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ABSTRAKT (CZECH

Uvod: Vyzkum pouziti imunosuprese v kardiovaskularni chirurgii a intervenéni
kardiologii je v sou€asnosti zaméfen na 3 velké oblasti: 1) ovlivnéni intimalni
hyperplazie koronarnich i perifernich Zilnich bypasu, 2) ovlivnéni rejekce cévnich
allograftli, 3) ovlivnéni intimalni hyperplazie koronarnich tepen po jejich
perkutanni plastice. Jednim z modernich imunosupresivnich pfipravkd vhodnym
k pouziti v téchto indikacich je takrolimus - FK506. PFi pouziti v experimentu
inhiboval FK506 reakci tepennych allostépu i rozvoj intimalni hyperplazie po
perkutanni plastice koronarnich tepen.

Cil prace: Oveérit u€inky imunosuprese pomoci FK506 na pribéh arterializace
syngennich a allogennich Zilnich $tépl u potkanu.

Material a metody: Samce potkani kmene Lewis (LEW) (n = 46) jsme pouzili
jako pfijemce zilnich stépu. Darcem allogennich stépa byli potkani kmene Brown-
Norway (BN) (n = 13) a syngennich $tépu potkani kmen Lewis (LEW) (n = 10).
Prijemce jsme rozdélili do Sesti skupin. Ve skupiné A, E a F byla zvifata po
syngenni (LEW do LEW) a ve skupiné B, C a D po allogenni (BN do LEW)
transplantaci. Zvirata ve skupiné C a F dostavala denné 0.02 mg a zvifata ve
skupiné D a F 0.01 mg FK506 na 100 g vahy. Skupina A a B byla bez
imunosuprese. Tficaty pooperacni den jsme srovnavali histologické nalezy mezi
skupinami.

Vysledky: Rozdil koncentrace FK506 30. pooperacni den mezi zvifaty s vysSi a
niz8i davkou byl signifikantni (p < 0.001) v allogennim (skupina C a D) i
syngennim (skupina E a F) experimentu. Po syngenni transplantaci jsme
pozorovali proces arterializace Zilni stény (adaptace na tlakové podminky

v tepenném fecisti) u vSech zvirat (skupina A, E a F). Pouziti FK506 mélo v tomto
procesu inhibi¢ni vliv na rozvoj intimalni hyperplazie. Tato inhibice byla zavisla na
davce imunosuprese (Sifka tunica intima ve skupiné A 12.7 = 7.0 ym, ve skupiné
E 7.0 £ 3.0 um a ve skupiné F 5.0 £ 1.0 ym). U allogennich zvifat bez
imunosuprese (skupina B) jsme 30.den po transplantaci pozorovali rejekci zilni
stény s destrukci a desorganizaci intimalni vrstvy bez rozvoje intimalni
proliferace. Pouziti FK506 v obou davkach mélo inhibi¢ni vliv na rozvoj rejekce
allogenni Zilni stény a umoznilo proces jeji arterializace. Mezi skupinami C a D
jsme nezaznamenali statisticky vyznamné rozdily v tloustce intimalni vrstvy ani v
stupni infiltrace zilni stény CD4+, CD8+ a Lewis MHC tfidy Il pozitivnimi burikami.

Zaveér: U autolognich zilnich $tépl vedlo podavani FK506 k inhibici rozvoje
intimalni hyperplazie. Tento inhibicni u€inek FK506 byl zavisly na davce.

U allogennich Zilnich §tépl potlacilo podavani FK506 jejich rejekci. Tato inhibice
umoznila proces Zilni pfestavby a arterializaci Zilni stény. K supresi rejekce byla
dostacduijici i poloviéni davka FK506 nutna k inhibici rejekce tepennych allostép
na stejném zvifecim modelu.

Klicova slova: zilni allograft - imunosuprese - transplantace - FK506 -
intimalni hyperplazie
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ABSTRACT (ENGLISH

Background: The investigation of the immunosuppression usage in
cardiovascular surgery and interventional cardiology is, at present, concentrated
on three main topics: 1) influence on intimal hyperplasia of coronary and
peripheral vascular reconstructions 2) influence on rejection of allogeneic vascular
grafts and 3) influence on intimal hyperplasia of coronary arteries after
endovascular interventions. Modern immunosuppressive drug FK506
(Tacrolimus) could have a positive effect for these indications. In experimental
study, FK506 inhibited rejection of arterial allografts and also inhibited intimal
hyperplasia in percutaneous coronary interventions.

Aims: The purpose of this study was to evaluate the effect of systemic tacrolimus
treatment on the process of arterialisation of allogeneic and syngeneic venous
grafts in a rat vein-to-artery implantation model.

Material and Methods: Lewis (LEW) rats were used as recipients of syngeneic
(Lewis) or allogeneic (Brown-Norway; BN) iliolumbar veins which were implanted
into abdominal aorta. Recipients were divided into six groups. In groups A, E and
F were animals after syngeneic (LEW to LEW) and in groups B, C and D were
animals after allogeneic (BN to LEW) transplantations. Animals in the groups C
and F had daily intramuscular injections of tacrolimus of 0.2 mg/kg and animals in
groups D and F 0.1 mg/kg, respectively. The groups A and B had no treatment.
Light microscope evaluations of arterialised vein grafts were performed 30 days
after operation.

Results: The blood level of FK506 30 days after transplantation was statistically
different between the allogeneic groups C and D and between syngeneic groups
E and F (p < 0.001). In syngeneic groups (A, E, F) we observed venous graft
arterialisation in all animals. The use of FK506 led to inhibition of intimal
hyperplasia in these animals. Moreover, this inhibition was dose dependent
(thickness of intimal layer: group A 12.7 £ 7.0 ym, group E 7.0 £ 3.0 ym and
group F 5.0 £ 1.0 um). The process of venous graft arterialisation was also
present in the allogeneic group D with a minimal dose as well as in group C with
low dose of FK506. But we observed no difference in thickness of the intimal layer
between these groups (group C 15.0 £ 8.4 uym, group D 15.1 £ 6.1 ym). In
contrast, the allogeneic group B without immunosuppression showed no
histological signs of arterialisation with destruction of intimal layer without signs of
proliferation.

Conclusion: Treatment with FK506 showed a dose dependent inhibition of
neointimal hyperplasia in arterialised syngeneic vein grafts in rats.

In allogeneic vein grafts, FK506 was sufficient even at a minimal dose (half-dose
compared to that use in arterial transplantation model) to inhibit acute rejection
and facilitated their arterialisation 30 days after transplantation.

Key words: venous allograft - immunosuppression - transplantation- FK506
- intimal hyperplasia



Pouziti imunosuprese v kardiovaskularni chirurgii a intervenéni kardiologii

Vyzkum pouziti imunosuprese v kardiovaskularni chirurgii a intervencni kardiologii
je v souCasnosti zaméren na 3 velké oblasti: 1) ovlivnéni intimalni hyperplazie
koronarnich i perifernich Zilnich bypas, 2) ovlivnéni rejekce cévnich allograftu, 3)
ovlivnéni intimalni hyperplazie koronarnich tepen po jejich perkutanni plastice *>.
Z dostupnych imunosupresivnich pfipravkl se v téchto oblastech nejCastéji

pouzivaji: cyklosporin A (CyA), sirolimus a nové i takrolimus (FK506) >°.

Intimalni hyperplazie zilnich autostépt

v v v

Pro pacienty trpici t€zSimi stupni ischemické choroby dolnich koncetin a
vyzadujici cévni rekonstrukci je materialem volby vlastni véna saphena

magna '>*. Implantace Zilniho §t&pu do tepenného Fegisté vede ke zménam v
Zilni sté&né a k jeji adaptaci na nové biomechanické podminky *2. Tento sloZity
biologicky proces je nazyvan arterializaci zilniho $tépu. Arterializace je spojena s
charakteristickymi zmé&nami v proliferaci, migraci a apoptéze bunék cévni stény a
v produkci extracelularni matrix *3. Tato adaptace vede k typickym anatomickym
zménam Zilni stény: intimalni hyperplazii, ztlusténi medialni vrstvy s dobfe
organizovanymi vrstvami hladkych svalovych bunék a neovaskularizaci

adventicialni vrstvy 41°,

U autolognich zilnich s§tépu je ale nadmérna intimalni hyperplazie s naslednou
progresi aterogeneze &astou pFicinou jejich pozdnich uzavért *°. Pro pacienta to
znamena riziko ischémie postizené koncetiny s pfipadnou amputaci. Rozsah
intimalni hyperplazie je umérny stupni poskozeni endoteloveé vrstvy zilniho Stépu.
To je zpUsobeno zejména chirurgickou manipulaci, ischémii a také chronickou

fyzickou traumatizaci Zilni stény v tepenném fegisti 24172,

Tyto nové poznatky v patofyziologii intimalni hyperplazie vedly k vyvoji novych
terapeutickych metod zamérenych na jeji potlaceni. V klinické praxi se to projevilo
zejména zavedenim stentl potazenych léky (sirolimus, paklitaxel) pouzivanych v

l68bé& koronarnich stendz %%, Nékolik klinickych studii prokazalo, Ze sirolimus
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uvolnujici stenty a stenty uvolfiujici paklitaxel jsou lepSi nez prosté kovové stenty.
U léky uvolrujicich stentl se prokazal nizSi pocCet restendz i zavaznych srde¢nich
pfihod #*%°. Na druhou stranu byl ale poget trombdz téchto stentd v 1. roce po
implantaci vy$i nez u klasickych kovovych stentt %°. PFiginou t&chto trombdz je
fakt, Ze stenty potazené léky vedou ke znacnému zpozdéni reendotelizace a

hojeni poranéni cévni stény.

V cévni chirurgii neni medikamentézni ovlivnéni intimalni hyperplazie cévnich
nahrad bézné. V experimentalnich pracich ale mélo pouziti sirolimu vyrazny
inhibiéni vliv na rozvoj intimalni hyperplazie Zilnich auto$tépt u mysi °. Nejvétsim
limitem pouziti latek s antiproliferativnim u¢inkem u cévnich nahrad je to, Ze zatim

nebylo vyvinuto médium vhodné k jejimu pouziti u perifernich Zilnich bypasu.

Rejekce zilnich allostépu

Mnoho pacientl s tézkymi stupni ischemické choroby dolnich koncetin a
nemoznosti pouziti cévni protézy pro vysoke riziko infekce nebo omezeny vytok v
periferii je kontraindikovanych k cévni rekonstrukci z dlivodl nepfitomnosti
vhodné vlastni véna saphena magna ?’. U vét8iny téchto pacientd je nasledné

provedena vysoka amputace postizené koncetiny.

V posledni dobé se objevuje mnozstvi literarnich udaju hodnoticich vysledky
cévnich rekonstrukci pomoci allogennich Zilnich i tepennych §tépa 2”. Tyto $té&py
umozniuji nejen zvysit po€et zachranénych koncetin u pacientt s chronickou
kritickou ischémii, ale také zkvalitnit Zivot nemocnych s ischemickou chorobou
dolnich koncetin. Jejich nejvétsi nevyhodou je ale rejekce, ktera vede v koneéném
dasledku k morfologickému a funkénimu poskozeni $té€pl s naslednym rizikem

amputace postizené koncetiny.

Allogenni zilni $tépy byly v minulosti povazovany za minimalné imunogenni. Z
poslednich poznatk( ale vyplyva, Ze Zilni sténa allogennich §tépu vyvolava v téle
pFijemce imunitni reakci zplsobenou expresi HLA antigen( tfidy | a Il na povrchu
jejich bunék 2. Tyto antigeny stimuluji bun&&nou i humoralni imunitu pfijemce.
Vysledkem kaskady imunitnich reakci je ztrata normalni struktury Zilni stény,
ktera se Klinicky projevi jako trombdza a uzavér nebo jako dilatace a ruptura

$té&pu L. Mezi hlavni komponenty cévni stény vyvolavajici imunitni odpovéd
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pFijemce patfi vzhledem ke svému obsahu MHC antigenu endotelova vrsta v

luminu cévy, endotel ve vasa vasorum a svalové buriky .

Vysledky cévnich allovendznich rekonstrukci se pohybuji v Sirokém spektru
jednoroéni priichodnosti (10-70 %) ©. Dlouhodobou priichodnost rekonstrukce
ovliviuje ve znacné mife rejekce $tépu. Pouziti imunosuprese u pfijemcu ale neni
ve svété bézné. Také neni stanoven definovany imunosupresivni protokol.
Néktera pracovisté nedavaji imunosupresi vlibec, jina pouzivaji monoterapii

prednisonem, azathioprimem &i cyklosporinem A %27,

Studie na potkanech, psech a prasatech jasné prokazaly, Ze Zilni allografty jsou
antigenni stejné jako jiné allogenni tkané 34, Stevens a spol. prokazali, Ze vznik
darcovskych specifickych protilatek u pfijemce predchazel rozvoji uzavéru zilniho
allotépu **. Navic byla priichodnost Zilnich allo&tépu a tvorba protilatek pfimo
ovlivnéna shodou v MHC systému mezi darcem a pfijemcem. V experimentech
na psech prodlouZila kompatibilita v MHC systému mezi pfijemcem a darcem

prachodnost Zilnich alloétép(i. Nezabranila véak pozdnimu uzavéru téchto §tépu 2.

Pouziti imunosuprese v kardiologii a kardiovaskularni chirurgii

Cyklosporin A (CyA) je nej¢astéjSim imunosupresivem pouzivanym po cévnich
transplantacich v klinické praxi ®. Nevyhodou CyA po transplantaci cévnich
allostépu je kromé jiného i indukce produkce TGF-beta (transforming growth
factor) a tim zvy$eni fibrinogeneze *. FK506 inhibuje ¢asnou fazi aktivace T
lymfocyt(l zavislou na interleukinu-2 a také inhibuje produkci TGF-beta *. vV
klinice se pouziva v kombinaci s jinymi imunosupresivy pfi potlaceni imunitni

reakce, zejména po transplantaci ledvin a jater *'.

FK506 (genericky nazev: tacrolimus) patfi mezi moderni imunosupresivni
pripravky. | kdyz ma odliSnou chemickou strukturu nez cyklosporin A, patfi spolu s
nim do skupiny kalcineurinovych inhibitorti %. V dostupné literatufe mimo
vysledku publikovanych nasSim pracovistém jsme se nesetkali s pouzitim FK506

po cévnich transplantacich *.

FK506 je ve srovnani se sirolimem méné ucinny pfi potlacovani proliferace a
migrace hladkych svalovych bunék cévni stény a ma také nizsi antiproliferativni

usinek na endotelialni buriky “%*'. V prase¢im modelu byla mira reendotelizace
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koronarnich tepen podobna mezi stenty uvolfujicimi takrolimus a prostymi
kovovymi stenty **2. Je pravdépodobné, Ze pravé tyto vlastnosti FK506 povedou

k jeho vyuziti v dal$i generaci lékem potaZenych stentt 2.

V experimentu byl FK506 tispe$né pouZit také po transplantaci aortalnich $t&pti .
V nasi vlastni experimentalni praci jsme dokonce prokazali imunosupresivni
ucinky FK506 po transplantaci bfisni aorty u potkanu i pfi jeho oddalené

aplikaci **. Hladina FK506 se v nasem experimentu pohybovala kolem 5 ng/ml pfi

denni davce 0.02 mg na 100 g hmotnosti zvifete.

Podavani imunosuprese je u kazdého pacienta limitovano jejimi nezadoucimi
ucinky. Proto je nutné pouzivat co nejniZsi, ale jesté efektivni davku. K ovéreni
této davky u jednotlivych imunosupresiv slouzi i zvifeci modely. V nasi praci jsme
se proto zaméfili na studium vlivu takrolimu (FK506) na intimalni hyperplazii

zilnich autograftd a rejekci Zilnich allograftd na potkanim modelu.
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2 HYPOTEZY PRACE

Hypotéza 1
Predpokladame, Ze model interpozice iliolumbalnich Zil do bfisni aorty potkanu

bude technicky zvladnutelny a umozni sledovani zmén ve sténé Zilnich stépu

v syngennich i allogennich podminkach.

Hypotéza 2

Pfedpokladame, Ze imunosuprese pomoci FK506 povede k potlaeni rozvoje

intimalni hyperplazie arterializovanych autolognich Zilnich $tépd u potkana.

Hypotéza 3

Predpokladame, Ze imunosuprese pomoci FK506 povede k potlaceni rejekce
transplantovanych Zzilnich allo$tépu u potkana a umozni jejich adaptaci na

podminky tepenného fecisté.

Hypotéza 4

Pfedpokladame, Ze antigenicita Zilnich alloStépu je ve srovnani s tepennymi
allostépy nizsi a k potlaceni jejich rejekce bude dostate¢na i polovicni davka

imunosuprese ucinné po transplantaci aorty.
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3 CILE PRACE

Cil prace 1

Vytvofit a otestovat model interpozice iliolumbalnich Zil do bfiSni aorty potkan(.

Cil prace 2

Po interpozici autolognich iliolumbalnich zil do bfiSni aorty potkana pouzit
systémové podavanou imunosupresi FK506 a vyhodnotit v histologickych
nalezech po 30 dnech od implantace jeji vliv na intimalni hyperplazii téchto

autolognich Stépu.

Cil prace 3

Po interpozici allogennich iliolumbalnich Zil do bfiSni aorty potkana pouzit
systémové podavanou imunosupresi FK506 a vyhodnotit v histologickych
nalezech po 30 dnech od transplantace jeji vliv na rejek&ni zmény a prubéh

arterializace téchto allostépu.

Cil prace 4

Po interpozici allogenich iliolumbalnich Zil do bfiSni aorty potkana pouzit
systémové podavanou imunosupresi FK506 v poloviéni davce pouzité po
allotransplantaci tepen a vyhodnotit v histologickych nalezech po 30 dnech od
allotransplantace jeji vliv na rejekéni zmény a prubéh arterializace téchto

allostépu.
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4 MATERIAL A METODY

4.1 Zvirata

V experimentu jsme pouzili celkem 91 samcl potkand riznych kmenu (Wistar n =
22, Lewis n = 56, Brown-Norway n = 13) dodanych z chovné stanice Charles
River, Némecko. Se zvifaty jsme pracovali v souladu s pravidly zakona CNR &.
246/1992 Sb. na ochranu zvifat proti tyrani a projekt pokusu byl schvalen etickou
komisi Institutu klinické a experimentalni mediciny a Fakultni Thomayerovy
nemocnice s poliklinikou. Kazdé zvife bylo v prabéhu celého pokusu drzeno v

samostatné kleci.

K zavedeni modelu a chirurgické techniky interpozice iliolumbalnich zil do
abdominalni aorty u potkana (cil prace 1) jsme pouzili jako darce i pfijemce
syngennich zilnich §tépu samce potkanu kmene Wistar (n = 22) o vaze 250 az
400 g (336 + 35 Q).

K cilim prace 2, 3 a 4 jsme jako pfijemce syngennich nebo allogennich Zilnich
Stépl uzili samce potkanu kmene Lewis (LEW) (RT1l) (n = 46) o vaze 200 az 340
g (279 £ 40 g).

Jako darce syngennich Zzilnich $tépl jsme pouzili samce potkani kmene Lewis
(LEW) (RT1l) (n=10) o vaze 280 az 300 g (295 + 8 Q).

Jako darce allogennich zilnich §tépl jsme pouzili samce potkani kmene Brown-
Norway (BN) (RT1n) (n = 13) o vaze 220 az 300 g (254 £ 24 g).

4.2 Operacéni postup

Darce zilnich §tépl jsme pfed vykonem uvedli do celkové anestézie pomoci
intramuskularné aplikované smési ketaminu (Narkamon®, Spofa Czech Rep) 100
mg/kg a xylazinu (Rometar®, Spofa Czech Rep) 10 mg/kg. Po laparotomii a
preparaci jsme odebrali dva 1-1.5 cm dlouhé segmenty iliolumbalnich zil. Oba
Stépy byly uloZzeny samostatné ve fyziologickém roztoku pfi pokojové teploté do

doby transplantace. Primérny ¢as studené ischémie Stépu (CIT) v ramci celého
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pokusu byl 199 minut bez statisticky signifikantniho rozdilu mezi skupinami (Tab.
1).

Pfijemce Zilnich Stépu jsme pfed vykonem uvedli do celkové anestezie pomoci
intramuskularné aplikované smési sufentanilu (Sufenta®, Janssen Pharmaceutica
Inc.) 20 pg/kg a azaperonu (Stresnil®, Janssen Pharmaceutica Inc.) 1 mg/kg. Zilni
Stépy jsme po laparotomii transplantovali ortotopicky do subrenalniho useku bfidni
aorty pfijemce (Obr. 1). V pooperacnim a celém sledovaném obdobi jsme
pFijemcam zilnich $tépl nepodavali Zzadné antiagregacni nebo antikoagulaéni

pfipravky.

4.3 Skupiny zvirat

Celkové jsme v ramci experimentu vytvofili 7 skupin zvifat oznacenych velkymi
pismeny (A, B, C, D, E, F a T). Podrobné charakteristiky skupiny A az F uvadime

v tabulce 1.

Skupina T byla sloZzena z potkant kmene Wistar a slouzila pouze k nacviku

operacni techniky a v tabulkach ji dal neuvadime.

Skupina A byla slozena z potkanu po syngenni (LEW do LEW) a skupina B po

allogenni (BN do LEW) transplantaci bez podavani imunosuprese.

Zvitata ve skupiné C a skupiné D byla po allogenni transplantaci (BN do LEW)

S podavanim imunosuprese.

Zvitata ve skupiné E a F byla po syngenni (LEW do LEW) transplantaci.

4.4 Protokol imunosuprese

FK506 (Prograf®, Astellas Pharma Inc., Tokyo, Japan) jsme pfijemcum Zilnich
stépu aplikovali intramuskularné v jedné denni davce 0.02 mg na 100 g hmotnosti
zvifete ve skupiné C a F a 0.01 mg na 100 g hmotnosti zvifete ve skupiné D a E.
Imunosupresi jsme podavali od 1. do 30. pooperaéniho dne (Tab 1.). Hladiny
FK506 jsme stanovovali za pouziti homogenni enzymové imunoanalyzy
soupravou Emit® 2000 Tacrolimus assay, Dade Behring, tficaty den po

transplantaci.



14

4.5 Histologické a imunohistochemické vysSetreni

Zilni $t&py jsme explantovali po stfedni laparotomii v celkové anestézii u
heparinizovanych zvifat 30.den po transplantaci. Zvifata byla nasledné usmrcena
letalni davkou thiopentalu (Thiopental®, Spofa a.s., Czech Rep) aplikovaného do

dolni duté Zily.

Explantované $tépy jsme nasledné vlozili do malych plastikovych boxu (Tissue
Tek©, Cryomold, Sakura,Japonsko) a zalili gelem (Tissue Tek©.C.D.Compound,
Sakura, Japonsko). Nasledné jsme vzorky zmrazili za pouziti 2-metylbutanu
(Fluka, Chemika, Svycarsko) a tekutého dusiku. Do vlastniho histologického a
imunohistochemického barveni jsme vzorky skladovali pfi teploté -80°C. K
imunohistochemické analyze jsme pouZili protilatky uvedené v tabulce 2. VSechny
fezy jsme dokumentovali za pomoci digitalniho fotoaparatu Olympus Cammedia
C-5050 pripevnéného na mikroskop Olympus BX51 pfi 400-nasobném zvétSeni.
Snimky jsme pFevedli bez komprese do formatu TIFF. K jejich hodnoceni jsme
pouzili originalni software Olympus DP- Soft Verze 3.2. Tloustku intimalni vrstvy
(od povrchu endotelialnich bunék po vnitfni hranici medialni vrstvy Zilni stény)
jsme méfili v 10 nahodnych lokalizacich v kazdém fezu. Primérnou hodnotu a
standardni odchylku (primér + SD) jsme stanovili pro kazdou Zilu i experimentalni

skupinu.

