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CHAPTER I
TETRODUCTION

Clinicslly it is obsaxrved that patients having ventricular f£ibril-
lation and who sre subssquently defibrillated electrically, frequently rvevert
to this arrhythmia within a few minutes following defibrillatica. The
matsrial pressated in thie thesis is intended to draw attemtion to the un-
sxplored ares of elsctrolyte and water metaboliss of the hesrt in the periocd
ismadistely following ths corrsction of wentricular fibrillation by elec~
trical counter-shock. Morve specifically, the investigation wss conducted
with a three-fold purpose:

1) To determine 1f delivery of a powerful depolarizing curremt to
the myocardius results in sn alteration of myocardial electrolytes and
water contant.

2) To investigate the possibility that electrical defidbrillation
may in 1tself fuduce & change in cardiac muscle slectrolytes which causes
the heart to become more susceptible te re-fibrillation.

3) 7To evaluate tha effects of cardiac massege on wmyocardial
slectrolytes during vemtriculer fibrillatieu.



CHAPTER II
REVIEW OF THE LITERATURE

A. VENTRICULAR FIBRILLATION. The electrical induction of a car-
diac arrhythmia that leads to the demise of the animal within three to five
minutes was first noted by Ludwig and Hoffa in 1849. Twenty-five years later,
Vulpian gave this arrhythmia the name of "Movement Fibrillaire". Although
this phenomena was frequently reported in laboratory animals, 1itt1¢ defini-
tive work was done in the area until 1940, when Wiggers described the fibril-
lation threshold, and the course of fibrillation in the canihe heart (10).
Wiggers described ventricular fibrillation as an incoordinate type of muscu-
lar contraction that despite a high metabolic rate rendered the heart incap-
able of doing work. Through the use of cinematographic and electrocardio-
graphic techniques he observed that the incoordinated beat first involves
comparatively large sections of myocardium, which progressively multiply and
decrease in size. Four general stages were described:

First, the "undulatory stage”, lasting 1 to 2 seconds where there
are 3 to 6 undulating contractions, having the characteristics of premature

systoles. According to Wiggers, only the first beat is actually a premature



ventricular centraction, the other 2-6 being cavsed by reemtry of gm firet
buat. g

The second stage lawts 15 to 40 seconds and Le termed the “conm-
vulsive uncoovdination”. It 4{s charscterized by more fraquent waves of con~
traction vhich sweep ovar smaller sections ef the ventricles.

The third etegs was designated as “tremulous incsordinstiesn”.

It conasisted of imcreaning fragmentstion of the wentriculsar surface, vesulting
fron smallier and smaller independently contracting areas. During this phase
the slactrieal activity cbeerved on the electrocardiogran wes noted to in-
crsase. The final stage, "stonic fibrillation”, was theorized to rausult from
the increaning smmomia lesding to & depression of contractile force, elow
conduction and eventually reglousl blocks with cemplate failure of comtrac-
tllfty (39,40).

More receutly, work has been divectad toward exploring the
slectrolyts and metadbolic changes fn oxygen, glucese, and pyruvates during
ventricular fibrillation. Based on coronary sinus catheterizstion studies,
Bing, Pedersen and Siegel (1936) showed that the f£ibrillating hesart loses
potasaium while it takes up sodium (28). Cregg et a2l in 1934 slso noted
sinilar changes, although he wes primarily coscerned with myecardial exygenm
uptake (11). Both groups of investigators noted an incresse in lsctic acid
with decreaned utilization of pyruvate and glucese. Bing «t 2l accounted for
thess changes om the basts of & “disruption” of tha co-carboxylase system,
the results would then favolve dephosphorylation sscoundary to the anarobic
atate. Ee pointed out that the ensyme, diphospho-thismine is indispecsable



for the oxidative decarboxylation of pyruvate (12,28).

Gregg also studied the effects of ventricular fibrillation on myo-
cardial ATP production. He noted a decrease in the coronary sinus level of
ATPF. On the other hand, when he perfused the heart and thus maintained myo-
cardial oxygenation, he was able to prevent the loss of potassium, increased
production of lactic acid, decreased utilization of glucose, pyruvate and
ATP. He found this would hold true, even if fibrillation and perfusion were
maintained for periods up to forty minutes. In hearts that weie not perfused
for thirty minutes, he found that reinstitution of coronary artery perfusion
resulted in restoration of rapid fibrillatory movements, although he did not
report successful defibrillation in these preparations (11), This apparent
improvement in the type of fibrillation (from stage IV to stage II fibrilla-
tion as described by Wiggers), was suggested to be due to re-synthesis of high
energy phosphate. Senning (1952) and Jwoenelle (1945) in a clinical report
along these same lines wrote that ventricular fibrillation was not damaging to
the heart per se, provided there was adequate myocardial oxygenation (18,32).
Bing, et al in 1959, considered ventricular fibrillation as it effected the
transmembrane electrical potentials. They found that during early fibrilla-
tion of the ventricles,elactrical activity was only slightly irregular with
little change in ampiitude. As the period of fibrillation was lengthened, an
increasing degree of irregularity was present with the occurrence of action '
potentials of small amplitude (15,16,17).

