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cardium hc.s only tv,o coronary arteries, - and ( 2) tho.t- -, 

the hear·t has been deprived of continuity_ vlith the r,est -

of the body - cal"/._ be interpreted as ~wo i.'11p~rtant de-
- - -

- -

_ f'ects in the structure of the human machine. So the -

most import..:nt muscular structure of man I s body is per- .. · 

· /'1!rsely -the most def _:;nceless nnd most devoid oi' the chance, 

to develop collatcr~l circul~tion in obstruction of the 

normG-1 blood supply. 
e 

Osl,2r observed that_ coronary scl¢rosis is not a 

-condition which af':fects the vrnrkint; classes to any -gr-eat' 

extent, and described· it as a· disease of the intelligent.­

siu. - Jm1ong the frJUous -p11ysicians who have been afflicted· 

by it are Doctors John Hunter,. Charcot, Noth.11<:'!2:el,·_ and 
. . . . . . 

Pepper. -At the Mayo Clinic>- a stutistical survey. wcis · 
made of dia~11oses in over -three hundred cons_ecutive ; --, 

- - -

patients in e2.ch-occupntion, to determine the relative-
. . . . . ' . . . ' . . . . 

incidence of' coronary scl8rosis among f&rme3:s, -lubore~s, -
. . . . . .. . .. ' . . . 

·c lc::·6ymen, la\·,yers,. bankers, uid physicians. · The 

- criteria for •qi;;,gnosis \Iere the sarn.e in o.11 cases, so- the:· 
. . . . . . ' . 

die.gnostic :eror Sh(?Uld be the seine in the V&rious groups~---

The :findings of' hcdr survey are herewith tabulated. 

Occupc .. tion 

FE.lrmers 
Laborers 

-_ Clergymen 
Lavtycrs 
B~rikers _ -__ _ 

·Physicians· 

No. of' !t'3cords Incidence of' 
Studied Coronary Scler- Per Cent 

osis Cases · 

308 
306-
306 
304 
300· 
307 

8· 
8 

•.14 
14 .-
16 
33 

-2~5 
2;6 
4~6 _ 
4:6 
5;3· 

- 10.7_ 
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It-hus log been recocnized that stress, strc.in, intensity' 

of v1ork~ mid mental worries c:i.re important contributory 

flctors in occurrence .of coronary sclerosis. Surgeons 

have parht~psfhe grectest responsibility of c:,11 the • 

physicians, .;;.nd the str'-;in v-1hich is · more. or less routine · 

to them is probably comparable to the str&.in on a . be.nker · 

when there -is a run on his bank. 

Trec:...tm~nt of' this condition _in the past has been 

generully unsatisf;..ctory. Of course the id~al solution . 

to the problem is the prevention of• atherosclerosis, 

but 1;,.t pr~sent, pro.ctic.:~lly no · progress hus been mc:.de in 

this direction. The usual medic.:11 manacement is dir­

ected c.t relief of' the . E.ssocinted discotrifort which is 

usuc:.lly in the form of t,ngina pectoris. ·· This consists 

principally of gener.:.l hygiene and the use of vaso­

dilutors in utt&cks of @-igina. It is .also directed &t 

prevention of progression of corono.ry sclerosis which , 

would lei;.;d to occlusive · incidents. Incre2.sed rest and 

a gene:r1.,l slowing dovm · of the tempo of the patien~s 
. c-~' tt.e, . 

existene uccomplishes much in this direction, but is . 
e . . . 

fkqueritl.Y not compatible with the p~tien-eseconomic , 

st~tus nor with his personal wishes. . Indeed these 
. . 

. ume. · . ·. · · · _.· · . ·. · .. . •· . ·· 
measures i;;.SIJle consideriible therapeutic proi)ortion by · 

. ' . . . 

protecting the inclividual from occlusive i1icidents -·. 

while intercoronary chEnnels of- significant size m-id- - .. 

l"\n.rnber develop in the rm.inner to be sub::rnc.iuently ccni.sidered~ 
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. . . ., . . . 

Surgicc.l rneesures which have be<3n- ·llsed• vii th-vc:r~in,g; > 

degrees of success :t'c:.11 into three main clz.sses: , '. The -
. . . 

:t'irst of these is surgiccl interruotion of the- nervous 
·.·. ~.'. ' . .: :· .. -. . , . . 

. . : . - ' ' . 

· patiwrcys a_long which pain producing impulses f'roin : the ·-._ . 
• •• I_ •• ·,, •. •• • • . "• , . • ., ." 

. heort . &.re co_nduct"ed to the c·entral nervous system, 

This is accomplished by nlcohol : injection of'->the \.ipper. 
'. .•,, • ·.. •• . . :, ... •· <:, • •• • -·• •.•· . I 

. :· . ,• · .. • ' 

. :t'our or five thorc:.cic sympatl1etic g;;;mg1ic-, >tv;o cc-. --of : 
. . . . . . ·, .· . . 

· i.lcohol to efich, . by resection of these g2.ngli2.y wh-ich-. is 

ito .formidable ct proced~r~ for- the average-patierrt-with . .. 

• thi_s disorder\ or by · r~section of the :s~el~at~: g tl11gJJ2_, ·( 

orbysectioh of the upper thor~cic posterior >~Pinal_ 

roots. These procedures ' 2.re pur-e_ly" 

second is totc.l.i thyroidect()my, __ the ratioritle of' 

le~vcs- somethin,g to be desir~d. The r~.tion2ie- i~-es~ent:-

ially ___ d.2crec.sing the -r~te of . met;:,bolisrn wli°i~11':rrick½s_ :O' : . ) 

demc.mds on the he~rt which c.re -too. great.'to~be:. permi-tted ; 
. .. ' . . ~-.' . . . . . . · . . • . . . . .. . . . . 

" by- the limited coronary, ,blood- supply • . · ~ The ·. pt..t:i.efrt 'must , . 
' . . ' . . . ' . . . . . "· ;,·.,: ., ·; .... _. 

have sonie ' thy'roid.hormone /, .but; .this ;·c::0.11". iJe -tic1mi11i~tef}a'. 
w :':' -~. • ••• • ., ' - -

oraly, .. a . level being e~tablishe,d -Which i.~ just-be:Lc,P<,08; <' 
. . . ·. . , . - ~ . .. ,' ~ . ,.. __ .:: .: 

that at vihi~h 

of ·~lowing h,a pC.tient dowri~ ; The t11ird o:r\ hicse '.C,consists ,· 
; >~ ,; ·' ; ;· 

· of the s_ur:t fcUl . uttempt to promote ,, .:,nsst6m6~:is ' betwe'eriiL<):. : 
. " •. , .. "' :' . . '· 

.br.-nngh es .-·.of-. th~ . two tcoronar'yi urterie's (·ana..\the•., p~o:dlictton• .: 
.• of ' .. new:·p2.~hw~ys :to·· bring ... blo8°~··.t'o .. thtriiy.06a;di~i•.:/:T~e.· }\·<:· 

. . . - . _-:~: '-. - : 

last app_~e.rs to be , the most ':rer~+j~,·:fi~l.d iii v'ih:t6h .\;< .. ·•·'. 
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some promise of- being ultimo.tely developed to D: degree , 

v1hich will c~llow a pE,tient with c..n otherwise crippling 

sclerotic lesion to lead a nec.rly ·normal 8Xistence • 

. . 
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,.\natomic, . P11ysiolo[Cic,. c.nd P&thologic.Gonsiderations 

. . . The heart muscle is supplied vri-th.blood. from .th2~:two 
. . - ~- - ·~ 

. . · ··• 

coronhry arteries, rieht c.J1d · left, . which aris-e 'dire,ct,ly · 

from the c:.orta . close to its origin •. The right · coronary, : 

~rtery, i:.ppec.rs betv1een the roots of-the pulrnonary>artery . 

and uortE~ , 2.nd curving to the right in the auriculo ... . 

ventricular groove runs tovmrd the ape::: in tile inferior . 

· (posterior) - int8rventricular sulcus. , -The part of· the­

vessel in the t(uriculo-ventriculcr gr(?O>Je · is• somctimes- ,•· 
. . .. 

referred- to E:s the right circu..rnflex artery. tr1d: thit; por-
, .. ;_ 

' tion in thG intGrventricula.r- sulcus as the posterior . 
. . ' . . . .· 

descending branch • . The right coronary. artery ,~ends 

brc:.nches to . tho right ;:,uric le,· to tvw -third·s of the 

anterior surfc:.ce~-of the :right. ventricle; pnd to the 
' ' 

·· inferior or diuph2.grr12.tic &spects . of both• ventriCles; • a- . 

s p ecfal branch go es in\ the _111ajori ty of . cases- £0.,t1fo; sino- , 
' ' ' 

auriculc:.r node, .·. another ,to the auricu~6'7"v,entricuiar- node/ ··• ., 

;c;nd0.: bundl·e ~ :: 111.h. ·e· ··lP-. f·t· ·.·· ·c· _or· __ o· n::-,r· y··· · ,;.__•rt· er· y····•• ;.,.o.1-~r • r, ' ·s· h·o· ~t . · · < 
- - - r;,, . ' ' ',o.J,; I., ~ • ,;;:. ' . ' • '. • < :.·' '.":' 

forwal"·d co{'.rse, divides into . u. circumflex a~d nn. dritdrior 

desccnding'. branch. Thci ' circumflex 1n~t;1Ch is cW,stributed · 
. . '. 

to the left c.uricle and to : the left :nforgin 61d inferior ,, 
. '': _ .·:-· . -· -.: . . . :: , . , · . ·: ·: ._ ... -- .'-

aspect of .the\ -left ventricle •. :.- The anterior i4_esc0ric:lfng < 
branch runs toward, the ape;:: in the sup,erior, (i.mi:,~r-io1~)_ 
int,erventricul0r, sulcus, .?.:.nd .su.Dolies the . .s.nte1~:i.Or waii~} 

' ' _· :.: --- . ·-. -. :--, •,,- . '. .. :-' ·: '' ;' ' -_.:-.:-- : 

Of ·· the ·left·.·.ventricle:· end: thc• :f~:rt'/third :of' the aht~ri6f', 
. . ... . --~--,-. ' . . , ' . 
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plie.d by bro.nch.es from both right ,~hd. left ·coronsri·es· •. 

The s.no-c.uricular node is supplied in, :;:.. c ert;:.dn pr.opor-

t'ion of cc.ses- by the left coronary instead of ,the right. 

As a:. rule, the auriculo-v entriculcr node and bundle O < • , 
.. · . ., . . .. . -. . . 

:eceive twigs from both crteries. Besides the mai7:1 branches . 

which 1u::.~ve been described, there are o. number, of inter­

esting and irnpo1~t&nt brc.nches: which apparently occupy. 

both £-natomically and functionally a category of,their-
• • T ' '• • 0 • .• • >• ' • • •,,,:, ' ' '• 

ovm, b:;ccuse considered from both •these viewpoints they· 

.seem to occupy a place h&.li'vmy betvreen thc:t of- the vcsa 

v:.soum und the cardiac coron~ry branches J?:r•o~er~ These· 

are the &rtcri[,l tclae adiposcie or _fat branches. . They · 

seen in gre~itest number in fat found under the eni-· ;. 
• '·. • • ••• • '. • • ,· ..... • • • -~ > 

cardium, namely in the grooves: betvrnen :the che:..rnbdl"s \';here 

they occur as un irregular feltv10rk) . c.1..11d over the sites 

of the m:.in coronary branches where they exist· as d~li~ 

cate p9rr:..llel ·accompanying vessels_ whose distance :from ~ 

the mE.in br211ches varies. directly with the, r:mount o:f fqt; · · 
. . 

· present. 'rhe rich inter-anastoniosing network of delicate . ',' . . . . •. . ; . . , , . -. 

vessels, superimposed up~n the roots of. the pulmorin~y 
, . . . 

artery end 2ortLl, falls,und2r this category. These 

~ssels :::rise larsely from the first portions 
.. , . 

right2i11d le:E · circumflex >urteries . as well as . from 

brcnches. soon:after their origin~· 

· A detailed ,.description of' the veins 

no.t pertincrit to this discussion except as 
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. . 

· lef't auriclq,. ther· are· pructtcally no· veins 

caliber arami'ng; the :auricles •..• This: :l,~c~ --i~ l;i·ge~: 

!llade up :for . by'~ the: e~:~s:teric e ·~:F t~nyi vep.9us- c:hrinp:e~s. 
. - " . ,.· . ·. ~ ·: . . . . _. . -. . . . . 

knovm ·a~ the Thebesiari v:eins. accordi~-to.their di~-::-; 
ov·erer·, <Thebesius, .. \;ho· described ;them: tn 1708: •. · Th.e~e-,\ ·· .. 

. - . . ·• . . :. ... . •' .: - ' ~ ; •7 . . . •· , • • . J :. • •• ' • ,_ ~ 

are d:i.rect· c_onri_ect~ons. 1)et,v1eeri the ve~ns-- imd the<~hbn1 

or the hea!'t, being··seen- in- grea:test:numbe~s·-i11 the 
. . . - .; . .·.- " . . . '": ... _ ., . . . ,·, 

· .auricular .'septum.··•.· In· -the lef',t: auricle· tl:l<;y:·ure- :r:i<:>~ 

numE3rous, · bttt .genercdzy la~ger.- In the veni,ricl~s ... 
,. .. .• . . . 

•. 'amina-Thebesii:: are inost f'reg_uent at. the-- 0bases 

· papillary-: muse les, th_e region-~ of the- oonus .. on 

sid~ and the_·apical musculatur~/ 

L~ttle w~s ~1o~rri· about the0'.u1timati 

blood \o the myocardium m'itil 1~28 \V!len· \;/~ai-~.111a4~·::·s_orp_e)•:: 

interesti~s perfusion· stuclie_s ~·.: -~Tn:, pcrfus1;n of'• the. : 4eitc'l> 
human heart with .a- susp~nsi<;m· of. B~rlin b-llle;·. hl3:·/c,un~7: 

, . . . . . . . .. , - - . · .. :, . .. ;: 

• ...• that 60,·De·r cent' of'--.the,:.perfusate•.· \~as:returned-·:t'rori{-the\· .. 
• ·.. ..: • : .. • ·-.- -~ . • ' •• - .••.• -. • ; '. . .• · . · .•• - •· : :-//._; . ' •. : :. !" .... ' , ___ , : ____ • ,. ·, • ·. 

· .• chamb_.eri ·o-.r the he_art, :dire'ct'.l.y ~ • onfy. :40'. per. 

. out:through. the coronary sinus. 
. . ·. ~- ··- · . 

. ··- · -- he&rts,. ~e_ :fou~cl on:Ly; patchy ~f~4~.: i~ W!i_:icJ:V~thEr·-:(?_ap;:: _:,: 
.- ilari e,s.: tV~re: '-inj e~ted. . It> wris -then f'ciund that:: human· 
· h ~art~· .. olh~i~:~ ut-~ut~PSy ·.withfii t!l~,,~\of. t6ii/l)o~s, of;;;(\ '\}i 

!!lj:~?:::::1~:~1~}:Be:rEeiI:1t!1!:!i~li~l\\j(!~0
y 

f~~~n* 

. ... . '-\ .. ·'- . .. -;.' ~ . :,, _ .. /. -: ~- ,· .-; ; ·, · .. : .:, ,~·::_~·:: . . - ',·· -~ ,_ .. _, . 
. /:. :'_~- _-_;_~·-:!\;._\':~·:,:_..:.< ;·' i\~-: .. - .•_;.. .. :'.-. ~-i-\ '\"•\~}- ·;; ·:-.;·.,:._.'"-~•-.:·~_- .;;: ·,-. ~c/;~;-~•'.: :,_ :-_>:·· ,-;,·.:.,: '. , ..... 

-~~· -- i'.~<"/\~-·:---.· .... ;":,·--·= _·;,:_~·\_\_.":,~:\:·~ .,_~----._,,.!: - ·:.::·.,~--:,:~·-'.~~::~~·',, /. -- .·, t'.,._ ;:·:._::: .. !'~ 

. . . . .. -- --- ...... _ .. - - . ' ·: -~::~ .;·-_;- ~.:. 
'·::· - ~{.-:· .·:~.· :;.:<'.,:·,::; >;:·,:-,.::..< -.··, -;~ .'.:::·· ,:, . 

; .· ... - ·.· ,•.·.•.· ... ~~ .-::-/·:·.~:.~//::::·,., ':\:;:~)-~_-;.:·;<,'~:-/_, ·:-~_·-:-.·.·· ... :~ _/.·.·".- :~.- :.,··.,:.:·-.. -·.·.·. •·.·.·. ---J~'. .. ~::; .. ·:_ ,,_,,,.--·~.-.-.. , ,.,,, __ '-· - - . 
. ·······~--,_ .. 
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... ',. .. ·. 

glo,cicil acetic :'·ucid. into the perfusate, _sec"t,ioneci;•In~~s-.. ··• •· 

ured; ~·ixed in f?rmt~~in, and me;.;i~~:rad a.g~i!l to. enab:Le;. co:r-- ..... · 

rection for shrinkfage to b_e accomplished.:· !viicro~copi9M, ~'~::" ··•·••.· 

. sectio11;s were. made, ::uncf compar;;.~ive:· counts of muscle~-fibers .· 
,, .· .· . '.·. , . 

and capillaries vier§?· done. · It was f'oUil.cl· the.t·"there is · 

regularly, one c~pillary· ve~sel for . each ventricular 

fiber, and _one f'or every tvfo auricular and .Purkinj e. f'ibers ~ • 
•• • .. ' •• . .. ·, .• ,·._.;- 11\ . ,·' 

. . . 

· This r~tio wa.s riot: found. -to be a-ltered in diseased· hec.rts. 

During normal ,gro·~lth, · it we.s. found- :that: muscle~ f:lb.ers'..; \. 
. ' . ' ' . . . . ' .- . ~ . . ... -· · ... 

enlarse. arid capillar~es. multiply,· thus p1 .. oviding·.: ~:. rel-~•~.·-···· 

-atively constant· qlood SUJ?i)lyj: but ·_in' ca~diac hypert:,rc>phy, ..... 
. ': . . . . . . . . . .. . ..... -. 

the fibers· _enlarge, but the· capillaries increcse· ne:i.ther 
in· siz_e nor number, ·so ~here is a-mechariica.J. ·!m;e:d:iment~/ . 

to· the exch~nge. of. inetcibolic. sub~tarices ~- · This lediVlearn 

('1939) to: su~gest th~t-· cardia_c· hypertrophy may:J?t as · :'-

. much a .hr.ndi•cap a·s: u t!'ue :compensatory. mecb.b.ni~~"'. · 
The. extr&cc..~diuc .·anastomoses '.of the ·co;oriary. . . . . . . , . . . ' . . . . ~ . . . . . ·- ' .' . ,_.. . . . 

