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The results of orthotopic liver transplantation ~OLTx) have improved 
dramatically over the last few years. One of the most important contributing 
factors to the overall success of this operation is the refinement and 
standardization of the surgical procedure. Although still a complex under­
taking, these technical advances have transformed the operation into one 
that is within the capability of many competent general and vascular 
surgeons and one that is practical on a large-scale basis. This article will 
highlight various aspects of the surgical technique of orthotopic liver 
transplantation (0 L Tx) that have evolved over a 25-year period initially at 
the Universitv of Colorado in Denver, and then it will cover from 1981 
onward, as pr'acticed at the University of Pittsburgh. These techniques, or 
modifications thereof. have been disseminated to and adopted throughout ~ 
the majority of liver transplant centers across the world. 

The complete transplant procedure is composed of four main stages: 
the donor hepatectomy, the recipient hepatectomy. the implantation of the 
graft (4 vascular anastomoses), followed by hemostasis and the bile duct 
recons truction. 

DONOR HEPATECfOMY 

Successful OLTx is completely dependent on a well-preserved and 
properly functioning liver. Effective techniques for multiple organ procure-
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ment have heen dR'e1oped and thl's(' haw \wen essential for thl' cxpansioll 
of renaL liver. and heart transplantation. Currently liH'r grafts art' usually 
harH'sted as part of a multiple or~n pn)(:urem('nt. whieh can he perfoTllu'd 
easily in brain dead donors without jeopardizing any of the organs. >I 

Com hi ned procurements involvin~ harvestin~ of the liver include the 
following organ combinations in order of frequency: liver and kidneys; livl'r. 
kidneys and heart: and liver. kidneys and heart/lung. Tht' prineiples 
responsible for the sut.'cessful removal of multiple combinations of organs 
\\;th maintenance of the integrity of each organ. along with its blood supply 
and its ability to function reliably after transplantation. are dt'pendent UpOll 
the application of methods for the rapid core cooling of the solid organs hy 
aortic infusion of cold electrolyte- or collOid-containing solutions. In the 
case of the liver. further and more rapid core cooling is achieved by 
additional infusion of cold solution through a cannula placed in the portal 
venous svstem. 

Det~iled descriptions of the methods and technical details of multiple 
OTJ;tan retrieval developed at the University of Pittsburgh and adopted as 
standard by most other groups have been published. ~ II There are two 
basic techniques of liver harvesting as part of a multiple organ retrieval 
known as the "standard" or traditional and the "rapid" technique. Both 
techniques have major advantages, and under different circumstances. can 
be eombined to different degrees. Both can be used when working with 
other surgical retrieval teams, and will result in good quality organs. 

For both techniques excellent exposure is achieved through a complete 
midline sternal-splitting and abdominal incision. The "standard" technique 
,1<;11 be described first. Division of the left triangular ligament allows 
mobilization of the left lateral segment of the liver. and the supraceliac 
aorta below the diaphragm to be encircled. The hilar structures of the liver 
are then dissected free; the common bile duct is divided far distally. the 
portal and splenic veins are identified. and care is taken to manipulate the 
arterial supply as little as possible. 

Variations or anomalies in the hepatic arterial supply complicate the 
hilar dissection in up to one third of donors: any or all of the liver may be 
supplied by branches of the left gastric artery in the gastrohepatic ligament. 
superior mesenteric artery, or direct branches from the aorta. Various 
methods have been described to reconstruct these complex donor anomalies 
and multiple arteries. which allow all such livers to be used. z. 7 

Once this preliminary dissection is completed, cannulae are inserted 
into the distal abdominal aorta and splenic vein (portal system) for the 
infusions. Thus the procedure can be terminated at any time, and the 
specific organs that are to be removed can be rapidly core-cooled in situ 
by the selective infusion of chilled fluids. At this point the liver can be 
precooled (body temperature of 30° to 32°Cl by the infusion of cold Ringer's 
lactate solution through the splenic vein cannula prior to aortic cross­
clamping, or the aorta can be cross-clamped at the diaphragm immediately 
after cannulation and without liver precooling. Cold preservation solution 
is then rapidly infused through the aortic and portal cannulae. while the 
liver is decompressed by dividing the inferior vena cava in the chest. This 
technique also allows the immediate cooling and protection of the kidneys. 
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which are removed once the liver is out. l The heart is cooled separately by 
Its own specific cannulation and solution and excised prior to liver removal. 9 
The choice of solution for infusion is somewhat variable at the present time 
.unong centers. but for livers. we prefer to cool with Ringer's lactate in 
,itu. followed bv a final infusion through the portal \'ein and hepatic artery 
\l,lth the new and much superior l' niversitv of Wisconsin (l'W) solution. 
once the liver has been completely excised. This new solution developed 
by Belzer and his associates in .\Iadison. Wisconsin has significantly 
prolonged the acceptable preservation limits of the liver from the traditional 
6 to ij hours to a remarkable 18 to 24 hours . 