While those investigators considered so far utilized electrical
stimulation to initiate ventricular fibrillation, numerous other studies

were conducted in altering the ion concentration of myocardial muscle as the



sticlogic agent. It is interesting te ssnsider this approsch simce vemtricu~
lar fibrillation inducod by electrical meups appears to resulr in abberstions
of the sams fonic constituents (35). It fe gemarally accepted thar there is
2 mueh greater concentration of potassium within the cardisc musels cakl than
there is outaide the cell, this daing the basis of the potential diffarence
existing acroms the mambrane. Burn (1937) considered the effects of de-
cressing potassium outeide the call. Be postulated that decrsasing potassium
extracellularly, te spproximately 1/4 its normal eomcentration, wowld lesd te
A breakdewn of the fneulating properties of the aesbrane to meintein s differ-
enge of potassium on both sides of the membrame, aventuating in veatvricular
fidbrillation. However, sinmce ventricular fibrillatiom will met oeewr whes
extracalluler potsseium is decresssd in the face of a congomitant decresse in
ealeium, (t should them be cousidered that ventricular fidrillation say be
related to the Catd/E4 vatio, vsther than uniquely te the potassium drop (3).

Hodghin and Keynes (1934) firet iutroduced the consapt that the
sodium pump is depressed by low extracellular potassiwm (14). Burm (19%7)
podated cut that although this work was dene on the nerve from the Sepia, 1t
niy also be isportant ia the canine myoeardium, f.e. the role of decreased
extracellulax potsssium in the gevesis of ventricular fibrilletion may invelve
its action on tha imtracellular sodium pump (3).

ﬁ. mmmm. Uncil 1933, ventricular fibrillation wae
considered to ba a condition whieh would slmost without sxception result 4n
the demise of the patient. In that year Hooker et al (42), developing the
work of Pravest asd Bsttalll (1900), demenutrated that a deg's vemtricles
could successfully be defibrillsted snd a coordimated hesrt beat reatorad
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threugh the application of a é0-g¢ycle alternatiog current shock of 1 ampere
for 0.1-3 seconds. |

In 1934 Perris described the sawe procedure in close-chest animals,
using higher curreats (9).

fix years later Carl Wiggers pudblished sevaral papers on the methods
of electrical defibrillation (39,42,43). He pointed cut that £f a peried of
time alapsad between the omeet of fibrillation and the attempt to electrically
defibrillate the heart, the difficulty encountered in recovery of the heart
wan due to incapacity of the myocardium to vesume vigorous beating and not the
technique of defibrillation. 7This led to the discovery that survival was
enhanced by oxygenstion, and be thereafter advoceted the use of cardiac mess~
age to naintain oxygen delivery to‘thn heart and periphery.

With regard to actual defibrillation, Wiggers feund that serial de-~
fibrillation was more efficacious than a single sbock. ks explained that
three to seven brief shocks led to progessive mexging of swaller fibrillating
aress into larger areas which were contracting out of phase with esch other.
Then, & final shock atopped all electricsl activity and sllowed the pace-
naker to f{sitiate a coordinated beat (42).

Further work wsa done by Yarbough (1964) on altercating vervcus
direct current countershocks, sad betwaen 1960 asnd 1963 numerous papevs were
published on the physicsl damage resulting from AC and DC shocks. In general,
the conteetion of all these suthors was that electrical defibrillation could
be aéhiuvad with sither AC or DC currents, but that the latter caused less of
2 tissue burn (19,22,24,36,48).
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The major siteratioms voted sfter dafibrillstien by Turnur end Towers
(1964) invelved Serun Clutamic Ozalecetic Transeminase elavation aund T-wave
{zvarsioe (37). Although tha sost populsy wmethod for ﬁatibri!inttén % cure-
ently with sr alectyrical discharge, in the past, chewmical defibrillation weas
alee frequently sttempted,

Biggers (1940) utilized potsssivm 2slts on a number of fibrillating
dog heavts and came to the conclusion that they do not wodify the stages of
the fidrilletovry proeeess, but that they werely hastes 4t; the end resalt being
asystele. This asystele results from s rapid depression of eomduction of the
heart.

Caleiuve was freguently emploved followiny defibrillstion with potse~
elum, iu an attempt Lo veactivete the heart. Wiggere pointed out that vhen
calotun was used, I't fraquestly would generate sany pacemakave, in additiea to
causing hypercalesmia (41).

Frocajne (43) was sdwocated an an adjunct te both chemical swd slec~
trical dafibrillacion, but 1t was felt by woul fnvestigetors that ity sction
aay be tvo depressicg te be used reutiuely with efther type of Jefibrillation

(43).
In 1965, Hochvein publisbed n paper on the effects of defibrilletion

on electrolyte levels in the myocardium. He achieved fibrillation with Acomi-
tine snd defibyilletion with Afamalin, a ressrpine-like compound., His findings
rovealad that intrasellular potessium decrensed approximately 13Xdduring fib-
rilation, aad following defibrillation potsssium was then reetored to normal
levels. Iutvacellular sodium was found to decreass wary slightly dusing fib~
rilletion and then fell wagkedly during defibrillatiop., He did wet shosrve &

significant sltevation in water content durimg the emtire progedure (13),



CHAPTER 11
VATERIALS AND METHODS

A. ASESTHESIA ABD SURGERY. Tweuty-five male wongrel degs, weighing
approximately 14 Kg werxe utilised in this study. All of these animals had
been »tsebilized as to diet and hydration for a peviod of one week prisy to
their use. The dogs were divided {ato three groups covsistisg of Group I, 8
control doge, Crowp IXI, B dogs with vemtricular fidbrillation, und Group III,
9 dogs with successfuyl defibrillation. The following surgicsl procedures
vare performed on all animals: The ¢trschea was cassulated from & g;dltnn
peck fncfsfion, and the left cosmon carotid artery was isclated (26). A Xo. §
United States Cathetar and lnstrusents x-vay cathetey was inserted im this
vessel and passad through the aortic walwve into the left vemtricle for moni-
toring left intraventricular pressure. The left feroral artery was isclated
and catheterimed with s 7-imch PE 190 Xutwancdié polyethylens catheter for
blood pressure recording. A cathater was slso placed 4n the right femoral
veln for injection of heperin (sodium salt). A left lateral thoracotomy in-
volving vibs 2 through 7 was performed end the rihe retracted. The pevicse~
dium was dncised and s pericardicl eorvadle was constructed to give menimux