.were: described by Hudson et .. a'1. (1932)::a-s: quite .exterisi1Je 
.. · ,, ... - . 

. and,-quite.'.conztant.' Iaj ectfori studies~vrith an' India~· irik 
. , .... •·' . . . . . . 

suspensi_on were done ·in 31 rio;rrilal hearts- and surrounding 
• , • • •• ' • ·, ' • , , • ' • • • • • • • ~- ,_. < • • • • • • 

tissues •. ·•,Some of . .these were. made: directly-into :the, cor.:.. 
. . ~ .. · . . 

. .. . .· 

onury c.rter.ies· ~nd others .. into: the thoracic: aorta .✓vhi611i:~ .. 

... was tied, off.just: qistr~l·-t;o,',.the-:cor;np~r.Y.:•Os~{~-~-•f:P.l~t?'~}-·:<• · 

- E,11.d 2 are . reproduc.tiems 6f. their. f:i.ndi~.g~ in. a_ lyp:i.bai. 
. .. . . . ' ., . . . . .. ,· ... ,, ,·· ' . . -··-;·. ' 

s~udy: and show most of_· t1-ie,ioh,ita~tlf encollnte:rFJd, 

matic ·che.nnels·which include: .. ·.· 
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1. Coron2ir:, f c.:. t bronches emerJiUS- ~ro,).nd- the -root of•~· -­

the i;:,,Ort::;. s.nd i:.nastomos:Lng vri th- the aortic• v.::.sc.-v~soru."Il 

.:-.nd the vessels of the periadventitial connective 

tissue from the ,:_,_ortic riT.G to the dinphrc.gm. 

2. Vessels a11ercins c,t the be,;.se of- the pulmonary (1rtery 

s.nd closely adherent to it even well vrithin the sub­

st.::nco of the lung. 

3. I:Ie,ny mc,ll arteries leaving the• he!:.'.rt. around th-e- · ·• 

root of the pulrnon2.ry veins in the peric::rdial reflec­

tion. These qnastomose v1ith perico.rc.ic.l, •bronchial,•·; · 

8.nd mediasti11al ,_;_rteries, _ nnd g;:;.ve e::tensive medinstin~ 

a il~ction. 

4. L8.rger z.nd more numerous injected. vessels- lcc.ving.-. 

_thehec..rt :::round the ostio. of tile superior e;.nd inferior 

venri:e cr.vae t1wn around t:rn lnrge arteries,. being- - • • 

___ :applied to the adventi tia of tho veins •. Their course 

und rn.L-nb er is not cons t211t • The rif::"ht c..uricule;r : ... 
' - -· , 

branches of the richt. coronn!'Jr c.rtery which o.rborize 

around the ostia of the venc: ~ Cc;.Vae .:lfter supplying .. 

the c.uricle o.re not.:.::.ble, espccic..lly-around the super-

ior vcmo-ce.vti.. 

5. A few sm.::11 brc::w.1ches lct,vin_s. throuch the intervcs­

cular reflections of' the p8ricardium. These a.rein-

constcnt, Lmd no 12,rge vessels were observed. These-

(most of them) are continuous v,ith. the t:.rtsri;r;e tGl:.e 

adiposue •. 
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There v;as c.'.11 extensive network of vessels inj zctcd over •· 

the entire psrie_tc.l peric~rdium. . The- largest- medi-c...stJ~1al 

arteries inj ccted were the peric.::::.rdiucophrenic br&nch-es · ~ 

of t:1.e int:;rnul marrmo.ry arteries. Smo.11 r..~terior branches 

of the i...ort,, were also found to contribute m:-..,ny- bre;nches 

to the pozt~rior and lc.ter[..l surfc.ces :of the pnrieta-1-; 

. l . per1c2.rc1um. The most extensive [,.nastomoses vrnre. found .. 

to be e.round the veins entering the heart. -In the- medd.a­

stinum, the usuEJ.l order of prominence of injected vessels· 

\'is..s found to be: 

l. Peric~:rdi6.cophrenic 2.rt•~ries 

2 •• 4.nterior mediastin::ll vessels 

3. The Pencardia.l vessels 

4. Bronchio.l vessels 

5. Superior and inf'erior phrenic- art·zries 

6. Intsrcostal and <?esophageal brc.nches of the aor-ta-•. •. # 

_(1 

The coronary· circulz.tion undergoes a. series of phari.ges · 
. - , . . 

with a:;e and development 'Nhich ':"re qu.ite conatunt, and: 

which- have been described by r:r. Louis- Gross c.nd o~her~ 
,, 

folJ..mving cc.reful inj ,action 2.nd dissection studies. The. 

the circulation in D.n ~veruge he~rt at birth cmcl shows-" 

thB.t both sides of. it nre a:,;iin·oximr.tcly equc.lly supplied,., 

with blood, so thc.t; if.it were. not for, the chllrocteristic 

right circurn:fle:z: pr:;inch, . it would be· impo~sible to discern -­

the -left from the right.side of the heart. Upon stereo;_ 

II 
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scopic examin~tion, this -s-:.nd the other hearts. at· birth~ ,• · ... 

failed to, show macnscopic septz..l -2.n2.stomosis-.· · The· bro.nches 

show uniformity ;:,:C lumen ~nd 2.re :::ithout, tor:t,uosity.- ex-
" l. 

cept in their extremities. No arteria1 telae cdiposc. 

cc.n be foundat bil:..th or in the- first dec1:!de.- ·There is-a.• 

beginning cl8aring of the right side.during the first:dei-., 

cad,but noseptc.l ano.stomoses cc.n be found. -In the• second 

decz,de, the distribution of- blood. becomGs c.. little more .. 

marked on the left side, c.nd a few-delicate septal'&!}CS-

, tomoses begin to c.ppeur. 1:.~s ·- do c. · few stray fat. vessels .. ---•~ ~­

parc.1121 to the main coroncry branches.· The third decade~ 

of life shows a definite left sided preJonderance.-: Septnl 

&11L~stomoses can be much more -clearly mad.e- out: in the- - • • 

c learedspecimen~. The tortuosi ty of the vessels is quit-e .... -

discernible, ,:md rur.ai telc.e adiposae ccn be readily. observ­

ed. The fourth decade presents-thesech~nges in detinite. 
. . - . 

progress; "the septal a11astomoses:are clear1r<developed-· :. • 

e.nd the left side -of .. the henrt is in· the nscendant.,,-Tor­

tuosity of t11e vessels beconi0s- murk:d, ~nd ~ striking~ : 

netv1ork of elicate C-(rteriae tclae c::,.c'iipos:::.e makeo it ap-~ 

peo.ra!1ce. In the cleared specimen, the lr.tter fills the .. 

whole c:mriculo-ventricul&r -groover -Und e.ppet::.rs .as. a grey- -

ish mass of vasculs:.r ch~nnels. ln _ the- fif~h,: dqct-:.de,. ~he 

prepond~r.s.nce of left f3ide over .. right 1s. str~king, ·as is,: "• 

also. th tortuosi ty of the vessels. P~t this. period o:f•--life ·_··- -· · 
, .. ' . . ... . ' 

the_ minbrnnches are occo.siom:-lly seen projecting boy~nd 
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,'i\•. ···:·. o· . . . . · , . .. . 

the· mass- of hart inuscuintu1"e: into_',\he. f'at.. · 

to a beginning regression -ant'f ~trophf.:o:r heart, 1nus~ie\ · _ --
. ,.' .. . -·. ,·· .. . .. , .... , . . . ' .... ,'·' .. 

,· 
l_eaving ... the. V{3SSels -.~ relatively: .·t90 . -long:~ .. · ~he . septal:. ; .· 

uno.s~~omoses &re· distinct and. abundant,- heirig,a!'renged~ •· 
. . . .. . . - . ·. . ; . . . . . . . , ; . . . . . . . - . ~ . -.. ' ·.: 

:some\Vh~:t -in -the fa~h_ion of a: row: of- har~ str~ngs .-._ : Fc.;f?:; : 

.. vessels are well~ dev~l~ped t.nd numerous-.: , The si:;:•th~ d-e~: -~: 

-·-_ co.de · of: li:f e .-- shmV's ·an.·• ever; incre·asi-n.g'.. lef't _·aided 
. .·,. - s ,.. - •. 

pred9m~nance &na.:_tortuosity.···o:r· the vessels:.:. The: 
. . ., - .. . . -·.,·. 

shows ~--- sys_'tem of.- very 91:t,;;11t 0:nd free a~te~iar.o.ri~sto,~ >,: . 
moses. The· .i.2.r5er. f'igure-: in- Plate: 3 _ shows· ·:these'.. fept.-'·; > ' 
ur-es of.>:the 

tive tmemis. 

seventh-dec~de·· of: life; . :the --incre-~:sing~ re:La.~: 

of -the: rig~t sid~-,: t;1e-.obv:i.ous~ortuosity~:p:r;.:_.: 
.. · .... . . . . ·. . '. . . .. . ~-. '· _. . :·· : . ·:_:.. :. :_ '. :~ . - · .. · .. ' ·. - . --~·' _. •.' 

th~ vessels, and_ 1:,he-. SS?t~-i.1 ~nt\S,tomos.es-. __ -.. !~·: c-lenred~· speci'-: . 
. ·• - . . ' - -· ·. . - . . . . . . ,. . .. . .. ,., ... ~ " - . -

. . . 

men· in: this: Z-/£0 :group . shovis .tl1e vie1i·· develoned fat-v·ess~rc,. 
·.· ·.. . . ·· ... ·. . ·... - .... ::. ·. . -. ; . . .· . - - ·. 

: ., .. ·· .. ·- . 

_:. . ·:· .\ : __ ~.· , ·. ~ ; ~ 
.. -· . : . . '•. 

_I:b.tercofonar-y .anas1:._omo~:s.·have beefr.mentiori~'-· ;,. 

·. casuaJ.ly put thee:x:ist~~c~: 0 0:f':these hcts ·be-~n;•:.the--subjcicft :/ 
.. : . . .'' . ·, . ' ' . .. . - ' . . . .: : ! . :_ .. -.. . . ~ .. - -. ·." ~·. 

of long: and hot cprit_rovel"sics::in- th,e :pa'st ~~ntury~}~_,..;-_. ·-

. Thobesius, izi: l 708 f fo'llowed .b;Y Hali_sr ~' Horgagn:i> 

and S_en,~c,. on- -the ~&di~ of c~!:eful:: dis/4e~:t~o11l,:::.9.~7){6 
the conclusion. th~t; t.nast_cmoses e::ds"t betvle'e·n- b9tri.:. c6ri\ .. ·> 

·. onary ;a!'tc~ies~'-- ·Haller:·· st.ited. that ·these-:vrete: 
' . . . . . . . -~ : .. . .. - . . .. . 

_··and <.wpurredVvith froquencY·at.• thc·root:.of:;_the· 

~rtery, · in the.· pooteri or. longi tudin~l .· puic_~F),. in . the:.-·-.· 
.·• ·~ •• '. • ·: ' ·•· ~- >. • • - ' ~. -

vntri~-lcs, · &t···the· ::.)~x, ·incl through the 
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, In -1799 Parry -and Jenner f'irst interpreted-- :the -· 
' . . . . . ·- . 

,·· . ,-, ... · ... · 

John Hunter's her.rt, C\f'ter Jen.rier .had -diagnosed his con~ 
- . 

. di tion. -corrobor~ted this .view. -
•. . 4 . .· · .. ·· .. · .. ·,, ... _... ., -· 

- In.1810 Coldani• s di;se~tions revived.: the 

-::n~stomoses exist-,, par-ticularly: &t-the,roo't of.-the pul.:.:·.· 

monc.ry. o.r-tery. - Cr~veJ..riicr ag-C.:in, described \;ricle 

moses betvieeri both cor~na:ri a;r-teries _!is Vl€3ll as vrith 
. . ·. ' : - ,_ - ··. .. .- . ·.·•· 

bronchial arteries~ ·_ -. 
- - -

, In 1855 Hyrtl, on the bUsis of injection and cor-:'- · : .... 

r_osio;1. experiments denied the ex,istcnc;;:- of·. anustomoses?: 

betvleeh the cor9nury. arteries and th-is was . co~f-irrned in· 

1866 by 'Henle, -v;ho. st~ted however,·· that'.cc.pillnry -

stomoses do occur. . . . 
; . . ... · .. .. ". ,_. ·. ~ ... ·' 

Krause was·: the firs_t-.to- oppo~.~- the-yievi_3c·?# 

but meanvrhile Beraud he.cl found., i.i.nast'omoses-'exist. 
. . -· .,. . ·- ..... ·.·-. 

--- the-coronary- arteries .. ina..·vcssels_J'rom ac1j;oin.ing0orga.ns.<".••··-• 
• • • •.' • • • _. ,. ••••' ••• : •• L. • ";, :• '••••••• • 

In; J.880 La11ger ~-shov,e:d that a11astomo~es' efiJt b~t\·;.ee!l, 
.. . . -- ' ·- .,, . . . . ·' . •,,_ ,. ·.,: -· ,· ,,,_ ... · . 

the, coronary• ar-1:,~r:ies: ~nd: ,those: o-J: -the j>er~ctird~#'", 

througli ,t11ese-, wit:n tho\.inteI'rial: m~cirj,\a;-teri(3i .,/' 

., 'showed _:furth~r that connection occur 
-__ arteries vi_a the v::lsa..:vaa&rum-o,f the . 

. andvd th t~e dia~hfasm through-b)jd~c ' ... ,,._-_- .. 

. . . rll 188i coh1~e~~ aAdf.)iJ°'nisch11i~i, 
. ·_' ~~peatfid the:ir' : ~f p~rlmefitB-?A :t~~-<siG!ll~i§g· 
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1 . 

• ..t .• 

- ··-···,-.· 

arter~es in curarized dogs.· . Their conclusions· which.-

. profoundly influenced- the ?Pinion :<:>f. future- observeJ:'~~-:: .. · .. · 

und which ur.e still .being held PY some,• were:that clnmp~, 

ing of' ei th~r main coroncry- artery- caused the ven.tric}.e~ 

. to, stop in d:.astole within two minutes •. ·.· Th~~ 'according~, . 

arged th£:t the coronaries Were_ end- a.rteJ:>ies,· anS1 thr.t if' ·· 
. . . . . . . . . . . . 

my c.nastomoses exist, they ·must- consis-t of five cap~- •· • -~-

illaries. - These experiments were- confinned by .suqsequent .. · 

investigations>·· und more injection ·experim_ents.· conf:irm-ed 

~yr_tl 1 s work. :· These helped to -lend. c_onsiderc.bl·e · ~ti:pport 
. . 

~othe o_pposers of the view thc:.t &nastomoses .. exist;. ; .. · ·• 

···.· >It wcs not long, ho\;vever) before. other observ~r-s~· 
. : . . . . . 

. . . -- .. ·· . 

· notbly IJcVlilliam, Bickel,. a_ncl Portsir, tfter. performing . 

nu.inerous careful.- ligution experiments. in dogs,. ctune ,to/.:• . 
i;• 

.· .. ·. ,, 
. , 

. conclusions op~osed- to t~hos_e:. of' Cohnhein-._and von Schc.lthcss~ · 

Rechberg.. : The:Y .. he.ld that many of· th6i ,re5ults 6f the: ·•pre_::-· 
vious · investigators: vrn:re du.e to-. the- truuin& of': t11e on·erat.:. . . .. ,. ... . . . .. ..: -. .. . . - .. 

ion,. :and tying Otf brcnches; :· and even- ~- inain co~onn_ryi·· • ··. 

artery. does·n·ot necesscrily le£;d to: iriatiintcileous deuth; < . · 
In 1892 Kolster g~ve [:.Tl- q<?·cur_ate- dc~~ription of·t1i~ pi;'o ... ·. 

cesses,. of -in:f~nt formatio_n ~nd ~ealing .. :by"scarrin_g-~: 

I-;Ioreover, - this opposition g;;.ined :turther _-s~re~t~ by 

· collection. of'. numerotis-· clinical•.·cases. anci.:.·.pci.thol~gicnl''.: 
. . ... '. - . . . . . ··.·:. .... . ,,·•.· ' .. 

. . . . .. • 

material by Dock, Osle~, Iierrick, _ ~11d others i,;. ::Th~:se~,. . . . 
. · showed -th2t obliter~tion ·of. ~oro~ury: brci.nch'es, '·and~ iri < 

, . .. . '. . . ,. .... . ' .... 

ome cases: of a main coronary :artery pfoduced :restilts ··•· 
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... •· ,... i ... "· 

which _vuried in dif-ferent: c:::.ies- ;from· almost:• inst2ntan,eou~ 
,· i"'•: .. '. ,· · .. 

de :,th-· to-. those. _ _which- .· cxperi€ncednc.-· symptoms· .rmd. showed-<·.·-
. . . 

no clinical sign, the condition b~ing reco.;nized only e.t .· 
~ .· .. . . 

. ' autopsv • · . . .. ..... . ~-' .. -· ,. . .. 
' ~ 

... · . P..fer these .inve~tiguti_o_ns, it could- sc_a:rc-ely-:be 

denied,thut intircoronary.onastomoses-.•exist, encl it-:-~-

.·-- .. remQined<to- describe•- their loc-~\tion ::,~ndanueura~c·e an~·••· 
. . . . . .·. . . .. ' . . .. . -. ·- . . ·~ 

:_ to ex:f)lt::.i:n.·vvhy; :if anastomoses exist, infarcts occur,:~~·~:~ 
. . . . . . . ., . . ~ .. .. . . . . ' .•... . . 

-•· ... In -1907. Spolteho}.tz · einploy~d a ~hrome:··y-~l_lo\:1-geJ.at-in•: 
". , . . :: ·•·, .. . .. . . · .. · .. •'· . 

suspension for- injections-with subsequent .d_ehydrc./tion,·: :i.n · 
. : . .-. : . .· 

ben~ul, and car-bon disulficl~~. ~nd obtained: a, r:e<:!0_11st:ru?~> 

tio~ of tho: ct:rd~o. circ_uiati6n v_2;stly-> supei--i:Or: to • any"'." 
. .. . 

. thing previously- obt,~ined., · His. concL.tsions· v,e;~: 
' . . 

(a)· No end E.rtsfies. ezist in the heart• 

(b) Rich anastomos'es occur in-· ~11 l~yers 
•·• ' •. • • • .• ~ • -. ·•,.. ·_ j : • • • 

. and ,through the -vasa vasorum,. on.,the. greatve.sse1s 
. ' , . . . '· . . --~· •. . .. . . ·-... 