4.5.1 Imunohistochemické vySetieni

Tkané pro prlikaz antigent jsme odebirali, stejné jako v pripadé klasické
histologie, ze stfedni ¢asti Stépu. Po odbéru jsme zily vlozili do malych
plastikovych boxl (Tissue Tek©, Cryomold, Sakura, Japonsko) a zalili do média
(Tissue Tek© O.C.D.Compound, Sakura, Japonsko). Nasledné jsme vzorky
zmrazili za pouziti 2-metylbutanu (Fluka, Chemika, Svycarsko) a tekutého dusiku.
Do doby, nez jsme provedli imunohistochemickou detekci antigenu, byly vzorky
skladovany pfi teploté -80°C. K imunohistochemické analyze jsme pouZili

protilatky uvedené v tabulce 2.
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4.5.2 Detekce CD4", CD8" pozitivnich bunék a bunék s von Willebrandovym

faktorem

Detekci jsme provadéli na fezech 8 pym silnych dvoustupnovou nepfimou
technikou s pouZitim imunoenzymového polymeru. Rezy jsme fixovali v
chlazeném acetonu 10 minut. Po usuSeni a oplachu v 0.2 % roztoku Triton X100
a fosfatovém fyziologickém roztoku, jsme vzorky inkubovali 60 minut s primarni
protilatkou. Po inhibici endogenni peroxidazy v 0.3 % H202 v 70 % methanolu
(30 minut) jsme vzorky inkubovali 30 minut se sekundarni protilatkou
(imunoenzymovy polymer Histofine® Simple Stain Rat MAX PO, Nichirei,
Japonsko). Nasledné jsme na vzorek 5 minut aplikovali 3,3 diaminobenzidin
(Dako Liquid DAB+ Substrate-Chromogen, Dako, Dansko), kontrastné dobarvili

Harrisovym hematoxylinem a zamontovali do Entellanu (Merck, Némecko).

Vzorky s prikazem CD4+ a CD8+ bunék jsme hodnotili naslepo bez znalosti
prislusnosti vzorku ke skupiné. Bunky jsme pocitali v 5-ti zornych polich pfi 1000-
nasobném zvétSeni. K analyze jsme pouzili vzdy priimérny pocet bunék ze viech

péti poli.

4.5.3 Detekce imunoglobulint

Detekci jsme provadéli na 8 ym silnych fezech za pouziti pfimé
imunofluorescenéni techniky. Po usuSeni fezU a oplachu ve fosfatovém
fyziologickém pufru jsme vzorky ususili na vzduchu a inkubovali 30 minut s
protilatkou znacenou fluoresceinem (FITC). Po oplachu jsme vzorky zamontovali

do glycerinu a okamzité hodnotili pod fluorescenénim mikroskopem.

4.5.4 Detekce RT1.B" pozitivnich bunék

Detekci jsme provadéli na 8 ym silnych fezech za pouziti tfistupfiové nepfimé
techniky. Rezy jsme fixovali v chlazeném acetonu 10 minut. Po ususeni a oplachu
v 0.2 % roztoku Triton X 100 a fosfatovém fyziologickém roztoku jsme blokovali
endogenni biotin s pouzitim Biotin blocking system (Dako, Dansko). Vzorky jsme
nasledné inkubovali s 10 % koriskym sérem a poté 60 minut s primarni

protilatkou. Po inhibici endogenni peroxidazy v 0.3 % H202 v 70 % methanolu
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(30 minut), jsme na vzorky aplikovali biotinylovanou koriskou anti-mysi protilatku
(Vector Lab, Burlingame, UK). Nasledné jsme vzorky inkubovali s R.T.U.
Vectastain Elite ABC Reagent (Vector Lab, Burlingame, UK) a dal jsme aplikovali
3,3 diaminobenzidin (Dako Liquid DAB + Substrate- Chromogen Dako) na 5

minut, kontrastné dobarvili a zalili do Entellanu (Merck, Némecko).

Vzorky s prikazem RT1.B" bunék jsme hodnotili naslepo bez znalosti pfislu$nosti
vzorku ke skupiné. Buriky jsme pocitali v 5-ti zornych polich pfi 1000-nasobném

zvétSeni. K analyze jsme pouzili vzdy primérny pocet bunék ze vSech péti poli.

4.6 Statistické metody

K statistickému zpracovani a porovnani tloustky intimalni vrstvy stép(, poctu
lymfocytl a Lewis MHC Il tfidy pozitivnich bunék mezi jednotlivymi skupinami
jsme pouzili test ANOVA s naslednym pouzitim testu Tukey HSD Multiple
Comparisons test. Ke srovnani koncentrace FK506 mezi skupinami jsme uzili test

dle Kruskal-Wallise.

Tabulka 1. Zakladni ddaje experimentalnich skupin a operatniho zakroku.
| EVW — potkan Lewis
BM — potkan Brown-Norway

*** Rozdil mezi obéma skupinami s imunosupresi byl statisticky signifikantni (p = 0.001)

Doba Lyt : : Hladina
Skupina| Charakteristika Imunosuprese Pacet Urmrti studens Operacni Aﬂl'tﬂkll'll :Ehg d"-"ﬂh:D FIES08
P p zvitat ischémie | Zas(min) | "o o =n =n 30 den
(min} (min} () () (ngdmil)
A LEW -LEW Ne ] 2 215£138 130£15 798 223221 | 285217 Ne
B BM - LEW Ne 10 1 19985 115£13 66=10 IMT£18 | 366£25 Ne
FK506
C BM - LEW ] 1 190585 100=14 755 275£20 | 305£16 | 5.57=0.95*
0,02mg/1004g
FK506
D BM - LEW a8 2 19276 9546 6616 314£15 | 334£48 | 320065
0,01mg/100g
. . FK506 .
E LEW -LEW 8 0 190£85 90=7 6065 320£40 | 3580=24 | 3.50=0.55
0,01mg/1004g
. . FK506 .
F LEW -LEW 8 1 180=30 95212 §2=7 330+£30 | 380£18 | 6.10=0.90
0,02mg/100g
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Tabulka 2. Zakladni charakteristiky protilatek

Frotilatky pouZité phi imunohistochemickém vySetieni v jednotlivych skupinach. RT1.Bu -

bunky MHC 1. tfidy u kmene Lewis, FITC — fluorescein isothiocyanat

Specificita protilatky | Piivod Vjrobce Redéni Buglf}ﬁ"i Dse;gfecm"'
Won Willebrandlw faktor zajic CrakoCytomation 5000 Histofine
Imunoglobuliny ovee Chemicon International 10x FIme
CO4+ bufky mys Cymbus Biotechnology B00x W25 Histofine
CO8+ bufky mys Cymbus Biotechnology 500 OX-8 Histofine
RT1.Bu mys Cedar Lane S0 MRC-0X3 Wector
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5 EXPERIMENT 1

5.1 Material a metody

Skupiny zvifat

Skupina zvifat T byla sloZzena z potkani kmene Wistar a slouZzila pouze k nacviku
operacni techniky a vypracovani a zavedeni modelu interpozice iliolumbalnich Zil

u potkana.

5.2 Vysledky

K nacviku chirurgické techniky a vypracovani modelu interpozice iliolumbalnich Zil
jsme pouzili 22 potkant kmene Wistar. V pribéhu experimentu uhynulo 12
potkanl (55 %) nejcastéji v dlsledku krvaceni z anastomozy. U 10 potkanu jsme
provedli uspésnou interpozici iliolumbalni Zily do abdominalni aorty s
dlouhodobym prezitim zvifete a priichodnou anastomézou. Operacni postup je

podrobné popsan na obrazku 1.

5.3 Diskuze

Experimenty na potkanech jsou ve srovnani s vétSimi zvifaty vyhodné pro malou
ale technicky naro€né vzhledem k malym rozmérim anatomickych struktur.
Pouziti operaéniho mikroskopu a nacvik mikrochirurgickych technik je tudiz

nutnosti.

V literatufe je popsano nékolik experimentalnich modelu Zilni arterializace na
malych zvifatech (mys, potkan): interpozice dolni duté zily do aorty, interpozice
povrchové epigastrickeé zily do femoralni tepny, interpozice iliolumbalni zily do
bFiSni aorty, interpozice dolni duté Zily do karotické arterie, implantace jugularniho
venozniho patche do bfisni aorty, implantace jugularniho vendzniho patche do

karotické arterie *.
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Vzhledem k nasim pfedeslym zkuSenostem s implantaci bfiSni aorty do bfisni
aorty potkana jsme se rozhodli v ramci experimentu s arterializaci venoznich
Stépu v nasi laboratofi zavést a otestovat model transplantace iliolumbalni Zily do
aorty potkana **. Tento model umozfiuje jednak pouziti 2 iliolumbalnich Zil

z jednoho darcovského zvifete a jednak je anastomdza na bfisni aorté ve

srovnani s femoralni nebo karotickou artérii technicky lépe proveditelna.

Stejnou chirurgickou techniku jako u aorto-aortalni mikrochirurgické anastomozy
jsme ale vzhledem k podstatné jemnéjsi strukture Zilni stény nemohli u
implantace iliolumbalni zZily do aorty pouzit. Aorto-aortalni anastomézu jsme

v minulém experimentu provadéli pomoci jednotlivych stehd, protoze oba Stépy

drzely vzhledem k silné svalové vrstvé svij tvar a Siti bylo jednodussi.

Zilni $t&py naproti tomu viibec nedrzely svdj tvar a pfi $iti byly nutné asté
proplachy k ozfejmeni lumen. Sténa byla navic velice jemna a trhala se pfi
sebemensim pohybu. Proto jsme nakonec provadéli anastomoézy pokracujicim
stehem a po poc¢ateCnich neuspésSich se nam povedlo zavést model interpozice
iliolumbalnich zil do abdominalni aorty potkana s vysokou uspésnosti
pooperacniho pfezivani. Tim jsme v naSi laboratofi zavedli model zilni
arterializace, ktery bude mozné pouzit pfi dalSich experimentech tykajicich se
syngennich nebo allogennich Zil.
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Obrazek 1 - Pohled do operaéniho pole pfi transplantaci zilniho stépu

Po odbéru iliolumbalni Zily a vypreparovani abdominalni aorty jsme tuto nasledné
prerusili za fixace pahyll ve stabilni poloze pomoci aproximatoru. Nasledné jsme
fixovali vSechny 4 cipy $tépu a pokracujicim stehem jsme Sili pfedni polovinu
horni i dolni anastomézy. Po otoCeni svorek aproximatoru o 180° jsme
pokracovali v $iti zadni strany obou anastoméz. Po derotaci a pusténi svorek
aproximatoru a hemostaze operacniho pole jsme vizualné hodnotili pratok
distalné od transplantovaného Stépu.

ZvétSeni 12x



21

6 EXPERIMENT 2

6.1 Material a metody

Skupiny zvifat

K ovéfeni hypotézy 2 (imunosuprese pomoci FK506 povede k potladeni rozvoje
intimalni hyperplazie arterializovanych Zilnich autolognich $tépu) jsme zhodnotili a
porovnali histologické a imunohistochemické nalezy kontrolni syngenni skupiny A
bez imunosuprese se syngenni skupinou E s nizsi (0.01 mg/100 g hmotnosti
zvifete) a syngenni skupinou F s vysSi (0.02 mg/100 g hmotnosti zvifete) davkou
FK506. Podrobné charakteristiky skupin uvadi tabulka 1.

6.2 Vysledky

Zvirata

Tfi zvifata v této ¢asti experimentu zemfrela. Dvé ve skupiné A na peroperacéni
krvaceni a jedno na predavkovani anestetiky ve skupiné F. Ani u jednoho zvifete

nedoslo k uzavéru cévni rekonstrukce.

Imunosuprese

Ve skupiné E byla koncentrace FK506 méfena 30. pooperacni den 3.50 + 0.59
ng/ml a ve skupiné F 6.10 + 0.90 ng/ml. Rozdil mezi skupinami byl statisticky
vyznamny (p = 0.001) (Tab. 3). PrGjem jako nezadouci ucinek pouziti FK506 jsme

pozorovali témeér u vSech zvirat.

Tunica intima

Lumen Zilnich §tépa bylo ve v8ech skupinach pokryto endotelialnimi burikami. U
syngennich imunosuprimovanych skupin E a F stejné jako u syngenni skupiny A
bez imunosuprese doslo k hyperplazii subendotelialni neointimalni vrstvy. Ve

skupiné A bez lIéCby byla primérna tloustka intimalni vrstvy 12.7 + 7.0um. Ve
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skupinach E a F Ié€enych FK506 jsme zaznamenali statisticky vyznamnou ihnibici
intimalni hyperplazie ve srovnani se skupinou A (p < 0.01). Sife intimalni vrstvy
Stépu s vyssi davkou FK506 (skupina F) byla ve srovnani s zilnimi $tépy s nizsi
davkou FK506 (skupina E) statisticky nizSi (p < 0.05) (5.0 £ 1.0 ym versus 7.0 =
3.0 um) (Graf 1, Tab. 3, Obr. 2).

Tunica media

U syngennich imunosuprimovanych skupin E a F probéhl do 30. pooperacniho
dne proces adaptace zilni stény na tlakové podminky v tepenném fedisti s
novotvorbou viceCetné svalové vrstvy. U obou skupin nebyly v medialni vrstvé
pritomny CD4+, CD8+ ani Lewis MHC tfidy Il pozitivni bufiky. Histologicky obraz v
obou skupinach byl shodny s obrazem v syngenni skupine A bez imunosuprese
(Tab. 3).

Tunica adventitia

Ve vSech syngennich skupinach (A, E a F) jsme 30. den po transplantaci
pozorovali infiltraci intersticia mononuklearnimi buikami. Stupen infiltrace CD4+,
CD8+ a Lewis MHC tfidy Il pozitivnimi bufikami byl mezi skupinami bez statisticky

signifikantniho rozdilu.

6.3 Diskuze

U syngennich $tépU doslo ve vSech skupinach 30. pooperaéni den k arterializaci
Zilni stény s proliferaci intimalni vrstvy a hladkych svalovych bunék v medialni
vrstvé. Podavani FK506 ale vedlo k signifikantnimu potlaeni rozsahu intimalni
hyperplazie ve srovnani se §tépy bez imunosuprese. Tento inhibiéni ucinek

FK506 byl zavisly na jeho denni davce.

Ve shodé s nasi praci byla inhibice intimalni hyperplazie po pouziti FK506
pozorovana i na koronarnim prase¢im modelu. Hamada a spol. prokazali 4 tydny
po implantaci stentd uvolfiujicich FK506 do koronarni tepny vyrazné nizsi

neointimalni formaci ve srovnani s prostymi metalickymi stenty 3.
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Pfedchozi experimenty na bunéénych kulturach prokazaly také antiproliferativni
usinek FK506 na hladké svalové buriky cévni stény **?. V nasem experimentu
jsme ve skupiné s vysSi davkou FK506 pozorovali tendenci ke ztenCeni medialni
vrstvy ve srovnani se skupinou bez imunosuprese. Toto zteneni medialni vrstvy
ale nebylo statisticky signifikantni. V adventicialni vrstvé jsme nezjistili zadné
rozdily v infiltraci CD4 +, CD8 + a MHC Il tfidy pozitivnimi burikami mezi

skupinami s imunosupresi a bez ni.

Nase studie potvrdila inhibi¢ni u€inek FK506 na tvorbu intimalni hyperplazie u
autolognich Zilnich $tépul po jejich implantaci do tepenného fecisté. V pfipadé
vytvoreni vektoru k lokalni aplikaci mize FK506 predstavovat ucinny lék v terapii

intimalni hyperplazie v kardiovaskularni chirurgii.

DalSi diskuze k této ¢asti naseho experimentu je uvedena v ¢lanku v pfiloze A:
Varga, M., Matia, I., Lodererova, A., Adamec, M. Tacrolimus inhibits intimal
hyperplasia in arterialised veins in rats. Bratislava Medical Journal, 2012, vol.113,
no.1, p.5-9. ISSN 0006-9248.

Tabulka 3. Autologni skupiny A, E aF. Sledované parametry 30. pooperacni den.

davkou.

* Sife intimalni a medidlni wrstvy je vyjadfena v pm

I Potty Lewis anti MHC 11. tiidy. CD8 a CD4 pozitivnich bunék v jednom zormém poli pfi zvétZeni 1000x

Intima* Medie® Adventitie™
Skupina Charakteristika Imunosuprese
.. Endotelova - . . LEW MHC Il=
Sire wrstva Sire CD4+ burky CD&+ buiky bufiky
A LEW — LEW Ne 127=7.0 + 10325246 12.5=7.7 0.8=17 16.6=7.5
FK506
E LEW -LEW 7.0=3.01 + 102.3=31.0 6.5:3.3 0.7=1.1 13.2=6.4
0,01mgi100g
FKS06
F LEW - LEW 5.0£1.002 + 959+:33.3 11.9£5.0 09£13 145557
0,02mgi100g
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Graf 1 - Sife tunica intima u autologni skupiny A bez imunosuprese a autolognich skupin E
a F s imunosupresi FK506.

Rozsah intimalni hyperplazie 30. den po transplantaci byl v obou skupinach s imunosupresi (E a
F) ve srovnani se skupinou A bez imunosuprese signifikantné nizsi (p < 0.01). Sife tunica intima
30. pooperacni den ve skupiné F s vysSi davkou FK506 byla statisticky nizSi (p < 0.05) nez ve
skupine E s nizsi davkou FK506.

Obrazek 2 - Reprezentativni histologické snimky potkanich autolognich Zilnich stépt
skupiny A bez imunosuprese a skupiny F s vyssi davkou FK506 30. den po jejich
transplantaci do infrarenalni abdominalni aorty.

Oba vzorky jsou barvené Van Gieson elastikou, zvétSeno 200x. Proces arterializace byl v obou
skupinach reprezentovan intimalni hyperplazii a proliferaci hladkych svalovych bunék v tunica
media. Intimalni proliferace (Cerné Sipky) byla inhibovana u vsech zvirat Ié¢enych takrolimem.
| — tunica intima, M — tunica media, A — tunica adventitia
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7 EXPERIMENT 3

7.1 Material a metody

Skupiny zvifat

K ovéfeni hypotézy 3 (imunosuprese pomoci FK506 povede k potlaeni rejekce
transplantovanych Zilnich allostépu u potkana a umozni jejich adaptaci na
podminky tepenného fecisté) jsme srovnavali histologické a imunohistochemické
nalezy kontrolni syngenni skupiny A bez imunosuprese s allogenni skupinou B
bez imunosuprese a allogenni skupinou C s imunosupresi pomoci FK506 v denni
davce 0.02 mg/100 g hmotnosti zvifete. Podrobné charakteristiky jednotlivych

skupin uvadi tabulka 1.

7.2 Vysledky

Zvirata

V této Casti experimentu zemfela Ctyfi zvifata. Dvé ve skupiné A a jedno ve
skupiné B na peroperacni krvaceni a jedno na pfedavkovani anestetiky ve

skupiné C. Ani u jednoho zvifete nedoslo k uzavéru cévni rekonstrukce.

Imunosuprese

Ve skupiné C byla primérna hodnota koncentrace FK506 mérena 30. pooperacni
den 5.57 + 0.96 ng/ml (Tab. 4). PrGjem jako nezadouci ucinek pouziti FK506 jsme

pozorovali témeér u vSech zvifat.

Tunica intima

Lumen Zzilnich §tépa bylo ve vSech skupinach pokryto endotelialnimi burikami. U
allogenni imunosuprimované skupiny C doSlo také k hyperplazii subendotelialni
neointimalni vrstvy (Obr. 3). Histologicky obraz byl stejny jako jsme pozorovali u

syngenni skupiny A. U allogennich zvifat bez imunosuprese (skupina B) doslo k
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destrukci a desorganizaci intimalni vrstvy. Intimalni proliferaci, ktera je typickou
znamkou adaptace Zilni stény na tlakové podminky v tepenném fecisti, jsme v
této skupiné nepozorovali. Site intimalni vrstvy byla v této skupiné statisticky nizsi

ve srovnani s obéma predeslymi skupinami (p < 0.01), (Tab. 4, Graf 2).

Tunica media

V allogenni skupiné s imunosupresi (skupina C) byl 30. pooperacni den pfitomen
obraz adaptace Zilni stény na tlakové podminky v tepenném fecisti s novotvorbou
viceCetné svalové vrstvy. V medialni vrstvé nebyly pfitomny anebo jen zcela
minimalné CD4+, CD8+ a Lewis MHC tfidy Il pozitivni buriky a
imunoflourescenc¢ni barveni neprokazalo depozici IgG. Tento histologicky obraz
byl shodny s obrazem syngennich zilnich stépu v kontrolni skupiné A bez

imunosuprese (Tab. 4).

Tloustka medialni vrstvy ve skupiné C se statisticky neliSila od tloustky medialni

vrstvy u zvifat ve skupiné A (Obr. 3).

Na druhé strané u allogenni skupiny bez imunosuprese (skupina B) nedoslo k
vytvoreni svalovych vrstev a medie byla infiltrovana vdemi typy sledovanych

imunokompetentnich bunék (Obr. 3).

Tunica adventitia

Ve vSech skupinach jsme 30. den po transplantaci pozorovali infiltraci intersticia
mononuklearnimi bunkami. Stupen infiltrace burikami CD8+ a Lewis MHC ftfidy |l
pozitivnimi burfikami byl bez statisticky signifikantniho rozdilu mezi syngenni
skupinou A a allogenni imunosuprimovanou skupinou C. Infiltrace bunikami CD4+
byla u allogenni imunosuprimované skupiny C dokonce niz$i nez u skupiny A
(Tab. 4).

V adventicialni vrstvé allogennich §tépu bez imunosuprese (skupina B) jsme
pozorovali statisticky vysSi (p < 0.001) infiltraci CD4+, CD8+ i Lewis MHC tfidy Il
pozitivnimi burfikami (Tab. 4, Graf 3, Graf 4, Graf 5).
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7.3 Diskuze

Vysledky této ¢asti naSi prace prokazaly arterializaci Zilnich allo$tépa 30.
pooperacni den po zZilni transplantaci jen v podminkach imunosuprese. V
podminkach bez imunosuprese vedla rejekce k destrukci intimalni vrstvy a

desorganizaci struktury celé Zilni stény.

U allogennich zil malého kalibru vede destrukce jejich stény k trombdze a uzavéru
4 Na psim modelu pfi interpozici doIni duté Zily do abdominalni aorty ved! proces
rejekce k aneurysmatické dilataci transplantované Zily v obdobi 30 denniho
sledovani *°. V naSem modelu na potkanech jsme Zadnou tvorbu vyduti Zilnich
Stépul ve skupiné bez imunosuprese 30 dnl po operaci nepozorovali. Nicméné se

domnivame, Ze by k tomu do$lo pfi prodlouzeni doby sledovani.

Od 70. let minulého stoleti byly zkoumany rizné imunosupresivni protokoly, které
by vedly k inhibici imunitni reakce pfFijemce a prodlouzeni prichodnosti Zilnich
allostépu 2*°. Metylprednisolon a azathioprin, a to ani v kombinaci s prednisonem
(v davce 5 mg/kg/den a 2.5 mg/kg/den), nebyly schopny inhibovat imunitni reakci
pFijemce a prodlouZit prichodnost alloétépt na psim modelu **4"*8, Cyklosporin
A byl poprvé pouZit na psim modelu allogenni transplantace jugularni Zily do
oblasti arteria carotis Bandlienem a spol. v roce 1983 *°. Pouziti imunosuprese
vedlo pfi davce CyA 20 mg/kg/den k zvySeni tfimési¢ni prichodnosti na 80 %. P¥i
pouziti azathioprinu ve stejném modelu byla pridchodnost Zilnich allo$tépu po 3
mésicich 0 %. Nicméné v dalSich studiich bylo nutné k dosazeni 100 %
prichodnosti zilnich allostép 20 tydnU od implantace pouziti kombinace CyA a
mykofenolat mofetilu 2. V monoterapii nebyl ani cyklosporin A v davce 10
mg/kg/den, ani mykofenolat mofetil v davce 20mg/kg/den schopen zlepSit

prichodnost Zilnich allostépa.