expesure of the heart. 8



The left intraventricular catheter and the blood pressure catheter
were connected to Sanborn No. 267AC pressure transducers. The standard
bipolar limb leads for electrocardiographic monitoring were also connected (8).
A Sanborn No. 4560 polygraph was used for continuous recording, while visual
monitoring was accomplished on a Sonborn No. 760 oscilloscope. Following
the above procedure, Heparin (5 mg/Kg) was administered and the animal was
allowed to stabilize for twenty minutes. As the procedures followed from
this point on were somewhat different, they are described separately below.

Group I - a 10cc sample of homogeneous -venous blood was taken:
from the right ventricle by direct puncture. Approximately two grams of
cardiac muscle were excised from the lateral border of the left ventricle.
The surface blood was rinsed away with triple distilled water and the tissue
was blotted and trimmed of fat. The sample was then divided, half being fro-
zen in liquid N for electrolyte analysis and the remainder was dried and
extracted with :ther for water and fat content.

Group Il -~ twenty minutes following the administration of Heparin,
the heart was fibrillated with a 4-volt, 8C-cycle per second sine wave pulse,
applied to the apex of the heart for 2-3 seconds. Fibrillation was allowed
to proveed for a total period of 30 seconds, during which time cardiac
massage was performed to maintain coronary and systemic circulation. After
an initial 25 seconds of fibrillation and massage a blood sample was taken
from the right ventricle and during the remaining 5 seconds of fibrillation
a gsample of cardiac muscle was taken from the left ventricle.

Group II1 -- the same procedure was followed as in Group II, except
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that bleod and tissve samples wore not taken after 30 seconds of fibrillation.
Instead, electrical defibrillation was achieved with a Burdick PC/130 defi-
brillator, having sn output of 10 wett-seconds (22). TPollowing the restorstion
of the heart beat, ao varitied by the electrocardiogram the prepsration vas
allowed to recever for 90 seconds, and st this time bBlood snd tissue samples
wvere obtained,

B. CHEMICAL DETERMIKATIONS. Samples of plesma and left ventricular
syocardium during centrol, fibrillation, and defibrillscion were snalysed in
all doge for B+, Ke+ sad Cl-. The other half of tiesus not placed fn liquid
By wes subjected to determinations of weter end fat content.

The frosen myli vas carafully weighed and then homogonized for
three minutes in & Potter-Elvejhem tiosue grinder containing S ml of 0.5 W
m,. The homogenate was then transferved to s centrifuge tube, end a final
dilution of 1:15 was achieved after three vinsen of the tissue grinder with
0.5 B HNO4. The dfluted tissus homogenate wvas then centrifuged for 10 minutes
at 1200 g for supernstant fractionstion., Aliguots of the supernetent were
theo teken for the separate deterwinations of Haé, K4 and Cl~ as deacridad in
the following schena!

€1~ X+ Kot
1 ol suporvatent ti- 1 ml superastant +2.3 al 3 nl supernatsat
trated dirvectly for of 3 aliq/ 100 wl. lithium + 2.5 ul of 30 miq/
chloride determinstion sulfete diluted to 15 ml 160 ml lithise sul-~

with triple distilled veter fate diluted to 25

for potassive detsrmination nl with criple dis-
tilled water for
sodius determination
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Sodium snd potassium dererminations vers made ¢o & Process and
Ivstruments (Model 12) flame photometey, wsing Lithium oe an iﬁtaml standard.
The use of the internal standavd vesults in greater stability, end as such
incressss the precision of the messurements. Lithium §s fntroduced s as te
slvays yleld the same concentration ia every solution beting snalysed. The
light cutput frem the propans flama of the pbotometeyr im recsived by two opti-
cal systems simultenecusly. One system is provided with a iithium filter and
the other with either a potassium or sedium filter dapending on the fon befng
studied. The two beams ave allewed to fall on two ssparate barrier layer
photocells (the Li+ cell and the Hat - K+ cell). The output of the Li+ cell
is then balanced sgainst the owutput of the Net(¥+) cell using the galvanomater
&s a null peint meter. Thue, soy factors causing fluctuation in flame inten-
sity of photocell output otber than that due to the soncentration of Had, K+,
or Li+ in the flame will affect both photocells eaqually. Since the paraseter
being messurad is the retio of the outputs, ystier ther the direct cell gutput,
these fluctuaticns tend to halance cut. This tnstrument hes & teproducidbilisy
of 1.0%, and is linear over the range 0 to 100 uicroaquivalents per 100 cc of
solution,

Chloride vas measured om a Euchler-Cotlove electricel titrstor
besed on the methed of Carr (1951) in which silver fous are Aiberated from a
silver elactrode at a koown rate, to combine with the chloride fom in the
eslution. t&mgh comparison with a series of standards and blanks, the Cl-
concentration iz & tast sample cen be determined (4).