. "-fier the oni:ans have been cooled in situ. the oril!;in of the hepatic 
.lrterial supply is detached from the aorta, the portal vein is divided, and 
the suprarenal infrahepatic vena cava is transected \\ith part of the right 
.ldrenal gland to allow easy identification and ligation of the right adrenal 
vein at its entry into the retrohepatic inferior vena cava. The liver is 
removed with a piece of diaphragm containing the suprahepatic vena cava. 
The liver is flushed at the back table with the nv solution and immediatelv 
packaged in a fluid-filled bag that is packed on ice lor transport. . 

The aortoiliac arteries and iliac veins are harvested as grafts and may 
be required for the reconstruction of the hepatic arterial supply and portal 
vein in recipients "ith inadequate native vessels. 

The standard technique of liver procurement often requires 2 or more 
hours of preliminarv and meticulous dissection of the hepatic hilum. Such 
manipulation of the liver could inadvertently produce warm ischemic injury 
to the liver by interfering intermittently with either portal or hepatic artery 
flow and could increase the risk of injury to vital structures, especially an 
anomalous arterial supply to the liver. Furthermore, such a lengthy 
procedure could not be tolerated in an unstable donor and is not alwavs 
conducive to collaboration among different transplant teams. . 

Thus a modification of this technique was developed that was both 
desirable lor and provided a resolution for such circumstances, Although 
this "rapid" technique requires a much higher degree of skill, this can be 
achieved once the "standard" operation has been mastered. Similarly, this 
technique allows the retrieval of multiple, good quality organs. 11 

The "rapid" technique requires no preliminarv dissection except for 
encirclement of the proximal aorta and cannulation of the inferior mesenteric 
vein and distal aorta. II Once the thorclCic procurement team is ready to 
arrest the heart or the donor spontaneously arrests, the aorta is cross­
clamped and rapid. cold infusion is begun through both cannulae. The 
heart is removed and the liver is allowed to completely flush and cool. The 
hilar dissection can then be completed safely in the cold, and r.tpidly in a 
bloodless field: at the same time an", anomalous vessels are easily identified 
and preserved. The remainder of the organectomy is carried out as already 
described for the "standard" technique. 

The preparatory steps by the liver and kidney procurement teams 
require only 15 to 20 minutes. Removal of all the major organs ,heart, 
liver, and kidneys) can be a(.'Complished within 30 to 60 minutes after 
he~inning the donor operation. The "rapid" technique of organ procurement 
has ~reatl\' increased the practicality of harvesting under various adverse 
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circumstances and should bt' applicable in countries ",;thout brain death 
criteria. 

The final preparation of the liver !!:raft occurs in an ice basin on a back 
table in the recipient operating room. Extraneous tissues including the 
diaphrav;m and adrenal gland are removed. and all vascular cuffs are 
prepared for anastomoses. Anomalies are reconstructed at this stage and 
reported to the recipient surgeon so that strategy can bt> modified to 
ac<.'ommodatt> the graft. 

RECIPIENT HEPATECTOMY 

A bilateral subcostal incision. \\;th an upper midline T extension and 
excision of tht> Xiphoid process. usually gives excellent exposure. The exact 
location of the incision is often dictated by previous right upper quadrant 
incisions and by the size and configuration of the liver. Excision of the 
xiphoid process permits easier access to the hepatic veins and suprahepatic 
vena cava. Additional thoracic extensions are almost never needed. Previous 
right upper quadrant abdominal operations can render the incision and the 
obtainment of exposure of the plane of dissection and operath'e field very 
demanding and tedious. Bleeding from the wound is sometimes trouble­
some and it mav be necessarv to resort to continuous hemostatic sutures at 
the cut edge o{ the fascia and peritoneum using polypropylene. 

The recipient hepatectomy usually represents the most difficult stage 
of the entire liver transplant procedure, There is no single best method to 
remove the diseased native liver. After adequate exposure is ohtained. the 
condition of the liver must be assessed and a plan is taken as to whatever 
technical approach "'ill be permitted by the abnormal anatomy. It may be 
impossible to dissect the structures of the hepatic hilum indiVidually because 
of prior surgery or because of massive formation of varices. Control of the 
hepatic arterial and portal venous blood supply may be necessary prior to 
mobilization of the liver from the hepatic fossa to prevent massive hemor­
hage. Currently in Pittsburgh. the reCipient hepatectomy in almost all 
adults and in selected pediatric patients is performed using a veno-venous 
bypass. 3. , 