Cyklosporin A v davce 20 mg/kg/den zabranil dle studie Mingoliho a spol.
aneurysmatické dilataci dolni duté zily v pribéhu 30 dnl od jeji transplantace do
abdominalni aorty psti *°. V jinych experimentech ale preruseni podavani CyA
vedlo k uzavéru chladem konzervovanych i kryokonzervovanych Zilnich allostépt

do 30 dn1 47°°,

Cyklosporin A muze zpusobit poSkozeni bunék endotelialni vrstvy a stimulovat

fibrézu cévni stény cestou zvySené produkce transformujiciho rastového faktoru
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beta (transforming growth factor-beta) 3. V ptipadé pouziti cyklosporinu A jako
imunosupresiva po transplantaci Zil bylo k potlaceni rejekce nutné podavani bud
vysokych davek cyklosporinu A, nebo jeho kombinace s jinymi imunosupresivy
nebo antiagregancii >*>°?. Zadna z téchto vlastnosti CyA neni vhodna pfi jeho

dlouhodobém pouziti u polymorbidnich cévnich pacientu.

a v klinické praxi se b&zné pouziva po organovych transplantacich *’. V nagem
experimentu potlacil FK506 v davce prokazané ucinné u tepennych allostépu
infiltraci allogenni Zilni stény CD8+ a CD4+ burikami. Tento efekt ved| k inhibici
destrukce zilni stény zprostfedkované T lymfocyty a umoznil jeji arterializaci
stejné jako v pfipadé syngennich zZilnich §tépU. Dale jsme u allogennich zil s
imunosupresi pozorovali proliferaci hladkych svalovych bunék v medialni vrstvé.
Zda se, Ze suprese pfijemcovskeé imunitni reakce v ¢asném potransplantacnim
obdobi vede k zachovani allovendznich hladkych svalovych bunék darce.
Pfitomnost a nasledna proliferace téchto bunék vedla k zesileni a arterializaci
Zilni stény u vSech imunosuprimovanych Zilnich allostépd. Pfi absenci
imunosuprese nebyly allogenni Zilni Stepy schopny vyvinou typické znamky
arterializace. Allogenni hladké svalové buriky darce byly zni¢eny masivni infiltraci
imunokompetentnich bunék pfijemce a tim nemohlo dojit k jejich proliferaci a

adaptaci na nové biomechanické podminky tepenného systému.

DalSi diskuze k této ¢asti naseho experimentu je uvedena v ¢lanku v pfiloze B:
Matia, I., Varga, M., Lodererova, A., Adamec, M. The positive effect of
immunosuppression on adaptation of venous allografts to arterialisation in rats.
European journal of vascular and endovascular surgery, 2010, vol. 39, no. 4, p.
478-484. ISSN 1078-5884.
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8 EXPERIMENT 4

8.1 Material a metody

Skupiny zvirat

K ovéfeni hypotézy 4 (antigenicita Zilnich allostépu je ve srovnani s tepennymi
allostépy nizsi a k potlaceni jejich rejekce bude dostatecna polovi¢ni davka
imunosuprese ucinné po transplantaci aorty) jsme srovnavali histologické a
imunohistochemické nalezy mezi kontrolni syngenni skupinou A bez
imunosuprese a allogenni imunosuprimovanou skupinou C (FK506 v davce 0.02
mg/100 g hmotnosti zvifete) a allogenni imunosuprimovanou skupinou D s
polovi¢ni davkou imunosuprese (FK506 v davce 0.01 mg/100 g hmotnosti

zvifete). Podrobné charakteristiky skupin uvadi tabulka 1.

8.2 Vysledky
Zvifata
V této ¢asti experimentu uhynulo 5 zvifat. Dvé ve skupiné A na peroperacni

krvaceni a dvé ve skupiné D a jedno ve skupiné C na prfedavkovani anestetiky.

Ani u jednoho zvifete nedoslo k uzavéru cévni rekonstrukce.

Imunosuprese

Ve skupiné D byla primérna hodnota koncentrace FK506 méfrena 30. pooperacni
den 3.20 + 0.65 ng/ml. Rozdil mezi skupinou C (5.57 + 0.96 ng/ml) a skupinou D
byl statisticky vyznamny (p = 0.001) (Tab. 4). Prijem jako nezadouci ucinek

pouziti FK506 jsme pozorovali téméf u vSech zvirat.

Tunica intima

Lumen zilnich $tépu bylo 30. pooperacni den ve vSech skupinach pokryto

endotelialnimi bufikami. U allogenni imunosuprimované skupiny D doSlo stejné
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jako ve skupiné C k hyperplazii subendotelialni neointimalni vrstvy (Obr. 3).
Histologicky obraz byl stejny jako jsme pozorovali u syngenni skupiny A. Mezi
skupinami (skupina A, C s vysSi a D s nizSi davkou FK506) jsme nezaznamenali

statisticky vyznamné rozdily v tloustce intimalni vrstvy (Graf 2, Tab. 4, Obr. 3).

Tunica media

| vimunosuprimované allogenni skupiné D byl pfitomen obraz adaptace Zilni
stény na tlakové podminky v tepenném fecisti s novotvorbou viceCetné svalove
vrstvy 30. pooperacni den. V medialni vrstvé nebyly pfitomny anebo jen zcela
ojedinéle CD4+, CD8+ a Lewis MHC tfidy Il pozitivni bunky. Imunoflourescencéni
barveni neprokazalo depozici IgG v této vrstvé. Tento histologicky obraz byl
shodny s obrazem Zilnich $tépd skupiny C s vy8Si davkou FK506 i syngenni

skupiny A bez imunosuprese (Obr. 3, Tab. 4).

Tunica adventitia

Ve skupiné D jsme 30. den po transplantaci také pozorovali infiltraci tunica
adventitia mononuklearnimi bunikami. Stupen infiltrace CD8+ a Lewis MHC tfidy I
pozitivnimi bufikami byl bez statisticky signifikantniho rozdilu mezi allogennimi
imunosuprimovanymi skupinami C a D a syngenni skupinou A. Infiltrace CD4+
burikami byla u skupiny D stejné jako u skupiny C dokonce niz8i nez u skupiny A
(Tab. 4).

8.3 Diskuze

Vysledky této ¢asti nasi prace prokazaly stejny morfologicky obraz 30. den po
Zilni transplantaci u zvifat suprimovanych nizkou i minimalni davkou FK506. V
podminkach bez imunosuprese vedla rejekce k destrukci intimalni vrstvy a
desorganizaci struktury celé Zilni stény. U obou imunosuprimovanych skupin
vedlo podavani FK506 k potlaeni imunitni reakce pfijemce proti antigendm Zzilni
stény. Navic podavani FK506 umoznilo i v minimalni davce remodelaci Zilni stény
a jeji pfizpusobeni na zménu tlakovych podminek v tepenném fecisti (tzv.

arterializaci zilniho Stépu).
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V dostupné literatufe jsme se mimo vysledkl publikovanych naSim pracovistém
nesetkali s klinickym ani experimentalnim pouzitim FK506 po zilni

transplantaci **3. Optimalni davka FK506 po tepenné transplantaci u potkan
byla zkoumana Azumou a spol. ’. Zavérem jejich prace bylo, Ze denni davka 0.02
mg na 100 g zvifete je bezpe€na a zaroven jesté dostatecna k potlaceni akutni
rejekce tepen s tvorbou intimalni hyperplazie. Tato davka byla dostate¢na i k
prevenci chronické rejekce. V naSem pfedchazejicim experimentu jsme navic
prokazali, Ze stejna davka je ucinna i pfi podavani az od sedmého dne po

tepenné transplantaci *°.

V tomto experimentu jsme prokazali, ze rejekce zilnich allostépu byla potlacena i
polovi¢ni davkou FK506 se sérovou koncentraci 3.2 ng/ml. Tato davka byla jesté
dostatecna k potlaceni infiltrace Zilni stény CD8+ a CD4+ burikami a inhibici T-
bunkami zprostfedkované destrukce zilni stény. To vedlo k zachovani
allovendznich hladkych svalovych bunék darce. Pfitomnost a nasledna proliferace

téchto bunék vedla k zesileni a arterializaci Zilnich allostép.

DalSi diskuze k této ¢asti naseho experimentu je uvedena v ¢lanku v pfiloze C:
Varga, M., Matia, I., Lodererova, A., Adamec, M. The minimal dose of FK506 is
sufficient to facilitate the arterialisation of venous allografts in rats. European
Surgery Acta Chirurgica Austriaca, 2012, V tisku. ISSN 1682-8631.
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Tabulka 4. Sledované parametry 30. pooperacni den.

Parametry ileolumbadlnich Zilnich Etépd 30. pooperagni den po jejich transplantaci do abdomindlni aorty.

Sife intimalni vistvy allogennich Zilnich &tépl v podminkach minimalni imunosuprese (skupina D) se nelidila od syngenni skupiny
skupina A) ani allogenni skupiny s vy53i davkou FK506 (skupina C).

1) &ife intimalni wistvy ve skuping B byla statisticky vyznamné ni2%i (p < 0,01) v porovnani se skupinou A, C a D.

2) Celkavy pocet Lewis MHC . tfidy pozitivnich, CD8 pozitivnich a CD4 pozitivnich bunék ve skupiné B byl signifikantné
WyEED (p = 0.001) v porovnani s ostatnimi skupinami (A, C, D).

3) Celkovy pocet CD4 pozitivnich bunék ve skuping A byl signifikantné wy35i (p = 0,01) v porovnani s obéma skupinami s
munasupresi (C a D).

* Sife intimalni vstvy je vyjadfena v pm

“* Poéty Lewis anti MHC |1 tfidy, CD8 a CD4 pozitivnich bunék v jednom zomém poli pfi zvétZeni 1000x

" Prijemcovské (Lewis) buriky s pozitivnim hlavnim_histokompatibilnim komplexem |I. tfidy

Intima*® Medie Adventitie™
Skupina Charakteristika Imunosuprese
- Endotelova lgG Wrstva - . LEW MHC I+
sire wratva depozice hladkych svall CD4+ bufiky | CDS+ bufky bufiky®==*
A LEW -LEW Ne 12.7=7.0 + - = 12.4827 66 0.76=1.66 16.60=7.45
B BN - LEW Ne 22407 * - - 42 60£19.967 | 24 11£13.99° | 990624 832
FKS06
C BN - LEW 0,02mg/ 150584 * - + 5 804 B33 1.78£280 14612520
100g
FKS06
D BN - LEWY 0,01mg/ 15.16.1 + - + 7.67=8.29% 263226 16.96=10.46
100g
Tloustka tunica intima - 30. den po transplantaci
60
50
40
30
£
=
20
o ]
10 u #
0 T Min-Max
[ 25%-75%
skupina A skupina B skupina C skupina D B Median value

Graf 2 - Sife tunica intima u allogennich skupin B, C, D a kontrolni skupiny A
Rozsah intimalni proliferace 30. den po transplantaci v obou allogennich skupinach s 3
imunosupresi (skupina C, D) byl srovnatelny s intimalni proliferaci v syngenni skupiné A. Sifka

intimy 30. pooperacni den v allogenni skupiné B byla statisticky niz8i (p < 0.01) ve srovnani se
vSemi ostatnimi skupinami (skupina A, C, D).
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Pocet CD4+ buriek v tunica adventicia - 30. den po transplantaci
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60
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[ 259%-75%
skupina A skupina B skupina C skupina D B Median value

Graf 3 - Infiltrace tunica adventitia CD4+ bunkami

Rozsah infiltrace tunica adventitia 30. den po transplantaci byl ve skupiné B signifikantné vyssi (p
< 0.001) ve srovnani s ostatnimi skupinami (A, C, D). Celkovy po&et CD4 pozitivhich bunék ve
skupiné A byl signifikantné vy3Si (p < 0.01) ve srovnani s obéma allogennimi skupinami s
imunosupresi (C a D).

Poéet CD8+ bunék v tunica adventicia - 30. den po transplantaci

80

60

40

20 -

of  — I -
T Min-Max
[ 25%-75%
skupina A skupina B skupina C skupina D B Median valus

Graf 4 - Infiltrace tunica adventitia CD8+ bunkami

Rozsah infiltrace tunica adventitia 30. den po transplantaci byl v obou imunosuprimovanych
allogennich skupinach (C,D) srovnatelny se syngenni skupinou A. V allogenni skupiné bez
imunosuprese (skupina B) byla infiltrace této vrstvy signifikantné vySsi (p < 0.001) ve srovnani se
vSemi ostatnimi skupinami.
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Pocet Lewis MHC I+ bunék v tunica adventicia - 30. den po transplantaci
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20

Graf 5 - Infiltrace tunica adventitia Lewis MHC II+ bunkami
Celkovy pocet Lewis MHC Il tfidy pozitivnich bunék ve skupiné B byl 30. den po transplantaci
signifikantné vysSi (p < 0.001) ve srovnani s ostatnimi skupinami (A, C, D).
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Obrazek 3 - Reprezentativni histologické snimky potkanich zilnich §tépt 30. den po jejich
transplantaci do infrarenalni abdominalni aorty.

Skupina A Skupina B Skupina C Skupina D
LEW - LEW BN - LEW BN - LEW BN - LEW
FK506 FK506
bez FK506 bez FK506
ez ez 0.02mg/100g 0.01mg/100g
TR
Hematoxylin- g
Eosin
100x
Van Gieson
elastika
100x
Von

Willebrandiv
faktor

200x

CD4+ buiky
100x

CD8+ buiky
200x

Lewis MHC Il
tridy pozitivni
bunky

100x

Imunoglobuliny
100x

Transverzalni fezy byly nabarveny hematoxylinem - eosinem, Van Gieson- elastikou a
imunologickym barvenim s protildtkami anti-vWF, anti-CD4+, anti CD8+ a anti-Lewis MHC || tfidy.
Proces arterializace v syngenni skupin& A jako i v allogennich skupinach s imunosupresi (skupina
C a D) byl reprezentovan: 1) endotelizaci zilniho lumen (Von Willebranduv faktor), 2 ) intimalni
hyperplazii (hematoxylin - eosin), 3) formaci mnohoc€etnych elastickych viaken v neointimalni
vrstvé (Van Gieson elastika), 4) formaci medialni vrstvy tvofené mnohocetnymi hladkosvalovymi
vlakny, 5) nizkou infiltraci adventicie mononuklearnimi bufikami (CD4+, CD8+, MHC 1I+).V
allogenni skupiné bez imunosuprese (skupina B) doSlo k masivni infiltraci zilni stény
imunokompetentnimi burikami pfijemce a rejekci stépu (CD4+, CD8+, MHC lI+). Tato imunitni
reakce vedla k destrukci intimalni vrstvy a desorganizaci struktury Zilni stény §tépa (hematoxylin -
eosin, Van Gieson elastika). | pfes tento nalez zustalo lumen desorganizované zilni stény pokryto

souvislou endotelovou vrstvou (Von Willebranduv faktor).V Zadné ze skupin jsme neprokazali
pfitomnost imunoglobulinG v medii Zilni stény.
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9 ZAVERY DIZERTACNI PRACE|

Zaver 1

Nase studie prokazala, Ze model interpozice iliolumbalnich zil do bfiSni aorty
potkanu je technicky zvladnutelny a vhodny ke sledovani zmén souvisejicich

s arterializaci Zilnich auto- i allostépu.

Zaveér 2

Nase studie prokazala, Zze imunosuprese pomoci FK506 vedla k potlaceni rozvoje

intimalni hyperplazie arterializovanych zZilnich autolognich §tépu u potkana.

Zaveér 3

Nase studie prokazala, Ze imunosuprese pomoci FK506 v denni davce 0.02
mg/100 g vahy zvifete vedla k potlaeni rejekce transplantovanych zilnich

allostépl u potkana a umoznila jejich adaptaci na podminky tepenného feciste.

Zaver 4

Nase studie prokazala, ze k potlaceni rejekce zilnich allostépu potkanu je
dostatecna i polovi¢ni denni davka (0.01 mg/100 g vahy zvifete) imunosuprese
ucinné po transplantaci tepen a i tato davka umoznila prabéh arterializace Zzilnich

allostépu.
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EXPERIMENTAL STUDY

Tacrolimus inhibits intimal hyperplasia in arterialised veins

1n rats

Varga M', Matia I?, Lodererova A®, Adamec M'

Transplant Surgery Department, Institute for Clinical and Exparimental Medicine, Prague, Czech Republic,
ivmifikem.cz

Abstract: Objectves We invesligaled whether tacrolimus (FK508) can inhibit neoinfimal formation in arteri-
alised vein grafts in rats,

Methods: Lewis liolumbar veing were implanted into the abdominal aora of isogeneic rats, Animals in the
treatment groups had daily inframuscular injections of tacrolimus at 0.2 mgikg (group B) and 0.1 mg/kg (Group
C), respaciively. The confrol group A had no treatment. Light microscope evaluations of arterialised vein grafts
were performed 30 days after operation. We determined the presence of endothelial cells, the thickness of in-
tima and media, and the degree of infiliration by MHC class Il positive, CO4 positive, and CD8 positive cells
inte the advantilia

Results: The intimal thickness in group B (5.041.0 pm) was statisticafly lower (P = 0.05) when compared to
group C (7.0£3.0 pm). The intimal thickness in unireated group A (12.7£7.0 pym} was statistically higher (P =
0.01) when compared to both trealed groups B and C, respectively. The medial thickness and degree of ad-
ventilial infitrathan by MHC class Il positive, CD8 positive, and CD4 positive cells did not differ between groups.
Conclusion: Treatment with tacrolitmus (FKS06) showed a dose dependant inhibition of necintimal hyperplasia

in arterialised vein grafts in rats (Tab. 7, Fig. 3, Ref 22 Full Text in free POF www by sk,

Key words: intimal hyperplasia, tacrolimus, FES0G, rats.

Saphencws vein grafis are a material of choice for peripheral
vascular reconstruction inthe surgical treatment of peripheral are-
rial ocelusive disease. Late failure of saphenous vein grafts devel-
o s a result of intimal hyperplasia which is characterized by cell
proliferation and extracellular matnx synthesis with subsequent
accelerated atherogenesis (1). 1t has been shown that the level of
intimal hyperplasia is directly linked o the degree of endothelial
demudation, which, in vein grafts is causcd by luminal distension
during surgery, ischemia, damage at surgical anastomoses and con-
tinued physical trauma under arterial conditions (2—4), Moreover
arterial tangential pressure, medial damage and thickening as well
a5 shear stress changes and altered flow patterns are involved in
the development of intimal hyperplasia (53-7).

All these new findings in pathephysiology of intimal hyper-
plasia led to the development of many new therapeutic agents
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almed at tresting this condition (1) Howewver, the successes of
laboratory studies have not been implicated in the clinic largely.
Exception from this are drug-eluting stents vsed in pereutaneous
coronary interventions for the treatment of coronary stenosis (8,
9%, Several clinical trials have demonstrated that sirolimus-eluting
stents and paclitaxel-ehuting stents are superior to bare metal stents
by decressing the restencsis rates as well as major adverse cae-
diac events (10, 11), However, stent thrombosis after 1 year was
more common with both sirolimus-eluting stents and paclitaxel-
eluting stents than with bare metal stenos {12). The reason for it
was that both types of drog-eluting stents caused significant delay
in arterial healing characterised by persistent fibrin deposition
and delayed re-endothelialisation when compared 1o bare metal
stents. Recently a new generation of tacrolimus-elhuting stenis
has been developed and investigated in animal experiments with
pood results {13).

Tacrolimus (FK506) and sirolimus (rapamycin) are macrolide
antibictics with immunosuppressive and both anti-proliferative
and anti-inflammatory activity commonly used in transplanted
patients after solid organ transplantation (14, 15). Tacrolinus is
less potent than sirolimus for inhibiting vaseular smooth muscle
cell proliferation or migration {16). However, facrolimus was re-
parted to have less anti-proliferative effect on cultured endothelial
cells compared to sirolimus (17} In a poreine coronary model,
the degree of re-endothelialisation was similar with t2crolimus-
eluting stent and bare metal stents (13). Therefore, racrolimus is
suggested to be s promising compound for the next genemtion of
drug-eluting stents {13).
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In our own experiments we have used tacrolimus in rats after
arterial and venous transplantations. Tacrolimus administered in-
tramuscularly was sufficient to suppress acute rejection changes
and inhibit intimal proliferation in aortal allografts (18). In ad-
dition, we have proven the positive effect of tacrolimus on the
wall-remodelling process of venous allografts following their
implantation into the arterial system (19).

The purpose of this study was to study the effect of systemic
tacrolimus treatment on neointimal hyperplasia and medial thick-
ening using a rat vein-to-artery implantation model.

Methods

Principles of laboratory animal care were followed, and ap-
plicable national laws observed during the study.

Animals

Male Lewis rats (LEW) (RT1') weighing 200 to 330 g (n=27)
were used in the study. Nine Lewis rats were used as donors and
eighteen Lewis rats were used as recipient of iliolumbar vein
grafts. Animals were obtained from Charles River, Germany. All
the rats were maintained according to the National Institute of
Health guidelines. Each transplanted animal was held separately
in a confinement cage during the entire follow-up period,

Operative procedure

The operative procedure was the same as used in our previous
experiment with venous transplantation in rats (19). Briefly, the
donor animals were anesthetized by an intramuscular injection of
ketamine (Narkamon®, Spofa as., Prague, Czech Republic) at
100 mg/kg and xylazine (Rometar®, Spofa a.s., Prague. Czech
Republic) at 10 mg/kg. Two 1-1.5 em long segments of the ilio-
lumbar veins were excised and stored in saline solution at room
temperature until their transplantation. The mean ischemic time
for the vein grafts was 172 minutes, with no statistical differences
between the experimental groups.

The recipient animals were anesthetized with an intramuscu-
lar injection of sufentanil (Sufenta®, Janssen Pharmaceutica Inc.,
Beerse, Belgium) at 20 pg/kg and azaperonc (Stresnil®, Janssen
Pharmaceutica Inc., Beerse, Belgium) at 1 mg/kg. After a midline
laparotomy, the venous grafts were implanted with a running 10-0
mono-filament suture (Ethicon Inc., Sommerville, New Jersey,
USA). into the recipients infrarenal aorta.

Neither anti-coagulants nor anti-platelet drugs were used in
this experiment.

Animal groups

The recipient animals were divided into three groups. Ani-
mals in the treatment groups had daily intramuscular injec-
tions of tacrolimus at 0.2 mg/kg (group B, n=6) and 0.1 mg/kg
(group C, n=6), respectively. The control group A (n=6) had
no treatment.

The rats in presented study were operated as a part of larger
rat venous transplantation study. In this whole experiment only
one syngeneic control group A (no treatment) was operated. The

group B and C results in this work are compared to original con-
trol group A results (19).

Immunosuppressive therapy

The immunosuppressive protocol in presented syngeneic vein-
to-artery model was the same as that in the allogeneic model.
Briefly, treated animals received intramuscularly in saline solution
suspended tacrolimus (Prograt®, Astellas Pharma Inc., Tokyo,
Jzpan) at 0.2 mg/kg/day (group B) and 0.1 mg/kg (group C), re-
spectively, Immunosuppression begun on day | after transplanta-
tion and was administered for the whole 30 day follow-up period.
On day 30, tacrolimus blood levels were evaluated in both groups
using an enzyme enhanced immunoassay technique (Emit® 2000
Tacrolimus assay, Dade Behring Inc., Deerfield, lllinois, USA)
Vznous grafts were removed after a midline re-laparotomy and
processed for histology and immunohistochemistry. The animals
were euthanized by intracaval administration of a lethal dose of
thiopental (Thiopental®, Spofa, a.s., Prague, Czech Republic).

Histology and i shistochemistry

Histologic and immunohistochemical analyses were performed
according to the methods described previously in our allogeneic
vein-to-artery transplantation model (19). Briefly, after harvest
were the venous grafts embedded in Sakura Finetek Tissue Tek©
Cryomold holders (Sakura Finetek, Tokyo, Japan) and Sakura
Finetek Tissue Tek® O.C.T. compound (Sakura Finetek, Tokyo,
Japan). The samples were then subsequently frozen in 2-meth-
y'butane (Fluka Chemika, Buchs, Switzerland) cooled by liquid
n:trogen and stored till processed at —80 °C.