(c) ::rn _.thethi~k>mus~~·e::.o{.the: le~\Y~:1t;~c:Le:,/l??!'PG,f-·, / 
dicuiur: vessels 'penetr;;~te :to. unastomose. u11der.:the' :> .· 

_--_ endocurdium:, 

' (d}·r!le-Papilli.~ry muscles are-part,icu 

-G.nastornoses 

(G). Vlith ,:;ro~:1th•; the a)p9c.ra.rice>:of ives 
'-·.·.' . . . •. _. :· 

··, 'In lig~tion ~xper•iments; on:·a.o~s' ·-·h:e 
. . . . ·' ·, .. · .· .· ..... '' .. 0., ,. . 

':the infarcted- area 'w;,;[s ·mu~h smt~ller 

tied 
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· In 1909 Miller and l'1fc.tthews,· proved that many 

. :Eatnl results obtc.ined- by Cohnhein 2nd others were du9·<· 

to the use of cure.re and..morl)hine. By,usinz; ether 

thetic · c.nd strophanthus as c. heart· tonic, 

a .. mortality of only 8. 7 cent fol1owing 
. . 

•left descending r~mus. · They 'Nere thereforB of~ the: 'opinion 

thc..t consideruble 2,nc: .. ::;tomoses · must exist between the 

c oronc:ry. -:.rteri es. 

· In Herrick's• clinicc.l cl;;;.ssif'ication of a~gina 

pectoris (1912)· .. one group of cr,ses concernff 

survived c. coronary occlusion for c.. time vc,ryinz from. 
- . ' .. 

days to weeks,· c.11 of which were in persons· ovBr< fifty 
. . : . . . . . 

Y:e6.r-,1 of c:.t:;e. • He W[;tS of. the opinion thc.t c.nastomoses 

e:dst: and tl1.;. .. t the psitency of these vessels 

important part in d~tcrmining:the degree.of 

which ct.n twee pace• after obli terc .. tion •. He 
:· . . -· _.· ... ·- . . . . - -_·- · ... - ' -

grsdu0.l occlusio!1·· c..llows •· th(!. her.rt to, cdc.pt, itself' 

the nevr conditions mid allovrs. collr,tcr.:.ls to de 

s~ffici.:mtly to compensate. He sug:::;ested 

hcsianvessels_might serve &s accessory 

in s-__,ch -c ~ses •• 

In 1918 Smi t:h corroborated the v:orlr:. 

. __ :· ·.,. '.· -_,_. 

doss. c.nd by interprGtutions. of ht1i11e11 e,utopsy ·me_ 

It . rem_ain~d for Gross, in 1921, to d;,E?ppripe f1e 

nchitecturalarrangementof 
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... 

· · Employing barium-;-_sulf'ate~· gelatin~- ·su?pensions· .f'or- iaj ~ct-· 

. · .. ion, he was· able to demonstrate: the:an~~tomoses-- b;r<me~ns 

o-J: X-ray-'. pl~ tes · en.a.· in cleared ·~pcc:imens . i.fter .:i.nj ecfi;n .... '· 
. ·.· . . ·. . . ' . ,- .·. . . -•.' 

.. On the surf'~ce of -tl1e heart'. (Plate 4: Figs.;-i -ci1d 2) a·•.• 
'.. . .. .: ' . . - . ·. . ., : 

good in,.j cction. shows- very open an_ast~mosis oqcurri~-- be-~- ' 

tween branches· from the .~nter:tor. descendi11.;: branchiof·•the-_ . 

. left coronary c:.rtery-'. arid those of the anterior: rc.11li°·of' 

· tha right. 

of t:'1e ·heLrt. · The- interc.uri~\llar r.md· pur.ticulc.rly- the· 

"intervent:t"icular. se,.?ta ar~th<:;_. seLits-- of,vei~y- e~{tensice:, / . 
. .· . 

0.nd in l;;::.ter: ege g-roup~, very ·wide r.nHst.omoses:• 
•, . . .· . :' -

, tis com.rntmicc.tion between .smull".ir vesseis· of; the 
' . ,· . 

·._. concI?11~d, th~.· auriculc.r val.Is r:iid append:~es, as< 

the ventrict1li:.r v1al_l.s throughout, .. c.re tb.e· riea:t:_o;f' 
.. , ·-. . '• . ·, . ; . -· .. -- ' .... ·. .·. . .·· ,. . . .. 

. abundant :unastomoses>i.11d interanastom~sesibetween brul'.l~he~·, 

· from both· coronury urte~i_es. as v1eii. ris -be,tweeri bri.nches · 

from< cuch coroncry •.. _ Capillary. anastomoses,c.r~iv_Gry. 
-,. l .. 

numerousand ri.ch· and c~n be seen in any. portion: of'. cardi~c 
) p ' •• 

muscula°dl!'e. •. Further,::; the. erteric..1; te=h~e. adiposo.e'. v1~:re . ':' 
· · trLc ed into the ~uriculur. cihd v entricultir ·mus~ril ;· 

.. c."nd; there were found distinct ~nastomo:ies, .betvfoen "these 
. :· . . .. ·. ··-.. . 

' . ' ·., ·. . . . .·. . .· ,. 'if'_. . : .· ·, __ . ' . ' 
~nd br;2.ncheE>- fromit~1e co~()n:1ry ·arteries. 0.11d vi1su vnBo 

.··. In Sll.T!ln1ary ·o:r. Groz~ I::_ si&,nificailt _v,of1~, /the :::f'Bi16v1i11b- :­
st~tements. c:::n:b~e-.made:_···~-

exist between 'the .,right 
.· ·. . . ·'·· ... ·· '.. "·. 
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coronary nteries both· in c2..9ills.ry 

cc..9illa1\:t···distribution 

(b) Anastomoses exist betvfeen the br2.nches of' 

sc ... rne coronary <-,rtery - . 

( c) .4.nastomoses exist between the corone.ry 

c.nd vessels f'rom ~aj faC ent org:,;ins. - . 

(d) Jme.stomoses in the heart are m1iversul• c..nd 

Since it has been shown th~\t end-c.'rtGr·ies in 

~n£..tomical sense of's Coh:::U1eim do not e:::,ist in the heart., 

the question which now arises i~. how· to expl::-..in · on 

basis the f'or.nc.tion of inf\:,rcts •. · 

Pro.tt{l898)f'ormuli:.ted the c~nce_pt 
. ' 

end £:.rteries .which ~.re, vc.sculcir, structures in 

resist;.;:.nc e to• f'low in the, ~.s.stomatic area is· 
. . . 

tlu:..n the prassure in the di:ffer8nt ccntr:tbuting \l',esse~s~ 

ProbLlbly the cororn.:.ry urteric,l syst>:.?m · 
. - . . . . : . . 

. a lc.r22 sxtent into. thi:s C,:.~tGgory. 

In- 1937 IL ... utz c;nd Beck mr.de some . 

. ments of' th-e ·.size.of\ intercbrcmary- c.nastomoses ·' 

used ·~ ba,riurn· sulf'.:.t;:;-gelatine suspension i -~ · 

pressure• of 200 mm.·. of' mercury into. the 
. . ' 

. of. the left coronary ;,:;,rtary. , "Si:;c;..foot 

·ere mr:.de oi .. · the .· norm:.:,l hum.aµ, hes.rts s'tud' 
' . . . . . , 

obtuined '""t ::.utopsy of reL:.tiyely you.n:_: · 
. . . 

from quses not· relo.ted to :the heirt~-<-Co 
. . . . - . . .~ . ' . . 

extent·o:f the unastomoses 
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ered by thase in"llstig:::..tors mc::.sured 70 micr:: in dL:::metcr 

(Pls,tz 5). 

In 1941 Bltungc.r L, Schlesing,3r and Zoll_ .mc:.dc sim-iler 

studies ernplyj.ng · a le2.d-r.6 ..... r injection mass- c.nd c.rrived 

;:.;.t the conclusion thut t::1e 2c112.stomotic chc.nnels in- the-·. 

nor1m.,l heart c.re less tha.n 40 micra in di2meter .2 .. nd c&n 

therefore be of no si_f:£nific:·nce in the case of ::. sudden 

extensive occlusion of 2. coronary a.i·.tery •. 

. Also in 1941 Dock devised o.. · method of determining . 

the ct.po.city of. the coron.:..ry bed •. •· He used 2. perfusion 

'· 

reg.::.rc1ing ro.te of flow as bein:::; a direct function .of- the 

ce:.pacity <?f the corons.rybed. He-used k0rosene,cs his•·· 

:perfusion· fluid since this v1ou~d not pC.ss- into the tissue 

spuces . s.nd encroach upon the cross-section~l c.rec, of the 

v&s~ul~.r bed by compression. -I-fo found thc.t in spite of' 

intercoronsry anc.stomoses, the· cc::.:;aci ty .· of- the coronary 

bed is 35 per cent lower in the her,rts of those 60 to. 

80 yars o~d than -it is in young :::ciults. 
,' . . 

also decrc~ses. per sr::.m of. tissue -in cardi2.c . lypertrophy:, 

so the previously described work of ':.Ve,"'rn is co~roborated 
,~ \ ' 

by an entir:ly diffe::·ent .:1:9pro~ch •.. 

•. In the next yeur, · Prinzm0tul r.nd ·his· a·ssoc i:.::.tes ·. 

utilized the kerosene perfusion u1)pD .. rat1.1~ of Dock in c 

very· insenious quc:ntitc'.tive cleterminc.ti6n of collateral 
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coron:iry circul3.tion due to intercorona~y: ·c.rn:rstomnse·s •. 

Th:? used two complete perfusion devices, one f9r each 

coron3.ry artery, simµltaneously · c.nd separately •. - BY:: ~, 

means Of some rele.tively simple ct~lculations using• the 

date. thus. obt:::.ined, they were· able to arrive· at the · 
. ' 

volume of flow through the collateral channels •. : Ob,:.>.: 

vio1.1sly these v2._lues would not be the same for kerosene-: 

as · for ·blood: vdth its formed ele.inents, but·· the 

tained with . kerosene should be o. direct functiori- of the · . 
j. 

collater::.l volume flow of blood·.. In- 12 normal· hec.rts, .· 

the c: .. vers.ge v.l"-,e of the collc:terD.1 flow • th.:::...t iS'·the- ··· 
. . . .· ' . . .. 

proportion of perfusion: fluid:which passed-.from one ·cor-~ 

onary artery to the other, w.:~s-4.:16- per- c-ent of ·the­

. flow. Purther, ome hearts were injected with -a radio--
. ·- ·. . ' . 

opc.que material of viscosity similar .to th:';to:f b 

Via one coronary artery. andX-ruyed;-. the v'lhO 
. . . . . . . . 

-tree was found: to be -filled-.- • OxclD.ted blood 

used,, and simi12,r results were obtained, ·· so it· 

eluded thc,t · the urn.:.stomc,tic 

. . 

.In i,.;.ddition, to the usual vascular cn~m1e s-.c 

ing-of .:-.rteies, c~,pillaries, and veins. moro or, le 
. . . ". . . .- '. . . . , .. ,-. ' 

. foun?-. in other org-.,ns' . there: is G.·. series of ,.,others direct. 

· chamber.soi' the heLrt •. 

collnter:::1- cho.nnels,. 

vo.rious.y cl:dmed and 
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. •. . . ' :. ·.< .· 

, ··Ta corice· . .)t of··.direct; v~scular ·· chti.nne·ls ;hetvrnen the~-... . . ' . ~ . . ··,: ,·,., \., 

: .coron~ry ves'sels end• the' ch~ 1nbers Of· -the• hecrt- is~ not.;11.ew·. . ·.•· 
. . . ·. .. . . . . . .. - , ... ' . -. ·. . ·· .... 

It Wc1S first-advs,nc~d 'in 1705. in C personal·:: lett~r.written,·· 
. . .. ., . . . . ' . . . . . . - ·-.~-- .. ·: · · .. :·· ·. ·., . .· . : 

by Ruymond Vieussens to 0 the :personal-:f)J:iysici~n of' t11e~ ,: , 

.Duuphin of F'rinc,:1, which-vms published.:In 1?06'..·. He d~-···<·•.·· 
• . . . . • ' • . • . • . - '·, . . I. . 

· scribed: a larc;e .' 11:polyp 11 • in the he2.rt• which- appee.red ·to .··· 

-tq~e· ro:o-t. in cert~i~•~Oles,.in t).ie:'wt:~r·ot\he·hec:rt--::•.~·/ 
: • . , 1-·, 

' ' . 

Vlhich.: seemed to :him to. be. the, orifices ·of- s:oecific~· ductfh . ' ,.. ' . . .. ' ' 

He: 1nj Gctecl ~n:G.icohoiic · s:olu.tion of.· saf'fro:rt dy-e into- :the 
' ,. ·.,. ·' . . 

-left c:~ricl-e,· .:::.nd VBfftJ:>icle, 1.·1hile · none esc~~;_:•ediyic.- ;the. 

··'\'!ins· into the-· ri:;:;ht· ch~·'.mbers. He· ulso· dissected~ht1.:11Cu1'."·> 
•' . .. ·.' ' . . . ' .. . 

he:~.rts · :mo. the hecrts of sheep _~11<f ct~v::as•) · C::qd:, yritH/t11:e,/ · 

a,idof t::° microscope), found the: smc:ll· open-i:ngs .. ;in· th'?:_.cham~ . 
.. •, . ··. . . .. . . . .. ··.- . . .. , ... . ',, 

' .. 

delictite Vi3·1V•=S .> 
. . : 

' ·. _,._ ~ - . ' . '"': ...... ~ '~- . 

. besius: two yee.rs -l~ter -in~· 1!708, ~'Encla,s-:a .r~s~it>,, c~11~-such-~/;, 
' . ,"' . ' . ; '' _..... • '. , . ·.•.· ' '. - ..... · . ', ·. ,: ' .•' '.'•' ...... , .:.:'· ... •·'• ""< ·:, :- '" 

V€Ssels: 11.~ve' become com:norily referred. to:: as thebesinn,-veins ~ ·.- .. - ~ '"' .. ', '. . . . . . . . . ,. . . ; ·. . •· '. , 

.· Thebesius-inj ected •the cdronary .vej_nG _unf noted t'he;· esccp.e,, 
. . ~--- . . . . .. ,. ' .'•· . .· ·' : ., . •,, - ,. . . : •.. . - ' .. _, .. · .. ·· . 

.. of his: inj cction•' f'lu:tc..· into thc0 hbari: c~vities >:through-_ .. ~; ,,~ 
. . . -. . . . . . . . {.. . . . ' ..;:._..._' 

i:im.:11- op~nings ·in •. the. endocardium.:.• -He :.vies. f;;rni·J.iar v1fth) 
' .. , : ' .. .-- .. ,' . . . . ·,·." ,. - .. · : ,· .. , : .. 

·. ·.· .. Vietisseris I: \vork, c.ncl' so st~tes :in )1.:i.s p~pe~. : 
'ThebGsilis 1 b~lief':_thLt the: vesseis,\1e:re,·cor.11ectea.: 
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of the d:::;;v· a.nd Vieussens' · v10rk vms 3oon 

I..z~nci3i (1740)-. injected mercury into: the coronary t::r-ter­

ics .:.nd o'ts::rved_its :af>peurance in the chG.m.bers of.:the: -~->~ 

he..:.~rt, -but believed vii:th T'ncbesius tho.t it- esceped 

the venus chunnels,thcbesic.n veins). I_n 1798.; John 
. . 

nethy, by makips a- 11 comnon coarse wcxcn· inj ection11 
. ' •, . . . 

the coroi1.11ry Cl"'teries observed :the.t it flowed. re:~dily: :· •• · 

into the c~Nitias of the heErt •. He- also injected masses,· 

ofdiff'erent colors into the arteries a::1d veins, _ and con~ 

eluded that vessels from the arteries- c.nd veins com:nuni/. •• 

ca.ted vv"i th the chE.Jnbers -. becE.use · the injection mr.ss was· 

too viscous· to pass throush the cc.pillury bed.and yet .. 

. the a.ifferent colored solutions pa,ssed into· 

of the he~;rt unnii:{ed; 

. No more v10rk -w ... ~s appur·ently _done -.t.dth 
' , . . 
. . . 

until Frc:.tt in 1898,; by mcc.ns of peri'usion·of defib 

bloocl through the ventricle of: a catc heart,. kept . it, : ,, 
' . - .. , . . . . . 

This. :Li11port.:nt work furni. ·· ·· 

first ex,pcrimcntc.d ev:idcnc e th(.t the 

might serve GS' c.n entr~1nce for 

into the capillc~ries •. 

In 1928,Weo.rn pcrfunedthe 

· · indi& ink and observed: thc.t" tha 
. -- . 

part esc~ped into, the. ch2m.bers. of tha 

thebesian vessels. He 
;· , .,.· •,·' 

·which blood is drained 
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vessels as. systole com:nences, so that• the letter are •· · ~.• 

pr:;;;cticc.lly en1pty a.urin2;• sys.tole Lmd fill• during the sus- ► 

.taind 1..,ortic pressure during. uiastole. • He cited two• cases 

which c2.me to autopsy, of syphilitic D.orti tis \Vhich c?m­

pletely occluded both coron&rs · e.rteries o.t their source, 

in ·which the heart had obviously been functioning for- : . 
. . . 

ouite some time subseouent to the occlusion. Th-is ·was 
.I. ' ... ' 

interpreted as mer;;.ning th:..t the slow occlusive. process .. 

had- ullmgd the thebesio.n vessels to-take over the total 

circulc:.tion to the heart. Thus Wac;1rn p_roposed a• norm~l 

function und.c.. function us collateral circulatory chc.n-

nels in coronar;( artery disease •. 

Gr:..:.nt ~nd Viko (1929) injected the thebesiLn- vcssels · . . . 

through th?ir. endocr.rdicl for@ninu•• and through the cor-~ 

onc,ry vessels. They used :finely dro.vm glass- cr,nrl.1.llae. o:r: 

such• sizes as· to fit snugly- into ·the·· endocm:·dia:l· -forc.-nt!la, 

end an injection pressure of 50 to 60 mm. -of mercury. nml ·•·· 
cle:::.red the. specimens in methyl so.lic:y l&te. They confirm:-

ed the ei:istence- of ;::s1ustomoses betvveen thcbesiun vessels.- • 

and• coronarJ' veins and.- C&i,)ill,aries, and described chcmnels .. 

uniting neighboring- i'orarnina. They also ~nj ected the, .. 

coronc.ry urteries but :fuiledto. i'irid evidence of direct 
,. ,, < , .• 

comnunic2.tion c.nd concluded tl1st>t:::e. coronar1 . 

arteries communicute v1ith thG thebesi&.n vessels .only 

th •·_1•' "' • 11 '" . Cl .• _rou0 n c~,:.?1 --ri-s •. 

