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extensive soar formation in the group of sories studied.
Lengitndisal incislon ¢losed with sdbhesive and Marsilens
pateh.

Elestic stein X, 80.

Femoral artery eight monthe postoperatively. The sear
is hardly visible, Longitedinsl welsion ¢losed with
adhesive and fascls pateh.
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Gross specinen of the femoral artery of 8 dog four
menths postoperatively, using stapler fov end-te-end
srpastomopis.

Gross spechuen of the lemoral artery of o dog three
monthe sostoparatively, using stapler for end+to-end
anssiomesin,

Gross specinen of the femorsl artery of a dog, using
stepler for ende~io-end snastomosis. There is 2 lerge
orgenized thrombug ot the snastonmatic site.

Grose specimen of lemoral veln of & dog six wonths
pastoperstively, velsg the stapler for end-to-und
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Grous speelmen of femoral vein of 8 dog three monthas
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Blood cholesters! of 18 rabbits trented with ene gram
sholegteral daily and the coatrol group (5 rabhits)
m@i@a&&mmﬁ o the seme diet withowt sholesterel.
{Mleang and gtunderd deviation).

Gross specimen of the aoria of one of the reabbits in
the cantrol group.

ress specimen of the atheresclerctic soria of a
rabbit eight monthe postoperetively, using stapler
for end-to-end snastomonis. The atheroselerotin
plagues sre will demonstrated. The needls is
pointing to snastomotie slite.

Close up view of 3 groes speclmen of the athere-
goleratie sorte of 8 rebbit elight months postoperatively.
using the stapler for ansstomosis.
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Misroseople section of the sorta of one of the rabhite
in the control grovp, showing normel sorta.
B & B aetaln X, 75

Mieroseople seetlon of the anrte of one of the rabbits
in the high tholesters] diet, showing atherosclsretic
plague invelving the whole eireumferencs of the lumen.
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Misroseople ssction of the sorta of a rabbll showing
several stheroscleratic plagues o diffsrent stages of
development.
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sierosaopie section of the soerie showing an sthero-
selerotie plague. There in evidenve of cholesteral
deposiion in the media.

1 Red O ptaln X, 100,

An stheresclevotie pltgue wder polayising Muminetion,
showlag eryatals of cholesterel.
11 Bed O slain X, Th
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GENERAL INTRODUCTION

it is difficult to discover who was the lirel surgeon to re~
pair & bioed vessel, Hoplner (1) Lx 1008 published s review ol the
literature, snd he stated that Lambert of Newesstle was the {lrst
gupgeen to write abowt vaseulsr snture and that Hallowell, in 1783,
wag the fret to perfors 1§ on s patient. He sutured o latoral de~
foct in & breebial ariery, the Humb mixwi%@e&a But it is not certain
whethey the vessel remeined satent or aot. Probably the {irst end-
to-end snsstomoses were performed by Murephy fu 1887 @, 4.
Alexis Carrel {4) smployed two or theee stay sutures. then a con~
tinuous matiress oF over and over sulure, {0 enable aecurste appo~
gition of the intimal aurfeces. His latter technigee, wideh was de-
veloped In 1807, is sesentinlly thet vzed today.

The indrodagtion of radiographic technigues jor the visuals
ization of arterial cothwaye by intrsluminel injection of rediv-opsyue
substances provided the valuable nforrostion that meny vasaviar
leslons, even in severe arteviosclevosis, were Jonallzed and there~
fore, smenable to divect gurgery. Aovicgraphy wae eriginsted in
1980 by Dos Senios, Lawes end Calas (8). e vee in the United
Stetes wan firet deseribed by Melson {1948), (83 end subseguently
by Doss sod bis gosworkers {18428), (7,8}, and Wagner (10485, (8)

The ntroduction of Heperis in the feld of vasoular surgery by



surray in 1040 {10) was another valuable contribution. Belore
this time the vescular surgeons hed only Uquid petrolatum to pra-
vent thrombosis. They had to cont thelr sutuves, gralt and vessel
ands with this meterisl and, 88 & resull, every needle hole was 2
gite for polentisl bleeding.

The interest o vasoulayr surgery to produce srterial and
vensue shunts stboulpted the experbuentel eveluntion of the relative

LononEs,

mwerite of nonsvture and sture methode of blood veseel anosg

Bilekemers snd Lord (11) deserve mueh eredit for stimnlnting sup-
geons in the proacticablility of Yood vessel ropaly and anastomasis,
utilizing the noneuture vitsllivm tube method. However, the resulls
frowm ueing % in buttle injuries during World Wer Il wars not oul-
stending (12, 13, 14}, The vee of sbeorbable fibein tubes instead of
vitaliinn ones for vele graft wag then advoceted by Sweneon and
Grossy thelr veported sxperimental resalts were very good, throm-
bosls ocourred in ohly one chse oul of 87 {18). Jolws (16) compaved
the resull of the sulure and senswlure methods v the ansstomesis
of velng in animels. He veported D0% fupetioning patent end-to-slde

en and 78% end«to-end ones, utilizing the

splenoresal snsatomon
suture technlaue, wherdas with the nonsulure vitallivm tube method
oply 1T% were patent in 8 group of end-to-end splenorensl ansstomosis.

The vext oajoy step was the ntreduction of replacement



technigues for dissased or Injured srteriel and venous segments.
Theee replivements conaisted of venous autogencus graifls (17,
avterial homograits (18,19), venous hamografts (80, 21), hetero~
grafts (23, 23), vasoular grofts from the rectus fesein (84), grafte
made frowm aplll thickoese siin (80}, grafts from chamols (26},
gtainless steel wire (37) and the verious syathetic fubries - Inolud-
ing nylon, ivalon, orlon, decron end teflen (28,28,50,815

Most of the early development of recounstructive arterial
technlguss were performed wih arterial homografts. Juch graila

huve gonsgsuently been follswed the longest, and theve has been

full opportunity to obeerve thely behavior over sn extended period
postoparatively. Perbsps beesuse of this, and beeause of greater

suse and convenience of the plastic proetheses, the avlery bank hee

lavgely become a thing of the past (38). Among the plastle prog-
thesve, dacron snd teflon tubes are at present, the generslly gsccapte
ad form of plastic arterial prostheses. The pore stee of the febrie
BUUBETE 0 %:%%gz fnetor deteroining the ultlmete nature of the lning
or "nee mﬁméﬂ slnece 8 tigld weave Inhiblis vascularisetion and
orgenization of the lHolug and leads to degenerative geguaence {33).
Degeneration of the liniag and murel throbosis in srosthezes of
swsil size aeeleraies thelr conlusion (34). Degensrative soguonces

have not been so lmportant in tightly woven nortie grafis (308}, and



sueh grafls are preferable In the thorecie aorts, where heworrhage
through 8 more porous prosthesis may be ferbiddingly fovinidable,
partiesiarly in 8 hepsrinized patient. In vessels the sise of conuuon
iliae avtery. or larger, the plastic prostheses are gonerally cone
gidered to be satisfactory! however, lnllure of suture lines in the
abdomingl sorte, with false seeuryen formation and repture lofo
the gasiro-intestingl tract, sre beginning to make thelr appeavancs,
ong, two snd three yesry after operstion. The ssme sort of late
suture lne fetlure hus boen seen in swell caliber prostheses In

the exiremities (36). Such sulure line sepsration probably pre-
serte fellure of a graft o establieb & sullieiently {irm fbrous tissue
bond with the host artery and eonseguent sole dependence of the

integrity of anastomonis on five silk sulure. Fine allk has bean

found to deterdorate rapldiy after lmplantetion In the body. losing
ap to 0% of e strength within six months to & yeay (87), For this
resson, satures of 2 steble meterial like docron. saust be used
when long term dependence on the suture is reguired {38}, Firm
henling can only be expected when live tissue is sutured to live
tiepve. Seme vescular surgeons sre suesiclous of the long term
behavior of il srall calibey sinstic prostheses, and these doubts
tend to be confirmed in the laboratory sndmels. The literature is