Elsctrolyte analysis of plasma ssmples for Hat, K+ and Cl- were also

carried cut as indicated gn the following page!



c1~

0.1 ml plasma ti-
trated directly for
chlofide detarwmiza-
tiom

X4

1wl plasns + 2.3 =l

of 30 wEq/l00 ml lithium
sulfate dilutad to 23 ml
vigth triple distilled
wvater for potassium de-
teruination

12
Kot

8.1 ml plasma * 2,5 ml of
30 wiq/i100 mi lizhiuas sul-
fate diluted to 23 ml with
txiple distilled water for
godivm determination

Water and fat content of left vestriculsr wyocavdium was determined

by using the following procedure.

The second balf of the previocusly described

sampla vas pleced in & clean dry weigbing botils, of known weight. The

wolighing bottls and semple were then weighed,

The sample was then dried to

copstent weight at 100° C for 48 hours snd water content was squated to the

weight loss between the wet and dried samples.

Percentage fat-free dry weight

was measured by veweighing the driesd ssmple afier double extraction with

diethyl ether scecording to the method of Lowry and Hastinga (194

233}‘

Co MATHEMATICAL ABALYSIZ OF DATA. In ovxder that the results of

tisaus apalysis be unsffected by varisbles whick were not being considered im

the ptghiwn. & stable refersace base was ryequired which excluded water, fut,

and collagen centents of the tissue.

Since cardiac susels is practically

devold of collagen and since heart muscle was removed acutely end tharefors ne

oppertunity for incresse in collager content to occcur (as in the chrenically

injured heart), the “collagen-frese" factor wes not included as part of the

snalysis. Thus, s& a stable referenca, tissue valucs were described as mEq/

100 g fat~fene dry tissue (FPUT).

Water distyibution wam celculated on the assumptiosm that chloride

1s @ mgrker of the extracellulsr wpace. This is supported by the contentiom



13

that sodium i laxgely restricted to the smtvacellular compariwent. As s re—
sult, potassium and chloride are distributed batween intracellular emd inter-
sticial water in such a manner that intraceilular chloride concemtration
closely approximates the concentration of potassium iv inteomtitisl weier
(Robertson and Yoyser, 195139). The conatancy of the chloride space of the
heart during fibrillation with cardiac wassage sud defibrillaticn wes desons-
trated on ooe dop in whieh chloride levels in the arterial cirveulation end
coxonary sinus blood were measured aud found mot to change significentliy.

Distribution of fons within the mxtrgcailulsr these, 1.e, de~
tween plasma water and interstitial water, was besed on a Cibbe-Donnsn equili-
briusm. A Donnan factor for sonovslent lons of 0.98 for the myocardium was
used oo the basis of the findiugs of Drinker et ul (1940) based on a protein
concentration of 4% in cavdiac lymph (5,28).

Prom the previcusly stated assumptions, the following relation~

ships ave gauesrally accepted for cavdiac muscle: (5,11,13,28)

(K] = (K)p X 0.98 1
(Sa}g = (o), %00.98 (2)
[c1]y = (C1), X 0.98 £3)
(B,0)y = 1000 (C1), - {&], (H;0),

T e - (&)
(8,0) = (B,0)y = (H,0)y (s

(£) ] or (}%a}l = (x}, - €i';)g b § (33"»5
V 1000 (8)

[k}, er (W], « 1000 (X), or (ia),
(001 n




CHAPTER III

EXPERIMENTAL RESULTS

A, TOTAL TISSUE CONCENTRATION OF POTASSIUM, SODTUM AND
CHLORIDE,

Calculations of intrecellular and extracellular volumes in-
volved the assumption that extracellular K+ closely approxima-
ted the concentratfon of Cl- in the intracellular compartment.

As such, these quantities differ by apbfoximately 107 from
results reported by Lowrv and Hastings (1942). These authors
calculated intracellular and extracellular water on the basis

of Cl= being restricted purely to  the extracellular compartment.,

The myocardial concentration of electrolytes fan the con-
trol dogs are in agreement with those reported by other in-
vestigators using fat-free dry myocardium as the reference
base (Manery, 195425; Benson et al, 19562; Colman and Glaviano,
1954°),

Figure 1 compares the changes ohserved during control, at
the end of 30 seconds of ventricular f4%»11lation and 99 secon-
ds after defibriliation., During ventricular fibrillation the
level of cardiac muscle ¥+ was ohsewvvad tn drop from an avarage
centrol level of 39,04 4,42 mEq/100 gm. FFDT toc an average
level of 33.42 + 1.98 mEq/100 gm FFDT, This was a change of
14,47



FIGURE 1

Total Tissue Electrolyte Concentrations of Canine Myocardium During
Control, Ventricular Fibrillation and Following

Electrical Defibrillation
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and was significact to a P < 0.02, Ninety seconds sfter alwetricql cafibril~
istion potassium waps observed to rise to 36.43 & 1,08 mﬁq{lﬁé.ga FFOT which
is at1ll significantly lower thau control (P<0.03). The tsbulsted rasults
are presented in Table 1.

Cardiac muecle Sedium was observed to rise duvring fibrillation
from an average contrel of 17.48 é 1.06 nZq/100 gm PFDT, a chbange of appromi-
mately 10%. Ia tkc'ycaz dofibrillatory period, sodium wae not observed to
retura toward mormal, but aaut!au§d to vise to 20,97 2 2.10 aiq/100 gm FFDT,
s 20X incresss over control. Tabulated results appssr in Teble II.

Tabulated reaults for tat;l tissue chloride are given in table
IIT.7rom the data, chloride was chseyved to rise slightly from & mesn centrol
level of 12.69 ¢ 0.69 alq./100 gm. FFOT to 14.02 % 0.76 miq./100gm FFDT afrer
30 seconds of ventricular fibrillatfon. VPellowing electrical defibrillation,
the C17 total tiseus leval decressed to 13.88 & 0.5% mulq./100 gm FFOTY,
Although it appeared that the chapges observed might be velated te the pro-
cedure being studied, statistical significance was sor obtafned with this
dats, bhetween the control, fibrillation and defidrillation groups of animels.

