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INTRODUCTION
Since ~the advent of the potent immunosuppressive agent &K
506, intestinal transplantation has become a feasible therapeutic
cption for patients with irreversible intestinal fallure (1,2).
n <this <chapter, we present our <clinical experience with
intestinal transplantation, focusing on the technical aspects of
coth the donor and recipient operations. The logistics of the

operative procedure have been described previously (3).

Type of transplantation

“rom May 1990 to July 1993, a total of £S5 patilients received
intestinal transplantation at our center. The operation was
successfully completed in 53 patients. Two adult patients died
during dissection of the native organs due to uncontrollable
bleeding, complicated by extensive thrombosis in ©zoth the

splanchnic venous system and inferior vena cava. ©°f <che £3

r2¢ilclents, 18 patlents were glven an isolated 1ntestinal grartt,
~o recelved combined intestine and liver, and ? received
multivisceral grafts. Multivisceral grafts c¢onsisted oI the
stcmach, Liver, pancreas, duodenum, and intestine, except £or one
satient in which the liver was omitted. The colon was included
n “ne lntestinal gratft of the last 23 consecutilve reciplents 1n

in  :tZempt to reduce the 1ncidence of dJdiarrhea and bacterial

vertrcwtn by preserving the 1leocecal valve.



Recipients

The recipient population consisted of 24 adults and Z9
children. The age cof the adult group ranged from 19.1 to S8 vyears
with a mean (+SD) of 33.7 # 10.1 vears. The age of the pediatric
recipients ranged from 6 months to 15.5 years with a mean (%SD)
of 3.7 + 3.8 vyears. Irreversible intestinal failure was the

primary indication for intestinal transplantation. Causes of

intestinal failure for the 53 recipients are summarized in Table

lcmbined :ntestine and liver transplantation was performed
only Zor patlents who had <total parenteral nutrition (TPN)
related cholestatic liver failure and/or inborn liver disease.
Multivisceral transplantation was done for patients who had an
uncorrectable disorder of the entire gastrointestinal tract,
mostly from extensive thrombosis of the major abdominal vessels.

All reciplents recelived routine gut decontamination
crecoeratively. The antimicrobial agents used were amphotericin
3/myccostatin,  aminoglycosides, and polymyxin E. Intravenous

antiblotlcs were also used prophylactically for all patients.

All donors were cadaveric, ABO 1identical, orf similar size,
slizntly smaller, or larger than the recipient. The age of the
ieners ranged Irom 3 days to 47 years. The lymphocytotoxic
rcesmatch was strongly positive tn four of the S3 pat:i:nts who

w~were successfully transplanted. No attempts were made to alter

~he rrart lymphoreticular tissue with antillymphocyte prz=-iratlons



or other modalities. Isolated intestinal recipients who are
-vytomegalovirus (CMV) seronegative should only receive grafts
frcm CMV seronegative donors. This policy was recently adopted
-0 reduce the incidence of CMV enteritis in thls unique
oopulation.

Sut decontamination was attempted for all donors. The same
antimicrobial agents used for recipients were given to the donors
~nrcugh a nasocgastric <tube. At the same time, ampilcillin and
ceroraxime were given lntravenously every o to 3 hours and at the
“lme I organ procurement.

The University of Wisconsin (UW) solution was used for In-
J1tu perfusion and simple cold storage of the entire graft. The
total volume of the UW solution used for iIn-situ perfusion was 1
to Z liters for adult donors and 50 to 100 mi/kg for rediatric
ionors. Initially, £flushing of the 1lntestinal lumen was omitted,
sut LT kbecame & standard procedure later, especially when the
:2..n wWas procured as a rart of the 1lntestinal Irart. ‘ne 1O two
LlToers of chilled sactated Ringer's solution >ontailning
:mpnctericin B, aminoglycosides, and polymyxin were 1ised for
~uminal Zlushing.

