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in medicine a single individual makes a contribution of 
magnitude and significance that it clearly represents a new di­

in the field. Such is the case in this monograph devoted to 
of the liver which originally appeared in Current 

roblems in Surgery. Dr. Thomas Starzl and his colleagues, for­
of the University of Colorado and now of the University of 

have, by their many seminal contributions, had a great 
on the entire field of transplantation; but it is transplanta­

of the liver which has gained these scientists their widest recog-

operation began as an idea. only 30 years ago and the seem­
painful and slow steps which subsequently led from early din­

trials to the current stage of development are remarkable. Today, 
procedure is performed in a number of medical centers around 
world, in all age groups of patients, and for a wide variety of in­

-a tribute to the remarkable efforts and the persistence of 
Starzl and his group. 

this volume, Dr. Starzl and Dr. Demetris cover all aspects of he­
transplantation, including the technical points of the replace­
operation, the prevention of rejection, and the complications 

of the operation and of the postoperative immunosuppressed 
In the closing parts of this treatise, the authors review the 
emerging technique of multiple organ transplantation, auxil­

and the practical limitations of the procedure, 
organ donation and economic factors. 

contribution is authoritative and excellent, and will surely be­
a classic in the field. 

Samuel A. Wells, Jr., M.D. 
Professor and Chairman 
Department of Surgery 
Washington University School 

of Medicine 
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INTRODUCTION 

Liver transplantation has had intellectual as well as practical 
tcations in all aspects of hepatology. In 1955, when the 

a whole liver was first mentioned in the mo:a . .tu;<U 

the specialty of hepatology still had ambiguous 
purposes. This account will show how such a seemingly· 

idea as transplanting a liver became a practical reality' 
helped shape the specialty of hepatology during the 
30 years. During the same period, transplantation fosterel'l 
in practically every aspect of hepatology and liver suru<>Mi:l 

extent that it is no longer possible to have a liver disease 
hepatic transplant capability. 

liver transplantation (liver replacement). Biliary tract reconstruc;tion u<>ucmy ,~, 
) a Roux.limb) or (inset) with a choledochocholedoc;hos.2:5 
tube. 



The liver can be transplanted as an extra (auxiliary) organ at an 
ectopic site or in the normal (orthotopic) location after removal of 
the host liver (Fig 1). This review will be preoccupied with the 
orthotopic procedure. However, there has been renewed interest in 
the auxiliary operation, which will be discussed separately at the 
end of this monograph. In addition to the potential clinical value of 
auxiliary hepatic transplants, efforts to define the optimal way of 
revascularizing auxiliary liver grafts opened a new field of physio­
logic and biochemical research by demonstrating that splanchnic 
venous blood possesses specific liver supporting (hepatotrophic) 
qualities.2

' 
3 

As we develop the subject of orthotopic transplantation, we 'will 
provide a running historical perspective since even the earliest ma­
jor publications on this subject are less than 30 years old, and many 
are still of current interest. However, particular attention will be paid 
to the massive literature that has developed since June 1983, when 
the conclusion was reached by a Consensus Development Confer­
ence that orthotopic liver transplantation had become a service as 
opposed to an experimental procedure.4 

DEVELOPMENT OF THE 
REPLACEMENT OPERATION 

The distinction between creative and delusional thinking 
becomes clear only in retrospect. The idea of liver replacement'··. 
surfaced in 1956 with a publication by Dr. Jack Cannon, who 
working at the new Department of Surgery, University of Califom 
Los Angeles (UCLA) .5 Because it was suspected at that time that 
liver might play a role in rejection, Cannon apparently hoped 
hepatic homograft would be more kindly received than other 
planted organs since presumably it would not contribute to its • 
destruction. There was no journal devoted to transpla:ritatidJ' 
1956, and abstracts or brief articles in this field were publishedti 
appendix to Plastic and Reconstructive Surgery, which wa~ i'A:i 

Transplantation Bulletin. Cannon's article in Transplantation 
was less than one page long. It did not have a title, and 
of the procedure or even of the animal species used were 
Cannon referred to "several successful operations" but witl~uuL 
vival of the recipients. 

Even for nonhistorians, Cannon's one-page article may nav~·TnP.~ 
special fascination of a solitary dot on a nearly empty canvis 
which a complex mural was to quickly and _ ~ .. • . .,. '" / .•. 
There was no identifiable reason in 1956 to hope thatany"Yll@l~v'~J:': 
gan could be transplanted successfully, including the kidney,rrlii~'~'>~ 
less more complicated grafts such as the liver, heart, or lung. 

The most unattainable ingredient of potential success was 
tion of rejection of transplanted tissues and organs. The seein~g~ 
surmountability of this biologic barrier undoubtedly· discom 
research efforts at liver replacement. Nevertheless, the 
feasibility of liver transplantation was to be testGd in 
increasing conviction and determination by independent 
Boston6

' 
7 and Chicago,8

' 
9 beginning in the suminer 

nine model proved to be a difficult one technica.Ily, 
investigation of liver replacement was hampered 
fact that this operation could be done successfullyiri 
oratories in the world. In recenttimes; improvements 
operation have been incorporated into the dog procedure/0

' 
11 



The technical requirements for liver transplantation in dogs are al­
most too complex for simple categorization. However, two cardinal 
requirements for perioperative survival emerged from this work 
more than 30 years ago. The first was adequate preservation of the 
homograft during its procurement and the period of devasculariza­
tion.8 The second was decompression with vena-venous bypasses of 
the obstructed recipient splanchnic and systemic venous beds dur­
ing the anhepatic period when the host liver was being removed and 
the new liver was being inserted.6

' 
8 

We will consider these principles as they have been applied clini­
cally under the general headings of donor and recipient operations 
and then discuss the more conventional surgical components" of 
liver transplantations including recipient hepatectomy, graft revas­
cularization, biliary tract reconstruction, and hemostasis. 

DONOR HEPATECTOMY AND INITIAL COOLING 

Hypothermia and Core Cooling 
Steps in the development of liver graft procurement and preserva­

tion have been few. However, these steps have had an importance 
beyond their application for liver replacement, since the principles 
involved are germane to the preservation of other whole organs. The 
first innovation of core cooling by infusion of chilled lactated Ring­
er's solution into the portal vein may have been the most important.

8 

Before core cooling was used, survival of dogs after liver transplanta­
tion was virtually never obtained, but afterward, success became al­
most routine.8 

At an even earlier time, it was appreciated by cardiac surgeons 
that hypothermia protected ischemic tissues and organs below the 
level of aortic12 and renal pedicle13 crossclamping. To our knowl­
edge, Lillehei and associates were the first to use hypothermia in 
transplantation?4 They immersed dog intestinal grafts in iced saline 
before autotransplantation or homotransplantation. Later, the extent 
of hypothermic protection from ischemia was quantified by Sicular 
and Moore, who reported that enzyme degradation in hepatic slices 
was greatly slowed by refrigeration.

15 

The cooling of organs with fluids infused via the vascular system 
was such an obvious expedient that failure to do it can only be de­
scribed as surprising. Even more inexplicable was failure to core 
cool kidney transplants. This was not done until long after the initial 
research with canine liver transplantation had been completed. 
Then, as a direct result of our experience with the dog livers, we in­
troduced core cooling of kidney grafts into clinical practice: At first, 
we had protected human renal homografts by inducing total body 
]J.ypot];)_ermia of living voluntel:}r donors, but before long, we replaced 

this cumbersome and potentially dangerous method with infusion 
of chilled fluid into the kidney immediately after its removal?6 

Today, core cooling is the first step in the preservation of all whole 
organ grafts, and it is most often done with the organs in place by 
some variant of the in situ technique originally described by Mar­
chioro and associates?7 These investigators used a heart-lung appa­
ratus that contained a heat exchanger to cool the carcass of dogs be­
fore beginning organ removal and to maintain hypothermic perfu­
sion thereafter. This method (Fig 2) for the immediate or continuous 
in situ hypothermic perfusion of cadaveric livers and kidneys was 
used clinically long before the acceptance of brain death conditions18; 
the technique has had a renaissance recently for procurement of 
thoracic organs?9

• 
20 Ackerman and Snell21 and Merkel and col-

FIG2. 
First technique of in situ cooling by extracorporeal hypothermic perfusion. The 
were inserted via the femoral vessels into the aorta and vena cava as soon as 
after death. Temperature control was provided with a heat exchanger. Crossclamping;of' 

. the thoracic aorta limited perfusion to the lower part of the body. This method of N>"'"""'''"' 
organ procurement was used from 1962 to 1969, before the acceptance of 

·.The preliminary stages of this approach provided the basis for subsequent in 
techniques. (Redrawn from Starzl TE: Experience in Renal Transplantation. WB Saunc(E!f~J;:" 
Co, Philadelphia, 1964.) 



leagues22 popularized much simpler methods of in situ cooling of 
cadaveric kidneys with cold electrolyte solutions infused into the 
distal aorta. 

Core Cooling for Multiple-Organ Procurement 
An extension of these primitive in situ cold infusion techniques 

has allowed removal of all thoracic and abdominal organs, including 
the liver, without jeopardizing any of the individual organs.23 The 
techniques of organ procurement and preservation used clinically 
came from the laboratory procedures as described earlier. However, 
much further development was required for the procurement of 
multiple organs from human cadaveric donors that were expected 
to provide kidneys, hearts, pancreases, and other tissues as well as 
livers. 