consigtent in reportiog un vapscceptably high rate of thrombosis when
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pisstic prostheses ave veed In the fomaral op covotid artery of the
dog., independent of the slnd of promheses used (34, 34, 40, 41},
#aralis are ponewhat belter when porous fabric g veed, bul stil)
pange between 45 and 839 patency 8t one yeap. thrombosis stsurr-
ing lnte in about hall of the prepavations,
The problems encountered ln vascular ansstomoses 8re
upuntly tn two srengs in the situstions when speed le essential
and s gl vessels with an externsl diameter lese than 4 ma.
The length of the thue that o blood vessel maey be soeluded
is sometimes quite cvitiesl. This i particularly true i regerd to
vessels supplying or dralnisg & specific orgen, such s renal, bep~
atie or parotid veusels. In whole organ transplantation. the mulil-

ple vagoular annslomoses presents & problem and the need for vapid

re~girpulntion of blood through the organ la obvious.
A persisting majer problem in vascular surgery concerns

vesssle lese than 4 s in dismeler. Here saely thrombosis and

progressive nerrowlng have heen so freguent na o couse some
investigators to stete that they are inevitable. The published resulis
inelude the work of Sehumseker and Lowenbérg (42}, whe reporied
84% throwbosis In axtevies 4 mm. o less in diameter. Hurwitl

and his sssociatos (430, whe had 309 theombosis, and Thal and his



group (44}, svecesnlully snastomosed seven out of 17 arteries of

% mos. In dlemeter. Ursehel and Roth (48) reported the most pro-
mising resulte utilizing Beparin and loeal antispasmodic agents
with & §3% patenay rete in canine artevies 1. 5+4 mm. in dinsneter,
and 78% peteney in aﬁéﬁw 1.5+ mem, in disoseter. Seldenberg
#t al reported excellent results by meticulous direct snestomesis of
gimall aeteries with sutures valng 7-0 braided sili (48). Jucobsoen
and his co-workers {(47) were sble to demonstrate & Wigh dogree of
pateney following & metioulous technigue with line suture material,
uaing 8 dissecting microscops and speclally designed surgicel
instruments. This method has not galved wide acosptance beesuse
i is sumbersome and requires the use of extra squipment in the
apsrative fleld. The high rete of thrombosis in standsrd sutvrs

s s dt .aif“h. B P P W

nen e b B e S i ~ ik gy . J— i ekl il iy ik athe AR b i e B
methods owused many of the vestigators 1o reveart o soenpwiures

Carter and Roth (48}, Rohmen. Goete and Das (40), uesing
& variety of {ixed rings m;&wﬁ@ patency rates of 58 to BB % in amall
veasel apastomopis. The uvae of dentical teflon rings for end-to-
and anastomonis of 3-4 mm. srteries has been described by Holt
snd Lewls (50) with 100% petency. Urschel and Roth (81) reported
5% patency i nonsuture snastomonis in cenine arteries by thelr
plng method. Thess methede all require the permanent installe~

tion of o fived ring ot the polots of ensstomoses with s attendant
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long terin dangey of hemeodynamic and gtmfmmi change. Vogele
tanger avnd his co-workers (58, 53}, bowever., were able to report
16% somplete patency and 10% partial petency in spsstomones of
caning avievies of 3-8 wm. ln dlameter, uweing 8 stapler device
whith he developed in conjunction with the Wetlongl Resenreh Counell

af Canads.

GBIECTY OF STUDY

This study wae desigaed to investigate the efflicacy i n
nongwtore method and of 2 elapling technlue s agraal and in
grperimentally-produced stherosclerotic vessels, as compared to

the conventionsl metheds. A plastic adhesive (aetbyl+E-cyanca

By -
late) wap uged for nonsuture technigues. The Vogelinnger stapler
was eniployved for stapling technique. These were sompared s o
shortness of requived operative time, the incidence of gomplications

und general eifleasy of wethoda.



Chavter 1
PLASTICS

D ;’?ﬁ&’*ﬁié’i&

L s

Plaetios form a proup of meterials which arve con
@%@aémﬁ@% by symthesis of ong oy more chemicale to form a polymer
{34). By definltion, the molecnles of o polymer are somposed ¢l 8
large number of im%%ﬁ%a similar moleculas. This delinition can be
aarrowed further to cover only those polymers which flow plastieally
at ane stege or enother of their fabrleation. They sre orgenle subs-
tances snd in general, heve interesting physieal and shemical
properties. When pure, containing no Hiler, reinforcement op pige
ment, they ave neturally of low specific gravity (betwaen 0.8 « 1.8%
ivanararent, eneily colered, axcellent insuls

ponditions and resgenis.

Claneifioation:

Plagties are upually divided Do two greups. The thermo-
satting types pot %*wé an solymervization. They do ant solten ngain

Suatles, on

oe pe-heating, bat m&i%«“ degrads an y% #imr.  The the

R
the ether hend, soften on re-hesting without loss of quality.

T those matsrisls, the leny chaln-lie molenules e side
by side, although eofled rendomly |

3
\‘

Ie theromogetis,




eroas linking takes place between the stoms of the wolesules et

right angle to the mein axis of the molecules. s the arme and lege
of the gaterpillay grasp sach othar. Thus, a therwossiting m&twﬁa“ﬁ
has intersally lewer degress of fresiom and thevefors. iy more rigid
then & thermeplastic. It is siso less elestie and although. generally,
it enn support grester stresses, i deformed too far i will break ils
molecular sod atomie bonds iyretrievably, rather than yleld plaptie~

aily, snd thus & will be linble to shatter wnder shouk, The unigne

properties or combinations of stiributes have widened the vee of
siasting i surgery in the past few years. The best application re-~
quires that the meterials are only selected after {ull consultation
batween the surgeon, the engloser and mateviel speclalists.

Heshanienl Properties of the Plastios:

The deslgner sew confidently expect the plastics t9 compare
in strength with such wateriels 86 satural fibers, textiles. losther
gnd rubber and ndsed, fo be gupevior ander carigin eonditions than
are the naturally econrring. Strengih veries shoulisnegusly with
such propsrties 8o temperature, ehewmlonl envivonment, moleculay
weight, strastore and the coundition of polymer, and the type »f losd ~
fng and in the cane of hygroseopls olyeer with hawidity.

@mmﬂm Proveriiey of %*i&sgii% 3

Plastios ave eutremaly resistent to lnovganie wedls. but are



sensitive to atiscks in particular cases by organic wateriales to a
greater degree thas are metels., They are usuelly fer more resist-
ant to attaok then most saturs! {lbrous materiale and rubbers. bud
Yo thew, they sulfer wealkening by the photochewmienl aotion of
strong sunlight unless protacted by dense plgments or other sush
meanst. Weler hes some offect on plastics, although relntively 1itle.
#t must be smphasized that some plastios abeorb chemienl sompounds
if stoved for leng vevieds in satlseptios (Flebburn, 1853) (85), and
this bozard must be deteruidned for esch subetanas.

The Use of Mastics In Vaeeular Sorgery:

The plestle prostheses have bomn utilized in vageulsy surgery
in & satid and pigld foro or in 8 plieble povous stete. The former
was eonpiieated by the development of progressive thrombosls at
the snsstomotle slte, lending fresuently to complety ovclusion oy
even o peripheral smbotization. The sold prosthesss have been
gengreily abandonod sxeept 2 0 rigld prosthesis to enrry the pros-
thetle aortic valve, ag recommendsd by Hulbagel In 1988 (56} fap
gortie Incampetencé.

