b

University of Nebraska University of Nebraska Medical Center
Medical Center- . .
BREAKTHROUGHS FORLIF DigitalCommons@UNMC
MD Theses Special Collections
1-1-1943

Collateral coronary circulation : with particular reference to
surgical revascularization of the heart

Richard Stanley Osterholm
University of Nebraska Medical Center

This manuscript is historical in nature and may not reflect current medical research and
practice. Search PubMed for current research.

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses

Recommended Citation

Osterholm, Richard Stanley, "Collateral coronary circulation : with particular reference to surgical
revascularization of the heart" (1943). MD Theses. 1144.
https://digitalcommons.unmc.edu/mdtheses/1144

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For
more information, please contact digitalcommons@unmc.edu.


http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F1144&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/1144?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F1144&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu

COLLATFRAL CORONARY CIRCULATION WITH PLRTICULAR
RIFEREICE TO SURGICLL REVASCULARIZATTION OF THE
HEART

‘Richard Stanley Osterholm

enior Thesis presented to The Collsgé of iedicine.
University of Nebraska, December 1243,
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‘cgrdlum hes only o coronary ;rtbrleg, und (2 ) tha t
- the hieart has been deprived of contlnulty W1th the rost
" of the boay - can be intery reted as two 1muortant.de~
_fects in the structure of the human. machine.  So 1‘:'h}é}w
‘most 1mportunu muocular structure of man'ﬂ'body isfpér;5J 
ers sely the most dafencel ss und mogt dev01d of the chanc°}:
- to cevulop collatbrml 01rculunlon ‘in obstructlon of t
normzl blood sugply | -' |
Oslmr oboe“ved that coronury ocl¢rogls 1s not a

condltlon whlch'affects the worklng classes-to any~great3'"

eAtnnt, gnd descrlbea 1t as é’diseéSé'offthe-intaliigent—:7";v

51a.v f;monu the famous phy3101ans who have been uffllctea}j.f

,by it are Doctors John hunter, Charcot,.Nothn er, and

, Pemper.» ﬁt the Mayo Cllnlc, a Stuﬁlothul survey w““;/jiTsf:“

made of d1 ;noses 1n over three hundred consecuulve
'patlanto in each occuputlon, to determlne tne reldtlve
1n01dence of coronury ‘sele TOQlS amonu furmers, 1aooreru,

celerg ymen luwyerg, banﬁbro’ und UhyolClunu-fiTheq

criteria for dlugnogls were tne same in ull cuves, s0. thef;j7“

dlu ostic rror should be the “me in the VuTlOHS ”roups{fgff‘

lhe flndwnus of melr ﬂurvey are hcrLW1tn tmbﬂlut@d

No.ﬁof R“cords In01dence of = :
' Occuuation Studied . Coronary ocler-A er Cent
R o .0 . osils Cases =

Farmers 3087?=’:',]-:,¢ﬂa8>5.f_,=f'"“

Luborers"‘?* 308 .., 8 8600
~ Clergymen. = 306 - . 14 no 0L AG
cLavyers . o 304 . e 14 T 406
- Bankers. . ..800. oo 16 06030
‘Thysiciems 307 . . 33 . 10.7
















‘are the urtbrlcl telae udro aé'o’ dt bvunchms. They

,cute rurullel gccomp nywnd vussels whose dlgt~nce
'tnn mgln brhnCﬂas vgrles &lP“Ctly Nlth theﬂwmount

rorGSQnt. The rlch 1ntnr-an tomosmo network o* dellc

‘rlght nd lnf c1rcumflu“3urter1es as well qs from th@lr

' ‘bruncHe soon gfter tbelr or ‘ n

not pertlnent to thlp dlscus 1 .ex ept as. concerng tp

4Thebe31an vesse¢s.L' cept for the;ob;luue‘veln o;lthef

plled by brunchﬂs from both right?ahd.left]@oﬁbhdriéS""

The SnO-uurlCUlaP node is suppliéd”inra certain,rvonor—'*

 »t;on of ceses-b‘ the lﬂft coronury wno ad of the- Pluht.

%s“ rule, the uuflculo~ventrlcul noae and bundle !"

’Bcelvv tw1gs irom both uruerles. Reold»s the maln brunchas

wnich huve beon uescrlbed, thvre are @ numbcv of 1ntev- ‘~‘V~**

Astlng’ nd 1mvortunt brunch r*vwhlch ppur“ntly occuyy

- both aﬂmtomlCu ~and lUﬂCthDullV a ca tn"ory oP thelr

_own, bvc“use congldered from both Lnbse VLewp01nts thmy_

seea.to occuay Dlace hulfW&V between the: 'of thc vhog {-f-“'"

vasonm'and nﬁ cardlac co“onaﬂy bruncnus \ro@er. Thesn’"

al seen in greutest number in fut found under ﬁhe ep1~~»;” :

,curalum, namely in the @rooves between the Cbuﬂb@”” hnere‘f3i‘

~f\they oceur us en irp sgular *eliwork aﬂd over the ff,ﬂg‘

of tne mzin. co”onary brunches where they [e> 1at <

~v&sse s, uup°r1moosed uoon the rootu oi tne uulmon“mv\7"‘ g

rt 2T

o
(0

&

and aorta,rf 1ls und r thls cute~orv., These fm

&l

s 'arlse laraels from thu flrst aortmono_of the:A

o
..m

1

A detullea dGSCTl“tlon f the v01no of tbe heart

LS




a\:

left-auricle;”ther“are'practicallyoanveiné ofilang

eallber drumlng the uurlcnes.-'Thisflaok~ié "n"ely h

made up for by the existen ce.offﬁin§nVénous~cnﬁnn°l5n;fzif;iﬁ
,'known as the iheb881un velns accordlng to tholr dl°”f;ij7 1;a”ﬁ
overer, Thebns uo, wno dascrlbed them in 170831;Th¢$e;7ff{5'-f;
avé direct connectlons betwean the velns cno the: chumbors -

of the hom*t, belné seen in rreutoot numbero 1n the 1nter-nigkt

;aurloular.septum- In the left gurlcle they are not so»J'

'nnmerous;fbnt enerully lgr er. In tqe venorlcleg.fPor-nﬁfﬁ
‘éminﬁamhebn iia re most frequent Qt the.oaoes of the i{
_pll_dfy mugcles, the roglon of thc oonus on the Tl”hti?;f
ulde and the uolc l’nugcu ature.—‘g-:n;Q 7fgiﬁnsf;;+f}§?;;;l”fi
: thtle wos known Qbout the ultlmote dlsy0 ifi5 finy**fﬁ’
,blood to thﬂ myocurdlum untll 1948 when w rn mgde oomej#f
1ntarost1n" per rfusion stuoles.; In penauulon of thu oeud.?
human heurt \1th & susoen51on of Be;lln bluc, he found‘ =
 ftnau 60 per cent of the oerfusaoe wns r turnzd from the
';ch~Mbers 01 the he;rt roctly, only AO per cent comlnvvn;f
L out throuan tho coronury ulﬂUS.: On sectlon of thﬂse o
‘in:heorts, he found only pntchy 1"ews 1n whlch the cap—;;fno?'
1?Lﬁ*ri"¢,s_, ere inj ected It was- then found th::t human
Ho_h mrtg omnlned “t utopsy W1th1n tnrde or four houro;fgiﬁ
_degth, when De rfused wlth wonm oyv¢onnt;d noc“ ‘ nhoin'
B Dolutﬂon would soon st“ro to beat reb lurly anVIW1th ~ood,

1_f ree.. Introouctlon of berlln oiue 1nto the porfuolon

"fluld soon gtalned tnose nowrto'f den“ blu ” thout atop-“

nflnu tham.- The necrts were stopoadvbv 1ntroduct10n of




SlaClul gnetlc uCld 1nuo tnn pelfuoate, gectloned,«meu°4?; ’
ured, ilxed in formhaln‘,und me~sured ag 1n to ﬂnuble cor-f ?i,
ractwon for snrlnl‘ to be accomﬁllshea.; IlC“OSCOplc v '
.uGCLlOﬂS ware muae, unu COmD&TMUIVG counts of muocle 11b@rs ffj
 und C'm 1z 1es-werm done.j It wus founa thmt tnere is -
rmwulur y one 0;3111 A vessel xor' ach v¢ntr1cular»~~g:ag;:
: Ilber, and one for every two uﬂTlCUl@P und ”urxlage *1bmr§;f:
"Thls retio was not found to be a ltereu 1n dlae sed~hearts;2ﬂ>:;
'Durlnr normhl growtn, ;t vies found tnut musclc flb”TS

unlar ‘e and c OllldPl“S multln Ly, thus pPOVL 1nr;u re l-~ffH 
\utlvmlg constunt olood suﬁgly but in’ c”rdluc njnertrophv{i f7“

the Ilb»rs anlurx-, but tho cuolllurlec 1ncrecse n°1tnﬁr

in sxze nor numbﬂr, so there is a mech“nlcul 1mv°d1ment
tO'the ex chvnwe of metbbollc uubstunnes.‘ Thlb lad Leﬂrn |
(1080) to sus »est tnat cmrdlgc nypurtro“hy m°y be uo'{{f';:““

vmuch a hundlCuD as a t*ue compensatorj mechmnlsm._ v 7
Tha«e Brucafdluc un stﬁmo of the co”onurj arterleg»ffﬁ

wbre ceocrlbed by Hudaon bt ul (1934) s Oulte eyten 1vg_j;i
'gnd ouwte COnvtqnt-\‘LqJCCuloﬁ otUdl°S W1th an Tndl‘f ﬁ3'f¥ff,f

”gusp=n51on Wera done in 31 normal hebrtg and surroundlng"

1 'tlssues. Some of thcsa were mude dlrectly 1nto twc cor~f£ a

onury urterles~“nd othcrs 1nto Lbe tho c1c “ort whlcki“'M

 Mwas tlud ofT Just dl tul to tha‘coronurv ostﬂiVV;Plutps lffl

+

vandlg aré re oductlbnu of th"lr flndlng‘ .n' typlcgl

7;study" SR how mout of Thc hon ntly nncountered Mnmsto—




l;,Cofonarj,f t b“uncnes emer:ing c.rfxnrq the root c»--hf
the aortu end cnastomos sing with- the uO”th VGEE~VaSOrum
snd the vessels of the geri dv;ﬂtltlal connect1vq
ftiésue from the wortic ring to the alhuhrgdm. i «ff--
2. Vessels emerzing ot tle bmsp of the: pulmonurj urtorj
end closely adherent to it even wel; w1tn1n tne‘sub-_'
st;ncéfof-ﬁhe lung. v_ , |

,3.-H eny mul~-urt°r1es lcqv:.nu the hegrt ‘around the

root of the pu;monaryrv eins 1n the oeV1c“rd1 l *efl°c-1:;
tioh. These anastbmbée~w1bn nerlc*”dlul, b”OnChlul,
and medlasti' al urteries, and nge extenolve medlautln-w
i ingction..

4. Larger'ahd more:humerous injectedﬁvesséls.ICaving;Q
_thehuurt urounﬂ the Outlu of the saberlovnund 1nfer10r 2
venale cavae th%n Qrounc the large ‘"‘teri é_-bﬂingif;f
: applied to the udventltla of thu valns.'~”he1r couroe
and number_ls not const&nt.» Lhe rlght uurlculur

b enches of the rwrnt coronarv ”n ry whlch urborl
uvoand thb ostla of thu ven~ cevae after s “ﬁlylng
tne curicle are not;ble, espe lly around the ou
 idf vendfcavu; | |

5. & few gmull brunc1e le&vﬁng.fﬁroufh bhe.lnuerV"c-

cular Texlectlons-ozutne peri ardlum Thase '*:c'v h S R

-

’.constunt, and no. large vbsoel Were obuo”ved. Th

(moot of thvm) ure contﬁnuous w’tn tne or i’e tnlw



There,ﬁas an cvt nglve networx oP vosuels *ng dteﬁ.ovef .o
the‘entire:purlctul De 1card1um The lurrest medl °t1n 1'
arieries.ingected Were the I ari c;rdlaCOﬂbrﬁnlc b” Dc e~‘¥u:
of thevintefnalrmamm&ry arteries. :Sm 11 \ntohlor bruncnes‘“

of‘the worte were also found to contrlbute m»nv bruncnes
to tne nouterloﬂ'unc laterel ¢ urfoces of the ariet&1~f\f‘"

oevlc“rc1um The most e ten51ve an tomose were. Lound

'to be Around the veins enuorln_ the he art -In tne medla-l:£_ 5

gtlnum, “the uou“l order of promlnencm o¢.1ng°cted vessels'
ves found to ber | | | |
>1, Pe ‘mrdlucowh nié artéries 
"2,~ént°rlo” mediasting lﬁ&es sels
3g,ThevPencardla* vessels' 
4. Broncﬁial”veSSels'
Se Supérior and'inferior.phrénic~ar£efiesi 7
6.v'nt“r¢bstul and OEoOuhG&eul brancqas of th -adfiéwaml
The co ohaf 7 circu lutlon underbo 3 a ser1=s o' ch“ng as.
with aze and ccvelo”ment whlch Y'e qulte conutant, and ’

~which h“vu oeen descrlbed by *r. L is Gross and otners'

-

fol;ow1“g eful an°Culon and. alssectlon utudlvo; Thc; a»}~"

smaller: flcura in Dlgtb_sgreoresents-g rocntaenONr“m o10

~tne c1rcu14tlon 1n an hver"ve hea rt ut blrtn “nﬁ snowsia

thgt botn 31aes of 1t ure aoovox1mutelv quully ubplled»;fl$* 

with. blood, 50 thut, 1f 1t warm not for the churactbf t Cl:i‘v

1cnt~nlrcum' lex: brarch 1t ioulc be 1mp0951ble to dlscern

ﬁhﬂ laft ¢rom the rlght 31ce 01 th° hgarty_,Jan3sﬁereo,:}j,_zg;




PR

‘Scojic‘é Jnrﬁuulon; uhlg-JnF tne othe”‘hegrts at blrth"f““*}i i
failed to»ohow MQCDSCO?lC oeat l anaotom051s. ,The;bpanqhes‘f*
show unlfornlty of lumeﬂ and re Wltnout«tovtuosiﬁyAex-;;:
cept in their: eytrbm1t s{. No arteﬂlul tcl“e udlpOue){ 
cen- be founaut birth or 1'n tne»flrst deca e. hore 1s-
beglnnlno clearlng of tne rlrht 31d° durlnu th " rut de~
caa,but no saptul unustomoses cun be found. }Tn tbe second  11;
dﬂcﬁae, the alstvibutlon of: olooa bocomes llttle more.
murﬁearon the left 51de, hnd - few aellcate gental unuo-;} :;:
ftomoses begin tohappeur as do & few strhy fat vossels o
~ par qll 1l to the main coronury brgnches.' The thlrd dvcmde«
‘of ¢1fe "hows a definite left 31ded MreDODderﬁnce.» Saotalv i“
'unbstomoses can be much more clearly maae out 1n tbe -Jy76>'
-cleuredswe01men. The tor u051tJ of the vmsoels 1s OUlt@»l
dlscernlbl ,und raml telge "d;pg e cun be raadlly obs

ed)x;The fourth Lecade Dresentsvt1=se ch nges 1n deflnite ;j'

progregs, the seatal anustomose ‘a"> cleerly dgveloped~‘g

end tne lelt s1dﬁ of the heur*‘ls in the asceﬂdant Lor~ if
tuoplty of tue ves"els bucomus m&rked, Mnd ;strlklng{f* 1 ‘v
network. cof EIICate arterlde telge adi?osaé;ﬁ'l ’it aﬁ
eﬁrﬁﬁce.; In uhe cleured u3e01nen, the ifftéf;?lii the
no1e gurlculo—ventrlcul“r “roove, énd a§Q§¢f$ aé;5fég¢ny> 14J
»1sh mass 01 vgsculu--channe*s. Il ”ir f fth aecudu; the