Veno-venous Bypass 

The most physiologically turbulent and critical period of the recipient 
operation is the anhepatit· phase when the native liver has been removed 
and the inferior vena cava and portal vein are occluded. This obligatory 
clamping of the splanchnic and systemic venous systems results in a massive 
sequestration of blood volume in the mesenteric venous circulation and in 
the peripheral venous Circulation of the lower body. The sequelae include 
diffuse edema of the gastrointestinal tract with prolonged postoperative 
ileus, renal venous h\'pertension \\;th postoperative renal dysfunction 
requiring dialvsis. and amplification of the hemorrhage from thin-walled 
venous collaterals and from any other raw surfaces of the operative wound. 
Cardiovascular instability requires volume preloading. which can then easily 
lead to hypervolemia and pulmonary edema after liver revascu\arization. 
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F'i2\lre 1. Vena-venous bvpass without systemic heparinization during the anhepatic stage 
of h'"er tr.lnsplantation. iReprinted by pennission of Thomas E. Stanl. ~1. D., Ph, D .. 
University of Pittsburdl. and Surg Cynecol Obstet 160:270-272. 1985.) 

The high potassium and acid load returned to the systemic circulation by 
the stagnant blood can result in significant instability and cardiac standstill. 

"The almost routine use of a pump-driven veno-venous bypass system 
l Fig. 1) without systemic heparinization dUring the anhepatic phase of the 
adult recipient operation has resulted in the maintenance of physiological 
stability and has contributed to a significant reduction in morbidity and 
mortality.s Hemodynamic parameters e-J.n be maintained at prehepatectomy 
levels using the bypass, The intestinal tract remains uncongested, the 
incidence of renal failure requiring postopercltive dialysis has decreased 
signifie-clntly, and the operative blood loss is reduced significantly bec-cluse 
high pressure in venous collatemls is prevented and the large bare areas 
created by the hepatectomy can be more easily controlled surgiC'J.lly. The 
use of this bypass system has allowed transplantation in higher risk patients, 
such as older patients with decreased cardiac reserve and patients with 
poorly developed collateral vessels, who otherwise might not tolerate 
venous occlusion. 

Bec-ause of the stability afforded by the bypass, a longer an hepatic 
phase is possible, permitting more operative options and numerous modi­
fie-ations in the technique of recipient hepatectomy. Thus tne edent of the 
preliminary dissection can be greatly decreased. especially in patients with 
severe portal hypertension. previous upper abdominal surgery, or those 
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with excessive bleeding. Once the portal triad has been encircled, its three 
constituent structures can be individually freed with relative safety. Seg­
ments of the vessels and bile duct long enough to permit subsequent 
anastomosis are developed. The hepatic artery and common bile duct are 
ligated and divided. The left and right branches of the portal vein are 
ligated and divided, and the portal vein cannula for veno-venous bypass is 
inserted. A cannula is also introduced into the inferior vena cava by way of 
the saphenofemoral junction. This allows both the splanchnic and systemic 
venous systems to be brought into the vena-venous circuit. The bypass 
circuit is completed by placing a cannula into the superior vena caval 
system by way of the ipsilateral axillary vein (see Fig. 1). Flow rates in the 
bypass circuit of 1 to 4 liters of blood per minute are usually possible· in 
adults. and simultaneous occlusion of the portal vein and inferior vena cava 
cause little change in cardiovascular dynamics. Early placement of venous 
bypass greatly facilitates mobilization of the liver from the hepatic fossa and 
especially the dissection of the vena cava. The remaining structures holding 
the liver. including the falciform, left triangular, and coronary ligaments 
are divided. The bare areas are entered on both the left and right sides. 
The right lobe of the liver can then be elevated into the wound. allowing 
the supra- and infrahepatic segments of the vena cava to be encircled and 
clamped. The liver can then be shelled out, and the vena caval cuffs for 
eventual anastomosis can be developed. 

After the liver has been removed, the raw surfaces created during the 
hepatectomy are closed using multiple rows of continuous polypropylene 
sutures. This is feasible only because of the veno-venous bypass. which 
allows sufficient time to achieve satisfactorY hemostasis and minimize 
bleeding during the implantation of the new iiver. Appropriate vena caval 
cuffs and sufficient portal vein length must be developed before the graft 
is brought into the field for anastomosis. This may require ligation and 
division of the right gastric and gastroduodenal branches of the hepatic 
artery. 

Surgical Options 

In some patients, the· presence of severe portal hypertension or 
adhesions from previous upper abdominal surgery render removal of the 
diseased host liver using conventional techniques almost impossible. If the 
hepatic hilum is frozen, or dangerous or difficult to dissect. the entire 
hilum can be encircled as early as possible and a vascular clamp placed 
across all hilar structures, which are then transected en masse. The 
individual structures are then identi6ed, dissected back. the hepatic artery 
and common bile duct ligated, and the portal vein cannulated for bypass. 
The remainder of the procedure is as already described. In certain situa­
tions, when it is impossible to encircle either the upper or lower vena cava, 
the liver cane be· shelled out from either above or below, bv· initiallv 
transecting either the supra- or infrahepatic vena alone, which ;epresents 
a much more difficult technique of recipient hepatectomy. 