Stzlla ( 1931) · employed the denervr.~~d heart-lung • 
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·• 

.. 

pre;ii::rcition- in doi:;;s_ \n. an -::..tterript to: test thz• clai:,> of'·:· 

the existence -of'- ·corn."!lunications· betvrnen the -arteries and 

hec:rt chwnbers by a physiologic: method. -He ·v1as · able to~· 
, . . . . . . 

maintain .•the pressure within the- ventricles. and- dron- the .. · 
. . -· .. · . . . . . . . : . . .. ·• ... 

pressure within the. coronary arteries,-and:sinceunder 

such.conditions b~ .· Vve.s unable to demonstrste: backf'low:, 
. . . .. . . : 

. f'rom the chwnbers into the ar·teries,- he- concl11.ded>thc:.t 

his work. did not ~up.9ort the cltdin of' -the- exis:tence:. of.·•··· 
. . . 

. iarge ~h~nnels co1:mecting the thebesicu.1 veins with the· 

coronary c.rteries. 
' .. 

. <;rent in- 1926 f'ound in a-· child I s heart-,'. which ..:pr-e~ 
. . . ••' ' .. 

sented a: congeriita-1- anonia.ly, - persi_sten.t- chc.:ru:ieTs- corri-'. .•·· 

municating _f'reely: Wi-th the hea~t cc:.vi-ties 6.lld-· vii ~h tp.e 

coronary veins, .. arteries, -and c.:..pillaries ~ :. Beliet, ;-~ .. •-~·-. 

Gouley,: and I~cMillan i!l 1933- reportad. d-ilated __ sinusoids 
. . 

. or thebesi.m- veins ·.:in a heart which. showed un ua,yanced ,. ·•··· . 

. tuberculous· fibrocaseous infiltration.·-,;--

The l~.ck of' e,,.greement concer~ing 'the V.?.Sculc.r. com-;:.a. .• 

.·. munic~tions: between the COl~On:::ry tree ind: the:.he&rt chciil~ . 
.• . . · ,; •. • · .•• -- • t • • - ,. • . ... -. .. - .· . 

· bers led WEw.rn,. 1ft2ttier,- Klumpp,- .:nd- Zschiesche to-make_:-<: 

· som0 conc·1· u· s1·vd.. s ... ·u·d. 1· 0s· "'hi· c'n· t-h·-.e,,r;;..: .···t6d.· • 1033· · ;- ·-: -• · · · · 
- _ -w - V ._ C_ · ~V • J' · ~'-",l--'or -. .J.n · ...,..; • ... _ .. _.-:·."'··•, 0 ,-.-·, ."':_· 

' . . . . . . .. • .... : ._·_. 

Huma? _hec:rts obt:::ined· at. i.Utopsy showing no. gross:,cevitletices 
' . . . . - . . .. . ._._,. . 

They ·were plnc ~d -in- the: ref'rigerat()r till 'rigor .:niortis>. 
. . . . ~ .. · .. . . . . :, .. ,· . 

passed off., foilowi1:is which tl{ey-ware- !nusst~lfed • in vid:rm .:. : : ·_: . 
saline to. bret.ik the rem~di1{ne, rigor :.· . . 
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. ,· ', . 
... 4.:''·.,.; J~· .. 

•· clots' in the chambers.• · The coronary· sinus·,_ an(l the tri ... • .. 
: . . . . . . . . . . 

cuspid yi:lve · WE;re -closed a11:9- each corom::.r~r r.rtery: und: :the•· 

.. pulrnon,;;J.ry artery cannuLit~.d •.. _· A f-luid m2.ss · -of- c elloidin~'.~ ·. 

dissolv.ed in. a~etone dyed rzo.- with ulkc.lin. wc.s- rm:dntained 

in "the- y..antricles at a pr~ssure: _o:f 180 IrJ.11.· I-I.g· Vlh-ile ;, 

suction was e1JpLiea. to the cpronaf:r arte1~i,~s-.. Then. D. 

· sim.ilr..·r m~ss. dyed ·blue- wit1l- cry~tc,;.l; v_.iolet t:.nd: brillifmt, 
' . . ' : '. . - . ~ . . ' :_ . . ··. . : ., . 

green wc.s inj ccted ct- ti1e sume ·pressure into: ~h.e::coroner-y· ·. 

·arteries. : i:.f'trer the · celloidin- h~d s~lidif'ied t:ti-e · .tissue · · •· 

· · .v1r:..s · digested. a.v;f)::/ i~- hydrochloric ~cid a..--id':the cast· -ob~>~ 

tained was niounted. In a11: of thB _15 haarts ·thus. studi.ad,. -; 

red tipped :termin~tions. cif- 'the- blue casts- of the: cor-o~aty,·' - . 

art~ries in the-·ventricul~r •mQss ·were- noted~·: Those .v1ora • · o·. 
. . 

numerous,.· 8 to: 10 beirig·r~gulcrly, se~n in: the·r6..'11US'<a.e-; 

- scendens- of the left coronary· .irt-zry.·. i-.P-lt.t~s 6·.and-.7 

· " S-imilar procedures vrnre dorie , ii1c luding. the: Coronary ... 
'.. ~ . . < . ,._ ; _''.: .-' :: .. , ~. -, -· ·, ·:· ·~ '. . : .. .-- : .. , ,._:, ·: _:::· .. :·-: ; : ·-:-., 

. . . . ' . 

.. tio11s with,-~the ventricles v:ere- noted. ·_•· To·.i)rO\fC tlfot-'these ·: . 

. o bserv&tions were· not, the result of aI'tlfa:tS > gela{i}1~ , . •·• ·. 

inj €!ct-ions were simila:r-ly inlde c.nd · sections· were'. 6::',£min~d 
1nicroscopiccdly ~ . - The:- inj ectionyma~s 'was :fouhd tq be<, con:.: 

·. fined to the ,ves~els:. .. . , 

To csmFl'ete -this -~~ll~Y,.: fid P!\tf re_c_~l}.S~rp;9t:i.~~s·r 

were. mde from-.·seriul sections{>, Plate-:7.Fir>.:3X:fs ·a•· _,,.. . '_· . . ·.:·· ,· .. , ... ,..,,:;,:, . ·< .. -... ' 

one of ;these wa=: plo.tes, r,eCons,tr,uctibris ·o:r:~. 
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, . 

section of the left ventricul:.~r wall· near the 

The r 2gion enclosed· by the broken, line· indicates the area 

from which thG reconstruction• shovm in Plcte 8 Fig •. 1· ·· · 

was. made.. Fig. 2, of Plate 8 shows n typical. microscopic-'. 

section as used in the prep2.rc:.tionof this reconstruction •. 

S:tudy of' those reconstructions conf'irmed the existence. 

of. ~rte;rio-lu.ininal ch~nneis (vessels of Vieussens)- ::~nd · 

thebesio.n veins . connectine the c~pill~~ry bed ,:md: smalL •· ·~. 

veins wi ti.1 the heart ch.:..mbers •. But some other structures 

·were also described in dets.il) which Wearn· et. ul-reg:~rd 

as the -s;;;.me myocr.rdial sinusoids incompletely described•. 

by J\Tinot in 1900. Their vml-ls· lie· in- close· contact :with 

the _heart muscle, I'Unni11.g .between bundles of: musc~e 

fibers and i:t times betvreen the f~bsrs themselves •. : -l'J'7 

teriul branches su1Jplying thes.e myocardicd sinusoids 

wsre termed llarterio-sinusoidc.l vessels 11 •. The fact thc.t 

these ure- urteri~l in che.racter at their beginning.,-grnd-. . ,. .- ' '. . . . . . ·-

ually ch:.n_sing to simple, irregular endotheliUl tubes:. 

makes it improper to term them either. arteries or• 

The w.yocc.rdi2.l sinusoids run 8. me~ndering. cour9e, 

mose. very freely.vii th one .:.no~her .::.nd wi th.:ct~pilluries,. 

c-:.nd open into the lwnerr of the ventricle ei-ther directly-
.- . . ,··- . . . . . 

or · through a co11111on openinz v1i·i th arterio-lum.inz;l chcnnels. 
--

The similarity of. the v1;:;lls of' the 

. oids. to those of capillaries' .:nd the scrnev 
dis:hibution between .and in close contuct v;i 

bundles und 
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plc:.y some· definite role· in supply_ine parts of the heart 

v:i th blood. · 

Thus the- schema in Plc.te 9 m~y be-regc.:;.rdcd as• re-

:presentinc the vascular chmmels of the hec.rt, as f2.r as 

:present knowledg•3 goes. 

The coronary circul.:J.tion in the resting individual· 

carries o.bout 5 per cent- of the tot<ll volume f-low · of-• 

bl8od. in the body. During e:;-::~reme ?xertion~ · this inety .. be 

increase<i to c.s much as 15 ;ier c.cnt. In 6 cnero.l,· cor-• · ,, 

onai-·y flow· is directly proportional to t11.e pressure, with- . 
. . 

in the ;;.:orta, the cororn.:ry circulatory bed filling when 

the myocErdium is relaxed durins diastole.- Durins - sy- .. 

stole, .this circulc.tory bed is rapidly, emptied, much. c.s 

one v.-ould squeeze vmter from a wet• sponge.. This· is .:1c...:: 

com:Jlished in lti.r.::;e• po.rt by the specic::.l: circulc.:.tory- mech"." 

· anism·s just discussed. Indeed,· :I:,\rans · 5.nd StS;rline· h_ave• 

c~lcul2;.ted th(:t 60 -per cent of" the blo.od of the coronary 

circulation is; delivered into: the ri:_;ht c~ur:i.cle by- the- · · 

coron.::.i.r:,, sinus, he rzm::~ininz 40 per cent firiding its out­

let through the other ch2.~nnels described ~bove • 

. An:ep E-nd his "~ssociates in 1927· used the heart"'."lung · 

prepc.,r~ tion .:.;nd ·the. hot-wire anemometer to measure· and-

describe the r:.~tes of circulc::.tion in the• hei.rt.rel&tive · 

to the crdiac cycle. ·They found thc.t the flow-into 
.- ' ' -. . . : , .. 

· the coronc.ry system incre2ses rapidly- as the ven-tr-;tcle--

relaxes, but more grc.dus.lly througho~t_thc remainder of· 
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the die:stolic period ~n'd .0Uri'n5( the· is"oi.li·atrfc pe'i~fo·ct·_·of' _ 

ventriclllc~r systo~e. -- The f:J.()W is greatly- r.119-· _sudderily· ··. • 
. . . . .. 

- reduced. during _tr;e ejection -phs.se of' .. v-entric~lar -systole, -

being almost.completely: urrested in t~e lef't-coronc.ry 

since the force exe:necl by the heart muscle-is. greater. 

than .the. aortic pressure. This: force- is lesi3 ln th-a- • • 
-- . 

\' 
c&s~ -of'- the right het,rt, so flow in- t1ie· right- cor_onary 

is:not reduced- £:s.much- as in the left.: The f'-low. from-,.•-·~---­

the- coronary sinus is- increc.sed slightzy -durirJg~ the- -lutter ----

hc:l:t' of'- ·o.uricular: systole and very. grac.tly during ven~ 

_ triculur _ ejection. 

Br;;.tson -&nd Bellet i11 1930 found~ th:::t there· is c-onsid-
- . . 

· eruble to~cnd-f'ro _movement of': blood- in the coronar~r-veins:. -· 
. . . . 

T-hey injected f'lal~es o:f g_raphit~ too -larce ·to pG.~s -thro1:1gh0 

. .·· . . . . 

the pulmon~ry C ircul~tion irito: th.e f'emo:r-a.i vei11 of'- µog~ • -
. -

Exw11ining the hecrts,--they. f'oun~ :f-l~kes- imp~c~~d in:tho·· 

sm~ller coronc:r;y. veins, but none in the- ~rte:ries. '. !.Dl~ii · 

is probably: due to- the s·LJUe• -extraco~onsry factors, v~hich 
. . ·. . ~ . . ~~'-

produce -the· wide fluctuc-tions -- in· coronary. t~rt-::?ry. flovr. · .. : 

- , From his I?erfusion e:qjeriments in the be~ti:ng )1un10.ri ·. 
' • . . • • •• • . • J.· 

he~rt, · V/ec.r-ri -(1928) believes thLt-- all- oi. tl1ci c.::-:oillai~i-es, 
'. . .. . . . . - ·. : ·. 

in the-he~rt E,re functlona:L all of the ;~ime,. stating: thut:.' 

the -intermittency of'. Cl,;:.Jillc:ry. flow observed in '•sk~l0til 

muscle does riot occur in ·the fl\Y(?Ci:..rdium-. 

Green- and·\Vegria (1942) •made -_a sie,1ificunt_· stud;y-:_:.~ ... -.:. · -
. -· . 

of the -ei'fects of' as{)hyxia, anoxic., ·and myoc~r~h~l iscpcmia 
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th.;~t asl1;yxic. due to stop.Jin£.· the ,~:rtificic:tl I"ospir.:::.tion, 

locl ischemit."'. Droduced by interru~tion of' blood f'low:to - ; ... - . ' . 

,a- :f - :i • d . - d . . b-c,11ip e :; o· myoc::ra110111, sn ::noxia ue to local_ poisonJ.ng y 

sodiUi'Il cyanide v:hich interferes with intrc.c':;;llc:l~r ·res-

pir~story enzymes ccused incre(,.sed -cm:·0112.ry flow even in 

the· absence of' ch;_:n::;es in <'.:~ortic pressure. Loc::J. ische­

mi2. f'or 45 to 60 seconds increcrned the instnnt-:.neous -

systolic.and dic.stolic flow 200 to 400 per cent 2nd 200 

to 350 p_er cent :.."esp·ectively. Longsr ischemia had no 

effect~ Similnr results were obtained with ·c.sphyxi:.~ :md 

cye.nide poisoning, so it vms cone luded thnt the incre:,.se­

is due to :moxia, probt,bly in the myoc ,:rdium. The im:::ort­

E:.nc e of this in coronary occlusion with r::s:_)ect to b1"'ing..:. 

ing 111 blood vie:, collc:.t2rr~l chr:mnels is obvious. 

In £tddi tion to these chemic:, 1 consider~tions, there· 

a.re cert::.in lydrodyne:mic f':_:;ctors involve_d in ·the devel~ -­

opment of' colJ.e.terc.1 ·blood su:.,ply to :~n ischcmic :-:-,re:0,, 

which Wiggers (1936) h::~s pointed out. In· the norme;l 

heart v:ith no ·ischemic 2rects, there a.re no pressure 
. . . 

gradients betwsen ereDs of' the myocnrdium~ But v1hen an 

aree. becomes ischemic due to pc:rtinl or complete ·occlusion· 
. . . . . : 

of'a coronary artery, the pressure within the arteries of' 

this area is decreased, so a pressure gradient·exists_ 

between this portion of the _v2.scular tree and t1los'.e por- · 

tions adj oini115 it. Due to this pressure gr~dient blood· 
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'tends to flow twc:.rcl the iachemic area through' the,<small :, 

0.nastofa::tic ch~nnels Vihich have be~n descr:i,bed~ 'J'li th' 
the resultunt increa.se: in- DrGSSUrG ~.;ri thin' th~se chi:.:rmeis' : ,, 

. . . .. "·. . . . - . . . .. . .. ' ., .. " . ~- ' ... ~ 

a.ilt:.tation occurs ar1d colluterul .• circuii:.tion .v,hich< 
viously was .potential become·s furict.ion~l. ·\t~igcer, 

' . . . . . 

th;;;r points out th .... t'~Hhen-thc .size of ·a cornnai .. y ·urtery··· 
'. ' ' . 

'is.reduced, ':flOVi from the'V.:)11tricle:intcj' the 6'or,on'8ry 

beyond the_ pa,rtiai obstruct~cm cou:Ld occur ·c.urin.;; syst9le\ 

·_ v· .1· ;:,.·_ a_-_rtorio:1_ u.min_::l_. ve. ssel_s.·, durin·; di·-1·"to1·0 · ~0,:1 ·- v,_,_ot.ild. 
--. - ,.. -· . . , - . • = ·O ·. ·. ~~ , ~---:-) ._-4 o __ 

be back towo.i-·c1·,the ventricle' thus rosultil'\;in:·~ to~cnc1,~,. 

fro .novsment., 'vn1(~n C4 coi1onary artary :i~ c6m:p:Leteij',oc.:, <' 
c-luded, no., pressure' grudie!lt ~~iats cluriaj. dfos'toii'/be~ 

tvrnen tha ?,'Jchemic arGt: r;nd the v~ntricu:L;;.r:c~vity, ·so_· 

blood .:rlow .. would be only_·toward th; i~chcmic:•2reh>ii1:•the. 

'. ~~-oro,:,r'iete arterio-lu:ni.nal ;essels; ', Th 0e bressure l~~-.,;,-
- -• •• • • • • • 0 • C ••• • -•••'• : •• • • ,> • •• ,, • •· •• • •.-•. • •••' 0 •, ,-,:· • 

ir:rtiorish(:s Which·, are :involv ~:1 in )J1:iri..gi11s blood t<> hn: 

is.ch0mic ~rea -. of zniro_ca~cJ.illlil• f'rom: the v~ntJ ... icl~-:~:1121: · 

· ~ra~ororn.:rJt inusto:natic source3 ~:r:e, showi~ :iri ~11e·c1L:.gra.1ia<' 

-I:tis not_ tl1e -pu1_ ... ;,o_ se_-.. -.·.···_of. th_is '"'''Tic·-.... :.t·o•-. - - ..:.--~}-!._ --_,:___ .·. 

p;thoiozy ot···coro~ary occlusion p~r.se,::but __ ~-f~y:;~;~ 
ant facts .should be co113id~_:sed~: _C~rbnii--;f' 6~cllisi<?~tis 
~mmonlyproducfa.· i; 

. ('1) · frteri~_sclerotic 

· {2):Thr'.oml)~Sis, 
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In r,.,.'i·e c2ses syphilitic :::rteri tis 
. ' . 

·, ' . .• 

or .::m,_.eml)olus f'ror:i ;;;;. v.:gct.:;;..tJ.on on D. v&lv2 may block 2, 

v:esse.l. Of these vcrioLtS c0.us,3s. by fc.i~ the .mo.;t -r:mportcnt. 
. . , 

is .;;;.thoroscl•8rosis ·with or.without i:...!l added thrornboSis. 