_pvevonde rence of left s' over ight is StrlkWnu, u81s*.j,f““

gulso 1tk tortuoszty of’ t&a vesse s.¢ “i thlu perlod of 1fe; 

= th° mlnbruncneu &re occu51oanly saen Drogect:mu bcyond




the mass of h Tt mu..,cul“tur0 into. tue fut.; This {i"duéje:ff”“
~to bn 1nn1n5 re;r ssion an ¢ utrnnhy of hoﬂrt muscl '
Teav:mU the vesse7s rel tlve1v too onu.H Th° sept l

'_Mnusvomosesyurﬁ dlstlnct “nd uoandunt, belnr arr“nped

(o]

'SOM?WﬂQuﬂln the fashlon Qf" row of hurp strlngs. ng£§¥f

'A.Vasse's are- \@li davo’op 1a numerous. 1ne si: th ﬂe-a»;ﬂfﬁ”

ce ae 01 llle shows an ever lncr 51n9 1eft 51dad unC uds rgfféf

*QPSCQmiaanCej" torbu031t of tna vasge*s.t ”hn ﬁe“th
shows. & sys tem ox very uwtvnt ond free' rtawl gn;sto—;15fgii

f'ﬂosés.i~The’; 15 T flwure 1n Plutp 3 snoxs tn se fent-‘f,f V7:

ures ¢ of the geventn dCCuQe 01 l fe-‘themlncre 'iﬁg{ elg

’ tlve anlw ox the Plaht blae, the obV1ous tortu051t ofﬁ

tnﬂ veusels, una tﬂb seot l &nes uomoses.~'é l@ured ovecl—_l

mon in thls,:‘e~grouo ShOWo the we 1 dmve ued f“t~v»ssalﬂg“”

fnet"ork'f o SETREE =
Intercoronarj unustomoses hdve been m@ntloned rmtherﬁ7'

casualuy but tho aylstencc of these h“s been tn au%gect ;

\-‘

; the concluswon th“t unastcmogeg'cxist betw ,D both cor

ongryfartsrles. Hullh” at“t°c thut tncso we“e

‘and bpcurreg Wltu frgquency t the,root of tne



In 1799 Parry una.Jenper first WHtLPP” ote drthe;

(D

'Cilﬂngl gundromm‘;nown a3 anéﬁnu ybctof s as- du
Vcalc' 1c't10n of tbe coronury aztmrles aﬂu Sh—» utop"J on i
Jonhn huntr*rl I ﬂCu""'t u.f'tel‘ JCHIIGI‘ hud Qluo‘nOsed hl.,, con..""";“.i ‘.
,4dition,;corroborata“this view. ‘ o
Ih:l 10 COlQqu'o Qlusectlons ”mv1v0§ the clqlm th&t' '*“
,&néstombses \,._:Lst, ra'ﬂtw Qu_]_dwly at th .?OO'L of 'th° vi'ul—“_
' “°n“Ty ”“thY- Cruvelhlev QQuln quCTIb“d Wld Jna§t§; 
es banwnen ooth corona“v avtbrves as’ w ll Qg W1th

) brvncnlhl artcrles..»

In 1855 Hyrtl, on the ba "‘f injec‘ic nd cor-

tanu'O' un38u0m0 aSWg,"“

l

: r031on cxperlmentS'denled the

';bﬁtween thn coronary artarlns und thlo wao conxlrm "h;ff
1866 by‘ﬁbnl ¢, who. stut d howevc-, that ca Dlllury qnawf_j?f;ﬁ

stomoses do?occur. S 1.;"  -<fJ?;‘p>l,‘ gfaf¥9¢§fig1”

Krause Waskth~_f1rst to opyooe t » v1ev of Hvrtl

‘but meunwhlle BE”uUd hau,founa un”"tomoges ex1st oev"

‘the coronurs rtﬂrles:%nc v:ssels from adJO‘HlP”}gf?éﬁé}%;} :
In 1880 Langer showeg tnat anabtomoses e 1st betveenﬂ“
th‘ corongry arter 1ew una tnose of the pcwlc»rglum,;énq ji ﬁl
.,tnrough tn“;ﬁ;_WltA the 1ntewnal mumwury aftchQS.  :&£-
“ghowe urther thut connactlon accurr wlth the bronchlal

ia”t‘ es v1a uhe vuga-vmgqrum of thg puTmonury uvte: es,




,ar teries in narurlued dog~ -4“hairrconélusi0ns which»v

'proxoundld lnfluencad the 001n10n of* 1“u”oure obgevvewv“;L

ana which are stlll being hpld by some e, were tQut clump~_

1nd of eltnar main coron ry qrtbry causad Lhe ventrlclgs;

to.stop in mustole W1th1n two mlnutes.A-lhey accordlnglvuﬂ o
ged that the coronurles were end artcrlos, Qnd th“t 1f“
uny Mna:tomoses _»1gt, they must. conolst of flve cuD~-g»»

illaries. These exbevlmonto weﬁe conflrmed D subsequeﬁt”-.

inve gutloﬂg,'und more 1ngbct10n eA rlaentg conflrmed ’

Hyrtl's work. ‘These halbed to lend con51dercble oupnortbxr

”tothe oogooers 01 tne Vch that ana stomoses ex1st.

It wus not lonw,>howaver bexore:other observers{fg

'no&bly LCWllLl&m,‘BlCKel, and Portcr, 'after»ﬂerforming'g

numerous-careful'lig“t op ex\erxmentg 1n dOgs, camb~tdt»-?5;'”

concluswons 0pS0S ed to nose of Cobnhaln und von Dchg*theso~i_

,Rechbeng. ‘They" nela that many of thp re SUlto of the ?re—fsvf*

'v1ous 1nvest1““toro were due to the trgumu o: the onerut-57"*

1on, ‘and tVLn” off DrmnChboj gnd even maln coronuxy-éﬂfﬂs“

'grtery does not neces rllg leud to: 1notcntwneous ueuth.~vi‘

Ln 1892 Lolster gqve Qn uCCUT&te descrlptlon oz the “ro—
cesse es of infunt formutlon “nd heulﬂpc-by ucurrlng ‘;4,37"

JO”@OVCP‘ tnl .opuositlon hlaed Furtbe _ t ath by'!ffi

»fcolLectlon of numer'ouu Cl’ﬂlCul C&SGS‘und patholovlcglf“ T
'mutwrlul by Doc&, Osler «F- : k»,ﬁnd otlerg.. These~
 shownd tn t obllterhtlon of coron ry branches, and 1n '

lyome cvses of a muln coronar arteﬂy DrOGuced results




‘whlch varlad in alilcrsnt cuses: from ulmost 1nutantun»ous;f}s'

de“tn to.those Whlch exoerlenced ne ovmntcmu vnd showmd
no CllnICul ulén, the conaltlon belng recodnlzed only uti'“

uutopov .

Aﬁcr tnase 1nvestlcutlons, 1t could oCuTCGly be}., J.:r.5

denled that 14te"coronwry anebtomoges ey15u,zgnd 1t
lremulned to aescrlbe thelr loc tlon.“nd Qnaeg ance and

- to eholuln why, -if unQSbomOueo eflst._ln?arcto occur.»~»w"

-In. 1007 opoltnnolxu employed ~chroeme JGTlow-belutln[fff'

~cuSO“n810n for 1anctlonp W1th suo equent Jehydr_thH in

:benz&l and carbon,alsu* 1de,jand‘obt 1ned r°coa truc,,;f
-1tl0n of - tne curdia ClTCUthlOn vustly superlor to uny- : ‘
thwng Dvev1ously OthIHEd.L conclu 1ona Were-;‘ '

(a) No end u.tvrlas e 19t in tbe heMrt 'fﬁ f£;: ;,“

() Rlch Qnustomoses occur in ell 1 yep ox thn heart,77:°“

nd tuwou“h the vase stovum, on thc great vessels}}ﬁ

_(Q)_In e thlck mus\le of tnh left Vﬂntrlcle, poz& n‘”ﬁ?{f

dlCUluP ve sels Jenetrgte to unﬁst01ooe undor the
';vnndocurdvum -

(d)‘The-p D l*%ry muscles are partlcalu 1y’r1cn 1n o
| »angstomooeo_,i £V:';‘,' 5,¥v' £ |
(e)ifitl ¢r§Wihf iﬁé aépearéhééfdf  oels‘on thé

. gurf:ce shows .ty;icgl;glt‘ tlon.
fIn ngutlon efverlmen on db s; ﬂu furthmr nowmd th t

fthe nfurctec u”ea w;s mucn sm;l er than tne.areq sun-"*f

3 Dlled by the tled off vassel.  y




In lCO9vmlllpr uno. mhuth WS mrovvo unat muny ‘of Uhg;l
fatal results obu..nac~ Dy Connhﬁln d othero ware &uo.;- -
~to tne use o10 ururQ aﬁg nor*hln By u31nu eth anes—f
thetlc und Surophunthug aS & heurt tonlc, tne obtulned
‘a“mortallty ofonly-8.7 er cant fol.Low:Lnu 11 atlop of the
left descend nu rumus. They 'ere theﬂefOﬁa of thafo/ ﬁibn 3?f
thut ccn31aer b vcnuotomoses mu@t ex1ot betweap Lhe i
E cowonary artbrlns. |
In ﬂDPflC&'S CllnlCul ClmSSlflCutldn of éﬁSiﬁéfFféttif*‘“

“,.

DQCtOrl (l 2) on : roun of cwses concwrns patie ts' ho*Lf

v}'suTV1vea>aicoronary occluolon for:a tlme vur ng from

deys to*weeks, all of Jnlcn w&re 1n persons ovsr Flfty

£

Cyears ofvgse. He Wuo o* tue ovlnlon tnwt unuetnmoses *;iﬂ_}f 

éxiét,una tﬂut the ’f Cy of thﬂse VDSoelo pluyed un

m

ﬁimbortant part'in;d e rmrnlng th; degre ; I‘compans tlon

‘mhlcn cen tok pice ~ft oollterhtlon. Be}“"vumﬂ tqgt

o g”@duul occ¢u°10n Ml ows thv nb:rf to- "ﬂ“pt 1tself toff;ffh
_phn ﬂaw concltlols and ullowo collutﬁrgip to d valop 5
'lsufflclant_y to com*egs&t : He_su uStgd tLvt-tne The~i
_ fbea1anvessels ml“ht serve 8 ccesocrvfau rltlve ch n,;gxf;
;‘1n sucn cuses. '~~;; Q§a*";;a=':f3;~ff;T;ffi | i
In 70*8 smltn corrooo”qtnu tuv work of &pclt’h0¢ta
  un§ of ’@ Vlor ’nd &utt; W“ by exyp mtnt“l llgatlons 1n4wv
 idévsfgzd by 1nt°rertut10n; of num;n,wutopov m“teri i

It rumﬂlnau for Cross, in 1921 to descrlbe:tfef

fnatura and xchltectural arranrement of these anaqtomoses.f»



 Employino barium-sullate Delutvnc uuooenulons for»-nguct— f, ;F
5¢on he was: wble to dcmonotrate the un: tomoseu<byvmesnﬂ'u\ ‘
Cof 3 A—ruy plg »una in clearad oaucxmeno u‘ter 1ngectlon;;"

on tm surface of the heart (D qte 4, ‘F s;‘-_l-.unﬂ 2)

'wood 1ng~ctlon ohOWb vary ocen “nastomosvs oocurﬁlng “be=--

-

twe ,brancnc

U)~

f”om the unte”Lor duscendlnb brhnch of the;‘“
  laft coronary urt“rv ung‘bnoserof tne antnrlor:waml*of- :}

'~th~ right. A s lur, thouu“ usua ly leSo consglcuouo ¢5L 
anisto moolg\occuv” on the correspond nu QO“t“”lO” surf vceg?jiﬁﬁ
iéf'the‘nea:t; The lnt‘fuhrlCUluT na purtlculgrlj tbc
iﬁté?Vehtricular oe*tw ure thc seL tu of. very exten é

ung in 7Mtﬁr’ ".Uroupp, very w1de ans otomoses.vao fa

g c0umun1cut10n octwemn pmalL T vessals of” “the nea?ﬁfis_f~ ”
"concencu, tue uUTlCUluP vells @uﬂ uDﬂCﬂd-“eu; ¢3~Welleé5f ff:

e the~v ntrlculgr Wullu tQﬂouﬂhout,-ure tne oeut of vwrv)»-?

"gbundwnt unustomoses und 1nt;run tomo es oetwaen o% nchpsk5 
”1rom both coronva urtarles aS wel us bgtwnen brunchcs
Jfrom c"cn co”onury. Cu 1l¢ur\ ana tomoses “ra vcrv Qﬁ:ﬁ?7

numefou nd rlch Qnd cun be een 1n unv *ortlon 01 c d

muoculumﬂe. “urther, Lne alté: tclae adlgosue were”'
“tr ceu 1nto an curlcu Mr “nﬂ Vﬂntrvcul ;NUchlatur»

stomooe oetweun th

hers were T : nd d¢gtlnct_“
‘}and_brancnes omtne covonmry “rterles nd VU a@v orun.m‘g

In oummurv Of “”oos' 31rn111cunt worl Vth“ fol*ow1n“ﬂ“*
at tmmmntg cwn bn,: de~i;y,dw
t

(u) ﬁn stomoees exlot bmtwnen tnp TL' *na l




' ccronary utavles boch in cs gill“* gnd}in3preji]*i’”

cepillery-di strloutlon .;? ¥

:,(b)-ﬁnastomose" ex1st bctween the branches of the. - ©

same coron vy urtery

o (e) ;nastomoues ex 1st between the coronh;;w;rteries'" ’

_cna ve"sels from adgacent or&Jns.»~; ,__5j *--5} ”;ni“

‘(d) !“a3uomo s in tna heu- . r° unlvevs iund gbundunt
Slnce'lt has’ oeen shown tn andearteries i the

‘ gnutonlc -1 sense’ of Con:helm do not ex1st:in4thgrhvalt§ﬁ"ﬁ}wby

.

