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P U m F A C E

Slsce fkz birth of thoracic ©orgory
r*

solatioa of each probless, siore real and
potential probioa® have bees eacGsmterecu

Th& p&rpom of this mmammri&t is twofoid.
First t to rovioir the problem of cardiac 

mrrnyt&mim following total pmmmmtmgt 

mml to suggest possible etiology, possible 

pn^ih^laxis, asid definitive treat^nt. 

Secondlyf to present a series of PB eon-

rsviotfed from the stao*1point of abnormal
cardiac ftqr^aai in the postoperative
period, this patient review has not been

m
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Arrk^imMrn mmmg tfee lie:

e«pii€citi0«is f©lining total,

isol4aflO# i@ it Ogsu «t
%e ipsor^A*

i
In 1045 f Qs&wm* Wit® $mi w^»*
port@4 a mi i® anasweat

2l^»c a»a
¥al.ie

of §*lf is tl&ir grmif ef aad

ala© »t#d Wm imMmme tm tm M±$$ in mmmn
mmm B$ ftmm of at#* ia oorsaitisg
with MM Arfartsa^t of aa^stliasia lot# is l§Slf
f0»5 ttot to 4§t mjor latratliomeio ©femtioa#.
oai^liae eri^ftliaias were roteit is 11

at^ioaisal mrgmrf in arrferttmi^

porter that A2*4f of 3i
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A IT A f 0 H Y

im the adult # m&mmtrm about 12 oa. ia
length, 8-9 cm. la breadth at the broad-
cut |^rt, sad § av is thicks^i. Its

varies frm about 280 to 340 grans.
ordiii&rlll^ boiog heavier is the mle. 

there are four mis cavities trithia -e*©
taart:# the right asd left atria

the right sad left ventricles*

the heart mil is covered fc*f m serous lay­
er of flat siesothelial cells, called the
®plG&Fdl*mm It is llasd by endocardium
and betmos these tm is the

or
cardium consists of b^ts of fibers silieh 

prm&nt ®m exceedingly intricate inter- 

laca^st. They co^riss, (a) the fibers 

of the ventricles, <b) the fibers of 

the atria, mmi (c) the atrioventricular 

bm;tle of Mis*

Hlcrosoopically, the fibers of the heart
mscl© differ a groat deal fren those of
otfee^* striped nuacles* 

third, msA their trsasverse striae
They are about one-
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m*® not + wmi

wm$& up oi ®m3m $

Jaium! e^l to em:.f -asofe cell oomtates
a ete»r 0ml scions tftlofe is sitmtM

it tfes ofaaiir its coster.

the coils is s ^tod tcfidescy t#

offsets frs£2 other cells # tints accos^lisls-
^ as aaastossosis of fihors.

mo cossecti^c tissue hotoecs mo bundles
of fibers is considerably less ttes is

;s

^Betwes the c&aocardim mi ms ordinaiT
oartliao mm f&mmt toboddod .is a
sssll amount of cossectlve tissue*
peculiar f ibers kmmm mm Furidjtje fibero.
moy are is certain ss^^la md is
birds* md cm be best mm in the sheep*®
heart* rdaere they foot a cosoMerable por­
tion of me moderator band and also appear

mils of the atria and vostricliis* they
al^ occitr in the tom heart associated 

with the temiiiai distributions of tbo
bs^dle of His# The fibers arc very mob
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larger in size than the cardiac cells aaci
ladiffer from then in sweml m&&* 

loagi tad Inal sccticm they arc qiiadri* 

lateral in shape, being about twice as long
the eeatral portion of 

mch fiber contains one or sore aaclei and 

is ms&m tap of gramtl&r protoplsw, with so 

indication of sirlations, ^hile the 

perii^exml portion is clear and has dis-
■The fibers

are iistiaately connected with each- other, 

potass m definite saroolon^ta, maa& do mt 

hrsmeh.*

as they are broad*

tinet tnsssrorso striatiooo*

5

The bemrt »sclo itself possesses the in­
herent property of contract iam apart from 

any type of nervous sttoilation. 

embrytmic the rmscle the better it is able 

to initiate and also propagate the cm- 

tmetion save*

The

How t*e wish to ^entioa something of the 

structures necosmry for initiating and 

propagating the issp-ulses throi^i the heart* 

At the iuustiea of the right atrioa wi^ 

the superior vena cara there is located the 

sinoatrial no<ie# This is frequently «Xled



§

of tlm In tliis
node filers of tke vugits ami. o^mtli#tic

or ©loirnorrft©

oello mro so?S££i^rmto.
cardiac mml% coils*
S^ptom between tbe two atria is located
itie atrlovo&irioiii&r aodc* *

also coi^oscd of modified mmoftm cellst re*
'presents- tbo proximal cad. of a bundle of
those special fibers called the atria- 

ventricular bundle of Ms*
it divides into right mm% left braacliss
felsicls finally reach the surface of the
tricular cavities ®M brmk. into a m#sbmirlc
of the fibers- called the PmrldLitjo system.

