others in which bleedmg dxsrupts the desn ed ro
can be many hours: '

As described earlier, with the preservation techniques that were
clinical use through 1987, the safe preservation limits for human
ers were set at 6 to 8 hours, These limits were conservative since do
livers could be stored for two or three times this interval after in
sion with oncotically controlled electrolyte (Collins’) solutions wit
high potassium concentration®® or with a plasma-like solution.’
When the potassium-rich Euro-Collins solution was used to stor
human livers for 3 to 8 hours, there was no correlation at all be
tween liver injury and preservation time as judged by a battery:
liver function tests.*”** Makowka and associates'®* and Miller ant
colleagues'®* made the additional perplexing observation that th
condition of the donor was not important in influencing the ou
come. Seemingly “unsatisfactory” cadaveric donors with poor bloo
gases, an unstable cardiodynamic state, or even moderately abno
mal hepatic function tests provided livers that performed as well a
organs removed from ideal donors. The same thing has been r
ported from the European liver registry.'®

The fact that liver injury as judged by hepatic function tests, a
well as graft and patient survival, has not had a significant associ
tion with preservation time does not mean that long storage time
should be accepted lightly. Even with the UW solution,'®* very signi
icant deterioration of graft quality has been demonstrated in con
trolled canine experiments between 1 and 24 hours of preservation.
Apparently, undefined factors in the heterogeneous human donor
and recipient population are important enough to obscure the ex-
pected time/tissue damage relationship.

At present, the transplantation itself serves as: the test by which
the assessment of ischemic injury is made after the fact instead of
prospectively. Intracellular pH, energy charge, mitochondrial func-
tion, and surrogate or direct measures of oxygen free-radical species
in preserved liver tissue do not accurately predict graft quality in ex-
perimental animals.'®* '®® Instead, the ATP content of the preserved
graft falls sharply even during the initial chilling infusion. Because it
is the rapidity of ATP restoration after revascularization rather than
its level before reperfusion that is discriminating as a prognostic
sign, ATP measurements during preservation have not been thought
to be helpful prospectively, with the excepnon of a single clinical re-
port 166

It may be that none of these metabohc tests are-appropriate since
they all reflect hepatocyte metabolism. This would seem logical
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ated with a microphil technique the remarkable “pruning” of the
rminal arteries and arterioles that can occur within 60 minutes af-
restoration of the renal arterial supply of inadequately preserved
dneys.'®” A devascularization is the consequence that is far less ex-
eme in kidneys preserved with UW solution than in kidneys pre-
erved with the Euro-Collins solution (Fig 39). '
The sinusoidal endothelium of the liver is a-unique microcircula-
ry bed. It lacks a well-defined basement membrane, is structurally
pecialized, forming large fenestrae to allow exchange of metabo-
tes between the blood and hepatocytes, and is in close proximity to
e Kupffer cells.'®® The cell swelling and subsequent damage that
ceurs during hypothermia are thought to be responsible for the fo-
al areas of sinusoidal lining cell denudation observed ultrastructur-
ly after cold preservation.
Destruction of the liver that occurs after reimplantation by the
‘reperfusion” mechanism is thought to be caused by two different
but interrelated events.'”® '*° In the first, loss of the sinuscidal lining
cells disrupts the architectural framework of the hepatic microvas-
culature, preventing adequate restitution of the blood flow. Instead
of the antithrombogenic environment normally present in the sinu-
soids, exposure of the blood to coagulation stimulants results in fi-
brinogen activation and local clotting. with trapping of red blood
cells and leukocytes.'* '®® This contributes to the circulatory block-
ade and fosters the accumulation of leukocytes. These cells likely
serve as sources of tissue damaging oxidant (free radical) molecules,
which is the second proposed pathway of destruction during reper-
fusion injury.

Protocol biopsies of human liver allografts obtained during back-

. table preparation and 1 to 2 hours after revascularization in the re-

cipients have detailed the sequential histologic events that occur af-
ter reperfusion.’® As would be expected, the vast majority of back-
table biopsy specimens are essentially normal by light microscopic
examination except for hydropic cell swelling. Sinusoidal lining cell
integrity cannot be reliably evaluated on immersion-fixed, paraffin-
embedded, and routinely stained sections. However, ultrastructural
examination of the same biopsy specimens may show severe sinusoi-
dal lining cell damage and denudation (Fig 40) like the changes ob-
served in animals."**~'* However, no specific histologic feature on
the back-table biopsy specimen is able to predict postoperative or-
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A, plastic-embedded sections of donor livers reveals that the sinusoidal fining cells bear
he brunt of cold preservation injury. Note the endothelial cell denudation (arrows) with
oss of the space of Disse. Hepatocytes usually show mild reversible changes such as a
’ A . . ] o atty vacuolization and bieb formation (arrowhead). B, ultrastructural analysis confirms the
Dissecting photomicrographs of renal vascular architectures filled with silicon rubber com oss of sinusoidal endothelial cells, and leukocytes become directly adherent to hepato-
pound 1 hour after reperfusion of the grafts (x 40). A, 72-hour Euro-Collins group. Notic cytes (EL = endothelial cell; L = lymphocyte; N = neutrophil; H = hepatocyte) (From Kak-