The rasult 1m.:y be slovr ischemic atro_phy of 
' -- . . ' 

. . . . . . ' 

vii th :r·eplacs::nent fibrosis ;;;.nd scarring, or it may be 

sudden uroduction of c.n in:f'c.rct of the hee.rt ·uith . . ' . . . .. - . 

accompe:nying dr:m1c.tic clinical IJhenome:nb. Y:hich Ero ·so _· 
. . . 

•,1ell l:nown. But these do not alvro.ys occur. 3lurngart,, 

Schlasins;er, and Zoll (1941) :round·~ a0ries of cuses 

z,utopsy of pLti~nt's dying· from other CL,uses in v;hich 

. . . .- . 

one of its brcnches y1ithout inf~rction, "md without 

history of'. ::mginz. of w1y. kind. Injection studies z1 
. . . - '. 

fillin::; of the corona::'y artery· d.istCil to the occlusion 

when. the injsctiOn mass vn:s.introcluced thrOugh the. othar 

coron.:.ry, so thc.t colL..:ter;;..l circul.s.ti:m 

c.dequate. Therefore, complete occlusion 
. . .. ~ . . . . . . . 

ntc.j or coronary· art~ries may be compatible vrith comfort 

o.nd longevity •. In the entirj .Jeri es of 353 l)itiontsf 
.. . - , . '.-;__ ,_ 

ev\;;ry patient su:fferinr_; :from c.rigina pectoris pr· · · · 

without v~lvular disec.se """nc. without arterial h 
.. . . 

. ' 

sion, showed old complete ., · · · ,• 
. . . 

. in most c~sei •~ m~·or. a 
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In one sense it is fortuni:;..te th .... t the· sclerotic 

lesions do not ordinarily involve the s:n.: .. llcr r2.;.11ifica-

tions of the coronary c~:r;-t9ries, bec.:...use if t1H)Y did, the 

devclo1)mant of collE:ter~l circtil:.:. tion wculd be grc.:;.tly 

emb:::.rrussed if not 2lto5ether im:Jossible. 

Pcric2rdi2.l 2.dhesions c.rc c. com.non rJsult of the 

pericc.:..ri:.:d tis v1hic1~. is produced v.rhen c:n infc.rctec.l e,;.roc:1. 

includes the surfc:ce of ths he, .. rt •. Vc.:.sculiiriz£.ti6n of 

these v,hich is not uncomrnonly obser'Ved c::it c:utopsies may 

provide e.n . .:.c1ditiono.l but bel:.ted source of blood f'or 

the ishemic c.rGi:.... In 1935 }Iosler 2.nd. ~::illirJU.s ma.de· an 

experiment;...l. ~nd · ps.tho,;lo_;;;;ic study of' th3 role of'. peri­

cc.rdii. .. l ::.dhc:sions in cc:..rdi&c hypertrophy. · Tuey vrnr•? un-

in d.o.zs in v,rhich extensive 2d.½esions 'Nsre inc.need between. 

the hes.rt and pe:cic<=~rdiu.rn, .::...nd to the right ~~nd loft 

. sides of' tho di&phrasm, which in tJ:y: doe 1)1.:.c os m.uc::. more 

tr:-.:.ctionon thG hee.rt th:m do simil.::..r ;;..cJ.hesions in mcm. 
' . . . 

In zevar::l th·:ms:".nd ::,utopsies v,hich they r:vieYied, 1. 7 

In .c\ll c;?.ses in which tht=rG w.:::.s · c0.rdi.echypcrtro1)hy, there 

·m..-1.s E:ssociitod v:::lvulc:.:' u.ise:::se. The cc::.ses. vrithout Cur- . 

diac hy~Je:.~trophy· v:er-~ ·frJe from \rrlvulo.r, :-zyocr,rdi~l, .· 

o.nd vc:.scul2.r disec:_3e. They concluded· in contr2.diction to 

. . 

c~use circul::::tory · ernb.:::.rrfcssm:nt unless. they £-.re ~:;;:tensj:v~ 
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enough to· ce.use ca.rdio.c comfr8ssion, u.:.it,7..ll:::,tion, or· 

torsion, these beinc:; vory r:.r8. 

If the foregoins consider:.:.t:Lons a.:::·e summed up, it can 

be st;_1ted th::tt in th ordinory course of' evantz ,:me. in the 

avero.r:;e ~1 otmg adults heu.rt, the intr"ico.tc sy5tems of 

e.11a.::,tomosis c.re , 11 in 2.ctive function 2r:d. :::.re not pre­

pci.rcd to act suddenly 2,s .a.ntirely :::.dsq_uz.te compens~::.tor:,r 

' plac·e, a, ce::~tain 2:i11ount of c·cm,Pe1!SZ~ti9n does occur. :::o -

c:!""'1• ;::,7 1 "'r· · t.hr.-i1 th·"· r· 0 '."::·-i on 1,.,,.,lI.l 1._..,_....,. · =··- · V •. -o- sup-

plied by the obli t•;;;r.::,tzd vessel, the rem:.dnine 1:_ortion 

receivin2_:; sufficient nutrition from the -:::.hastcmoses. 

!.1orGover, if the occlusion io 0 r::c.1unl c;nc1 d.::."'culation 

,;ood, .suf.t"icient 6.ilr,tation of the cmc..:;tomosin.::; vessels 
... 

c:..n occur to :;:)r8serve considcr:,ble · or· even 2.11 of the 

musculature. 1!.'h'.:'r:: the occlusion occur:.:. in =' r.il&.tivi~ly ,· ··. 

olcer individu'.:1s h·2r:rt, the pu.tsnt _&.ncl. free ::n2.st81noses, 

. . ' - - . . -

,_··.nd th"' v2scu_1 ::r· · ch,0,11nr.> 1 s. or'~ T-h,-,'o· i-···1·u~· ir1,' e:u ~-="-'"'US .... ···n·d·. 
.. _. - ~ -• • W" - ' - 'w" ~ ..... - l ..... ' W -w: .._. _ ,---:-- I. ' '-'"'.'-, • . 

- Th ':,mount o:f blood bl~OU[ht to an. isch.::;m:i.c r.reo. will -. 
- - . -_._ ' .-

d~Jend ui)on: (1) the 2rcssur~ cr",::.ient; (?):the r~umbe; . · 
. - ., . ' ~ - ' ; . ~ 

. <.md size of' coll~tter::,1 chcnn;ls pr~sent; (3) th·,~. 1en£;th .· 

of time . over which the occlusion is dsveloping. 

'. 



35

. . . 

The ?Dblem oi'Experirnent~lly Produced· Collater2.lCor­
onury Circulation; · ·· . · ·. . .. _ .. · · · · ... 
The E::perimentc,1 Bas.is of the Coronary· Operc.·tion. 

:As has b·Jen·shovm,: numerous compensatory factors 

.s.re brought into play- v,rhen occlusion 0£ a coronary 

artery or one o£its brunches. occurs.·-Butit is generc.l]y 

Dgreed that thesa are not sufficient entirely to com,;.. ,.•• 

pensuts for.the progression of coronary_sclerosis.or-for 

· its Lccomix:my ing deleterious effects upon the 

in at least a larze proportion of cases. · The intrQ.;., 

. c.ardio.c compens1;..tory 'factors include intercoronary &na--
. . 

·si:,omoses and the structures of Vieussens, Thebesius, . ' . ' ; .. , ,' . ' 

V?~arn,. the physic al c;i.l'ld chemical conditions for the·, 

.. eveloi:ment c,nd, utilizution, of these'. being present in 

occlusive coroni;1ry disease. · Possible sxtracardiac . 

. ~_ .. soures o:f b1:?.?.9-.?fhich -~e:. a.y;;:ilable through'. normally 

occurring ~nastomotic chc.i.1:riels h&.ve also • been 

(Hudson,. IEoritz;. and We&rn 1932} 

In 1932 :,.fori tz, Hudson, ~nd Orgain 

· exaininc.tion at. cutopsy of four human ·hearts sur 
. . . . - . - . . . . 

v.rhich there were extensive· pericardic:.l cdhesions. 
- . . . 

1x.tients hc::.d died of- cc.uses not related- to ·- . . •-· . ' -· .· ·, ·. .·. - .. _. 

' . . 

and ther G wc..s · no· · signific c,.nt coronary a.rt e.rio 

··. They injected 'the coronary .. arteries with a co. 

suspension of· lamp black :l.i7.d found th~t the p 
. . . . . - . . 

· v&scul~r channels in the fibrous: adhesions .:, 

mally occurring ni1astomoses hetw.een tl1e 
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,r··•.••·'" •· 

injection of' the- rnediaSt~nal ves~~ls. •· Th,ey reasoned 
'.-.; ', :, .· ..••. t 

that· if extracardiac anastomose_s> actu.ally · co~sti tute ·:· ·• 
-· . •. . . . . . . - .· . . . - ' ' ' : t '. .. ' 

. a significant re,serve. for the corona.ry· circu·lat·ion:,- :· . ··•····· 
. ' : t ... ' .·: 

. -then v;;:sculcil'ized pericardial adhesions_ might-pr_ovide .< · 

some· degree of' protection· in- coronary> arteryi disease-.-
. . ' . . . · .. '. ' . . . . .· - . -

. With this ,in mirid,· work was. start~d at: y1estern:Re~e~e 

University-to· study tl1e func::_tions.IL si2;riificcmce:of'-such 

an experimentally- produced collateral c-ircu'iation iri·· · -~· 

exper~ental coronary e>c:lus_i~n •. ,: Th-i(Jn'.S: probuozy: :the 

. s--tart::ng- P~int. o:f a,.ii. the. 'research- which has: been: do~e- .. ··· .. · 

in recent. years· concerning s~rgi~ally· induced c9llat9rai :: 

. coronary circulation •. 

.. 
. · .. was resecting a ce~diac ·scar whic,h- was: ud11erent. t.o th~.. . .. 

. -narietal nerict,rdium •.. ·Upon. t!'ansectiori of.• this:, brisk: . . . : . . ,· . . . . .. · . . 

·. bleeding occ_urred from both cut ends •.. !!'his: appears-. :to;' .. 

be• the'. first -~bsei¼ation. at' the :operating. table,.of ex-tra~ .: 
• • < ~ 0 •.• •• • , •. ,• ". ' • 0 • • •• •• • 0 0 '. •• a < ~ • • :, ••• • • •• • • • :', : • • :~ • • = 0 .,~, •• • •• /.• • 

. cardiac. c:.nastomoes. with- .?.ppr.eciabie.: f.lovr of. bloo¢!., and: 
. ; . . . '. . ~ . ·• ' 

is:. especiaiiy interesting. because Beck-had been doing> 
. - . , . .- . . . . . - . . ... , .· -~ . . ·' . .-. . .. . , 

9onsiderable experimentation with- -surgical r'evs~7~lar-• . 

. izati~n of 't11e:·heart-, in .. ·d·ogs •• >some· ~f'. thes'e exper:i.merits : 
. ,, . . . . - ,. . . ·. - . . , . ' . , ' ·. . . . , '. .· ..... ·;. . . 

.:.,· 
~ . . . ' . . ' -

wer~ . .r.eported: by: Beck ·and T~chy i:if 1935,: and by._Be9k> ... 
.. ·. ,. ., . -· .··.. . ·.·'., : .. _.., . 

·• alone in-_:the · same'.: yea:c" ... • It vrns -attempted in:thes~ exper;:_ 
' . ' .. - . . , ~ - ·. : . . . ·. ,, ' . . . . . 

.•. j.ments on dogs' topromote:extr-acardiac: a11i:lst6rnosesby: 
•. • • • .· . •;· ; . . •. • • ••·.• • ·.·• ··< _",,:'· :· • • ,·'. • .. ·._ C· •• ·-. •: ': •., 

. : 'grafting·. vaious<yt:sctl~ar \tissues.;t.o: ~he: ·Sll!'fG.{e .·of_~~,;:~_·. 
~·:·' 
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in t·1ese studies were peric&rdiwn;- peric&rc:l.ial-f'at,, · 

mediastinal tissues, pleura, omentu.:11,: ~.nd pectoralis·-. . . . . . ' . ~ 

major, tric:.neularis sterni, ;;md int:::rcostal musc_J.es. · 
' ··• <, • - : ' • .,, • . • 

Vllie!l these gr&f'ts wer:;; applied to the he·art,- i\ was 

found' to be necessary to produce some irritc:;tion of' .. 

the epi~rnrdium ,in order to pro:note the development: of'., 

atisf'actory adhesions. A number of-methods-were tri-ed. 

to accomplish this,- not.::.ble among which- were assort_ed 

, chemicc.1- irritants. which vrnre found- to be too· violent 

or too unpredictable :in their fiction; snndpaper>and- : - · .· · 

special burrs f'or mech;,.·;nical _abrasion of'· the epicardiuin; 
. . . . . . 

the means of' f'inal choice being the bt1_rrs. 

- Vlhen these grafts were applied to- the normal heart, 

. a few .:.nastomos.es developed between -the vessels iri the 

gro.ft 2..116. the coronaries, but these w~re few am.1 small-.-

. In order to demo::.1strc::te these, th~ aorta w&.s clmnped. .and 

divided just distal to the coronc.r;y ostia? and the 

grc.fts were i1\i e.cted vii;. t:.1e ltertc.. v:,_ith- 0.4 per cent 

aquaeous solution-of.ferric ferrocyanide &t-a-pressure· 
. ' 

of 100 rf~11. Hg. -- Plc:..te 11 shows .. the normalhea 

injection with dye through the grafts. 

shows the_ sreatest umount of inj ection 

extracardiac· anastomoses found in the who.le( series 
. __ 16 normz.l specimens; ~ t is obvious- that thisdegr~~ 

' . 
collateral- circulation is: grossly inadequate to:> 

any· signific~mt protection 
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:rt would seem thc.t although c. sc.tiGfc.ctory• vasculE:.r bed•" 

vms Lvo.il.::ble· in the gr2.fts, a ·stimulus which wou·ld bring 

about continuity between the cardiac u.nd extracardiac 

beds v;:::.s L:cking. 

A pressure differential vms creuted between the 

coronE~ry and extr&cardiac V£lscular beds by- pl.s1.cing. c,d­

justable silver cli:i;;s o.bout the thre.e major coronary~ : • - . 

branches nec:.r th2ir origin and tightening these- progress- . 

ively &t repeated oper0.tions •. Thus the hydrodync.mic-

condi tions -es·sentir.·l to the development of collateral 

<irculc.tion were brought ~bout. Grafts cppli-ed to :the 

hec,rt by the sr-.me • methoas as before were found: -to be• 

more VD.scular; injection studies corroborEte;1 this ob-:­

servc.tion.. Plc:~te 12 illustrates the slight degree of' 

injection with dye via the grc.f'ts- which occurred in 

res,;,Jonse to a slight degree of coroncry obstruction 

due to-slight compression of c.11 three.msjor coronary 

branches, neo.r the~r. origins.. The extent of ·the col-.. · · 

later(;.;.l circul8.tion -vie. the gr:::ft is- greater then that 
' ,· . , ' ., . . _._. . 
in the 1101"?1~~1 dog, but is still far from sctisf.:!ctory .• 

It v12.s found th:it · a.s • greater degrees . of compres.sion ...... . 

of t!1e coronary nrt·eries VlfaS produc_ed, t:1ereby. _i!1creasing 

the pressure dif:ferenticl·, there. wer.e pr61:'.)or~iotiate1y· 

gra&ter:,extrc;Ct'.l~diac .· &nasto!lloses. .. One typical exr,.mple 
is show·.n in Plate J.3.. Slight compression of the three 

.·. . , . '; -- . ' ... _, 

br2nches Vlt.s done when the gra.fts were applied; • s.t 
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reoperction f'our months· ;i.e.ter,· the right· cor~mary· e.rt-e:i;-y 

2.nd •the lef't ramus descendens v.'ere completely -occlucled'.· 
,• : ,• • • v,•• • .. '• 

- One year r:ft3r the s~cond ope::'at:i.oni t}:1_8 dog:, whic~1~ had 

ap})eared normal in all res:)ects, -- was sc:1cri:fic.ed,~· and~- '· :··; 

injection studies ·were done. -A small cice.trix measuring 

. 12- mm. - in diameter -in the lateral Viall of the• right 
. ·-' . ~ .. { 

-- ventricle- was judged to represent a hec.led: infarct.• It 
. . ,, . . ., . -· ' . ··- -· . .... ~~- . ,· '. , . ' . . ·-. . ~ 

. . . . 

was estimated that the totc;;l cross-sectional area; of.··, 
- . '; . . ' ".· 

he c<:>ronary arterial system was~ reduced r:iy about -85 per 

cent. l·-11 of the coronary vessels including the cap- -

illc:.ries. were com;>letely filled with the dye. - · All- .of -

t:1e c;;.ttempts completely .to rePlace the_ coronary C?ir-,­

culation by ollateral channels were unsuccessful~ · It-- -

was .noted thc.t .the dye injections were not conf-ined to -
- -

the regions of the myocardiu.'ll near the graft, 
, 

the whole myocardiu..rn w::..--..s injected, -and it was 
. -

· fat the increase in intercoronary nnastomoses-

promoted by the grafts as we'll as by the partial 
. . .• . 

onc.ry· occlusion. 

Some interesting observa.tions'weremade 
, . . . 

also. One of these ·was t.hat ligation -- of 

of a coronc.r~i r.rtery very -frequently, vras 

almost, imniediately by. fatal v.entricular 

This- might account -for th,c oudden death 

observe.in putients who_c.t 

_ only a small branch 
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1 br•:.1'"1ch·r:irel-.•; · result_· e_ d in· dTsturbr ... 'Ylce . a arge u.u , 

Another of these v1a.s that destruction of 

cardium with the ,burr gener,:;,lly produced some. distur-

bances in rhytbm v1hich were usualzy tre:.nsient. 
. ·-, . . ' ' ., 

-in;ludedsinus tachycardic., heart block, extra.systoles,• · 
- . ,. • # • 

ventricular tachycu:rdia, auricul;:;-.r fibrillation, and 

occasionally ventricular fibrillation. 

I\butz (1936) --showed thut one cc. of -procoine -or­

metycc.ine in 10 per- cent -~quaeous solution' invElriabJ.y· 

· stopped auricular fibrilla_tion and other arrhythmias 

-induced·by instrument&tion- .and decree.sed c.::.rdiac ir-- • 

ritD.bility mcrkcdly if applied to the epicardium-a- ;few 
. . ' . . ' . . . ' . . 

minutes before c:brasion Vf~ts- started. -- He• c.lso showed' . 