mo Cardiac Impulsa m& Certsita Controls of

Startiag with sinoatrial aodet or ^imcom^er®f
the excitation wav© opi^ada in all directloas
though the atria ascl rashes the atriwea-
irtoaisr aodc. Fro^ ttiero, the wave towels

to the v^rtricular muscle.

¥s 2mow that the heart is able to heat
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aft«r its separatism
from the central aorvous system, bat ia 

the marsml aaiaal the automatic actios is 

uader the coBtiauous iaf lueace at nervous 

ii^Kilses* this ae^ous mslianism c<^s- 
prisess

X) ©iwps of wmrvm calls ia the 

medulla called the cardiac centers,
2) various afferent pattaays along 

which ionises are conveyed to ttaae cen­
ters fro® smaroits regions of ttie body, and

3) the vagus and accelerator or 

augment or nerves which transmit impulses 

from the eenters to the heart* 

nerves are cardie-inhibitory* Baring
normal life the vagus nerves exert a con­
tinuous restraint upon the action of the 

heart. The accelerator fibers belong to 

the ibomcico-Xussbar division of the 

auioaoeiic, or involiaitary, nervous system.
It toe been shown that to remove all
accelerator influence fr<m the heart, it is 

necessary to rmm\m the stellate ganglia 

and to interrupt the connect ions as far down 

as the fourth or fifth thoracic ganglion.
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We will mt mtm? imtm a Xengt^r dlmcmBlQ®
#f all ttse emr^Iiac reflesea to exist*
It ! t?e «&tio&edf liowevor, titat t^ese

are 4istiftetl^ tfefiaito* <rl«er Of^ilaarr

eoacfitioit©, tfee aet initios of tbe caf^io* 

ii^lbitofT aix! em^io-^celorator oertera
t^ich result in ttse oofltis^e*^ iSisetergo of

M*'W«5

mrwm are ia tiim depondert to a very

reeeptior of imgmtmm afferent pitfeo*
In ottier wof^st tlie mioteaasce ©f tlie tmie
of t&g e<mten0if aatl so of the aorml rest*
ing rate of tke heart, an^ the alterations

either reflex to nature or due to impulses
received frm. mrmWml mmimm*
p&lmm whieii stroma into the nervous ©ca­
ters Brim in all parts of the te%t the 

heart itself imolMdmX,

or deprossod, and coi^rospondii^ ^tenges

cardiac reflex, is sluing of the
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Carbon dioxide and lactic acid, formed 

during the activity of muscle and other 

tissues, dilate the peripheral vessels, 

and the higher carbon dioxide tension in 

the venous blood return to the heart 

enhances the extensibility of the cardiac 

muscle fiber during diastole. Consequently, 
a favorable effect upon the filling of the 

heart is noted and the cardiac output is 

therefore increased.

It has been found that the Junctional 
tissues are particularly sensitive to high 

tensions of carbon dioxide. Auricula* 

ventricular conduction is markedly depress­
ed when the carbon dioxide excess is such 

as to cause a fall in pH of the fluids 

bathing the cardiac muscle fibers. Heart 
block will occur when the pH reaches a 

level of around 7.0. Best and Taylor 

have pointed out that continued exposure 

of the heart to a high C02 tension causes 

weakening of the beat and the development 
of irregular rhythms.

6

The output of the heart is reduced slightly 

by high tensions of oxygen, and is increased
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slightly by low oxygen tension. The 

heart rate is increased in the early stages 

of oxygen lack. In the later stages of 

anoxesda, arrhythmias develop and heart 

failure supervenes, the heart muscle 

itself is unable to contract any considerable 

oxygon debt.