Histologic analysis

Digital image analysis was used to quantify the intimal hy-
perplasia as described previously (19). Briefly, frozen cross sec-
tions (5 um) from the midportion of the graft were stained with a
Hematoxylin & Eosin and a Van Gieson with elastica stain. Each
section was photographed with an Olympus Cammedia C-35050
digital camera (Olympus, Hamburg, Germany) and analyzed with
Clympus DP-Soft software version 3.2, Measurements for intimal
(from the endothelial surface to the inner border of the tunica me-
dia) and medial thickness (from the inner to the outer border of the
tunica media) were made in blinded fashion in up to 10 locations in
each section. The mean value and standard deviation (mean£SD)
were calculated for cach vein and each animal group,

Immunohistochemical analysis
Detection of CD4+ cells,CD8+ cells, and Von Willebrand factor
Immunohistochemistry was performed on 8 pm thick sections
with a two-step indirect method as described previously (19).
Bricfly, after 10 min fixation in cold acetone and rinsing in 0.2 %
Triton X 100 and phosphate-buffered saline, the sections were
incubated with a primary antibody (anti-CD4 (W3/25, Cymbus
Biotechnology LTD, Hampshire, UK), anti-CD8 (OX-8, Cymbus
Biotechnology LTD, Hampshire, UK), anti-Von Willebrand fac-
tor (Dako Denmark A/S, Glostrup, Denmark) for 60 min. Afier
blocking of endogenous peroxidase activity by 30 min incubation
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Fig. 1. Representative light microscopic features of vein treated with
tacrolimus at higher dose (group B) obtained 30 days after implan-
tation to the infrarenal abdominal aorta. Immunostaining with anti-
Von Willebrand factor antibody. Positive endothelial cells are stained
brown (black marks).

| — tunica intima, M — tunica media, A — tunica adventitia.

in 0.3 % H,0, and 70 % methanol, the sections were incubated
with a secondary antibody (Histofine® Simple Stain Rat MAX
PO, Nichirei, Japan) for 30 min and then incubated with Dako
Liquid DAB+ Substrate-Chromogen System (Dako Denmark A/S,
Glostrup, Denmark) for 5 minutes. Finally, the specimens were
counterstained and dipped in Entellan®© (Merck KGaA, Darmstadt,
Germany) and scored in a blinded fashion. Cells were counted at
5 locations at x1000 magnification and the cellularity was defined
as the mean valuc of the cells counted.

Detection of Lewis MHC class 11 positive cells

Immunohistochemistry was performed on 8 pm thick sec-
tions with a three-step indirect method as described previously
(19). Bricfly, after 10 min fixation in cold acetone and rinsing in

0.2 % Triton X 100 and phosphate-buffered saline, endogenous
biotin was blocked with the Biotin blocking system (Dako Den-
mark A/S, Glostrup, Denmark). After incubation in 10% horse
serum (prevention of unspecific binding), a primary anti-RT1.B*
antibody (MRC-OX3. Cedarlane Laboratories Ltd.. Burlington,
Ontario, Canada)was applied for 60 min. Endogenous peroxidase
was blocked in 0.3 % H,0, and 70 % methanol (30 minutes). The
specimen was then incubated with a sccondary biotinylated horse
anti-mouse antibody (Vector Lab, Burlingame, California, USA),
followed by incubation with R.T.U. Vectastain Elite ABC Reagent
(Vector Lab, Burlingame, California. USA). followed by 5 min
incubation with Dako Liquid DAB+ Substrate-Chromogen System
(Dako Denmark A/S, Glostrup, Denmark). Finally, the specimens
were counterstained and dipped in Entellan®©.

Statistical analysis

Comparisons of intimal and medial thicknesses and numbers
of lymphocytes and Lewis MHC class Il positive cells between
the experimental groups were performed with analysis of variance
(ANOVA), followed by the Tukey HSD Multiple Comparisons test.
P values less than .05 were considered significant. The values in the
text and tables are expressed as the mean=standard deviation (SD).

Results

Immunosuppression

The mean blood level of tacrolimus, measured on day 30
after venous arterialisation, was 6.10£0.90 ng/mL in group B,
and 3.50£0.59 ng/mL in group C, respectively. The difference
between both immunosuppressed groups was statistically signifi-
cant (p<0.001).

Grafl patency
No venous graft thromboses or occlusions were observed in
any of the animals on day 30 after arterialisation.

Fig. 2. Representative light microscopic features of non-treated veins (group A) and veins treated with tacrolimus at higher dose (group B)
obtained 30 days after implantation to the infrarenal abdominal aorta. Both slides arc stained with a Van Gieson with elastica stain. The pro-
cess of arterialization in both groups was represeated by intimal hyperplasia and formation of smooth muscle cells layers in the tunica media.
Intimal proliferation (marked by black arrows) was inhibited by tacrolimus in all treated animals.

I - tunica intima, M — tunica media, A — tunica adventitia,
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Fig, 3. The intimal thickness of veins treated with tacrolimus was sig-
nificantly lower (< .01) compared to the non-treated veins 30 days
after thetr arterialisation, NO IS — no immunasuppression groop A.

Tunica intima

In all animal groups, 30 days afier arerialisation, the lumi-
nal surface of the venous prafts was covered by a monelayer
of endothelial cells {Fig. 1), Hyperplasia of the subendothelial
neointima developed in all veins during that time period {Fig. 2).
In arterialised veins with no treatment (group A} was the mean
intimal thickness 12.7+7.0 pm. In veins treated with tacrolimus
we ohserved statistically significant reduction of intimal hyper-
plasia when compared to untreated veins in group A {p<0.01},
Moreover, intimal thickness in veins with higher dose of 1a-
crolimus {5.0+£1.0 pm) was statistically lower (p<0.05) when
compared to veins with lower dose of tacrolimus (7.0+3.0 pm)
(Tab. 1, Fig. 3

Tunica media

In all venous grafts led the process of adaptation to arterial
pressure 1o the formation of multiple smooth muscle cell layers 30
days after arerialisation. Medial thickness in animals treated with
higher [group B} as well as lower {group C} dose of tacrolimus
(95.9£33.3 pm and 102.3£31.0 pm, respectively} did nol statisti-
cally dilTer from medial thickness in animals with no treatment
(103.2424.6 pm) {Tab. 1).

Tunica adventitia

The degree of adventitial infiltration by CD4+, CDE+ and
Lewis MHC class 11 cells did not differ between non-trealed and
immunosuppressed arterialised veins (Tab. 1)

Discussion

The present study examined the effect of intramuscular appli-
cation of tacrolimus on the development of neointimal hyperpla-
sig and medial thickening in arterialised vein grafis. Tacrolimus
was chosen as it represent a promising compound Tor the use in
drug-cluting stents as well as it was successfully used to inhibit
acute rejection in our previous arterial and venous transplantation
todels (18, 19).

In this experiment we demonstrated an inhibitory effect of ta-
crolimus on the development of intimal hyperplasia in veins one
month after their implantation to arterial system. This inhibitory
effect was dose dependent and was present even when tacralimus
mean blood levels were about 3 ng/mlL.

Inhibition of intimal hyperplasia by tacrolimus was recently
ohserved in porcine coronary model. Hamada et al observed 4
weeks after implamation of tacrolimus-eluting stenis a significantly
lower nesintimal formation when compared to bare-metal stents
(13). Densitometric analysis of Western blotting of isolated protein
from porcine coronary arferies 4 weeks after stenting demonsirated
that the expression of calcineurin, nuclear factor of activated T cell
and interleukin-2 was significantly lower.

Our previous experiment confirmed positive eflect of tacroli-
mus, at same blood level used in this study, on developinent of the
intimal proliferation 30 days following arterialisation of venous al-
tografts (19}, The degree of intimal proliferation, a specific feature
of vein arterialisation, did not differ between syngeneic venous
grafis and allogencic venous grafis treated by tacrolimus. Conlrary,
there were only minimal signs of intimal by perplasia in non-treated
allogeneic veins as a result of venous wall destruction by host im-
mune system. Moreover, in arterial allografis, tacrolimus at same
dosage was sufficient to inhibit the overexpression of ncointimal
proliferation. a specific feature of arterial wall rejection (18).

In this study, all treated vein prafis were covered by mono-
layer of endothelial cells & weeks after arterialisation. We haven't
observed any delayed re-endothelialisation when compared 1o the
non-trealed animals. This is in accordance with a work of Steffel
et gl (201} who have clearly demonstrated that tacrolimus neither
uffects tissue factor expression in human aortic endothelial cells
nor inhibits endothelial cell proliferation.

All the veins in the present study developed proliferation of
vascular smooth muscle cells in medial laver: This proliferation
contributed to an increase in vascular wall thickness and mass. the

Tah. 1. The parameters of eats iliolumbar venous grafts 39 days after their implantation to the abdominal aorta.

) q Totima* Media®* Adventitia**
' [
Growp Thickness Endotheliat layer Thickness MIHC class I+ cells . CDB+cells - CD4+ celis
A 2] 0] 12.74£7.0 + 103.2+24.6 [6675 (81,7 12577
B FR306 Skl 0 + 0504333 14557 0,9+13 TS G
0.2 mgkeg
C FKS06 FRICSERIE + 1023310 13164 0,7£11 f5+13
0.1 meke

| The intimal flickmesses in veins treated wilh tzerolimus (growp B, group O) were statistically lower (pes0 01 ) wlen compared 1o the ﬂﬂl'l'tl"-'{-?ll’ﬂd w_-in.s (group AL " The
intistsal dhickness in veins treated with tacrolimus 1 bigher dose (group By was sitisticnlly bower (p20.05) when compared to veins treated "'_'""h m""_]'!““s ot lawer dose
{proup C1, * Tlee intimal and medial thicknesses are expressed inum, ** Mumbers of MHC class 11, CD8 and CO4 positive cefls in one eyepizce ot onjzindd magnifeation

% 1000 15 — immunosippres,
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other typical feature of venous arterialisation (21). Previous cell
cultures experiments have demonstrated the anti-proliferative ef-
fect of tperolimus on vascular smooth muscle cells and the calei-
neurinmuelear factor of activated T cell signaling pathway in vitro
(13, 17). Despite observed tendency of medial layer thinning in
higher-dosage tacrolimus groug, this thinning was not of statisti-
cal significance when compared to non-treated veins.

There were no differences in CDd+, CDE+ and MHC class
Il positive cells adventitial layer infiltration between treated and
non-treated arterialised vein grafis in our study, Schachner ot al
{15y have influenced the formation of intimal hyperplasia by local
application of sirolimus (rapamycin) in vein-to-artery implantation
maodel in mouse. They observed association between reduction of
vein graft disease and decreased amount of infiltration of adventi-
tial layer by CDE + cells, We haven't observed any difference in
CDE + infiltration between wreated and non-treated animals. This
could be explainad by the fact that sirolimus was uwsed locally in
pluronic gel applied in the perivascular spaces of grafted veins
and that sirolimus can contribute to massive T-cell apoptosis {22},

In conclusion, the present study confirmed inhibitory effect of
tacrolimus on formation of intimal hyperplasia in the vein-to-artery
implantation model. This is in accordance with recent experimental
findings that newly developed tacrolimus-eluting stents inhibited
necintimal hyperplasia and restenosis after stenting, Thus, tacro-
limus may represent a potent drug in the therapeutic approaches
to inhibit accelerated intimal hyperplasia in cardiovascular sur-
gery in caze that local, efficacious drug delivery mechanism will
be developed,
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KEYWORDS Abstract Objectivesand Design: We investigated whether immunosuppress bon was necessary
FES506; for transplanted allogeneic veins to adapt to arterialisation. We used a transplant rat model
Rats; with or without immunosuppression.

Transplantation; Material and Methods: |lolumbar veins from Lewis (LEW) or Brown—HNorway (BN) rats were
Venous allografts transplanted into the abdominal aorta of isogeneic (LEW to LEW; group A) or allogeneic (BN

to LEW:; groups B and C) rats. Group C had daily intramuscular injections of 0.2 mgkg?
FKS06. Light microscope evaluations of grafts were performed at 30 days following transplan-
tation. We determined the presence of endothelial cells, the intersity of intimal proliferation
and the degree of infiltration by Lewis major histocompatibility complex (MHC) class |l posi-
tive, CD4-positive and CDB-positive cells into the adventitia.

Resilts: Groups A and C displayed similar results in intimal thickness (12.7 £7.0 pm
ve. 15.0= 8.4 pm, respectively) and degree of adventitial infiltration by MHC class || posi-
tive (16.6=7.5 vs. 14.6 = 6.2, respectively), CDB-positive (0.8 =1.7 vs. 1.8+2.6, respec-
tively) and CD4-positive (12.5 £7.7 vs. 5.8 = 4.6, respectively) cells. In contrast,
allogeneic rats without immunosuppression (group B) showed infiltration of host immuno-
competent cells and destruction of the venous wall with no histological signs aof
arterialisation.

Conclusion: Immunsuppressive therapy 15 necessary for venous allograft adaptation to ar-
terialisation in rats.
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reserved.
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Vascular peripheral reconstructive surgery involves the
interposition of an autologous vein into the arterial circu-
latory tree. This results in an adaptation of the venous wall
to the new biomechanical conditions.' Vein remodelling is
a complex biological process that reguires alterations in
cell proliferation, cell death, cell migration and degrada-
tion andfor production of extracellular matrix compo-
nents.? These adaptive interactions amonegst vascular cells,
their substrates and the local environment lead to the
typical anatomical changes associated with venous arteri-
alisation: intimal hyperplasia, circumferential medial
thickening with well-oreanised concentric layers of smooth
muscle cells and adventitial neovascularisation. '

In specific indications, allogeneic weins are used for
peripheral vascular recenstruction in humans.®” Immune-
logical studies hawve shown that venous allografts that had
been cold-stored or cryopreserved were antigenic and eli-
cited an immune response in the recipient.® Allovenous
wall rejection could play an important role in the low
patency rates of venous allegrafts. Currently, low patency is
the primary limitaticn of venous allografts for clinical use.™?

Different types of immunosuppressive drugs have been
examined a possible adjuncts for reducing antigenicity and
improving the patency rates of venous allografts, but these
studies have shown different results in animals and
humans.* ™ Currently, immunosuppressive  therapy
following allovenous reconstruction is senerally not
accepted in clinical practice.

FKS06 (tacrolimus) is a modem immunesuppressive drug
that belones to the group of calcineurin inhibitors. One of
its most important immunosuppressant effects is the inhi-
bition of interleukin-2 {IL-2)-dependent T-cell activation. ™
FK506 is routinely used clinically, in combination with other
types of immunosuppressive drugs, to inhibit immune
responses following renal and liver transplantations.'® In
previous studies, we confirmed the positive effect of FKS06
administration on arterial transplantation. FK506 inhibited
wall destruction in the abdominal acrta caused by acute
rejection, assessed 30 days following transplantation into
the rat arteral system. '

This study aimed toinvestigate the process of allovenous
arterialisation under conditions of FK306 immunosuppres-
sion. Because medial smooth muscle cell proliferation is
a dominant feature of the venous arterialisation process,
we hypothesised that immunosuppressicn would, to some
degree, preserve smooth muscle cell content in allografted
veins, and that smooth muscle cell preservation would be
necessary for successful allovenous arterialisation.

Material and Methods

Principles of laboratory animal care were followed, and
applicable national laws observed during the study. Ethical
approval by local ethical committee was cbtained for this

study.
Animals
Male Lewis rats (LEW) (RT1"} in the weight range of 200—

340 g (N = 26) were used as recipients of allogeneic or
syngeneic iliolumbar vein grafts and male Brown—Horway

rats (BM) (RT17) in the weight range of 220—300g (N = 9)
were used as donors for the allogeneic group, and LEW
{RT1'} in the weight range of 280—300 g (N = 5) were used
as donors for the syngeneic group. Animals were obtained
from Charles River, Germany. All the rats were maintained
according to the Maticnal Institute of Health suidelines.
Each transplanted animal was housed in a separate cape
during the entire 30-day follow-up pericd.

Operative procedures

The donor animals were anaesthetised with an intramus-
cular injection of ketamine (Markamon®, Spofa a.s., Pra-
gue, Czech Republic) at a dose of 100me ke~ and xylazine
{Rometar®, Spofa a.s., Prague, Czech Republic) at
10meke . Two 1—1.5-cm long seements of the iliclumbar
veins were excised and these excised veins were stored in
saline solution at room temperature until transplantation.
The mean ischaemic time for iliolumbar venous grafts
during the entire experiment was 201 & 103 min, with no
significant statistical differences amongst the expe rimental
groups (Table 1).

Animals that were used as recipients of venous grafts
with planned follow-up were given less invasive anaesthesia
to ensure more natural awakening. The recipients were
anaesthetised with an intramuscular injection of sufentanil
(Sufenta®, Janssen Pharmaceutica Inc., Beerse, Belgium) at
20 pgke ' and azaperone (Stresnil®, Janssen Pharmaceutica
Inc., Beerse, Belgium) at 1 me ke~ '. Following a midline
laparotomy into the recipients infrarenal aorta, the venous
grafts were transplanted with a running 10/0 mono-filament
suture (Echicon Inc., Sommerville, NJ, USA).

Meither anticcagulants nor anti-platelet drugs were
administrated during the harvest, operative time or in the
postoperative pericd.

Animal groups

The recipient animals were divided into three groups.
Groups A and B comprised rats that received isogeneic (LEW
to LEW) and allogeneic (BN to LEW) venous trans-
plantations, respectively. Meither group was given immu-
nosuppressicn. Group C comprised rats that received
allogeneic venous transplantations (BN to LEW) and were
given immunosuppression (Table 1).

Immunosuppressive therapy

FKS06 (Proeraf™, Astellas Pharma Inc., Tokyo, Japan) was
the immunosuppressive drug given to the recipient animals
in group C. FK506 was suspended in normal saline solution
and administered intramuscularly in daily doses of
0.2mgkg ", On day 30, following transplantation, blood
levels of FK506 were evaluated with an enzyme-enhanced
immunoassay technigue (Emit® 2000 Tacrolimus assay,
Dade Behring Inc., Deerfield, IL, USA). The blood was drawn
from infrarenal vena cava punctured prior to euthanasia.
On day 30, anaesthetised, heparinised animals in all
experimental groups received a midline re-laparotomy to
remove the venous grafts. The animals were then euthan-
ised by intracaval administration of a lethal dose of
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Table 1 Basic characteristics of each experimental group and aperative procedures.
Group Characteristic  Immunosuppression Mo of  Death CIT® OP time  Aortal  Weight Weight FK506 blood
animals {min} {rmin clamp day 0 day 30 level day

imin) (g (g) 30 ing/mL)

A LEW to LEW o 8 2 H5=138 13019 798 NI H 29517 no

B BN to LEW o 10 1 19985 115=13 66 =10 3718 36625 no

c BN to LEW FES06 B 1 190=85 100=14 75=9 275220 305+ 16 557 0.9

LEW, male Lewis rats; BN, male Brown—HNorway rts; CIT, mld ischaemic tme; OF tme, duration of aperation.
* The mean cold &chaemic time (CIT) of iliolumbar venous grafts was with no statistical difference between all the experimental

goups (Group A vs. Group B p = 0.46, Group A vs. Group C p = 0.59, Group B vs. Group C p = 0.42).

thiopental (Thicpental®, Spofa a.s., Prague, Czech
Republic ). The removed graf ts were processed for histology
and immunohistochemistry.

Histology and immunohistochemistry

Histological and immunchistochemical analyses of venous
grafts were performed according to methods described
previously for our arteral transplantation model.'® Briefly,
the venous grafts were embedded in Sakura Finetek Tissue
Tek™ Cryomeld holders (Sakura Finetek, Tokyo, Japan) and
Sakura Finetek Tissue Tek™ O0.C.T. compound (Sakura
Finetek, Tokyo, Japan). The samples were subsequently
frozen in 2-methylbutane (Fluka Chemika, Buchs,
Switzerland) cocled by liguid nitrogen and then stored at
—80 “C.

Histological analysis

The samples obtained were cut into S-pm sections and
stained with Haematoxylin—Ecsin and a Van Gieson with
elastica stain. The sections were taken from the mid-
porticn of the graft to avoid tissue that may have reactedto
the suture material. Each section was photographed with
an Olympus Cammedia C-5050 digital camera (Olympus,
Hamburg, Germany) mounted on an Olympus BX51 micro-
scope at a magnification of «400. The images were digitally
captured in TIFF format with no compression and analysed
with Olympus DP-Soft software Version 3.2. Intimal thick-
ness was measured from the endothelial surface to the
inner border of the tunica media. Measurements were
made in up to 10 locations in each section. The mean value
and standard deviation (mean +50) were calculated for
each vein and each animal group.

Immunchistochemical analysis

Information on the antibodies used for all immunchisto-
chemical analyses is shown in Table 2.

Detection of CO4 + cells, CD8+ cells and Von Willebrand
factor

Immunchistochemistry was performed on  B-pm-thick
sections with a two-step indirect method. Briefly, the
sections were fixed in cold acetone for 10 min. After rinsing
in 0.2% Triton X100 and phosphate-buffered saline, the
specimens were incubated with a primary antibody for
60 min. Endogenous peroxidase was blocked by incubating
in 0.3% hydrogen peroxide (H;0:) and % methanol for
30 min. Mext, the sections were incubated with a secondary
antibody (Histofine™ Simple Stain Rat MAX PO, Michirei,
Japan) for 30 min, then incubated with Dako Liguid DAB+
Substrate-Chromogen System  (Dake Denmark AJSS,
Glostrup, Denmark) for Smin. The specimens were coun-
terstained and dipped in Entellan®™ (Merck KGah, Darm-
stadt, Germany).

The slides were then scored in a blinded fashion. Cells
were counted at five locations at = 1000 magnification. The
cellularity was defined as the mean value of the cells
counted.

Detection of Lewis MHC class |l positive cells
Immunchistochemistry was performed on  B-pm-thick
sections with a three-step indirect method. Briefly, the
sections were fixed for 10 min in cold acetone. After
sections were rinsed in 0.2% Triton X100 and phosphate-
buffered saline, endogencus biotin was blocked with the
biotin-blocking system (Dako Denmark AJSS, Glostrup,
Denmark). The tissues were then incubated in 10% horse
serum to prevent non-specific binding, and then a primary
antibody was applied for 60 min. Then, endogencus
peroxidase was blocked in 0.3% H:0; and 708 methanol for
30 min. The specimen was incubated with a secondary
biotinylated horse anti-mouse antibody (Vector Lab, Bur-
lingame, CA, USA), followed by an incubation with R.T.U.
Vectastain Elite ABC Reagent (Vector Lab, Burlingame, CA,
USA). Finally, specimens were incubated for 5 min with
Dako Liquid DAB+ Substrate-Chromogen System (Dako
Denmark ASS, Glostrup, Denmark), counterstained and
dipped in Entellan (Merck KGaA, Darmstadt, Germany).

Table 2  The list of monoclonal and polyclonal antibodies used for immunohistochemical staining of iliolumbar venous grafts.
Specificity Origin Company Dilution Clone Detection
Von Willebrand factor Rabbit Dak ol ytomation 5000x Histofine

Ch4 = cells Mouse Cymbus Biotechnology LTD B00x W3./25 Histofine

CDE+ cells Mouse Cymbus Biotechnology LTD 500x Ox-8 Histofine

RT1.84* Mouse Cedar Lane 505 MRC-0X3 Vector

* Major histocompatibility complex class || positive cells of host origin.
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Statistical analysis

The values in the text and figures are expressed as the
mean + standard deviation (SD). Comparisons of intimal
thicknesses and numbers of lymphocytes and Lewis MHC
class Il positive cells between the experimental groups
were performed with the analysis of variance (ANOVA)
method, followed by the Tukey HSD Multiple Comparisons
test. The p values < 0.05 were considered significant.

