly followed both apax and septum. fow-
ever, in the stimlstion record it alear;y rreceaded both.
Coupling timos during stimdation
15 msec. at the apex and 8 nsec. at the base., Thus, it is
cloar that the sequence of initial ewecitation wms altered signi~

gore 25 msec. at the sortum,
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17
ficantly during sympathotic atimilation, and the alaectro-nechan-
1onl coupling time at the base markedly shortened. The latter
observation was invariable at the bage but not at the septum
vhere data from all experiments reveals an average longthening
of tho elactro-mechanicsl coupling time from 25 nsee. in the
control state to 34 msee. Guring stollate stimulation. As 1l-
iustrated in Plguro 2, the interval between the onset of shorten-
ing in each srecific myoeardial segment and the uwpswing in carc-
tid prossure decreased significantly durding stellate stimuda-
tion. It is also clear that marked sugmantation in force of
contraction ocoured in coch of the sogments during stimdation.
Caraful observation of the individual pulse contour before and
during stimilation reveals im ortant changes, rarticularly in
vhoreas both of those reglans show
biphasic curves in the control portion of the figure, this is
considerably less evident during left stellote gangllion stimu-
lation. Tho onset of contraction ig generally sharvor and
much mora easily detarmined during stellate ganglion stimula-
tion than during the control perlods.

Table I on page 18 presents in a tabular fashion o -
nary of the data obtained from Soriaes I and Sorles IX groups
of animnls. The horigontal column reprosenting Series IIT will
be ocomented upon in the folloving chapter. It should bo noted
from the table that the Contraction-rulse Interval 1s greatest
at the base of the ventricle and least at the intorventricular




COUFLIIG TIMES

TADLE I

CONTRACTIONPULSE ITTENVALS AD
ELECTRO-MECHAKICAL

CONTROL STELLATE STIMULATION
. Heart Heart of
Septum Apex Base Rate Septum Apex Base . Rate Aninals
. Average of 50 r
measurements 52 70 73 16 32 37 Ll 168 9
Range 12 - 100 18 - 110} 60 - 14| 200 - 188} 10 - 60} 1 - 69]18 - 82| 132 - 258 Series I
Pontraction _
Average of 2l .
Pulse measurements 51 67 71 138 3b ho L6 164 8
foterval | Range 10 - 110{ 13 - 120{ 30 - 122 | 114 - 220 |10 - 60|12 - 62 |15 - 82| 126 - 220 Sertes 11
in msec ) : :
Average of 6
measurements 50 63 73 183 26 32 37 192 3
Range 12 - 96} 22 - 98| LB - 206|138 - 210]12 - 50| Wy - k6| 26 - 48| 140 - 218 | Series IIT
= Average of 24 . ’
miﬁgiz;l measurements 25 30 3k 138 3. 36 25 164 8
Coupling
h"i‘ne in msec | Range 5 - c8{ 5 - 60)20- 53]11h - 220f2) - 62|13 - 40|10 - 38126 - 220 Series II

18
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soptun. This is true in both the control and the stimfation
sots of data, The average differonce betwoen the Contraction-
rulge Intervals of the base and the septum is 21 msee. in the
control datn of Series I;, 20 msec. in Beries II and 23 msoc.
in Sories III. fTho rcopeellive average dote during stellate
ganglion stimdotion is 12 nmsee., 12 mooc. and 11 msee. The
Electro-tiechardeal Coupling Time of the Interventricular soptum
increases from an average of 25 msee. in the control to 3% nmsec.
in the atimdation data. A simlilar increase cocvrs at the
apax. However, the everage Rleoctro-iechanical Coupling Time
of the buse docreases from 3% mose. in the control to 29 msce.
in the stimidation data.