D the other hand, 8 variety of lieble vrosthetio materials

have been develoved. The llrst veed wap Vinyon ¥ eloth in 1852 (B7)
£ warlety of other plastie materinle, nolably nylon. orlon, teryiene

ay dacren snd teflon have been need in veriowr Jorme. 8% prosent,



dacron snd telion fabric tubes sre the generally seceptad lorw of

srierial prostheses.

The use of plastic adhenives is & separate subjest which
will form the second chapler of this monegraph.

Hewards of Flastion:

The carclnogenle potential of the plestic meterisle hae been
diseussed extensively in the medienl literature. The scourrence of
wmaligoant tumors in rolation to loplants of plagtios in ratl and mouss
hes been reporied. In wmost cases these tumors bave bosn Hbrg-
saresmig. In maen, no malignent tumors have vot been reported
in velation to lmplents wede of plestio mmtevials. Turner (1943) 8}
found thet o fibrossreorns way develap at the site of buplantation of

& pheral formaldehyds (Bahelke) dieg. 18 mun. ln dismeter, 1,3

a5 B i L S

mame 0 iRlckness, Unjpeniad subculantously in Wister rais. Bui

he found no tumoyr when squares of the same metervial (Bakelite),

19 sevme by W omin. by 1.0 e, were laplanted suboutaneously in

the abdominal wall of 10 UBA straln mice. Oppechelwer, Oppenbslm~

ar and Btout (1948) (80}, reporied that pareomas oceurred in relstion |

to vegenerated cellulose fllm {Cellophane ) wrapped around the kid-

Goys of Sherman strain xats to produce hypertension. They followsd
up this sheervation by Laplenting regensrated cellulose film {(Vig»

king & Hé~Cellulose saunage caging) into two groups of 45 rata.
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fn one group the left kidney of ench ral was wrapned with the {ilm,

in the other group & plece of film, 2 « § am. square was ginbedded
subeutaneossly o the anterior wall of the sbdomen, the fim belag
wapt Tat by catgat sulures passed through the corner ot the [l
Twenty-thres rate with wrapped kidneys and 43 with suboutanesun
tenplants survivad more than 11 monihs, snd of these. 5%% n ench
group developed parecmas, In tome vases the tumors were trang~
slanted to fifth generation. Laskin, Rebinsen snd Welmann (1054)
{80}, Druexery and Johmnhl {1858) (61), Oppenhelmer snd hie
collengues (1965) (62), and Nothdur® (1058) (63), have found that

with the rat or mouge or both, malignant chengee cocur n the cap-
sule surreunding pelymeriz lmplante. In Oppeshebner's superiments
(62}, walignent tumoers wers nduced in Wistar and Sherman pteain
rats snd o the mice of Longaeras,
sutenesus Lmplentation of small sguares or gircles of the filin,
poproxlmately 13 mam, i width, of cellovhane, daeron, palyvethyiens,
podyelnyl ebloride, celastie, eliolilo, nvion, pelyaethyl metaerylate,
polysterens, saran, lvalen, BEL-F, teflon snd silk. Jome of these
materials were commersial products and their chemionl composis
tlon Ls nob steted. The thickeess of the {ilm varied from G, 01 mu.

to 0.4 mon.  Theyinvestigsted the pormibility of breskdown of the

polyaey by including vedisnstive lebelled material (C14). B was
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found thet €14 could be reeovered in the urine following the boplant~
ation of the labelled polvthene and labelled polymethy]l metacryiete

after 26 and 54 woeke vospootlvely. When the fillms ware removed,

wrlnary vadionetivity dissppesred. Nothduedt {1558) (83 Loplanted
# variety of materiale subontaneonsly In Wister vets b the followe
ing forme

1. NHon-perloveted dlees, 17 mm. s demeter,

2. Periloreted dises, 17 mumn. o diemeters the periorsn

tion being carried out by mesns of & band sewing maching.

& Powdar.
He uned gold, silver, lvary, pletinum, polystyvene, cellophane and
polyvinyl ehlorlde for laplantation. Three husdred and ninety-five
of the 517 rete in Growp 1 (aon-perforsted disos), 117 of 235 rais
in Group #. and only one vat of 117 in Group 3, developed tumova.
Stinaon (1004) (84) traplented the disee of approximetely 18, 12 and
4 mam. o dismeter of polymethyl metscryiate in the gloteal museles
of guloee plge and pete, Afler prolenged lmyplamtetion. malignent
tumors ocsurred in the rats in relation to the large (19 nua. ) and
sadiwn (12 man ) éisﬁé% The material weed in the galnes plgs was
without carsinogenie setividy,

Hothdurft believen that & is the physical form of the im

plant whizh is the declding fector aod that the chemionl sature of the



implant fe largely unlmportant. 1 s bopossible to tind & semmon
chamisel egent o all the diffarent wmaterisls vaed in the verious

published reporte. Beoth Oppenheimer and Nothdurlt showed that

the tumer develops In the Inyer of the celle Immediately ndincent to
the leplante, Mellgesnt chenges weunlly occur ruore then & year
followling the Lmplentation of meterials. Nothdurft found the highest
ineidence of tumors i relation to noneperforated dises between 123
» 18 mm. in dismeter. He believes that with a non-perforated dise
& reletively avaseuler cepsule develops and the metsbolie changes
in the cells adjpount to the Lmplent eventually cause tumor forms -
tion. He further stetes thet the powdered Lplants heve 8 good bloed
supply and that they do not show the hyaline ohanges which are seen
tn flbroeytes adiacent to non-perfovated disce (65).

i 8 non-periorated dise of 8 bologically nert materinl &
lmplanted in the tissues of the rat. 8 fbrous capaule develops., ¥

the loplant ie of 8 erltiesl size, celle In certain parts of the capsuls,

partieularly in the layer ndjacent to the Lmplent, may beve 8 veduoad
blaod supply. W has been sostulated that possibly, over & period of

esilulary metabolism lead to tumey lovms-

thwe, disturbsnnes of the
tlon. The laaplant might thus be termed o physioal carvinogen, since
in Kuelf it does not provide 8 shemicel careinogen. The concept

thet dicasnsion in relation to the blood supply I8 8 eriticsl factor



wight explein why sueh & vaviety of organte meterinls can rosull
in temar formation.

Thers is one importent sgpect of thie whole vroblem. The
majority of the work hae besn confined to vete and mise. 1t may

well be thet the vesotions of rate and mice have Hltle bearing

whet may oecur In other antmely, lecluding men, although this cen
bhe desided i the course of thne. The pliagtic meterinls have been
naed fn wan enly dering the past B0 yesrs, and it may be that 56 op
44 yeupye will have to slapge belore any tumor develovs. The few
tuimors thet have been reported in relation to metallic implants
{66,87,68,80,70), which ave slloys and not pure ¢laments, indloste
the necesslly for prolonged obzervation of patients in whom prog~

theses of any tybe have boen ssed,



Chaoter I

TRE USE OF METHYL-RCYARGA CRYLATE IN VASCULAR
SURGERY

introdustion:

Rapldly polymerising sdbesives which produce sivong bonda
apen setting and arve easily applied have boen recently developed by
industry. The abiilly of these plastic sdbesives to coment tissus
surfaces together bave aroused the lnterest of 8 number of investi~
gotors whe are currently ekploring the ueelulness of these malteriniy
in various surglesl sppliostions. One of these adhesives, methylsi-~
syanogsrylote (Hastmen 816), hes besn sucoesalully used in the repalr
o arteries and velne (V1,928,958 14,78, 78,771,78, 75, 80,81}, siin {18,
82,83), intesting (70,54, 89, 46), bronchi (s7). trachea (B8), nerves
{68} nephrotomy (B0}, opbtbeluclogical surgery (1), and n resslr
of extremity transection (U3). I hes been veed with success ss an
sajunet to autore b easstomonis of bloed vessels (B3] snd of sse-
phegus {84),  Forther ezperimentnl applications inelude the
trentment of frmoture of $he wandible (81}, senling of out luag sur-
fneer (56, 87, 28}, production of pulmonary hypertsusion (88}, use
as 8 subsiitute of durs watler (100}, ns & perasitic disgrostic
tachuigque in dermatology (101}, end ae p hemostatic agent (108, 103,