“the ques tlon whlch now_ar14es is ov to exp _aih?onfthlsfjﬁﬂ 

-

' basis the ormmtlon of 1n7urctg,fs "_ B _'[qi g;*?}:f"

Uratt (18° ) formulutﬁa Lne c ncant oT f,nctlongl § 17’1J

end’ aruorles whlch ure VuSCUlu” tru tur 'ﬁ Wanh tneTf*
,,r651stance to~1;ow 1n"1:,nn an tomatlc uPC iﬂ,g »mter~¢““

than the pre sure in the ﬂlffervnt co ntr.LbutlnU Ves ls;:“’ﬁ

DrObubly tne coronury “”‘ : l Syotom 1@119 ht *e st to

| lafge; /tent 1nto thls Cut““OTYo‘“f:ﬂf 7'f;;5;aﬁ{Séﬂgi?:TH
‘ 087 “-ut 'anc-bec 3 ad'.?‘@e ernlflcmnt mvucuve{f i$

‘ment; of na'31ze of 1ntorco”onurv unustom oss !;ihgy7 V' %

.:‘_uoeu a barium eulfut latine suspens n’iﬁqiéﬁéd?éi;éi

?réssure-oszoo m“"ol mewcury 1nto tau‘*gﬂ ;’deoc ﬁdén;v

"_pfftne~le£t'coronuﬂj urt,ry  "81"~fOOt »~r % plwtﬁ“”“

: HTE;mﬁ@e‘Qf the norm 1 h¢muﬁ nearbs gtudled hlch wuren
”oot 1nea ;ty'uto*sy of wﬁlwtlveWy youn«? rcons wh '
vfIrom quoes not rnlute to the ne“rt. Cows d ruble vur—;

,1mlon 1n olae Lnu extﬂnt o* Lhejgnastomosas w orencqunpe‘



ered by these inestigzctors mcasured:70 micraiin-dia@été
(Plete ). - e
In 1941 Blumgeri, Schl s1nQ~r end Zoll me de.Similgr';l
sﬁudies emplying -léad-agur ingection\massiand-Crrive@ i
at the conclusion that the anastémOtic_channeis.inlthgnﬂi'
norm:.l heart ars less then 4Q’mi¢ra in dizmeter 5pd q§h_i“
therefore be of no sighificance:in the cgse'of & sudden

exténsiv~ occlusion of & coronﬁry “*torv .

lso 1n l 41 DOCK delSEd mﬁthod o? detcrmlnln”;.a,f' 

' the cuDM01ty of. ths coronury bed.-~Ié used~a.per£us;on ;’ :51'

cpperstus with which he co¢*d measure the rate of f£low,-

‘reggralno rate of fLOW as b°1nv a “rect-Punctionvanthebf,jf

cap;c1ty of the coron*ry bad., He- used kﬁrosene &8 his
anrfu51on‘¢iu1d since thls would not Dags 1nTo the tiosue.
' Spuces_und oncrouch upon the cross~sec»10ngl ﬁre» of the'“
v;sculgr bed by compre531on. -He- found that in s“lte of
lntercoronurd an tomoses, tne cop bltj 0¢ the coronurv
bed 19 35 p°r cen t lowvr 1ﬁ the heurts of thoce 60 to

o0 yars old than- it is in youn;'“aultu.; Thlu cuVLc1tv-

ulSO dfcve*ses per grim ofitissue~4n-card1ﬂ bmrtronhj, =

80 tHe prev1oaglg aescrlbad ork of Ve,rn 1s corrobor tcd'

S
N . BN

bv.an entirclyvdilferent ﬂvpvouch.bf~'

‘In the ng “t_year,‘Prlnzmetal‘anu“nislésSQciatesgV“' '

utlllz@d tnn larosene.nerfusion dpnaratusiof~D¢Ck inﬁa;,r”‘

vary 1nu nlous OuQntltathE cetarmlnutlon of col acerul

20 Giaat




A\

 coronafy 01rculqtlon due to 1ntercorong.rmMnastomoses..‘'.i_
ThyAused two comolote perfuolon dev1cvg,‘one Ior EuCh

»COronary artary, 51multuneouslV'und sepwrutely.» BJ e

© . meens of- some relatlve y szmple c lculqtlons u31nv~thef

dsta thus obt%lnna, they were: MDle to qrriveuat~th§{i

-»volume>of-f low throuwh the COllut°Tgl chcnneTS. ‘05455;::‘
~V1ousls thesc va lues would not be thc s.me for kerosone

as for blood Mlth lto formnd elemﬂnts, but the ve lue ob-./
‘t”and Wltu karocene shoald be dlrect functlon oz the
"’collhurul volume flow of bmod.. In 12 normel h Mmo, |
theu¢ver¢5v-u*@e of bne COllwtnrul flow, thut 1s tﬂ
. Dropovtlon of perst1on f uld whlcl ;_ssed from one co¢~;?_ﬂ

onary grterj to the other' Wuo ,.*6 per cant of th@ totul

~flow. Further, ome hegrtg Were lngncteu W1th a ruﬂlo—ﬂ

op" que- muterlul of v1scoolty 31mllar to thwt of blood

- wvia one coronard “rtﬂrg gnd k-ruyea, the whol arterlulf,;

y,tree wus found bO be f*lled OXuluted b ooa st ihen

sed, .nd 811113r rosult were obtalned, so 1t w S. coq~;lf

cludad uhwt tne unwstomutlc ch nnels’g-v 1Mrov enourh tglf”ff

ﬁ ¢J Tn uﬁdlthn to tle usugl v cuLgr cn nnels conulst-fj*””

i 1nu 01 urtems,‘c.,lllwrles."gna velnb moru o“ les ';”L

”found in other or~bn°, Lnere i., sorles oT otner alrgct7*"

VuSUl&P chunneWS betw enathe co“onhry urte uﬁd tna'

- 1

'chumopr501 tne ne“rt."u ike- 1n tqe Cuoe of 1nb rcoron“ryf

'"fcolluucrbl cnunn ,ath Vexlsbence 01 taese hws been

~.vﬁrlou¢y c*“lmed nd uanled




v'Th cpnceft of direet: vusculur cnwnnelﬁ b@*W@enffhé“5

kcoronwry ves e¢n;,nd the cnmmbero of thn negrt is: not now.ia
 -LIt wus Alrot aadve nced in 1705 in é pm nul lect ™ wrltten
by Ra ymona'V1fussens to tde ﬂersonql DhVSlClmn of Lhc |
iDuUUhln of Frunc 'y wnlc“ was Juollsh 1n;l7Oo;f=H§_d?—i;iV-
-'scrlbea<gkl~r ”poWyo“ in the hpwrt wh*ch ap eared to1”
viqké~root in certu1n~ho-esv1n tge-wvl1 tn@ hevrt»e;;;;" 
’Whlcn beeneﬂ to him %o De the. orlflce3>of 83501flc ducts, f*

He 1ngﬁctea un w.‘.cono ic aOWutlon:of saff”on ave 1nto the:
”1éft co*onM¢J urt*“‘ “nd-obsezveé:it5}pﬁssfg 1nto tAO'f?i'
,“eft‘aurlple.;nd.ventricle; wnilefnoﬂ@ “SC,ged v1m iheﬁf 
“elnb into th“*“ffﬁt~ch*mbcréij He: 1Lso disaectod nuﬁ nw-ﬁ  
ne rto “né tae‘h rts of sheap una ce esﬁrvnd, m1t t

va of @ mlcroscone, 1ouna tne sm;lT ooenlngs Ln tne che —['31

QbeB of & the‘Hp;rts>exun1nad, some: belng cover&a by
delicate~Valves; g”Vvy!W{g« ,0..m;?.: ;g §g :»¢;w1;g>§;]jj:‘

.. These veré s, cle: ?lJ deacrlbed by Vleuasens, have

~1ncn been copfuoed wlth qu1lur:oncs d crlbﬂd bv The-f{f':
‘:besius“t«0<J rs lutﬁr 1n 7u6 "nu ug ult y ll suchw~f
vesseTS»navefbecome’comdonls raf@rrad to qs thebesz:n velns.

-

Thpb°51us 1ngvcted the COPOnu”j Vu “nd ot lak thu esc«po

 ‘of.hi5 njectlon flu cflnto the h"rtf'“v1tlas th”ou”h

11 oonnans in tnu endocardxum. H° v ?\n l r,vith

-

'.Vleussen Work and Qo bt tes 1n h1 C pc

els!w ccpnbctgd

‘"Gx ;

: oevl of t.uu.'t t..v

wonky wltn the vnlng weo suyuowtbd‘by! VGT”l'BQuﬁOMlptS




Y oL

g“df—th duy und Vleugsen wo”k was’ so0n- fo“”ottun. 7;;§3xf”"

Tzneis 1-(;740)»1ngecta mevcurv 1nto bne CO”OﬁuTj urter-rff:
ies und omﬁrved its uprvuranc 1n tqo cqun -of tne

urt but b°llyvﬂ0 wltn Thnbes:.uu thut 1t °scm ed throuNh?;-
'tha venus cnunnOls(th 4ian velns) | In ¢7°8 Jchn hbeﬂ— f}*3
'.netny by m.,;{:mo "comwon COarse w;xen 1n.J tion" 1nto |
5kthe”coronary‘ rtvrlﬁs oboe“veu tq t 1t 1loued»reud11y

1nto the. CuVlbl 35 0f- tﬂo he rt. He lsQ lLJ t“” mdssesé““;”

fdxffnrenb colovs 1 to the,arter1e 1a“d vclno,vand con_ ¥\f

 § cluded tnut ve 1"ffrom?ﬁhﬁfﬁrteries:*“d~v5’n comﬂun_
cuted with the cnamoers bbcuhse  1ngectlop wusa wasf“i
 t§ogvisdQu$ft’ p 158 throu~n tne L olllurv bpd.and yct

,thé”diffefén coloraa colutlonu pas eﬁfiﬁto tﬂu C“VLt bjzifif

'r'of the nvurt anml ed. ;;1;:u,:,; ',‘ ;;jf,j;ﬁgilﬁg w§L;f'*

Yo mor: worh w“o upmvcntly’don\, ¢1tb tqese vosselc:/f"

”',uﬁtll rr ut vn 1898 by mu“nw of pb fus 1on of ef brlnated?f

_Hlooﬂ through the vantrlcle of cuts neaﬂt, kept 1t
eublnvfzo” un hour. Thlu Lnyowtunt wnrk 1ur‘ shis s tgéf}j
Vflrst é u~11 ﬁntul CV1ﬂence tiut tpe thcbﬁulan ve sels
v;ml ht c*ervc: us 1 entrunce ior blood fwom tn“ Ventﬁlcleo:‘
7 qnto the ca é ¢‘kn esfi; f5ﬂp' : ST ' O
In 19e8- n&uf4 g %“u ed thu‘dofonu;

‘;j._ildig nI | 1@. oboemer‘ that tu_j.;:s"erfuéa & for the most

‘fért,e aped. 1nto bhe cnumbers o; thv u rt throuhh'ghe



i veés 1s as»é ﬁole communcvo; 30 that tng luot r are ff*5“1}
UT«C&’CQlLy cmaty cur1n¢ oystole'hnd fll éur;ng-tne‘°vs-~i?
'tulné Lortlc Hressurb v.urvng Gia tole.;,Be cited-two CﬂoeS};
.'wnlch ceme to auto'vy,‘of vohllltlc.uurtlyls whlc com- T
pletelv occﬁudeu both corongry'art;rles at tnelr uou”ce,
in wnlhn the heurt hgd obv1ousgy beun functlonlqg IOP»‘
quite someftlme-subseouent‘to tne occlu31on. Thls was
interpreted:as meaniné tnmt the slow occlu.alvD Droceos
_hadiqlloedfthé~thebés;an‘vessels tohtak over tne totgl
cirbulapion torihe‘heart}' Thus R,urn uro“oged & norm 1
function aﬁd & -unctlon as colluteral c1rcu1qtorj chwn~
;nels in coronary’ ”rtary dlueage. S  ;E;ﬂi"?:;f‘“};fQT}:,
» Grunt ;nd Vlko (19 ) 1uJected tne tnebeolun ve sénié;f?
Unrough thblr andocgrdlgl foramina and tnrou h tne co;~~f{fi

onary.vessels.v They used flneIV-drawn ’luos cunnulue of

N4 H

'such 31zes as to fit. snuolg into tnﬂ endOCuldlul fo”umlna;ff
“ond an. 1ngectlon Dressure of 50 to 60 mm.hof ﬂerﬂury uﬁd
clehred the- osec1meno.¢n mvthyl uhllcylcte. They confler:t

_ed thS'EXlSteﬁCEnOL &1l tomooes batwean thﬁbas 1‘vespelo”?>
:{ and COTOH&T‘ volns and- cuulllarles, and ucscrlbed chunnelgif
unltlng nelonborlng Iovumlnu., They glso 1ngectau thernyl? f
cpronar} "”tarles but fulled to. IlnL °V1dgnce of alrect

e NS

arterisl communlcatlon uag concluded tnwt t*a coronarr.f"

~'art°ries nﬂunlc ue W1tn tnc th“DQSlun VGDSGlg only

tnrou T c 311 wrlas.

Qt°lm (1 ol) employed tn a}enamp@ai@;@&iﬁ@;;i o




vp”eaeretlon in aouo 1n an & :empi-tbfteSt the;clei5;of“g
~the ex1stence of comrunlcutlono betveen the nrtcrleo end
heart chembers by «”hJSlOlO*lC method.‘ he was able to

alntaln the pressure w*thln thc ventﬂlcleg and dro” the

ressure w1tn1n the coronary arter '~andv81nce under
such nondltlong be wes uneble to demonbtrute ouckflow
ﬁfrom the chumbero into. the arterie heveonc*udeduthat
his Workvdid_not supoort the c1aim of theiexietence?of
:rlarge chunnelo connectlnU the tﬂcbeolun velns with the
coronary arteries. S e .f",, '.'fﬁlQ

Grhnt 1n 1926. found in a- chlla‘ heurt, Whlch pre—
senteq afcongen;tal»enomaly,~perslstent»channels-eom—f'
munieetihg\freelyrwitb‘the heert cavitiO”Landﬁwith,theﬂ
coronery veine,.urt rleu, end Ccplliarl Bellet, f!ef;f
Gouley, end Mcﬁlllan in 1933 rep orted d*gu edvsinueoids:>ei°
or the0051un VAlns in ; hoert wnlch uhowed un uavanced “
tube culous I“b”OC seous 1nflltret10n.