Because of the large mmbor of noamwements which wore
nade, only the averages ard tho range of opread of the indi-
vidunl measuraenents could convaniently be included in Table I.
Howevor, the data was subjected to statistical methods and the
differonces noted In the table were shoum to be significant
vith the 7 never excocding C.O,




DISCUSSION OF RESULTS

To the author's Imowlodge, midtiple rocordings of shorten-
ing in Individunl myocardial sermonts have not »roviougly boan
analyzed in the nanmer reported hore. The author is wol) aware
of ocartain casontial precautions in the use ofy as well as the
hazzards in intorpretation of, data dorived from strain gauge
archec stitchod to the opleardiwa (2,3). Strict attentlon was
paid to the Fim attachment of each limb of the arch to muscle,
and effort was nade to arply the styaln govge arch in the sane
relative positions on eoch heart. It is awphasiged olso that
no atterpt was made to quantitate or comrare foree of contync-
tion in different heavrts. Attention is dirested, howover, to
altorations in consocutive traces in a given amperiment bofore,
during and aftor stellaote stimadation. Alterations occur with-
in a period of o few seconds as a result of the experimental
procedure, and traces progressively return to control configur-
rations follouing cossation of the procedure. Thus, we hove
congiderable confidence in the rellability of the records rro-
sented. In spite of the obvious technienl difficvities in
separately but simdtoncougly rcocording contractile phenomens
in several different myccsrdial seogments, the giznificarce of
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such neasuraments once comploted compelled this investigation.

Tha ventriculor wall is comrosed of three basie layers of
muscle fibars (14). Tho central., or constrictor layor, 1s a
thick musele nass bounded Internally by & thin obliquely ori-
anted layer of ondocardial muscle fibers and externally by
another oblique layer of epicardial muscle fibers. The two
oblique layers are oriented approximatoly 90° to one another
in the plane of the ventriculer surfnce. The fibors of the
constrdotor layer lie at aprrovimately 45° with the oblique
layars in this “lone, Tho individual layors show ruch inter-
ningling of fibarg, and they are, hence, not ag digtinet as
mipght ba inforred from the chove doserintion. It 1s undor-
gtandable, then, that vhen strain gavpge arches are sutvred to
the oplenrdim as wos done here, the record rorrosents the
somation of total vector forces between the voints of ettach-
mont of the arch. Forthewmore, 1t Is concalvable thot rotn-
tion of the stralin govge arches 4o 2 rosidion parallel to the

torventrictlar sortm would produce rocords ¢iffarent from
those ro-orted hore. The lattor applies also 1f the arches
wore €0 bo onrlied by means of deor penstrating sutures.

Although the endocawdial surfaces of the septim are vn-
dovbtedly the first rogiors of the vertricle to be oxelted,
considarable time may elepse before the interlor muscle mass
of this strueture is activeted., Hence, it is understandable
that the septum was the last of the units to show gross shorten-~



ing. 7This w@lanaﬁm csn be amplified by the furthor obacr-
vation that most experiments show an inerease in the coupli
time at the sevtun during stollate stirmlation with a concomi-
tant dearcanse in courling time at the other test aroas. This
suggests a preferential nmodifiention in axelitnbility of indi~
vidual contractile elements during sympathetic stimlation,
prosumably related to a differential distribution of postgang-
lionic teminals in heart tismee.

Further investigation was doomod necessary to rule out
tho possiblility that the late axcitation and subsoquant shorten-
ing of the interventrioular septum observed during the course
of the experiments comprising Series I and Series II was arti-
foct. Vhen a right heart by-rass pumpy was utilized and the
right ventricle inecised so as to expose the Interventricular
septum, the saptal gauge was directly implanted into the septum
of three dogs (Serles III), and the results obtalned showed time
intorvals identicle to those obtained by the nmethods desceribod
in the previous chapters. Thus, the regords presonted in the
foregoing chapters of this thesis can be atteributed to the acti-
vity of the interventriocular septm and not to the activity
of the anterior myocardium through which the septal gauge unit
was plunged in Series I and Serles IX.