104, 1okh



3 METHY L2 < CYANOACH

Uhamiesi Srueture:

The monomer o methyl-%-cyaoseryiste is produced by
condensing formealdehyde with an alkyl eyenoacetate in the presence
of 5 basic catalyet to vield first & polyl (Alkyl Cyenoseryisie). the
depolymerization of which yislde the slkyl--eysnoac rylate, A
thickening sgemt (o inevense viscosity) e plusticizer {to prevent
embritilement) snd an inhibitor (stebilising agent) sre added to glve
it visensiy and to overcowme embritilement of the bond during sglsg.
The wmaterisl forms sirong. rapidly setiing boads with & wide range
of pdherend combinstions. The bonding veours through & mechanisn
of apionie pelymerisation, celalysed by traces of water or dller
wesk bases present on the surfeces to be bonded. The sdhesive sels
by ite melesulsr sttraction with smpoth, dense suriness (speeille
wdhesion), and by the interiocking of set adhesive on leregular ov
sorous surisces (mechanical sdheslon) The volymerized moaterial
cay withetend temperature up to 165°C, , is resistent to shemleals
except for mild weakening ln scld, slkali and humid snviroument,

Toxtelty of Methyl-2~Cyanonerylatel

The eifeot of undiluted wnpolymerizsed materinl wae tested
on rats, both by mouth and intraperltonesl injection. As was gupeoted,

the material bename polymerized and solid upon injeetion. The



sthee than

material wae proctioslly devold of ghyiologionl setione
those contributed to the mechanica) action of the plastic which {s

forwed wider these elrevmetonces. The ground polymerized o

grinl was sugpinded in corn oll and then administered s 8 suapension
{o rats by meouth and lntraperfonsally. In this case the lethel dose
was graster then 6400 mgo. fgg. by mouth, and sbout 500 mgm, [hg.

by lntraperitonesl njection. This would plase the sompound in the

viags of relalively nom~toxic meterial se far as genspal tozieily is

goncarned,

Dehavior of Methyl-2-Cyapeseryiate in Animel Tissuas:

Foeaet (107) applied & 10 solution of the wenomer in gas-

tone aad elive oll to the deplisted shin of the gulnes plgs for & period
af 24 howrs. Doses up to 20 ee. [l cansed only very alight evidenos
of skin irriietion. Purther esveriments vevealed that the waterial
could pot be considerad & potent slin sengitizger s puines pigs.
Glnee it ls slightly frelent to the eyes and sose, Fasset

gpesed rate i 6 vapar saturatad by the meterisl. Concentraiions
B high as T8 mgm. [L were obtained (1674 part/ million), Three
rats were expnsed to this concendration for » pevied of siz hours
with no mortailly. There wag, however. evidence of nasal and wpper
rogpivatory irvitetion.

Gubeuianeous injectd

an of wateriol by Feeset canned 8
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B, THE USE OF BASTMAN 910 IN NORMAL Vi

Msterials and Methods:

Seventy-one procaduves wore performed on the sortes aad
femoral arterien of 48 mengrel dogs welighing 7 « 18 kg. . enestheli-
pad with oentobarbital 88 « 30 mgmd/ig. The sparatione wers per»
formed under sterile conditions snd the dogs were glven penicilling
and ptreptomyein during the luuasdiate postoperative periad. The
femoral mlzes wore gheaked daily. The lomg-term survivers were
heused in a dog ferm in the eouniry.

The bending agent wap applied to the syposed arteries div-
eeily from the polyethylens contelner, cnve belng teken fo aveld

spillage inte the lumen of the vessel and into the surrounding tissues.

%} Lineny m&& &%m%

The femoral srtery or sorts wae oocluded by arterinl
plmmos vrazimel snd distal o the slte of arieriotomy and wag denuded
ol adventitions tiesue. £ longituding! nelsion wae made 1 » 2 gin.
in length. The luwen of the srtery betwean the clamps was ireiget-

ed with Bevarin-saline solation. The vessel was then clevetad on a

fiat puriace {(keife handle) & such 2 menvgr that the edges of the
ingision wers clesely appraximeted. The vessel was spohged dry
and ans or two drops of plastis were plaesd w the surface of the

vesael ot the neislon. & previously prepared peich Guersilene or
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sutegenous fascla) was used to cover the lncision. I wes held in
place by lnger pressure {or one to two minutes. Then the clamps
ware removed.

b} Transection of the femoral aviery.

The w%wy was elamped pronimal and distal to the slle of
transection and a polyethylene tube wan itraducad loto the vesgel
through an srieriotomy. The arlery was transected arcund the
polvethylene tubke, The two ends of the artery were clogely approxi-
mated over the tube. "Two drops of plastie were placed on the luelsion
fine and # was wrapped with merpllens or fascia. The polyethyiens
tube was removed, the lamen of the artery was lrrigeted with Hep-
arin-saline and the site of introduction of the tube wasg elosed with

-0 silk. Ceecluding clamps were then yernoved.

%

*3; eg;:“@fﬁ s s

B

& defect of the srterial wall mesguring spprosivastely 10 mum.
by 1.2 meg. wae arested in three femoral avteries, and thess were
satohed velng Begtmen 810 by utilizing the seme technigue as for
the closure of trangestion of the femeral artery.

d} Arteriotomy. without closure.

The continuily fellowing en arteriotomy may be re-gstablished
during the normal bealing process, without closing the arterisl de~

feet (109,110). Accerdingly. it was thought necsssary to (nclude s
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small group of doge n whom the {emoral artery was nclsed and
nothing lurther was dove to the artery. The fsscis and skin were
glosed as vsuel

in the long~tero survivers, arterisgrame wers performed
prior to seorifice. Hypague {R) wae injected through & polyethylene
tube ingerted through one femorel artery and rosnlgenograms wers
falen. |

The vesults oblained in the various groups are sumnarized
in Table L.

The lour doge whieh had an incision of the artery without
&n sttemnt ot closure bled profusely and dld not recover from the

suesthesie. In the theee dogs in which 2 vagitudinel arteriotomy

wag olosed with Dastaan 810 alone, 8 delayed bamorrbegs oscurred
u5 the Snd snd Mb postoperative day.

iii the 18 doge with o patehed Huear inclslon of the sorta,
& hemaerrhege seourved in two aoluweals on the Tth snd 14th poste
@?@%?’&ﬁ?ﬁ%ﬁ@y raspectively.  The sthers were sagrificed after {nter~
valg of 3 days to 7 wonthe., In all cnpes the vessels were found to
g patent.

i 21 doge in which the lineny inciaion in the femoral art-

ery was closed with plastic and patohing as deseribed, two bled 11
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SULTE ORTAINED IB VARIOUS GROUYS

Comolications

Hemorrnags

Thrombog

Femarks

Linear fngiginn
ithewt clogurs of
femoral sriery

4 fextensivel
¢

Linear iseision of
- 1 artery closed
?x__a,.m«t &g\&ﬁg

% {2~5 days
vostoperative)

Linsar incigion of
agrte closed with
bonding svent snd
- patching

3 18

Z {7~14 dawys
vosioperative)