The lack of ¥ reement concernlng Lne vasculer com~L,A
'munlcetlons between the coronerf tree Mnd the hecrt chem~:
',bers»led Weern, uettler,~nlumpp,<and V"Chlcsche to ma ke;ffﬁ
some conclusive studie s whlcn they uortndvindQSE;:§{;Q§g{

Human ne:rtu obtulned QL “uto sy shOWLn"vnc“grdseieVideﬁces?ﬂ

Of-yat“OlO”lC:vTOC e85 were. us d 1n tn s :cerlmentu.?f7'”
~;They W”Ie Jl“ceﬂ ln the ref erai ill Y'1¢:>0'f' mortls

-

" pass ed of fOliOWln»~dhlcn Lney'werf md seﬂed 1ﬁ wurm

_salin to breu{ the remulnln“ “l”or unu remove u11 blooe
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. ‘, A4

'clthwin the chambers; ;The,coronar sinus 3hd‘the’triff‘i 
cuspid VulV° were.c L ed CuCn corﬁnu“yfartery~angfﬁhej_'
‘pulmonarv art ery cunnulmt°d.. 4 fluld mas ;of!celloidinff;'

'dlsSOWVGQ in. ucetone dye red with alla 11n was mulnt edv’

in the ventﬂlcl o'“t aSSu of 180 mn.- &g whlle -
suction was '3rl to th@ coron"“ ,¢rt rleu.‘ Then

d .
tS.TlluP muss dyed_blu u ta Cryutul v107et und D”llllwnt

greeﬁvwas 1nj'¢t @ &t tihe Same pre»suré‘i to tn“ CO“On ryiff”
rteries. uft»r the cc**01d1n hud gOllQlflad thav' ssue’““

T

wasvdigested-away in varochlorlc uc1a unc the caot ob~~*

tained was7mOUntéd., In all of the 15 heawtg thu~~studied‘

red tipp d tyrmlnutvons of “the: blue Cdoto of the” coronarv i:f
gﬁt rles ii tQVIprtrlcul“r muus wer° note&. Thcsc.ﬁere{57
numerous, 8 to 10 belnd reﬁulurly seen 1n tné rumus daé,y‘
kQCﬁndmng of tle le ?t coronurv urtﬁrj ~3lutﬁs C and 7 ”“Qak“;

-;present thc flndlnys-ln lOtC ruphlc forn.v

111Q“ Drocedurﬁs wera done 1nclud'no tnﬁ co”onaﬂy 4,.ﬂ

vmlng Vlu'the coro.u*y "‘an numﬂrouu vpncua conn c~»*t§

~tl 08 witii the vanuricleo Werb noted To a*ove th t tﬁo
'v,ObSeTVut70no weru not. the ult of urtl'uctgg C"lwtlne -

Cawltdae

1ngect10ns were? .mllwrlv mgoe and ectlons vere exe in af jﬂ

-,mlcrosco 10“11V "Th 1ﬂJactlon mass wa IOunu to be ccn~5'“‘

f\fin@u to tﬂc vcsselo. P“,“"*ffﬁ”?.':ffff*fffffx“j*ay

To ccm letn tnls~utudy ::ax plutD rucon uruétignéf_gﬁ'

' we:e.mda fvom gerlul gectlono.*rblatu 7 rlt.“3§is;éé§hbgb;{

P cruph of onb of . theca weat platd econstructlmns




‘fiﬁbu“dieo and: flb’ro woula 1nd1cute tlmtEthesa svnu301dg

Do

.xSéC£ioﬁv§1 the 1s :t veﬁnrlcu*J; Wull near tnv ‘p x;7'f'ff 
:The_fegidn f—=nc.“i.o~>e'1 Ty tha broken lln }*ndlcutes the- arc§i f 
'frdm Whi¢h th° rﬂconatwuctvon uhown 1n Pl“te 8 Tl”;{i;j@’
Waslmade.ffFlo. 2 of Dlatn 8 snow*ﬂ tjolc»l mlcrouco“lcw :
_SéCtién;és'us ed in tne “PsFCerlon oT thls recor“t“uctlon.b

.

f{qt dy o? thﬂﬂo reconutructlons con11erd tne eY1stence
Qf-ért ; lumlnal chunnﬂls (VGQSAla ov Vleus no) “nd
B th°b5 an. VQon connect1n~ the Cu 111;ry be d und omull ~fo;'
veins W1tn thf rt chumbers. But Dome other ptructures‘fif
lwern lso aescrlbed in detull whlch W aﬂn et al rﬁﬂ“”d ‘

thc sume nyocurulul sinus idﬁ ncompletely descrlbed

bY‘mlnot in. 1900. Thelr qu“» é An cloge contuct wmth

tha heart muocle, runnlpo batW°en bunaleo OI @uscl@’-

D

:fiberv and at. tlmns between thc flb”"**thcmoelves. Lr~';:?7?

terial brancnes su;plylnﬁ thbse meCqulul swnuoo ds. gf~;ff‘}

'ware te mvd ng rter10~31nu301dul vessclﬂ".“ The fuct thgt

thpse-ar : ft” ul in ChuTqueT"at thelr beblnnlno, grud-f:'k

.

’Qally cn;nvlnf to 31mplc, 1rr NUIur Qndothellul tubes

Y

:makes 1t 1mpronﬁr to term them 'ith rteri~s o“ velnu.ng7f”

,Tne meCerlul 1nu501ds run a meunaerlng courge,;;naét05°

.

'}moge ver3 freely W1th one unother gnd W1th prlllurlec,
 'mnd opﬂn 1nto the lumcp of th° vontrlcle elth ‘dlroct*y_;iy
”or throurn common opmnlng'W1th arterlo-lumln,l chgnnﬂlé;fi
Thc 51m11 ”lty of the wwllo of thv myoc ‘d i biﬁh'1fT]”
 ?01ds to those of ca ﬂlllurles,‘und thu ucm what olmll;’ .

fdlshlbutlon boLween and 1n close contuct Wlth muwcle




playvSomeidefihitevrolé'in;suPp;fihg pe‘t of the heart
with blood. | | Ak R | | =

- Thus the~schemd'in Dlhte © may be rebhrdcd as: re--ﬁt~-”
orasentlnu th VWSChluP chonnels of tne heurt, és f“r dv.;i

. presnnt'lnowlecQ ;0e8.

The coronarv 1rcalat10n in the 1~est:mg 1ndlvz.duul
cgrrles about 5 per cant of the totul volume flowfof}
bleod in tne body.'.Lurlnﬁ treme ;xertlon, thisﬁma§¢b¢ 
- 1ncrewsaa uO :s much-as 15 per cent.  Invfﬂner“l cor€~»5
~onary- flow 1~’Q1rectly r0ﬁortﬂonal to tha'brﬂbsure W1th-fﬁ
in the corta, the. co:on;ry.clrculatory’bed Tllllh” when |
the myoéérdium ié relaxed during diaétdle,; JurlﬂCfSV-i

stole, thls 01rculutory bed is rapidly anbtiad, mucn.a |

one: houli soueeze w“ter from a -we t spo ns Thls;ls uc~~*”‘

t)

comyflahed in lar-e. part by thc ~;cc' l ci ulutorv mech- f 
anisms Just alscuqsed. Indeﬁa,Amv ns an Bt;rllug nuve~-fi
«ga*cuLateg3tnat,60-pg ent oi tne blooc of thu coron“_
ciréulétiongis‘delivered 1nto tne *_uﬁt uUr bv ﬁme
;'corbnﬁr‘-sinusf h'.TQM'lniT”u*O per cent flnd’P” 1t° Out~ gi
let throu h the other cq-ﬂnelg descrlbed ubov , i1;§A§37:l.
| Anno'and'nls,h33001a s in 18 27 uoed thn neart-ﬂunb1v5n
}pr“omr‘tvon gna the. hot~w1v hnemometw to me sure und :
crlbe thc rutvs orf. c1”culut10n in tna neurt relatlvg/{ “i
B to th° cral c cycle. Thev found tbgt tne floy 1nto .
the. coronurv SJQt -increcses rap A dly3° th-;yéhtfi¢1é52;5: 
»rslaxes} but:mqre rudUVl1V throuwhout t 'jémgindeﬁ[ofﬁifV‘




the dizstolic périOd'and during;thefisometfib'péfiﬁdfbf;
a ventriculuﬁvsystole.?-Therlbw7is greatlv-&nd‘suddnnlﬁ~h)
‘reduced during. the egectlon ﬂhwpe of v°ntrlcu1ar oyotOlu,v |
bein@ lmost completegv-arrc ted din the left coronar
since the force exebed by the hea rt muscle ékcreater‘
than thé aqrti¢ pressure.‘ Thi5~iorce-1s,lesé,in;£hag
'case~o”»*1e right heart, so ;ldw ﬁn~thc‘rightﬂcoronary
is not reduced oS- much as in the lOft.’ The Ilow frmn-ua?
the- coronaw olnus is 1ncrehsed Sll”htiy auﬁln; thﬁ lmttar,f
:half‘offauricular;systoleband very.greatlyjdurlng.ven4
‘tficu ar cJﬁctlon. ‘ | o ”raV  ; -. 5i~~;jl ‘“‘5“f{“
B“tgon and Bellct in 1930 found tnut there is COlSld~:;
er‘ble to—und-fro mov~ment of blood in th@ co%onUTF velno. 7
Tney 1nqected *ukes of zraphite too'lar to p uscvthrqughbvi
the<pulmonaTY'circulation intowthé.fbmoral vmin'of~§b“é ;f ;
Examining the hvurbo, tney LOUﬁd flukes 1mp“cted 1n thg>
sm,llar coronary velna, but none 1n the ﬂrt:rl ‘Thlsti
is Droo“bly due. to th1 sume. - eXbTuCOTOH wy factpr3~whigh:
kroduce th° wide iluctuatlons in co“on ry tehax cry»flow§aa. 
~TFTom,n;s perfus1on e"pcrlmant~ in- th@' 55tingfhﬁmaﬁf' 7
hearﬁ,iwéarn-(l°“8) believes thet. all of the C&piii&éiéé 1l:
‘in’the«h crt are “unctlonhl ‘,.11 of tm tlme, ;t,&tlna- 1 ha@{f :
the.intewqwutuncy of c“olliur, ”low ooaerved Ln_skelctalf f
musclaigoes not occur 1n dheJQ;ocurdlum Lol |
wrcen and \ecrla (1044) muue oldﬁlflCunt StUdJ’¥;;; 

of<the T ects o: asEnyx;ai anoxic, hna mvoc,rdl- is chcmlu

20



on tha coronary olood flow of aobs.inhevvdemonstra ed- . .
uh“t shyxic due to utop>Ln ‘the grt 1T ial»respi:ations'

L4

locl ischemia Jroducod bv 1ntﬂrruotlon of bloo” Ith to

&
snian Voc rgﬂum.“nd no 1@ due to locwl‘“oloonnng by_»»;

Y
\odlum cyhnlde whlch 1nt farea Wltb 1ntracml];~wr 1ﬂes--
1r torv‘anzyﬁes cuuoed 1ncrc* ed'coron ry flow ~ven 7n f
,:the ?b ence of ch: nfds in nortlc pres sure.f i_kall Ch}

k for 45 to 60 secondq 1ncre_sed thﬁ 1notﬂntcnuous
systollc and dlmStOllC f?ow OO to AOO nar cont "nd (OO
1to 350 Dcr ant “eSOﬂctlvely. Honger 1sch°mi ‘hed no
“offect; '1m11\r rasults were. obtwlned with CSthyi,73nd   n 
cyunlde 001son1nr 80 1t W " oncluded~thﬂt‘thet1ncreaééf 
(‘ ‘ﬁue to bnox1w. Urob Bly zn the ﬂyoc rdlum.:fThe:iﬁf6f£¥ﬁf
"nca of thls in COTOnuTV occlu31on wlth T“S“ect to brnnp~,ff 
 fin§ i blood v1¢ colthJr 1 chunnels is .obvmﬁus.' |
. In u@dlt1on to thvw-l h 1 con31dc tions; there
 are‘cert31nv drodyn~mlc hige ctor 1nvolved 1n t‘nQ d vb1~ : @;
opment of col»gtev blood suv“lr to mn 1ccnrm1c r'{;}f 
;whlch,W1qger (1986) h“sv901nted out Tn the norm#l

thcre are no. pressure

L)
7

’h“a*t V1th no 1schcnlc src:s
| nts batWAen'&r:as of the myoc"rdlum But when un |
 area becomes 1schemlc duc to Dcrtljl or comﬁlete occlu31onj;’
';Cfa coronar& rtery, the Drcssure wlthln the hrtpries of |

this area is’ decreased, po prepsure gfaulent chsts

bﬁtween this'vortlon of the v scu13r trea and Jhoae vor-pa»ﬁ

'ulons dﬂ301n1p~'1t.; Due to thl pre s‘u?e"gr dient blood




ca\

,tendﬂ to flOu tward the 1uchemlﬁ are a throu”h the gmn77; ‘°'

 ,3 nas onﬁtwc chdnnels whlch have be en eocribed. "”'th

the re thunt 1nc e;ih-n-stula Withvn tn:ge chunﬁv*ag ?f

'; ila t‘t 'n occuro und collutc”a*>ci'“ la tVOﬂ whlch pre o
Jiod ly'ﬁas gotenb1;l~becomes funcﬁional.»;W1cu-r, fur~ir;jr
héT ?5int“ out thut7Whenf£he *i£ef6f'$ cornnury arter£ 

o

e
®w

reduced, fldw from tap v»ntvlclc 1ntg LQ“'COPOnu“"[‘

-

‘beyond the pa rtl“- obctruoti01 coulu occur' r*n; o“*tolﬁi?'

<
. H .
3]

}‘art@r —¢um1n 11 vussel curzng Giast ei Hove \oulﬁ f;]f
bé béci tow»w@ tne VOHtT"CTG thuo re ultin;vinf;lto~;ng;%;ﬂ 
A fro movement.- Whep.avcéronary,arter§ i§i¢6m§leiéiy §¢¥iLfT§
1uded, no Dressur 5 Qrualéﬁf éﬁists quring éibétoiéfbe;?ifff
.“tfeen tha lgChGﬂlC arsg éﬁd £h; -ntrlcu_ur -uxltd,-oo.
b_oo& 1¢om.vou¢u b“ on l§ fdwaid thé‘iéchvm;c-,r 4’1n tnc‘h

v«nrovﬂzcte grturxo~;u“*ngl vsssel R ”he zraasure “c--‘“*'

L_

ﬂiationShips*which are 1HVh’v in’brin”i 'ul ou to

ischemic zrea of m vocurd*un ¢ﬁ0ﬁ tu~ vnntwlc1 ienl,from;i"”

”,1eir&coroﬁrry ;n;suomgt;c_sources ;reishovn lﬁ t%sj“iub4gnu}f

*of,nlate 10;

13 15 not th s purpose of this puper to. QlSChuS hewu‘?