Results
Animals

A total of 30 LEWs were intended for transplantations, but
only 26 survived the procedure. Four animals died during
the experiment. Three died due to perioperative bleeding
(two from group A and cone from group B) and one animal
was overdosed with anaesthetics (group C). The increase in
fatal bleeding in the group A, compared to the other
groups, was due to technical failures, which arose initially
(and this group was operated at the start of the
experiment).

An increase from preoperative weight was observed in
all groups at 30 days. The percentage weight increase was
significantly higher (p< 0.01) in the syngeneic group A
compared to both allogeneic groups. This was probably due

Cc1

Figure 1

to the lower weight of animals in syngeneic group A on day
0 when compared to both allogeneic groups (Table 1).

Immunosuppression

The mean blood level of FK506, measured on day 30 after
transplantation, in group C was 5.57 +0.96ngml™'. Diar-
rhoea was an adverse effect of FK506 administration, and it
was observed in five out of seven animals in the immuno-
suppressed group C.

Graft patency

No venous graft thromboses or occlusions were observed in
any of the animals on day 30 following transplantation.

Tunica intima

In all groups, at 30 days following transplantation, the
luminal surface of the venous allograft was covered by
a monolayer of endothelial cells. In immunosuppressed
iliolumbar vein allografts, hyperplasia of the subendothelial
neointima developed during that period. The neointima
was formed primarily from elastic tissue (Fig. 1). The same
feature was observed in syngeneic arterialised venous
grafts of group A. The intima thicknesses did not differ
between these two experimental groups (Table 3).

Representative light microscopic histological features of immunosuppressed (group C) and non-immunasuppressed

(group B) rat venous allografts obtained at 30 days following transplantation into the infrarenal abdominal aorta. The process of
arterialisation in allogeneic immunosuppressed venous grafts was represented by: (C1) (Van Gleson with elastica) intimal hyper-
plasia and formation of elastic tissue laminae in the neointima (layer of smooth muscle cells in the tunica media is marked with
black arrows); (C2) (Von Willebrand factor positive cells) endothelialisation of the luminal surface (black arrows show positive
monolayer of endothelial cells) and (C3) (Lewis MHC class |l positive cells) low adventitial infiltration of immunocompetent cells
(adventitial layer is marked with black arrows). In allogeneic non-immunosuppressed venous grafts, massive infiltration of the host
immunocompetent cells led to tissue rejection. (B1, B3) (Van Gieson with elastica, Lewis MHC class |l positive cells) the dis-
organisation of the allovenous wall structure is evident with no signs of arterialisation (venous wall is marked by black arrows) and
(B2) (Von Willebrand factor positive cells) the luminal surface of disorganised venous allografts was covered by endothelial cells
(black arrows show the monolayer of endothelial cells). Magnification = x100.
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Table 3 Assessments of rat iliolumbar venous erafts 30 days after transplantation into the abdominal aorta. |15 -

immunosUppression.
Group Characteristic 15 Intima® Media Adventitia®
Thickness Endothelial  Multiple smooth  LEW MHC CDE =+ cells CD4= cells
Layer muscle layers class ||+ cells”
A LEW to LEW no 12.7 7.0 - 16.6 = 7.5 0.8=1.7 12.5+7.7
B BN to LEW no 22207 + 99,9 + 34,97 M4 £14.0° £2.7+20.0°
C BN to LEW FKS06 15.0=E.4 + 14.6 6.2 1826 5.B=46°

* Intimal thicknesses of non-immunosuppressed venous allografts (group B) were statitically lower (P < 0.01) than that observed in

both the other groups (A and C).

® The total amounts of Lewis MHC class I| positive, CDB-positive, and CD4-positive cells in group B were significantly higher (P < 0.001)

than those observed in both the other groups (A and C).

 The total amount of CD4-positive cells in immunosuppressed allbgeneic weins jgroup C) was significantly lower (P = 0.01) than that

found in the isogeneic group A.
4 Intimal thicknesses are expressed in pm.

® Mumbers of Lewis MHC class Il, CDE-positive, and CD4-positive cells in one microscopic field viewed at a magnification of =1000.
! Major histocompatibility complex class |l positive cells of host origin.

The absence of immunosuppression in allogeneic ilio-
lumbar wein grafts (group B) resulted in the destruction of
the intima and discreanisation of the whole venous wall
structure. Minimal or no signs were ocbserved of elastic
tissue formaticn in this layer when compared Lo syn2ensic
or immunosuppressed venous grafts (Fig. 1). However, this
elastic tissue formation was not guantified. The intimal
thickness was statistically lower in wenous allografts
without immunosuppression than in venous allografts with
immunosuppression (p < 0.01) (Fig. 2).

Tunica media

In immunosuppressed venous alloerafts, the process of
adaptation to arterial pressure led to the formation of
multiple smooth muscle layers at 30 days following trans-
plantation. Minimal or no infiltration of host MHC class I,
CD4-positive and CD8-positive cells was observed in the
medial layer of immunosuppressed venous allografts. These

intimal proliferation 30 days after transplantation

50
T Min=Max
ol [ 26%-T5%
W Modan vaue
4':"
E 3
=)
'1’[:"
[=]
10 L l
o
Group A Group B Geoup T
Figure 2 Intimal proliferation at 30 days following trans-

plantation did not differ between syngeneic venows grafts
{group A) and allogenelc immunosuppressed venous grafts
{group C). The intimal thickness in allogeneic non-immuna-
suppressed venous grafts (group B) was significantly lower
{P = 0.01) compared to bath groups A and C.

histological signs of venous arterialisation were identical to
those observed in syngeneic venous grafts (Fig. 1).

In contrast, no typical concentric smooth muscle layers
were obse rved in non-immunosuppressed allogeneic venous
grafts at 30 days following transplantation. Furthermore,
the medial layer was infiltrated with all types of host
immunccompetent cells in these allografts (Fig. 1).

Tunica adventitia

In immunosuppressed venous allografts on day 30 the
adventitial layer was characterised by the infiltration by
mononuclear cells (Fig. 1). Moreover, adventitial infiltra-
ticn of CD44 cells was significantly lower in immunosup-
pressed allogeneic animals (p < 0.01) compared to that
observed in isopeneic grafts. However, the degree of
adventitial infiltration by CDB4+ and Lewis MHC class
Il + cells was comparable in immunosuppressed allogeneic
and syneeneic arterialised veins (Table 3).

In  non-immunosuppressed wenous  allografts, tissue
rejection led to massive wall infiltration by immunocom-
petent cells (Fig. 1). The total amounts of CO44, CDE+ and
host MHC class || positive cells that infiltrated the adven-
titial layer in the absence of immunosuppression were
significantly higher (p- 0.001) than those observed in
immunosup pressed allogeneic veins (Table 3).

Discussion

The present study examined the morphological chanses of
venous allegrafts implanted into the arterial system of rats.
The results revealed that immunosuppression was neces-
sary for the development of venous wall adaptation to
arterial pressure within 30 days of transplantation. The
suppression of the recipient immune response in the early
post-transplantation phase led to the preservation of
venous smooth muscle cells in transplanted weins. The
presence and subsequent proliferation of these smooth
muscle cells contributed to an increase in vascular wall
thickness and mass, the typical features of venous arteri-
alisation observed in syngeneic conditions.’
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In the absence of immunosuppressicn, allogeneic
venous grafts were unable to develop the typical signs of
venous wall arterialisation. Allogeneic smooth muscle
cells were destroyed by massive infiltration of immuno-
competent cells and were not able to proliferate or adapt
to the new biomechanical conditions in the arterial
system.

There are two principal animal models described in the
literature for studying the process of arterialisation in vivo.
The first cne, which was also used in this study, senerates
negintimal hyperplastic lesions and is performed by the
dissection, removal and storage of wessels prior to inter-
position into the arterial circulatory system.*'® The second
one, first described by Kwei et al.,' connects the animal’s
external jugular vein to the carctid arterial circulation in
situ (arteric-venous connection). Thus, the arterialised
venous segment is never exteriorised from the body of the
animal. The main difference between these models is
the status of endothelial and smooth muscle cells at the
beginning of the remodelling process.' In the ‘in situ
model’, at 7 days post-surgery, the intact endothelial layer
promoted the proliferation of smooth muscle cells, the
formation of smooth muscle cell layers and caused minimal
apoptosis in the vascular wall;' however, the “ex situ
model’, at 7 days, showed significant cell loss and vessel
degeneration. This resulted secondary to increased tensile
stress following exposure to arterial blood pressure, vessel-
wall ischaemia and free-radical oxidative injury associated
with reperfusion.™" In the ex sitv model, venous wall cell
death occurred early, following implantation, both by
necrosis and apoptosis. This was soon replaced by cellular
proliferaticn in the adventitia and the tunica media. This
resulted in increased microvessel density and smooth
muscle cell regene ration during the first week.” Neointimal
formation took place thereafter.®

Because ischaemic—reperfusicn injury is inevitable in
venous transplantation, all the venous grafts in our exper-
iment were damaged at implantation. We assumed there
were no differences in damage between the groups,
because all groups had similar cold ischaemic times.
However, smooth muscle cell regeneration and prolifera-
tion, followed by neocintimal hyperplasia, were only
possible in allogeneic venous grafts with immunosupp res-
sion. Without immunosuppression, allogeneic venous grafts
exhibited massive infiltration by immunocompetent cells
and destruction of the venous wall.

In this study, we used FK506 for immunosuppression,
which is more potent than cyclosporine AJ'® In other
studies, a combination of cyclosporine A and mycopheno-
late mofetil was used in dogs following allogeneic venous
transplantation."” They found a 100% patency rate at 20
weeks after implantation and immune reactions were
markedly reduced. However, given alone, neither cyclo-
sporine A at a 10me kg ' per day nor mycophenolate
mofetil at 20me kg ' per day improved the overall patency
of venous allografts. In the work of Mingoli et al.,"” cyclo-
sporine A at 20 meke ' day reduced aneurysmal dilatation
and immunoclogical responses at 30 days following alloge-
neic venous ftransplantations in does. Howewver, dis-
continuing cyclosporine A immunosuppression led to the
occlusion of cold-stored'” as well as cryopreserved'™ venous
allografts within 30 days.

Other studies have reported on the therapeutic poten-
tial of immunosuppression for the treatment of vein graft
disease in syngeneic vein-to-artery implantations. Schach-
ner et al." demonstrated reduced intimal thickness and
decreased inflammatory cell infiltration following peri-
vascular application of rapamycin in a mouse model. This
reduction of wein graft disease was associated with
a decreased amount of CDB+ cell infiltration. In our model,
we found no differences in the adventitial CD8+ cellular
infiltraticn between syngeneic egrafts and allogeneic
immunosuppressed grafts. Moreover, the extent of intimal
proliferation in immunosuppressed allografts was compa-
rable to that observed in syngeneic grafis.

Immunosuppressive therapy following allovenous recon-
structions is not generally accepted in clinical practice,
despite experimental' and clinical’ evidence of the
potential benefits. We believe that inhibiticn of rejecticn
and reduced destruction of the allogeneic venous wall with
low systemic immunosuppression could improve the low
patency rate of allogeneic transplantation. In our clinical
practice, we have given this drug to patients with allove-
nous o alloarterial grafts at a mean daily dosage of 2 me,
which resulted in mean blood levels of Sngml—'. We found
ne or minimal adverse effects associated with this immu-
nosuppressive regimen in a small, but high-risk, group of
vascular patients.® However, a controlled prospective
clinical study is needed to investigate the impact of this
immunosuppressive regimen on the patency rates of allo-
venous grafts.

In conclusion, the present study considered the positive
effect of FK506 immunosuppression on the wall-remodel-
ling process of venous allografts following implantation into
the arterial system in rats. We suggest that the principal
effects of FK506 under these conditions were the suppres-
sion of CDB+ infiltration in the venous adventitial layer and
the prevention of vascular smooth muscle cell depletion.
The use of FKS506 in clinical vencus allotransplantation
could be potenticnally beneficial for increasing of the
allovenous bypasses patency rates by the inhibition of
venous wall destruction by the host’s immune system.
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Summary. Backgrouwnd: We investigated whether a mi-
nimal dose of FE506 issufficient to inhibit the rejection of
venous allografts and facilitate allograft adaptation to
arterialisation in rats.

Methods: lliolumbar veins from Brown Norway (BN)
rats were transplanted into the abdominal aorta of Lewis
(LEW) rats. Recipient animals received daily intramuscu-
lar injections of 0.1mg kg':' FES06. Light microsoope
evaluations of grafts were performed 30 days after trans-
plantation. We investigated the presence of endothelial
cells, the intensity of intimal proliferation, the deposition
of immunoglobulin G molecules into the medial layer and
the degree of adventitial infiltration by Lewis MHC class
I-positive, CO4-positive and COE-positive cells. All re-
sults were compared to previously reported data for
syngeneic, allogeneic non-immunosuppressed and allo-
geneic FES06-low-dose immunosuppressed animals.

Results All alloveins under minimal FK506 immu-
nosup pression showed typical histological signs of arter-
ialisation 30 days after transplantation. Intimal thickness
(15.1=6.1pm) and the degree of adventitial infiltration by
MHC  class  [-positive (16.96=10.46), CDE-positive
[263£2.6) and CIM-positive (7.67 £829) cells were not
significantly different when compared o unireated syn-
geneic veins and allogeneic veins treated with a low dose
of FK506, respectively.

Conclusions: Even the minimal dose of FKR0G was
sufficient to inhibit the acute rejection of venous allo-
grafts and facilitate allograft arterialisation 30 days after
transplantation.

Keywords: Allograft, veins, tacrolimus, FKS06, rats.
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Introduction

The autopenous greater saphenous vein is the mate rial of
choice for peripheral vascular reconstruc ion in patients
suffering from severe foms of peripheral arterial coclu-
sive disease. Insome cases, when prosthetic grafts are not
recommended, allogeneic veins are used for limb-salvag-
ing peripheral vascular reconstruction. This coours main-
ly in patients with gangrene and a high risk of infection or
in patients with poor run-off [1]. To lower the high rave of
thrombosis, which is enhanced by rejection, immuno-
suppressive treatment has been administered to patients
with venous allografts in some centres |2, 3. Cyclosporine
A, a calcineurin inhibitor, is most frequenty used for
immuncsuppression [2, 4, 5], Inoour previows experimen-
tal work, we confirmed that immunosuppressive the rapy
is required for venous allograft adaptation to arterialisa-
tion in rats. In that study, we used FK506, a calcineurin
inhibitor that is newer and more efficient than cyclospor-
ine A Moreover, we recently published the first clinical
experiments with FE506 in patients subjected to periph-
eral allovenous reconstructon. The majority of these
patients had an FK506 blood level of approxdmately 5
ngml™ [3).

However, patients indicated for vascular recon-
struction with venous allografts often suffer from pathol -
opgies that can be amplified by calcineurin inhibitors, such
a5 cardiovascular diseases [2, 3]. The goal in these situa-
tions is to control the venous allograft rejection with the
minimal efective dose.

In our previous experimental work, we have proven
that FK506 ata daily dose of 0.2 mg kg™ and a mean hlood
level of 5.0ngml™ was sufficient o inhibit the acute
rejection of arterial allografts in rats [6]. The same im-
munosuppression protocol was wsed thereafter in expe-
riments imvolving venows allograft transplantation. In
that study, 3 groups of rats were studied. Group A com-
prised rats that had received ispgeneic venous trans-
plants. Group B amd C comprised rats that had
received allopeneic venous transplants, Animals in Group

FES(6 in minimal dose enahles allovenous anerialisaton
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C were immunosuppressed by a low dose of FKS06 (0.2
mg kg daily). The process of adap tation to arterial pres-
sure led to the development of subendothelial nesintima
hyperplasia and the formation of multiple smooth muscle
layers in tunica media, with little or no infiliraton of the
nica adventitia by host MHC class 11, CD4-positive and
CDE-positive cells in Group A (isogenic) or in Group C
(allogenic immunosuppressed) . However, the absence of
immunosuppression in Group B [aﬂugeni.c Y- 10T -
nosuppressed) resulted in the destructon of the intima
and disorganisation of the venows wall structure with no
histological signs of arterialisation [7].

The main difference in the histological strochre
between venous and artedal grafts lies in the medial
layer. The arterial tnica media & guite thick and is
composed of a uniform populaton of well-differentated
smooth muscle cells. Incontrast, the venous medial layer
is composed only of a few layers of smooth muscle cells.
This low amount of antigenic material in the alovenous
wall could theoretically enable the adminiswation of
FK506 at lower doses than those required for arterial
allografts.

The aim of our experiment was to expand on our
previows work by studying whether the minimal dose of
FES06 is sufficient to sup press acute rejection in venous
allografts and facilitate the artedalisation process. The
rejection-related changes in the allovenous wall upon
ransplantation of Brown Norway iliolumbar veins into
the infrarenal aorta of Lewis rats were studied after a 30-
day follow-up period.

Materials and methods
Animals

Male Lewis rats (LEW) (RT1") weighing 314=15g (N=8)
were used as recipients, and male Brown Nooway rats (BN)
(RT1") weighing 2485 (N =4) were used as donors of
allogeneic ilinlumbar vein grafts. Animals were obtained
from Chades River, Germany. Each transplanted animal
was housed in aseparate cage for the entire 30 -day follow-
up perind. The basic principles of labomtory animal care
were followed, and all applicable national laws were ob-
served during the snudy. Approval from the local ethical
committee was obtained for this study.

Operative procaduras

The operative procedure was the same as that used in our
previous venous allograft arterialisation experiment [7].
Briefly, donor animals were anaesthetised by intramus-
cular injection of ketamine (Narkamon®, SPOFA as.,
Prague, Czech Republic) at 100 mg/kg and xylazne (Ro-
metar™, SPOFAas., Prague, Czech Republic) at 10 mp/kg.
Two segments of the iliolumbar veins (1-1.5 conin length)
were excised and stored in saline solution at room tem-
perature untl transplantation. The mean ischemic time
for the vein grafts was 152+ 76 minutes.

The recipient animals with planned follow-up were
anaesthetised with less invasive anaesthesia (intramuos-
cular injection of 20pg/kg sufentanil and 1mg/kg aza-

PErOe; Htra.'nilm, Janssen Pharmaceutica Inc., Beerse,
Belgium) to ensure a more natural awakening.

The venous allogmfts were implanted into the infra-
renal aorta of the recipient rats after a midline lapa rotomy
using a runnimg 10/0 monofilament suture (Ethicon Inc.,
Somerville, New Jersey, USA).

Meither anti-coagulants nor anti-platelet  drogs

were used in the experiment

Animal groups

Al of the results obtained in this minimal-dose experi-
ment pertain to Group D and have been compared o the
results for Groups A, B and © obwined in a previouws
venous-allograft-arterialisation experiment (7). Briefly,
Group A comprised rats that received isogeneic venouws
tmnsplants (LEW to LEW, N=8), and Group B comprised
rats that received allogeneic venous transplants (BN to
LEW, &= 10). MNeither group received immunosuppres-
sive therapy. Animals in Group C received allogeneic
venous transplants (BN o LEW, N=8) and received
low-dose FEGDE immunosuppressive therapy (0.2 mg-
kg daily).

Immunosuppressive therapy
Animals in the FK506-minimal-dose group (Group D0
received immmuscular injections of FES06 suspended in
saline solution (Prograf®, Astellas Pharma Inc., Tokyo,
Japan) at daily doses of 0.1 mg kg']. Immunos uppression
was initiated on day 1 after transplantation and was
administered for the entire 30-day follow-up period.
On day 30, FK508 blood levels were evaluated using
an enzyme-enhanced immunoassay technigue | Emit
2000 Tacrolimus assay, Dade Behring Inc, Deerfield,
Illinois, USA), and the venous grafts were removed after
a midline re-laparotomy and processed for histology and
immunohistochemistry. The animals were then eutha-
nised by the intracaval administration of a lethal dose of
thiopental (Thiopental™, SPOFA as., Prague, Czech Rep).

Hisfology and immunahisfochamisiny

Histologic and immunohistochemical analyses of venous
allografts in Group D were performed acconding to the
same methods described for a previous venous-allograft-
arterialisation experiment (7). Briefly, after harvestng,
the venouws allografts were placed in Sakura Finetek Tis-
sue Tek™ Cryomaold holders (Sakura Finetek, Tokyo, Ja-
pan) and embed ded in Sakura Finetek Tissue Tek™ 0.C.T.
compound (Sakura Finetek, Tokyo, lJapan). The samples
were subsequently frieen in 2-methylbutane (Fluka Che-
mika, Buchs, Switzerland) and then cooled by liguid
nitrogen and stored at B0 “C until processing.

Hisfologlc analysis

Digital image analysis was used to quantify intimal
hyperplasia, as described previously [7]. Briefly, frozen
cross sections (5pm) from the midportion of the
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allograft were stained with hematoxylindeosin and Elas-
tica-Van Gieson stain. Each section was photwgraphed
with an Olympus Cammedia C-5050 digital camera
(Olympus, Hamburg, Germany) and analysed with
Olympus DP-Soft Version 3.2 software. Measurements
of intimal thickness (from the endothelial surface to the
inner border of the tunica media) were made in up to 10
locations in each section in blinded fashion. The mean
value and standard deviation (mean £50) were calcu-
lated for each allovein.

Immunohiochamical analysis

Detaction of CDd-positive calls, CO8-positive cells and
vion Willsbrand factor

Immunchistochemistry was performed on 8-pm-thick
sections in a two-step indirect method, as described
previously [7). Briefly, after 10-min fixation in cold ace-
tone and rinsing in phosphate-buffered saline containing
0.2% Trdton X-100, the sections were incubated with a
primary antibody (and-CDd, W3/ 25, Cymbus Biotechnol-
ogy LTD, Hampshire, UK; anti-CD8, OX-8, Cymbus Bio-
technology LTD, Hampshire, UK or amti-von Willebrand
factor, Dako Denmark ASS, Glostrup, Denmark) for 60
min. Sections were incubated in 0.3% H.(0: and 70%
methanol for 30 min to block endogenous perocdase
activity. The sections were then incubated with a second-
ary antibody (Histofine™ Simple Stain Rat MAX PO, Ni-
chirei, Japan) for 30 min and subsequenty incubated
with the Dako Liguid DAB+ Substrate-Chromogen Sys-
tem (Dako Denmark AFS, Glostrup, Denmark) for 5 min-
utes. Finally, the specimens were counterstained, dipped
in Entellan™ [Merck KGaA, Darmstadt, Germany) and
scored in a blinded fashion. Cells were counted in five
locations at 1000x magnification. Cellularity was defined
as the mean mumber of cells counted.

Datection of Lawis MHC dass |l-positiva calls

Immunchistochemistry was performed on B-um-thick
sections with a three-step indirect method, as described
previously [7]. Briefly, after 10-min fixation in cold ace-
tone and rinsing in phosphate-buffered saline containing
0.2% Triton X-100, endogenous biotin was blocked with a
biotin blocking system (Dako Denmark AJS, Glostup,
Denmark). After incubation in 10% horse serum to pre-
vent non-specific binding, a primary anti-BETLB" ant-
body (MRC-0X3, Cedadane Laboratories Led,
Burlington, Ontarin, Canada) was applied for 60 min.
Endogenous perocddase was blocked by treatment with
0.3% Hy0; and 70% methanol for 30 minutes. The speci-
men was then incubated with a secondary biotinylated
horse anti-mouwse antibody (Vector Lab, Burlingame, Ca-
lifornia, USA), followed by incobation with BT.U. Vec-
tastain Elite ABC Reapent (Vector Lab, Burlingame,
California, USA) and a 5-min incubation with Dako Li-
quid DAB+ Substrate-Chromogen System (Dako Den-
mark A/S, Glostrup, Denmark). Finally, the specimens
were counterstained and dipped in Entellan™ {Merck
KGaA, Darmstadt, Germarny).

