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SIMPLIFIED TECHNIQUE OF ORTHOTOPIC LIVER
TRANSPLANTATION IN PIGS! '

FUMITARA O1rE,2 KENJT URYUHARA,? MASAYURT Orsura,? Jeaw Pagr, DEHoux, 2
"* JEAN BERNARD O1TE,* Jan LERUT,® AND PIERRE GIaNgLLOZS

Laboratory of Bxperimental Surgery, Université catholique de Louvain, 55 Avenue Hippocrate, 1200 Brussels, Belgium,
Department of Digestive Surgery and Pedigtrie Surgery, Cliniques Universitaires Saint-Lue,

Backsround. Pig models have become common in
transplantation immunological research. However, in
pigs, clamping of the venous splanchnic system during
orthotepic liver transplantation (OLT) is responsible
for high morbidity and mortality rates; therefore; the
use of venovenous bypass (VVB}) is advocated, Because
venous bypass can dlso canse specific complications, a

and evaluated in terms of morbidity and mortality.
Methods. Twenty-three QLT were performed be-
tween pairs of inbred miniature swine. Donor and recip-
ient pairs (weighing 20-35 kg) were selected at 3-8
months of age, In the donor, the portal vein, infrahepatic
vena cava, and suprahepatic vena cava were dissected,
whereas the hepatic artery was preserved in continuity
with the coeliac trunk and the abdomina! aorta up to the
iliac bifurcation, In situ cold perfusion was then per-

another surgical team. After tota] hepatectomy and oom.-
plete portal and caval clamping, the suprahepatic veng
cava and portal vein were sutured; VVB was riot used,
After completion of both venous sutures, the liver graft

Was implanted end.-to-side to the recipient infrarenal
aorts, and the biliary reconstruction consisted of a cho-
lecystojejunostomy with a Roux-Y loop,

Results, Twenty of 23 (87%) animals survived more
than 1 week (7-483 days)., The mean anhepatic time
Wwas 28.6+4.12 min, Although severe hypotension was
noted during the anhepatic phase, the hemodynamie
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status rapidly recovered and stabilized after graft
reperfusion,

Conclusion, Simplified technique without VVB ig ap-
propriate for successfully achieving OLT in pigs.

Venovenous active or passive bypass (VVB) hag been be-
lieved to be essential for successful orthotopic liver trang.

generates savere hypotension, acidosis, and hyperkalemia,
which may cause the death of the animal. VVB has therefore
been used in both experimental and clinical development of

genic complieations, a simplified OLT technique without
VVB has been evaluated in & pig model. Although sucesssfiy]
OLT might be achieved withoat bypass, the OLT technique
must be simple, safe, reproducible, and adapted to the fol-
fow-up expected in the experimental setting: when short-
term survival ig needed, implantation that includes portal
Venous anastomosis using the cuff method (4) may be appro-
priate; however, when long-term survival ig Hecessary, the
OLT technique must take into consideration the rapid
growth of the pig, therehy avoiding the cuff procedure which
might narrow vascular dnastomoses.

SLA® and SLA® NIH miniature breeder swine were gen.
erously donated by D.H. Sachs (Massachusetts General Hos-
pital, Boston, MA) (5). SLA% and Sp,Acd animals were bred in
our facilities at Universita Catholique of Louvain (Mr. B,
Collignon, Centre A, Marbaix, LLN, Belgium). Donor and
recipient pigs were selectad at 3-6 months of age from the
colony. Homozygous SLA% (class I clags IT¥4) pigs re-
ceived OLT from hetérozygous SLA™ (class 1%, clags I1¢4)
donors,

Anesthesia was induced by Zoletil (Virbac, Carros, France)
intramuscularly at a dose of 8 mgrkg. After ihtubation, inha-
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maintain a stahle hemodynamic condition. To take out the
liver, we Sequentially clamped the IHVC, pertal vein, and

portal veing and SHV C, running sutuyes of Prolens 6/0 (Ethi-
con, Johnson and Johnson, Dilbeek, Belgium) ang Prolene

were used, ,
Heparin, dopamine, or other vasoconstrictive drugs ware
not administer_ed throughout the operation. The entire oper-
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Ficurg 1. Hemodynamie status in the recipients (n=8) dup.
ing operation. Systolie arterial blood pressure dropped after
clamping of portal vein and vena cava (50-60% reduction of
the preoperative arteyxia] blood pressure}. After allograft
reperfusion, systolic arterial blood pressure recovered  to
76.3% of the preoperative blood pressure, Data are exprosseq
s mean=SEM, :
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after operation, and intravenous fluid (glucose 5%) was main-
tained for 2 days (2 I/24 ha),