“o&th logy of ﬂoron“rj OCC'UulOH"éf;Sé’ibut a~f¢w' t—> 2

?’ _

~ent 1hctg shou_d oy.considere
:'.omﬂvniv nroduced 1n t eevwayséf
(l) Y‘terloccl Ctl(" n r:'-;o“vj.q,\. )

(2) ”hrum osi ih en‘




In rare ;seo syphii{ticfarﬁeriii of“ujcoronury vecsel

or in;emboluo f”om:; v““ctutﬂon on ﬁ'vulze may b~oc“ ;7; -f
*vessei. 1Of.tgese‘vgribas caus bw r;r'tmg‘mQSthim?¢r£$ﬁ£2'1
is;;t;5r05clerqsi"'*tn ow v1tnout an uudea@thTOJJOVlS. ;M

 Th» fpsalt J b > slow LSCh ﬁif ;t”oohv 0¢ Cu*dluc m4~01
With-“\plac eme t flbr031b'unl arry 1ng, or 1t m v—be.*

upaaden ovoauctﬂon of cn 1nfurct of th@ h t’mrtu tnu

"accompanylnﬁ'Qrﬁm&tin¢11?1¢ l Ghenoannuﬂ”hlch ?réwso
well kﬁOﬁn.» But tnuse ao noL ‘i 'ys  occur. ‘:31um$értsf

| 5cthSin9er, and ZoIl. (1941) fOunu “'Si?iésfof.¢5$;5 ét
::uto’o v of t*\,nt.; dvl‘gm from o-ther C;\USE in{ﬂ’li(}h .

 thers.we re complete' “CluSlong of coronax y”"rt’”v or
one of its bre nch w1thouu 1n¢urctlon, upd mlthout a;“"‘“
history'of‘*n“lﬁu ox.hn”.fln Ingacbvon otudl 1oved'”

»fillinv of the corona?y art ry distal to tqp occ Isiqn?f.*T‘

3]

'S int%b

;coronarJ 1Vo thut colluterul circula ti' ,4u~b hav‘fb95357*'“

m,

hen tha «ngvct on ’= ‘w

IS

((.)(, ;
[
ELRY (P

uéed 1 ouubjth

"te." Thgrcforb, comﬁlnt~ occ¢u51on o? onr o”‘mo*e'

‘m°go" co"on *':rt:rles m.y«“e:compétible;with cow-o*t
‘,ﬁnd 70ngev1t 1 In thm nntlrp'serieé>6f7 5;eQQti;nts;fv
'.ovgry atlcnt "ufferlnv from un’lnu peCuO”l .érimarily;ff_Qf

'w1thout vh;vuTQr ’1”0" e end v ' hout a”tCTlu* h*ﬂéWten-ff~f”7

‘G)‘

o

‘;olon, show@d o g combﬁete occ;uszon of at lewst ono “ndw

\.1n mopf cuses two muJo“rartcvles bcPOT“ the uvgglnsl

'fwlln ss. =




In one sehse.it is fortuncte that ﬁhe‘scleroﬁiC'.
iesions 50 notordinéfily_.nvoTVn the ~n;.ll r romifica-
fions of the'coronary arteries, becuuse 1f the7 did;»thev
development oft collateral circu lotion Vﬁul, be ~ruut_y
ﬂmburrusoed if not “_torethnr 1m ccible, '

Per%cardial ad csionsvarc o cbﬁ.on ““sult of tha
\eficarﬂitis Whic‘ is produced when an 1,1r1f~n"<:1,<=f1 area:v
1ncludes the surfcce of the heart. fVasculurlﬂ'tiQn-éf
' these uhicn'i not uncommon“# observed ut Quto csies “éy
ﬂrov1d9 an ditib l but beloted vource of blood for
'-the ish@n1c craa.  In 1935 Hosler and illicme made an

XD erlmentql end patholozic study of the role oft peri-
cardigl aah351ons in cardiac hypertrophy;“,fhey wers un-

zble to produce'circulatory embarrqssmentvof énv‘kind"

N

in dozs in which extensive adhesions were incuce 4 betwaen

b_fhe heé’t_aﬁévpériCardium, anu to the right'und»left

ides of the ii'JHWQVm, which in the\ddﬂloiacaé muc“‘more:ff
trectionon ths hesrt than do similar whcs ' ons in mﬂn.ﬂ

. In s,veral'thcusang'Luto§sles whi Hvuhey r"v1egedz *.7

per cent showed ezten"iva“ cardio-pericurdiul adhesicns;v'

Tn 211 crses 1 ‘n whﬂcn,tﬂ@rb e’ cur ii?chﬁpgrtrbghy, théféJ
uras. ,soc1ut 2d Ve lvul dige=sge, Thé casé5 wi£h§ﬁt d&féfﬁ
'Jdiac‘hypertrophy'wer: fr“e fvon valvulgr, “&ochrﬂlul,

ena vugcuTE dice asal They ¢ nncla‘ ‘in cowtrﬂdi:: on to'

3 held'v1~wn01nt th tk:dhesicns per se'dofndt;,]'

the omzon‘y,

: }

c;use.circulétoryfembarr&ssm:nt unless@they_arﬁ'ext,1vnve
33 L




enough to c“use cardiac com““v ssion, gngu~wt1ﬂn, Qr

‘_to ~10*1,‘+h c‘»* ilo vyr" rore, 3 , :
If thﬂ foraﬂown\ congldpr tLCDS re summed uo, 1t cang.

. Bas t ted th»t in. th ovdwn,r&'cour a of ev\.rxtv unc in “the i

"Ve age Joung qdu1tg hvu*t,‘thé ihtfidate;systéms of‘};;;~‘

PR A

(\)

astomosis uTQ 1¢ 1n °ct'v - function and ere nbt’pﬁeeij;]{

L -

pare d to‘;ct saﬂden*v 25 qntir iy a&e@uate}c *“en“"tor“fyir'

o8 nts. N,vbruheleqs, nh@nivf~cula"Obliterationftages_;:7f
T'p qc a.cs“ta;n ﬁmount of co ﬂ“enS”tlun QOC odcur‘c‘aQ“[];,
t infawct@é area iﬁ il 1le th:n thﬂ re 1on su

pli 'd bv tne ob*lt:;;t =d v“sse thefr mﬁininc‘cortipnfl‘~’"

frec31V1ny" uffl“lent uutrithH frc th eftnust mdses;f”

-

1Mor30ver if th= occluglon is Qruwuzl snt :rculuti

ood suf11c1e t ilatatiOn -Lftha wnouom081n ve
cmn ocnur to preserve cons1dc eole or QV”n 311 of t
musculoture. vher the OC”onlOn owcu 5 in s r:lutiv*Vv

“older individu:ls heart,ithé;patgnt,&ncﬁfreel.n“GtOmOSG

a5 well ag the ; 17-ﬂeva’ nao er erise:télae&“'lwo”“e

fﬁnd t1 sculur ch nne s of "h°OC~on,VViGUSS§nS und

‘"mﬁrn, ek n oft; amply pglj thv "f?eotaf

1'the wvoc ”d’Uﬂ s n b@ Cﬂm“7ﬂt@’"'s?afed;_ﬁf{f5’7

Th ~mount o*'blooq Hrouﬁbt to qn 1Sﬂh {éﬁééyﬁilll
ﬂﬁnd u~on. (J) ?PJSCuﬂﬁ'”TfL“,nt (“3 %he numoer

and_wlve o; coTlﬂtev nh nn-ls 3r3

. *

;o; tlm“ over mhlch thﬁ'ovclu31op 1svu“v?‘ou1nﬂ




The Poblem of ,xaerﬂmentully Droduced COllm al Cor; j1b>ﬁi
- onary Circulationj
'1The VVpermnntul BuSlS of the Coronury Oﬂe”uthn.A«
,~nS—has b en’ shown, numevouo comgﬁusutor ,_wctorQ'fv
are brOuunt into plny whﬁn occlus1on oP & coron&rv'ﬁ4xv?g~ffﬂ
rtﬂry or one of lto bv ncnes occu”s. But 1t 13 gennrully
| eed tﬂut thaso are not cufflc:.g.nt “nt1TV¢y to con-‘{;
Pens“t for tne 9r0@r5551on of coronurv sclerosvs or for‘7f°
 ltS gccomyuuylnu d eterlou effects u“on the myoc:rd1um,3 fi
in«at‘least a'la PPO“OTthD 01 ccses. The 1ntra—v\§’:‘u

.D

wrdluc comsensuuory Te ctoro 1nclude 1nt°rcoronarv n-Q"

Vﬂtomosas and the ptructur s of Vleussens Thebe31ug, Mnd‘
‘Eegrnf,tne yh}SlCul and chemlcu* condltloﬂs for tbe v
.?éve7 tmsnt una utlllzutlon of Ln oe belng “re nt-ln,'f
‘occ*u51ve coronury dlsease. Dosolble ﬂxtruc ralac L
occurr_nu ana stomotzc channels have algo onen cqumerutud;fﬁi 

,(Huaaon : or1tz 1Qnd Nemrn 3/) - 'f'h;?,f,._i”'

In 1932 uor1tz,vHud on, hnq Or“"1n re‘o“ted Lhe;¢;;ff-7.9
"examluutlon ut uutopsy of four numwn nﬁarta surround1n5
 wh1cn tnare were e tenglv ‘lCardlul dh Ons. Theoe‘yfﬁ}

 ffout1ents h“d,dled 0¢ cuuses not reluted to the heurt,

Qna tnorb wus no 31gn1£1cunu coronury uftePlODClQPOclS.
]1heJ 1n3ected thﬁ coronur\'qvuerle W1th colL01dul
‘guuSDanswoﬁ o; lgmn bluCk *1d Tound tnat tne Dresence of

‘Vusculur channels 1n txy flbrous udﬂ 1onsvund the nor‘

mully occurwlng uﬂuStOﬂOoeo between t coronury gnd“

rmltted'v=ry extensave

l"extracardlac‘c;rculﬁpgon



L 1nJect10n of tu ed'“o£:'311Veseels;';Théysfeeeoned‘e
| hat’ 1f eftruCaleuC ana stomoses aCtUullV conotltute
a8 g 111cwnt reserve for tne coronurv c1rculetlon,
 Athen va SCUluPl”Cd #erlcardlel udhe31ono mlgat prov1dn
some7d cree of orotectlon 1n coroaury qrtery dlSGJS
'emith thlo_ln mlnd,vwork wes sterted at Western Reserve _
1fUn1ver51t3 to study the functlonal el“nlflcunce of such f§ﬁ3
an eyPerlmentally produced COllutePul 01rculatlon 1n |
'vexoerlmental coronarJ occlu51on.; Thls wws probubly the
_stert-nf 301nt of ull the regeurch whlcn has been done
in reccnt yeers concernin surg;c llv 1nduced col terul1ffy
 }coronarv 01rculatlon,. ) _ | 5 v
Ca In 1034 Beck v&lSO’Oi ”eutern Res TVE Unlver51ty,f;feiz
 WuS “esectlng a curdlac scar hhlch wes adherent to. thei”
'parletel oev1qud1um Upon tvensectlon of thls, brlukﬁfLef,
| bleedﬂng occurred from botn cut endo., h 5 ppeers togig;£;
be the first observo t.lon c:.'b the ooerutlng tuole of emrwxj;
.,Ca”dluc enqstomoes W1th oopre01able flow of blOOd,'und |
’vis-esp cva-Ly 1ntere8o11 beceuse Beck had been d01ng
V"con51deraole eyoerlmentetlon W1ta surclcul revesculﬂr--§ if
m_.lzotlon of tne neort in dows.v Some of theoe exoerlments :f
>',were reported by BuCK and Tlchy 1n 1935, end o%-Beck A
e:,alone 1n tne seme y e It Nuo uttempted 1n these exper—tf

ments on do*s no oromote extruCquluC anustomoses oy

°;grext1n vemouo VuSCUl T tl es. to ‘the purface of the

'_hee,rt..:,monu the VhSCUluT etructures utlllzed as’ grefts;ft




-

in t”ese studles were perlcurdlum,vborlcgrdlal fuﬁ,'

‘ astln@l tlsouns, alvura, omentum,Acnd pector *1s~ﬂ
magor, trlgngu arlo QLE hi und 1nt\rcostal muacles.
When these grufto warﬁ aoblled to the he rt.jlt WQS' 
fOund to be nccessury to Droduce some 1rr1tatlon of

' tnﬁ eplcuralum in ordnr uO pro ot°~tna.development4ofw '
'atlsfuctory ddh€31ons._ ﬁ number of mathods we trled
to QCCOmOllSH thlg, notuble amono Whlch vere - aSSO”th
tc iemical 1rr1tants wnlcn wera found uO De too Vlolent

-;or too unpr-edlctublD in tnnlr uctlon sunuvaper gnd

v

’snec1ul burrs for mcchmnlcal abru31on of thn'eglc rdlum,jiV

' thv means. of flnal ch01ce b°1n; the burrs.,fx-f

When tnese 5rufts Ware pplled to tha normul h urt,jfj}f

few ungstomoses devalOﬁed bﬂtweun the vesselo 1n the

'4gru1t ana tne coronur S, Dut thepe were few "nd smull.‘

In ordﬂr to demoastrutn tneoe, tne ao*ta on clbmnea undi]"

B a1v1dea Just dlstbl to t. coronurv ostla,~una the
cruzts mer 1ng°ctrd Vlu tue dOTta w1th O pew cﬁnt

‘aquueous so*utloﬂ of ferrlc ferrocyhnlde ut preosur

of 100 rm. Hg » ch..to 11 shows thn noer:L hewr‘o uf‘ter

‘1ngect10n vltl dye t rouuh the grufts. Thws s*ecmmen "Qfﬁ; 

-snows tn ' reuteot amount ofv—ngectlon throuuh thOf;;ﬁ’7*7

S extracardla r stomoseg found in the wnole serlesi; i S
18 hormal-s* 'imeﬂs, 1t is obV1ous thwt tﬂlodegree;:“:.w'

col tﬂrul ClTCu atlonlls~gros"7” nadcquate to or0v1defif5)

'ény‘é'gﬁif ' t protectlon of tse coronarv 01rculutlon.gfj,~




| It~w6uld Saem‘thét‘élthoﬁéh ;;‘4‘ factord vaocul:r b@a~l
was vvuvluble in the br“fts, & gtlmulus whlch would brl |
‘_ubout contlnulty bmtveen the curdlac gnd eytr c“rdluc
beds was lucklng._}w- S  _“ B ’. 
A nressum dlfferentlul was cfeated botWeeh}thé~u “
CQPOHdPy‘aud th”&C leuC vusculhr beds by DlM01ng ud—'*'
justablo 511var Cllfs ubout the three maj or- coronurj
vbfénéhes nesr thﬂlr orlﬁln‘ nd tlgntmnlng tbese pro~reos-; ‘
'V@ly ati' Dn*ted operutlono.v-Thusﬂthevhydrod umlC -
.Aconaltlons csgentlul to the dﬁvalowment o; coWlat“ral
arcul“tloﬂ wern brought bout.' Graftsaapalled.tO'the
 hv“rt by tqe sgme meuhoas a Delore wern fcund to ba »
:g.more VuSCUldP, 1ngectlon studles cor”ooorgtﬁd thls ob- ;‘f£7 
'snrvatlon. Plutm 14 11Lustrutes tne *1ght degree ofib'Vv*
"1ngectlon w1th dye. Vlu the drﬁfts whncn occurred 1n o
4res:onse Lo é sllght deéree of corongry obstructlon
| due to sll»nt compre381on of ll tnree mujor coronﬁﬁvbi3  7J
"branches. nehr thelr orlclns.' The~e tenL of the col-’
'lﬁtcru~ Cerdl«bIOQ v1h the ers ft 1s-~remter than thhtf{i  ;:
in the nornﬂl dog but is qt:Ll1 fgr from Sutle ctory. 
_xIt Wgs found thét Tas ére@ter ae re s of comprn381on £{3:ff!i
""Qf thé coronbrv arteries wes Droducnd, taerabv 1ncrea31nv, f?