B. PLABKA CONCENTRATIONS OF POTASSIUM, SODIUM ARD CALORIDE.
Plasma fon levels are given in figure 2, and represent analysis of homogencus
venous blood present in the right ventricle. Since the Llood from the coro-
nary sinue represants only a small contribution to the totel volume present
in the right ventriele, the changes observed in the right ventricular plasma
ion concentration are mot expected to vary with the changes cobserved iu total

uyoeardial electrolytes. Potassium fon was found to average 3.67 00,11 mEq.
/L plesma water during coatrol. Ater 30 seconds of fibrillatiom a decresse to



FICURE 2

Plesms Electrolyte Concentrations in Control Dogs, Fibrillsted Degs
and in Dogs Yollowing Electrical Defibrillatiow
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2.93 ¢ 0.23 uEq. /L was obsarved, while 90 seconds aftor electrical defibril-
lation photometric analysis showed a rise to 3.58 & 0,40 wmFq./L plasma water.

Plasas sodium ranged from an aversge control of 148.19 * 3.63
akq. /L plasma water to 139.30 2 7.71 wiq./L following fibrillstion. This
level was observed to risc in the post-defibrillaticon periodte & mean of
152.94 2 5.05 alq./L plasma water.

Chloride analysis revealed sa incresse from a control mesn of
117.49 2 1.11 wEq./L to 121.79 £ 2.09 w g/l during fibrillation snd then a
fall to a mean of 115.54 2 2.48 mEq./L 90 seconds after defibrillation.

Statistical analysis of the data on all three plasma foms (x*,
Re* and C17) fafled to demoostrate statistically significant changes batween
fidbrillation and defibrillation (¥ values C.10~ 0.90)., Tabulated date appear
in tables I, II end IXI,

C. TOTAL TISSUE AND COMPARTMENTAL WATER OF THE KYOCARDIOM,
Valuss for total tissus water and the diviston into extra and intracellelar
vater agree closely with those reported by other investizatore (Memery, 195&221
Benson et al, 193&2i Colman and Glavisno, 1964%), Throughout the experimentsl
procedure, no eipnificant change was obsezved (P>0,40 - 0.50) in any of che
compartments (Figure 3). Comrrol levels a eraged 373.16 £ 5.35, 27%.61 2 4.%9
snd 97.55 ¢ 5.63 gn/100 gm. FPDT for total tissue weter, intrecellular water
and extracellular vater respectively. During fibrillatioa total tissue water,
was 378.61 2 4.69 gu/l00 gm FYDY while intracellular water wes 272.%4 2 4.29
gm. /100 gm. ¥FDT, fyiwacellular aversged in this state water 106.06 £ 5.18

gm. /100 gm. FFDI. FPollowing defibrilistion water distxibution was as follows;



ZIGURE 3

Totsl Tissue sud Compartmental Water in Contrel Dogs, Vibrillated
Dogse and Dogs Following Electrical Defibrillstion
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totsl tisaus 382,07 2 6,64 gm. /10D gw. FPDT, intracellular water 272,27 2 6.06
2. /000 gn, VFDT orxd extrscellular water 109,80 £ 5.07 gu./100 gm. PPDOT.
Tabulated daks appeay in Table IV,

B. DERIVED CORCHNTRATIONS OF INTERSTITIAL AXD INTRACKLLULAR
SLECTROLYTES. As doscribed sariter (poge 13), the fon distribution {n the
interatitiel phase of the extracelluler compartment was detarmined with &
Gibba-Dounes factor. lio significant change wase noted during eny of the preo-
csdures. This was expected siucs thess values were derived divectly from
the plaswe concentratioen, which alse did pot show s significest change in
slectyralytes,

Intracellular eluctrolytesr vartied in the same divectiocn s the
totel tissue values. Figure & relates the changes observed in Inmtreceilular
¥ snd Net dering the thres perieds bulng studfed. Intracellulor X+ decreased
from s eontrol of 140.31 & 1.67 alq/Kg fotracellular HoC te 121.49 3 7.04
eliq/Kg intvacellular EsD, e significant change (PeD,062). Tollowing electrizal
defibrillation the comsentyration of this fom within the cell returued to
132,59 ¢ 1.8 alq/Kg iatracelluler HyO0. A velue siguificantly below that of
contrel (P<0.08).

Scdium was choerved to vise intracellularly durieg the fibrills-
tory pariod, fyes & contrel of 7.895 2 0.353] wEq/Eg intracellular Hy0 to
10,196 £ 1.39 aliq/Kg istrscellular HoD. Pollowing eclectricsl defibrillation
the concentration continued te inerssse, schieving a level of 13.123 £ 2.04
wBq/kg lutvecellulay B,0 90 seconds post defibrillecion. This wes a change
of approximately 66X over coutrol and was significant te a $<0.035,



FIGURE &

Intracellular Electrolyta Concentrstions of Canine Myocardium Duriug
Centrel, Ventricular Fibrillation and Yollowing Electricsl Defibrillstion
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E. CARDIODYNAMICS., HMoasuremeuts of cerdiac function recorded as
the left intraventricular pressure, femoral blood pressure and the electro-
cardiogran wers intended to document the oecurrence and progression of ven-
tricular fibrillation, the adequacy of Leart massage, and the restoration of
cardisc function following electrical defibrillation (Figure ).