B I $ f 0 R T

the fact that arrhythmias do occur following 

thoracic surgery, and more notably following 

total pneumonectomy, is not new. However, 
no great amount of literature has been pro­
duced on the subject. In 1S43 Bailey and 

TBetts reported on To patients who had re­
ceived total pneumonectomy. Of this number 

eight developed either auricular fibrillation 

or auricular flatter. Hone of these 

patients had evidence of heart disease.
Fried lander and bovineS back in 1934 re­
ported that auricular fibrillation and 

auricular flutter can occur without evidence 

of organic heart disease. In 1936, Grgain, 
Wolff, and White'* farther reported on the 

occurrence of uncomplicated auricular 

fibrillation and auricular flutter. They
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commented on its frequent occurrence and 

good prognosis in patients without evidence 

of cardiac disease. Bailey and Betts7 

went on to speculate as to the etiology of 

the arrhythmias following pneumonectomy.
In two of their eight cases a moderate rise 

in fever was noted at the time the arrhyth­
mia began. Only one patient remained 

afebrile at the time of the arrhythmia. The 

hypothesis suggested was that the precipitat­
ing factor was vagal irritation from a stitch 

abscess or infection of the bronchial stump 

in the presence of hyperexcitability of the 

auricular muscle resulting from marked dis­
placement of the mediastinum.

Among the twelve cases reported by Currens,
1White, and Churchill , were eight cases 

of auricular fibrillation and four of 

auricular flutter. They stated that age 

seems to be a predisposing factor, since 

they had noted that arrhythmias seldom 

occurred following thoracic surgery in 

patients below the age of forty years.

10In 1944 Smith and Wilson reported on 

some important investigative work on the
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relationship of anox#sia of the auricles 

wad vagal stimulation Oiocfcolyi effect) 

in the- heaiirs of dogs* ^In the normlly 

beating heart it %ms founKJ that 5
1) aaoxoisim apparently renders the heart 

mr® sensitive to the action of 

aeeboiyij
2) auricular fibrillation frequently 

occurs spontaneously, or is easily 

induced by minute, mechanical, auricular 

stimuli after small doses of mecholyl 
during anoxemia;

3) raoxygenation of the blood results in 

the. restoration of normal cardiac 

me-clianim.
In another series of exporineats, the factor 

of auricular distension was eliminated, by 

perfusing the coronary vessels of the heart 

while the heart was boating empty| the ad» 

ministration of mecholyi also produced 

auricular fibrillatioti in hearts with acute, 

experimental fmitral stenosis* *.

Searching also for specific etiology, 

Xassie and Valle" stated that apart from 

the factor of age, the reason for the high 

incidence of arrhythmias following pneumonee-
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in ttia pi’ndnsf ion mf tta m^Smm

*

mUM
Jj^rtaist fscinr in etialngy nf tnas-©

SI

SUI^O^ ,

ii#inrft.*- Wmmmr,
mw nmr®-t

It ie

t© M tli© of certain &noo«-
ttof io a^wto* Carinr,.

r^sportsd otatSotioni dotm on tlie-
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focal ventricular prmmtwr® contractions wore 

fh® mmt frequent and d&agermts 

The cos4Jarmtive grouf? receive, pmnthotbml 

(Abbott} nitrous oxide and, ether. Oaly of 

these cases had gone typo of ajrtyitai&* la 

this group ■the acrioxiar ainfsyffeidLas wre

noro conrxm*

the qumtim of iraaa&a as an etiologic factor 

is always iotriguiag, tzy'lor 

IDSa that* ntransient cardiac arrhythmias 

induced hy aoiwpeae trating, timuia to the chest 
lias been reported only rarely* - as extensive 

review of the iitcrafure revealed, ooiy if 

c&Se# X'oliostfod by apparently co^piote re­
covery. It is <4Uit© pmtmul® that the 

reported cases represent only a fraction of 

the true iacMeac# ami that increasing 

amreness of the possibility coupled with 

2^>re cs^soo use of the elecir^srdiogrsptt 

will detect cases more frequently® Be thialcs 

that the tmasieat arrhythsiias are probably 

due to woatosiou of the right auricle la 

the region of the conduct ion system being 

occasioned by coaapressisii of the heart against 

the liver at the right pericarp!ioparesic aggie

IS stated is

* *
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cmrcAt mwm

In to outain mtm iaformtioa
etiology, pr®p%ij%®zlBt ami treat- 

seal of carmac arr^fthsdaa folloniiig total 

I m mrw^j in tfee
fora of a re. mea
costaet*Kl iii this storey included rsco.^niaed 

mn in tk® fi#M of thoracic mrgmrft asea- 

thcisioiogr amt ear< ielogy, A fairXj wide 

geographical area was sr^plcd as evidenced 

tif ths fact that answers were receive! frcm 

Bostoa, Ttem TorI<t Wa^ingtoa, 1*C 

t%ilaaal^ia0 etroit, St. Looie, Ana ArtK>rf 

1%'Iieoa, 'fiscoiiSin, Portlaml, Oregon, 
Seattle, Saa and I^wi As^iloe.

