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During a 13-month period. en bloc liler-small bowel cadaveric 
grafts were procured for seven children and one adult. All liver 
grafts functioned immediately. and all but one of the recipient 
patients recovered. Return of absorptive small bowel function 
was slow. but the integrity of the bacterial intestinal barrier was 
not disrupted. The described technique allows the procurement 
of other abdominothoracic organs. with the exception of the whole 
pancreas. 

S INeE 1987. 1 OPERATIONS DERIVED from an exper
imental multivisceral transplant procedure~·3 have 
been used with increasing success to treat combined 

liver and intestinal failure. 4- 6 In this report. we provide 
further details about donor selection and preparation. re
trieval technique. preservation. and allograft quality in a 
series of eight consecutive liver-small bowel transplan
tations. 

Methods 

Case Material 

Recipient ages ranged from 7 months to 26 years. with 
a median of 2.5 years. The cadaveric donors were 8 days 
to 21 years of age. They were ABO identical with the 
recipients. hemodynamically stable. on minimal or no 
intravenous doses of vasopressors. and with normal liver 
function tests. Two of the eight liver-intestine grafts were 
from a cross-match-positive donor. Donors were selected 
who were smaller in weight than the proposed recipient 
in all except one case. to ensure proper fit of the trans
planted organs without the need for tight abdominal 
wound closure. 
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Donor Preparal/OI/ 

Although it could not always be completed. an attempt 
always was made to flush the intestinal tract with poly
ethylene glycol-electrolyte solution (Golytely) at 10 to 30 
mL/minute (0.6 to 1.8 L/hour). After lavage. an antibiotic 
preparation was infused into the intestine every 4 hours. 
Each donor was given intravenous ampicillin and cero
taxime immediately after acceptance into donorship and 
at the time of operation. To minimize the cold ischemia 
time of the allograft. the recipient operation was begun 
on notification that the donor team had begun their op
eration and had found the organs and circumstances of 
procurement to be satisfactory. 

Donor Surgical Technique 

Isolation of the liver and small bowel in continuity with 
their central vascular structures. cooling of the composite 
graft. and its removal and preservation involve distinct 
stages. 

Laparotomy and hepalic hilar disseclion. The abdomen 
is opened through a cruciate incision. The liver is mobi
lized by dividing its ligaments. The common bile duct is 
transected and the bile is washed out. After division of 
the right gastric and gastroduodenal arteries. the under
lying portal vein is exposed. The left gastric and splenic 
arteries are ligated at the celiac axis. preserving an acces
sory left hepatic artery if one is found. Then. the celiac 
trunk is dissected to the aorta. An extended Kocher 
maneuver completes the initial stage of the operation 
(Fig. I). 

Isolalion of the inteslinal component. The ascending 
colon is freed from its retroperitoneal fusion. and the ves-
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FIG. I. Exposure of the hepatic hilum. 

sels within the mesentery of the terminal ileum and right 
colon are divided. sparing the ileal branches of the ileocolic 
artery (Fig. 2). Division of the ileum at the ileocecal valve 
is deferred as long as possible to allow spontaneous passage 
of intestinal contents into the colon throughout the dis
section. The ascending and transverse colons are now re
tracted to the left. The proximal jejunum is transected 
close to the ligament of Treitz. and the highest jejunal 
arcades are dissected. taking care not to damage the blood 
supply to the proximal end of the intestinal gratt. Marking 
of this end with a long suture facilitates bowel orientation 
at the time of implantation (Fig. 3). 

Exposure of axial vessels of the composite grajt. The 
central blood vessels of the graft are still overlaid by the 
pylorus. colon. and pancreas. The colon is eliminated as 
an impediment by opening the gastrocolic ligament. di-
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FIG. 2. Pn:parallon of the distallicum and mesentery. 
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FIG. 3. Preparation of the proximal jejunum and mesenterv. 

viding the transverse mesocolon. including the middle 
colic vessels. near its root and rotating the right and trans
verse colons to the left and out of the field. 

Now. the portal and superior mesenteric veins are ex
posed by transecting the pylorus and neck of the pancreas 
(Fig. 4). Stripping the pancreas and duodenum from the 
specimen requires ligation of numerous small venous 
tributaries entering the lateral and posterior walls of the 
superior mesenteric vein and arteries emanating from the 
superior mesenteric artery. It is imperative during this 
stripping to look for a replaced right hepatic artery from 
the superior mesenteric artery and to conserve it if it is 
found (Fig. 4 inset). If circumstances dictate. this removal 
of the duodenum and pancreas can be done on the back 
table as described previously.·1 and this is the preferable 

Oi.tll.nd 01 
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Fi(i. 4. E.\posure of the aXial vessels of the composite graft. Inset: Pres· 
enallon of supponl\c pcnponal tissue. 
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option if the donor is unstable or if the other procurement 
teams must proceed quickly. 