14 were saoyiliced J days -~ 7 monthe
pastoperatively. All vessels patent

Linear fncision of
femoral artery closed
with g&%m ing m@

1% were sscrificed 3 days - + monihs

pogtoperstively. 2811 veassls palent

Linesyr Ingigion of
fempral aviery cloned
with 8-0 glik

12

1% were sserificed § days -~ § months

| postopersatively. All vezsels patest

Transection of lemaral
sorts closed with bonding
sgent and wrapped with
mersilene or {ascia

112

[

(2-15 days
sostoperative)

pogtap.

i ¥ were sacrificed 28 days - 12. 5 meo.
 postopersiively. Al vessels patent

Femoral defeet clnsed
with bonding agent and
patching

o

(3

{2 dayse
postoperative)

| 2 were sacrilicsd 3 - %&s

pomtopersiively.
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end 12 deve postoperatively, and the rost were gaerifieed four daye
to 22 wmonths postoperatively. All vessels were patent. In 12 of

sath femorsl

these doge an ldenticel beision hed been made in
srtervics, ane slde was closed with a pateh aad the bonding &g@ﬂ &5
deseribed, the other side was closed with 2 continuovs suture of 8-4
ailk. Weo postoperative bleeding or thrombosis vepurred in this
grouy wnd the animals were sacrificed fowr doys to oight montha
after the provcedure. All vessels were patent.

Following transection of the femoral ariery end repalr by
Esmmean 910 on 12 dogs. there were thres nstances of hemorvhage
~on the 8th to 13th day, and one thrombosis on the 18th dey. The
other nine animels were sacyificed alter one to 18 monthe. Agaln,
gll these vessels were patant. |

—.

z adn B 50
IR LFS BER

%
artery bled elght deve postoperatively, and the other two were sseri-
flewd three and six and one halfl months mgmmi@s«;@y following surgery.
The srterien were patont. and the patehes on gross and milevossopie
exsmination appeared to m satislactory.

Io the evaluation of the results, perticular attention wes paid
o the fallures. Although the procedurss ware carvied ont with sseptic

techalgue, groas fection at the operative site cccurred In some of the
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dogs. If the infection progressed to the fermetion of s ahecens,

s magsive hemorrhege ceeurred seven to 14 days alter the aperation
In the vresenee of loerl edema and redness of the siin only, there
ware ve milures.

Twe of the delayed hewmorrhages ooapryed without sbecess
formation. One dog with a patch over & linesr lneision of the femoral
artery, wes involved in o fight with ancther dog on the seventh post-
opecative day, resulting i severe and fatal blesding. The other dog
with 8 pateh of fasela sver an ineigion in the sorte, developed o false
gneuryem whieh reptured on the 14h day.

The high fallure rate sssociated with grows infection indipate

ad that ehance of successiul bonding is unlikely in an lofected feld.
Ko definite nformation was obtained regarding the fate of
the bonding agent. In contrast to other plastic materinis there wes
no evidencs of double refractility and no specifie tnetorial method
could be evolved. The pregence of Bastman 810 in suggested In the
histelogienl siides %%g*%mif%% speciaens up to fonr monihs slter the
wgﬁwﬁ;@mﬁi, Alter that &hms # eould not be dewmongirated, although
the presence of small amownts cannot be excluded. The mersilene
sould easily be seen, especially under polarining femisation, and
no changs in the appearancs was notload in the long-term survivers.

I pome of the dogs seerificed within twe weeke aiter the



experiment, varying minor degrees ol fntramursl throwbus snd
inticsl inflammation could be found al the %ge&zmﬁ% site. In sowe
of the specimens teken two monthe or longer following experimental
gurgery, the thrombus appeared Lo be organised and Incorporated
inte the intlme causing sublotiael fhrosis.

In the anlmals seerificed sfter an interval or two months or
jenger, there wes 8 gread variation in the ginount of gseer tlssue pre-
sent in the medis and fi the intime. In some spechnens the original
defect could not be identifled st sil, while in others. a gpoparation of
the elastie flhers was evident. In e few Instences, thickening of the
arterial wall at the site of the scar fermeation could be demonmtrated.
The smewnt of searring appesred to be reloted to the wificleney and
securacy of the repair. rather then to the particular lechnigue veed.
Ko definltive differences hetwaen mersilene patch and fascis patch
were avidant,

Wo definlte sonelusions could be drawn besed on @ QORI
son of the resulls oblained in the group of dogs in which one femoral
artery was sutured, wﬁ sreas & similay ncision on the contralateral
eide wag elosed with %w@zﬁg agent and pateh. There sppenred io be
# higher degree of gear formation and tissue disprganization on the
side whish wes putored. The persistence of the sulvre rapteriel as

contrapted to the apparent disappesrance of the bonding agent is of



interasi.

i this series of experiments, longludinel inelslons sud
transentions of arteries were parformed. Villeges »t al (118), bave
shown that the stresses exerted on longiiuding! inelsions exesed |

those exerted on transverse inclgions and accordingly the vepaly

ol & longiadine! iselslon would appear to be an adequate tost for &

method of arterial repniv,

e THE ‘331:&?@“”} f’?‘*ﬁ“ %&?ﬁ?iﬁ%ﬁﬁ’?&%%f}ﬁﬁﬁ?m*ﬁ& i

Introaduction:

In 1804, Marchand (11%) coined the term “Atheresclevosis”
to designate the type of intimsl arteriosclerosis due to amarphous
Mpid scouwnulation in the intime. The prefix "Athero” {(Greek athre -
menning mush), was selected 1o designate the lipid accumulation i
intime which is the hallmsrk of the developed lesion. Al thai thae
stherogolerosis hmﬁ not yet tmm praduced exporimentally in any
animel specles. %xwﬁmwt& atteompts with adrenaiine, digitalis,
barium ehloride. pathogenie bacterie and other agents had prodused
arterial lesions, but not atherosclerosis, The changes In anlinal
vessels reswmbled rather the Monckeberg type of srterionvlerosis

dial ealeinosis, senile artevioscleroais) of man (114, 118).

gxperimental atheroscloronie was flrst produced by lgnate
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owsky (116) snd Saltykow (117}, by feeding rabhits o diet somponed
of ment, milk and egge. o this leeding. it was not clear praeily

what dietary fector was responaible for the produstion of the tesion,

Stukikeun (118} and Wesssliin (119}, soon demonstrated that only
cholesterel contalning foods were atherogenie. Anitechiow {130).
Waeker and Kueck {121) induced typles) lesions by giving rebbils pure
cholesterol o ofl. Barly reviews of this plonsering work wers
sesembled by Dewey (122), Bailey (128), Chuma {134) and Schon~-
nefser (125).

The srmtomicsl lesions in rabbits appear to be primerily
due to the deposition of cholesterol within the Intima of the bleod
vegsels, and it wonld seem that these deposits sre derived malnly
from the circulnting blood plaeme snd ne sntecedent sndothelinl
damage is necassery.

Materisls and Methods

Sizteen young male New Zenland slbine rabbits were maln«
talned with commerelal robbit chow food, enviched wih 0.5 gm. »f
cholestarol per day for & period of four monthe. The serum choles«
terol was determined st the commencement of the experiment and ot
45 and B0 days following the etart of the high cholesterol diet, The
wenn cholesterol level of serum rose from 88 mg. /100 ee. to 485

migs /100 ee. The methed of cholesterol determination was & modi-
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fled Sehonhelmer technigue adapted for use with 60 microliters
of snruimn,

Twe of these rabbits died §5 and 100 deys vespestively
foliowing the start of the dlet. The remalnder were subjected to
surgery. They were snesthetized with pentoberbital, 30-40 mg. kg
The eperation was performed under sterile conditions. The aoriss
wire exposed through a midiine nelsion, The dinmeter of the aortas
wae spprosimetely 2 mm. Atherosclerotic plagues with varieus

Each sorts wae ocsluded

dograes of Intenalty couid be observed.

by two bulldeg clemps, proximal and distal to the site of the srterio-

tarmy. 1t was then devuded from advestitious tissue. 4 longitudisal
inelsion was aade, sbowt § ~ § wmun. in leagth. The huaen of the
Borts belween the clamps was irrigsted with Heparinesaline asiution.
The aoris wag then elevated on the hendle of s knlle in sueh & mamner
thet the edges of the inslsion wers in elose spproximation. The sorta
was then sponged dry and one or two drops of plastie were plaesd

on the surfaee of e vessel st the inolislon line. A previeusly prepars
ed plece 6f aulogenous fa@éia; wap vaed to sover the aclsion and held
in place with finger prepeure. After two minutes the clamps were
rovoved.