Twenty of 93 (87%) animals survived for more than 1 week,
Three animals dieq perioperatively: one animal did not re-
cover from anesthesia, probably due to brain death; one an-
imal died 6 hy after surgery due tg extended splanchnic
thrombosis, and one died on day 1 from pilmonary embolism,
Twenty animals exrolled in two different Eroups in which

(Fujisawa GmbH, Osaka, Japan} for 12 days, survived more
than 1 week. In the untreated group, the animals survived up
to rejection for 7, 16, 19, 21, 23, 87, and 45 days. Tn thig
group, one pig died at day 7 due to hepatic failure caused by
rejection, but éutopsy also revealed hepatic arteria] throm-
bosis. In the tacrolimus-treated group, animals survived for
10, 14, 24, 27, 27, 44, 49, and 79 days and eventually died

The leve] of Serum aspartate amirotransferage peaked on
stoperative day (POD) 1, but went to normal level on POD4

animalg, whereas it increased in untreated animalg after
POD3 in process of acute rejection. ’
Prior to uge of the Presently deseribed method, five animals
underwent porta] vein and IRVQG anastomoses by the cuff
method previously described in dogs (6). Short polyethylene
cuff (1 em long and 7-19 mm in diameter) wers designed for
this purpose by BELDICO, MARCHE, Belgium, The portal

and vena tava-to-jugnlar vein shunt to prevent savere hypo-
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Fieure 2. Changes in serum aspartate aminotransferase and
total bilirabin during the first week post-OLT, Aminotrans.
ferase, peaking on POD 1 in both groups, returned to normal
values within 4 POD. Total bilirubin level incressed from
POD 3 onward, due to rejection in the untreated groiip,
wheieas it remained normal in the FR506-tréatéd group.
Data are expressed as mean+SEM. L
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tension during the anhepatic phase. The rate of early sur-
vival in this report:-was 74%, Although VVB is useful. for
preventing stress and hypotension caused.by portal and ca-
val occlusion, it also cauges speeific complications such as
bleeding, gas embolism, coagulation disorder, thrombosis,
‘and metabelic disorders (3). The key for experimental animal
models is the repfoducibility and the low mozbidity. Surgieat
technique in large animals must be as ¢gimple and as short as
possible, inasmuch:as thersis no intensive care unit that can
insure complicated .postoperative care: This study showed
that, in pigs, an anhepatic phase of 30'min can be tolerated
without high morbidity. To even shorten the timeé of cross-
clamping, the cuff method seems. interesting; especially in
experimental settings that do not need long follow-up. Suc-
cessful canine QLT without bypass use and by utilizing cuffs
for venous anastomoses has’been.reported.(6). The reported
mean time of anhepatic phase was 9.7 min. However,dogs
are much-more resistant to. this procedure; and for ethical
reasons, will not be available in the future for experimental
settings. In addition, the cuff method proposed in dogs by
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Freune 3. Macroscopice view of portal venous quff.sl;qwiq,c;r
Severe anastomiotic stenosis at 2 months post-OLT, This pig
gained more than one-third of its weight during those 2
months (from 26 to 35 kg). ' )

SHVC, rendering the cuff system usefil only for portal an
IHVC' anastomoses. Because the completion of the SHVC
anastomosis requires around 14 min, the anhepatic time 1§
not significantly shortened, even by using cuffed portal vein
anastomosis. _

Goto (8) reported porcine OLT without the use of VVB'by.
adopting a temporary aortic occlusion technique to prevent.