In the first trials of multiple-organ procurement, in situ cooling 
was not used. The individual organs were skeletonized, and after all 
of the dissection was completed, the kidneys were removed and 
cold perfused on the back table. At a second stage, the liver and 
heart were removed simultaneously. The removal of all four organs 
was a rare event, and the first time the kidneys, liver, and heart were 
removed from a single donor was on April 17, 1978 during a visit by 
the University of Colorado team to the University of Minnesota. 

It quickly became obvious that in situ cooling of organs was going 
to be necessary if extrarenal organ transplantation were to flourish. 
During the times when the numbers of liver or heart transplants 
were small, the annoyance caused for renal transplant surgeons by 
multiple-organ procurement was relatively minor. As multiple-organ 
procurement became routine, a major educational effort was re­
quired to recruit the cooperation of kidney transplanters. The in situ 
procedures were developed in Denver, and when the Colorado team 
moved to Pittsburgh, these were demonstrated throughout the east­
ern two thirds of the United States. At the request of the Surgeon 
General of the United States, Dr. C. E. Koop, a description of the new 
operation of multiple-organ procurement was published.23 Modifica­
tions of this procedure have been made for unstable donors and 
even for donors whose hearts have ceased to beat.24 In less than 5 
years, multiple-organ procurement, using techniques that are inter­
changeable not only from city to city but from country to country, 
had become standardized in all parts of the world. 

A complete midline abdominal and thoracic incision is made (Fig 
3). The aorta at the diaphragm is encircled so that it can be cross­
clamped when the core cooling is begun. The distal aorta is used as 
an entry site for the fluid infusion (Fig 4). By coordination ofthe fluid 
infusion and the crossclampihg of the great ves$els ahd by dissec­
tion and ligation ofappropriate arterial branches, the cold infusate 

.--~----+' Cut at fusion of 

FIG3. 

Cut falciform 
lig. 

pericardium & 
diaphragm 

Total midline incision used for cadaveric donors. (Redrawn from Starzl TE: Surg 
Obstet 1984; 158:223-230.) 

can be made to go selectively to those organs (including the 
that are to be used (see Fig 4). The portal vein of the liver alS(J 

fused after a catheter is placed into it through the splenic 
other major tributary (see Fig 4). Core cooling of the thoraciq 
is accomplished with the same principles.23 

There is little point in providing further details of the rlnnnnr., 

ation. Those interested in procurement procedures Suvuu..t 

the description of the originally described technique23 Ol"'fuO:irJ.:..; 

tive method called the rapid flush technique, 24 which can be 
unstable donors or even for donors who develop a cardia 
(see the next section). With the rapid flush method, almost 
section is performed initia.Hy. The organs are quickly ~1--m-...J ... 
washed free of blood in situ by aortic infusion and infuswu 
a distal portal branch such as the inferior mesenteric vein.>'luv.v 
then be removed swiftly in a bloodless field. 

Liver Procurement In Non-Heart~Beating Donors 
.When liver transplantation was first performed experimental!; 

clinica.Hy, it was thought that the liver would be exquisitelY: sen 
to warm ischemia.8 This-· perception -has changed 



FIG 4. 
Principle of in situ cooling used for multiple organ procurement. With limited preliminary 
dissection of the aorta and of the great splanchnic veins (in. this case the splenic vein), 
cold infusates can be used to chill organs in situ. In this case, the kidneys and liver were 
to be removed. Note the aortic crossclamp above the celiac axis. (From Starzl TE, Hakala 
TR, Shaw BW Jr, et al: Surg Gyneco/ Obstet 1984; 158:223-230.) 

years, particularly with the demonstration by Huguet and associates 
that the human liver can tolerate at least 1 hour of warm ischemia 
with relative impunity.25 Studies in normal dogs have shown that 
the portal triad usually can be crossclamped for at least 2 hours 
without mortality, providing there is perlect decompression of the 
obstructed portal venous drainage.26 

If a cardiac arrest occurs in a patient considered to be a good do­
nor, it is possible to quickly open the abdomen, encircle the proxi­
mal aorta at the level of the diaphragm, and cannulate the terminal 
abdominal aorta or one of the iliac arteries (Fig 5). Withi!l 5 or 10 
minutes, core cooling can be started with an infusion. of cold solu­
tion. The aorta is crossclamped · near the diaphragm; The inferior 

cava is .. decompr13ssed by Jncising. it. The liver becomes 
blanched and free of blood with surprising rapidity. Within 2 or 3 

d'l ;j,l 
fluid . " / 

preservatr .. ' ... I 

tJ~ 

If there is not time to insert a splanchnic venous catheter for infusion, the rapid 
cold fluid into the aorta alone will promptly cool the liver since the 
venous blood contributes to the hepatic cooling (see Fig 6). All that is 
sert the catheter into the distal aorta and to crossclamp the aorta at the 
Starzl TE, lwatsuki S, Shaw BW Jr, et al: Transplant Proc 1985; 17:250-258. Us~d· 
mission.) 

minutes, the liver becomes palpably cold. At the· same time, 
testines become blanched from the superior mesenteric 
sion, and blood in the portal vein that has passed . 
splanchnic capillary bed becomes clear and hernoglobiJ1 free 
Thus, full perfusion of the liver eventually is assured eyeil 
the chilled fluid is instilled only into the aorta (see Figs 5 

In adults,Z or 3.f..of cold solution rapidly iilfused 
aorta are requiredto bring the lhrer iilto.a 
}essthan 28°Q.':"J\:fter"fhis has been achieved, fheresfnf.tfldnTinH1.f 
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FIGS. 
Core cooling of the liver with aortic infusion alone. Note that the body (and liver) tempera­
ture becomes cryoprotective within 2 or 3 minutes after beginning the aortic infusion. The 
hematocrit of the portal venous blood is quickly diluted, meaning that the liver is being 
perfused with the increasingly asanguinous cold blood returning from the splanchnic 
venous bed. 

ment can be carried out at a more leisurely pace. This is facilitated 
by the fact that there is now a bloodless field. We have used this 
technique to recover satisfactory livers from many donors with ab­
sent or ineffective heartbeat.27 The method has been used with con­
siderable success in Sweden, which did not have "brain death" laws 
until recently.28 Our experience and that of the Swedish workers un­
der these circumstances have been almost as good as with the stan­
dard procurements in cadaveric donors with beating hearts. How­
ever, a high level of skill is required to prevent the loss of these 
organs, and discriminating judgment is necessary about which or­
gans have a good chance of being satisfactory. Only surgeons expe­
rienced in procurement of donor organs will be capable of this kind 
of work. 

Donor Anomalies . . 
In at least one third of the human donors, arteriai. anomalie,s will 

be encountered whereby some. or . all. of .. the. li':ef, i~ sl.lpplied by 
branches of the left gastric ~rtery, .~1-lp~Ijor~!;}s,anteli,«;:.ffii:t:lry, or di~ 
rect pranches from, t])e 1:lo:rtain~teacit!'?t.~¥c!f!:~ 

fl Supa.mesenteric 
, 

R. gastric a . 

FIG 7. 
A common anomaly in which a right hepatic artery originates from the superior mesenteric 
artery. This right artery always is posterior to the portal vein. 

of these techniques have in common the conversion of multiple ves­
sels into a single trunk by back-table dissection and anastomoses 
(Figs 8-10). Uniting the celiac axis and superior mesenteric artery as 
shown in Figure 10 may leave an excessively long vessel and a bulge 
at the site of the fold-over anastomosis. Consequently, if this princi-

S.a. 

With the anomaly in Figure 7, the splenic artery can be anastomosed to 
right hepatic artery, thereby converting the origin of the blood supply to.a 
based onthecelfac'axis. (RedraiJIJn from Starzl TE: Experience in Hepatic Trifln:~!'ila.n 
Philadelphia, WBSaunders Co, 1969:)' 



FIG 9. 

M. hepatic a. 

Rt. hepatic 
a. 

Distal 

Lt. hepatic a. 

II 

Celiac 
axis 

......_Proximal 
S.m. a. 

Recipient 
hepatic a. 

Alternative methods to reconstruct the anomaly shown in Figure 7. The proximal (left) or 
distal (right) end of the superior mesenteric artery containing the anomalous right hepatic 
artery is anastomosed to the graft celiac axis. The open end is sewed to the recipient ce­
liac axis. 

ple is employed, an end-to-end celiac axis to superior mesenteric ar­
tery anastomosis may be preferable (see Fig 8 or 9). 

Vascular Homografts 
An integral part of the donor operation should be procurement of 

free grafts of the iliac arteries and veins, since these can be used to 
reconstruct anomalies or damaged vessels of livers (Fig 11), kidneys, 
and other organs. At the time of procurement, these grafts are 
placed in a solution developed at the University of Wisconsin (UW 
solutionL where they can be used for at least 1 or 2 days or possibly 
longer. When arterial grafts are needed, they are usually based below 
the recipient renal arteries. They can be brought anterior to the pan­
creas (Fig 12) or behind the pancreas through tunnels created by 
finger dissection (Fig 13). Vein grafts will be discussed later. 