Ia the top record at the point marked "fidrilletion” the typical
slectrocardiographic patters as described by Wiggers (1940) was noted. There
vas & premature beat, followed by a shert rum of tachycerdia, which evolved
into & bizzare pattern (40). Also it was observed that with the onset of
fibrillation in the electrocardiographic tracing, the left intreventricular
pressure and femorsl blood pressure ifmmedistely fell. Further along on thst
record the maintesance of systemic circulation was seen, evidenced by the
elevated left intraventricular pressure and the femoral blood pressure.

The middle recerd corrosponded to the period immediately following
electrical defibrilletion, during which 2 rising femoral bloed pressure and
incrassing left intravemtricular pressurs were cbserved,

The bottom record taken one minute after defibrillatioca fwveaxaa
& regular electrocardiegram sod a continuieg riss in the left intraventri-

cular prossure and fsmoral blood prassure.



FIGURE 5
Cardiodynamic Recordings of a Dog During Control, Ventricular

Fibrillation And Following Electrical Defibrillation
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TABLE 1

POTASSIUM CONCENTRATIONS IN PLASMA AND CARDIAC MUSCLE DURING CONTROL (GROUP I),
FIBRILLATION (GROUP 1I), FOLLOWING ELECTRICAL DEFIBRILLATION (GROUP III)
Group I Group II

Exp. Exp.
Y. «H. (£ gx+]E ', No. Ny &'y Klg K

301 38.039 141.84 2.5406 2.5925 201 36.679 125.75 3.6605 3.7353
302 40.136 138.64 3.3574 3.4260 202 33.394 115.08 3.5051 3.5767
303 39.723 148.98 4.1999 4.2857 203 22.271 81.43 1.6496 1.6833
304 37.185 139.89 3.8623 3.9412 204 28.145 110.98 2.1181 2.1614
305 40.687 144.25 4.0333 4.1177 205 34.198 127.51 3.0558 3.1182
306 38.756 134.64 3.6894 3.7647 206 36.552 132.52 3.2185 3.2842
307 38.238 140.87 3.4025 3.4720 207 39.545 147.02 2.7195 2.7750
308 39.593 134.97 3.6750 3.7500 208 36.544 136.61 3.0264 3.0882

Mean 39.044 140.51 3.5953 3.6687 33.416 121.49 2.8691 2.9277
S.E. 0.420 1.67 0.1817 0.1855 1.984 7.044 0.2422 0.2471
Exp + Group III
Yo &Dr &M [xh g L& .

102 37.751 132.84 3.4843  3,5555
103 37.048 . 139.63 3.6206 3.6945
104 34.329 138.61 3.9471 4.0277
105 34,745 136.56 3.5933 3.6667
106 30.444 117.56 0.5717 0.5834
107 41.463 138.40 4.7133 4.8095
108 34.637 119.87 3.2665 3.3332
109 38.651 130.35 4.0833 4,1667

Mean 36.431 132.59 3.5095 3.5811
S.E. 1.083 2.83 0.3963 0.4044

(K+)T = mEq. Potassium/100gm fat-free dry muscle

:ﬁﬁ}l = mEq. Potassium/Kg cell water
EﬁiE = mEq. Potassium/Kg interstitial water

‘K'lp = mEq. Potassium/L plasma
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TAELE X1
SODIUM COHCEWTRATIONS IN PLASMA AND CARDIAC KUSCLE DUBRING CONTROL (CROUP 1),
FIBRILLATION (CROUP I1), POLLOWING ELECTRICAL DEFIBRILLATION (CROUP 111)
Twoun I Croup I1
Exp. Mﬁw
"y x e " e
Bo. (HaM)y ety W'y Hatp  No. (e, Wata Mty Wet

~—

301 15.259% 7.683 122,01 126.50 201  16.036 9.999  139.92 147.78
302 19.714 6.690 148.25 151.25 202 25,281 13.986 152.76 15%.38
303 - o 144.99 147.55 203 14.%0% ~- 114.44 136.77
304 13,438 6.207 153.13 136,28 204  17.993 - 134.24 136,48
305 18,319 7,616 183.74 156,88 205 18.194 $.674 172.94 176.47
06 15.902 7.486 143.32 146.24 206 20,101 14.254 115,66 118,02
307 17.013 9.995 149.70 152.7% 207 18.673 7.636 152,38 115.49
308 18.871 9.58% 146.73 149.72 208  19.667 9.629 144,63 147,58

Mosn 17.478 7.895 145,23 148.19 19,177 10,196  140.87 139.30
8.E. 0.6278 0.531 .58 3.43 1.0%6 1,392 6.93 7.71
Group IIX

Exp,

i1 10.270 - 147.006  130.00
102 22,912 8.3406 157.58 160.8¢
103 15.981 3.512 157.38  160.80
104  27.204 16,369 136.03  153.09
103 23.042  11.366 156.06 159.2%
107 27.756  15.731  166.06  369.4%
108 25,613 21.6%8 119.40 121.84
109 22.369 12.848 145.31 148.78

Mean 20.969 13,123 149.88 152.94

. e Radad

S.8. 2.089 2.040  4.95  5.03
(a*'y = mEq. Sodiwm/100gm fat-free dry musele
Ha' ‘g = mEg. Sodium/Kg call water
o', « mBq. Sodium/Eg Imterstitial water
mEq. Sodiom/L plsama
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TABLE III

CHLORIDE CONCENTRATIONS IN PLASMA AND CARDIAC MUSCLE DURING CONTROL (GROUP 1Y),
FIBRILLATION (GROUP II), FOLLOWING ELECTRICAL DEFIBRILLATION (GROUP I1I1)