Veno-venous bypass is not used routinely for pediatric liver transplan­
tation in Pittsburgh, because infants and small children tolerate venous 
occlusion and the anhepatic state reasonably well, certainly much better 
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Fi~ure 2. The fashioninc of the suprahepatic caval cuff: The stumps of the main 
supr.mepatic veins are opened in t:ontinuity "llh the main lumen. forming a common funnel. 
I. LHV = left hepatic n>in: ~I HV = middle hepatic vein: RHV = right hepatic \-ein: IVC = 
inferior vena cava) 

than in adults. However, low-flow pediatric veno-venous bypasses are 
feasible and useful in selected cases. 

CRAFf l:\fPL&'lTATION 

Preparation of the Vena Caval Cuffs 

Once hemostasis has been assured. including the oversewing of the 
retrohepatic "bare area" with continuous sutures if required. the supra­
and infrahepatic caval cuffs are prepared. The infrahepatic cuff can be very 
easily lashioned by only trimming of the vena cava that remains follOwing 
hepatectomy; the search for possible leaks from small tears or avulsed 
bnmches must be very thorough. It is much easier to deal with these leaks 
at this time. rather than after revascularization. For preparation of the 
suprahepatic caval cuff. the rough cuff that results from the excision of the 
suprahepatic veins and the upper retrohepatic vena cava must be trimmed 
and opened by incising the septa between the hepatic veins and the cava 
(Fi~. 2), in such a manner as to obtain a single lumen shaped like a funnel. 
havin~ a rather generous diameter. Any redundant tissue around the 
circumference of this cuff is then excised. so as not to have excessive cuff 
len~th. Continuous Ilonubsorbable monofilament polypropylene sutures are 
used for all vascular anastomoses. 



Suprahepatic Caval Anastomosis 
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Figure 3. Anastomosis of the 
supnmq>atic vena cava. 

At this point two comer sutures are phK-ed in the recipienfs suprahe­
patic cuif, the new liver is brought into the wound, and then the inside 
needles of the sutures are passed out through the donor liver suprahepatic 
cuff (Fig. 3A). A third suture can also be placed at this time at the mid­
point of the posterior ",-all, everting the two lips; traction of the comer and . 
middle sutures wilL form an everted ridge of caval tissue. which will 
facilitate endothelium-to-endothelium approximation (see- Fig. 3). The left-­
comer suture is tied down. while the right comer suture is anchored with . 
anatraumatic clamp and placed under slight tension. The·two ends of thee 
left suture are then run to the right, first the everting posterior layer (see 
Fig. 3B), then the anterior layer, then tied, with a very small "growth 
factor" in the right comer (set"" Fig. 3CJ. The. posterior middle suture. if 
used. is removed before performing the anterior layer. The right stay 
suture is then tied down snugly, thus preventing the' "runner" "'ith the 
"growth factor" from unraveling (see- Figure 5, portal vein anastomosis 
illustration, for similar technique and explanation), 

Infrahepatic Caval Anastomosis. 

EXactly the same technique is then used to anastomose the infrahepatic 
vena cava (Fig. 4). During the performance of the anterior wall of this 
suture line. the liver is flushed with 100 to 250 ml (depending on liver size) 

. o£~iced Ringer's lactate solution by of the portal cannula to wash out. 

0;' 
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Figure 4. Performance of the 
mtrahepatlc laval .mastomosis. 
WIth t\u,hmg of the liver dunng 
mture of the antenor ",all. 
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the hi~h-pota$.sium containin!! preservation solution and the air entrapped 
inside the liver. 

Portal Vein Anastomosis 

The portal cannula (if the veno-venous bypass is used) is then removed 
,1I1d both the recipient and donor portal veins clamped and trimmed to the 
appropriate len~th. The utmost care is necessary at this point to ensure 
that the resulting vessel len~th is not excessive. since there is a tendency 
to err on the side of redundancy. The same evertin~ suture as already 
described is employed, although the middle stitch is unnecessary: th~ 
"~rowth factor" must be generous. approximately one diameter in length. 
to prevent an hour-glass type of stenosis (Fig . . ,)A. B. and Cl. With this 
technique. 110 stricture should result from a straight end-to-end anastomosis. 
and (;utting the two ends at a bias is superfluous . 