MEANS OF SUBSEQUENT PRESERVATION 

In dogs, the liver can be transplanted successfully as long as 6 to 
12 hours after cooling with lactated Ringer's solution and storage at 
4°C.36 Further extension of this period and improvement of safety 
have depended. on one of two prototype strategies, derived from re­

done mainJ¥ with kidneys anda.pplied secondarily to livers. 

Same principle as the reconstruction of Figure 9 (left). However, the origin of 
mesenteric artery and celiac axis are folded together, leaving the distal end ofthe vu~'" ov.• 

mesenteric artery for anastomosis to the recipient. There is a small left hepatic artery in'' 
this case originating from the left gastric artery. This latter anomaly is very comm0nty 
found in association with a right hepatic artery of superior mesenteric arterial origin;:(F:~QIJ! 
Gordon RD, Shaw BW Jr, lwatsuki S, et al: Surg Gyneco/ Obstet 1985; 160:474;-476. 
Used by permission.) 

Ex Vivo Perfusion After Initial Cooling 
With one approach, a continuous circulation has been 

with a cold perfusate primed with blood and oxygenated Witqin;:l! 
hyperbaric oxygen chamber.37 This method, which origir 
used for kidneys by Ackerman and Barnard, 38 has permitted 
cessful preservation of dog livers for as long as 2 days37 and 
plied clinically with remarkable success in several hmnan Y'::'"~~t' ·"-"'+ 

the pre-brain death era.39 When Belzer and associates were 
eliminate the hemoglobin and hyperbaric chamber components 

preservation,40 their asanguinous perfusion technique 
daveric .renal grafts become a worldwide standard. However; e:ff(f,rts 

··were, unsuccessful to. use continuous asanguinotJs perfusion; fo:(l>ll.vt 
ers:41

, ·· •... :. '-'~~. · : .. 



FIG 11. 

~ 
Arterial graft from 

infrarenal aorta 

By 1979, all of the demonstrated grafts had been used clinically. The use of vascular 
grafts has been life saving, and liver transplantation should never be attempted without an 
emergency assortment of these grafts. (Redrawn from Starzl TE, Halgrimson CG, Koep LJ, 
eta\: Surg Gynecol Obstet 1979; 149:76-77.) 

Slush Techniques 
The alternative strategy for the subsequent preservation of kid­

neys, livers, and other organs has been the instillation of special so­
lutions (Table 1) such as those described by Collins and co-workers42 

or the plasma-like Schalm solution.43 The original Collins solution or 
modifications of it have been used for almost 20 ye'ars for the so­
called slush techniques of kidney preservation in which the organ is 
packed in an ice chest at 4°C after its infusion. The experimental 
work of Benichou and colleagues36 and Wall and associates44 with 
the Collins and Schalm solutions opened up the possibility in 1976 
of clinical sharing of livers between cities but within narrow time 
limitations. The outer limit of safety for human livers was generally 
set at 8 hours in spite of the fact that dog livers could be maintained 
for much longer than this with the Collins and Schalm solutions. 

The UWSolution for Slush Preservation 
The development of the UW solution has been the first major de­

li\feF :pre~ervation sJn~~"fu:~t tiine. 'ilS The. UW solution is 
afige that also is a.pRl!<l~l:lle):o the preservation of the 

antepancreatic route for a vascular graft placed onto the infrarena\ abdominal 
graft is brought either to the right or left of the middle colic vessels, 

, and beneath the pyloris. (From Tzakis AG, Todo S, Starzl TE: 
2:121. Used by permission.) 



Anions 
Bicarbonate (mM/L) 10 
Chloride (mM/L) 15 109 - - 20 5 

Lactate (mM/L) - 28 
Phosphate (mMIL) 57.5 - 25 

Lactobionate (mM/L) - - 100 - - 90 

Cations 
Calcium (mM/L) - 1.5 - - _\ 

Sodium (mM/L) 10 130 30 146 146 

Potassium (mM/L) 115 4 120 4.3 24.3 124 

Magnesium (mM/L) - - 5 - 4 

Colloids and osmotically 
active agents 
Hydroxy ethyl starch - - 50 

(grn!L) 
Proteins (grn!L) - - - 65.2 90 65 

Mannitol (grn!L) - - - 3.75 

Raffinose (grn!L) - - 17.8 - - 48 

Glucose (grn!L) 194 - - - - 99 

Others 
Adenosine (grn!L) - - 1.34 

Glutathione (grn!L) - - 0.922 

Insulin (units) - - 100 

Allopurinol (grn!L) - - 0.136 

Antibiotics and steroids 
Ampicillin (mg) - - - - 250 50 

Sulfamethoxazole (mg) - - 40 

Trimethoprirn (mg) - - 8 

Dexamethasone (mg) - - 8 

Methyl prednisolone - - - - 250 500 

(mg) 
Osmolality (mOsrn!L) 375 273 320 308 - 301 

pH 7.4 6.3 7.4 7.4 7.4 7.4 

'From Todo S, Podesta L, Ueda Y, eta!: Clin Transplant 1989; 3:253-259. Used by permission. 
tEC = Euro-Collins; LR = Lactated Ringer's; UW = University of Wisconsin; UMl = University of Min· 

nesota I; UM2 = University of Minnesota II; UM3 = University of Minnesota III. 

pancreas,46 kidney,47
' 
48 and heart,49 possibly by mechanisms com­

mon to all organs (see later).50 The superiority of the UW solution to 
any previous infusion solution for preservation of the liver has been 
established in clinical trials.51

-
54 In our trials,52

-
54 the livers infused 

with UW solution performed better even though they were preserved 
on the average for almost twice as long as livers preserved with 
Euro-Collins solutions. The livers in UW solution permitted a higher 
rate of gr!lft survival, and they had a lower rate of primary nonfunc­
tion, hepatic artery thrombosis and retransplantation. They ap­
peared to be safe for at least 1 day and possibly longer. 
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a shortage 
lactated Ringer's pr Collins' solution for prelimin~it 

tJ.sisted on almost invariably by the local procurement 
for the collaborative effort with the renal transplant~$ 

positive results clinically that have been reported with 
were obtained with this mixed use of fluids in which 

final flush was with UW solution. However, the best prac{f€~1 
is to use only UW solution for all infusions from the ""-~<-"-"-:;.;'. 
that became feasible (as of 1 June 1989) with the comme:r;7-': 

availability of UW solution. The high cost of the UW solutiori. 
is the principal disadvantage of this practice. ApproximatelY. 

of solution are required for a multiple organ procurement in 
exclusive of the thoracic organs. Because it has been shown 

the UW solution is superior to previously used solutions for the 
48 as well as the liver, there can no longer be any objectiori ; 

this use of UW solution. ,;,:;J;2 
the extension with the UW solution of acceptable c~l~ 

.chemia from 6 or 8 hours out to 1 day does not seem like. a:lai!g~ 
the effect has been phenomenal. Until 18 months ago, logis(jp~ 

roblems dominated the use of cadaveric livers that had ·· 
transported to their destination, and revascularized V\ilin•an 

sense of urgency. With the longer preservation time 
made practical with the UW solution, countrywide and 

vorldwide networks of organ sharing have been set up. The cons(if-.·. 
in the future should be a reduction in organ wastage, a 

flexibility for use of grafts that can be trimmed to the appro­
size for pediatric recipients, and more efficient recipient traV(')l>, 

preparation. The use of slower propeller planes instead of ei~ 
ive jet planes for recipient and organ transplantation already 

become feasible. 
An explanation for the effectiveness of the UW solution ha:s been· 

by Belzer and Southard.55 The UW solution contains more 
10 ingredients (see Table 1). Important components and their 

cts are (1) lactobionate and raffinose to prevent cell swelling; (2) 
hydroxyethyl starch to support colloidal pressure, (3) allopurinol.: 
and glutathione to inhibit oxygen free-radical generation, and (4) .ad­
enosine to enhance adenosine triphosphate (ATP) synthesis after; 
reperfusion. In studies performed in our laboratory, the difference ip 
the performance of different solutions may provide sketchy insight 
into the relative importance of some constituents.56 These studies 
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storage'' df' ttfi} 1i\re1\ 'e'\Ten though tliJsE: 
pancreas.57

' 
58 Lactobionate and raffinose, 

imbibition of water by cells, have seemed to be the essential 
ents without which the effectiveness of UW solution is lost.56 

have come to the same conclusion. 5 9
' 
60 

Much remains to be learned about liver preservation, the effects 
ischemia on hepatic function and the hepatic microvasculature, 
the role of these factors in the early and late postoperatiVe course 
recipients. We will return to these subjects further on. In the 
while, a discussion of slush preservation would be incomplete 
out mentioning the potential dangers of the preservation soluuuJ 
For example, the bolus of potassium washed out during the 
sion of a liver containing Collins' or UW fluid has caused a 
of cardiac arrests. It also should be noted that other 
than potassium in present-day preservation solutions may impose 
risk. Prien and associates have shown that bradycardia or even 
serious arrhythmias are caused in recipients of kidneys 
with UW solution if these organs are not washed out firsen They 
lieve that the offending agent is adenosine, which is known to be 
rhythmiagenic. Aside from this consideration, and the elimination 
potassium, the preservation fluid should be washed out of 
grafts before they are placed into the recipient circulation to 
nate air bubbles entrapped in the graft.62 Moen and co-workers 
shown that sodium can be substituted for potassium in the UW 
lution.60 This change will make safer the reperfusion of liver grafts 
eliminating the potential bolus of potassium at the time of 
sion. 