Cooling and en bloc remol'al. The technique is a mod
ification ofthe so-called "flexible" technique.7.R with which 
chilled fluids are infused into the arterial blood supply of 
the organs to be procured through a cannula in the distal 
aorta. which is placed after systemic heparinization. Before 
this step. the supraceliac aorta is encircled for cross
clamping at the appropriate later time. For portal venous 
infusion. a \enous cannula is placed in the splenic vein 
and advanced through its confluence with the superior 
mesenteric win into the portal vein. By using a generous 
(> I.~ cm) splenic vein stump. a branch point is left that 
can later he clamped separately and anastomosed to the 
recipient portal vein without interruption of the \Cnous 
outnnw from the intesti nal allograft. 

The pre\loush encircled proximal aorta is cross
clamped. and simultaneous aortic and portal cooling is 
begun. The venous outtlow is vented in the usual way by 
transecting the inferior vena cava above and below the 
liver. 7.x Cooling without overperfusion of the intestine is 
the objectiw. Based on earlier experience with the organ 
cluster grafts.' in which overperfusion may have resulted 
in duodenopancreatic complications, we limit the total 
amount of cold perfusate to I liter for the aorta and I 
liter for the portal vein in adults, 300 mL each for the 
aorta and portal vein in the newborn. and a proportion
ately calculated quantity in intermediate-sized donors. If 
the liver does not fCel cold after this limited infusion. ad
ditional portal t1uid can be directed and conhned to the 
liver by finger compression of the portal vein just below 
the tip of the l'atheter..1 There should be no concern if the 
II1testine does not feel cold. providing it is blanched. Be
cause the small bowel is a hollow organ. it will cool more 
rapidly in the ice bath. which is its destination. than a 
solid organ. 

FIG. 5. Cold perfusion of in stili specimen. 

- AorilC t"tt. 9'." 
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Severance from the donor aorta of the double arterial 
stem of the graft is the crucial final step and can ruin the 
graft ifimproperly done. In addition to obtaining a usable 
arterial pedicle for the liver-intestinal graft. the blood 
supply to the kidneys that are left behind can b>e damaged. 
The superior mesenteric and renal arteries can be defined 
by light traction on the small bowel and kidneys. The 
origin of these vessels must be looked for internally, from 
within the aorta as a Carrel patch is fashioned containing 
the origins of the celiac axis and superior mesenteric ar
tery. The right renal artery usually is onl~ ,-'ne or 2 mm 
from the right margin of the Carrel patch (Fig. 5). 

The remainder of the procurement is identical to the 
standard multiple organ procedures. 7.~ The total operative 
time averages 21/1 hours. With the abdollllnal \I~cera out 
of the way. the chilled in sitU kidneys are now removed 
at the same time as the thoracic team completes its work. 
The excised liver-small bowel graft is placed first in an 
ice basin and then in a plastic bag containing cold UW 
solution, packed in ice for transportation. No effort is 
made to wash out the intestine, which was stapled shut 
at its upper and lower ends at the appropriate stages of 
the dissection. Whatever enteric contents are entrapped 
remain throughout with the specimen untllns transplan
tation to the recipient. 

Back table procedure. Back at the recipient hospital. 
recipient surgeons confer about the donor and final details 
of the graft preparation. The suprahepatic and infrahepatic 
vena cava are fashioned in the same way as for liver trans
plantation. 7.K Dissection of the celiac axis is carried distally 
to at least the splenic artery. Dissection of the superior 
mesenteric artery for a similar length prewnts distortion 
or twisting of this vessel. As periadventitial connective 
tissue and ganglionic tissue are removed in the process 
(Fig. 6), small arterial and lymphatic vessels are ligated 
to prevent later bleeding or lymphorrhea. The Carrel patch 
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TABLE I. I ndices {)IA./Io~rali Preservallon 

After Transplant 

Before Transplant 
Peak Liver Chemistry (Week I) 

Cold 
Total Bilirubin Ischemia Total Bilirubin SGPT SOOT Small Bowel Biopsy 

IschemiC Injury Patient (mgldL) (hr) (mgldL) (lUlL) (lUlL) 

2 
3 
4 
5 
6 
7 
8 

15.1 
18.1 
III 
44.0 
30.9 
15.2 
48.6 
9.1 

8.9 
7.7 
2.9 

10.6 
7 
7.5 
7.5 
8.2 

of the graft can be given length by anastomosing it to a 
donor aortic conduit (Fig. 6). The numerous alternative 
means of arterializing these grafts have been described 
elsewhere. 3 

At all phases of the donor and recipient operations. the 
portal vein uniting the liver and intestine is vulnerable to 
stretching and distortion. The hazard to this vital anatomic 
link can be lessened by avoiding overdissection of the 
periportal tissues. panicularly those posterior to the ponal 
vein. which should be left essentially untouched. 

Results 

Cold ischemic times averaged 7.5 hours (range. 2.9 to 
10.6) (Table 1). After revascularization, the livers were 
soft and pink and promptly produced bile. In the small 
bowel. pulsations were immediately present at the mes
enteric border. whereas peristalsis and intraluminal mu
cous production was evident within 15 minutes after re
perfusion. Edem:l was not detectable in the bowel w3ll or 

1.7 
6.3 
3.2 
7.1 
8.1 
5.0 
6.4 
5.0 

153 114 
781 694 
324 142 
306 62 + (8 days) 
118 65 
436 277 
414 179 
176 158 

mesentery. In recIpient 8, whose body weight was less 
than the donor. the organs were too large and abdominal 
wall closure had to be done in stages. 