. \t this point the portaL infrahepatic. then suprahepatic vascular clamps 
Jre removed and the liver is revascularized. After checking lor major leaks 
land controlling any that are found with intermpted sutures)' the ,'eno­
\!'II0IlS b\'pass is interrupted and the remainin~ cannulae removed. 

If the portal vein is thrombosed. extremely diseased. or too short (as 
ill the case of a second or third rdransplantationl. a free-standing veill gr.ut 
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FiltUre 5. Technique of portal 
\'ein anastomosis and of portal vein 
reconstruction usin~ frt'l'·standin!!: 
donor ilia(' veIn Il:raft. "Gro ... 1h fa(" 
tor"-the two ends of tht' runninl{ 
suture art' tied together awa\' from 
the "essel wall to pre\,l'nt suture 
line stenosis. 

(with iliac vein removed from the donor) is used to reconstruct or bridge 
the gap (see Fi~. 5Ct'; the graft is first sutured to the recipient portal vein, 
usually at or near the confluence of the splenic and superior mesenteric 
veins (but on occasion directly to the superior mesenteric vein. behind the 
pancreas, if the splenic vein is (,'ompletely oec\udedl, flushed with heparin­
ized solution. then damped. Only a femoroaxillary bypass is used in these 
cases. omitting the portal cannula and. at the appropriate time. the donor 
portal vein is anastomosed to the graft. after having adequately trimmed 
both. "Gro\\th factors" should be used for both anastomoses (see Fig. 5Cl. 

An "expansion" or "growth factor" is used to prevent suture line 
stenosis. especially for the portal vein and hepatic artery.lO The running 
suture is tied several millimeters or more from the wall of the blood vesel. 
so that when the vessel distends under pressure or when vasospasm 
resolves. the suture can soak into the vessel. and deformity at the anasto­
motic line is prevented. A stay suture tied flush to the ves~el immediately 
adjacent to the "growth factor" prevents separation and leakae;e of the 
anastomosis at this point. 
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Fi~re 6. Variuus methods for primary anastomosis uf the hepatic artery. 

Hepatic Artery Anastomosis 

The dissection of the recipient hepatic artery now follows. if this was 
not done during the hepatectomy. It is carried as proximally as necessary 
to obtain a vessel of good caliber and optimal blood inflow (usually 1 to 2 
em proximal to the take-off of the gastroduodenal branch) .. \n end-to-end 
anastomosis is then performed between the donor and recipient arteries. 
We gener-cllly preter the same type of running suture, \\;th a "growth 
factor" of variable length depending on the local conditions. that is utilized 
lor the veins, The level of the anastomosis on the donor and recipient side 
depends on the original length and diameter of the vessels. as well as other 
circumstances that vary from patient to patient. We usually prefer to 
anastomose the donor celiac axis to the recipient vessel at the level of the 
proper hepatic artery (Fig. 6A). at the gastroduodenal artery bifureation 
(see Fig, 6B), which forms a "pseudo" Carrel patch. at the level of the 
common hepatic artery (see Fig. 6e). or even at the level of the celiac axis 
after having ligated the splenic and left gastric arteries. It is important to 
assess the length of the resulting vessel very carefully: it should be either 
short. barely sufficient. or significantly redundant. forming a "lazy" loop. 
so as not to suffer kinking. which leads to thrombosis. An artery that is 
only slightly too long will actually have a much greater chance of kinking; 
therefore. this situation must be avoided. 

When an aberr-mt right hepatic artery originating from the superior 
mesenteric artery is present. there are two basic methods of reconstructing 
the vessels at the back-table, with the ~oal of producing a single-donor 
channel for subsequent anastomosis to the recipient hepatic artery.;L 7 

Either the "fold-over" techniquel (Fig. iA) or the end-to-end anastomosis 
of the rhtht br-mch to the stump of the splenic artery: (~ee Fig. iB) can be 
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Figure 7. Reconstruction of the donor hepatic artery when a right branch from the 
5upe-rior mesenteric artery is present. 

employed. Lately, we have favored the right hepatic/splenic design, because 
it appears to be easier to poSition at the completion of the rearterialization 
of the liver. 

If a direct anastomosis to the recipient hepatic artery is not possible 
or indicated (because of gross size mismatch, poor blood inflow. intimal 
dissection. or insufficient length), an arterial graft must be employed. In 
the adult and in a majority of pediatric cases. a free-standin!! graft of donor 
iliac arterY is used to arterialize the liver from the infrarenal aorta. and is 
passed in 'front of the left renal vein and behind the pancreas (Fig. 8.1 and 
B). Four tunnel routes ("long". two "medium." and "short") can be used. 
and the choice will depend on the local conditions, length of the graft. and 

~~:Ji:;=--Pancreas 

B 

Figure 8 . .'\. Perfonnance of the retropancreatic tunnel for placement of an aortohepatic 
arterial !Iraft. B. Cross-st'ctional view. 
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preference of the sur~eon \Fi~_ 9.1. B. and 0. We never use synthetic 
material for this graft. since the risk of infection in the immunosuppressed 
transplant patient is tar too great. If a vascular graft from the same donor 
is not ;lvailable. we use a vessel of the same blood type, harvested from 
other recent donors (within 5 days). and kept refrigerated in the operating 
room. 