"he cold ischemia <ime ranged from 2.3 to L11.. hours with a
mean . .5 * Z.. hours. These relatively short cold :1schemia
imes rerlect our adopted policy of utilizing local iZonors, and

"zorilnating the “iming Zor the Jonor and reciplent -perations.



Surgical Techniques

I Isolated intestine
A) Zonor Operaticn (Figure la, lb)

The retrieval procedure starts with a cruclate abdominal
incision. The greater omentum 1s carefully dissected and
separated from the transverse mesocolon. After kocherizing the
jduodenum, the cecum, ascending colon, mesenterium and descending

colcn are mobilized from the retroperitoneum. Attention 1s then
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czed to the croxilmal -ejunum, whilich 1s transected close Lo
“he L.Iament o©f Trert:c. The -hird and :fourth cortion :©f the
iuodenum wilith the attached prcximal Jejunal segment are ZIurther
mobilized and dissected <fIrom the root of the mesenterium by
dividing small numerous branches that communicate Dbetween the
superior mesenteric vessels, and the duodenum and the pancreas.
In nonpancreatic donors, the portal and superior mesenteric
Velns ire exposed by transecting the pylorus and the neck corf the
»ancreas. After =xposing the anterior surtace orf the rortal and
sugerlcr mesenteric velns, the lateral and posterior walls are

ilssected from <the pancreas and duodenum by interrupting the

cancreatic and duodenal tributaries. Meanwhile, a short segment

> e cplenic vein at the confluence 1s dissected and encircled
J2r LTure cannulation. After dissecting the .ntfrarenal aorta
:na -xposing the 1llac arterles, the origin of <the Lnrerior
mesenTerll artery 1s carerully ildentified. The sigmoid cclon L3

“nen s ransected aIter being mobilized by dissecting the mesocolon

:own .2 The rectosigmold ~unction. The distal abdominal aorta

:nc " e cplenic veiln are cannulated arter systemic heparinization



of <he donor. The supraceliac or thoracic aorta 1s Cross-
-lamped, and the graft .s perfused via the abdominal zorta and
cortal veilin with an adjusted volume of UW solution. To separate
“he liver from the intestine, the portal vein 1s transected above

the confluence cf the superior mesenteric and splenic veins. The
_iver graft is <then retrieved using standard techniques (4,95).
For =<he intestinal graft, the origins of the superior mesenteric
artery and the .nferior mesenteric artery are cut individually
1s1ing ~—he Carrel patch technique. The intestine .s remcved and
.mmercsea n UW solution.

0 rancreatic Jonors, both the supericr mesenteric artery
and v7ein are completely dissected and isolated beiow the
intrapancreatic border or Jjust above the origin of *the middle

colic vessels. After perfusion, the superlior mesenteric vessels

and :nferior mesenteric artery are divided and the intestinal

.

rast .3 removed. The 1lliac artery and vein obtalned <frcm rhe
-ame  cnor are ZIashloned to the superlor mesenteric irtery and

veln - the graft on the back table.

2) reclplent Operation

-n a3ll patients, *the abdomen 1s opened through a midlin

.ncioiin, with a unilateral or bilateral transverse extension .°
nalcsatea. All adhesions <Ircm multiple previous surglcal
e ures are carerfully Jdissected. The remalning ©ortions  or

@ .atlve lntestine are resected n reciplents with primary
.ntestinal disease. The dJuodenum s carerfully :dentified and

#
“

Sreserved Ln most patlents. Dissecticn of the main stump o



either the superior mesenteric vein, splenic veln, or the side of
~he rortal vein .s performed in all recipilents. Exposure of the
infrarenal aorta proximal to the origin <c¢f the <Inferior
mesenteric artery 1s also performed before bringing the gratft to

the operative field.

a) Vascular Anastomoses (Figure 2)

n i1solated intestinal transplantation, the superlor
mesenteric artery of +the graft .s anastomosed to The anterior
wai. oI tThe recic.ent lnrirarenal iorta. nterposition Irarts are
1sed when technically 1ndicated.