Detaction of immunoglobulins

Immunohistochemistry was performed on 8-um-thick
sections with a direct method. Briefly, sections were
rinsed in phosphate-buffered saline and air-dried. The
tissues were then incubated with a fluorescein isothiocy-
anate-conjugated antibody (Chemicon International Inc.,
Temecula, California, USA) for 30 min. The specimens
were then dipped in glycerine medium and immediately
analysed by fluorescence microscopy.

Slafistical analysis

Comparisons of intimal thicknesses and numbes of
Iymphocytes and Lewis MHC class 11 -positdve cells in
the FES06-minimal-dose Group D and all other groups
were peformed with analysis of variance (ANOVA) fol-
lowed by the Tukey HSD multiple comparisons test.
F wvalues less than 005 were considered significant.

The values in the text and tables are expressed as the
mean +standan] deviaton (S0).

Results

The basic characweristics of the FKS06-minimal-dose
Group D (mean cold ischaemic time, 192 + 76 min; dura-
tion of operation, 966 min; aortal clamp duration, 66 +&
min) were notsignificantly different from those in Growps
A Bor C[7).

Animals

Two animals in the FKS06-minimal-dose Group D died

during the experiment due 1o anaesthetc overdose.
Aweight increase after the operation was observed

inall animals. This increase was not significantly d ifferemt

from the weight gain of animals in the FE506-low-dose

Group C [7].

IMmUNOSLUDDrasSion

The mean blood level of FES06 measured on day 30 after
transplantation was 320+ 066ngml™". This level was
statistically lower (p<0.001) than that measured in the
FES06-low-dose Group C (5.57 =0.96 ng ml™"). Diarrhoes
was observed as an adverse effect of the FES06 adminis-
tration in three out of six experimental animals,

Graft patancy

Mo venous graft thromboses or occlusions were observed
in any animal in the FK506-minimal-dose Group I} on
day 30 after transplantation.

Tunica infima

The luminal surfaces of all venous allografts under
minimal FK506 immunosuppression were oovered
by a monolayer of endothelial cells on day 30 afier
the transplant (Fig. 1). In all alloveins, the development

FES04 in mindmal dose enables allovenows arterialsaton
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Fig. 1: D1 - \kin stained with Blastica-\an Gieson. Magnification = 100x. The neantimal layer is marked with black arows. D2 —Vain stained for von
Wiebrand factor-positive calls. Magnification < 200x. The von Wileband-positive endothalid monolayer s marked with black amows. D3 - Vian
Immunchistostained 1o idently Lewis MHC dass |l-positive celis. Magnification = 100x. The necintimal lay & is marked with black arows | positive
cells are maked with transparent arows. D4 - Veh staned for immunogiobuline with a fluosscan isathiocyanate-conjugated antibody.
Magnification = 100x. The layer of smooth musde celis in the tunca madia s maked with white anows. Repesantative ght micrascopic
hsblogical features of rat aloveins under minimal FK506 immunosuppression obtaned at 30 days foliowing tansplantation hto the infrarenal
abdominal aorta The inhibiton of the host immune response by even the minima dose o FKS506 was sufficient 10 faciitate attedalisation in
glogeneic venous grafts. The anterialis ation of venous allografts was represanted by the foliowing: 1 —intimal hyperplasia (D1); 2 - endothelalkisation
of uming surtace (D2); 3 - low adventital hfiltration by Lewis MHC class ll-postive celis (D3) and 4 - formation of muitple smooth musdie layers in

e unica media with no signs of immunogiobuin G deposition (D4). L - Lumen

of the subendothelial neocintimal hyperplasia was
observed during this period (Fig. 1). The intimal thick-
ness in the FK506-minimal-dose Group D (15.1+ 6.1 um)
did not differ significanty from that insyngeneic Group
A (127 =7.0um) or that in FK506-low-dose Group C
(15.0 +8.4um).

Tunica media

The process of adaptation to arterial pressure during the
30-day follow-up period allowed the fomation of muld-
ple smooth muscle layers in all alloveins under minimal
FK506 immunosuppression. Moreover, minimal or no
infiltration of host MHC class II-positive, CD4-positive
or CD8-positive cells was observed in the medial layer of
these venous allografts. In addition, the histological fea-
tures of the allovenous medial layer in FK506-minimal-
dose Group D were identical to those observed in the

FK506-low-dose allogeneic venous grafts of Group C, as
well as the syngeneic venous grafts of Group A.

Immunofluorescent staining revealed no IgG depo-
sition in the medial layer of any experimental animal
under minimal FK506 immunosuppression (Fig. 1). This
feature was also observed in venous allografts under low
FK506 immunosuppression (Group C) and in non-im-
munosuppressed allografts (Group B).

Tunica adventitia

The degree of adventitial infiltration by CD8-positive and
Lewis MHC class I-positive cells in venous allografts
under minimal FK506 immunosuppression was statisti-
cally similar to that in alloveins under low FK506 immu-
nosuppression (Group C) and that in syngeneic veins
(Group A) (Fig. 2). The CD4-positive cellular infiltration
in both immunosuppressed groups (Group D and Group

Eur Surg 2/2012 @ Springer-Verlag
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Lewts MHC ciass Il posiiiva calls 30 days

authors confirmed that a dose of 02 mgkg™ per day was

<50 i Ensplantation sufficient to suppress immune response, even intimal

hd hyperplasia, without major adverse effects, and that the

140 %%&%1“5—51 long-term administration of FES06 at the same dosape

qap| = Medinvaiue was essential for preventing immunological reaction.

100 - Moreover, in our own experiments, we found that this

o dosage of FK506 was sufficient to suppress acute arterial

& 8o rejection, even when administration began on day 7 after
a0 tramsplantation [6].

a0 Vein arterialisation is a complex biological process

T T involving venous wall cellular components that leads to

20 =] C= 1= ] several typical anatomical features: intimal hyperplasia,

0 ' circumferential medial thickening with well-organised

Grup A GoupB | Group G Growp D

Fig. 2: The degres of adventital infilvation by Lewis MHO class -
posilive el in Brown Norway allovens (ransplanted inte LEW rals)
under minimal FK506 mmunosuppression | Group D) was stagstically
simitar to the adventitial infiliration in Brown Norway alloveins undar
low FES0E mmunosuppression (Group C) and in syngeneic veins
(Group A). The total number of Lewis MHC class |l-positive celis in
nofn- mrunosuppessed Bown Nonway alloveins (Goup B) was
significantty higher (P <0.001) fhan that of either immunosuppressed
group IC, D)

C) was even lower than that in the isopeneic contml
(Group A) (Table 1).

Discussion
The results presented here reveal that a minimal dose of
FES06 for immunosuppression was sufficient to facilitate
wall remodelling in venous allografts after their implan-
tation into the arterial system. The acute rejection of the
allowenows wall in animals that received no immmunosup-
pressive therapy resulted inthe destruction of the intima
and disorganisation of the entire venous wall structure,
with no signs of arterialisation.

The optimal dose of FEKR06 in a rat arterial trans-
plantation model was studied by Azuma et al. [8]. These

concentric layers of smooth muscle cells and adventitial
neovascularisation [9-11]. We believe that the suppres-
sion of the host immune response in the early post-
transplantation phase by a minimal dose of FES06 allows
the preservation of allovenous smooth muscle cells, The
presence and subsequent proliferation of these smooth
muscle cells contributed to an increase in vascular wall
thickness and mass, typical featmsof venous arterialisa-
tion observed under syngeneic conditions (6, 9).

In the non-immunosuppressed condition, alloge-
neic smooth muscle cells in the transplanted veins were
destroyed by the massive infiltration of immunocompe-
tent cells and were not able to proliferate or adapt to the
new hiomechanical conditions in the arterial system [7].

Animal studies in rats [12], dogs [13) and swine [14)
have clearly demonstrated that venous allografts are as
antigenic as any other allograft tissue, Stevens et al. [14)
have shown that the development of donor-specific al-
loantibodies by the host precedes venous allograft occlu-
sion. Moreover, both graft patency and the development
of alloantibodies are directly influenced by MHC com-
patibility. In other experimental studies in dogs, MHC
compatbility prolonged the patency of venous allografis
but was not able to prevent their late failure [15].

In small-calibre alloweins, the destruction of the
venous wall leads to thrombosis and occlusion [16]. In
acanine model, the interposition of the inferior caval vein

Tab. 1: The adventitial infiltration of rat iliclumbar alloweins by immunocompetent cells 30 days after

their transplantation into the abdominal aocria

Group Characterisfic IS Tunica adventitia®
G4 cells CD8 | cels LEW MHC
class I+ cells’
A LEW o LEW Mo 124847 66 076 +1 66 1660+ 7.45
B BN o LEW Mo £269+1996 241141399 9996+ 24 88
C BN o LEW 506 580+ 453 1.78 +2 60 1461 £6.20
02mg kg™’
D BN o LEW F506 TE7T+8:24 26326 16964 10 .46
0.1 mg kg™’

The exient of advenital nfilirabion under minimal FS06 mmunosuppression (Group 0) wes not significanty difierant fom hat under low FXS06
mmunceappEsson iy G

*Humbers of Lews amiMHEC cless I, C04- and (04-positive calk obeaned undar ons eyepieca =t oniginal mag nification (1000,

"Major histncompathilty complex clzss B positive cel of Lewis oagin,

5 = mmunosuppresion, LEW = male Lewis =iz, BN =mals Brown Narway rats
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to the abdominal aorta led o the rejection and subse-
quent aneurysmal dilatation of transplanted veins during
a 30-day follow-up period [17]. In our rat model, we
observed no aneurysmal dilatation of non-suppressed
alloveins 30 days after transplantation. However, this
phenomenon might be observed after a lomger follow-up
period.

Since the beginning of the 19705, different protocols
for immunosuppression have been wsed o inhibit the
host immune reaction and to increase the patency raves of
venous allografts [18]. Neither methylprednisolone nor
arathioprine, even in combination with prednisone (at
Smg kg™ per day and 25mgkg" per day, respectively),
was able to inhibit the host immune response and pro-
long allograft patency rates in a canine model of venous
allotransplantation [16, 19, 20. Cyclospodne A (CyA) was
first used as an immunosuppressant noa canine jugular
vein-to-carotid arvery allotrans plantation model by Ban-
dlien et al. in 1983 [21]. CyA at 20mg kg™ per day in-
creased the patency rate at 3 months to BI%, a significant
improvement over azathioprine, which had a 0% patency
rate within the same time interval. However, in other
canine studies, only a combination of CyA and mycophe-
nolate mofet] was sufficient to achieve a 100% patency
rate at 20 weeks after implantation [15]. In a canine model
of inferior caval allovein arterialisation, CyA at 20 mgkg™"
per day reduced aneurysmal dilatation 30 days afer
ransplantation [17]. In other experimental works, the
discontinuation of CyA treatment led to the occlusion of
venous allografts within 30 days [19).

It has been demonstrated that CyA can induce
endothelial cell injury, and it can also stimulate arterial
wall fibrosis by triggering the production of TGF-f (rans-
forming growth factor-beta) [22, 23]. Moreover, a high
dose of CyA [17], or even a combination of CyA and other
immunosuppressive (15 or antiplatelet drogs [24), was
shown to be required to inhibit rejection in the allove nous
wall. None of these properties is particularly encouraging
for long-term use in polymorbid vascular patients,

The immunosu ppressive dmg FK506 was shown to
be more potent than CyA in our model of histocompatible
venous allotransplantation [25]. A mean blood level of
only 3.2ngml™ FK506 was sufficient to suppress the
infiltration of the allvenows wall by CDE-positive and
CIM-positive cells, This led to the inhibition of the T-cell-
mediated destructon of the rat allovenous wall in our
mindel

In conclusion, the present study showed that even
the minimal dose of FES06 was sufficient to suppress the
rejection of the allovenous wall in rats. The inhibition of
the host immune system allowed the wall remodelling
process to occur in arterialised venouws allografts. We
sugpest that the principal effects of FEG06 under these
conditions were the suppression of immunocompetsnt
cell infiltration and the suppression of the cell-mediated
response o venous  alloantigens, which  prevented
vascular smooth muscle cell depletion. Minimal FES06
immunosuppression could  potentially  increase the
patency mtes of venous allografts in elderly vascular
patients undergoing clinical venous allotransplantation
by inhibiting immune-mediated venows wall destructon

while minimising the side effects of chronic
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Aortoiliac Reconstruction with Allograft and Kidney Transplantation

as a One-stage Procedure: Long Term Results
l. Matia,”” M. Adameec,” M. Varga,’ L. Janousek,” K. Lipar’ and O. Viklicky®

'Depart ment of Transplant Surgery, and *Department of Nephrology,
Institute for Clinical and Experimental Medicine, Prague, Czech Repullic

Objectives. An increasing mumber of gorfoilioe lesions and abdominal aortic aneurysms ocour in remal failure potien s
weiting for remal transplantation. The aim of our study weas fo assess long term results of simultaneous renal fransplan-
tation and surgical repair of aorfoilioe lesions with arterial allografts.

Design. A refrospecfive observational study.

Patients and methods. From Odober 1997 fo fune 2007, we performed simulfanseus aorfoiliac reconstructions using
fresh arterial allografts and kidney transplantation in 14 patients with chronic remal failure (men 9, women 5, mean
age 53 wyears). The indication for vasculer reconstruction was an asympfomatic abdeming aneurysm in 6 patients
or aortoilige stenosis/ocel wsion i 8 patients. The median follow up period for the cohort tas 55.5 months (range from
1 to 116 miorths).

Results. Three patients died during the follow up period. In norme of them there was an allograft (neither arterial mor renal)
related death. No signs of arferial grafts infection or areungsmal formation and no need for secondary intervention
(angioplasty ardfor thrombolysis ) of any arferial reconstruction was observad during the follow up period ©n any patient.
The remal grafts failed in three pation fs.

Conclusions. Cur experience sugpests that @ @5 possible and safe to wse arterial allografts in the treatment of arterial

ovclusive disease or abdomingl gortic aneungsm simulfameously with remal trarsplantation.
© 2 European Soctety for Vascudar Surgeny. Published by Elsevder Lid. All rights resermed.

Eeywords: Aortoiliae reconstruction; Kidmey transplantation; Arferial tramsplan fation; Arterial allografts; Abdomiimal

agrtic aneurysm; Aortic allograft.

Intreduction

Improvements in the care of patients with end stage
kidney disease have resulted in increased nmnber of
patients waiting for renal tran*;plﬂntahm Haemo-
dialysis and chronic renal failure are associated with
hypertension and lipid disorders that predispose to
accelerated atherosclerosis and many of potential
recipients suffer from aortoiliac atherosclerosis or
abdominal aortic aneurysms (AAA)? The age and
number of comorbities of renal recipients is increasing
as well. Transplant surgeons therefore face a more fre-
quent need for vascular mter'i.enhm prior to or simul-
taneously with the tram:plantahnn

“Carresponding author. 1. Matia, MD, Department of Transplant
Surgery, Institute for Clinical and Ex perimental Medicine, Videnska
1958/9, 140 21 Prague, Czech Republic.

E-madl address: vmi@mediconce

There are few reports of simultaneous aortoiliac

wscular reconstruction and kidney transplanta-

n'""In all patients included, the vascular prosthe-
sis were used as conduits for arterial reconstruction
with varied success.

In our retrospective observational single-center study
we report the long term results of simultanecus renal
transplantation and aortoiliac reconstruction using
fresh arterial allografts obtained from the same donor.

Patients and Methods

The study was approved by our local ethical
commithee,

Patient population

From Cctober 1997 to June 2007 1800 adult kidney
transplantations were performed at our Department.
In 14 renal graft recipients (0.7% of all kidney

1078-5884 /D035 + 05 $34.00,/0 & 2007 European Sodety for Vascular Surgery. Published by Elsevier Lid. All rights reserved.
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transplantations) we simultaneously used fresh arte-
rial grafts as vascular conduits for aortoiliac recon-
structions. The mean age of patients, comprising 9
males and 5 females was 53 years (range 32 to 67
years). The median follow up period was 55.5 months
(range 1 to 116 months).

Three patients (21%) in this group had a previous
history of at least one unsuccessful renal transplanta-
tion with subsequent graftectomy. The aetiology of the
renal failure included renal arteries occlusion in 3
cases (21%), chronic pyelonephritis in 2 cases {14%),
glomerulonephritis in 2 cases (14%), vascular nephm-
sclerosis in 2 cases (14%), renal polycystosis in 2 cases
(14%), diabetic nephropathy in 1 case (7o), tubuloin-
testinal nephritis in 1 case (7%, and bilateral nephrec-
tomy due to Grawitz tumour in 1 case (7%). OF the
renal recipients, 12 (86%) were current or past
smokers, 7 (50%) had ischaemic heart disease, and 2
(14%) had diabetes.

In thirteen (93%) of the presented patients simulta-
neous aortoiliac reconstruction and renal transplanta-
tion was electively planned. The aortoiliac lesions
were precperatively verified by angiography (conven-
tional or computed) and patients were puton a special
waiting list for renal transplant candidates.

An asymptomatic AAA was present in 6 cases
(46%). The median diameter of aneurysms was
53 mm (range 45 to 65 mm). Three patients were oper-
ated in the period before the endovascular treatment
of AAA was introduced at our Institute. Two were
not suitable for an endovascular procedure due to tor-
tuosity of the iliac vessels. Une patient was operated
on 16 months after unsuccessful stentgraft implanta-
tion due to significant iliac ocdusive disease.

Four patients (31%) with claudication presented
with bilateral iliac occlusions or stenoses not suitable
for endovascular treatment. All were selected for si-
multanecus aortobiiiac reconstruction and renal
transplanta tion.

COne patient (8%) with unilateral claudications due
to iliac occlusion and one patient (8%) with toe gan-
grene due to prosthetic aortofemoral bypass occlusion
were selected for simultaneous aortofemoral bypass
and kidney transplantation. The renal artery was
anastomosed to the arterial allograft in both cases.

One patient (8%) who had received two failed renal
transplantations and also presented with a iliac ooclu-
sion was selected for iliofemoral bypass to provide
a good blood supply for the renal graft transplanted
simultanecusly.

An acute iliac artery resection and replacement due
to dissection during renal transplantation was per-
formed in one (¥%) of fourteen presented patients.
The iliac allograft obtained from the same donor as

Eur | Vasc Endovasc Surg Vol 35, March 2008
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renal and liver grafts was used for the arterial substi-
tution. The iliofemoral grafts are obtained regularly
with liver but not renal grafts at our Institute.

Harvest and preservation of arterial grafts

All arterial and renal grafts were obtained from do-
nors with the diagnosis of cerebral death in the course
of a multiorgan harvest. The mean age of donors (14
males) was 31.5 years (range 15 to 44 vyears). Renal
and arterial grafts obtained from one donor were
both used in a single recipient.

After remowval the arterial grafts were flushed with
conservation solutions wsed in renal harvest. The
grafts were then stored at a temperature of about 4 de-
grees Centigrade using the same types of solutions as
those used for flushing, with no additional antibiotics.
The mean cold ischemic time was 12.7 hours (range 5
to 24 howrs) for arterial and 14.3 hours (range 7 to 26)
for renal grafts, respectively.

The types of arterial allografts obtained during
multiorgan harvest and used as conduits for vascular
reconstructions are summarized in Table 1.

Immunosuppressive therapy

The immunosuppressive protocol in patients with the
renal and arterial transplantations performed simulta-
neously did not differ from those used after a simple
renal transplantation at our department. In the case of
renal graft failure, the immunosuppression was re-
stricted to monotherapy with chlnspnrine A or tacro-
limus as described previously. 0

After arterial and renal transplantation patients
are carefully monitored by vascular surgeons and

Table 1. Types of fresh arterial allografts used for vascular recon-
atruction and specifications of renal transplantation procedures in
14 patients

Mao. Type of fresh Mumber of renal Renal allograit
arterial allograft allograft arlerial
(FAG) arlteries anaslormosis

1 Aortobiliofernoral 1 FAG

2 Aortobiliofermoral 2 FAG

3 Tlipfermoral 1 FAG

4 Tlipfermoral 1 FAG

5 Aortoiliac 1 FAG

[+ Tlipfermoral 1 FAG

7 Thoracic aorta 2 FAG

8 Tlipfermoral 2 FAG

9 Thoracic aorta 1 ElA

jli] Thoracic aorta 1 ElA

11 Thoracic aorta 2 ELA

12 Aortobiliofermoral 1 FAG

13 Aortobiliofernoral 1 FAG

14 Tlipfermoral 3 FAG

FAG = [resh arterial allograft, ELA — external iliac artery.
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Aortoiliac Reconstruction with Kidney Transplantation

nephrologists during the entire follow up period. The
patency of the arterial reconstructions was verified by
clinical examinations, ultrasonography and/or angi-
ography (conventional or computed), periodically
(Fig. 1). The function of transplanted kidneys and
level of immunosuppresive drugs are monitored in
accordance with our Institute’s standard policy stipu-
lating the level of care to be extended to organ
m:iph:nm.m'

Anticongulants and antithrombotic drugs

In all but one patient acetylsalicylic acid was used as
an anfithrombotic drug. In one patient after implanta-
tion of an aortic valve prosthesis warfarin was
prescribed.

Results

There were three deaths (21%) during the follow up
period. Two patients died one month and 32 months,
respectively, after vascular reconstruction and renal rans-
plantation due to gastrointestinal (GIT) hemorrhage.

Fig. 1. CT angiography 108 months after simultaneows aorto-
bitemoral bypass with arterial allograft and renal transplan-
tation in o left illiac fossa. The second renal fransplantation
in to rght iliac fossa was performed at 71 months after the
primary procedure. No sings of arterial allograft dilatation
or stenoss were seen durng the all follow up period.
Arrows show prowimal and distal anastomoses of arteral
aortobiliofernoral allograft,

The CT scan is published by permission of Department of
Radiology of Institute for Clinical and Experimental Medi-
cing in Prague.

Another one died at 27 months due to intracerebral
hemorrhage. Une patient was lost to follow up 6l
months after operation. There was no arterial or re-
nal allograft related deaths in the presented group
of patients.

Three patients (21%) developed a problem with
wound healing. In two of them a wound dehiscence

uired re-suturing and in another one a wound
lymph leak was treated conservatively. An ischemic
colitis with colon perforation developed in one patient
after a simultaneous abdominal aortic aneurysm
(AAA) repair and renal transplantation in the early
postoperative period. The inferior mesenteric artery
was ligated during the AAA resection. A subtotal co-
lectomy was undertaken 8 days after the primary op-
eration. Subsequently, an acute renal graft failure with
a short-term need for dialysis developed. The acute
rejection was successfully treated. Mo signs of arterial
allograft infection were noticed in this patient during
the subsequent follow up period.

No patient developed signs of arterial grafts infec-
tion, stenosis or dilatation of implanted allografts and
there was no need for secondary interventions (angio-
plasty and/or thrombolysis) during the follow up
period.

One primary renal allograft failure due to acute re-
jection with consecutive graftectomy occurred in one
patient. Renal allografts failed due to chronic rejection
in bwo (14%) other patients 62 and 9% months after
transplantation. In one of them a second renal trans-
plantation in the contralateral iliac fossa was per-
formed 71 months after the primary operation. The
renal artery was anastomosed to the arterial allograft.
This second renal allograft failed after 30 months due
to chronic rejection. Ureteral stenosis of transplanted
kidney was observed in two patients (14%) during
the first & months postoperatively. They were both
successfully treated by short-term percutaneous
nephrostomy.

Discussion

The most suitable timing for vascular reconstruction
of aortoiliac vessels in renal recipients has been con-
troversial since the first successful renal artery anasto-
mosis to a vascular Pmslhcsis was published by
Sterioff et al. in 1974." The first successful simulta-
neous acrtoiliac prosthetic reconstruction and renal
lrans;:)lanl,alinn was published in 1977 by Cerilli
et al” The main advantages of this one-stage proce-
dure summarised by Wright are: (1) there are no tech-
nical difficulties in the dissection due to reoperation;
(2) the cost and hospitalisation time are significantly

Eur ] Vasc Endovase Surg Vil 35, March 2008
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decreased; (3) the patient incurs only one anaesthetic
risk.”