The indtial shortening at the orilcardial surface of the
base of the left ventricle in apvroximately ono-half the con-
trol measurements wos suprising sineo this is generslly pro-
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smed to be the last portion of the hoart to be exclted (4, 22).
A plot of ventricular eniecnrdial potentinls (11, 27) roveals
the earliest oxeitation oceurs in the conter of the traboculnr
roglon on the anterior surface. Murroonding this repion are
pointa successively activated and extending down towmrd tho
apex with simdtaneous, but apparently slower extension townrd
the base. The biphasie nature of the contraction waves (Fip-
ureg 2 and 3) frequently suggested that one portion of the
base shortened early while another portion began to shorten
much later in the eycle. A few axperiments, in vhich two
strain gauge arches ware placed on the bass, one close to the
septun and the other at tho same lovel but 2 o laternl to 1t
ded to oonfirm this observation. Fuff (12) has photo-

graphed the normally beating heart at 1,000 frames rer second
and subsequently projected the film at 2% frames per socond,
thus achieving n UO-fold slow motion reproduction. In this
marmor, he dosaribed initial eentraction of the inflov tract
follownd by contraction of the outflow tract of the ventricle.
In view of these observations, the observations noted carlier
in this thesis that the interventricular septm g the last of

ments tested to shorten 1s quite reasonable. The septun
comrosos the medlal wall of the outflow trmet and, tims, can be
axpocted to begin contraction after miscle segments which lio
lateral to 1t and in the ventrioular Inflov troct.

It is probable that one limb of the epleardial strain




gavge arches wus fimﬁ on the inflow tract while tho other was
ettached to miscle coyoging the outfloy troet, thus rosulting
in birhasic controction waves rovenlod 1n many of the *amees
If thig nrovos to be tra, the tondoney for the disap:
of the biphasic contour during stellate stimilation ean be in-
terpretod as additdonal evidence for improved ventricular syn-
chrony with sympothetic stinulatlon.

As svgposted by Sormoff (19), pressure in the heart is
produced by the sequontial and progressive dovelomant of ten-
glon in cortain portions of the myocardiim while other roprtions
ccardlal sepnents cone

uncontracted. When ench of the my
tract Independently of any propromed mazzma; 1ittlo or no e~
tornnl work 1s accomplished., On the contrary, vhon the nyo-
cardinl fibern contract more nesnrly syrehyonously, oxbornal
worls should be inhanced. This g not to argue that all PO
tlons of tho ventriaular muserlature will achieve an w1&imnte
peak of efficlency vhen thay contraot simsltaneously. Indoad
such an explosive devalomment of tension would not accomplish
the purveses for which the ventricle wag dogigned, Towover,
the present observations domment the inference that tho vard-

¥

oug portions of the ventricles do contract mora synehronously,
and steh phonomena vndoubtedly contribute to the more ranid
rigo and fall, together vith higher rewinal rressures abttained
dvring sytoathetic stimdation,

Conductlion valooities between two recording clectrodos
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have bean shown to be increased in both atria and ventricles,
as well as across the A-V junction, as a result of electrical
stimlation of the sympathetic eardiac neorves and by inlection
of elther l-norepinerhrine or l-epinephrine (1). Apparently,
hovaver, velocity is not markedly increased in the specialized
condueting tissue by norepinephrine nop by stellate stimidlation
(25, 26). Thus, modest changes in the synchrony of contraction
of dlstant portions of the myoeardiw: may be accounted for on
the basis of sltered conductien velocities. However, tho dra-
matic and consistant shift of initial excitation to the base of
the heart cannot be accounted for in this way. Thare seoms to
be no alternative to the assunption that the exelting Impulse
"short-cuts” by some alternate "preferential® pathway to this
area during stellate stimulation. On the basis of the data
Iresented in the foregoing chapters, it cannot bs roled out
that the early electrical exeltation at the vantricular base
was assoclated with an etople foous of nodal activity., Indeed,
it has been observed by the author that vhen the stellate gang-
lion is stimated in non-vagotomi zed dogs shuh as those uged
in this investigation, the RCG shows avidence of etopie nodal
activity more freguently than in vagotonized rreparations. The
location of "preferentinl patinmys” {rom nodal tisgue to tho
base of the ventricles is not cdlear, but such channels seem to
be opened through nervous stimulation, perhaps through local
liberation of norepinephrine. Kent reported that the AV node
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and its Furkinje bLranches are nobt the only connection batween
the atria and vontricles. e deseribed accoessory conduetion
pathuays composed of ordinary myocardinl cells, the "Prndle of
Tent® (£), but nore recently ¥istin was unable to confim these
cbservations (9. Digscrets annbtomicnl accossory pathumys have,
howaver, bean doseribod In the lman heart in pationts whe moni-
fost Wilff-Pariinson-ihite Syndrome (10).