· that- quinidine sulfate given or&lfy in 30 
. . . . 

· i:.v1ice daily for- o. fevr days preoperatiye~ 
. . . . . . 

the incidence of ventricular tachycardia.c.nd_fibrillation. 
. . 

-These ·mea~ures w~re-adop-ted:byMi.ut~, Beck,:_z.nd:thcir . 

.. associates D.S :routine in'. ccrdie.c surgery h~nceforth-. 
. . . ' . . 

· ~hey further st,c.te that ventricular fibrillc.tion. can 

stopped· endn.c,rmal rhytbmrestored in-80per cent of 
••C • .- • • C 

occu~renc es by massage· o:( the. heart,: to- fill, t1 
.a~es with fresh,blood follov;.ed _ .by brief ~· . · 

· 60 c;:icle ~~lterrii;.ting curren~ 

on ei th_er · side 

:Mc<utz and ·B_eck (1937) 

ciru ·• 
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chronic obstruction of the left descending coronary •--· 

branch in dogs ,-'produc~d over a- period of- 6 months.· · The 

dogs were s2crificed and injections of a· radi_o-:-opaque s 

. substance made vi2. the-. descend;lng- ramus distal· to· the-
• • - • • • • ~ ' • • • ' s 

occlusion; six-foot :::-rc.y-plates were then made· of- the:· 
. . . ~ ,. ' ' _. . ' . '' ', . . ' . 

hearts.. In 100 dogs several · 1ar~e anastomatic channels. 

·,uere quite consist8n:t1y observed. These were: 

(1) Betvrnen the left distal and right proximal 

~uricular- brb.llches over the bc.::.se of· the· hGart~ . · 

(2) Channels over the conus of. the- right ventricle., 

(3). Betvrnen. ta. right ·,and left cororiuri?s in the post- · 

erior c=.uricular-ventricul21r sulcus. · 

These vessels were th:i.n ·walled vfi th -little 

r.1nd pr6.ctically no elastic conn0ctiv e tissue .. fibers. 

The ncrmally occurring ~xtracardiac • &nastomoses \vere 

only slightly incre(;:;.sed. Plate 14 illustrJtes these 

findings. Fig. 2 of this nlate iQ.lustrates in 
- • ,· • ,_. &, - ·, ~ '. 

ma tic.- form -the anatomic connec-tions. observed· bet<vveeri. the 

ma-incoronary-ar~eries o.nd between coronary and 

ci2.rdiac arteries. -

· In 1941 Stan.ton} Schildt,- a~cl Beck 
. . 

·latest sXperiments on dogs in w~ich- 100 

used in groups of ten dogs ·each. In· 50 of.·t 

entire epicardiun1 vms thoroughly abraded wit 

burr_ so . tha~ ca~dio-pericardial adhesions \•10 

After one, two, 
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the left corone.ry artery vn .. s lig2.ted and divided· in 

groups_ of 10. dogs. ·. These -ligations_ -v1ere-si:11ilarly· · · 

perf<;>rmed in .50 hearts in which no abrasion had been- ~ · 

done •. · In the group of non-abrtided· hearts, :the mortality. 

was 70 per cent; in the abraded hearts the morta:Lity. 

we,.s 38 per cent •. After two months, all ()f tl1e l"'emain.-
. ' 

-ing dogs were killed,- and the he~rts were injected PY· 
. . 

. vrny of the right· and the left circuJrtf'le::-::. arteries with 

· a- r;_dio-opaque subst&.nce too viScuous to :f)fiss throug?:i . : 
. . 

the c2.pillaries, so thc.t only the arterial trse woul_d_, be 

injected. The normal specimens· injected showed. -infarc­

tion but no intercor_onary &nastomoses, whereas -the 

abrc.ded -specimens cont&ined extensive .. intercoronary 
- ' . ,._ ,. . .· ' ' . . 

- . - . ' 

. anastomos_ es,· quite lo.l:'ge enoueh to .:;:;rovide .a common 
. ' . . . -• 

arterial bed. _· It Vfo.s further noted that. in the- abraded ·· 
' . ' . . 

specimens, the size, of the infarct- was--consistent1y 
. ~ , '.. ' ~ - ,. . ' "' .· 

reduced, in_ some cases,. even .to. non-existence •. 
•-•. . . . . . 

Ex:periments ·similar. to those by. Beck-.ffild his 

were done in England byO 1 Sh~ughnessy between 1936 . ., ·--.- . . - •'"· . .. ' ·' -· , '.,. ' 

1939.- · These were -terminated by the untimely<decth 
. ' 

· O' Shau5i].nessy who wns killed during-. the Britis · •._ ·.· · 
. . 

nation at 1?1:1nkirk in.the present, war. .After ex 
, . 

}ng with several types of- tissue used: fS· grp.ft,s 
. .. 

, . , 

final choice was a pedicle. gr.:.f:t of: greater .ome 
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, .. ·:: . . . ,'· 

most .effective· structure .$.V~i-l~ble, >but·beli-eyed the.ts 

···.the diaphrc..tm~tic· hi~tu-s produced· v12.s· too ~conduc.iye to 

diephrcgmc.tic herniae invo_lving abdomine.l vif3cera:.~; · .· 
i ' 

0 1Shaughnessy recognized ·this possibi·1i~y:,, but ne~er· 

saw. it occur •. · He stuted that. of all the structures.,·.: 
·. •. ·.' ·'. .. 

in the.· body, the•·· omentum has the. g:reatest pot,~ritiaJ.i ty~ ~:: . 

for VQscuJ.ur:iz~tion,, 1;~nd · cit~s cases of, colossal uterine 
: :... . ' .. ·,·. . . . .... ; . '· . ,,•. .. -• . .· · ... 

fibroids nourished. •bY as many. as 6 -arterfe~ :el.ch :Jbcn1t< .... -· 
. . . ' .. · •· . .. ' .. 

.. the. size of. the· braqhi~l. artery,-_ passi11.g. to, thei tumor . . · ,·• .. 
'. . . . . . . · .. ·· .. · . . . ·. . '• ' .. -.--· , ....... ··.. ..... . . 

·by v1e.y of. onient&l adhesions _(0.1 Shuugnessy-1937)•: 

· · .. 0 1 Shaughnessy avoided _tl1e,-us·e:• of mechunic~l 
• ••, • • •• • '• •• 0 V •••• •• :•••••• '!- • 

of the ep1curditllll . in .. qrder to'· induce: adhes-ions •. ·: He, o .· ·_· 
. ,·. . ; ' ' . . . . .. . . . , .. ·. .. 

' ' ' 

found.thut .. v1hen. an aleuron~t.:.stcrch p_'-4st~_:.w?s_.app;I.ied c · · 
. . . . ~ . . . . . . ,. . ' . . .. 

·t~ the ep~ca.rdium, · supp_ie, va~cular adhl?sions-.were<.• .. : · · 

·formed,:without sy.3temic-disturb_ances.· Thus'it11~ grafts_:, 

._ ~ould be sutured to ·the pc:i.:.ic.ardi0L't after 6.pplicat:i.on :o:r\, 
. :. '.• .... . . .: ·. ·· .. ·. . ·. · ... ·' ., . ·.··.·:-, :· .,· '. ···· .. ··.· ·. •.: 

c.leuronat- to the fuTl'ift where' it, tO).lCh_e~' ther:heart,', '• ,' 
. . ,.. . . . , . . . . .. - . --

thereby avoiding: suturing- -th~ gr~ft -to- a 'triable rrryo·:..: J ,: ~ .. 
.. . · ... ' -. · .. , .·. . . . .,.· .. - .;, . ' . :. ·:- .... 

c.irdium. Aleurorint is. u. prepal"_c.tio11 of<~;l.eurone g~anul~s 
. ·:. :. ·;·· .. ··' . .·., 

·which,·are found -in the-. ~eeds_of 5ome• pltmt?. ~J1_d: cer-ealr/.:>c': 
. ·., •. . . - _·. . . . .. ·. - .· . : . . . . . . '. . .,. , . '. . . .. - .·. : . _. . ·:._ ~. :-· :.," 

.Using greyhounds i~ hi:3, ciog--qxp~rim.ents e11abikc( _ 
' . . . . . . . . . . ' ( . .. . . . . . . .. . . . . . . .. ' . . ·. ' .. . . . .· ... ··~· · ... ·, . . . .. 

'', him to·· obtain >a .-J?hy_siologic .• ched~ on;-his ;re~h~tS~<· :: 

dogs · sutj ected ·to: _lig;ti:orl. o:t' the··•· descending_ :t~a11~h 
the left :coronary._:ar1:,Gry.: without>application o:t\:ari 
. . . . • . : . ··, . - • . ' , • •. : • • . . :- ~ -. • • • .:_· • • • • , .•. ' .•. ,"·: • ·• ~.,. • • • , ... ·. - ... r • :. : ~-- ·_. 

.• omentalior other,grirt>wer'e· fouiid-t.o-he.veriiarkea.i 
\ '·:7._. --: ,---. ····. ·,· :.,:·::_· .. :>· .·-.:·::.-:~,-·,:-~ 

duced ;unni~,° cc1pacity Wheri : 6 ~ . .·· . . . · .. ·. ·- :· 
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after oparE.tion, showing ··abnormally great dyspnea and 

. obvious signs of distress.· . But v1hen ·do6s-.which hnd 

omentz:.l peciicle gru:fts applied at the same time the 

ligc..tion was done were tested on the track,. they.were 

found to· have &pproximi.;.tely norm.11 running capo.city 

and· generc..lly finished the course in very-good order. 

The· results. of. 0 1 Sh~ughnessy 1 s inj ccti?n studies . · 

vrnre, · in essence,· the same as those of Beck .... · 

• , Thcmpson ( 1940) and Thompson und Rc1.isbeck 
. . . . ' . . . 

r3ported a series- of dog e.."'Cperiments in which the;y ob-

tained some ~ather remarkable results. In a 

sroup of 20 dogs, the descending branches of 

coronc.ry urtery and vein wer-~ li .. : .. :ated with- o. 
.. 

of 50 per cent. . In 16 dogs the s.:..rne. lig,:,tions vrnr 
. . . 

and sterile talc was dusted into the· :pericardi~l .· 

at £l!ld a1?out the ligction site with a mor,tulity of,>25 

per cent.- · In another group. of ~6- dogs 9dhesiveiperi:­

cardi tis w;_i.s :produced w-i t_h talc, follo~v~d ·by the. s2me 
. ' . . . ~ 

lic:;ations---two to•_.ti:1raeweeks.l2.ter with nomortality.--

Inn group of 8-dogs.the same oper:::tions-were pe 
· f'ollo·~ved in 2 to 3 weeks by lig&tion, of th0 ri'~ .. 

o.ry art0ry ~t o.bout i;ts middle;. 2 ·to 3. weeks 
. - . , 

· left circun1flex brcnch was livated at 
,· ': . .· .- -.....;_ . ·. "; 

. ' . . - . . - . 

3 weeks after_:thc.t·, the.,right coronary-artery• v,as 
at its origin, le2:ving-practicall · · · ... 
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vvc.s 75 per· cent,· but the· remaining two dogs- ran and- play­

ed normally, appearins clin:tcc.lfy well. · Unfor~unately, 

no injection studies were made of' thes_e- hel:rts. • , · · ~ 

Previous to t:1es e experiments, Robertson ( 1935) and 

Gross and Blum (1935) had dainonstrated th:::.t -ligation of' 

the coronary sinus and major. veins was followe· d-. by: a 
. conspicuous. increc.se in extent of the vasculo.r bed and­

·the arterial anastomoses,. as shovm by. inj ect:i_on studies. 

Subsequent ligation of arteries produced ~mnll~r areas. , 

of infu.rction than in hec.rts with int~.ct veins •. • Robert-
. . ' 

son vms able to ligD.te all of the· arteries and veins of~ 

the heart in multiple operc,tions;. In the surviving dogs 

the extensive pe:vicardial adhesions vrnre cut and tied to 

see if the thebesiun-like structures could s· .. Ipport . 
. . . 

cardiac function,. many patchy &reus of' c;ianosi·s. deyelop-

ing &t this time.·• Only one dog. surv.ived this- ~ns-t op­

eration, and it died two- monthS :later- in· congestive­

heart failure. Mort;_,li ty r.s.tes were no't ,sta.ted, 

it we.s implied th:.t they were high. 

In 1941Friedbacher reported an unsuccessful 

. att2mpt to· anastomose t11e intern&r m2mniarr arter 

cor_onc.ry artery by 6irect s".;rgery in dogs.. ··.· · 
' . . 

that this might be possible if- £-ntic?a_st1lan 

could b~ locally-inhibited were used. 
. ' ' 

. Burchell ( 1940) • oerf'ormed · some. ~ ··. · ; 
' . ,. .. . ' ·, ~-- . 

similar·to those of.Beck, but his 
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. . ,• . 

results was· very ciifferent :fr~m~ B~ck' -s/ . Injection studies 
- : ., . -· ~ • • ..._ .. •, ... ·• ~· . · ... :· -. : - . : .. - .: . ·:._. . . ., -~---. -.·_..-'.-. -.·•:_·:·: ~ .: _, :- ... ":,::~ ''•. I. 

after·• exper1ment~r occlusions· agreed-.vdth·: Beck-and others,:': 
'; - - . . - . . '. . .. ·: ' . , . . : :: . . . .. / . . . ' -~ . ;- . .. ·'. . ·:.-· .. ·· . ._ .. - .. · -, ' : . . ' . . .. 

the lar~est· t.nastomotic vessels being found_ around_ the~ 

apex of the l~ft heart~ _ ~~d ~rounci th~- crux-_: 6f: ;h·~~ ;heo.~f-~ . ; 

Vllien_ gr;fts_.·iike those ~eek ~s~s ~erf,applie~--t;:th~:-· _._,. ' 

h ~urt ,· Burcheil :was able·_ t_o da119nstro.i?e ~no- protect?,vf 
• • • - • -· • .. -:· - • • • • : • • - • • • • - .; • ·:: ' • ,. _. • •• • • : ·'. •• • s •• : • •• ·: • • • • - •• ., ~ • •• ' 

'action -in: subsequent experimental- occlusions~., The- ·. '.·' ~ .... > · __ 
.-• . . ·-. . . . . . . . - ~ .. · ' . .. . 

. grafts: were; seen ·to ccnt:.:~in:, some· small.ves_sels, 00 but. th~se <-
. . . . . . . , .. , - , .. . . . . ., . ·~ .· , . .,- . ~ .. -- . . . . ,, . . .. _. -· ·: .. _, . ., .. 

•- ·•could.riot be sli.own-.c·onsistentli--to carry·•more, blood- or·• 
. . . . ·. . _.,_ .. -. ,.· .. .-· ·.· '; .. •·. "· •.·. ,, . 

anDear ~:f- lar'7er: size when there.wa·s- ch~~nicco;;.onary,·~o:• ·• _ 
.• • .. · ' . ,_ -· .. ' . 0 _. :. -.-.,.· .. ,• <,·:- -_.- _·- ~ .. _. . '._· ... :"-·.,.• • .. · ··.· .. -··.•·:. ! :· .• -· -., ,'· •-:-:.-: 

obstI'uct'ion.. Results~w~re the s.::me \\Tith-- oment~i- ~a:fts; 
... , .,., .·. ·.· . . . •, '·.- :-- ...... •. '. . ..- ;_ .. ":." .. :' .. . · . 

. . . and: OJJ.ly a snmli amount'. o:r.' btirium sulfate: re .. ~ched, the·•·.· 
' . . 

. ; coron.:-.ry circulatior{ ill• one_· heart of seyer,al inj ect,ed 
by: way of- the o,me~·rt,iL gf r,ft~ ._· · · ·. -- · · -

In three- d.~gs with ~\lsci~, ~nd.~?~·ee•dogs 

'omerital grif'ts>and '. odclusion-' of -the. -three_,tnriln coronary . 
. . . . . . . ·- . . . ·. ·. ' . . . . ' '. ~ . : . . '. ' . . , .· ... . . ,. ., . . . ~. - . - ;. . ... ·;- , :· 

arteries': section . of t1?,e: gr~:fts- vic.s not~ :fouild- toi-inconL: . 
• •.' , •• •. •, • • • •• •••• • • • ' ' •, < •••••••r 

venience the- .dogs': and. no, e'iectro;.:c~rdiograph':icjchonges i; >. 
-.~ ·: ···:-:._.- . .-: . .,, _:_ . ' .. :·.-/ .. · ... _ .. · ;·,_._ .. ;; ·:: .. _:_- ·'. ~:- ·,····._·-:>· ---<·":_: '_ ~.:-·-: .. y· .... :._· --.. _:.•.~;_·_,- ._-.:-.>~/?.•:·· .. 

--·could be- sho~vn}vhich· indic:ated; :1oss<of- blood s~.(ppif:to\: t 
..... '. •,. . ' . . - . . ' .· . .·_• .·:·•,.·.-·- . . . .,. 

__ the-· .•. myo,cu~di~. : _--_-Fll:r-.therlfl?I'_e ;::t1t: ..Ci.°:g~-:i~w~:f qh,--t~~s,e'.?>_,··. 
surne:cond.ltions•\vere-prodliciici;/Burcheii .. could-Cdemori..;:···._ 

-~-- .. ·.· . '·.· . ., .. -•:- '., .,. ·"' • ... , ,: ·. '. --.·. ·,-... :,:,, '.'· _,. ~-- _, .. ,,_._ 

str&te no·· signific:;.nt vo.lume of::blood · flo~·.r thr-ot15h. the·:.· 
. ' ~ . ~ - - . - . -- .. ,, , ... ~- •. . ·-~ ' - ~ 

·perice.rdial .. ad.riesions •. -Vlhen,, the> 'thorucic;. fu-ici 0 abdorninia.i'.'\ 
,:••• •• . .- .-•_." • • .••;.:;,,:•• ••:• : • .,~ .. -.-~ • :. • •:•• '• .. :••,••.•_)'. ••••..-.:.~:_.••:•_.,. ;: ,., .. :_•-,:•~:•.• ... ,'.,;.,• •::.; .. ;"..,,-..•,.: -.•• ,:,, .. >.'.'••:<:,r. 

\:\o:rtae were se'parateiy: perfused-· With. e; :m:Lxtur ... : .··:: .... ,,. _·,_· .. ·. :-, .. ,;·1·:<> ':'.i/ ._· """<"_;.-.. .-.-- ~· ·',:· --., __ ·-.-""-:' ... -·. :''., ... ·_:··;.·.-. .;"~ ... · .-: .. ·:.-,:··,.,.". 