'ithe Jressure alfferantlhl theru wore Dro“ortlonﬂt

tpr extrucgrd ac unaotomoses., Ono tvnlcalAexamnlc&f*”““

£
(=l

AlS shown 1n Plute 18. Sllﬁht comura581on ox tha thranj415

. br nches wes done wnen thn grufts ware ppl vq;jfatgu




Cay -

Vreooer tlon foﬁr monthe lmuer, tne rlght coronﬁry qrteerfe;
end the left ramus descenoens were com“let 1J occluded.
10ne«year_efter-ohe eecond~ome* t:on tne doa whlou~hud”‘
eppeefed"ﬁofmal in all resoects, wes secrlelced,‘and
Alngecilon stud*es were done.vr“ emalx c1cetr1x mea surlngjfif
512-mm in dlameter in the laoer al wal‘ of tne rlpht |
:?ventrlcle wes Judged to. reDreeent a hD led- 1nfax'ct. It
was estlmated that the totol cross sectlonal area of o
he coronary arterlal system was reduced by ubout 85 per‘f'
icent, ll of the coronary vessels 1nc udlng the cap-~
'1llari .were com“letely fllled w1th the dye. Alluof-»
1 tle at empts comp letelJ to ‘plt ce: the coronary c1r—ie-
t culatlon by ollateru*,chqnnels were unouccesgful.( It
 Wa «notcd th at tne dye 1ngectlons were not conflned to -
: the regions of the myocordlum near the graft, but that~ e
'v;the‘whOTe myocGrdlum wue ngcoted, and 1t was su”gested:'
’ t5t-tne 1ncreose 1n 1ntorcoronary unoﬂtomoses m1 ht be

| promoted oy the c':r'o.f‘c,s a8 well as bv the gurtlal co”~'73;=?7

o oqorj oco*uelon.‘“

flsome 1nter tlng ObQETVathHS Wero made t o rotlon

ealeo. One of these qu thut 11 atlon of a emall bronch

',of a coronorv‘urtery very frequently Wuo followed

a_moot 1mmed1ately by fdtaL veptﬁloular flbrlllat¢on.x5zﬁuiz

l‘Thlo mlght uccount for the oudden deatn occa331onallyff”
.fobservé in patlents who ut uutopsy onow OCCluoIOH of

'o,only L sma ll brﬂncn of oronary, ,ﬁry.i atlon of_fﬁuh




c iu*“e brunch rﬁrcl" resulted"1n cictnrbcnce oF r‘Ythﬁ{if;; 
y _AnOter of tnose wa. :th"u'd structlon of areas of* eol~;fc1?*
7cavd1um W1th the burr gnner llv produced gome‘dlstqcéic°;tif"
| bunCcs 1n rnythm Whlch wcre uoually trcnglent  Thesé:-*"
'1nclud d31nus tdChYCurdlu, heart blOCA, Ght asyctcles;ci
'4vcntr1culcr tuChyCu dva,‘aurlculur flb?‘ll1 tion .aﬁdclfﬁi”‘
: OCCuSlOHul y ventrlcular flbrlllatlcn.g, i
tz (l9o6) chowed tnut onc cc. oP procalnc or
moty alne “n lO per cent aquceouo oolutlon 1nvur1ablj
’stopned Qurlculur flbrlllatlon ana othcr arrhythu Y

‘ 1nduccd by 1ﬁotrumentgtlon und decreqsed c diﬁc=1r—-Q;cm*f“

'blllty mc“kcdly 1f ufplled to. the ep 1ccrd1um few H’*C?
'mlnutes bofore ;braolon wﬁ rted. Fe ulpo showed L
fthut qulnld*ncJoulfgte O':r.ven orully in BO mé. cooeo e
‘:twlce d“lly for few days prQODerutlvely decrcﬂsed ‘vaiﬂff

;'thc 1nc1dcnce of vcntrlculqr thhYCardla und Ilbrlllutlon.f;

}Tnese measures were adocted by Nuutz, Bec“,‘und thclr

,u80001ates as routlne in ccrdlac aur”erv hcnceforth.»

Sk

/They further Stute thut V°ﬁtPlCUlar flblelctlon cqn betﬁﬂ’ﬁ

'utopycd cnd no”mcl rhythmvvestorcd 1n 80 p S cent of
-‘occu*rences by muSSuvu of thQ c"rt to Llll the coron—
' ‘uE°S W1tn fre34 blooc followed by brlef "“pllCutlon of

* 60 cycle wltcrnctlnb currcnt ct L cmpere w1tL contucﬁs

on cltner 81de of thm heqrt.a

¢huta und Beck (l 37) utuC:Ld the:ultes 1n whwch

'{;collcte”al co“onary c;rculctlon dcveloncd 1n ekperlmantal




1 chronlc ObSt”UCthﬂ of thn left deSCGndlng coronary' xg¢ff‘
'bruncn in dovs, Droduced cvar & pewlod of- 6 months._ The 
do~s ware sbcrlflced and 1nguct10ns of a ra dib opaqu' 8
;oubstunce mudb via the descending Tamus dlstal to the~
' occlus}on,‘ ' foot -Tay plutes were then mgda of the»
‘hearts;-fin,loo dogs s veral large anastomutlc ch nnels
  wmré5quité'cbnsistent1y observed, ’T ese were: 
(l) Betwden tne lﬁft letal and “1ﬁnt DrO/lmal
| uum.cular brbncheo over the base of the heart. 3w“
(4) Chunnels over the conu ox the rl"ht ventrlcle.‘mf
(o) Bmtween th. rl“nt und lcft coronarles in th vost-f§;ff
. 7 erlor aurlcular ventrlculur sulcus.-. | B2
TheS° vessels wbre thin wulled W1th llttlevgmooth muscleii;
‘an Drgctlcally no alast*c connbctlvb tlsouﬂ flbcrg. 3
The normgllg occurrlnD e&traCquldC‘unaStOmOSGS ubre_‘; gs
only- allvhtly 1ncr used.’»Dlate 1A 1lluotvvteg these‘f’sin';
7.f1nd1ngo.- F . 2 of thls Dlute 1llustrutes in dlwgraﬁ-
: matlc form tha ;natomlc conﬁectlono obgarved between theii; 
”muln coronary rtarleg and b tween coronury and eytra-_; i3:f
'Curdlac urtbrlgSo | | p i e L
In 1941 Str..nton: Schiiat',}_éng.fg@k regomed then.
vmlaiest-ezgerlmepts~ondo@é.ihfwhiéhﬁibb anima l vnre

~ used in groups. bf‘tén dogs cuch., In 50 of taese, the’

7'cnt1re eolcardlum was tnorOMghly abruded, 1th a metal.i@f3§‘7
’jburr so: tnqt cgrdlo-peﬂlcurdlal adheSlOuS would form.>ﬂgﬁ?i

_-“fter one, two, and three weeKo thﬁ descendlnb ramus of e




| tne left coronury ;rtery wes 11 Qted an lelded 1n

;}'rouos of 10. dovs. '”hese llgutlons were smmllarly

rpeﬂformcd 1n 50 hEaTtS 1n whlch no. abra31on hud been»Ag leee
@one.~In‘the rouD of non—ab”aded heurte, the mortallty S
Was 70 per cent 1n th ‘ oreded hEdPtS the mortallty

Wés 88 Der cent.’ Afte” two montho, all of Lne r maln- e:;t,i
'»ing do :s we” ekl’led an& the heerts we*e 1n3ectea bJ |
eway of tne rlght qnd the left c1rcumfl art 'Jlth
-ridio- omuque uubstance too viscuous. to Duus through ﬂi;;{;:

the C“jlllarles= so that 0n4y the arterlul trvv would be,ff”

»1ngected. Tne nornal see01mens 1nJected showed 1nferc~'u€ e

tlon but no 1nteﬂcoronarJ anastOﬂosee, where s tne
fqoreded see01mens contalned exten31ve 1nt rcoronary

'_anustomoses, qulte larve enour‘ to rov1de common

 arter1ul bed._ It wuo further noted th&t 1n the bradedffi;ff

sceclmene, tne 517e of the 1ni”vct was con81stent1y

reauced 1n some cases,veven to non—exlotence.'
' perlments 31m11ar to those by Bec und hﬂ";assoclates
f:ere eone 1n ;nuland by O'Shuu hnessy between lOBé and |
]l°3u. These were termlnuted by tne untlmelv deuth of
heu nnesey who WuS kllleg d.umnu the Bvltlsh‘evuc~'
‘uetlon ut Dunklrk wn the nresent w . AL ter exneﬂlmeht—#L
Gjlng wltu severul tyees 01 tlssue used .s @r fts, blsf*ﬁ 

. Tin l ch01ce w 5 a Dedl : ft of ﬂveuter omeﬁtum'f

 bPOuuDu tnrou h an 1n01910n 1ﬂ tne d :ﬁ f:gﬁ :Jéédﬁl”

g.u,rees W1tn O'Shuuyn“esy in reéerdlng*omentum as the



s s e oo ot e .'-,-.~“,7-\

most_é fectlve structure evai uble but bellavcd thht

' the*d1 ephroomatic hlquus produced wes-too conduc1ve to ff ﬁ"
Dhru'matlc hern nvolv1n; bdomlnal vis cera.:-’ |

O'“huu»nneosy recownlzed thls poc31b111ty, but naver ‘

saw.lt'occur;u He stateg that of ull the structurﬂs

in tn° body, the omentum th the gregtest potentlalltj

fgr_vasgu;arlzatlon, andA01ues ca of COlOoSul 1.1»@1&111@‘:_A_v‘:'.j-i

fibroids nourished by as many- &s 6 artorles uCh gbout

[$5]

‘the- ize of the brachluL art;ry, puob11 to the tumor |
.bJ wey of omont l adhe 25ions (O' hauwnvssy ¢937). u{a;'ij?fﬂ
Ot hau hnessy qv01ded tnn use 01 mechunlc *‘ubra 1dﬁ ?Tf
of tne aglcurdlum in. order to 1nduC° Qahe31ons.> He | gt
found the t wnen un alGUTOI -starch puste w *plled
to tne eﬂlcardlum, ouppl“, vuscular udhe51onu we
’formed,fw;thoup_systemlcvglsturbanCGSgw Thus= AE gra?ts
podldfbe sutured t0~£he»oéridardiﬁmﬁéfﬁéf*anpliéat_6ﬁ.of;, j
aléurbhat,td~tha graft where it touche the heufﬁ, -  >‘
‘thereby uvon.dlnuf.'gutumno the gruft to a ?rl“ble myo-.iggfﬁ'
' Curdlum.~ Aleuronut is a nr}p, tlon of aleurone ranulesl
i wh1ch are fﬁund in the. seeds. of some- Pluntc und cereala.jfth
U51n5 g_cyhounﬁ“ 1n hlg dov c“peﬁlmuntu,enubled |

'him;to\obtain a- *hy31olo‘1c check on hlo rcgults.t-These f{;j

.ydo~s ouogected to lleutlon of the desccndlnu brMnch of ff ii
'.;thc laxt coronury art“ -w1thout'apvllcutlon of un e
mantul 0” Other Praft war» found to havc mgrkﬂﬂ’J ”G-;fii;;

: duced 1ﬂJLnnwnm chpac1tj when te stcd on th° traCk 4 montho;fjf




o ary. gonrJ ut Hbout 1to mlddle, 2 to 8 weekp l;taﬁ the’Vi

‘after P ro.tlon,.ahow:mU abﬂOTmullJ gvaat oygpneu and
1 obv1ous olgno o; olotregs. Bat when do,s whlch hud

omentol oeolcle proftg opllod Qt tbe sume tlme the

311 ation qu oone Wero testod on Lae trocL, they werei?3f.fo 
"founa to ngve uporoxlmutely normul runnlnb cupuc1ty |

| nd'ge e lly flnloned the courge 1n vory good order.£~j-f:fi

’I‘hp rmsults of O'Shou hnecsy' 1ngoct10n tudlosffof‘ ”“

: ;fwéfo, in ess nce,’ohe same as those of Beck..~;J»Fl-o

| ThomaSon;( AO) und'Thom son‘ ndiﬂg' beck (104¢)§,j;"
rﬁoorted ‘érie f dog oxoerlmentg in Whlch th ob—'~ox"
tulned some rutnar rem“rkublo rasults.jiih control

| ':z-—,ro,up_ Of 0. dofr~~ the deocondlnf‘ brunches oz the laf‘t

of 50 per Cﬁnt.> In lo dogs tne some llghtlons were done7[fiff

;Qt and uoout txe llgutlon glte W1th a mort llty of ’5f\,}

,per ccnt. In unother grouo of 16 dovs udd s1ve p ?1-f;f3gof;
chroltls wos oroducad W1th t“lc, followed by tha some5

~liga ons two to tnree weo&o lotar wlth no uort“llty.o;;f

In a "roup of 8 oooﬁ the some operotlons were oerformed

 rol owed 1n 2 to 3 weeko by ll”’tlon op th, rlvht coron-3fiflf

3brono1 1ntact.r The totul mo“tollty 1n thws exooflment



'*1Lhat thls mlwht oe }OSSﬂbiﬁ 1f 1t100“< lants whlch

=\

s 75 per cant but Lhe rvmulnmu two do#s run and plwy' “ 

ed no%maily, uUaearlnu c'lnLcalIJ well. Unfovtun tOLy,

'no 1ngvctlon stuclﬂs wer° muae of t‘hesp h Qrts.»;*gﬂ”;yy~}f[

PTDV10uS to th esm ex oerlments, Robevtgon (1985) and

Cross and. Blum (1935) nﬁﬂ‘demongtrutea thwt 11¢utlon Of ,fM‘
the coronury 51nus and magor velns was followa d by anf'

,consovcuous increcse 1n extynt of thc va sculurybeu und
‘the. urterlhl anastomoseg,‘ms shown by 1ngactlon studles. g

oubsequent~11 atlon oberterles Drouuced vm“llor' arees

; of 1ni vctlon tban in heorts w1th 1ntwct velns. Robnrt-k.“ 

sdn was able to llbute ull of the grterles and vnlnu offf\

‘the heart in multlple opnrutlona. -In tnar"urv1v1ngvdossf;ﬁ

/thé_ <tnn51v° perlchdlul hahe31ons were cut and tlea toF-,l”