The venous outflow of the intestinal graft 1s drained into
the recipient portal venous system by anastomosing the donor
superior mesenteric veln to elther the stump of the recipient
superior mesenteric vein, 1its confluence with the splenic vein,
'r e side of the portal vein. The reciplent inferior vena cava

"an .50 ke chosen for the route of graft venous cutflow.

=) Intestinal Reconstruction (Figure 3)

‘ontinulity of the alimentary canal 1s established at the

Time f Transplantation. The proximal -ejunum of the aqratt is
:nastomosed to eirther the Jejunum, duodenum, o>r stomacn oL the
secicient. The distal end of the graft s anastcmosed -2 =:ther

“ne .ative 1leum, cransverse colon, descending colon, o°r rectu

-

“he .lsnop-Koop ileostomy, with or wilthout "chimney" cclostomy,
_Z ~r c-urrent nethod of enterostomy. Construction Of =the

—empcorary enterostomy  facilitates  clinical, =ndoscepic, and



histologic monitoring of the graft. Terminal :ileostomy cor

1

cclostemy is performed for most patlents who lost their native

<

rectosigmoid colon. Gastrostomy 1s added 1n most 2f the
reclplents to ameliorate the symptoms of delayed <zastric
emptying.

Exteriorization of both the proximal and distal ends of the
Jrart using the chimney method was performed for the <ZIirst o
patlents. In the remailning recipients, the proximal enterostomy
.S rsfubstizuted zy insertion c¢f a Jejunostomy ftube, which .s used
cr .:arlvy qut deccompressicn and temporary enteral Ieedilng.

Iniz:zally, most of the proximal and distal gastroilntestinal
anastcmoses were performed in an end-to-side or side-to-side
fashion. Recently, the technique was modified to an end-to-end

anastomosis as cften as possible, to improve gratt motility based

upon oxperimental observations in dogs.

IT Intestine combined with liver
<) ..nor Cperaticn (Figure da,b, %)
~fter enter:ing the abdominal cavity, the liver .s mobilized

oy oiividing 1ts Llgaments. The gallbladder s incised fcl.owing

“rancecticn of the common bile duct, and the biliary system 1s

wasnea cut.  The portal veln 1s exposed atter 3dividing the right
rastric :nd  gastroduodenal arteries. The lert jastric and
Spoeenis :rterles are then ldentified and Jdivided. The remaining
STers £ mobilizing and dJdissecting the i1ntestinal cart :-I the
:rz2t  :re the same as those wused to retrieve <-he Lsolated

z3tinal Jraft in a nonpancreatlc donor. It s Lmportant o



emphasize that the pancreas has to be sacrificed in order to
crocure -he liver and intestinal grafts en bloc. Complete
dissecticon and separation of the superior mesenteric vessels from
“he Zuodenum and pancreas 1is carried out primarily on the Ctack
table.

After cross-clamping, both the Infrarenal aorta and the
porzal wvein are individually perfused with the adjusted volume of
JW =olution. A Carrel patch is Zfashioned containing the origins

I noth =the cellac axis and superlor nesenterlc artery on -he

@}

at.c Tena cava .S Zransected above -—he renal

Ht,

rane

-
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veins. The inferior mesenteric artery .s preserved and procured
using the Carrel patch technique. The organs are removed en bloc
and placed in the standard plastic bag contailning cold W
solution, and packed in an ice container for transport.

>n ~he back table, the suprahepatic and infrahepatic vena
ava re prepared in the same way as Ior _.lver transplantaticn.

~hen “he pancreas and ZJuodenum are attached <£o <he :cmbined

ty
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z, ©2oth are carefully dissected and separated =:Ircm <he
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After dissecting both the celiac axlis and the super:ior

-
i

senter:c artery down to the origin of the middle colic artery,

1)
]

“he ‘arrel patch s anastomosed to an aortic graft ZIor common

vascular condult (Figure £).