RECIPIENT OPERATION 

The component parts of the recipient operation are so 
that a single surgeon operating from skin to skin may find it uuutJu11 

to adjust to the changing pace. Removal of the diseased liver can 
one of the most bloody and stressful experiences in a surgeon's life 
Yet, the subsequent performance of the vascular anastomoses can 
among the most delicate and sophisticated, especially in very 
children. Obtaining perfect hemostasis subsequently is often a 
dious third phase that, if not accomplished, will ruin all that 
gone before. At the end, success depends on adequate biliary 
reconstruction: In some centers, various parts of the procedure 
being done by independent and fresh teams. However, the total 
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usual incision used for the recipient of an orthotopic liver graft. A right subcostal 
is always made, usually with an upper midline extension, and often with a left 

extension. Removal of the xyphoid process gives extra exposure of the suprahepatic 
vena cava. (From Starzl TE, Bell RH, Beart RW, et al: Surg Gynecol Obstet 1 
141:429-437. Used by permission.) 

sponsibility still rests with a single surgeon who must 
each part of the operation. 

A right subcostal incision is almost always used for the recipient··· 
operation (Fig 14), but its exact location is dictated by previous right 
upper quadrant incisions and by the size and configuration .of the 
liver. An upper midline extension has been particularly -
the upper midline extension is made, the xiphoid process .... ., ....... H., 
excised since better access to the hepatic veins and suprahepa .... . . 
vena cava can be obtained. In the majority of cases, the patients e~tf 
up with a bilateral subcostal incision, with a superior midline T ex­
tension (see Fig 14). Thoracic extensions are almost never needed. 

Once the abdomen is entered, an effort is made to find a plane 
dissection just outside of the liver capsule if there are major 
sions. Movement away from this plane invites disruption of Vllric~~ 
that may be large enough to cause unpleasant or even lethal hem~r-;­
rhage during the preliminary dissection. 
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anastomoses of the homograft, me ponat vexn anti. interior vena cava 
are crossclamped (Fig 15). The choice of the dog in 1958 as the spe­
cies to develop the operation focused attention immediately on the 
need to decompress the acutely obstructed venous beds. The nor­
mill dog cannot tolerate venous hypertension of the splanchnic cap­
illary bed for more than 15 or 20 minutes without the development 
of hemorrhagic necrosis of the intestinal mucosa. Passive vena­
venous bypasses from the stagnant venous pools to the upper part 
ofthe dog's body can circumvent these lethill complications without 
the need for heparinization.6' 8 

Such passive bypasses were used for several patients in the first 
clinicill triills63' 64; however, either the bypasses clotted and did not 
function at all or, far worse, clots were released from the bypass tub­
ing and passed to the lung, causing lethill pulmonary emboli.64 In 
addition, it quickly was appreciated that the human can tolerate ob­
struction of the inferior vena cava and portill vein better than the 
dog, that other species, including the pig, were more like humans in 
this respect, and that even in the dog venous crossclamping could 
be made safer by the expedient of bile duct ligation seve rill weeks in 
advance.65 The logicill conclusion from this last observation was that 

Intrahepatic ;;"' ' ~ 
I.V.C. 

FIG 15. 
Pump-driven vena-venous bypass, which allows decompression of the splanchnic and 
systemic venous beds without the need for heparinization. (Redrawn from Griffith BP, 
Shaw BW Jr, Hardesty RL, et al: Surg Gynecol Obstet 1985; 160:270-272.) 
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venous beds were aban­
'Y~~J.l:lt:>4 and were not resumed for illmost 20 years. 

1~.rsuasive were the arguments against using vena-venous by­
. that liver transplantation was repetitively performed in hu­
under conditions that limited its usefulness, increased its 

risk, and made training of the next generation of he-
surgeons difficult. Liver transplantation was widely viewed as 
too dangerous and difficult to be generillly applicable. The 

had been made of believing that a fundamental principle of 
physiology worked out in animills, namely that vena-venous 

was essentiill for effective liver transplantation, was not truly 
in humans. 

was possible to carry out liver transplantation successfully with­
vena-venous bypasses,66' 67 but the operation could be per­

only by highly experienced surgeons and frequently with 
a sense of urgency that training of new teams in any numbers 

not possible. All too often, a virtuoso performance was required, 
even when the anhepatic period was kept to a minimum, major 

IP.ctines in cardiac output and variable hypotension were common.68 

fact that recovery usually occurred in the hands of skilled teams 
a fillse impression about the expendability of the bypass. 
there was gross swelling of the intestine during the period of 

. Subsequently, many patients suffered from third space 
and postoperative renill failure. The extent to which 

complex physiologic events contributed to the high perioper­
morbidity of the 1960s and 1970s was not fully appreciated un­

later.67' 69 

How this deficiency in technique was rectified cannot be traced 
from the articles describing the work. The stimulus for reas­

was a persistent 5% to 10% intraoperative mortality that 
due almost entirely to poor patient tolerance of the venous oc­

during the anhepatic phase. However, nothing decisive was 
done to rectifY the situation until a tragedy occurred in Pittsburgh in 
May 1982 that utterly demorillized the transplant team. A popular 
mille hemophiliac teenager with chronic active hepatitis died on the 
operating table from the combination of bleeding, third space fluid 
sequestration, and cardiovascular instability that was then common 
during hepatectomy and the sewing in of the new liver. 

The program was closed for more than 1 month until June 15, 
1982 when cardiac surgeon Dr. Henry T. Bahnson, Chairman of the 
Department of Surgery at the University of Pittsburgh, was requested 
to set up a pump-driven bypass for the next case. Bahnson grasped 

· the essence of the problem instinctively, and he agreed immediately. 
That night, a liver replacement was carried out under vena-venous 
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a pump-driven bypass had been described in 
by Cutropia and associates,70 but their article was unknown to.us 
the time. There was little trouble in reversing the heparin effect 
terward. Those who were there that night were ecstatic about 
ease and nonstressful nature of the transplantation under 
conditions. 

The ways in which liver transplantation was facilitated by 
venous bypass were verified in a number of other cases.67 By 
1982, abstracts describing the technique were submitted under 
senior authorship of Bahnson to the Southern Surgical 
and to the American Association for the Study of Liver 
Both were rejected. In the meanwhile, problems with reversal of 
heparin effect had been encountered in several of the adult 
ents. Vena-venous bypass under systemic heparinization 
worked well in those patients with relatively "simple" diseases 
as primary biliary cirrhosis and in recipients who had not had 
vious abdominal operations. The same was not true in patients 
difficult pathology, exceptionally advanced disease, and especially 
those who had undergone multiple procedures previously. Here, 
bleeding from the raw surfaces was so great and the heparin 
reversed with such difficulty that the value of bypass technique was 
vitiated. In fact, two patients with vena-venous bypass under hepa­
rin died of hemorrhage when clotting could not be restored. 

Two of Bahnson's young associates, Drs. Bartley Griffith and Rob­
ert Hardesty, had avoided systemic heparin in patients with pulmo­
nary insufficiency who had been treated with pump-driven extracor­
poreal membrane oxygenators. Griffith and Hardesty recently had 
purchased an atraumatic centrifugal pump that they thought would 
permit the pumping of venous blood without anticoagulation. Work 
on the nonheparin bypass began in dogs in the laboratory on Sep­
tember 30, 1982. The project was assigned to Dr. Scot Denmark, a 
resident who was in his "lab year." Griffith and Denmark provided 
the bypass capability. The liver transplantations were performed by 
members of the transplantation service, including the second-year 
transplantation fellow Dr. Byers Shaw, Jr. By the end of 1982, most of 
the work that was reported by Denmark at the Surgical Forum of the 
American College of Surgeons in October 1983 already had been 
completed?1 However, clinical trials of the nonheparin bypass were 
not started, in part because it was difficult to predict which patients 
really needed it. In addition, there still was uneasiness about the 
possibility of clot fonnation in bypass tubing and consequent pul­
monary emboli. 

During the Christmas season of 1982 and in January 1983, three 

22 

:of liver transplants 
~Ortw1rn:i;;(is~~iFig'i5Hi.ftiJJi:l~aml3 ·obvious almost immediately 

transplantation had become a far more reasonable proce­
in the past.69

' n Kam and associates have shown subse­
that these techniques are easy to use and safe in many pe­

recipients, particularly those weighing more than 15 kg.10 

ot all liver transplant surgeons believe that vena-venous bypasses 
of overriding importance.73

-
77 Caine and co-workers have de­

a venoarterial bypass, sometimes with an intervening oxy­
that is used only when venous cross clamping causes car­

mic instability.73 They contend that strain on the heart is re-
thereby. Even today, most infants and small children undergo 

transplantation without vena-venous bypass, and some sur­
routinely omit it for their adult recipients.74

-
77 Nevertheless, 

-venous bypass converted liver transplantation to a procedure 
can be carried out by many well-trained general or vascular sur­

The consequence was that effective teams could be devel-
quickly, blanketing the United States and Europe almost over­
with a network of competent liver transplant services. 