;séé- ‘fhe thab llke Qtructureu could s fcort

curdlac functlon, mgny patcny ureaﬁ of cyun051s develop—f"”'

1nu ut thlo time. - Only onb aog survxved thlp last on~"
era tion qu 1t oled two months luter in convectlve |
f 1lure. Wortg*lty rutes were not stQte but

1t was 1mclled th»t they were hlﬂn.~;l—‘

In 1941 Frledbacher reported un unsuccessful "Q:J"“fﬁ

-attdmpt to unastomose tne 1nbernul mumm ry ar*ary to fh@

coronary avtcry by ulrect s%rgery 1n dows. He gucgested |

could be ¢ocwl¢g 1nn1b1te ere used. H,.;,ifg;f.jf;wif
Burchell (1940) oerformed gome experlmentg-very

V,_51mllur to Lnose ox Bnck Dut hlS 1nternretatlon of




 resu1£s-wes’very‘differentdffome k's.~ Ingectlon studlese;
Vafter eyaerlmenu“l occla31on °g d W1tn Beck ane Ouhers;ff
the lursest uHQSbOmoth vessels belnc 1ound around the!efeﬂﬂ
AaDeX of tae left neert, end eround the crux of the beert e;}
‘When'grafts llke those Beck. uses were;upplled to the:’:"
rhe rt Burchell wee ubl° to denonstrﬂte no protectlve
1uct10n 1n subse\uent experimeﬁt 1 occlu 1one.m‘Thewwgf{:5sf}f

. rrafts were eeen to cent 1n some em“l1 vessels, but thesej5f

chould not be shown conalstentlg to carry more blood or ;f:;}”

app of *ar er 31ze'when tnere Wus cnronlc coronary

T o
vl

‘obstruct¢on. Resu ts wer“ the scme W1tn omentel»ﬂrefto,»;jf

:und only a snell amount of burlum sulf-te renched the

;coronurJ 01rculqtlon in- one heurt of severel 1n3ected dﬁ~‘f

:'bx way of the omentsl g rufte.,j f;-,*;}}; _jjf;fﬁ;;

.Tn tnree dore W1tn muscle, ana th"ee doge w1t1f5'
"aoment l rexte aﬂd occlu31on of the thr 8- msln coron ry;ff7 
x_arterles, sectlon of the grwfts wes not found to 1ncon—ff;:$
~ venience the docs, ana no electro cerdlogrqpnlc cnundes:?;ff

'could be shown wh1 h 1ndlc ted lOS° of blood supply to

,the~myocard um Furtnermor : 1n dorv 1n whlcn these‘”f

- sume cond;tlons were produced, Burchell could demon-v??ffffp

gSurute no sxfnlflcwnt volume of blood “low throu;hﬁthe

R Derjcdrdl -ud&éSlOﬁs. When tne tqoru01c and ebaomlna17
?gortae wers f par &t°1y perfUSed W1tn g mlyture of Rlnw-

‘1fer‘s eolutlon, blooa, and dye4«t DT C*su:c'ee. of llO tot

/ efl3O mm. He 1nj;gesgrazte<an. 60 to 80 mm;vhg..lﬁ thcik




héorﬁglung’part,”onl&}smoil{amopnts'ofodye;re;oﬁedft eyo“
hégft.PGIn~iﬁfeé-nofmoi'aogsa dye'W£éfreoo@ni2edvih ﬁhé,fﬁ
heartsjof o, and. this _mounteo to a flow of O 5 to 2 Oi}"'f
cc; of IlOW Vlu the ruft per mlnut ; In ono do W1th o
1ntuct coronurj 01rcul tlon und a mugcl gruft, the _f»&Qo
amount of dye 1ndlcut°d " ow of O to 3 0- cc. per mln-oi< 
ute° 1n on° W1tn 1ntact co”onurles ond an omﬂntul Cruft,
’oflom 1n tnc brolt WuS 2.0 uO _.O cc per mlnut In v
two- ore our tlons in- whlch the three mﬁln coronorv art~~x552if
'-ewles Warn orogr0831vely occluded ovor a‘p¢r ; P 7 to oﬁiﬂu
AcO montns W1tn Lruits 1n ol ce, no dyﬂ at: ull could be .
recoz nlved in tno Curdl c out; ut. {;?{~;;f-ugo¥ﬁ{:{fjé;ff
,a-’hereus Buvcnall dla not aenv Lne ooss1b111ty thut ff]=>ﬁ
'vasculor cha nnﬁls in aone51ons ano rwfts mlrnt develop::oﬂ :f
;unctlon l velue, he dld not obse”ve 1t to hgpoen 1n
exoerlmenus seemlnuly ISVOwala to sucn a resul St :
il From con31dergtlon of tna r@sults of tna;. oéfi;¥;:wzu:

,menus conductad by “17 of these 1nvest1gators fey Jofi7if

»flndlngs seem uO otmﬂd out ;All ueem to-acree thut';

,ooerwtlons 1uvolv1ng cons deroble areas of the heartsa'_ﬁ?f57”

":surfoce er: condac1ve to. t“e develomnent of 1nt rcor_57
.onury col'” ﬁr»l ch“nnels.izilthod h oost nortem gng e

Vitomlcul ptumasruppeur dlscoursglnw~11 qome 1nsthnces,"

tu*lty flgures ~nd ohysonO 1c enaurpnce tesbs such'

SLas those oz O'Shou,hneSDy COPSultut° undonlabTQ ev noe_A

v of col-:f*

]'tnut tﬁe heort does TQCQlVG ample blooo by w~




S e e

‘vlutergl chunnels.' Thus- it uoulu eppecr %Qut DGthUS, 
7nehr7w »s mucn 1s Hccomollsheo throurb-stlmul tlon ofa~- \
1ntarcorona an"stonoses as. by brlnu ng in a new blood ool
°u““ly by way of 8'I'-f“° T :

-D ect surylc@l nastom051q of the-anternal mammarj ;?
urtary to Vcoronury artery 1s robablj not Dructlcal
ﬂat legst by Dresent t°0hnlCu meﬁhodo, bCCauoe thv occlu-{{f
olve le31ons SO frnquently cxtend wn thbiurterlul trne~~-  

to- brandh s smqlle” than can be Satlof ctorlly opbruted

'ppon; Art1f1c1ally 1nduced colluteral 01rculution, how-;f;

~eve*, could nct bb ezfect ive if" there wer olgnlflcunt

dise ase: in the vcrv smull qrtewle W1th1n th° mvanrJ1um;jj




- The Corcnary Operstions . |
Be¢k; O‘Shauahnessyian@"Tth;son_&hd:theiffas¥f5/
4sbciates haVing done thefexperimenfal'WOfk p““v1oasly .5P\"
dESCPlbud, were the I“rut our'eons to ma ke bpy ex ten81ve“9f:
uttemptg to accom lloh surg dcal eruSCUIQTlZ”thn oF the; f'
_ neart in man. Tnelr Crltcrlu For oelectl nvo- p“t-éntsljﬁ
upon Jnlch thesn ogerutlnns wvre to be Derformea were   1};f;
‘rathar rlgld and oulte.unl?orm;' They*wnre°—-» L .
| (1) Unuoulvocul ev1acnce of car dluC 1ocbem1u 1r cllnw—;:f@
‘cal electro—cardlog“aphlc, und roent nno..og,lc
flnaﬂngs » | e |
(2) sbsence of 1murovemant W1th lon;; thorouﬁh med— ;ﬂ ..»
) ical trgutmnnt. s i
‘.(3) Abaen0° of congestlve fallu”e Qt tnc tlme of'. 00-{?
-  erut1on.v In 9 ulents W1tq a- hlotory of decom- u;&“
rvnsutlon, pre-ope ”Qth éigit@lith‘oh was Qoqe.h;':’
(4)”Pvtreme dlSublllty, uufllcnnt to place the patlentvf;
N - din Class 3 of- tn° ClaSSlflCutlon uro“o ed bv the o
 Amn°r1c“n Hezrt ASSOCluthﬂ. ;!fl-» g3j ‘;:;£fJf}5;?5 ﬁ

Inr~935 Bec& performed the flrst coronury oner@tlon

a§ 1lluotrcted 1n Dlut '15 nad. 16 ¢“fter 1nc1s1on

nrou ' tne oxln und vcctorullg mugor as sh@mn, anu re~~4mf
oectlon of th thvvd fourah.rund flfth COStml ccrtllufes,?ff

the;perlcardium was ‘luClued ve ”thul1w. The perlcurdlum

nd eulcardlum wer» thorou hlv uxruded Wltﬁ methl burr.

Ty

A pedlcl t ?rom oectorglls muaor'm scle vra 'S thvn uu~“l

',yllnd to tne aoruaea unterlor and 1eft surfuces of thn:*

s show . In uuboeouent

‘ heart. Clogurr‘ w:as tnezadmaej




' 1n Dlutu 17, flg L dnd hleo used vdecula?4medlogt=nal 3{ff

'~4fand orougnt 1nto the thorac1c c“v1ty, outurlno the dlm~

| Der tlong, qulnldlne O.a c~'W s Iven OPcllb bVéTV.fOUr;;gj.

'houre IO“ severul doeesprand 5 cc. of procdlne 1n 2 perxfij

cent aouueoue 80! utlon WGS dpolled to the heart Tor flvefifgl

mlnutes belore proceed ng, to decrease the 1n01dcnce of ;V@U

arrhytnmlas.ﬁvduter, Beck ueed two De 1cle gr fts of

3‘GCLOrOllo mdgor, one around euch 31d of the heurt as

fat 1n' ddltlon to thls._ 7 i RE
O'0h°ufhnessy (1937) used uulte a alfferent oper~?‘°‘“‘

atzve technlc, ndmely curdlo-omentope . ﬂe made hl°

’1_1n0151on in: the flftn 1ntercostal SDQCG from th ste”nunl

to.the neerloﬁv 1llery llnp, lelaln? COotul caft1—5é"“””

’1eges,51end 6..;The left phrenlc nerve was crushed, and
_e~smdll 1n01elon made in tne 1eft °1de of the dla hr gh;efgfﬁ

: 'throuvh whlch oUltuble fortlon of omentum WQS lpOluted

f_phrqgm;uboutilp.v The omentummas thep brouﬂnt throufh a




:L3SCLer051s, ﬂnd 1ngectlon st udles dld not oemonstrute

”pwrlcordlum uhd 4o uhc heurt. In oubseouent O?GTmthnS,

aleuronat pugte wos used to oroouce adhe51ons to the hear

znd no Suturcs wara olacad 1n.tno,ech fdlum.» Shock w

'lufuoly av01a°d by mlnlmlalﬂd t”GUHu':nd blood lOuS Mnd

‘by 1ntorruotlon of n001ceot1ve 1mkulses carrlod by the --7ﬁ'“

 phrﬂn1c ne rve. lhe" ngtomlc welatlons producod a““ shown

_in the uccommnyvno ai rdn.;ia' ‘jfi> n;} “ fﬁ]gﬁfoo‘ 

| Thompson and fulobeok (l 42) usa ' mucb glmpler A

"operutlve technlc.l They e5ﬂcted one und ono hulf 1ncheS'ﬁ  

of the flIth left: COat 1 curtllquc‘an 1nc1sed the perl-:”oi;

cardlum;_ ﬁfter uSDlratan the fluld, they 1nt*oo c“d i

55 cc. of proculne 1n 2. per cent acugeoug so¢utlon und

WuthQ 5 mlnuteo before'proceedlnﬂ.-ful bt b’r‘,mu of o

‘ sterlle lc wQs a:oWLed to tne unterlor ourfgce ana 1eft

,luno inferior. boroer of thﬂ heort, und closure was done.;,iii
'Beck “Dd'hlS'&SoO V'tes operuted on 30 Datleﬂto be~féf?;

twmen l 85 und 1037, in WthJ hlo o ve: mo"uullty was |

f33 per cent.v It 1s notewortny bow t the mortullty

“?raoe decresaed mur d%y ws mor e‘pe i ﬁc Wwa s:gfircd,;gé>”‘

f the =0 outlﬂnts who QurV1ved the ooergtlon, Pour dled

Vln tae noht threa yeorg, Qnd of'" these,»autooglos were

pe f rmea,on thrae. Two of these h“d ohowod ooor C¢Ln1cal

- rebult Sy one dy1n5 of 1non1t10n gnd the othev’of coronury

“”tomoses ine tne PraLta rﬁa or numorous enouwh to carry

51




o R .
e e L

a0 e

y plwnlflcunt volume of blood. lxn the ca se whlch hdd

‘hal a »ood Cllnlc“l regult, ‘ Sﬁvere de rce of coronury»r% ? f

‘SClcTOSlS was Lound.f Tne 1ngect10n studles uhowed ten org}tv'

.,twe;ve communﬁcatlono b twaen uhn‘urterlul svgtem Qnd the qw§;

"~ru;ts wnlch were guduad 1arﬂe enouﬂh to hgve olalned R

}the CilﬁlCdL 1mprovemenu.‘ “urthﬁr gnutomlc l studlﬂs

must w 1t untﬂl morP oP the guwv1v1n putlmntu dle.,,,fﬁj],~*f

An eVulUEtlon of Beck's Cllnlcgl rcsu‘ts shovie thht- f’

65 per cent of Lhe cO Qva1v1ng tlents were combletewj};;f e
ow ~1most comvlstely relleved, “01nc buCh to tﬂ°ir pra_»;;fQ}f
';v1ous occuohtlons, ‘20 ner cent were mod@rwtmly lmDTOVad’ i  ¥

15 ﬂar C°nu snowmd 1ncons;uunnt1 l 1m3”ovnment., These

'fvca es- wre sumnurlzed 1n the tubles of Plata 18.x,mhe

»cllnlcul cour es of tnree tyolcal cases of Beck ura herb_;ji,f

'W1th summgrlvea.vﬂ‘V*gQ‘ f?1_~{:f; "{j ’;;gg];iﬁfw%;fQEﬂf‘

"Case l Artcrlooclerotlc heuﬂt Ll E'QE{ﬁhﬁfangina; f;‘ 1”’*

3ectolls‘o£'u ye“rs' dure 1on, sovere for 5 veurs€5f

, moderutn'genera+1ved urtQPlOoCl°POng W1th hvn

,._te151on- arﬁerlul gressur r':-/s-’c;ol c.1;4, dlagtol cT fr*7”
og- mm. Hg.,»modergt chronlc ulmonory emohysema.'u
A AS ya*v 01d furner lvit. graduullv dlmlﬂlshl?”“

’ﬁyer01se toleruncg, Ilnullv bﬂcume lnc&p&01tuted forf”'

uny WO“K oecuuse of pwln.3 ~yer01se tolergnce:t"ts
f,brouﬂht on precordlul pamn, fatlgue, and dyspnea._
'Operatlon whs done Feb 13 1985.. Four months later

 fhe oeoun to do llgnt work uround the hOopltalV&S a’