=zt seclclent Cperatlon
S most patients, hepatectomy is perrormed wlth

srvaticn of the retrohepatic cava. This method can eliminate

19
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“ne (e I a veno-venous typass at the anhepatic phase. Most oL
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the recipients have thrombosed major vessels from total
carenteral nutrition (TPN), or the major vessels need to be
preserved for rostoperative maintenance of TPN. After hilar
iissection, “ransient cr permanent portocaval shunt 1s rcutinely
created to facilitate venous decompression and drainage of the
reciplent's remaining upper abdominal organs (Figure 7a, b left).

The remaining native intestine 1s then dissected with

dentification of the duodenoiejunal segment and the distal
solcn, 1f present. After exposure ot the infrarenal zorta, the
‘raT s brought -2 the cperative :Ilelid.

scular Anastcmoses

>
W

The hepatic venous Iflow 1s reconstructed by the piggy back
technique (7). The common arterial conduit of the entire graft
1s anastomosed <to the reciplent infrarenal aorta (Figure o).
After reperfusicn, the previously performed portocaval shunt 1is
onverted to a portoportal shunt by reanastomosing the reciplent

SCrTii veln to the side ¢f the grartft portal vein 3) "lgure b

v

TranT'.  In patlents whose portal veln 1s too short, or when the
Irazt portal veln is too small, the reciplent portocaval shunt is

eIt .n place permanently.

.

) ntestinal and biliary reconstruction {fFigure 3)
‘he ziliary reconstruction of the new liver 1s perrcrmed by
.mele loop choledochojejeunal anastomosls. <Continulty I the
;astrointestinal Tract .s restored 1n a similar Zasnicn To that
tescorirced Zor the isolated intestinal Jgratt. Tube gastrcstcmy

“ube jejunostcmy are routlnely performed for chese

o}
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III Intestine as part of a multivisceral graft
A) Donor Operation {Figure 9)

Zn bloc retrieval of the multivisceral grafts that include
~he stomach, duodenum, pancreas, .ntestine, and liver 1s a unique
technical procedure (3) that requires the following
nodifications.

Devascularization of the greater gastric curvature with

[

oreservation of the gastroepiploic arch. The short gastric
vessels in ~—he Jreater omentum are lligated and divided.

o Jclenectomy .5 icne =1ther n-situ o<r :°n the ack table.
n-si1tu splenectcmy 1s perrormed atter complete mopillization
cof both the spleen and pancreas £from the retroperitoneal
structures. Meticulous dissection of the splenic hilus and
individual ligation of the splenic vessels are mandatory to
avoid injury to the pancreas.

. The esophagogastric junction 1s transected using -he stapler
Tecnnique.

. “he multivisceral jraft 1s perfused only througn the .distal

ibdominal aorta with one to two liters of UW soluticn.

“vloroplasty or pyloromyotomy 1s performed «1ither on the

cack table or after implantation of the graft.

2 -~eclplent COperation (Figure 10)

~xenteration :f whole abdominal organs .n most :f che

4}

~ ey *
croclent

@]

s & =surqgically challenging rrocedure. This .s
cxtremely difficult :n patients who have Budd-Chiar: syndrome and

~ave :Xtensive <thromboses in the portal system, hepat.. velins,



and vena cava. To control intraoperative blood loss, balloon

scciusion of +<he celiac and superior mesenterlc arteries was

successfully attempted preoperatively 1n two such patients.

a) Vascular Anastomoses

is with the combined (liver-intestine) graft, the wvascular
reconstruction of the multivisceral graft includes both hepatic
venots and graft arter:ial anastomoses. The graft suprahepatic
ava .S anastomosed to ~he reciplent hepatlc velns using a plggy
sacx  Tethod. The ar<terial ccndult s anastcmosed <o Zhe

reciprent infrarenal aorta.

b) Gastrointestinal Reconstruction

Proximal reconstruction of the alimentary “ract 1s
»stablished by anastomosing the distal esophaqgus or the remaining
small cortion c¢cf reciplent stomach to the anterior astric wall
‘I 'n2 raft. CTistal continulty of the intestinal ~ract is

»staci.shed as with the other gratts.