Regults and Conelusions:

e of the 14 yabbits dled des to snesthesia. The rest of



then ware seorificed 48 hours to three and one ball monthe post-
oparatively.

Grossly. there were marked siheromatous leslons in all
the sortas. The athersiontous plegues were occasionally seen to
juvolve the whole @immaﬁ@f@ﬁm of the soria, bal generally they
involved only yart of the vessel. There was no evidence ol throw-
bowsis &t the operative alte.

sisroscopionily s thers was a great vaviation in the amount
of senr tissus present in the media and bdima. n some. the site
of ineision sould hardly be identified. but in others & sepsration of
the medis was evident.

in atheromatous plagues, there werve changes in subando~
thellnl tisene, characterized by ao increase in the intlmal growd
gubstences snd the sppearence of fine (bt droplets n these fock |
Thers was slso proliferstion of the comsctive tissue in these focl,
ugonlly most abundantly over the luminal aspect of the athevoma.
The senter of the plagues sontsined grenular scidephille, lpld-rich

debris aod ervataiized, nesdle-like apleules of oholestarol.



Chanter 1

THE USE OF THE VOGELFANGER STAPLING CLAMP I
__VASCULAR SURGENY

introduetion:

A method baged on the princisle of spplication of & metallis
suture with the help of 8 semd-autowatic stnpling «fiwim was fndes
pendently described by Bussian (126), Cenedian (63,53,137), Japen-
ese (128) nnd Awmericen {83, 128) werkers. The protetype of the
Censdian veseular stapler was developed in 1856 ap 8 resull of the
comblaed eiforts of Vogelisager et sl aud the Nstional Research
Counecil of Cunada. The eriginel instrument was designed for the
ausstomoniz of vessels ranging from § « & mm. o dismeter, bat
gines thet time It has constantly been revised and aller four madi-
fleationg, it is now possible 1o aosstomone vessels & - B, in
dimmeter (Mark &) the ddars § hwivwaest being sble to ensstomoas
vessels 1 - & mem. in disoseter.

Uegeription of the Instrument:

Fhe &fg:ég;gmmé iz gomposed ol {I) two hemostetie clamps,
{11} two universal handlen, (1) 2 series of peired bushings, {v)a
gerien of eslibrated loris for the wessarement of the suternal
diameter of the vessels, ond (v) an everter, & series of ping and

rubbey rings.
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The key componants of the Instruments are the bashings
which are of two types. The %wmﬁm fateoling bushive' consinte of
& eylindrieal member with cireumierentinl grooves in which tiny
U-shaped tantalum staples are loeated. The curressonding *anvil
bushing' has appropristely-shaped molding surfocen, apsing which
the staples are driven und sultebly bemt in the form of 2 letter 189,

The bushings aye avalinble in dlemneter of 1-8 mm. and sre praded
in Mtope of .80 v, in those below 2 som. (Mark $), and in steps
of & B mome in the larger slee (Wark 41 These sives sre those of
the plteh diameter of the sinvle slotr corresponding to the externsl
diameter of the vessels thus, the bore of the bushing is smaller in
dimmneter than the novial size of the vesesl to which it is syslied,

Baeh bushing s splil longitudinally inte twe segments, the and of

&

s Bawa smwsa o §F E 4 S adiibad o Bloi smaob otue $ 8 o e @ Ele o T} e - .“;m_&
which has 8 swmall Uy to feelifiate the relention of the biaod vessal

5

in pires after aversios. Hetention of the véessel snd or oull is
sifweted By 2 ving of 8 sofl, elagtie wmaterial, a.g. rubber m muile
abie sizge, slipved over the everted vesse! and bushing.

Handles, to which the bushings sre fitted, are spring load-
ed and soraoally returs to the closed position. The stapie driving
handle hag 8 lever which, whon pulled towards the back of the instrue
ment, enuges the steplen to be driven oul. There is snother lever

for approxiaation of the handies.
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The hemostatie elpmos need with this metrument sre ge-

cured to the heodles, and when the handles sre opened the clamps

are velgssed. The siasies arve of the tantalun wirs, U006 and

sraeter, those for Mark U being 0.0030 inghes.

oy e
i G

Celibrated forke with notohes lo steps of 6. 20 sum. are
wgad for the mesgurenent of the external dinmster of the veasel.

Thess geus lied to the vessels but positionsd adjecent

1o thew, and slees are compared by eye o order to prevent the

granw of the vesssl

The everting tool ig comprised of & yenge of ping am

ing eyiindrical pleces, spealally shaped rubber washers and & heodie

whereby the pin is spring mounted, permitting poiative move:

Between the pla and eviinder when sressure g appiled to the handle.

The rilsber washing mounted on the pin is then pushed over the blosd

vasse! and the bushlog

) I WORMAL ARTES

Mdgterisls and Hothade:

Birty procedures were performed on the femorsl sriavies
and veine of 3% mongrel dogs weighlng 7 = 14 kg, . anesthetised with

vantobarbitel, 20 » 30 mgm. fig.  The surgery was perlormad under

gteriles conditions aud the doge weve glven entibiotios during the
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Lacasdiate posi-operative period. The {emoral arteries were ghecks

ed daily. The long terin survivaly were hept in & dog lefm in the
emuntyy.
The vessels were exposad aad the lollowing steps weve takemt
1. ‘The sige of the vespel was messured. I the vessel wes an even
oy hall & millimeter in aine, the same size of bushing was selected,
I the vessel was not of 8 sige coryesponding to any of the bushlags,
the next sive smeller bughing was veed. This goave siighi redue-
tiom to the size of the vessel at the line of the sapstomonis, ol
gverslon ever & large bushing would be mueh more diilieult,
. The vesssl weg than depuded of sdventitious tiasue.

. The bushings wers filied to tbe handles. (Greet care was inken

when {itting the busgl

go to svold the sp

eation of leveying
aotion between the bushl ing and the housing by recking the bush-

ing holder . Sueh sotion may cause distortion or demage).

4. The corressonding sise compensnt (de and rabber ving of

srtar) were Be TN

2

. Vhe howostatic

g were then epplled i seeb & wannar thal

gnoupt The ¢lnmyps wore seilicleatly
wide apavt to provide for the width af the lpsteureent with bush-

nus. b

smpetl peouized to turp the ouil

. The vessel weas irassecied nddway betwasn the clamps sl wae
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iprigated with selise-Heparin solution.

After making sure that the approvinater lever was fully vetraet-
ed {rearmost position), the staple driving hell of the nstrament
wits onened by sgneezing the handle and was passed over the
vespel which was steadied by mesns of the hamostatie elump.
Tae pressure wes slowly velensed on the handle, making sure

that the vessel wag not nipped belwsen the wmlves of the bushing.

The handle wes then permitted to sllde along the vessel to the

hersostatie clamp. The elemy was pressed, Jocklng the pin

into the bousing in the handie.

The vessel was then gvarted oveyr the bushing, wing tne everter.
{The rebber rlog reasived on the bushing to bold the eufl in place).