'éﬁer.; H° hag rotu"ncd to fafﬂlnb c.o:.no la hour;j1{5 ff*”
fwork d llJ for»four yeu-S' foellng no mora Lnun ord-"
-_nury futlgue t'tho end of’ th» de y.- The re sult 1n
thi ,'th ot putlent to have the opbrntlon wus |
‘excellent. See Plate 17, Fig 20 o

Case ’4 :;“mtﬁrﬁoscle”otlc huart dlveuse‘:nd ang1ﬁagvg 3tf

"pectorls of flve yeurs' aurutlon.; A tullor,'gbed 50
ye“rs, 1ﬁ Wovambar l°83,~und agaln 1n AJguot 1036 haﬁ s
’,myoc$rdial,infa"cts.: They wer~ unterlor und 910&1,

a bcs 1. TInvs lldlwm followed the}f7(

.and posteriori

-second attuC& und ‘he was. bgvely ablc to go to hlp ohop.fo
S1i ﬁht cxcrtvon and. emotlonul gtruln avought on- *aln.-ffj;

'”he 1eft v;.ntvlcla w“s Sll”htly enlu d._ xhe t Wh£ *f;

el

~hud extensive mYOCurQlul flbrOplS und w "M doubtful cuniw

-

. dica te for opergtlon._ Oper tlon wus done urll 9, l 37:°i

:.t tde opewgtlon the neurtbbut wa 5 feeblv, und 1t wus-ﬂrAf
fup,urant Uh&t the. muscTe w“s seﬁlously dumuae : ‘The-;;fi;
.natlent stwtgd thut he h“d been»ﬂreut 1y, rell Ved From:J
"%fauln fo“low1n0 the ooc utlon, but hlo exerczse tol-;'7v
erance was-notslncr ased. Hv‘dlad one year and two
' 'm5nthé;léter“bf.myécarﬁl 11 1niurction.;_ utoppy showed;
A;bobr~ahatomicalirésﬁit.; The clznwchllr sultzzn thlsi{
’ tcuse muot be conglder Door.f.fv;ffi}?fﬂf
1 ¢55'1‘5.; ArLerlogclerotlc heart dwée‘

ctorlo 01 9 yeurs‘ Luﬂatlon.,



throﬁbQSis. lhe cowvsntlonul °1°ctrocwrdloﬂrsm:wms-~;f-‘
‘nbrmal; butzthe T-wave 1n the: nhest leud vas- reversad
in dlrectlon.f Lhe record Luken aurlno 1nduced uﬂrlnul

'uttscks after eyer01se showed chqngcs suuges ng

h

>s“ostewurund busal 1n1urcu. Oper;tlon W“S aon ft r;l
:44, 1937. sThs,“'tlent stutes th“t the*e lg 1mp”ove-
‘menu end he lo_uble to currv on. his. worx, W1tnout
~ymotﬂms.»fThe;cllnﬂcul result in tbls czse should be
consldcred fulr. 5‘;f'“; 1 ‘jux q;f‘;;fi‘~ «4;5Us;3g
S, O'Shguwhnessy opermted on six pgtwcnts."Théfe5ﬁés.5P 5 
- no- onerutlve morthllty : Two 01 the e suh eouently dl
s_one of uremlu, Mnd one o: hemorrhhpe from a«duodenal ulcmrjf’
HThe otqew Iour outlents were ulrve over o yebr aftwr ths-*“
vo;s athn uﬂ& were much 1mproved. He bellcvea tqst tblsjs;;i

.

: 1s‘a'm;ch less hazdraous ooerutlon thun Beck's pealcle

18fafts;bf ectorusls, cnd thut omentum h&o markea aﬁvunt—-ffﬁ
’éé s over muscle gs vehlcle for blood vnssels. giikééf;«;fa
v}‘ Thompson und PuleQC& (lodd) re,orted onerutlon oh
;31xteen putlsnts by the tec mdc prevxously descrlbed. g:f?*i
They state thgt EARE oz the e were in such condltlon thwt . 
thny hsd "nothlng to lose-und everytnlnr to galn";;fofégfi}i 
‘thes one dl soon rost-or)ern.tlvely, two on Lhe s sond
.post~operut1ve day, and one dled three weeks 1 tmr, so

| tbplr ODEPMthG movth*lty wus a5 per cent.; Of tqb r st, _;ff

tea showea m“rked 1mvrovemﬂnt, stf;kln@ ¢n some cuses,,‘,ﬁ

wnlle the Lm rovement of two W¢o moder“te.t %ﬁref£<df




A

'.unutomlcul atUdleS m¢sb gwalt tnc death of oome oP tnese{g
f’natlantu.- roliow-up exumlnutlons wmth exerc1se tolarsncaﬁifﬂf
rtﬂsto ;"'tellul b_ood Dressu“e, und dircct VbnOUD blood'bl
:pvessure recordlngs, ana f uorooconlc, 1".:mci:i.o rgphlc, undﬁ

‘;qelectrocgrdlorrubhlc eyamlnutwons fullCd to show any ”

fev1dence of cardlac constrlctlon, or comoress1on, ori

: hypﬁrtrophy due to aheulve perlc Pdltlo.'f nf£:F 5;Dh'Vv¥




o :of bood ogermtlve results re sucn thut the coron ry op—ﬁ

T R S

BTSN

 ‘fSumm%ry ‘and Present St¢tUu of Surﬂlc 1 Reva culqr ‘ationﬁ#fﬁ°
of uhn Heurt 1n Coronary bCl“POS“S - L

”here are two me ns. gvolluble for 1nou01ng the~de—‘uf R
| velogmcnt of 1ntercoronary:onostomotlc chonnelg. The
'varst ox tnese 1s chronlc coronary obotructlon whlch 1s

'_im uotlcxl surblc ll».v The uecond 1s by produotlon of s

,hyp erem ' due to ing lammutlon on the surche. Thewe ls .

some ffe”ence of opiﬂion s to tne 1moo"tunce of sur—“

*gchlly 1nduceo ex tracondlac anastomoseo w1tn the co“~ yf
;f'onary c1“culaL10n., Slnce the 1mprovement Ln most of theo}
‘patlantg who purvrved tho v rvous coronarJ operatlono \
4fcunnot oe danled, it romolns to determlne wnether that
VCllnlCal improvement 1s oue m 1nly to 1ntercoronary or'.
':extrucoronary COlluterml ch nnﬂls, or 1f both ur obout '_}ﬁ;
ouol“ ”esuon81ble.» Q is remurkob o thht wll of the |

'7ip“t1ents 1n whcm 1mprovement was noted S”ld thut they QV‘

\-fult better W1th1n 8 to lO duys oogt~ooerut1ley ThlS o
1s too ‘soon for Qnastomotlc channels oz 1mport nt olze
'rto hQVD dev ooed.h Bec& su;gests tne po 1bla exolonqtlons

) th&t tha 1mmedlut° hyoevemlc reuctlon m1 ht hmve qllowedffi

: rddiotrlbutlon of the coron wy blooa ano thwt narveu
”?lylnu 1mﬂed1utcly beneatn Lhe e 1curd1um m1”ht be tovn
?;or otn erwise 1ntorrupted.;i“ L R

'J‘Ce”tolnig “the mortolltj rateo “nd tno 1nconslstoncy7

:5‘arotlons c nno b«1 reg'rd d as Ostﬁb 1shed nar Deutlc-

-”'méééﬁr But the number wnlc showod3str;k1n»



ment - is- ooth 31~n1flcunt_und rancouruglng. ‘ﬁll of the

putlento~ooerut°d upon were chosen bec“use tnoy were’

rdl“c dere lCtV: tO hhom 1lfe: as it wus, qu scwrceljf ?
worth llvn.nu and were_hence:poqr SPr€1Cﬁl,rlsxs_;t the;;
outs @t. 5 3 1‘ ?”‘f   -.. 'l ,,.v}u; . _-1 ;L’i>v :§jf:
"It can be conservatively stated that work has ad-
~vanced to the place mhere llmlted applica tlon to- humun ; 5ﬁf;ﬁ
patlnnts ShOJld be done ', atl sfuctory dth huve beep
uccumuthed und the exrerlment 1 ev1dence is- ganara11y ;:fﬂ'
' f?°°d¥ ”he lmprovemeﬁt in some. of tne putlents is. whom*'
jonarﬁtlon huS be°n ca rrled out has been lmogt 1ncred-?ii3”*

‘ 1ble. L




S ‘_somp of tqm eXJQTlﬂentw“‘nOPk dlscuosed 1nd¢cmtesftnat:

w

Speculctions as to the TFutur: of This Hod; of WPVﬂtment ff[ﬂ‘
S et OL Co”onarg Sclar031s e B

OnLy the contlnued observatlon of tha op ted '
vTPwtlento over a- perlod of mgns yeaﬂs w111 tell us what f‘"j'
 hMJrens to the coliatarul Vuoculur chunne s ?Touucnd by;:j j?
,SUT’ TY- Th ir si e mlgnt rnm“ln stutlc once thew‘h;vc5; 15h
been ESt“Ollsned7 thef mlgnt 1ncrewse 1n 81~e due o the f'57

.hyQTOGynamlc‘lMCtOTS Whlch have oeen con81dered or tneV»f}g 

“‘m igh t decrehse in 51ve Gue- to c“ntructlon of tha collagen]'
' flbers lald a0un by florobl“sts 1n the 1n t 'l phg e?bﬁfff5?¥

»flnzl:mmutlon.: Slnce somn of these p%tlentv huve hlruudyfﬁxéﬂ

__been undev dbsnrv“tlon Ior some yewrs w1tnout uongrent o

' develoament of myocardl l 1schemlg, 1t eems un71ke J

.tha$~tge,* st named pOSS“Dlthy wil 7 very fremuentlj

occur.- ;;5~v-;}}':f-5hc_»vsviipw~___;q,;;w,n_ju;3jrg}paf i

”LBeé"fe@ls thut with constwnt*y 1mﬂr0v1nr tﬁcunlc.,~377’

‘unu methods tne mort ~ltj ‘llL be verT low - Uerhrpg uven~ﬁ

*fnovilclble~- 1n 7“t1ents m uh a:ood cardi é'resefv

‘(D<

5Vou1te low in serlously 111 patlents.u:Certclnlj Qhe ore
 ,°nt nortdllty rutes do not 1ve & fylr 1nalc°tﬂon\oP tbnﬁ?
:o t _1ty to pe exoected 1n v tlentp ooer ted uﬁon*be~‘i

-

fora tnelr c rdl“c Pnsmyva 1s SerlouSTv 1m ai ed' ”’lf]

- axteno1va collrtbrul cnynne7s‘wre nct lﬂkelg to deve’o

—t;hof

~ curon ry 01rcul tlon, so th‘t %ronny ctlc?onerﬂtion{khnn

o unWess zhre 1s; _ e* y ons:.derubla embﬂrrﬂssment«o'




W

PRV [ PR - s N e - .. L T T TR S

cbnnary”éc r031s is: not y@t well. advanced would not be},">’
expectea to be very effect1ve.--t¢;:- :?5g;L5?,<, fpp;au:‘"*

Tt lo m oplnlon that the coronary operations Wlll 1f,A'

'ultlm&tely bacome Vulﬂ&D*c thvr utlu measuresfig.g;lFQT°”

ected cases,}but Jlll DTObub 1y not bécbmé‘a VEPY'WideLyv“fjﬁ

‘used mode of treatment.
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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
63F3



Plote 4

ool A sood ingoction showin_ very ogen «n-stomoses
occurring between Lr-nchzs of the rumus desecndens
anterior of the 1.ft coroniry «rtory «nd those from the
remi cnteriores of the richt. A similcr though less
consicuous ii.stomosis occurs on tie posterior sur-
fuce. : - -

Fiz. 2. This is zn e . l.rgemeat of tis ceautrul zre. of
Mz, 1. (After Gross)
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- ilts uleOMlC“

.

Atfﬁbrta ol

Coronury — ..i_v; $E3tTgCurdluCi
Qrt”TIGS\ ,nastomosos -

v1th ﬁwt rlo 51nu501d~
; vessnls

ArtvrlOlmS
their own™

unustomoses

V SSLLS

‘chrt chanbers;'“ -

Tzebeszan
Ve'L"’l.; ;

Coronery sinus. .

- Right auricle -

Plu be 9

;leuurum rc;resentlnu the 01rcul“clon EO thayhg ?t*iﬁ‘




In gredual naerrowing of @ coronary branch

AT~

/\1[

In complete ochuslon of & coronary brangh

Normal

Le&end. .
Intraventricular pressurev
mdicated by blue ;

IﬁtrqcorOnary prasaure
indicated by- red-

Extracoronary. pressuire ag

in other aortic brinches -
indicated by black. - -

pa.a:t. ' _‘2.6_
(Mtsr‘;mam)
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Platc:l8 T c e s
Table 1. Summ“ry of ﬁze cases hhlch did not sarv1ve
the coronary. oabraulon. ‘

, QUPVqul o .
Patient Period , Cause of D uth
_ (pays) . ... . :

ThrcmbOSis»of-abdominal~uorta-~-~
B.- Welchii mediastinal infection
Cerebral tnromb081s, b”onchopneu~
monia. - .- . : .- ne s
Coronary- thromboglp o R
-Bucden--deuth; uneurysm aoaterlor left
Sveniricle
Pneumonia - - e-- wa4l-[?f.
Pneumonia-- - L o
Sudden- death; aquand coronary
- artory dlsease . C
‘Pneuwnonia. end- pleurul eIfu31on S
Sudden decthj; advenced coroncwy :
artyrv dlseuse pr e st pme e

o

|
(@)
me‘HmmﬁmH'@mm‘

‘Table 2. Summury'of tna t«enty cuses whlch uurv-ved‘-
the coronary ooorgtlon and were . able to legve the

nospitel. - _ -Lf»f.;"'“'””

| | - | o c1in1ca1 L
- Case Pbrlod of SUTVLVul Cause of Death . . Result of
- Yr. “o. D‘,ys’Ic ‘ Ooerctlon ;j-i*

3 18 Cee e | © Good”
&5 29 rInqnltlon, Slmmond ~Poor -
- disease BRI
22 o V,Fair-= R
0 R S . Good ¢

COn - wH
NI R
'._5
o

29 Cardlﬂc fallure myo Poor -
G rdlgl d 5enerat10n S
A o Good
3 Geod
10 o il Good

O UWkhOVO -

Db oIoo®
3%

20 6  rCer:bral hemorrhage Good - = -
21 L oo Goodl
’ 1 B T SMRRRIE C (o]oTe RN
23 £ 25 . Good.
4 .25 - tCoron. thrombosis Poor . - = .

0
N
mm&mewmwmmwwww‘

©OO MK
e
&qwﬂ

o _s8 '
. *Time .as: of June l, lvéo
rPopt—mo“tem eyumlnqtlon n iwaMud (lfter reﬂl und chk)

o - s @ood LT

28 L e e ‘:G0,0dJ;?‘f

o s Padir o
' #;Falr; SR
'1uood<"'f~-"‘-
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