R":cipient Hepatectomy 
There is no single best way to remove a diseased native liver. In 

case, an ad hoc decision is required on the best technical ap­
that the abnormal anatomy will permit. In some patients, ef-

ta mobilize the liver from the hepatic fossa can cause lethal 
unless the hepatic arterial and portal venous blood 

supply are ligated first. In the other recipients, it may even be im­
ssible because of scarring from previous operations or because of 

the massive formation of varices to dissect individually the struc­
tures of the portal triad. 

Finally, the method of hepatectomy, as well as the conduct of the 
rest of the operation, are determined largely by whether or not vena­
venous bypasses are going to be used. If the bypass is omitted, it is 
important to limit the venous occlusion period as much as possible, 
hopefully to the time required for performance of the two vena caval 
and the portal anastomoses. Otherwise, damage to the splanchnic 
and systemic capillary beds may be excessive, with grossly obvious 
petechial hemorrhages and edema in the intestines and elsewhere. 
With occlusion of both the vena cava and the portal vein, hemor­
rhage from the thin-walled varices and from all other raw surfaces of 
the operative wound is predictably amplified. The bleeding often 
cannot be controlled by any mechanical means until decompression 
is accomplished by opening of the vena caval and portal venous 
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anastomoses of the new liver. Thus, if vena-venous bypasses are to 
be omitted, as much preliminary dissection as possible is desirable 
so that the occlusion period can be made as short as possible. 

In contrast, the extent of preliminary dissection can be greatly de­
creased if a vena-venous bypass is to be used. The individual struc­
tures of the hilum usually are skeletonized, but no other areas need 
be invaded. When the bypass is ready for implementation, the he­
patic artery and the common duct are ligated. The portal vein can­
nula for the vena-venous bypass is inserted, as is a femoral cannula, 
allowing both the splanchnic and systemic systems to be brought 
into the vena-venous circuit (see Fig 15). Entry into the superior vena 

FIG 16. 

~ 
~~.' "'""''"' 

Technique for removal of the liver from below upward. This is a particularly attractive ap­
proach if a veno-venous bypass is used as shown. (Redrawn from Starzl TE, Porter KA, 
Pt!tn?m OW, .et al: Surg Gynecol Obstet 1976; 142:487-505.) 

caval system usually is via the axillary vein (Fig 16). In adults, 1 to 6 L 
of blood per minute are bypassed. Simultaneous obstruction of the 
portal vein and inferior vena cava should cause little change in 
blood pressure or other measures of cardiovascular function. 

With the hemodynamic stability afforded by the vena-venous by­
pass, it is possible to systematically dissect all other structures that 
are holding the now-devascularized liver, including the infrahepatic 
vena cava. The triangular ligaments and the leaves of peritoneal re­
flection that make up the coronary ligament are cut if these have not 
been incised already (Fig 17). The bare areas are entered on both the 
right and left sides. After these maneuvers have been carried out, the 
right hepatic lobe can be retracted into the wound. If it has not been 
possible to encircle the inferior vena cava earlier, this can be done 
now just below or above the liver, and eventually at both locations. 
The liver can then be shelled out on the stalk defined by the vena 
caval connection (see Fig 17), and the vena caval cuff for eventual 
anastomosis can be developed (see Fig 17, inset). 

Once the liver has been removed, it is possible using vena-venous 
bypass time to close most of the raw surfaces that were created dur-

I.V.C. 

'~ Lt. triangular 
lig. 

Portal v. 
cannulated 

Completion of removal of the liver from below upward, leaving the liver attached only by a 
stalk of vena cava at the diaphragm. (Redrawn from Starzl TE, Porter KA, Putnam, CW, et 
al: Surg Gyneco/ Obstet 1976; 142:487-505.) 



FIG 18. 

Closure and hemostasis of the bare area after peeling out the liver. Under conditions of 
vena-venous bypass, there is plenty of time to do this so that the wound is dry when the 
anastomoses to the new liver are carried out. (Redrawn from Starzl TE, lwatsuki S, Shaw 
BW Jr, et al: Transplant Proc 1985; 17:107 -119.) 

ing the hepatectomy (Fig 18). Closure is usually done with a contin­
uous polypropylene suture, beginning at the tip of the right triangu­
lar ligament and continuing centrally in rows that eventually are 
connected?

8 
The superior leaf of the coronary ligament can be the 

starting point, with continuation into the bare area itself and even­
tually to the inferior portion of the coronary ligament (see Fig 18). 
When these continuous suture lines are eventually incorporated into 
a single suture line, all of the right bare area may be eliminated if 
desired. The same principle is followed in dealing with the left 
triangular and falciform ligaments as well as other bare areas (see 
Fig 18). 

The foregoing well-ordered strategy of hepatectomy is not always 
possible, particularly in patients who have undergone previous op­
erations in the upper abdomen. Ih some cases, the only way to get 
the liver out is by placing clamps across the entire hilum. The lu­
mens of the individual hilar structures can then be seen after 
transecting between the mass clamps, and these individual struc­
tures can be dissected downward toward the clamp (Fig 19). 

Another drastic variation that may be especially helpful in chil­
dren in whom the infrahepatic vena cava is inaccessible is to encir­
cle and transect the vena cava above the liver. When this is done, 
one or two fingers are thrust downward into the retrohepatic vena 
cava to prevent massive hemorrhage (Fig 20). Then the liver can be 
peeled down from above. 
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of portal triad, which is sometimes necessary when preliminary dissection 
individual structures is too difficult. Once the triad has been clamped, the triad 

are seen head on and are dissected downward. A portal venous cannula for 
bypass can then be inserted. (Redrawn from Starzl TE: Experience in He­

Transplantation. Philadelphia, WB Saunders Co, 1969.) 

tion of the Vena Cava and the Piggyback Technique 
integral part of the standard orthotopic liver transplantation is 

of the inferior vena cava from above the renal veins to the 
Complete excision of this retrohepatic vena cava is not 

ary, and Stieber and co-workers have pointed out that it 
not be desirable?9 They recommend leaving that portion of 
cava into which the right adrenal vein drains and then over­

it. 
another modification, the full length of the recipient inferior 
cava is preserved, and the new liver is placed "piggyback" onto 

anterior surface. A particularly appealing feature of the piggyback 
in children for whom vena-venous bypass might not be 

is that vena caval occlusion can be avoided during the hepa-
and sewing in of the homograft. The piggyback operation 

been used for a number of years. In some of our first patients, 
operation was employed,80 and one of Caine's first five recipi­
had a piggyback operation.81 However, the formal description 

widespread use of the piggyback operation has been recent.82 At 
present time, about one fifth of our recipients are having the pig­

modification. 
The essence of this operation is shown in Figure 21. By rotating 
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FIG 18. 
Closure and hemostasis of the bare area after peeling out the liver. Under conditions of 
veno-venous bypass, there is plenty of time to do this so that the wound is dry when the 
anastomoses to the new liver are carried out. (Redrawn from Starzl TE, lwatsuki S, Sh 
BW Jr, et al: Transplant Proc 1985; 17:107 -119.) 
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starting point, with continuation into the bare area itself and even­
tually to the inferior portion of the coronary ligament (see Fig 18). 
When these continuous suture lines are eventually incorporated into 
a single suture line, all of the right bare area may be eliminated 
desired. The same principle is followed in dealing with the left 
triangular and falciform ligaments as well as other bare areas (see 
Fig 18). 

The foregoing well-ordered strategy of hepatectomy is not always 
possible, particularly in patients who have undergone previous op­
erations in the upper abdomen. In some cases, the only way to get 
the liver out is by placing clamps across the entire hilum. The lu­
mens of the individual hilar structures can then be seen after 
transecting between the mass clamps, and these individual struc­
tures can be dissected downward toward the clamp (Fig 19). 

Another drastic variation that may be especially helpful in chil­
dren in whom the infrahepatic vena cava is inaccessible is to encir­
cle and transect the vena cava above the liver. When this is done, 
one or two fingers are thrust downward into the retrohepatic vena 
cava to prevent massive hemorrhage (Fig 20). Then the liver can be 
peeled down from above. 
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. Philadelphia, WB Saunders Co, 1969.) 

of the Vena Cava and the Piggyback Technique 
integral part of the standard orthotopic liver transplantation is 

of the inferior vena cava from above the renal veins to the 
Complete excision of this retrohepatic vena cava is not 

, and Stieber and co-workers have pointed out that it 
not be desirable?9 They recommend leaving that portion of 
cava into which the right adrenal vein drains and then over­

it. 
another modification, the full length of the recipient inferior 
cava is preserved, and the new liver is placed "piggyback" onto 

il..-.+m,;~p surface. A particularly appealing feature of the piggyback 
in children for whom vena-venous bypass might not be 

is that vena caval occlusion can be avoided during the hepa­
and sewing in of the homograft. The piggyback operation 

been used for a number of years. In some of our first patients, 
operation was employed,80 and one of Caine's first five recipi­
had a piggyback operation.81 However, the formal description 

widespread use of the piggyback operation has been recent.
82 

At 
present time, about one fifth of our recipients are having the pig­

modification. 
essence of this operation is shown in Figure 21. By rotating 
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FIG 20. 
Removal of the liver from above downward, preventing hemorrhage with a finger or 
thrust down the lumen of the transected suprahepatic vena cava. The maneuver is 
cated if it is difficult or impossible to safely encircle the inferior vena cava below the 
This technique is almost specific for certain cases of biliary atresia with extensive su 
patic scarring in which the small size of these livers makes it possible to completely 
elude the vena cava with a single finger. (Redrawn from Starzl TE, lwatsuki S, Shaw BW 
eta/: Transplant Proc 1985; 17:107-119.) 

the liver out of the wound, either to the right or to the left, one 
dissect the individual hepatic veins, ligate thein, and divide 
(Fig 22). The major hepatic veins are crossclamped and 
used to fashion an orifice for the outflow anastomosis of the 
mograft (Fig 23). The right, middle, and left hepatic veins 
commonly, the middle and left are joined by dividing the intomo 

ing septum .. 
If difficulty is encountered in dissecting the hepatic veins from 

exterior approach, an alternative technique is to split the liver 
book. A tributary-free plane is identified at the upper portion of 
liver, and with gentle blunt dissection, the finger is burrowed 
the anterior surface of the vena cava (Fig 24). The liver is then 
vided with a knife from its anterior surface down to the finger 
a knife (Fig 25). 