However, the risk of prosthesis infection in immu-
nosuppressed patients is still present. The largest
series of patients with aortoiliac prosthetic reconstruc-
tion and renal transplantation performed as one-stage
procedure was recently published.g Dwuring the four
years period a vascular graft was implanted in 11 re-
nal recipients. No infectious complications of the vas-
cular graft were noticed during I‘hIS follow up period.
On the other hand Gouny et al.” described one pa-
tient’s death due to prosthetic graft infection second-
ary to a urinary tract fistula in a group of two
patients with implanted bifurcated prosthetic grafts
during renal transplantation. A hwo-stage procedure
with intervals from & weeks to 3 months was recom-
mended by these authors. A vascular prosthesis infec-
tion was described in the work of Pittaluga et al. as
well * In addition, van der Vliet ¢t al.,” who evaluated
the outcome of renal transplantation with an arterial
anastomosis to a vascular prosthesis in 13 patients,
regards simultaneous renal transplant and arterial
reconstruction as hazardous with relatively poor
short- and long term results.

Arterial allografts have been successfully used in
the treatment of mycotic aneurysms and infected
vascular prostheses for last 20 }rears.'z'm Their good
resistance to infection was documented in the experi-
mental setting as well. 1415 No patient in our study de-
velop signs of arterial grafts infection. This finding
was despite one patient developing ischemic colitis
and colon perforation during the early postoperative
period. 16

The immune response of recipient against antigens
in the arterial wall was confirmed in animals as well
as in humans studies.”'* Aneurysm formation, mural
thrombosis, degenerative changes and occlusions have
been reported in the intermediate and long term follow
up of many patients after early clinical experience with
aortic allografts in the 1950s and 1960s.* ™ No immu-
nosuppression was used in these patients. Kieffer
et al.'? published in 2004 the study of fresh and cryo-
preserved arterial implantation for infrarenal aortic
graft infection in 179 patients. There were three allo-
graft-related late deaths from rupture of the allograft
and late nonlethal aortic events (occlusion, dilatation,
aneurysmy) in 10 patients, respectively. The only signif-
icant risk factor for late aortic events was use of a tho-
racic aorta allograft. In addition, there were 63 late,
mostly occlusive, iiofemoral events. No immunosup-
pression was used in these patients. Mone of late aortic
or ilinfemoral events mentioned above oocurred in our
patients. In all cases immunosuppressive therapy was
prescribed during the follow up period.

Eur ] Vasc Endovasc Surg Vol 35, March 2008

I. Matia et al.

Important factors influencing the quality of fresh
arterial allografts are duration of conservation and
the type of conservation :=;nr.-ll.ll'inr_1.ENI In the study of
Szilagyi et al. published in 1957 the allograft were
harvested during donor autopsy with mean time
elapsed from death to autopsy of 10.1 hours. The
grafts were then stored in Hank's solution for the
mean time of 25.8 days. Fresh arterial allografts used
by Kieffer et al.* were obtained from brain dead do-
nors as part of a program to retrieve multiorgan trans-
plant tissue. The grafts were then stored in modified
EPMI 1640 Medium with addition of antibiotics and
heparin for the mean time of 13.0 days. In our study
all arterial allografts were stored in modern conserva-
tion solutions (Custodiol, University of Wisconsin,
Euro-Collins) used routinely in transplant medicine
with no addition of antibiotics and all were trans-
planted within 24 hours {mean 12.7 hours).

We conclude that renal transplantation and aortoil-
iac reconstruction with fresh arterial allografts can be
undertaken simultaneously as a one stage procedure
with satisfactory long term results of both renal and
arterial allografts. The good long term patency rates
of arterial allografts can be attributed to modern con-
servative solutions, short cold ischaemic times and
particulary the use of effective immunosuppression.
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Souhrn

Matia I., Adamec M., JanouSek L., Lipar K., Marada T., Klein D., Balaz P., Varga M., Chlupac J., Ro-
ko$ny S.: Klinické zkuSenosti s pouZitim chladem konzervovanych Zilnich a tepennych alloStépii: dlou-
hodobé vysledky

Uvod: Cévni allo§tépy rozsifuji moznosti 1é¢by aterosklerotického postizeni dolnich kon&etin i moZnosti feseni infekef cévnich pro-
téz v cévni chirurgii.

Cil: Zhodnocen{ vysledki pouZiti cévnich allostépi v Institutu klinické a experimentdlni mediciny.

Materidl a metodika: V obdobi 10/1997-1/2009 jsme pouzili 112 cévnich allostépi (30 tepen, 82 Zil) u 104 pacientii. Ziini allosté-
py jsme pouzili pfi nepfitomnosti autologntho materidlu v 16€bé& kritické ischemie dolnich konCetin u 75 pacientd (M/Z 41734, v&k od
41 do 85 let, medidn 66 let), u kter§ch jsme uskutecnili 82 cévnich rekonstrukei. Tepenné Stépy jsme pouZili v 1é€be infekce aortoilic-
kych protéz nebo mykotickych vyduti bfi¥ni aorty u 9 pacientli (M/Z 8/1, vék od 56 do 77 let, medidn 63 let) a v rekonstruk&ni chirur-
gii aortoilické oblasti u 20 pacientl po orgdnové transplantaci (M/Z 11/9, vék od 32 do 67 let, medidn 56 let).

Vysledky: Prezivini pacientl po transplantaci Zil bylo 92 % a 78 % v 1. resp. 3. roce sledovéni. Zachrdnénych koncetin bylo 67 %
a 53 % v 1. resp 3. roce sledovani. Sekundérni priichodnost allovendznich rekonstrukei byla 48 % a 27 % v 1. resp. 3. roce sledovdni.
Prezivin{ pacientii po transplantaci tepen bylo 86 % a 69 % v 1. resp. 3. roce sledovéni. V pribéhu sledovini jsme nepozorovali uzd-
vér ani dilataci Zddné transplantované tepny.

Zdveér: Pouziti Zilnich a tepennych allo§tépii je v indikovanych piipadech metoda rozSifujici moznosti cévni chirurgie v oblasti 16¢-
by kritické ischemie dolnich konéetin, zdvaznych infekci cévnich protéz jako i v oblasti transplantaci parenchymatoznich orgdni.

Klitovd slova: %ilni allograft — tepenny allograft — imunosuprese — transplantace ~ infekce protézy

Summary

Matia I., Adamec M., JanouSek L., Lipar K., Marada T., Klein D., Balaz P., Varga M., Chlupi¢ J., Ro-
ko3ny S.: Clinical Experience with Cold-Preservation of Venous and Arterial Allografts. Long-Term
Outcomes

Introduction: Venous and arterial allografts extend the possibilities of peripheral arterial disease as well as vascular prosthesis in-
fections treatment.

Material and methods: Between 10/1997 and 1/2009 we used 112 allogeneic vessels (30 artieries, 82 veins) in 104 patients. Venous
allografts were used for 82 reconstructions in 75 patients (M/F 41/34, aged 41-85 years, median 66 years) with critical limb ischemia
and no suitable autogenous venous material.

Arterial allografts were used in 9 patients (M/F 8/1, aged 56-77 years, median 63 years) with aortoiliac prosthetic infections or my-
cotic abdominal aortic aneurysms and in 20 transplanted patients (M/F 11/9, aged 32-67 years, median 56 years) with aortoiliac athe-
rosclerotic disease.

Results: Patients survival rate after allovenous bypasses was 92% at 1 year and 78% at 3 years. Limb salvage rate was 67% at 1 ye-
ar and 53% and 3 years. Secondary patency rate was 48% at 1 year and 27% at 3 years.

Patient survival rate after alloarterial bypasses was 86% at 1 year and 69% at 3 years. No signs of arterial grafts aneurysmal forma-
tion and no need for secondary intervention of any arterial reconstruction was observed during the follow up period in any patient after
alloarterial transplantation.

Conclusions: Cold-stored venous and arterial allografts are suitable alternative conduits for limb salvage procedures, vascular pro-
sthesis infections as well as for arterial reconstructions in transplanted patients.

Key words: venous allograft — arterial allograft — immnosuppression — transplantation ~ prosthetic infection

Rozhl. Chir., 2010, ro¢. 89, ¢. 1, 5. 45-54.
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UVOD

Propojeni cévniho a transplantaéniho programu v In-
stitutu klinické a experimentalni mediciny v Praze umoz-
fiuje pouZiti chladem konzervovanych tepennych i Zilnich
allo§tépt ve specifickych indikacich rekonstruk&ni cévni
chirurgie.

V prezentované prdci jsou hodnoceny vysledky pou-
Ziti Zilnich allo§tépa k infrainguinélni cévni rekonstrukci
u pacientii s kritickou ischemii dolnich kon&etin bez vhod-
ného autologniho materidlu. Déle jsou prezentovény vy-
sledky pouZiti tepennych allo§tépli p¥i tepenné rekon-
strukei v aortoilické oblasti u transplantovanych pacien-
ti a v 16Ebe infekei cévnich protéz.

Soubor z obdobf od fi{jna 1997 do ledna 2009 se skl4-
dal ze 112 cévnich allo§tépt (30 tepen, 82 zil) pouzitych
u 104 pacient@. V8echny cévni §tépy byly odebrany v prii-
béhu multiorgdnového odbéru a konzervovdny v b&zné
uZivanych roztocich pii 4 °C.

Tab. 2. Misto umisténi proximadlni a distdlni anastomézy u 82
infraingundlnich rekonstrukei Zilnim allo$tépem

Tab. 2. The sites of proximal and distal anastomoses in 82
infrainguinal reconstructions using venous allografts

o
Pritokovd tepna | Arteria iliaca externa 6
Arteria femoralis conimunis 73
Arteria femoralis superficialis 7
Arteria poplitea proximalis 1
Protéza — aortofemoraln{ D
Protéza — ilikofemordlni 25
Protéza/VSM - femoropoplitedlni 5
Vytokovd tepna | Arreria profinda femoris 1,2
Arteria poplitea proximalis 15
Arteria poplitea distalis 304
Truncus tibiofibularis 23
Arteria tibialis anterior 16
Arteria tibialis posterior 16
Arteria fibularis 84
Arteria dorsalis pedis 84
VSM predchoziho bypasu 23

ZILNI ALLOSTEI;Y ]
A INFRAINGUINALNI
REKONSTRUKCE

Pacienti a metody

Chladem konzervované Zilni allogtépy (N = 82) jsme
pouZili jako materidl k infrainguindlni cévni rekonstruk-
ci u 76 kriticky ischemickych kon&etin u 75 pacienti
(M/Z 41/34, vék od 46 do 85 let, medidn 66 let). Demo-
grafické tdaje pacient uvddime v tabulce 1.

Indikaci k cévni rekonstrukci Zilnim allo¥tépem byly
klidové bolesti (23 pacientii, 30 %) nebo tkdfiové defek-
ty (52 pacientii, 70 %). Cévni rekonstrukci allogenn{ Zi-

Tab. 1. Charakteristika skupiny 75 pacientii s kritickou is-
chemii dolni koncetiny ¥eSenou cévni rekonstrukei s pouzi-
tim Zilnich allo$téph

Tab. 1. Characteristics of a group of 75 patients with criti-
cal, lower extremity ischemia, managed using vascular re-
construction with venous allografts

VSM — vena saphena magna

lou jsme indikovali jako posledni moZnost zdchrany kon-
Cetiny u pacientil, kde nebylo mozné pouZit jejich vlast-
ni ipsilaterdlni vénu safénu magnu (VSM). Nejéast&jsim
ditvodem nepfitomnosti VSM bylo jeji pouZiti k pied-
chozim cévnim rekonstrukeim (46 % pacienttl).

Nejcast&jSim typem infrainguindlni cévni rekonstrukce
v této skupin& 82 rekonstrukei byl femorokruralni bypas
(42,7 %). Podrobné charakteristiky jednotlivych typi allo-
vendznich cévnich rekonstrukei uvddime v tabulce 2.

Pacienty indikované k transplantaci Zily jsme zatadili na
Cekaci listinu. VyZadovali jsme shodu v krevni skupiné ABO
systému mezi ddrcem a pifjemcem. HLA typizaci ani cross
match jsme u téchto pacientd neprovadgli. Zily jsme ziska-
vali v priibéhu multiorgdnového odbéru a uchovivali je
v standardnich konzervaénich roztocich bez antibiotik. Me-
dian v&ku dérce byl v této skuping pacientt 50 let (rozme-
zi 18-70 let). Medidn ¢asu studené ischemie byl v této sku-
piné pacientii 66 hodin (rozmezi 5-312 hodin). Medizn ¢a-
su pifjemce cekajictho na allogenni %{lu po zafazeni na &e-
kaci listinu byl 13 dni (rozmezi 1-137 dni).

Imunosupresivni terapie nebyla u cévnich rekonstruk-
ci provedenych v obdobi do zéf{ 2004 (25 rekonstrukef,
31%) standardizovana. Pacienti uZivali prednison, azatio-
prin, cyklosporin A, nebo byli bez imunosuprese.

Od z4ff 2004 jsme zadali jako imunosupresi pouZivat
takrolimus (57 rekonstrukef, 69 %). Medidn koncentrace
takrolimu v dobé dimise po transplantaci byl 5,5 pg/I (roz-
mez{ 2,0-11,0 pug/l). Imunosuprese byla poddvana po ce-
lou dobu priichodnosti rekonstrukce.

Typy antiagregaéni a/nebo antikoaguladni 16Eby u prii-
chodnych rekonstrukei v dob& dimise (75 z 82 rekon-
strukefi, 91,5 %) uvadime v tabulce 3.

Pacienty v této skupiné jsme sledovali v rozsahu 2 tyd-
nti aZ 74 mésict (medidn 19 mésich). Doba sledovini by-

N %
MuZi 41 D3
Zeny 34 45
Medidn véku (rozmezi) 66 let (46-85)
ICHS 40 53
Stav po aortokorondrnim BP 22 29
Diabetes mellitus 44 59
Nikotinismus 42 56
Hypertenze a7 76
Hyperlipidemie 44 59
CHRI 12 16
Cévni rekonstrukce na strané BP 52 70
PTA na strané BP 31 41
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Tab. 3. Typy antiagregacni nebo/a antikoagulaéni Ié¢by u 75
infrainguindlnich rekonstrukei Zilnim allostépem prachod-
nych v dobé dimise

Tab. 3. Types of antiaggregation or/and anticoagulation the-
rapy in 75 infrainguinal reconstructions using venous allo-
grafts, patent at hospital discharge

N %
Kyselina acetylsalicylova 23 | 30,6
Ticlopidin 36 | 480
LMWH 3 40
Warfarin 6 8.0
Warfarin + kyselina acetylsalicylovd 2 27
Warfarin + ticlopidin 1 1,3
Clopidogrel 2 21
Clopidogrel+ kyselina acetylsalicylovd | 2 2,7

LMWH, low molecular weight of heparin

la vymezend datem operace a datem dmrti, nebo datem
posledn{ zaru€ené informace o stavn pacienta. V priibé-
hu sledovéni jsme u pacientlt kontrolovali klinicky stav,
priichodnost rekonstrukei (klinicky, ultrasonograficky
(USG), pocitatovou angiografii (CTA), ddle sérové kon-
centrace imunosuprese a rendlni funkce.

VYSLEDKY

B

Umirti, morbidity a pieZfvdni pacienti

Pfezivani pacientil, zachranéné koncetiny i prichod-
nosti rekonstrukef jsme analyzovali Kaplanovou-Maiero-
vou metodou (= SE).

V pribéhu hospitalizace doslo k dmrti jednoho paci-
enta (1,3 %) v dusledku srdeéné zdstavy pii hyperkalé-
mii. U tif pacientl (4,0 %) do§lo k manifestaci ischemic-
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Graf 1. Krivka p¥eZiti pacienti po tepenné rekonstrukei
chladem konzervovanymi Zilnimi allo§tépy. Metoda Kaplan-
Maier

Graph 1. The patients survival curve, following arterial re-
constructions using cold-preserved venous allografts. The
Kaplan-Maier method

ké choroby srdce (akutni infarkt myokardu u 2 pacienti,
angina pectoris u 1 pacienta). U v8ech probéhla intervence
(aortokorondrni bypas u jednoho pacienta a koronaro-
plastika u 2 pacientt). U jednoho pacienta (1,3 %) doSlo
k akutnimu krvéceni z viedu zaludku, ktery byl feSen kon-
zervativné.

PieZivani pacientli 6 mésicti po operaci bylo 93,6 + 3,3
%, 12 mésicti po operaci 91,5 + 4.0 %, 24 mésict po ope-
raci 82,9 + 6,5 % a 36 mésicii po operaci 78,0 + 8,9 %.
Kiivku pieziti pacientd uvddime v grafu 1.

Chirurgické komplikace

Po 18 rekonstrukeich (22 %) z této skupiny pacientfi
doslo ke chirurgickym komplikacim v obdobi do 30 dnii
po operaci. Infekci rany v tifsle s jeho dehiscenci jsme po-
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Graf 2. Krivka zachrdnénych koncetin po tepenné rekon-
strukei chladem konzervovanymi Zilnimi allostépy. Metoda
Kaplan-Maier

Graph 2. A curve depicting rates of saved extremities follo-
wing arterial reconstructions using cold-stored venous allo-
grafts. The Kaplan-Maier method

Survival probability ;

30 36
o months

Graf 3. Primarni priichodnost infrainguindlnich tepennych
rekonstrukci pomoci chladem konzervovanych Zilnich al-
lostépui. Metoda Kaplan-Maier

Graph 3. Primary patency of infrainguinal arterial recon-
structions using cold-preserved venous allografts. The Ka-
plan-Maier method
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Graf 4. Sekundérni priichodnost infrainguinélnich tepen-
nych rekonstrukci pomoci chladem konzervovanymi Zilnich
allostépii. Metoda Kaplan-Maier

Graph 4. Secondary patency of infrainguinal arterial re-
constructions using cold-preserved venous allografts. The
Kaplan-Maier method

zorovali u 5 rekonstrukci (6,1 %), krvaceni v riné bez nut-
nosti chirurgické revize u 2 rekonstrukci (2,4 %), krva-
cenf s nutnosti chirurgické revize u 2 rekonstrukei (2,4
%), infekci Zilniho bypasu s rupturou nebo pseudovydu-
ti u 2 rekonstrukei (2.4 %), Casny uzavér rekonstrukce u 6
rekonstrukei (7,3 %), uzavér vytokové tepny s nutnosti
prodlouZeni bypasu u jedné rekonstrukce (1.2 %).

Zdchrana koncetiny a priichodnost Zilnich rekonstrukct

Zachrdnénych koncetin bylo po 1 mésici 92,4 +3,0 %,
po 6 mésicich 73,0 + 54 %, po 12 mésicich 66,6 + 6,0 %,
po 24 mésicich 59,2 + 6,8 % a po 36 mésicich 52,9 +
9,1 %. Grafickou podobu zichrany koncetiny uvadime
v grafu 2.

Primdrni prichodnost rekonstrukei byla po 1 mésici
82,9 +4.2 %, po 6 mésicich 49,9 + 58 %, po 12 mési-
cich 37,6 £ 5.8 %, po 24 mésicich 29,9 + 58 % a po 36
mésicich 194 + 6,3 %. Grafickou podobu primarni prt-
chodnosti allovenéznich rekonstrukei uvddime v grafu 3.

Sekundérni prichodnost rekonstrukei byla po 1 mési-
ci 82,9 +4.2 %, po 6 mésicich 59,8 = 5.8 %, po 12 mé-
sicich 47,5 + 6,3 %, po 24 mésicich 36,2 = 7,0 % a po 36
mésicich 26,9 + 7,7 %. Grafickou podobu sekunddrni prii-
chodnosti allovenéznich rekonstrukei uvadime v grafu 4.

TEPENNE ALLOSTEPY V LECBE
PROTETICKY(;H INF}EKCf
A MYKOTICKYCH VYDUTI

Pacienti a metody

Tepenné Stépy (N = 10) jsme pouzili v 16¢bé infekci
aortoilickych protéz nebo mykotickych vyduti bfisni aor-

ty u 9 pacientii (M/Z 8/1, vék od 56 do 77 let, medidn 63
let). Indikaci k cévni rekonstrukci tepennym Sté€pem by-
la infekce cévni protézy (N = 6), infekce stentgraftu (N
= 1) nebo mykotickd vydut’ biisni aorty (N = 3). Podrob-
né charakteristiky jednotlivych pacientl, operacnich vy-
kontl, transplantovanych tepen a doby sledovani uvadime
v tabulce 4 a 5.

Pacienty indikované k transplantaci tepny jsme zafadili
na Cekaci listinu. VyZadovali jsme shodu v krevni skupiné
ABO systému mezi ddarcem a pifjemcem. HLA typizaci ani
cross match jsme u téchto pacientti neprovadéli. Tepny jsme
ziskdvali v pribéhu multiorgdnového odbéru a uchovavali
v standardnich konzervacnich roztocich bez antibiotik. Me-
didn véku dérce byl v této skupiné pacientl 30 let (rozme-
zi 1848 let). Medidn asu studené ischemie byl v této sku-
piné pacientt 15,5 hodiny (rozmezi 12-36 hodin).

V poopera¢nim obdobi jsme pacientiim podédvali imu-
nosupresivni 1é¢bu. Do zdfi 2004 jsme pouZzivali cyklo-
sporin A, ktery uZivalo 5 pacientt (vCetn& pacientky po
transplantaci srdce (pacient 8), kterd byla suprimovana
jesté prednisonem a mykofenoldt mofetilem). Medidn
koncentrace cyklosporinu A v prvnim roce po transplan-
taci byl 102 ng/ml (rozmezi 73—189 ng/ml). U dvou pa-
cientl (pacient 2, pacient 10) jsme v 13. resp. 15. mésici
nahradili cyklosporin A, vzhledem k jeho nefrotoxickym
Géinkdm, sirolimem.

Od zdii 2004 jsme zacali jako imunosupresi pouZivat
takrolimus. Takto jsme 1é¢ili 3 pacienty propusténé po
operaci do domdci péfe. Medidn koncentrace takrolimu
v prvnim roce po transplantaci byl 6,0 pg/l (rozmezi
2,2-16.6 pg/l).

Jako antitrombotickou 1é¢bu u pacienti propusténych do
domdci péce (N = 8) jsme pouZili kyselinu acatylsalicilo-
vou (N = 5), tiklopidin (N = 2), nebo indobufen (N = 1).

Pacienty v této skupiné jsme sledovali v rozsahu 6 tyd-
ni az 104 mésict (medidn 27 mésich). Doba sledovanf{
byla vymezend datem operace a datem dmrti, nebo datem
posledni zarucené informace o stavu pacienta. V priibé-
hu sledovéni jsme u pacienti kontrolovali klinicky stav,
priichodnost rekonstrukei (klinicky, ultrasonograficky
(USG), pocitatovou angiografii (CTA), dile sérové kon-
centrace imunosuprese a rendlni funkce.

VYSLEDKY

Umrti

V priibéhu sledovéni zemfelo do ledna 2009 6 pacien-
ti (66 %).

Pacient u kterého jsme pouZili 2 tepenné allografty

.8 odstupem 103 mésici (pacient 1 i 7), zemfel 3 tydny

po druhé transplantaci na multiorgdnové selhdni pfi pro-
trahovaném septickém stavu. V obdobi mezi transplan-
tacemi se u ného 2x ¢bjevily abscesy v levém tfisle. Di-
vodem byla ponechand mald ¢ast plivodniho protetické-
ho bypasu v oblasti proximdln{ anastomézy, na které do-
chdzelo k opakovanym exacerbacim infekce. Plivodni te-
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Tab. 5. Charakteristika pacientii s mykotickoun vyduti bri$ni aorty 1é¢enych transplantaci tepny

Tab. 5. Characteristics of patients with mycotic AAA, treated with arterial transplantation

{mésice)

sledovani
1

60

Doba

€ cevil

Resekce a ndhrada AAA
Resekce a ndhrada AAA
Resekce a nihrada AAA

rekonstrukce tepnou

Typ nov

Délka SI
(hodiny)
12
15
18

Typ tepenného
Stépu

Hrudni aorta
Hrudni aorta
Hrudni aorta

hemie, TX — transplantace, HK — hemokultura, Salm. — Salmonela, USG - ultrasonogra-

Vék
darce
18

2

.

d isc.