During control experiments, the time interval bhotween the
onget of shortening in the first area to contrsget and the ine
torventrieular s@mm; which was the last orea to begin shorton-
irg, varied botween 10 nnd 60 msee. with an avarage of 21 nsco,
nping left stellate ganglion stimlation this time intorval
decreansd to nn sverage of 12 msea. with a range of 2 to 2¢
nsce. Thus, as rrevicusly inferred (16, 24), left ventricular
contraction becomes more nearly synchronous dring stellate
stimolation, This vndoubtedly contributos to the more renid
rise shase of the ventricular pressure pulse during swh clac-
trionl stimulation (18).

The shortening of the vorlous segmontsa of the left van-
tricle in this group of experiments occurs ant a timoe in the
cardiac oyole vhich would correspond to a combination of the
apox~to-hage shortening and the change in 8roass-secctional aren
as reported by Nawthorne (5). This indloates that the mothods
aaployed in the present study are non-~specific as regards the
direction of the dimensional changes of the vantricle, but thoy



tost rother tho sequanee of shortening, oithor crom-to-haso
and/oy clrevmferantinl, in the warious segments of the ventri-
cle and the modification of this seauence drring sympathetie

sygmantation.,
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CHAFTER V

Until this tine no direct memsureaments of the synchrony
of shortening of individual myocardial ruscle segnonts have
been avallable. There have been, howewvor, as noted in the pre~
vious chepters, a mmber of Inferences put forward in ths seien-
tifio literature which suggested that the heart i
tions in an asynchronous fashion. Furthermore, it has been
spaculated that a modification of the synchrony of myocardial
contraction could explain some phenomena assoclated with sympa-
thetic avgnentation. Katcher and his assoolates demonstrated
by means of cinamatography that the ventricle contracts more
nearly synchronously following the injection of levarteronal.
Such a photographic demonstration, however, is not subjest to
careful quantitative exsmination of the time intervals between
tho onset of shortening in various myocard’
hence, is not entirely adequate to substantiate the inforences

The primary purpose of the research incorporated into this
thesig has been to document the synchrony econcept of vontricu-
lar dynemies ag boing true or false. It has been shown in the
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1 segments and,
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foregoing chapters that the myosardial segments do, mm,
norally shorten in an asynchronous fashion. During left stel-
late ganglion stimilation, the muscle segments tested began
shortening in a much nmore prodictable, as well as synchronous
mannoer. It should also be amphasized that to the author's
Inowledge an analysis of the interventrioulsr septum suoh as
has been yrogented in this thesis, has never been prasented.
Furthermore, axcepting uff's photoghaphic evidence, the above
analysis 1s the first to tentatively suggest the early cone
traction of the ventricular inflow tract followed by the con-
traction of the outflov tract.

The neasuranents of the sequence of eleotrienl oxzeitation
of ventricular segments presented in this thesis agree, at
least in the control state, with thoso of mmerous other in-
vestigators. During the perlod of sympathetie stimulation a
reguliar pattern of impulse spread was Irequently noted, Such
patterns disclosed the early appearance of the electrical po-
tential at the base of the ventricle followsd by 1ts appearance
in the other sogments. This was interproted as evidence for
the existonce of "preforential' pathnmys of econduotion. Since
no alectyocardiogram was recorded, the possibility of an ctople
focua of nodal activity within the ventricle could not be do-
finltely ruled out.

In concluaion, by means of providing significant ovidence
for what wore hitherto tentative suppositions, the primary pur-
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pose of thig investigation hag been fulfilled. In pddition to
the fulfillment of tho primary goal, several unpredictod on-
tities were serendiyitously recorded and later discussed.
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