The exact technique of the outflow anastomosis depends 
which hepatic veins have been. sel~dtect"for this purpose. The 
end of the vena cava of the homo,!:(raftis l.i.gated or sutured (see Fig 

of a liver piggyback onto an inferior vena cava, which is 
its length. Note that the suprahepatic vena cava of the homograft is 

anterior wall of the recipient vena cava. The retrohepatic vena cava pf 
red or ligated, leaving a blind sac into which empty numerous 
A, Todo S, Starzl TE: Ann Surg 1989; 210:649-652. Used by nPrmi<:i::iriil\ 



FIG 23. 
Formation of the site for anastomosis. The three main hepatic veins can be connected 
shown, or other combinations can be used, of which the most common is a left and m 
hepatic cloaca. (From Tzakis A, Todo S, Starzl TE: Ann Surg 1989; 210:649-652. Used 
permission.) 

The applicability of the piggyback operation depends on 
favorable anatomic conditions as the recipient hepatectomy 
ceeds. If the liver is very cirrhotic, small, and firmly adherent to 
retrohepatic vena cava, it is foolish to persist in efforts to save 
vena cava. When it is easy to perform, there is little that can be s 
in criticism of this variant technique, which is being used in 
75 cases per year in our Pittsburgh program.82 

Graft Revascularization 
In most cases, anastomoses of the vena cava above and below 

liver are performed first. While the lower veria cava anastomosis 
being constructed, the liver is flushed with lactated Ringer's solutiu1 
to remove entrapped air from its major veins and to rid the graft 
the highly concentrated potassium that is contained in the preserv"~ 
tion fluid (Fig 26). Failure to observe these precautions can result 
air embolus or ih cardiac arrest from hyperkalemia.62 The p 
venous anastomosis usually is done next, and the liver is revas 
ized with a portal blood supply. A very aggressive effort then is 
to find major bleeders and to control these before proceeding 
rearterialization. As already mentioned under donor hepatect 
many options have been described for dealing with anomalies 
other unusual anatomic features of the donor or recipient 
The objective in all is to obtain as large a caliber recipient vessel 
possible, consistent with the size of the donor artery. This 
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FIG24. 
Maneuver that facilitates 
dissection of the retrohepatic 
cava and removing the liver. A 
plane exists on the anterior 
the retrohepatic vena cava, 
developed with a gently 
(From Tzakis A, Todo S, Starzl 
Surg 1989; 210:649-652. Used 
permission.) 

FIG 25. 
After the plane is developed as 
shown in Figure 24, the liver is .. 
boldly transected, bringing into view. 
the vena cava, and the right and left 
fragments are removed as quickly 
as possible. (From Tzakis A, Toc(o ;, 
S, Starzl TE: Ann Surg 1989; ..• 
210:649-652. Used by permission.) 
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Intrahepatic I.V.C. 

c. 
Liver 

FIG 26. 
Technique of washing out the homograft, which is performed with 
standard operations. The organ is washed with a solution of low 
(A) to avoid the infusion of a bolus of potassium from the preservatiqr 
cularization. In addition, it is important to wash out air that may be 
hepatic veins (B and C). Failure to eliminate these bubbles could 
(Redrawn from Starzl TE, Schneck SA, Mazzoni G, et al: Ann Surg 

requires making the anastomosis proximal to the 
tery in recipients with normal arterial anatorny 
to the splenic and left gastric arteries in those 
alies. 

Vein grafts of the portal vein can be inserted 
usually at the confluence of the splenic and 
vein (see Fig 11). If a portal vein thrombosis,.~:lC,.t:1.Lt~ 
to allow insertion of a vein graft superior ,to 
graft can be placed on the anterior suiface 
teric vein below the transverse mEisocolon~ 
rior to the pancreas and bene(;lth tp.~,pylor!:JA:Sc 

In restoration of the pqrtal 

pient sup. 
mesenteric v. 

graft from the superior mesenteric vein through 
arterial graft in Figure 12. The use of these grafts has 
as a contraindication to transplantation, providing a 

open. (From Tzakis A, Todo S, Stieber A: Transplan-
lrmicc-i"n) 

<mastomosis with subsequent thrombo­
or necessitate retransplantation. We 

H.uques to prevent flawed anastomoses, 
sma}l vessels.83 These special tech­
anastomotic strictures.83 The arras­

with a continuous polypropylene 
growth factor is left by tieing 

t~st;;tnce from the vessel wall (Fig 28,C). 
hepatic artery or portal vein, the 
th~ vessels and distributes itself 

sutureline (Fig 28,D). If an ad­
the two ends of the con­
distraction of the lips at 
·.time pf flow restoration 
than. polypropylene are 
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Intrahepatic I.V.C. 

c. 
Liver 

FIG 26. 
Technique of washing out the homograft, which is performed with both the piggyback 
standard operations. The organ is washed with a solution of low potassium 
(A) to avoid the infusion of a bolus of potassium from the preservation fluid during 
cularization. In addition, it is important to wash out air that may be trapped in the 
hepatic veins (B and C). Failure to eliminate these bubbles could lead to air 
(Redrawn from Starzl TE, Schneck SA, Mazzoni G, et al: Ann Surg 1978; 187:236-

requires making the anastomosis proximal to the gastroduodenal 
tery in recipients with normal arterial anatomy and often prnv;, 
to the splenic and left gastric arteries in those recipients with 
alies. 

Vein grafts of the portal vein can be inserted above the p 
usually at the confluence of the splenic and superior 
vein (see Fig 11). If a portal vein thrombosis extends too far 
to allow insertion of a vein graft superior to the pancreas, a 
graft can be placed on the anterior surface of the superior 
teric vein below the transverse mesocolon. The graft is brought 
rior to the pancreas and beneath the pylorous (Fig 27) .. 

In restoration of the portal venous and t...~---';~ ~-~....;" 

27. 
use of an antepancreatic portal vein graft from the superior mesenteric vein through 

pathway as shown for an arterial graft in Figure 12. The use of these grafts has 
portal vein thrombosis as a contraindication to transplantation, providing a 

superior mesenteric vein is still open. (From Tzakis A, Todo S, Stieber A: Transplan-
1989; 48:530-531. Used by permission.) 

performance of a poor anastomosis with subsequent thrombo­
usually will cause death or necessitate retransplantation. We 

described special techniques to prevent flawed anastomoses, 
in children who have small vessels.83 These special tech-

were designed to prevent anastomotic strictures.83 The anas­
are done in the usual way with a continuous polypropylene 

(Figs 28,A and B), but a so-called growth factor is left by tieing 
at a considerable distance from the vessel wall (Fig 28,C). 

is .restored through the hepatic artery or portal vein, the 
suture recedes back into the vessels and distributes itself 

the c~cumference of the suture line (Fig 28,D). If an ad­
placed at the point where the two ends of the con­

meet, thus' preventing distraction of the lips at 
herqorrh(l~e .at· the time of flow restoration 
· materials other than polypropylene are 



D. 
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~ 

FIG 28. 
Method of avoiding strictures of small vascular anastomoses. See text for exp 
(Redrawn from Starzl TE, lwatsuki S, Shaw BW Jr: Surg Gyneco/ Obstet 
159:164-165. Used by permission.) 

not satisfactory for this technique. The polypropylene is so 
that it is not caught by the adventitia and can easily work itself 
through the entire circumference of the suture line. 

Biliary Reconstruction 
An acceptable technique of biliary tract reconstruction if the 

tomic conditions permit is end-to-end anastomosis of the donor 
recipient common ducts over aT-tube stent (see Fig 1).67 

this principle include a side-to-side choledochocholedochoston 
after closure or ligation of the donor and recipient duct ends.84 

ternatively, the homograft common duct can be anastomosed 
defunctionalized (Roux) limb of jejunum (see Fig 1) with 
good results.67

' 
85

' 
86 Whichever method is used, there has 

10% to 15% incidence of late bile duct obstruction that requir~d 
rection by interventional radiologic t~chniques, secondary duct 
construction, or in occasional ca!?e·s With retransplantatton.~5-89 

extrinsic mass effect on homograft common hepatic duct, which is caused by ob­
g a cystic duct at both ends. This surgical complication results in obstructive jaun­

requires secondary excision of the resulting mucocele. (From Koneru B, Zajko 
L, et al: Surg Gynecol Obstet 1989; 168:394-396. Used by permission.) 

kind of biliary obstruction that is highly avoidable is caused 
an obstructed segment of the cystic duct with the graft. 