-- ~r~ s./folution:;::b~o()d:, ·a11d ~{e,;'§f ~r~ssures 

· • ... _. >130 !11t11·~... :_ ±f/-tli~ . 2 ruft~· 
' , ••.•• I;;;, ... · 
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. .. 

· · heart~lung part~ :9nly small: ~01.mts of dye.· 

h~k.rt .•<In :three·'..riormu1· dogs,: dye was• recoinized in the . 
. . . . ; . -· . . . . ·.,- - •.,· 

hearts. of -tu, and this runo~nted--to a flOV{ of- 0.5 t-0- 2-.d ' . 
. . . . ·- . . . , ·. ,_ . ' . - . ' , ,, . ~ ~ .. ' •: ,, . . ,, . . ' .. ,. - . 

. cc. of floV{ via the :graft per mi11ute •. In one~ A~g'. Vlith 

intactcoron~rycircul~tionundiu muscle grsf't; the 
. - . . . . ., ... '. - - ' . ,· ~ . . ·-

amoun1:, ~ of. clye · in.dicated a flow- .of 2.0 to- 3.0: cc~: pe:r­

:ute•;, in on:a with intact,c::oronaries,and-:an omental 

·. flovr in•.·the · gr:o:f't VlC.S. 2.0. to. 4 .• 0 ~~'•· per•. ~inute.> 

. tWO· Pl"•ep~r·:.:tions-, il1•·Vlhfch<the three- :main ·coronary. ur£;:..> .' : 
. . . . ·- - . ·. .. . . ~ - .. : ~-~ , . -. : ., . . ' .. 

. eries-' were progressively, qcc1uded over a. nerfocL of. 72 to . 
. ·. - ,• .. ' . •. - . . .... ' ' . -- ' . ' : :.· :· .. : ... 

. ·· .. · . 20- mol:lths- wi:t,11: grafts: in. plac·~,- no· dye. at -C.11 could· be.,,•.· 

recogrdzed;'in the. ~n:r-diab; outpu;t.-. 
, · '. Where~s, ~rchell did ,not: deny.: tlie. J>;ssibility.··tha:t>'. ·. 

·. vascuia1, :chc.nnels ·. iii·· adhe.13ion's: and: gr~:f'ts ;might>dev~lqp' 

ftinct.iona+· yalu~,,; lle .did ·.11ot:·observ.~it~ t?::'t,~;p;ri i~: . 
exp~rime'i1.ts : seemingly favor&.ble: to:· s~ch -.a;resulf.:,<>:·•• 

•.. me~ts::::c:::s::e::t::>:e:•it::t:;atr:h:.::e(i~ 
.f'!~dings_'. •. se~µlt~··, s\£::.11d,·:_611t:-~~.:.Al:L::seem'.to_::agr-~e_ t~~:t:·:·. ••·· 

OIJ~r~itio11s invp,i,v~n.g, c,oriside~aple ?re.a.s · oi''tlie·'.h~f.:rt~i 
- • '• • •- • '• ••• • • ! • • •• •• • •• • • •• • ••,•: ~ •• • •••P•_ • ... • •,.-•~~•.•• p ,>_, ·-•• ,; 

.. 
. s~r:f'ec~ ci.r~ c'onduciY,~:. to, t-.:e development· ~f 

' .. ·on~~ :??l~c~.,zff:l,.c~~:~el~ •. :; !~:I.th°,ug~(pps:~'.· ~°'f'~#f :#iff ;:\:'. · ... ·.• 
• t~~icZ.i studie~: appear :di1cour:;.E;i11g.,i_n sbme, 'inst~hdes, ..... . 
. .... ~~rtell~ty-tigures•_·a~~--ph,'si;rbsii··~1~#Cll6l1~l1} .. ~uti;'/ 't: ·•· 

as those. of 0 1 Shc.u_shnessy., con~titute -~nde~i~b0.:I.~: ~~i4ence ; .;':" _-: 

. ' th;·t· •.. th~:h~art .do~s· receive e..~p~:e .. bl~odj?? ~~8;Hi/r:q93:;/',.:;'-- •;_-:::: .• 
. ·;.}<:~\.· 

. '":-. _:,.,:-~--· :~;~~ 
, ·: .·,/ :: 
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lr:.:.terLl ch::~nnels. Thus -it- Vl?Uld-.b.ppec:.r th-:.t•perhaps-, 

nec:rl;y r~s- nruc'i'i is accomplisher~l_ through: sti:~ulat~on~ of~'- -· 

intercoroncry anastomoses as.by bringing in anew blood 

supply by way- of' gr(;;.fts. -

- -_ - Direct surgical ane.stomos~s- of the inte!'nal-- ID?J1lll1ary 

artery: to. a• coroncry. artery. is probably not practical-;: : · 
. , - . .. . ,, .. . -. . . . . 

at lee.stby_present.technicilmethods,because:the 
•- . . . •- . ,. . . 

sive lesions so frequently' e::::tend in thG e.rteriul 

to· branches smc.ll~r thun can be satisfe.ctorily operated-: 
. . , . . . ,· :· 

upon. . P.rtificialJ...v induced collateral circulution, how-
. ' . , 

ever, could ·net be ei'fective if' there were- significc.nt- • 

disease in the very small arteries 
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The Coronary Operations 

Beqk, 0 1 Sh[.:.u~hnessy end Thom;soi1 und. their as-• ., 

sociat2s h&ving done the. experimented work prsviousJ.y. • ~ 

described, w.ere the first surgeons to make any e:½:tensiv~ 

attempts to accomplish surgical revascularizr.:~tion of' the 

heart in m.:::n. -Their criteria for selection•of patients 

U:;_JOn Vlhich these oper<.:ltions, wc.:re to be performed 

rather rigid [1.nd c.:_uite uniform. They were: - · 

(1) Unequivocal evidence of cc.rdiac ischemia in clini­

'cal, electro-curdiographic, c:::nd roentgenologic 

findings •. 

(2)_ Absence of imr:iroyement with long, thorough med­

ical trec.tment. 

(3) Absence of congestive failure- c:.t the .time. of: 

er2,tion. In. patients v;ith a history-of. decom--_·• 

pensc..tion, pr-e-operc;tive digita.lizationwus 

(-:1) Extreme disability, suffici.ent to_place:the 

. in Class· 3 of the · clLssi:ficz,tion 

.t.JU:::ricc:.n Heart Associc.tion •. 

In 1935 Beck performed the first 

c.S illustr~:ted in Pl~tGS 15 nad.16. 

through . the skin and· pector~lis muj or ~s . shm 

section of th2 third,· fourth, and fifth cos-ta , 
. . ' ' - ·t . -.- ' -· _- .•,' 

the pericCcrdium was incised, vertic:::.lly. The per 
' . . - . . -

2.nct epici,;rdium ,vere · thonoughly c.braded 'witI1. ~· · 

A pedicle graft-from pectoralis· major• muscl 

plied to theabruded anterior and.left,su 
- - . =-.· ' ·-· . 

. ' 

Closure was then nfr.de 
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oper;;:.tions;-quinidine 0~2 g. was- siven orc:.lly evBry four 

hours. for se:veral doses, md 5 cc. of procaine- in· 2 per~ 

cent aqui2.eous solution vras _applied to the heart for- fiv$ -

minutes before proceeding, to decrease the incidence of 

arrhythiniQs. Lo.~er, Beck used t'wo padicle g-~: fts of 

}ectorolis ~G.jor, - one; E:.round each side of- the heart- as· 

in plate· 17, fig. 1 and £,.lso used v2.scular. mediostinal 
.. 

fut in addition to this. 

0 1 Shc.ughnessy (1937) used quite. a different- oper­

ative technic,. namely cardio-omentopexy.: .. He made• his• • ., ·. 

incision in· the fifth intorcostal space from the sternum--. 

to -the 2-cnterior axillary line, - dividilli,'J· costal- curti-:: ·· 
- . .,', 

lages 5 and 6. - The left phrE;;nio nerve was crushed,- mid -

a smo.11 -incision made in the. left -side- of th-e die.phrn&,111-, 

through which a. sui t~ble- portion of- omentum- was isoleted · 

ond brought into _the thoracic ,•c&vity-, suturing the- din- .­

phra.&m o.bout it. _The omentun1vas then_ ~rought through a 
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· d' l i· 11c1· s1· o·n :::;.,..,-"· ~utured to the er1,;;~es of- the··-.-. peric:.:r ic. .,.., .......... _ '-',,;:, 
. . 

pericardium (;.11d -to the he:::.rt.- Ih subseciuent operctions , .. ·· 

aleuronat paste vms used to produce adhesion~ to the he~rt, 

c..nd no sutures vrnre p_;Lace~ in the e,?icnrdium. Shock vu:.s 

larg ;;ly c:.voided by minimizing traum.G 2,nd. blood loss. c.nd 

by- interruption of. nociceptiy,e impulses carried by the·· • • 

phrenic nerve. The anatomic relations produced are shown 

in the accompanying dicgrG.tn. 

Thompson c.nd :Euisbeck- ( 1942) used a much simoler .. . 

oper~tive technic. They resected one nnd .. one ha.lf inches · 
. . 

of- -the fifth left cost&l ci:.rtilage and incised the. peri-

cardium. After aspiro.ting the fluid, they introd-ced 

· 5 cc. of procc:.ine in 2 per cent aq_uaeous solution and 

W&i ted 5 minutes before proceeding. Ei::;ht- gr~11s of. 

sterile tr.le wc.s a.i.:plied to the ~nterior surface and· -left 

&nd inferior .borders, of the he.;.r.t,. and closure. was- dqne. 
; . ' . . . ' 

· Beck apd his· a.:;sociutes oper~ted on 30 patients b€-, . . . .• ·. 

tween 1$35 and 1937 ,. in which his operu.tive mortality vms .·· 

33 per cent. · It is noteworthy however that tl1e mortc:,~ity 

rate decresaed markedly o.s more experience--vw.s gained •. ~ -

Of the 2-0 patients vvho survived the· operfation, :four .. died ·• ·. 

in the next three- yeurs, e.nd: of these, autopsies v-rere- .:., ., 
. . , 

performed on :three. Two of th.ese. hacl showed -ooor cJ.iriical · . . . .. . ', . ., 

r~sul ts, one dy_ing of inanition and the- other of cor()na:ry · , 

sclerosis,. e.nd injection s_tudies did not dem~nstrate 

anastomoses in· the gr..:,fts l~rge. or numerous enough ~6 carry . 
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any signific:::..nt volume of blood.- In th,e- cuse which- had 

hacl c, '. good clinical result, a severe- desr~e of-coronary•• 

sclerosis Wc'..S .. · found. The injection studies. Ghowed. t~m- or . . . . 

twelve conm1unications betv;e~n the· s:,rterial sy_;tem and· the . ·· · . 

gr.:,fts v;hich v✓erc judged large enough to have -explai~ed · 

the clinical improvement. Further.anatomic~l studies 

must wait until more of the survivins p:::..tients die • 
. • t\n evaluation· of Beck's clinical· results shovrs- thc:t 

65 per cent of the 20 surv-iving patients \·;ere- completely· 
. . ' . . . 

or ulmost compl_etely relieved,, going buck-. to their pre7::-- . 

. vious- occ~pLtions; 20 per_ cent were moderGtel~. improved; 

15 per cent showed inconsequential improvement •. These 

cases c.re sun1:'nnrize_d· in the tc..bles- of Plate 18. The -~ ~ . 

-clinic&l courses of three typical cases of Beck a.re here-,•. 

with summarized. 

Cc.se 1. Arteriosclerotic heart. di-septse- ?;;,nd ang~na. 
. . 

pectoris of 9- ye2~rs' durL:.tion, · severe .for· 5 vears · 
.. ., . '. ·' 

.• . 

mod·er'",te gener2.li_z ed arteriosclsrosis with b.v-oer~. 
,~ i. ·.· ·,· "' ... , - ·-

.. tensiol}; 0,~terial pressure: systolic 164-; dio.stolic· 

92 · m.111. Hg.; moderc:.te chronic· pu-l11onory'. emphysema. · 
- - ' ,. . •- - .-, . :· -

A· 48· ye:.:r old f'armer, ;':ith- grudur..lly diminishinr:- . . . · _, .- ·. ·., ;;;.;,_ .. 

exercise tol cn-.•·nce ---:-""" . ., finally becc.me incr.psci tuted :for . 
. . - . . . "' ·. 

any work becc.use. of pain.. Exercise toler2.nce: tests-
~. . . . - ' . . ~ . 

b~ought ·on precordial pain, f'atigue; , und. dys~e~. 
' . . - . ' . ·,_· ·~· -. ' . . . . -- . . . . . 

Operation was· done Feb.·. 13,. 1935i ··Four ~onths later. 

he began to do light work around the hospital as u gard-_ 
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·ener. · He has· returned to farming; doing· 

work dnily for four years,· feeling no 

inary futigue ut :the.· end of- the. dc:y ~. 

this, the· first patient to have th·e opercltion 

· excellent. See Plate 17, Fig 2. 

Case 24. . Li·tGriosclerotic heart disease 5.nd 

. pectoris of -five years' duration.· A· tailor, 

years,· in november · 1933, a,nd c6uin inJ:.ugust 

. myoc2,rdio.l-, infarcts.·• T,hey v.rer.e anterior and 

. Dnd. posterior c.nd .baser. Invalidism followed the 

second attnck and he was barely, able to go to his 
, , , 

Slight e:~ertion nnd emotional strain 

·The .. left ventricle v1asslightly enlarged ••. · 

ht.ci extensive myocc.rdie.l fibrosis end wc.s a- doubtful ce.n.,.. •. 

didate for e>perc:..tion. Operation· vn.s- done, April- 9,_- 1937. · 
. . ..·· . . . ;. 

At t:1e opere.tion the, he~rtheat- ·wc.s feeble,, and;f t wcs ·; · 
. , 

apparent that the muscle wc.s- seriously d~110.ged •. · 
. ' :, . . : . . . - . ' , .. , .. : . ' . ' . '. ~ ·". :-

. -,,. ' . 

patient stated th.::t he had been- gre.-::tl1 · · . , 

. , . 

p:.:dn following the ()perction, but hip . 

er&nce W3.S not increased. Re died one 

, months l:1ter of mvoC8.rdial infarction. 
. .., ~ ·, . ' ·, ·.' . 

t- poor c.nctomicei .result.. The 

case must be conF3iderGd poor~ 

c~.se 25. · .A.rteriOsc1erotic:h 

· pectoris of ·9 yer.:.rs,' cl"uro.tiori •. 
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thrombosis. · The · c-onvention~l e_lectro~ardiogran-.: ~'v£-f3~ •· · 
· riormr:11,· but- the· T-:-wz,ve· ill' the; _chest:.ieo.d-\"Tas- rev~rs,ed~ 

in direction.' ,The record tclceff dur~tig: .:ind~~ed-' C.rl[iinn:r 
.'· ·: _.· ... , .. ·- . 

· .. attacks after exercise>shovied changes -~uggesti1~~r a-,,. 
. . . . . . . . . . . 

· posteri.orand busal infarct.·· .:operafio11.vms d.orie'.April 
' . • 1 •.-: . • • • • .~ : . • . . • ~ • , • •. . ,' ,: •. ~' > • ,' " • : •• I •, 

24; 193?. , The p8.tient stutes. :tha~ there· is: improye'."' 

ment ~nd he is able to ·carry- on his worl<, W~thoU:t-
-. - . . .- : -· .· .·. . _, , .. 

.. syrnptcms .> ·· The cli.nict.1 result in this 

bonsidere~ fair~· .. ' - ... ~- .... ~ ,,. . . 

. <I·.-

· ,- -•· _·•: O!Bhiughries-~y · operc:~ted on six patients_. -·; 1,111:ie,r:e; we.~ 
~ : -

·. no- oper~tive mortality~··• Two·. of'· these, subsequerit:cy_ di-ea,,;~-· .. · 
. . ' . '· ., ~ ·-. . •' - - . . . . . . ·,-· -. : . .,_ .' '"· .. . . ·. 

·. one of' .uremic, and, one of. 1lemorrhage- fr6m u: duodeno.l lllcer.-.· 
. . ' - . . . ~ . . . . . . . . . . ' ·: ~ . . . . .. 

The other four- pi;~tients. were alive over ·it.yec.r after; _:t,he 
''.": ·.. . · . ., t; · • . • ·;•; · I, 

' " 

·. operiti<?,n 61d ·were much improved.- Re ,believed thq.t; tb.fs·· 
. . . . . . '. .. ' ,. ·. . . . . . . - '.- .. . ·... ·:-. . . . ·,. ,; .. · ~ . . . 

is ·a·m'J.ch less haz_ardous. operution.than:Beck1 s-•pedic-le;_,f 
,:· . .· . . . . . ... · . .- . . . .. ,', -

. grarts of pe~torctl:is,. and-:that- ornentu.~-;has···m~rked ~avant~.->; 

ages· •o;er:.muscle as.a \rehicle ✓ for blood'cvess~l~~- ' 

: ... · Thompson .and R~isbe.ck ;(1942)-f.e~::orted ~perition ,6n. 
. . . . . .. ·. ' . .. :,· .. , . ·., 

sixteen patients ·by tp.e· tec!m-ic previously; c;lescril)_ed., .. <;. 
'They. state- that_ Qll of'' these- were in. such conditip# tho.i; 
they·h/4d ·11nothingi.tO iose_-~d-, ~verything:; t,o· .. g~i1111 ~'. ::Of•-~··;:·•·. 
tlies'e'. one :·died'soon, pOst~op~ri:.tive.cy, _:tvro~.cin:"thesecond:,:: . 
·• . . . . . . . . . .· . ·. .· :. . . . ..... ;:. : .. '. . . ~:: ·, .--:\ : . . . . .. ,'.. . . 

post-operctive, day., :and-'one died' three V{eel{S later,: soi\· . ' 
' • \ . . . . ' '• • • . . . ,. ' . . . . .. ·. !•. . • ... ~- • ,' . ..· ·, • ' ... • • • ~ ,. - C ·, ' •• f· .. 

/ ,·,._-:· 

.. -teri :showed ·ma'rked .improvemen-t-, ~tr~~~, ·;~:: '~omf. c}:~s:e~;, 
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. ' . . 

c.nc.tomical studi·es m:.:;,st avmit: the -death of some .of 

p&t,1.ents. : Follow-up ex2min3.tions: vlith .. · .exercise to-ler2~.1ce 

tests, En'•teric.l blood pressure, . and direct -venous- blopd~ 

pressure recordings, and fluoroscopic,: radiogr2:phic,. 