[n the very small pediatric patient. the arterial anastomosis can be 
performed by usins; the donor aorta, which is harvested in continuity with 
the liver, the distal end of which is then anastomosed to the recipient 
infrarenal aorta as a "conduit" (Fig. 10), All the collateral branches (renaL 
lumbar. adrenaL phrenic. and superior mesenteric. if there is no aberrant 
right hepatic branch) are Iie;ated before implantation, while the supraceliac 
end is transected on a bias and closed with a double running suture. 
Occasionally. if the abdominal aorta cannot be used, the entire descending 
thoracic aorta is removed, transected just above the celiac axis, and then 
reanastomosed on the inferior aspect, to form an antegrade "conduit"; the 
supraceliac aortic end is closed with a double running suture. The use of 
aortic conduits should onlv be reserved for verY small children, or in other 
rare situations when it is impossible to use an iliac artery graft. 

All vascular anastomoses must be performed with meticulous detaiL 
particularly, successful reconstruction of the portal venous and hepatic 
arterial circulations that demand flawless technique. Failure of either 
anastomosis usually leads to patient death or retransplantation. If there is 
any doubt as to the vessel length or blood flow, the anastomosis should be 
redone. and vascular grafts used, if necessary. 

BILIARY TRACT RECONSTRUCIlON 

Having completed the ri~orous task of hepatic revascularization, atten­
tion is then focused on the establishment of biliary tract continuity. The 
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Figure 10. The te<:hniques of aortiC" "conduits" in pediatric recipienh. 

success of the entire liver transplant procedure depends upon the biliary 
tract reconstruction. and the same degree of meticulous attention and 
concentration already used is still necessary. Complete hemostasis should 
be achieved hefore embarking on the biliary tract reconstruction. because 
bleeding is much more difficult to control afterward. 

Biliary tract leaks or obstructions are the most frequent technical 
complications follo\\;ng liver transplantation.~ Fortunately. most of these. 
if recognized and dealt with promptly. can be successfully managed. 
Standardization of our methods for biliary tract reconstruction has signifi­
cantly reduced the incidence of these biliary tract complications. 

Duet-to-duet reconstruction O\'er an external T-tube stent is our 
preferred method of reconstruction in patients \\;thout preexisting extra­
hepatic biliarv tract disease and when there is no significant size discrepancy 
between the donor and recipient bile ducts. Advantages of this method 
include preservation of the sphincter of Oddi and availability of the T-tube 
to monitor bile production. and to perform cholangiography. The T-tuhe 
proVides an important mold for the healinl!: bile duct. and the upper limb 
of the T-tube should reach but not obstruct the hepatic duct bifurcation. 
The T-tube is usually left in plal'e for about 6 to 8 weeks. 

In many patients. preexisting disease of the extrahepatic biliary system 
or unfavorable anatomy precludes direct duct-to-duct repair. Our alternative 
preferred method of reconstruction under such circumstances is a Raux­
en-Y choledochojejunostomy over an internal stent. The main indications 
for this procedure include recipient biliary tract disease ie. g .. sclerosing 
cholanl!itis. liver tumors where an extensive supraduodenal Ivmph node 
dissection includes the recipient bile duct, size discrepancy between the 
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donor and recipient ducts, questionable blood supply to the recipient duct, 
-lod spasm of the sphincter of Oddi). .\nastomosis of the donor bile duct to 
the side of the distal portion of an 18 inch Roux-en-Y limb of proximal 
jejunum is I1sed. The duct anastomosis is performed over a smaH polyeth­
\lene pediatric teedin~ tube catheter that eventually passes out sponta­
neuusly through the gastrointestmal tract. Roux-en-Y choledochojejunos­
tomv is the safest method of biliary reconstruction. \\;th a complication 
rate of less than 8 per cent. Failures of duct-to-duct repair are usually best 
managed b\" conversion to this method of reconstruction. 

An int~aoperative cholangiogram (T-tube or cystic duct cholangiocath­
eter) is always attempted to check the position of the tube. the patency 
aod integrity of the anastomosis. the anatomv of the biliarY tree. and 
observe free" flow of dye into the bowel. Any problems warra~t a redo of 
the reconstruction. 