Group I Group II

Exp. . E!‘p. -
No. (@7p [}y LGy  Ne. (g [aly (el

301 13.941 122.51 120.06 201 12.343 119.46 117.07
302  14.054 122.18 119.74 202 14.954 123.63 121.16
303 16.173 120.18 117.78 203  15.631 127.52 124.97
304 12,761 118.54 116.17 204 18.281 134.61 131.92
305 11.787 114.87 112.57 205 12,219 121.59 119.16
306 10.984 124.94 122.44 206 13.441 120.33 117.92
307 10.115 118.45 116.08 207 12.958 130.32 127.72
308 11.712 117.46 115.11 208 12.326 116.79 114.45

Mean 12.690 119.89 117.49‘ 14,019 124.28 121.79
S.E, 0.6926 1.13 1.11 0.756 2,13 2,09
Group III
Exp. - -
No. (C1M)y [C1l'lg [c17)p

102 13.852 111.29 109.06
103 10.674 113.72 111.45
104 16.705 111.29 109.06
105 13.583 114.21 111.93
106 13.426 121.50 119.07
107 15.373 125.85 123.33
108 13.162 110.57 108.36
109 13.964 123.38 120.91

Mean 13.884 117.90 115.54

S.E.  0.545 2,48
(c1+)T = mEq. Chloride/100gm fat-free dry muscle

{Cl‘iE = mEq. Chloride/Kg interstitial water
,{Cl*]Q = mEq. Sodium/L plasma
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WATER CONTENT OF PLASMA AlD CARDIAC MUSCLE DURINC CONTROL (GROUP I),
PIBRILLATION (GROUP II), FOLLOWING BLECTRICAL DEFIBRILLATION (GROUP IIX)

Group 1 Group II
Exp. Exp. ‘
Ko. (5307-2 (Ha0)y  (By0)p Bo. (Bah)y (B0); (¥20)g
301 374.51 266,24 108,37 01 383,70 I88.9% T 94YES
302 394,03 286.89 107.14 202 399.38 286.75 112.83
303 388.48 263.10 125.38 203 390.18 271.11 119.07
304  367.1%  263.07 99,080 204  382.96 251.10 131.86
308 371.26  279.46  92.794 205  344.03 276.98  B7.0A8
306 365.16 285.68  79.478 206 379.54 273.01 106,53
307  347.22  269.57  77.6%1 207 362.94 267.17  95.767
308  381.50 290.89  90.609 208  365.9% 264.27 100.68
Mean 373.18 275.81  97.5%0 378.61 272.34  106.068
8.5, 5.34 4.59 5.634 4,69 4,29 $.184
Group IXII

m»

Ro. (‘zﬁ)f (ﬁaﬂ} 1 M) B

101 378.14 278.29 102.88

102 396.83 281.16 115.8%

103 348,08 263.19 £2.86)

104  387.5) 246,16 1A1.37

108 36%.52 251.50 111.02

106 367.73 258,44 109.29

107 406.89 295,81 111.08

108 396.49 285,90 110.5¢9

109  396.49 293,01 103.48

Kaan 382,07 272.27 109.80%

$.X. 6.64 6.06 5,087

(igl)e = gm water /100 gn fat~free dry muscle ,

(8y0)y = g» intracelluler water /100 gm fat free dry wuscle

(By0)g = gm isterstitial water /100 gm fat-free dry muscle



CHAPTER IV
DISCUSSION

Before attenpting to answer the three questions proposed in the
introduction, it is necessary to create a unified schema of tha alterations
which oceur during ventricular fibrillation. Recvallisg the observations of
Wiggers (1940) om the progression of fibrillstion in the canine heart, he
reported that cardisc sctivity which might result in adequate perfusion
(oxygenation) of the myocardius ie lost withim the first two to three secends
of fibrillation (40). This is due to the breakup of sisultaneous contraction
of the entire musculsture of the heart into very suall areas. Confirwation
of the early loss of pexfusion cen be observed in the upper tracs of figure 5,
whars left intravestricular and femoral blood pressure are noted to decline
within two seconds after the onset of fibrillstiocn.

Tollowlng the loss of locsl tissue #syganat&on there occurs a
poeriod of progressive fatilure in contraction, until the individual unite ao
longer ave dcztva. Wiggers (1940) stated that this was due to the anoxic
condition of the heart (40). Cregg and Bing, whe studied the venous efflux of

28
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blood frem the fibrillating hesrt (Chapter I) fdentiffed the decrsased utili~
sation of pyruvate as characteristi; of the vesponse of anczis (11,28).
Finally, Bing pointed out that with decressed tissue oxygenation there is
desctivation of the co-carboxylass system, which lesads to dephosphorylation
of pyruvate (28). If the metabolism of pyruvate is warkedly lowered, this
would result in a decrease in the production of high energy compounde such as
ATP. Since ATP is vegarded as essentisl fuel for the mechanisms of clectrolyte
transport located in the cardisc ¢ell, it would be uxpected that alterstions
of the electrolyte concentrations maintainsd on either side of the membrane
by these pumps, will rapidly occur . -~ Indesd, esrly in the course of fib-
rillation arterio-venous slectrolyte studies (19354)}F, Bing (1965)28 and
Kaplen (unpublished) reveal that the hesrt loses potsssium and gaine sodium.
Confivmatory evidencs is also available from the findings preseatsd in
Chapter III, that during the first 30 seconds of ventricular fibrillation both
the total tissuve and the intracellular concentrations of E* are subastantislly
dacreansd. These same studies alsc raveal risivg levels of total timsue and
istracellular sodfum.