· _ electrocardiographic examinations fc:iled to shoJ·r any. 

evidence of.cardiac constriction, or compression, 
. . . . ' ' . ' 

hypertrophy due to adhesive pericE:rdi tis.-
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Summary and Present Sts.tus o:f Surgic:;~1 Rev~scularization 
of the Heart in. Coroi1ary· Sclerosis· : 

. There .. are· two mec.ns ·. ave:dlable f'or· ·inducing. the- de-.. ' 

velopment of intercororniry c.ni2.stomotic channels-. '·•The 
.. ., 

first .of these is . chronic . coronary obstruction which 

The second,is by production . ~ . 

hyperemia due to ~n:flo.mmc.tion on the 

some- difference of opirdon as to the 
'. ., . . , , . . ,. . . 

gically induced · extracGndiac- anastomoses with the. cior ........ . 

onary- circulation~ . Since the improvement: in most- of the 

· patients who- survived the VuI'ious coronary- operb.tions., • 

cannot be- denied, it remc.i:qs to determine whether .the: 
. ' · . 

. ·clinical improvement. is due maii1ly to intercoron 

extra.coronary. collateral ch:::.nnels, or. 
' ' 

· eau2.llv · res-::.:onsible. - ., . It 'is remarkable that e.11· of- •the 
' 

P?,tients in v1hcm improval!lent.vms hoted-said- .thc:-t -they;.~ 
. ,. . .. · . . ' -. . . '·· ·····• ,.·. ·, .· 

felt ·better within 8 to 10 dr1y-s- post-operc~tiv:ely. 
. . ·. . ,,· . 

. . .• ,.. ,· .. ' 

is too soon. for anastomotic . channels- _of iniportcmt 
. , .. . ! . . -.-· . 

to h&ve developed. · · Beck suggests the Possible explc.nat:i.ons 

thst -the -:L-mnediHte hyperemic rec.cti,on foight 11~-Y~, d 
redistrib,;ti9n ·of the coronary, blood ~nd 'thi~t;;ervkS . -

- lying ·irrenediutely. beneath the·•· epics.rdium might, be•• 

· . or . otherwise interrupted. 
' ' 
•. . ' 

- ' . 

,incpnsiste~cy' 

of eood ,oper.::.tiv-e' results are such th'at ~1le\ corp~1ary; op-
. ~ . : . 

erc.tio11s c:.nno be I'E;g~rdecl as ·establi~hed'therrtpeut.'ic-:> 
. . -- .. - .· 

But 'the 'number which 
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ment is· both significant (::nd · encouru.ging. ·· All 9i'· the 

pat·ients operated_ upon were cho?en because they were·· ·· · 

cardiac derelicts,· to v:hom life, as it vms,-.was scarce:ly · 
. - . . . -. . 

worth living, s.nd ·were hence poor surgicsl risks at the 

outset. 

· It cun be conserv.::.tively ,stated th~t v;ork ho.s 

· vanced to the plo.ce v;here limi t_ed application to human 

patients should be done. Se.tisf;:ctory: dnt~1 hc.ve-been-. 

nccumulsted and -the experimento.1 evidence is- genere.•lly 

. good. · The improveme:1t in some of. the pctients 

. oper.:,tion · ho.s . been carried out has be.en ~lrnost 

ible. 
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Mi?itilWitT__,lW:RZmr:cr ·· 

··:._·_. :-· .. 

· Specu.lctio11s_ · as to the Futur~ of This rA~de of Tre:~t.11erit 
.ot: Coronary: -Sclerosis: · · · · · · 

.• . .• .· ... . . . . -. . 

. ' :- Only -the continued observation of 
·_ ·patients cvei~, a -peri~d.:of' mt~ny.' years-\;1:l_11 t~li)1s.;y1~1a:t: .. 

. . ~· . . - ,·. . . '. . . .. ' : .'. .. '... . . . . . . . . ..... . 

surgery. ·: 'J.iJ:lei~. siz:e:•migh~ rern,:1in:·st~tic .one~ th;J'· hav~•> 

.. ·. -bee'n estc.:'blishedf they. mig11t -incre~se- in- siz-e: due ::to.<tp.:e .•.... • ... 
. . . . . -. . . . . -··.. . •'• ·- . . . . ) . . . '. - ~ - .. ·, ; . . . - . . ' 

hydrodynamic· ·f'~ctors: \Vhich nave· been: cori.sideredJ:or."'.tlt~lf: 

mieht decrec.se: in: size o~e t~ ··contr&ction~ ~:r the{c"ollage~< 
. . . . . ,. .. .., . :- . ·,.: · •. ,. . ,-.·.• '." '.· •'..· ... '··c ·-

.. fibers laid- down by-· fibrobla'sts~ in .the .. initial phase ·of.:: . 
• .• • • . • •. . .• . • • • • '. • • • •. . : ' • • . ~ .~· .• - . <- • 

. ••_ .-irif:J..smmation.: -Since ·some of: .:these put-ie.nts have: a-lr-2aa.y 
·- . ~ ... ' ,; ·-.. ·" -· -

... been under observati9n:_for, .. s:oni·e. yem:-s:.;,:;ithout -appar~nt: .. 

develo·ori1ent' of· myocardial• fschemic/ · i-t(seeras>unl:ikely · .. . . . . . . . . .. . . . ... .. " . . ····.. . . . .. : . _... ·•·... . 

·. · .. 'that- th~ : last ncuned possii)i lity ,,1i11 ·very fi'eq~ently: . 
. . 

occur.- -· · .. · ._ ·- . 
: ·, _; .. ~ .. · . 

. . . .. . , 

. : .'.. ~ Beck- :reels th~.t with ~onstant1y: -improving .. -t~chnic- : 
.. , ........ _.- .': .-·· ,·:, .:', .. , ... _· ;,· .. _.·-.-.· ·:''- .. ::.-' -, 

rind: methods th~ ~ort~:li ty: _ ~r~Ji b.~, ·"er:f ~,0~1 i\ P:rh~?~'-!X~~'·{. · 

..•.... • .. :::~:::je: .·.::r::::::t;lr:t;:t::~~·ardt;:J:;:~: !!t· 

. ·. ·. :::t::~:;:\?t:;~::::0 :~~::11:tti:p::::!zt;:[0
[ ¥t8· 

:t'o:r~~ •.their 'ch;diric. reie~._;:e _•. i~ seriously ::imnaired'.'. ::.,But/ . 

. ' ·.some;_: of.·.·. the . ex1i~r-im~nt61· ~?9;~ d~ ~b,J1~:~d°:- ih~\~:~ti~/i~:i.~{:;, . :: 
.... · .• j{:::~~rr~:;:::tih::t;e;1~tt~1it~1!~rij:Jf }.UC·· . 

-~-('.)J:'Olla~y _c~r-cUlef{ion,: . so ,· that;: Pf~phyf~ctfc\'91:rkkeii6-ri)~1hi~ 
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\ '. 

connary sclsros'is. "is: not yet: vrell advanced would not be 

expected to be very effective. -- · · -• •···· · -

It is ~I opinion that the coronary operations- will­

ult:i_-rnntely become- vcluable ·thzra:peutic =ieasures in- scl;;_ 

ected cG.ses, but v.rill prob~bly _not become a very vvidely · 

used mods of treatment. 
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Plate .1 

Dr .wing of ~1-e ,rt , lungs., and diaphragm aft.er 
-in.:}ec tion of the cor onary arter-ies with a col­
·.1oidal su$.i)ension 6£. carbon l:-'art-icl.es . net­
work of injected peric&rdial and medi astinal 
vesse:J..s is seen . There ~re large iajected 
p1eur, l anu di phr tic vessels abut one 
h .... lf normc.l size . 
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Plate 2 

Dro.w-line of' the inner surf'ace of the pari€tal 
peric&rdium ana. -tL-e inf'e ... ior s.ur:fac e of the 
d-iaphr-c.gm . The coronar'.1 arteries were injected 
ana th v _1eLrt removed to expose the sites of 
anastomoses etween coron~ry ~~d extr - cardiac 
vessels. bout one h lf' natur 1 size . 

( P tes l [.Ud 2 t.ftor Huds n, oritz, md earn.) 



A composite contrasting the circulation at birth
and in the seventh decade of life.  Note the dif-
ference in the relative amounts of blood supply-
ing both sides of the heart, in the tortuosity
of the vessels and patency of the septal
anastomoses.  (After Gross)
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 Fig. 1

Fig. 2

Plate 4
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Pli..\.,e 4 

Fis. 1. A ~;.:ood inj -_ction showi:.:1 __ vc;ry o;:en ,.n, stomo.ses 
occurring betv;een 1rc..11ch .:.:s- of the rc..;nus desc ::mdens 
c~nt9rior of the L.ft coron~.r~, c,rt•:;ry c.,nd those from the 
r::..mi ,nteriores of the rieht. A ;:;imilc-r though less 
c :ms .. :•icuous :..I .. _ stomosis occ"'rs on t .. •2 .;'osterior sur­
f~:.c e. 

Fi2. ~. 
:E?is. 1. 

This is s.n e l-r~eme:.:it of t:i.e c•2ntr~,1 ::.,r2 .. of 
(After Gr:,ss) 
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P ;.1,te .fi 

V ~,t. ti eon in ~hlC"- ,,n a.i (I" ~t . ' t" .:::i,r" n ... , ... ""' I --. -----1, .. 11,,L.I _._ !a 'Iii!'!!! ,wli,i • .a..• 

"".:.. t. ~ , .... -- s in r. :. rr.io.11 ... . e :..:rt ,; . 
A • ._:.., OIi' ~ ~ .i.T..u:, ....-: ,. _~Ulm O..l 1 a ·• 
8 • ..., OW::i m.a.xi..l.J.l r:..r.'1..:.;.tc.~o .. is. 
C , c c:1.V .. r -4... u numt er .....ru.l ~ i .: e or 

' OID-0 ~D • 
Thcac ... ..., ...,hG 
~ - • t· ... :.. I.,=:-- -7J ilt'C ' -- ~ 

i;,i- - - a 
,.... a II'-. t.-e E 

~ t, ~ .. 1 . 
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Pl t.e 6 

• l C'f'~1c11n ~ 't:'.!. 4 (U.l:.!'e td he rt. 
June o ot ---tcr e.1 c trt.G - .1 ,.-c,"t.ricul.i:l= 

c1,ot . 

~ ot 
.1:.!::~~, .:i.nd z .. i ... - ........ ) 
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Plate 7 

Figs. l a.ne. ~ are ,photographs of' we he&rt 
in Pl. 6 before remov~l of irrelevant arteri&l 
Ct. sts. Fig. 2 shows arterio-luminal- vessel-a in 
profile. 
Fig. 3. w ..... x- plate r-econstruction through tile 
1-e.f:t- ventricular wa.l.J. nei"i.r the apec in which is 
shovvn tb.e common o;iening (CO) through- which 
s-everal arterio-lumi.ne.l vess-eLs fold my-oca.rdia;J.. 
sinusoids open into the lumen of th.es ventricle. 
The wax h.:,s been diss~cted away to show th€ art­
-eries (; . , A. , o.nd A • ) which communicate-with 
the cLvi "t-y 'through the common opening. . The dotted 
rectangle i ncl~des .the tissue f'rom which serial 
sections were made to prep~re the wax reconstruc-

1 tion shovm in P.l. 8. La.beling- is identical. 
This photograph is three fifths the size of the 
original modeJ.. -.whieh w:.s constructed on · a scc:.le · 
20 times the actual size. (After Wearn, Mettier, 
Klump~, and Zschiesche.) 

' 
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Pla e 8 
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Fig. 1.. Photograph of _ wax pl•~ t e reconsu-uct­
ion of the arterio-sinusoidal vessels. AS .is 
a. branci.1 of the .rtery which.- opens directly 
into th -:.: common -Opening (CO) which is -an 
impocKeting of the- endocardium (ENL). ..rs is 
a myocardial sinusoid CT,11S is an cpeni:ag of 
IDJ· ocardi.al sinusoid. (Reconstruction is 200 
times actu~:1 siz-e; p .. otograph is one fifth 
the size of the model.) 
Fig. 2. A photomicrogr& ... :-~- of one of the 
serial sections :from which the model ih Fig. 
1 w .s con~tructed. L~beli.ng is identiesi. 
( X 41) {.i\ft sr Wearn, :,::c:ttier, Klum;pp, and 
3schi esche. ) 

'-' 
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- ... 

heir ovm------➔ 
t11.2stomoses· ... ·1, •·· '·".. •·: 

.Art2.rio-lumii1al.~==~Ca.Jilluries ... . . 
vessels·. . 11 ·:---

Heart chs.mbers 

Dis.xrz;in re-oI·esenting'the 
its....,an~toinlc aspects~ 
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In grc:.dUi;.l na.:r•rowin.s of c. coronary branch 

In complete occltAsion of c;. coronary brc.n~h 

Normal 

Legen4: . . . 
;rit.raventricular ·p:i:-~ssur:e · 
mdteat-ed by bJ.u<i -~ ~ ·.~·.· > 

Intracoro~y ·~esaure· 
indicat.ed,. bf- r&<l; , · ·· · · 

~~l'.CW¢~~ pi-oJut-e· aa 
in other aortic ~anchee . 
indicated, by· black. · 

ti~t&·1Q .. 
,.;,,_s~ 'i·•_---r0i;:~_2..::1---·."!.·,:_ 

-i~;~~il~· 
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Pl t l?. 

i e1:i&ht degree D inj t.:lon with wj,ye in :J' .. ~5 nn 
to _ :-;.lign·t o.egr e.. or i,cror.u.:.:r-Ji' ob --tr .... ct ion., 
(Aft...: ;a~ "1Ld i'lc-h., • ) 
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Plate 13 

EKtensiv,e iaj ection of the myoc E.rdium through 
the V-scul&r bed est~blished by op 2r .tion. New 
blood vessels c n be seen. (After Beck and Tichy.) 
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Plate 14 

rtg . 1. On the left is reentgenogr..s.m of tl.e b · se of 
the hee.rt itl. the heart in situ in the cnest. after in­
jection of the coronary arteries. Severe constriction 
of the mc:.in left coronary ar ..,ecy h&s led to- on:cy a 
slig .. t increL.se in size of the basal £.nastomoses which 
are here priricipa1ly around the superior v-ena- cava . On 
the right is roentgBngram of the base of th€ heart 
showing the marked enlar ...,ement of the intercoronary 
communications as mLrked by numbers which correspond to 
the numbers in Fig . -2 . -

Fig . 2. Hl~~ am showing ~atomic connections betw&en 
main corona~ · and- betw ... en co:ronary and extracardiac 
arteries . R.C. , t circumflex-; L.C. , left ci:reum-
flex; 1 .D.R., left d.eseending ra.11us ; s., septal; 
P. , pericardia.J..; I.M . internal mammar~ ; R. I. , right 
innominate; I ., intercoital. Note the fact that the 

- ex tracardiac ahastom6ses in the normal heart are between 
the sma 1 fuiricular branche-s of the circumf'l€.X arteries 
· ne1 the extrac rdi c art.er.i€s . The common sites of 
anastomoses are inaicati&d. by the numbers in descending 
order of magnitude . (After &utz and Beck.) 

• 

/. 
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Fig . 1 

Fig . 2 
Plate 14 
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Plc.te 15 

Steps in Beck's f ~rst .coronary op ere .tion. (Af'ter Beck) 
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Plate J.6 

St eps in Beck's first coronary operation. (After Beck) 
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, 
Plate 17 

.,,., 
Fig. 1. Alter.:;d method of ~pplying pedicle graft 
of pector~lis major muscle in Beck1 s subsequent 
cases . · 

Fig. a. Photograph of Beck• s first patient three 
and one h alf months post-op3ratively. (After Beck) 



81

•\ 

Plate 18 

Table 1. • Summz,r;y of-the cases \'lhich did not survive 
the coron&ry. op2r~tion. 

-Survival 
Patient Period Ca.use of Deuth 

· (D2.ys) 

2 
5 
7 

6 
2 
4 

Thrombosis of- abdo.inin~-1 -uorta· - · •_ 
B. · Welch ii mediastinal infection 
Cerebr&-1 thrombosis; bronchopneu-
mol1ia- - ~ - :. . -- -- --· , • •- --. , - •· • , .. · • • •, 

8 1 Coronary-thrombosis 
10 2 Suciden- dei.ith; aneurysm posterior left 

_ v-ent-ricle - · · 
12 9 Pn:eumonia .. . -- . •. -. - . 
14 5 Pneumonia- · 
16 1 Sudden- dec:..th·; adv-e.nced- coronary · 

u-rt-2ry dis·ease -• ~- • · • • -· ·_ · · · - · · 
29 
30 

2 
1 

.. . ~ ..... 

Pneumonia-£tnd-pleurl:1 ef'r'"'usion 
Sudden dc<.,,th; adv&nced coron8ry -
art-2ry d-is-et.se. ,: - ~ • - ~ . . -- - - -~ • -

. .... 
• ~ A. • • .. ~. ... .... 

Table- 2. Surn.mG.r;y · of' the· twenty cases which survived 
the coronc:1ry operc,tion c..nd vvore abl.e to leave the 
hos pi t2.l. --·. -~ . -

C2.se Period of Surviv~l Cause of Death 
Clinical·-· 

. Result of 
Oner,,,tion · 

1 
3 

4 
"6 

.. 9 
11 
13 

Yr. Mo. Do.ys* 

5 
2 

.4 
4 
4 
4 

3 
5 

·--10 
9 
4 
3 

-5 

18 
29 

22 
.0 ·. 
25 

9 
29 

15 . 3 10 . 6 
17 · _· 3 6 13 
18 3 6 10 
19 3 5 .28 
20 2 2 26 
21 3 4 .1 
22 3 4 · 1 

.· 23 . 3 2 25 
24 1. .. 2 . 25 
25 3 1 , 7 

._· 26 . 2 · 10 · . ·_ 1, 
· 'Z7 2 - 9 27, .·, 
28' · · 2 9 . · 18 

Good· 
t Inahi tion. Simmonds I Poor 

~ . ' aisease 
Fair· 
Good· 

_Good 
Good· 

Cardiac failure; Ir.YO Poor 
c~;rdial · degeneration 

Good 
Good 
Goocl··· 

·Good·· 
t Cer-2-brul hemorrhage .. Good· 

Good· 
. Good 
Good 

t Coron. thrombosis · · Po Or 
Fair·-·-·_ 

:-Fair_· 
<Fair 

Good··· 
*Time cs of June 1, 1$40 - . ·. ·_· --_. -_ 

· . tPost-mort_em exwninntion · perform.ed Feil und Beck) 
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