A slmilay precedure was then followed In regard {o the sppliess

tinn of the seeond handle to the other end of the vessal.

The two halves of the nstrument were then brought tog
that the cam of the anvil bendle [Htad into the vesess of the
gtarie driving handle; ihen the spproxibnator lever wes allewad
{0 shide towsrd the bushings which caused the two helves o be
drawn together.

The staples were driven by plling gently but Gemly on the staple
driving lever towards the end of the estrwaent. The turanlng

sl the staple could weually be detected by the eherges in pressure
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or by an audible aliok. Excessive pressure on the lever may
demage the staple driving bushing.

1%, ‘The rubber riege were rémoved by stretehing and cutting with
melpsnrs. |

14, Then the cuff was turned from the staple deiving bushing, baek
an the snvil bushing by pushing i gently with Ioreeps. The sppronis
mator was retrected snd the handle on the stayle driving side
ol the instrument waa removed., The doubls eull, which was on
the anvil slde was then turned buek onto the vensel on the other
gide of the suture, snd the other hendle was removed.

1%, ‘The hemostatic elamps were then pémoved (distal lret). There
wag peeasionally slight sesing fllowing removal of vaseniay
vlamy, which could be @mtmiwﬁ by applicetion of gentle pressure.

The dameter of the arteries renged from 2 - 5 1/4 oun. in
dimneter and those of the veing from 2 1/ » 4 1/2 wmm. in dismeter.
The average time for performance of anastemonis was between § and
G minutes. |

The dogs were sacrifliesd three weeks to slx monthe post-
ovgratively. ¥ 4% snustomosed femorsl avieries, two developed
thrambosia, thres hod narrowing 2t the alle of ansstomosis and the

vest ware potent without any evidence of narrewing ov thrombouis,



auy evidencs of thromboss.

disroscopioaily. the healing was o plete with ol

sear formation, In one of the twoe thrombotic vessels, the thrombug

onsl to the lne of asastomosie.

1t should be glressed thel the :a,,%w:gm meit of (he vweaaels

coust be wndepiaken ot the enrliest polot in the dissection and with

wdnding) trawing fo the veseels. 1 {his pregaution is igoored. the
reaulting sresu leads to 2 grossly inacourate eslioaie of the dia~

sgte 8 the sulurs

ringngn #le

bang, §

geuiar arerigs, Un the oluer

tne, sapenially in somall,

iz glretehed to DL the appr uﬁwi”‘?%%:%‘;i% bughing and is sutured

¢

ith a ?{“ﬁ%%zﬁé}‘? surved, everting watress sulure o a perient cirels

inig

gorinte nforsuture apaces, and with no Foveign oaats

wed o the bonen, i will oreade an ldeal panction (o engure palenny.

puig ol the

We antinipated weny dillloulties o e snaston

[

Hermavayr, the vonous $nsstomoses were eagier o

o with the fegcitn.

parinrm snd wo were gratifl

Twenty ~fous



divided inie two groups: Group 1 eonsisted of 19 rebbits welghing
1800 » 8600 gene. and these were waintsined on commereinl rabbit
ahow food, enviched with one gram of cholesterol powder dissolved

Sroun ¥ gonsisted of five rabbite, walntained

in eotton oil, per dey.
on the same diet but withouwt cholesterol. Both groups were kept on
this dist for 120 daye.

The seram cholesterel was determined ut the commencement
af the superiment and 8t 50, 70 and 110 days folowing the start of the
diet, The methed of cholesterel deterndnation was & modilied Schon-
helmer teahnioue adepted for use with 50 microllters of serwn,

The mean cholestersl level of Group 1 rose from 51 agy.

1100 ge. to 3102 mge. /200 oe. of sevwn. Thet of Group ¥ changed
from 4 mgr. /100 ce. to 57 mge. /100 oe.

B L
of the dist. The remsinder were subjected to purgery. They were
anesthoiised with pertobarbitel, 3040 mgre. fbg. The operetion was
parformed undeor sterile conditions. The sorta wes exposed through
& midiine nelslon. ‘The dismeter of the sorin wae approxinniely
$ mun. Atheroseleretic plagues of verious slzes could be ohserved
1o the sortas. Then an end-to-end ansstomosis was dons in the aorin
atilizing the stapler clamp as doseribed previously. The svernge thune

of clamplng the sorte wae about four to five minvtes. All the Group 2



cubbits were ssarificed aiter four monthe, Thely sortas weye re-
oroved and opened. As well, the vorias of seven rabbite i Group 1,
who hed died crior to surgery, were removed and apensd,

Besuits snd Diseuspion:

The acrias of Oroup 3 rabbits were normel, withowt aay
evidenne of athevoscisrotic plagues, grossly ov mieressoplenlly.

Phe 12 rabbits in Group 1, whe bad end-~to-end bnestomonis
of the porta, were ssarificed after lervale of two days to aight
saunthe post-operatively. All vessels were gatent withoul any
evidence of ﬁw@mhm%%é,

Grossly . there were mirked stheromatous feslong in all
the sortas: the plaques occasionally invelved the whole eleaumfers

eunce of the porta. The distribution of theae atheromas was phiage

soteristically patchy and focnl, and with particular pre: i

pointe of maxtmel stress. Thus, the posterior wall of the aoris

figed ts the preveriebral tisane, was more severely sffented then the
antevior and isteral walle. Bems of the stheromas appeared ae &

ting, flat. fecking or siveskiog of the ntima, from -4 mw. in ditge
mater. In others, the yellow softness was replaced by & fraer,

pale grey-white to yellow tissue, resuiting in irregalsy rerrowing

of the tumen. In sddition, swoall, elevated, pinhend-lie nodules eauld

be sesn. perctioulsrly adjscent to the orilices of the agrtic branches.
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‘The healing of the snsstomotic sile was eomplete without

any svidence of thrombosis or strictura.

Buck (130) and Perier (131) had demonstrated in thelr
electron microsoope studies, that the intlwa of the rabbit coronary
sud femoral artery consists golely of endothelial cells. The sortic
intima wag slse found in their studies to be composed salely ol a
single layer of endothelial cells dving divectly upon the ilrst elastic
feening, ss Dulf (138 had sarlier obhrevved. Fregquently, sven this
glongle laver of gells was not observed.

wisrozcoplonlly, the cholesterol-indueed lealons la the
soviag enhibited 5 veriable aspetrance, depending on thelr stage of
development and severity. Berly lesions consisted of secumulntione

of javge foswe gelle. Thege fowm eelle varied in swount from o aingle

fatty material in abundence within the subsndothelial fonm nells.
Under polavising Hawisation, refractile, rod-iike cholesiersl
erystals wore geen {Ulling thepe peila. Al (his stage thave wap no
é;«?zmgg@ in media and pdventitie. Those early lesiong, which are called
by Late ‘pore stheyooes' (114}, are appavently the inltinl lesions of
sholesters: ~lndused sthervscievosis.

In sonse advanced lestons, fatly materinl could be asen in

the wedie adiscent to the nvolved bdlms. The gpiitting of the



glnstioe could be demonstrated n sowme of the speclaens.
Taere was some varistion Iy the smount of sear tlsave

present ot the site of mmatomosls. but b was generally mialwal.