:) *irl.ary Drainage

Temporary cdiversion of the bile flow 1s always added in all
muLtlvisceral reciplents to minimize the risk oOrf postoperatilve
Lancraatitis. Thilis 1s achleved through cannulation ana external

irainaze 2L the common r£:ile duct via the cystic Jducet.



Variation of the surgical techniques

The cumulative surgical experlence wlth intestinal
~ransplantation necessitated subsequent modifications .n both
ioncr and reciplent operations.

dith the possible need for additional organ replacement at
“he —ime of iissection and transplantation, multivisceral
retrieval has been recently adopted as our standard procurement
“ecnhnigue. The gsraft is then tailored on the back table based
e “he organs needed.

"he evoluticn oI ~he -fascular ana enterlc anastomoses wWilith
oreservation of —he Lleocecal valve by transplanting part of the
Jdonor :-olon has ©oteen previcusly dJdescribed. Recently, 2 pull-
through operaticn was performed in two pediatric reciplents who
had multiple juvenile polyposes and Hirschpring's disease. Both
natlents are doing well with <functional anorectal sphincters.
"he  ntire colcn down to the rectosigmold was required at

rUeeTing  wlth  preservation of  1ts marglnal oplcod  supply

i)

.nsluaing the i1nferior mesenteric arcade.

n cne of cur multivisceral reciplents, the normal native
.iver was preserved and the retrieved liver was separated and
r1ven 7O another reciplent. Technically, the liver was separated

trom "ne grafts cy dlssecting and transectlng the common nepatic

5
1

rvers telow the origin of the jastroducdenal artery znd <che
; g 3

scrn. vein above the conrfluence of th splenic and superior



Postoperative management

TK 06 is the primary immunosuppressive agent. The drug is
given initially as a continuous infusion at a dose of
J.1%ma/kg/day. It is then switched to an oral dose of 0.3
na/kg/day, in two divided doses, one to two weeks after
transplantation when the patient becomes tolerant to enteral

feeding. Gradual withdrawal of intravenous £K506 doses is

adcpted :in all zases with several days of overlap with oral

~herapy. The trcugh plasma levels of K 206 are monitcred daily
~1Th i1 Target ~—herapeutlc level retween I and  :  ngsmil.
Methyiprednisolcne .s started intraoperatively with | gram bolus

folliowed by a steroid taper for £ days and maintained with a dose
of 20 mg/day thereafter. The dose 1is scaled down for children.
Prostaglandin El1 is started intraoperatively at a dose of 0.2 to
V.o mag/kg/hr and continued for 7 to 14 days. A low dose of
:zathicprine (1 o 2 mg/kg/day) s added 1n selected cases.
-ecovery Of lntestinal graft Iunctlcn .s assessed primarily
©v werial GI radiographs, FK £06 oral pharmacokinetics, and
“ylese absorption test. Frequent anthropometric measures, serial
cerum albumin measurements, trace element and fatty acid analyses

:re 1ssessed to monitor and direct the nutritional management of

“hese ratlents.

-ntestinal allograft rejection s monitored using slinical,
nacoIoIoLs, and nlstopathologic parameters. surveirliance
~nacsocgy Wwlith multiple mucosal tiopsies s perrormed tnce or

“Wlce ner week Ior the Zirst three months, and whenever Lt .S

cliniZaily i1ndicated thereafter. ACUte graft reject:ion .S



treated either &by augmenting FK506 therapy, steroid bolus,

steroid recycle, cr COKT3 based upon the severity of the rejecticn

eplsode (9).