SPECIAL CONSIDERATIONS FOR PEDIATRIC UVER 
TRA~SPLANTATION 

Donor Operation 

The pediatric donor operation is fundamentally the same as in adults. 
The "rapid technique" of multiple organ harvesting offers particular advan­
tages in the pediatric patient. Intraoperative dissection of the liver and 
kidneys is kept to a minimum and is reserved for the back bench. where 
conditions are more favorable for meticulous dissection of the fine hilar and 
vascular structures. Intraabdominal exposure time is considerably reduced. 
minimizine: hypothermiC complications and simplifying fluid balance prob­
lems resulting from insensible losses. The risk of hepatic congestion from 
intravenous fluid overload is much less with a shorter operating time. 

Several modific-ations may be useful in the pediatric donor operation. 
Proportionately smaller amounts of perfusate solutions are infused through 
the aortic and portal cannulas. Perfusate overload may cause severe hepatic 
congestion and possibly result in delayed and impaired function of the new 
liver in the recipient. It may be difficult or impossible to palpate an 
anomalous right hepatic arterial branch behind the portal vein in small 
pediatric donors. Therefore the entire extent of the proximal superior 
mesenteric artery should be visualized from its origin at the aorta, searching 
for an anomalous right hepatic branch where it originates from the right 
side of the superior mesenteric artery. If any doubt exists as to the 
significance of any small branches seen in that area, then it is best to 
proceed as if a right hepatic branch were indeed present by removing a 
Carrel patch of the origins of the celiac and superior mesenteric arteries in 
the usual tashion. More extensive dissection and examination of the arterial 
anatomy can then be accomplished at the back bench. The origin of the 
right renal artery may be dangerously close and even superior to the origin 
of the superior mesenteric artery in small pediatric donors. so extreme care 
is required in removing the Carrel patch. If the kidneys are not to be 
harvested in very small pediatric donors. then the entire abdominal aorta 
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may be removed en bloc with the liver for later back bench preparation for 
the recipient. 

The most serious problem facing the pediatric liver transplant candidate 
is the scarcity of smaIJ donors. Despite improvt'd organ donation rates and 
liberalization of organ donor criteria. the demand still far outweighs the 
supply of very small pediatric livers. One possible solution to this problem 
is segmental liver transplantation of a portion from the more often availahle 
adult liver. Surgical reduction of the larger intact liver is performed on the 
back bt'nch. typically sparing the left lateral segment or the left hepatic 
lobe for recipient grafting. In Brussels, Otte and colleagues have reported 
the largest series to date with an 80 per cent success rate in 15 patients 
with no increase in postoperative complications and no adverse effects on 
liver function. Success rates in other smaller series have been about 30 per 
cent. Further studies will determine the feasibility of this option. 

Recipient Operation 

The recipient hepatectomy may be technically somewhat easier in 
children than in adults. unless there have been multiple previous abdominal 
operations. such as Kasai portoenterostomies. Blood loss may be lower 
because of less extensive venous (.'Ollaterals from portal hypertension than 
in adult cirrhotic patients. The costal margins are quite mobile and the 
abdominal wall flexible enough so that an upper transverse incision incor­
porating a previous incision. if present, provides excellent exposure in most 
cases. 

One of the most significant technical impro\'ements in pediatric liver 
transplantation has been the standardization of the bile duct reconstruction. 
In the early experience. a variety of biliary reconstructive procedures were 
employed. most commonly, cholecystoduodenostomy \\o;th ligation of the 
common duct. The inordinately high complication rate (35 per cent) was 
manifested b\' bile duct obstruction and fistula. Bacteremia was also ('ommon 
even \\;th a 'technically satisfactory reconstruction. probably as a result of 
constant contamination of the biliar\' tract from the duodenum; cholecvs­
toduodenostomy was therefore abandoned. The preferred method of bili<~ry 
tract reconstruction now is like in adults. a duct-to-duct anastomosis over a 
T-tube. when possible. l:nfortunately this is not an option in more than 
three out of four pediatric recipients because the common duct is either 
absent (as in bilian' atresia) or too small for satisfactorY anastomosis, In 
such cases, an end-to-side choledochojejunostomy to a Ro~x-en-Y limb over 
an internal stent is the preferred method. Complications with the current 
methods of biliary reconstruction have been less than 10 per cent. The 
preYiously constructed Roux-en-'i lim b in patients \\oith biliary atresia who 
have had Kasai portoenterostomy may be used again for biliary reconstruc­
tion at the time of liver transplantation as long as the intestine is not 
damaged during the recipient hepatectomy dissection. The presence of an 
ostomy or previous closure of a stoma may result in a functional length of 
Roux limb that is not long enough to reach the common duct without 
placing undue tension on the biliary anastomosis. In such cases. the existing 
Roux-en-'i limb is taken down and a new Roux. limb is (.'Onstructed. 