All liver grafts functioned immediately with serum bil
irubin and transaminase levels peaking on the first post
operative day (Table I) and falling rapidly thereafter to 
normal levels. Prothrombin times norm:llized by the sec
ond postoperative day. 

The intestinal gr3ft stomas used for postoperative de
compression were not discernibly different than healthy 
stomas in nontransplant patients. The mucosa was pink. 
moist. well vascularized. and without edema. In most 
cases, there was a high stomal output of clear w3tery t1uid 
during the first postoperative week. The histopathologic 
studies of only one graft showed significant preservation 
injury (Table 1) (Fig. 7). None of the biopsies obtained 
in the first postoperative week had histologic evidence of 
submucosal bacterial invasion. Blood cultures were neg
ative during this time. 

~ • .... -

1"1(;. 7. HistologiC' mOnlll1nng of rln:s~ryallon InlUry l)f th~ int~'lInal graft: (.\. kill Endc)scorlC hll1rS\ I() da\s after tr3nsrl3ntatlon Wl\h Int3,t 
mucosal archllccture (H&E ·4S0). (B. nght) Prcsen3tllln Injun X days 3lit:r surg~ry Wllh sC3th:rcd l'Jrlilary mlnothromhosi, larrowl. pantal 
dlst<lnton Ot'thl' \Iilous archllt:ctun:. neutrophilic Intiltralilln. and focal dCposlllon ot'granul3l1on lISSue: In the lamina propna III&E ·4XOl. 
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Recovery of intestinal graft motility was clinically. ra
diologically, and endoscopically apparent I to 2 weeks 
after transplantation. No morbidity related to ischemic 
injury of the organs was encountered. Seven of eight pa
tients are alive 131 to 542 days after engraftment (mean, 
308 ± 180). The only death was caused by a leak at the 
upper intestinal anastomosis and subsequent graft-verslls
host disease. 

Discussion 

Although the safety and efficacy of isolated human 
small intestinal allografts has been demonstrated.' there 
is a subpopulation of patients with the short gut syndrome 
maintained on total parenteral nutrition who have met 
our entry criteria because they have developed cholestasis. 
steatosis. periportal inflammation. fibrosis. and finally 
cirrhosis. In one series lll of such patients there was an 
inexorable progression of liver histology, biochemistry. 
and clinical measurements from normal to the death of 
the patients within I year after elevation ofthe liver func
tion tests. 

Our technique of liver-small intestinal procurement 
for such patients is an extension of the standard flexible 
method. 7.s It can be performed in conjunction with heart, 
lung, and kidney retrieval with expectation of good pri
mary function of all organs. Although whole-organ pan
creas retrieval is precluded. pancreatic islets can be sal-

vaged. The liver-intestine grafts were of high quality. Al
though motility and nutritional functions were slow to 
resume, the microscopic absence of submucosal bacterial 
invasion and negative surveillance blood cultures during 
the first week ruled out clinically significant intestinal 
translocation episodes. 

References 

I. Starzl TE. Rowe M. Todo S. et aJ. Transplantation of multiple ab
dominal viscera. JAMA 1989: 216:1449-1457 

2. Starzl TE. Kaupp HA Jr. Brock DR. et al. Homotransplantation of 
multiple visceral organs. Am J Surg 1962: 103:219-229. 

3. Starzl TE. Todo S. Tzakis A. et al. The many faces of multivisceral 
transplantallon. Surg G\necol Obstet 1991: 172:335-344. 

4. Grant D. Wall W. \Iimeault R. et al. Successful small-bowel/li\t>r 
transplantation. Lancet 1990: 335: 181-184. 

5. Todo S. Tzakis A. Abu-Elmagd K. et aJ. Cadaveric small bowel and 
small bowel-liver transplantation in humans. Transplantation 
1992: 53:369-376. 

6. MCAlister v. Wall W. Ghent C. et aJ. Clinical expenence with small 
intestine transplantation. Transplant Proc 1992: 24: 1236-1237. 

7. Starzl TE. Hakala TR. Shaw BW Jr. et al. A flexible procedure for 
mUltiple cadaveric organ procurement. Surg Gynecol Obstet 1984: 
158:223-230. 

8. Starzl TE. Miller C. Bronznick B. Makowka L. An improved tech
nique for multiple organ harvesting. Surg Gynecol Obstet 1987: 
165:343-348. 

9. Todo S. Tzakis A. Abu·Elmagd K. et aJ. Intestinal transplantallon 
in composite visceral grafts or alone. Ann Surg 1992; 216:223-
234. 

10. Stanko RT. Nathan G. Mendelow H. Adibi SA. Development of 
hepatic cholestasis and fibrosis in patients with massive loss of 
intestine supported by prolonged parenteral nutrition. Gastro
enterology 1987: 92:197-202. 