Pohlavi
ddrce

i aorty, SI — studen

OP (mm)

Velikost AAA
v Case
50

50
70

Kultivacni nélez
Salm. enteritidis
Ps. aeruginosa
Ps. aeruginosa
+ MSSA

zn. — pozndmka, AAA — vydut' biisn

<

Klinické priznaky
mykotické AAA
Bolesti biicha

+ febrilie
na, Po

Z€.

>
<

+ disekce podle USG

Bolesti bficha

+ pozitivni HK
+ febrilie

Bolesti bficha
+ febrilie
+ pozitivni HK

fie, Ps. — Pseudomonas, MSSA — meticilin senzitivai Staphylococcus aureus

CP - ¢islo pacienta, M — muz,

Pozn.
Stav
po TX
srdce

Vék
66

67

10

Cp | M/Z

penny 5tép byl pfi jeho explantaci rovnéZz se zndmkami
infekee.

Jeden pacient po resekci a ndhradé mykotické AAA s di-
sekci (pacient 9) s komplikovanym pooperaénim pribé-
hem ve smyslu opakovanych revizi pro krviceni a mo&o-
vé piStele, zemfiel pii Sesté revizi pro chirurgicky neoset-
fiteIné krvdcen{ pfi ruptufe tepenného §t€pu 6 tydni po pri-
mdarni operaci.

Jeden pacient po naiti aortobifemoropoplitedlniho by-
pasu pro infekci pivodniho aortobifemorédlniho a femoro-
poplitedlniho bypasu (pacient 5) s rozvojem aortoduode-
ndlni piStéle spolu s pozitivnim ndlezem meticilin rezi-
stentniho Stafylokoka aurea (MRSA) v randch a s opako-
vanymi revizemi pro krvédceni po transplantaci tepny zem-
fel na multiorgdnové selhdni pfi protrahovaném septickém
stavu 6 tydni po transplanataci.

Jeden pacient po extrakci infikované protézy a jeji nd-
hrad€ aortobifemordlnim tepennym $tépem (pacient 4)
zemiel na ndsledky cévni mozkové piithody 14 mésict po
transplantaci.

Jeden pacient po ndhradé mykotické AAA hrudni aor-
tou ddrce (pacient 10) zemfel pro tumor pankreatu 27 mé-
sicl po operaci.

Pacientka po transplantaci srdce a ndsledné ndhradé my-
kotické AAA (pacient 8) zemiela na bronchopneumonii 60
mésicl po tepenné transplantaci.

Chirurgické komplikace

U jednoho pacienta (pacient 2) se po ndhradg infikova-
ného aortobifemorélniho protetického bypasu tepennym
Stépem rozvinula v Casném pooperaénim obdobi vyrazna
lymfatickd sekrece z drénd s hypoalbuminémif a otoky,
kterd byla 1é€end konzervativné. V dal§im prib&hu doslo
k rozvoji kyly v jizv€ po retroperitoneotomii, kterou jsme
odetfili plastikou sitkou 16 mésicti po transplantaci tepny.

U pacienta s infekei axilofemoralniho protetického bypa-
su (pacient 3) se po transplantaci aortobifemoralniho tepen-
ného Stépu rozvinula lymfatickd sekrece v tiislech, kterd si
vynutila chirurgickou revizi 2 tydny po transplantaci,

U dal$iho pacienta po transplantaci aortobiilikofemo-
rdlniho Sté€pu pro infekci plivodniho protetického bypasu
(pacient 4) do§lo peropera¢né k poranéni mo¢ovodu s nut-
nosti jeho rekonstrukce na JJ stentu s dobrym klinickym
efektem.

Pacient s infekef unilaterdlniho stentgraftu implantova-
ného do AAA s jeho ndslednou extrakei a naSitim tepen-
ného aortobifemoralniho bypasu spolu s implantac{ pravé
rendlni tepny (pacient 6) byl revidovan Casné& po trans-
plantaci pro krvéceni z oblasti proximélni anastomdzy a le-
vé rendlni tepny. V dal$im pribé&hu doslo k dehiscenci ra-
ny v tifsle s nutnosti transpozice musculus sartorius a re-
sutury rany.

Priichodnost tepennych rekonstruket

V priibéhu sledovéni byla primérni priichodnost rekon-
strukei 100%. Ani u jedné transplantované tepny jsme ne-
pozorovali jeji aneuryzmatickou dilataci zndmou z histo-
rie pouZiti tepen v této indikaci.
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TEPENNE ALLOSTEPY

A AORTOILICKE
REKONSTRUKCE

U TRANSPLANTOVANYCH
PACIENTU

Pacienti a metody

Chladem konzervované tepenné allo$tépy (N =
20) jsme pouzili jako materidl k cévni rekon-
strukei v aortoilické oblasti u 20 transplantova-
nych pacienti (M/Z 11/9, vék od 32 do 67 let, me-
dian 56 let).

Indikaci k cévni rekonstrukei byla klinicky ma-
nifestni aortoilickd stendza resp. okluze (14 pa-
cientll) nebo vydut' biisni aorty (6 pacienti).

U 13 pacienti z této skupiny jsme provedli aor-
toilickou rekonstrukci soucasné s transplantaci
kadaverdzni ledviny. U zbylych 7 pacientl jsme
uskute¢nili aortoilickou rekonstrukci az s uritym
Casovym odstupem po orgdnové transplantaci.

Podrobné charakteristiky jednotlivych skupin
pacientil, opera¢nich vykoni a transplantovanych
tepen uvdadime v tabulce 6 a 7.

Pacienty indikované k soucasné transplantaci
tepny a ledviny jsme zatadili na ¢ekacf listinu do
zvl4§tniho potadi. Ledvinu i tepnu k transplanta-
ci jsme pouZili od stejného dirce. Mezi ddrcem
a pfijemcem jsme vyZadovali shodu v krevni sku-
piné ABO systému. HLA typizace dérce a cross
match mezi pfijemcem a ddrcem jsme provadéli
aZ po transplantaci. U pacient s jiZ transplanto-
vanym srdcem nebo ledvinou jsme HLA typiza-
ci ani cross match nevyzadovali.

Tepny i ledviny jsme ziskdvali v priibéhu mul-
tiorgdnového odbéru, uchovavali je v standardnich
konzervaénich roztocich bez antibiotik. Medidn vé-
ku dérce byl v této skupiné pacientt 35 let (roz-
mezi 1545 let). Medidn ¢asu studené ischemie te-
pen byl v této skupiné pacientii 12 hodin (rozme-
zi 5-24 hodin). Medidn studené ischemie ledvin
u pacientl se soucasnou transplantaci tepny a led-
viny byl 14 hodin (rozmez{ 7-26 hodin).

Imunosupresivni schemata se u téchto pacien-
ti fidila podle druhu transplantovaného orgdnu
(ledvina, srdce). Transplantace tepny neméla na
vyb&r imunosuprese vliv.Typy imunosupresivnich
protokolli u viech 20 pacientl v Case propusténi
do domdci péce uvadime v tabulce 8.

V antitrombotické 16¢b& u pacientl propuste-
nych do domdci péce z této skupiny (N = 20) jsme
pouzili kyselinu acatylsalicilovou (N = 12), tik-
lopidin (N = 1), indobufen (N = 2), warfarin (N
= 1), sulodexid (N = 1). T¥i pacienti byli pfi pro-
pusténi bez antiagregaéni terapie.

dni

Doba sledov
(mésice)

110

102

lloStépem

ym a

-

i resekci a nihradou tepenn

é jej

.

ty FeSen

Tisni aor

yduti

s vy

i

Tab. 6. Characteristics of patients with AAA, managed by resection and arterial allograft implantation

Tab. 6. Charakteristika pacien

E jia] [sd}
2 = =
Ble Bl 5|« 5]« = z
£ < &= & g
2l< g|< Z|S E|S E £
3 2 o, 2| Z|< 5 B 8 L =
= 3= 3.8 © cfl® |8 = I
. & 8E =R 83=BeB e BFBE =
|5] w— O & = - Sl S| = S [3] =
£ Sle = g8 S =S S = < 8 E
> 5 = =g 2E e HE N E§ =
@ 8l< 5 g E|E E|E E|E E|E El<E & E
o Z|l< 80 Ele Ble 3l Zez< & 23
> o 5L 3Blo 8o Zle Ble B|lew 58 83
andzﬂu o Bl ko 2o 8 § 2
£ 2lgeoa x|8BE e g xE e e X
e 2lzg@mB|g spRlzE|laB|lgaa B
o 1 - - A - -
» =
s .E
=73 wy
‘OP'v-l —
A El= o s = )
g |5 £
»n
o |5 5
© |C a |g |8 |& |@
g = 5] c g S =
o = s = o = t=
5 i ik & v =
£ e 5 | |€ |5 I=
o = 3 S E El =
> =] = = =1 =1 =]
= < o} e o} = jas} <€
W
® s ¥ |8 | e e
5
3 &
S
a5 = |= |=2 |=
w
o]
- 2 |E |2 E
= . - = 2 U g
8 |e £ 5 |€ |E [S2
5§ |= = B |8 |8 8%
£ 1) s |w |E ‘= g
g jas} jo o] jasd 24 — g o
c < .‘:’.gggm e o} (.:.’E—
ey % | x . .
= [a o Ela E|la an
w wa
g |E SIS EE [ BF
=] — = a3l= 2SS - - <
5 o Mo%oﬂf‘ (4 <
ot o o €I 2 2= o =<
o Q O 20 2|0 o O =
7]
o
S -
= E
L
2 E|8 g |2 |3 |R |R”
< < < < < <
qj)g < < < < <
< g < < < < <
w © ] w3 o N D]
2 b 24 a4 a2 i R
o 7 3 |2 |5 |8 |2
= 0 5| s E =] w
2 E 8 = E £ g £
5 |8 g |s |g |8 |¢g
> a9 =% [=h =% =) =%
> E <« E E E E £
|~ o< z > N Z z
e |< + < |< [<€ |4 |<
e
n foa) wy — ~ ~
> =3 n vy e} g}
= EN =
&5 |z o & g e

Rozhledy v chirurgii

76
72

ze, TX — transplantace, AIE — arteria iliaca externa

ty, CHRI/HD — chronickd rendlni insuficience v hemodialyzacnim stadin, ICHS — ischemic-
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Tab. 7. Charakteristika skupiny 14 pacientii se stenézou ne-
bo okluzi pdnevnich tepen ¥eSenych cévni rekonstrukei
s pouzitim tepennych allo$tépi

Tab. 7. Characteristics of a group of 14 patients with steno-
sis or occlussion of pelvic arteries, managed by vascular re-
constructions with arterial allografts

Tab. 8. Typy imunosupresivni terapie u 20 pacientii s trans-
plantovanym organem (ledvina, srdce) a cévni rekonstruk-
ci tepennym allo§tépem

Tab. 8. Types of immunosuppression therapy in 20 patients
with organ transplants (kidney, lungs) and vascular recon-
structions with arterial allografts

Charakteristika pacient?

Muzi 7 50 %
Zeny 7 50 %
Medidn véku (rozmezi) 56 let

(32-67)
ICHS 9 64 %
ICHS/TX srdce 4 29 %
Medidn ¢asu od TX srdce 47 mésicl
(rozmezi) (14-99)
Diabetes mellitus 5 36 %
Nikotinismus 12 86 %
Hypertenze 11 79 %
CHRI 11 79 %
CHRI/hemodialyza 7 50 %
CHRI/TX ledvina 3 21 %
Medidn ¢asu od TX ledviny 19 mésicli
(rozmezi) (0,25-91)

Charakteristika cévniho postiZzeni
Stenéza/okluze AIC/AIE jednostrannd 7 50 %
Stenéza/okluze AIC/AIE oboustranni 6 43 %
Okluze aortofemordlniho BP 1 7 %
Chronickd kon&etinov4 ischemie 13 93 %
Klaudikace 10 71 %
Klidové bolesti 1 7 %
Trofické defekty 2 14 %
Akutni konCetinov4 ischemie ; 1 7 %
Charakteristika darcii a tepennych §tépti

Medidn véku ddrce (rozmezi) 29 let

(15-45)
Aortobiilikofemordlni §té&p 5 36 %
Ilikofemordlni §tép 9 64 %
Medidn studené ischemie (rozmezi) 12 hodin

(5-24)
Charakteristika cévnich rekonstrukef
BP aortobifemoralis
+ TX ledviny na allotepnu 2 14 %
BP aortobiprofundalis
+ TX ledviny na allotepnu 1 7 %
BP aortofemoralis
+ TX ledviny na allotepnu 3 21 %
BP ilicofemoralis
+ TX ledviny na allotepnu 1 7 %
BP aortobifemoralis 1 7 %
BP aortobiiliacalis 1 7 %
BP ilicobiprofundalis 2 14 %
BP ilicofemoralis 2 14 %
BP ilicoprofundalis cross-over 1 7 %

Charakteristika doby sledovéni

Medién doby sledovan{ (rozmezi) 39 mésich

(8-135)

ICHS — ischemickd choroba srdce, TX - transplantace, ICHSITX srdce
= stav po transplantaci srdce pro ischemickou chorobu srdce, CHRI —
chronickd rendini insuficience, CHRIhemodialyza — chronickd rendini
insuficience v hemodialyzaénim stadiu, CHRI/TX ledvina — stav po
transplantaci ledviny pro chronickou rendlni isuficienci, AIC — arteria
iliaca communis, AIE - arteria iliaca externa, BP — bypas

N %

Cyklosporin A + azatioprin + prednison 6 30%
Cyklosporin A + mykofenolt mofetil 6 30%
+ prednison

Cyklosporin A + prednison 1 5%
Takrolimus + mykofenolat mofetil 4 20%
+ prednison

Takrolimus + sirolimus + prednison 1 5%
Takrolimus + mykofenoldt mofetil 1 5%
Mykofenoldt mofetil + prednison 1 5%

Pacienty v této skuping jsme sledovali v rozsahu 1 tjdne
az 135 mésicl (medidn 47,5 mésice). Doba sledovan{ by-
la vymezend datem operace a datem timrti, nebo datem
posledni zarucené informace o stavu pacienta. V pribé-
hu sledovéni jsme u pacienti kontrolovali klinicky stav
a pricchodnost rekonstrukei (klinicky, ultrasonograficky
(USG), potitacovou angiografii (CTA).

VYSLEDKY

Umrti

V priibéhu sledovani zemielo do ledna 2009 10 paci-
entt (50 %).

P&t pacientii (3 s transplantovanou ledvinou, 2 s trans-
plantovanym srdcem) zemfeli na maligni novotvar 8, 26,
37, 63 a 103 mésich po cévni rekonstrukci tepennym al-
lostépem.

Dva pacienti po sou¢asné cévni rekonstrukci a trans-
plantaci ledviny zemfeli v disledku perforovaného nebo
krvécejictho gastroduodendlniho viedu 1 a 32 mésict po
operaci.

Jeden pacient po sou¢asném aortofemoralnim bypasu
a transplantaci ledviny zemfel 27 mésict po operaci na
nésledky cévni mozkové pithody

Jedna pacientka po ilikoprofunddlnim BP zemfela na
multiorgdnové selhdni pfi septickém stavu v disledku in-
fekce amputa¢niho pahylu 19 mésicdl po tepenné trans-
plantaci.

U jedny pacientky po transplantaci srdce s ndslednym
ilikofemoralnim bypasem do3lo k nahlému dmrt{ 67 mé-
sicll po srde¢nf a 53 mésich po tepenné transplantaci.

vove

Pfesnou pri¢inu smrti se ndm nepodatilo zjistit.

Chirurgické komplikace

U 6 pacientii (30 %) z této skupiny doglo ke chirurgic-
kym komplikacim v asném pooperaénim priib&hu.

U 3 pacientii po sou¢asné pdnevni rekonstrukci a trans-
plantaci ledviny se rozvinula porucha hojenf rény (2x de-
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hiscence s nutnosti revize a resutury, Ix lymfatickd se-
krece feSend konzervativng).

U 2 pacientti po primdrni cévni rekonstrukei v oblasti
pdnve doSlo k rozvoji akutni ischemie koncetin s nutnos-
ti periferni rekonstrukce. U jednoho pacienta po simul-
tdnnim aortofemordlnim allotepenném bypasu a trans-
plantaci ledviny spolu s kontralaterdlni plastikou arteria
profunda femoris allotepennou zdplatou doslo k uzdvéru
v misté plastiky s nutnosti provedeni femoropoplitedlni-
ho protetického bypasu 10 dni po primdrn{ operaci. U jed-
né pacientky s ilikobiprofunddlnim allotepennym bypa-
sem provedenym akutné tyden po transplantaci ledviny
doslo k prohlubovani ischemie dolni konletiny ve vCas-
ném obdobi po allotepenné rekonstrukci. Tu jsme fesSili
novym krurdlnim bypasem allovenoznim St€pem s do-
brym efektem.

U jednoho pacienta po resekci a ndhradé AAA tepen-
nym Stépem a soucasné transplantaci ledviny doslo k roz-
voji ischemické kolitidy. Komplikaci jsme feSili subto-
talni kolektomii s pfechodnou ileostomii. I pies zdvazny
peroperacni nélez sterkordln{ peritonitidy se ndm podafi-
lo zachrdnit nejen pacienta, ale i tepenny a ledvinny $tép.
Tuto kazuistiku jsme v minulosti jiz publikovali [1].

Pozdni chirurgické komplikace jsme pozorovali u 4 pa-
cientt (20 %).

Kyla v rané€ po laparo- nebo retroperitoneotomii se roz-
vinula u 3 pacientti (z toho u dvou, ktefi méli pooperac-
ni poruchu hojeni rdny).

U jedné pacienty po ilikoprofunddlnim allotepenném
bypasu pro gangrénu palce doslo i pies cévni rekonstrukei
ke zhorSovani ischemie s nutnosti amputace ve stehné 4
meésice po panevni rekonstrukci.

Priichodnost tepennych rekonstrukci

V priibéhu sledovani byla primédrni priichodnost re-
konstrukci 100%. Ani u jedné transplantované tepny jsme
opét nepozorovali jeji dilataci.

DISKUSE

V prezentované prici hodnotime naSe zkuSenosti
s chladem konzervovanymi tepennymi a Zilnimi allo$té-
py v cévni chirurgii. Tyto §t€py znamenaly nové moZznosti
v 1é¢bé aterosklerotického postizeni dolnich kondetin i fe-
Senf infek¢nich komplikaci po pouziti klasickych umé-
lIych protéz.

VyuZiti cévnich allo§tépt neni v chirurgii novinkou. Cév-
ni allo§tépy vlastné stdly pii zrodu rekonstrukéni chirurgie
tepen na zacdtku 20. stoleti [2, 3,4]. gpamé dlouhodobé vy-
sledky z 50. a 60. let minulého stoleti ale vedly ke ztrate
zdjmu o tuto ndhradu a cévni chirurgii ovlddly umélé cév-
ni protézy [5, 6]. V 80. letech minulého stoleti ale Zivot
ohrozujici infekce pravé umeélych cévnich protéz zname-
naly renesanci zdjmu o allogenni cévni materidl [7, 8].

V soudasnosti se na Zilni i tepenné alloStépy jiZ hledi
jako na tkdii vyvoldvajici imunitni odpovéd podobnou re-

jekénim procestim vznikajicim u pacientl po transplan-
taci parenchymatdznich organii [9, 10]. Jejich imunoge-
nicita je podminénd zejména expresi HLA antigent tiidy
IiIIv jejich sténé [11]. I piesto neni pouZiti imunosup-
rese po jejich transplantaci ve svété vieobecné béZné
a pristup jednotlivych center se pohybuje od jejiho abso-
lutniho odmitdni [8] aZ po pouZiti v trojkombinaci ob-
dobné jako je tomu po orgdnové transplantaci [12].

NasSe pracovisté se vzhledem ke klinickym [1, 13-17]
i experimentdlnim zkusenostem s tepennymi [18] i Zilni-
mi §tépy (zatim nepublikovand studie) jednoznacné klo-
ni k pouziti imunosuprese po transplantaci chladem kon-
zervovanych cév. Podrobné o této problematice i o vy-
hodéch pouziti imunosupresiva takrolimu (FK506) v cév-
ni chirurgii diskutujeme v naich predchozich publikacich
[18, 15].

Na celkovy vysledek transplantace cévnich allostépt
ma kromé imunosuprese vliv také kvalita §t€pt v dobé
transplantace. Ta je ovlivnénd zejména Casem studené is-
chemie [19]. V naSem souboru byl medidn ¢asu studené
ischemie tepen 15 hodin. Tato doba je bezpetnd 1 pro
transplantaci ledviny. Proto nepfedpokladiame, Ze by mé-
la vyznamné ovlivnit vysledky transplantace tepen. U Zil-
nich allo$tépt byl medidn Casu studené ischemie pod-
statné€ vyS§i, a to 66 hodin. Tento fakt je zplisoben orga-
nizaci odbéri a transplantaci orgdni, kdy transplantace
parenchymatéznich orgdnt je nutné provést co nejdiive
v presné definovangch Easovych intervalech. Zilnf trans-
plantace je tak provddénd jako posledni. Délka studené
ischemie je proto ur€ité jeden z faktorti, ktery negativné
ovliviiuje celkové vysledky cévnich rekonstrukei Zilnimi
allo§tépy. Podrobné o této problematice diskutujeme v na-
§i predchozi{ publikaci [15].

Pacienti po transplantaci Zivotng diileZitych organti jsou
vzhledem k doZivotnimu poddvéni imunosuprese vhod-
nymi pifjemci allogennich cév. V soutasnosti ddvime
prednost pouZiti tepennych allograftii v aortoilické oblasti
a pouZiti Zilnich allografti v oblasti infrainguindlni. Tu-
to problematiku podrobné diskutujeme v naSich pied-
chozim publikacich [13, 14, 17].

ZAVER

Zivérem lze konstatovat, Ze pouziti chladem konzer-
vovanych tepen a Zil ma pevné misto v naSich sou€asnych
lé¢ebnych metodach. Pii pouZiti imunosupresivni tera-
pie po téchto vykonech se opirdme o vlastni klinické i ex-
perimentalni zkuSenosti.

Seznam zkratek

AAA — vydut’ bfisni aorty

AFC — arteria femoralis communis
AIC - arteria iliaca communis
AIE — arteria iliaca externa

anast. — anastomdza

bilat. — bilateralis
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BP — bypas

CABG - aortokorondrni bypas

dist. — distdln{

E. Coli — Escherichia Coli

Ent. Faecalis — Enterococcus faecalis

HK - hemokultura

HT ~ hypertenze

CHRI - chronickd rendln{ insuficience

CHRI/HD - chronickd rendlni insuficience v hemodialy-
zaCnim stadiu

CHRI/TX ledvina — stav po transplantaci ledviny pro
chronickou rendlni isuficienci, ICHS — ischemick4 cho-
roba srdce

ICHS/TX srdce — stav po transplantaci srdce pro ische-
mickou chorobu srdce

IM — infarkt myokardu

LMWH - low molecular weight of heparin — nizkomole-
kuldrni heparin

MRSA — meticilin rezistentni Staphylococcus aureus
MSSA — meticilin senzitivai Staphylococcus aureus
negat. — negativni

proth. — proteticky

Proth. mirab — Protheus mirabilis

Ps. — Pseudomonas

Ps. aerug. — Pseudomonas aeruginosa

PSA — pseudoaneuryzma

PTA — perkutdnni translumindln{i angioplastika

Salm. — Salmonela

SE - standard error

SI - studend ischemie .

Staph epid. — Staphylococcus epidermidis

Staph koag.neg. — Staphylococcus koaguldza negativni
TAAA - vydut’ hrudni aorty

TX — transplantace

USG - ultrasonografie

VSM - vena saphena magna
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