* *

the mammm received, reiardiivr the etiology 

of mvQ&tkmim were so varied that so
one cans* received a tas^rity vote. Eew- 

ever tlic etiological possibilities FtontioBod 

iaclsded the folletdag factors listed 

accoMisc t^> the frecistsrey of rseotlas is the 

replies resolved.
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1) va^al.
2) Cardiac aaoxia.
3} Hedicatioo# iaoladisg 

a&eattiesia.
Typa aad aiaDuat,

4} traima.
5} latrathoracic toasioa an.it 

mediastinal shift*
6} Itxtra carrfio^respirmtarr 

factors such as thyroid, 
adrenal, psychic, etc*

T) Increased cartxm dioxide 
levels.

S) Fuls^mry hyperteasioii.
9} Pre-cKistiag heart disease.
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MMBtirfard Sm rawierinz an opinion stated 

tfeat am not at all sold on the idea of
©o-^called *vaco-vasal refle:coa«# I aoaht 
very much that pnlmnary, hilar or cardiac 

manipulation wilt over procluca cardiac 

arrest or arrhythmia when the trocar:!, iuis 

of that organ is properly oxygenated and 

^hen the carbon dioxide levels are being 

maintained at a noma! level.* Bailey 

felt strongly that postoperative? arrhyth­
mias following pnGuaonocto^ are due to 

fniljaofiary hypei'tension associated with 

ligation of one of the main arteries.

18
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It is ©pisios ttiat th© msi i^ortaat
factors in ttm etioioi^ of ari^tfe*
sdas is postpaetasionecton^ patieats arc* 

car lia© asoxia, am! increased carbon 

dioxide levcis. One of tbeoe conditions 

pins nechaaicai stimilatlon of the 

canliim either di^ctlj or tliron^i nerve 

reflexes provides a formal Invitation to 

cardiac arrhyttaias.

wwmmMM

Hie question of prof^iylaxis ms also sur­
veyed, and as consistency wmM dementi, 
the an^fers to the problem consisted chiefly
of mmmrmm to co^at the respective factors
suspected under etiology.

14 feels that the use of bloat! 
transfusions during paeussomsetoi^ contributes 

to the problem of arrbyth^&as by adding to
the increase in palaemiT blood pressure
uliicb result# £rm psiey^onecto!^. So others 

in the wrvey discussed, this situation.
i

Were were very decided differoaces of opinion
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Hmrlg all of Vm mm qucBttomd
dofioifely mgs&Mt the use

lo casc;s %ritfeoat evident

tessrt dlooooa, Tfee proptiylaaiic aoe of
ooifote prmp®r&ilv$l& mm

-«

dooa m. mil jpmtiottfs scte^dLM for 

slootiiro psjef^aomecto^, 
tesslmde cmrefal evalyatioa of tko omf^io- 

mscmlar ma5 Hie palmoomry fmotloi

cmmMmvvC. at least to tte exteat ttet no
evidooco of tbyroid or ^Iremml aolfometiim

We also e-aaiae for tae pmmm®
of smbellnlcal uremia# gross dteirratioa of

bo ooolls» to em*. amt It Is lia»rtaaif to

JL

osrmtlvo fr» tbs staart of aaestaeola <wMard#
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skouM tm mvmilalile mm wstm w&m nmmmmtf*
uao ©f ©jcyges ia tfce jto0d,iat© pmt~

It 1# usually diseuutimed £m a^mit t»aty^
fuur li©ui^f but my b© tf

kf

opera tire sM©f uslc#s a imfar-ooul d:ruto»
ago tubo hm Mm u#od«
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JkMJL^l&i* m.i; Xw m

c&sm or mmmmmm

Tfeese aa©#s will arra^#4 in a 

timti&g in s#qh.0is€#s

« fmti^it^s laifiala

2) Ag&
3) Sm

4)

L#fi rlglit sMM 

MmmWmii® msmmi m&d 

Total time
WemmtM -

S)

t)

f)

8)

mat of tfea omm wm*® hy ttio
ataff at aefer Haapii&lt

strait, M^igsus*. As will %# aatsd asst

p®%mm®Fw tt&mmmlnmiB witli cavitatlos, ft 

Is i#^ll Immm tkmt pmlmmmy mmmtimm mm 

tmqmmtlj ihm mmt 4Miimlt is this mn- 

ditimm.

la thm £&lXm$ing almrt#, ths al^rifriatisa 

feIVi,f*B* <€ar)^ mmm *£mr pal^

tal^rsalssia nitB s^ritatiaa^1 * 

ataacia far wi:‘’eatatlsal--CM2^rs« 

fswsisa*. is ^3 far^i^rl athar*.
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