40
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foture.
in the field of small vesesel snastomosis, the mechanienl

and

stapling deviee combines advantages of speed and high precision
sliminates much of the traums associsted with the ususl surgienl
manipuiation. Beattie snd Bis group (188) found that & faciliteled
extensive orgen trensplantstion progcedures. Tarrel (134) has receni~
ly deseribed the snastomosis of internal memmary ariery to slreum»

flex corenary artery in less then two minutes. We succsssiully

nepformed kidney and spleen transplantations within 19 to 13 minutes.
This shortening of operstive time may be extremely significant in the
instances of mass coputiiies. Owr §0% long term pateney of femorel

srtery snastormones and 100% suecens in lemoral veine and athero-

selevetic sorias of rebbite, were indeed gratifying. Unlike Vogele
fenger (52), we lrrigated the lumen of our transected vessels with
Hopsrin-saline @@mé%m The stherosclerotic vessels prosenied some

technioal diftionities during the eversion of the vessels. Aceursie

messurement, proper chelee of hushing and gentle handling, contribul-

gd to smooth eversion. lnevessed femilinrity with the lnstrament
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helped ue solve this probiein. 68 well ae any probiewms associsied
with working in deep wounds.

Chp techinigues for the vepalr of linear ineision end tranaes-
tlon of the arteries, veing mathyl-S-cyanoncrylate, were vather erudd.
Further progress in this fleld will depend on the development of the
proper instruments, such as the one wsed by Healey and his group
{763, which ensures proper inthual apposition of the ende m: the tran-
sacted vessels, and slse prevents the spiliage of adhesive io the
lomen of the vesasl. Ve could not reach eny delinitive gunglugion
su to the supariority of the noa-guture anastomonis of vessels, velng
sdhesive, o relation to the conventional sulura tachnigue. There

wie, however, less tissue disorganizetion in the glued yasuels. The

apvarent disappearance of the adhesive is of great interest in a long
followeup of this kind of comparative study. ¥e believe thet, at presest,
ihe main use of adhesive ia as an ancillary to sulure snd stapling
technigues, as well ag 8 hemosiatic agent in pardiovasoulay surgery,

Tha %ﬁ%ﬁ tailure rate asascieted with grose nfection lndisaied that

the ehance of successiul banding iy uniliely in an infected fieid.
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Ao expevisental study has been capried out investignie
the use of & bending sgent {Methyl-2-cyanoscryiate) and & @gzm%m
metal stapling deviee (Vogelianjger stapier) in the surgery of normal
and sthevosslevotic vessela, It is anticipated that bot ol thagse
methode will iind & place in the armamenture of vasoulay surgeons.,

savesially when speed i seaential.
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Figure 1. Disgram of the technique of elosure of
iongitudinng! incision of artery, wtilleing
adhesive and patehing.



Figare 4.
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agram of the techaigue of snd-to-end
annstomonis, wiilising edhosive and
Wrapuing.




Figure . Aortogram of 8 dog tehen slx wonths
following elosure of 8 jongitedinel inclsion
with adhesive and JMersilene patch.




Figure 4. Microscopie section of the wall of & dog
aorta, five momthe postoperatively.
Longitadinal incision elosed with adhes~
ive and Mersilene pateh. Mersilene ig
seen under polarizsing illumination.
Elastie stain X. 30,



Microscoplie section of the wall of 8 dog
sorta, two weeks postoperstively. showing
moderately active intimitis at the site of
arteriotomy. Longitudinal Ineision closed
with adhesive and Mersilene patoh.

H & % stiain X.50.




¥ igﬁ%?’@ ﬁ.

Femoral artery of a dog {our months
postoperatively. Inly evidence of
arteriotemy ia lows of the internal elas-
tie lamina st the site of the lneivion,
Longitudinal inciglon cloged with adnes-
ive and fageis patoh,

Hlsstic stain X. BO.




Figure 7.

Aorta of a dog seven months postoperat-
ively. Well healed scar in media and -
intima. Internal elastic lamina is preser-
ved. Longitudinal incision clogsed with
adhesive and Mersilene.

Elastic stain X. 20.




Figure 8.

Aorta Yive monthe postoperstively. Cnly
evidence of incision s smell, erganived
msural thrombosis. Longitudinel lngision
eloned with adhesive and Mersilane pateh.
Zlastie siain X. 230 '




Pigora .

Aorte {ive months postoperatively showad
the maost extensive sony formetion in the
grouy of aovies studied. Longiiudinal
ineigion slosed with adhesive snd Merals
lene natoh.

Elastis stain H. 20,




Figare 10, Fewmoral artery elight monthes postoperstively.
The sear ig bardly vinible, Longhiudinal
inclaion olosed with adbesive and fascia

pateh.
B & 5 ateln X, B0,




Femoral artery eight months postaparat-
ively following sulure with 60 gilk,
Digorganization of the medis I the veglon
of the auture and Ubrosis of intime in the
sion of sear le apparent.
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Flgure 12. Blood cholesterol of 16 rabbits treated
with 0. 5 gin. chelesterol daily {(means
and standard deviation).




Figare 13, Microscopic section of the wall of an
stherosclerotie aorta from & rabbit,
three months postoperatively. Longi-
tudinai ineision was closed with adhesive
sud fagoia. It shows complete healing
and there is some evidence of the pres-
ence of adhesive in the section.

H & L stain X. 7§,



mgare 14. Atherosclerotic aorta of 8 rabbit three
and one half months postoperatively,
showing sear lormation and separation
ol wmedia.
Elastic main X. 75,



Figore 15. Vogelfanger's stapler set.
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Assembled vascuiay stapler set Mark 4.

Figure 16,



Figure 17, Vascular Stagler {handles and o set of
bushings .



Figure 18, Close view of handles, bushings in situ,




artery of a

the femoral

dog six months postoperatively, using

Figure 19. Gross specimen of

-end anastomosis.

to

stapler for end-



Figare 20. Gross specimen of the fercorsl rtery of
& dog four months postoperatively, using

stapler for end-to-end anastomosis
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Gross specimen of the femoral artery of
a dog three months postoperatively, using

stapler for end-to-end snamtomonis.

Figure 21,
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Figere 82. Gross specimen of the femoral artery of
a dog. ueing stapler for end-to-end
anastomosis. There is & large organized
thrombus at the anastomoetic site.
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! veln of a dog

six months postoperatively, using the
pler for end-to-end anastomosis.

Ciross spechnen of femora

st

Figare 33,



Figure 24. Gross specimen of lemoral vein of a dog
three months postoperatively, using the
stapler {or end-to-end anastomosnie.



Figure 25.

Histological section through the anastomo-
tic area of the femoral artery of a dog

six monthe postoperatively, showing the
interruption of elastica, but satisfactory
healing,

Elastic stain X. 50.
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Figure 40, Slood cholesterol of 19 rabbite trested
with one grawm cholesterel daily and the
povdrel group (6 rabbite) melmained on
the sawme digt without cholegioral.
{sieans and standerd deviation).




Figure 27, Groas spealmen of the aorta of one of the
rabbite in the control group.



Figure 28, Uross specimen of the stherosclerotic
sorta of a rabbit eight contha postoperat-~
ively, using stapler for end-to-end
anagtomosis. The athevosclerotic plagues
are well demonstrated. The needle is
pointing to anastowotic site.



Figure 29. Close up view of 8 gross speciumen of the
atherosclerotic aorta of a rabbit eight
monthe postoperatively, using the stapler
for anastowosis.



Figare 8G. Microscopic seotion of the aorts ol one of
the rabbite in the control gronp, showing
normal aoprta.

H & B stain X. 75,



Figure 31. Microscopic section of the aorta of one of
the rabbits in the high cholesterol diet,
showing atherosclerotic plaque involving
the whole circumference of the lumen.
Qil Red O stain X. 40.



Figaure 33. Microscopic section of the aorta of & rabbit
showing several atherosclerotio plagues in
different stages of development.

01l Red O stain X, 40,



Figure 33. Microscopic section of the aorta showing an
atherosclerotic plaque. There is evidence
of cholesterol deposition in the media.

0il Red O stain X. 100,



Figure 4.

An atherosclerotic slaque wndey polarising
Mumination, showing erystals of cholent~
#rol.

il Red O stain X, 75,