24-hr survival (72%) was reported as well, in
without VVB. Although such tachnique is attractive, we dems
onstrated in the present’study that anhepatic phase withgut
VVB could be easily tolerated during a 80-min period, whic
is usually sufficient to perform the two venous sutures 5re
ceding graft revascularization,

In conclusion, OLT might be easily achieved in pig mod
without the use of VVB. In the case of short-term follow )
(hours up to some days), the portal venous anastomosis
might be achieved by using a cuff system, but in the case
long-term follow-up, running sutures are favored to overcoms
the rapid growth of pigs and subsaquent portal vein narrow-
ing. A simplified procedure of OLT without VVB is therefor
proposed for use in studies of long-term immunologica
sponse to transplantation in pigs. C
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CYCLOSPORINE NEPHROTOXICITY

JouN K. Jenxins,? Hone Huang, Kevnere NDEBELE, AND ABDULLA K. SALAHUDEEN

Department of Medicine, University of Mississippi Medical Center, Jackson, Mississippi

Background. In a rat model of cyclosporine (CsA)
nephrotoxicity, vitamin R pPreserves renal fanection
and reduces free radicals, vasoconstrictive thrombox-
anes, and tubulointerstitial fibrosis. We examined the
effect of vitamin E on tubule gene expression in this
model, .

Methads, In two of three groups, rats were treated
with either CsA, or CsA plus vitamin E, whereas the
control group received vehicles. We pocled purified
tubules or whole kidney tissue in a novel manner to
represent each treatment group, harvested RNA, and
performed rigorously controlled qualitative reverse
transcription-polymerase chain reaction. K

Results. Cyclooxygenase (COX) I mBNA was detect:
able in control animals, was increased by CsA, but was
unchanged by vitamin E. COX II mRNA was detected
in controls, was inhibited in the CsA group, and was
further inhibited with vitamin E. Hemeoxygenase I
and TGF-8 and osteopontin mRNA were increased in
the CsA-treated group and were inhibited by vitamin

Conclusions. Our data support the involvement of
free radicals, COX pathways, and pro-fibrotic genes in
eyclosporine nephrofoxicity and suggest that the sal-
utary effect of vitamin E involves the suppression of
some of these genes, :

Cyclosperine A (CsA) is a potent and selective Immunosup-
pressive agent, and its introduction has permitted a steady
increase in kidney and other organ transplantation, How-
ever, its clinical use has not been fully realized because of its
frequent and at times severs renal toxicity. Several studies
have been undertaken to understand the mechanism of this
unwanted side effect (1, 2). Two main components of Csa

! Address correspondence to: John K. Jenkins, MD, Division of
Rheumatology/Molecular Immunology, Department of Medicine,

University of Mississippi Medieal Center, 2500 North State Street,
Jackson, MS 392164505,

nephrotoxicity have been recognized: (1) an acute and revers-
ible renal vasoconstriction leading to acute reductions in
renal blood flow and glomerular filiration rate, and (2) a
chronic and irreversible tubuleinterstitial fibrosis leading to
chronic renal failure. Mediators and mechanisms postulated
to be involved include thromboxanes and prostaglandins,
fibrogenie growth factors ineluding TGFB as well as reactive
oxygen species (ROS) (2-4). CsA-induced renal production of
vasoconstrictive thromboxanes may result from lipid hy-
droperoxidation and/or induction of eyclooxygenase, The his-
tologic findings in CsA nephrotoxicity are primarily those of
tubulointerstitial fibrosis, Recent reports suggest a role of
renal expression of fibrogenic growth factors such as TGFR
and extracellular matrix proteins including osteopontin, col-
lagens, and fibronectin (3-5).

Regarding.the'pOSSibIeA_role of cyclooxygenase in the pro-
duction of vasoconstrictive prostanocids, the effects of CsA on
tubule expression of either isoform of eyclooxygenase (COX)
s not; clear. Non-specific COX inhibitors have been shown to
worsen CsA-induced nephrotoxicity (8). Differential up-reg-
ulation of COX II has therapeutic implication in CsA-neph-
rotoxicity, because specific COX I inhibitors are now avail-
able and could inhibit renal vasoconstrictor production
without inhibiting the vasodilatory prostancids elsewhere
downstream of COX 1. .

We previously hypothesized that the antioxidant vitamin B
suppresses UsA-induced lipid hydroperoxides and renal pro-
duetion of thromboxanes (I). In an earlier study, we found
that administration of vitamin E suppressed tubulointersti-
tial fibrosis and limited renal dysfunction when coadminis-
tered with CsA in the rat model of CsA-induced nephrotox-
icity. There was essentially no glomerular damage. Increase
in urinary metaholites of prostanoid vasoconstrictors wag
also associated with CsA nephrotoxicity and similarly was
reduced with vitamin E. In this report we have further ex-
plored the mechanism of CsA-induced tubulointerstitial in-