, this occurs when the cystic duct enters the common duct 
anomalously low levet creating a double lumen at the site of 
transection. If the distal and proximal ends are occluded, a 

can form in the obstructed segment and lead to extrinsic 
.. ,..ession (Fig 29).90 The best way to avoid this is to completely 

the cystic duct at the time of transplantation. Alternative tech-
are shown in Figure 30. 
, there may be an indication to use a technique that incor­
a donor gallbladder conduit between the donor common 

the recipient anastomotic site.91
' 
92 This method (Fig 3n 

described by Waddell and Grover91 and by Calne,92 has 
incidence of late s~udge and stone formation. In our ex-

~~,,almost onf) half.of the biliary tracts reconstructed with the 
technique eventually. fil.13:v:eloped the characteristic ob-



FIG 30. 
The best way to prevent mucocele formation is to completely excise the cystic duct, 
alternative techniques to prevent a blind cystic duct remnant are shown. (From Koneru 
Zajko AB, Sher L, et al: Surg Gynecol Obstet 1989; 168:394-396. Used by permission.) 

struction shown in Figure 32.93 It has been possible to rectifY the 
uation by conversion to a choledochojejuno~tomy. 

Need for Hemostasis 
Complete hemostasis is mandatory before closing. The 

tion that nature will take care of bleeding if effective liver function 
provided by a homograft has proved to be a vain hope on many 
casions. Often a coagulopathy will be present intraoperatively 
can persist into the postoperative period. 

The presence of the coagulation expert Dr. Kurt von Kaulla at 
University of Colorado in the 1960s was a key element in the 
opment of the transplantation programs there. Von Kaulla and 
ciates studied the renal94 and hepatic95 recipients and 
the clotting defects in both classes of patients. In the first three 
recipients, they demonstrated clotting factor defects, showed the 
riousness of fibrinolysis as well as how to treat this problem.63 

36 

31. 
Waddell-Caine technique of gallbladder conduit biliary reconstruction. 

common duct has alternative pathways of emptying, both th 
conduit. The choledochocholecystostomy is stented with aT tube b 
gallbladder. (From Halff G, Todo S, Hall R, et a/: Transplantation 1989; 

by permission.) 

the thromboelastogram to follow the 
clotting changes in the operating room in much 
is recommended and practiced currently. Other 
consumption of clotting factors, including platelets 
itself6

• 
97 and the development in some patients of a 

state postoperatively, completed the picture. 
provided confirmatory data.98 Ultimately, this kind 

was acted on systematically for therapeutic corr~>htiC 
anesthesiologists at the University of Pittsburgh in 

under the direction of Drs. Jessica Lewis, Frank Rrmt-orn 

Yoo Goo Kang.99
-

103 Now cautious correction of coagwa.uu'"i»' 
is an integral part of liver transplantation, greatly diminis~ 

hemorrhages of nightmare proportions that were common.l 
emphasized, the other factor that has ameliorated the 

;)r.nn~+~·re bleeding problems has been the systematic use nF VHitu,­

bypasses. 
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FIG 32. 
Typical complication with the Waddell-Caine reconstruction. (From Half! G, Todo S, Hall R, 
et al: Transplantation 1989; 48:537-539. Used by permission.) 

Many hours of tedious and exhausting effort may be necessary 
to obtain perfect hemostasis, but these efforts are eventually re­
warded with a dry wound. After hemostasis has been accomplished, 
closed sump drains are placed in two or three locations above and 
below the liver, and the wound is closed with nonabsorbable su­
tures. 

Modifications of This Standard Procedure 
The piggyback operation, in which the graft is placed onto the an­

terior surface of the retained recipient inferior vena cava, was men­
tioned previously. The other structures are anastomosed in the 
usual way. The piggyback reconstruction gives an unusual degree of 
mobility to the liver and a greater freedom in tailoring vessel lengths. 
These may be important advantages if the donor liver is substantially 
smaller than the diseased native organ that was removed. The piggy­
back operation has also been especially helpful for four of our pa­
tients with situs inversus, of whom one has been reported (Fig 33). A 
patient with situs inversus also has had an orthotopic liver trans­
plantation performed by Raynor and colleagues, with removal of the 
vena cava in the usual way?04 

Size reduction techniques that permit the transplantation of part 
of a liver have been perfected in recent years in Paris/05

' 
106 Han-

107' 1~8 :Srussels/09 and Chicago,110
' 
111 allowing greater flexibil-

Reconstruction after transplantation to a child with situs inversus. Note suprahepatic infe­
rior vena cava of the graft was anastomosed to the anterolateral surface of the recipient 
inferior vena cava. The graft infrahepatic vena cava was ligated. (From Todo S, Hall R, 
Tzakis A, et al: Clin Transplantation, in press. Used by permission.) 

in matching donor availability to recipient needs. Pediatric recip­
ients have benefitted most from this development. The first known 
example of partial liver transplantation occurred on March 26, 1975 

the University of Colorado. The left lateral segment of an adult 
was transplanted into the orthotopic position in an infant with 

atresia. Because of its historic interest, the case is described 

The recipient, a 23-month-old boy weighing 8.2 kg, had a failed Kasai por­
P.ntProstomy and subsequent cholangitis. Absence of the retrohepatic in­

vena cava shadow was noted on a chest x-ray film. At the time of 
the absence of the retrohepatic inferior vena cava was con­

The portal vein was in a preduodenal location. Multiple splenic 
were situated in the upper left quadrant (splenosis), and intestinal 

was present. This constellation of anomalies is not rare in bil-
atresia.112 Removal of the 405-gm liver was difficult because of multiple 

vascular adhesions and portal hypertension. The liver graft was taken 
a large adult male donor whose exact weight is not known. A right tri­
entectomy was done with an intact circulation, leaving the left lateral 

segment (weighing 700 gml vascularized in the donor until the last possible 
·l'lloment. The graft was revascularized by connecting the. donor left hepatic 

39 



FIG 34. 
The first-known effort at use of a cut-down liver. The lateral segment of a large donor was 
transplanted to a ? 1/2-year-old child who was dying of biliary atresia. The head of the child 
is to the left, and the legs are to the right. The lateral segment was too large, and the 
wound could not be closed. This operation was first used successfully by Bismuth of Paris 
and has been used extensively in France, Germany, Belgium, and the United States (see 
text). 

vein end to end to the venous cloaca into which the diseased liver had 
drained. The donor left hepatic artery and left portal branch were anasto­
mosed end to end to the recipient's common hepatic artery and portal vein, 
respectively. The donor left hepatic duct was·anastomosed to a previously 
created Roux-en-Y jejunostomy. 

After revascularization, the liver segment had immediate return of normal 
color and consistency. However, the fragment was too large to permit clo­
sure of the abdomen (Fig 34). Consequently, Dr. John Lilly covered the 
wound by suturing a sheet of Silastic-Marlex mesh to the peritoneum and 
fascia of the abdominal wound. A persistent bleeding diathesis occurred in­
traoperatively and subsequently. The child died 36 hours later, and at au­
topsy, the liver was relatively normal except for scattered focal infarcts. 
There was a 450-mL hemoperitoneum. Pulmonary /-jsomerism and patent 
ductus arteriosus were also noted. · 

In this 1975 case, the fragment of liver that was retained still 
weighed almost twice as much as the excised native liver, dooming 
the effort to failure. In addition to the senior author of this mono~ 
graph, members of the surgical team included many 
whose continued academic activities are reflectf:l,:i. 
UJ;li'(ersity:/appointm~nts: John R. Lilly 

rado), C. W. Putnam, (Professor, University of 
sociate Professor, University of Cincinnati), R. 
Mayo Clinic), M. Ishikawa (Professor, Tohoku 
M.A. Haberal (Professor, Turkish Transplantation 
tion, Ankara). 



EARLY GRAFT FUNCTION 

The correction of preexisting liver function abnormalities begins 
eratively if good graft function is obtained. When the graft 

completely to provide function, the only recourse is prompt re­
ansplantation before cerebral edema and brain stem herniation oc­

Lesser degrees of graft injury can lead to renal failure, altered 
usness, a need for prolonged ventilatory support, ileus, and a 

of other complications, which, even if they are not lethal, re­
protracted intensive care unit stays and generate astronomical 

bills.114 The penalties of primary dysfunction or nonfunc-
are so severe that much effort has been made to delineate the 

to prevent these, to quickly quantitate the prospects of re­
and to facilitate decisions about urgent retransplantation. 
late 1987, the incidence of early graft failure necessitating re­

tation in the first 3 months or leading to death has been 
10% .52 This incidence was down from 18% in the immediately 

eding period. 5 2
' 
113 However, primary graft failure still occurs in 

to 15% of cases.52
' 
115

' 
116 There are four general reasons for graft 

, which are not necessarily mutually exclusive: (1) unrecog­
d liver disease in the donor, (2) a technically imperfect recipient 

(3) ischemic injury of the graft, or (4) an immune event peri­
. In Part II (CPS, March 1990) we will discuss the fourth 

and will add a fifth factor, namely, endotoxemia, which is still 
but too important to ignore as a possibility. 

a liver has primary nonfunction in spite of a seemingly per­
operation, it may have been diseased in the donor even though 
tests used to screen donors were acceptable. Undetected 

disease has been distinctly uncommon in livers that have 
through the donor screening process.117

-
119 However, a few 

examples in which the donor livers had diffuse fatty 
(Fig 35) or other serious abnormalities have been re­

malignancy can be trans-



FIG 35. 
Transplantation of a liver with severe macrovesicular steatosis involving more than 80% 
hepatocytes, as is shown in (A), from a back-table biopsy predictably results in graft 
ure. After reperfusion (B) lysed hepatocytes release the fat (F, clear spaces), which 
tributes to microvasculature disruption with fibrin deposition and leukocyte s 
(From Todo S, Demetris A, Makowka l:., et al: Transplantation 1989; 47:903-905. Used 
permission.) 