The effect of this alterstion in elactrolyte balance across the
membrane will be to lower the transmenbrane potential (Nerst eguation
E, ™ %z, ia (’K 1 ,}1 This iacreases the susceptibility to geserats ectopic
foci. The nyﬁlii noturs of the system just dascribed will be {uterrupted in
one of twe ways. If untreated, potessium will continue to axit while sodium
will bulld up within the cell, until the membrsne becomes so complately de-
polarizsd that re~polarization Lz unsble to cccur. This would mﬁrmma to
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the end of Wiggers fourth stage of fibrillation, On the other hand, the cyclic

process may be interrupted by defibrillatien and the patient may recover.

It appears that slectrical defidrillation would wost likely in-
terrupt the syotom daacribed above at the point of generation of Che sctopic
u foel by the re-entry curvents. 3v achieving depolarisation of the entire heart
at one time, all civcus movaments ave cancelled and the pacemaker {» allowed
to generate the naxt cpordinatsd beat.

Prem studios on prolonged perieds of ventriculsr fibrillation with
eoronary perfusion (11, 18,32,33), it appears that the alteraticns in cardtiac
function only advance to the stage of conduction defect charscterized by
ecircus currents. No slterstion in metabolism occurs. 7Thus wvhen elostrical
defibrillation is attempted in these hearts, the sdditiomel problem of an
electrolyts jmbalance may not be present.

¥hen cardiac massage 1is usad to waintain wyocavdisl oxygenatiom
the changes resulting from fibrillstion lis somewhere detwoen the severs slec-
trolyts imbalsnce seen in the anoxic heart and the misnor changes observed in
the perfused heart. VWhen electrical defibrillation 48 sttempted and achiaved
in this type of preparation, X' 1on fs observed to rise towsrd normal in both
the total tissue messuremunts and in the intracellular compartment. Sodfum §u
the othey hand doas not ravert tewsrd 1ts pre-fibrilletory levél, but continues
to rine. At 90 seconds poat defidrilletion am incressme of 66X over control is
observed.

Hochyein, (1963), has demonstrated that whem Ajmaline was weed to
scbieve defidrillation, the intrscellulor sodium decressodd3. This leads to
spaculation that a differential effect is produced onm the pumps regulatiog
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sodium and potassium whem electrical defibrillation is employed. The sodium
punp has been shown to be energy dependent (dinitrophencl studies), while a
conclusive study has not benn completed in the case of the potassium pﬂﬂgaﬁ’?
Thus ao unknown effect of the strong electrical discharge may well be related
to & disruption of the sodium tramsport system.

The effects of this alterad ionic state of the cardisc cell in the
early post defibrilliastory pericd are almost identical with those observed io
the late stages of anoxic fibrillation. The low intracellulax yot#tazan and
high intracellular sodium would result in a lowering of the membrame p@t‘hnw
1al fe. hypopolsrization, making the cell quite susceptible te production of
a spike potential, with obvious conssquances.

In all phases of the experimental procedure, water distribucion
studies were performad. From the !ind;ngs that there were nosignificsnt
changes esither in total tissue water or in compartmsntal wster, it can bs
assumed that the preparations involved in the study were not in !aiiuru.&‘
Thus 1t may be concluded that changes observed in chemical snd hemodynamic
findings represent changes due to fibrillation and electrical defibriliation.

Clinically this study indicates that Lhe patient who is not
undergoing coronary perfusion, whether in surgery, hospital bed or emergency
room, snd who has been electrically defibrillasted for correction of ventri-
cular fibriilation is particularly susceptidle to refibrillation in the early
postdefibrillatery period. As the evidence presented points to the electr-
olyte imbalance as ; possible major contributor to the genasis of refibrillae-~

tion, consideration of agents whieh would rapidly cerrect this slectrolyte
imbalasce would be worthile. Although sodium and calcium ions meat probably
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are involved in this problem, the low fatracellulsr potassium suggests itself
to theraputic vegimen since polarizing solutions have already been demonstrat-

ed to rapidly elevate latracellular potassium, 1,27



CHAPTER ¥
SUMARY

Deterninations of total tissue, plasms, interstitial and intra-
cellular scdium, potassium, chloride and water were pcrfomd on control dogs
in vestricular fibrillacion and following electrical defidrillation. The
following significant changes were fouud:

a) Decresses iz total tiasue potassium were observed during
ventricular fibrillaticon. Ninety seconds after electricsl defibrillistion
thess levels were obsarved to have returned toward notmel but were still
significantly below normal.

b) Elsvaetions in total tissue and intracellular sodium were
observed during ventricular fibrillation. Ninety seconds after elaztrical
defibrillacion lavels of sodium continusd to rise.

€) Watar content of left ventriculsr muscle remainsd censtant.
Statistical changes weve not observed in weter distibution betwean fluid

compartments.
33
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The decresse iz myocardial imtracellular potassium, and elevation
of intrecellular sediom durisg ventricular f{brillation msy Bave bees due to
failuve of the membrsne regulatory systowms, secondary to lecal tlesue anoxis.

The foilure of sodium to veturn toward control levals fellowiag
electrical defibrillacion 1z felt te be roleted to an uninown affect of the
poverful slectrical depolarising curzrent on the sodium pump amd fto related
energy system.

The obeerved slterations in myocardial electrolytes in the early
post-defibrillatory pericd csused hypopelarization of the mesbrase, which
can result in an incyessed susceptibility of the heart to ve-fibrillscion.
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