~lultiple previous operations for Kasai portoenterostomies. revisions. 
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~nd stomal manipulations may cause t'xtensi"e adhesions around the hilum 
otten resulting in a "frozen" upper abdomen incorporatin~ the stomach. 
duodenum. transverse colon. multiple loops of small bowel. and the hilum. 
Dissection of the existing Roux limb may be impossible. and construction 
of a new Roux limb may be quite difficult. sate dissection of the hepatic 
~rtery and portal vein embedded deep \\lith in the hilum may be jeopardized. 
In such cases. the hepatectomy may often be performed more easily and 
with greater safety by dissectin!?; the hilum from a retrohepatic superior 
approach ~tter first crossclamping and dividing the suprahepatic inferior 
vena cava. From this approach. the vascular structures of the hilum \\-ill he 
encountered initially in an operative field less involved with adhesions, 
reserving dissection of the Roux limb and portoenterostomy until just prior 
to removal of the diseased liver. Such a maneuver \"ill often result in 
considerablv less blood loss and in an appreciably greater savin!?; of time in 
completing the recipient hepatectomv. 

The introduction of the \'eno-venous bypass technique has dramatically 
altered the intraoperative management of the an hepatic phase of the liver 
transplant operation in adults. This technical advance was not initially made 
available to pediatric recipients bec-.lUse of concern that bypass flow rates 
of less than 1000 mUminute would lead to clot formation within the tubing 
,lOd subsequent iatrogenic pulmonary embolism. However, recent studies 
have demonstrated that the vena-venous bypass system can operate safely 
\\;th much lower How rates. Therefore. it is current practice to utilize the 
bypass for all children over 15 kg. 

HEPATIC RETRANSPLA..'HATION 

Hepatic retransplantation'; may be required for any of the follOwing 
reasons: \ 1) primary graft nonfunction: (;2) rejection; (3) techniC'.l1 failure 
(i.e., hepatic artery or portal vein thrombosis); (4) recurrent disease. Once 
hepatk failure occurs, retransplantation should be performed expeditiously 
prior to the development of multiorgan failure or the onset of sepsis. 

Depending on the timing and the cause of the retransplantation, 
val1ing degrees of difficulty may be encountered during the hepatectomy . 
.\s the time interval since the previous transplant increases, the more likely 
it is that dense adhesions will be encountered. Early placement on vena­
venous bypass may facilitate the hepatectomy in such cases. 

Although most of the steps in performing a retmnsplant are similar to 
those of a primary transplant. several important concepts must be consid­
ered in the planning of these procedures. The importance of donor vascular 
grafts and their various uses has been described above. Alternate methods 
of arterial or portal venous reconstruction are often required at retrans­
plants. Thus the harvesting of good lengths and quality of venous and 
arterial ~r.uts is critical. 

It is usually preferable to excise all previous anaStomoses before 
implanting the new graft, if adequate recipient cuifs can be developed. 
However, this is not always possible, l"specially for the upper vena cava. 
Extr.l len~h may he obtained in preparing the upper caval cuif by leaving 
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the- ori~inal anastomosis intact and s('winJt the new donor cava to a short 
cuff of 'ena cava frum the first liver. nlis extra lellJtth pro\'ided by the cuff 
of vein may prove to be life-savinI!:. even if the new sutures eJl(.'Ompass the 
ori~inal anastomosis. 

Special attention must be paid to the hepatic arterial reconstruction. 
Apart frum pre\,iously placed iliac artery !!:rafts on the infrarenal aorta, 
which can be reused. all other arterial anastomoses should be excised. 

Although the recipient bile duct can be reused for a duct-to-duct 
anastomosis under certain specific circumstances. it is usually necessary 
and preferable to use a Roux-en-Y choledochojejunostomy. If the jejunal 
limb is to be reused. the original site of the duct anastomosis should be 
excised or closed primarily. and the anastomosis should be performed at a 
new site along the jejunal limb. 

The results of retransplantation are in a large part dependent on the 
timing and setting. Retransplantation occurs under three settinl!:s: emer­
gent. acute, and electi\'e. Emef!l:ent transplantation is required for profound 
hepatiC' failure, resulting from aggressive acute rejection. arterial throm­
bosis. or primary nonfunction and is dependent upon an effective orl!:an 
procurement system and optimal use of all available donors. Rejection is 
primarily responsible for the need for retransplantation in the acute and 
elective settings. and for this reason. usually carries the best results. 

SUMMARY 

Although significant strides have been made in the surgical technique 
of orthotopic liver transplantation, numerous problems and nuisances are 
still eneountered. Further surgical refinements will certain)\' evolve. The 
development of better preservation techniques. the use of intraoperative 
fiowmeters, and the aVailability of new technologies. such as an artificial 
liver. should impact and advance the techniques of liver transplantation 
significantly and improve the overall results even further. 
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