The pathologist frequently is requested to evaluate a donor 
by frozen section before implantation because of gross physical 
terations or suspicious agonal events in the donor. Gross · 
of the potential allograft by the pathologist is mandatory. Donor dis­
eases recognized on frozen section in Pittsburgh have included 
astatic carcinoma, diffuse regenerative hyperplasia, focal nodular 
perplasia, small noncaseating granulomas, severe steatosis, 
alcohol-induced injury, changes consistent with chronic active, per­
sistent or nonspecific reactive hepatitis, and multiple small subcap­
sular infarcts. The livers with carcinomas, diffuse regeneration hy­
perplasia, and chronic active hepatitis have not been used. Those 
44 

mild nonspecific changes are 
caused problems. Usually, small focal 

hyperplasia lesions. are removed before implantation. In the 
of any of the obvious contraindications or severe ischemic 

the pathologist is unable to predict the adequacy of organ 
after transplantation based on frozen section light micros­

prior to the operation. 

retransplantation has been successful in less than one half 
cases when carried out in patients whose primary graft failure 

caused by technical deficiencies.113 This reflects in part the in­
that quickly develop in or around a graft that is imperfectly 

as well as the rapidity of hepatic decompensation in 
of the recipients. 

Florid technical complications account for less than 10% of pri­
graft failures in adults compared with 30% in pediatric recipi-
13 With very small pediatric recipients, defined by a weight of 

than 10 kg or by an age less than 1 year, technical complications 
been a significant factor in a 35% 1-year mortality.122 Vascular 

1rombosis has been a particularly troubling problem in these tiny 
122-124 

Thrombosis of the hepatic artery or portal vein is usually classified 
a technical error. Most technical errors are obvious, but subtle 

in revascularization can be hard to diagnose. Suboptimal par­
venous flow or reduced hepatic arterial flow has been found with 

flow meter studies.125
-

127 In some of these cases, an 
and ultimately correctable situation was not sus­

before the flow determinations were obtained. A few patients 
undergone emergency reconstruction of the thrombosed arter-

128 

When a graft fails because of arterial thrombosis, the pathologist 
be able to find an underlying defect in the artery such as in­

mural flaps, devitalization of part of the wall, or intramu-
dissection. In a multivariate factor analysis in pediatric recipi-

129 the risk of arterial thrombosis was increased if the vessels 
smaller than 3 mm, if the anastomoses had to be revised, or 

aortic or iliac grafts were needed as "conduits" to the hepatic ar-

Portal vein thrombosis has been rare and usually occurs when the 
venous bed of the recipient was altered by a previous op­

such as a portal-systemic shunt or splenectomy.130 Unless 

45 



~~- fueen reportedJ32 However, 
thrombosis usually requires retransplantation.130 A few 
have been saved by immediate or delayed operation and St::<.;uuua .. , 
portal vein reconstruction.67

' 
133 Two patients whose 

portal vein thrombosed have had distal splenorenal 
The first of these patients is still well 7 years after 
and 6 years after the shunt.134' 135 

It is also true that hepatic artery thrombosis does not neces~ 
lead to graft loss. The event may be completely asymptomatic in 
to 30% of cases.

123
' 
137

' 
138 

Until Doppler ultrasound examina 
were used routinely, 

139 
the diagnosis would not have been 

pected in these recipients. In contrast, all of the syndromes 
develop in symptomatic patients are serious and include 
nonfunction, regional septic hepatic infarction of a liver of 
the viable portions may retain good function, bacteremia, 
formation, rupture of the dearterialized ducts with bile peritonitis 
with bile leakage, and biloma formation within the graft paren­
chyma (Fig 36).

74

' 
123

' 
137

' 
138

' 
140

-
143 Later, multiple intrahepatic 

I 

FIG36. 

Formation of a biloma within a dearterialized liver. Typically, patients with this complication 
have good liver function. It is possible to drain the biloma with a radiologically directed 
catheter, but retransplantation usually is necessary. (From Zajko AB, Campbell WL, Logs­
don GA, eta/: Transplant Proc 1988; 20[supp/1]:607-609. Used by permission.) 

46 

·---- ____ been made much 
v Doppler ultrasound. Before 

llit~riogl'apliy was needed as a definitive step, but this was not 
Needle biopsy is a rather insensitive method for es­

diagnosis of hepatic artery thrombosis?44
• 
145 The his­

changes can be quite variable and core needle biopsies are 
to more sampling error than usual. The findings may range 

completely normal to frank coagulative necrosis. Marked peri­
hepatocellular swelling, cholangiolar proliferation, often 

bile plugs, and acute cholangiolitis similar to that seen with 
injury" may also be observed. The pathologist should 

search for microorganisms when necrotic tissue in en­
since these foci frequently become seeded with bacteria 

fungi (Fig 38). 

37. 
pie strictures in a patient whose hepatic artery clotted early. The recipient survived 
ultimately developed cholangitis from multiple strictured and obstructive sites. The 

ng appearance of the duct system has some resemblance to sclerosing cho/­
(From Zajko AB, Campbell WL, Logsdon GA, et al: Transplant Proc 1988; 
1]:607 -609. Used by permission.) 
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FIG 38. 
A, gross examination of a failed allograft with hepatic artery thrombosis often 
crasis of the hilar structures, including the connective tissue (arrowhead). B, mic 
cally, the large bile ducts are often necrotic, and the dead tissue becomes 
microorganisms, which was Candida in this case. (From Demetris AJ, Kakizoe S, 
S, Pathology of liver transplantation, in William JW [ed]: Hepatic Transplantation. 
phia, WB Saunders Co, 1990, pp 60-113. Usedby permission.) 

l 
Since the hepatic artery is the sole direct supply of blood to 

major bile ducts, intrahepatic ducts, hilar connective tissue, 
nodes, and whlls of the porthl vein/46 compromise to arterihl 
frequently leads to selective necrosis of these structures (see 
38). In addition, an hllograft may be more susceptible than 
grafted livers to this form of injury since it is devoid of the 
cascade type of arterial collaterhls, at least in the early posto 
period. The areas prone to necrosis are not easily accessiblE 
routine needle biopsy sampling. Therefore, biopsy monitoring 
allograft with a thrombosed artery may lead to a fhlse 
security. 

Factors Contributing to Vascular Thrombosis 
Preoccupation about mechanical and technical causes of graft 
·ombosis is justified. However, so-called medical factors can con­

to or even make inevitable the thrombosis of a hepatic artery 
portal vein. Overzealous correction of clotting defects during op­

was shown long ago to predispose to vascular thrombosis in 
children/47 a lesson recently relearned with the use of fresh 
plasma?29 Polycythemia caused by transfusion i~ another iat­

risk factor.148 The tendency of children to clot their vessels 
be greater than in adults because of deficiencies in protein C 
antithrombin and by defective fibrinolysis.149 

additional factor of unknown significance is the institution of 
therapy. This drug alters the prostanoid metabolism 

other hemostatic processes of vascular endothelial cells.150
-

153 

a drastic reduction in hepatic blood flow is a well-known 
of rejection.154 In a French clinical study, hepatic artery or 

vein thrombosis was associated with rejection more strongly 
with any other definable factor?55 

Injury 
, ..... ~her factor making the new liver vulnerable to thrombosis dur­

perioperative and early postoperative periods is injury to the 
microvasculature from ischemia and cold preservation.156

-
159 

denudation of the sinusoidal lining in preserved livers as as­
by light and electron microscopic studies is now known to be 

159 that it is surprising that vascular thrombosis is not 
more common than it is. 

not practical at present to measure in advance or even to es­
very accurately the ischemic injury during the events causing 
death, the procurement operation itself, and the period of for­

preservation. The interval from cessation of donor circula~ 
cooling of the liver with preservation fluid is called warm 

time. The storage time after this plus the time to sew· ·• 
restore its portal flow after removing it from an ice 

cold ischemia. Under conditions of brain ' 
and with modern techniques of multiple-~, 

24 there. is virtually no warm ischemia. 
almost alLclinical reports equate cold ischemiar 

If this. simplistic view were correct, the 
be. a. <,lirect reflection of prese!Va~; 

s~~iat~Qf1 can' oe demonstrated easily in 
ntc.,s,6~~~,\16'';t$'Z"'l'~~ but ·far less clearly in • a clmi~hlti~ 