Results
Torty of the 3 recipients (75.5%), 18 adults (75.0%) and Z2

children (75.9%), are currently alive 4 weeks to 37 months after

intestinal transplantation. Of the 40 current survivors, 33
32.2°') patients are Zree of TPN and enjoyincg an uinrestricted
'ral et Table 2,

n cne of <che nultivisceral gratts, severe hemorrhagic
pancreatitis developed after <transplantation which dictated
removal of the pancreas 7 days after surgery.

The recipient operation was assoclated wilth wvarlable

“echnical complications. These included enteric anastomotic leak

n=°1, plliary leak (n=1), hepatic artery thrombosis n=1), colon
cerr-raticn (n=1l), and gastrostomy leak (n=1).
setransplantation was successfully perrormed in “WO

reciglents with c-ne .solated graft and one combined gratts,
respectively. In another patient with composite liver -
.ntestine) graft, retransplantation of the liver alone was done

e 2 Thrombosis of the hepatic artery.
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FIGURE LEGENDS
Figqure la, lb. Isolated intestinal graft.
la: full-length vascular pedicle of the superior mesenteric
artery {with Carrel patch) and veln.
1b: YNote iliac arterial graft was used as a extensicn of the

super.or mesenteric artery.

iqure Z. Vascular anastomosis of the 1solated intestinal

“ransriantation.

“our “upe of Tenous snastcmosis chown wlth numbers cerfcormed.
inastcmosis of the donor super.or mesenteric veln(SMV) -o A) the
i1star. 2nd of <the superior mesenteric veln(SMV), (B) the

confluence of superior mesenteric veln wilith the splenic vein, (C)
the main trunk c¢f <he portal vein, and (D) the :nfericr vena cava

Yy~

IVC) -t the recipient.

Slauras i, Gastrolntestinal reconstruction >f the .szolatea
.ntesTtIinal transplantatilon.
ot ~he direct colonocolostomy and Bishop-Koop method *o

sxteriorize distal 1leum for blopsy monitoring.

Tlaure sa,ab.  CZcmblned Liver and 1ntestinal grart.

‘:rr-. ratch including celiac axls and sSuperior mesenteric
:roery. Note the :fontinuilty of donor gortal veln.
Slaure o, Aort.c condult anastomosed o the arrel patch

czntaining cellac artery and superior mesenteric artery.



ri]

igure =, Arterial anastomosis of the combined 1iver and
intestinal and multivisceral transplantation.

Aortic conduit (left) in most of the recipilent. Aortic
cliurcation conduit (middle) and whole abdominal aorta .right)

are varlations.

igure 7a,’7b. vascular anastomoses of the combined liver and
.ntestinal transplantation.
lcte -hat +the wenous csutflow of -he retained reclplent --iscera

'
i

was lrected int> -he reciplent ~ena :-ava | IVC) Ly cortacav

o8

1

snunt after hepatectemy (7a, arrcwl) and after implantation (7b,

lerft), which 1s switched :into =he recipient portal wvein (7b,

right)
Tigure A. Gastrcintestinal reconstructicon of the combined liver
Nl .ntestinal Zransplantation.

)

.r.:aocnojejuncstomy, end-to-side proximal enterostcmy, Zlshop-

“oen L.Leostomy, ind cclonocolostemy i1n crcer.

Slgoure Y. Multivisceral grart.

arra2. gatch Lncluding cellac axl1ls and superior mesenteric

~
01

N
b

Iplenectomy was performed during donor operation >r an

“he DoacH ~—able.,

Troure LI, Yascular and jastrolntestinal reconstruccicn  of
mu.tlvisceral transplantation.
arr>. rsatch containing the cellac axis and <the :super:ior



mesenterlc artery with extension wilth aortic conduit was
znastcmosed to the .nfrarenal aorta 1n end-to-side fashion.

Note anastomosis cf the reciplent remnant stomach to the anterior
wall - the grait stomach. Pyloroplasty was made on the bpack

—able.
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