compilete filling defect of subcapsular cortex and meduila. Patchy distribution of a vasc zoe S, Yanaga K, Starzl TE, et al: Hepatology [in press]. Used by permission.)
lar area, irregular and-deformed pattern of interlobular artery and glomerulus can be see '

B, 72-hour UW group. The capillary networks of both cortex and medulla are fuily fille
with sificon rubber. (From Ueda Y, Todo S, imventarza O, et al: Transp/antatlon 198
48:913-918. Used by permission.)

FIG 39.

gan function other than those that preclude organ use (see earlier
discussion).

_ Within hours after reperfusion, livers that were minimally dam-
aged during preservatlon show surpmsmgly few pathologlc alter-

s, accompan'ed ‘by a brisk



neutrophilic exudate, and acidophilic bodies scattered throughout
the lobule are signs of serious graft injury and harbingers of poo
postoperative function in many instances (Fig 41). The evaluation of
postperfusion injury can be influenced by the site of biopsy. It must
be remembered that core needle biopsy specimens taken from the
periphery of the organ may show more severe injury than the
deeper parenchyma, and as always, the pathology findings should
be interpreted in context with the complete clinical profile.

Once the liver is revascularized, quick assessment of its quality
from metabolic studies is far more practical than a postperfusion
biopsy. Measurements of blood amino acids clearance and study
of other products of intermediary metabolism have been used
to distinguish those patients whose new livers can and canno
be expected to recover.'’°"'"® However, one of the simplest of al
signs, namely, bile production by the new liver, has long been
recognized as the most 1'mp0rtant predictor of success after revas
cularization. Recent studies in animals'”*'”® and humans'’® have
shown an almost perfect correlation between bile productlon, the
rapidity of restoration. of hver ATP levels after revascularlzatlon, and
survival.

Next to bile production by the graft restoration of good clotting in
the recipient™ '°' and absence of lactic acidosis''®'"*'™" are pre
dictors of success. The coagulopathies that occur intraoperatively
during liver transplantation are characterized by fibrinolysis, defi-
ciencies of specific clotting factors and platelets, and consumption




tdE;/ng:] g;;gtz?; severely a(%tamaged from preservation have the abili
recover after transplantation, both functi
structurally. Biopsy specimen ’ o ool
‘ s are often obtained at sev
‘ eral-
intervals or weekly during the first 1 or 2 months in such patieg

gigi\;l;et 1;:l}'[nictlzalkly they can develop a prolonged cholestatic syn
at does not resolve with increased immunosuppressive

t 144,179 :
herapy. A fairly ordered sequence of events may be seen i

such specimens.

The histologic evolution of repai
histol tior pair depends on the de 1
struction."** ' If the initial damage was relatively mild,glgei)eulc)efr CII':”

generation, as evidenced by hepatocellular mitoses and twinning a

the plates, starts-2 to.3 days after transplant and is complete by 7 to

10 days. Mild perivenular he i
: patocanalicular cholestasi
2\r/lvglhng are also. common features (Fig 42). If the damag: i:r;ivgfelz
emtiggr:g:laeﬂy if hlt ﬁ, periportal in nature, florid cholangiolar prolif:
ensues, whic is invariably accompanied by neutrophils (i
cholangiolitis) and the hepatocellular regenerati\)//e charcl’gesﬂsl.ri:a‘g

i L : .
;ﬁgli)c;tearl;er. These biopsy specimens are also marked by extensive
asis, both hepatocanalicular and cholangiolar, simulating

lar; i ig 42)
ge duct obstruction (see Fig 42). Total or near-total restitution o

:l(':e 1;\[7‘61311; ‘1ts t}l;le gsual f)',utcome if the patient is well enough otherwise
permit the liver time enough to recover; this may take up to 2.

months.*** %%

For the pathologist, the major differential diagnoses. for the ﬁnd-’

;rtxflsl.cz:is;rcl)c;z;teq \/\zithdp;eseri/ation injury include large bile duct ob

, sepsis, and hyperalimentation-ind inju i

logic features used 't e e

o rule out duct obstruction evi i

section on biliary tract obstructi epsis i e —

on. Sepsis may be vi i i

ble to separate with certai i it s

rtainty: Finally, coexistent rejection i

. a : s > jection is not un-

a;;];:ai Cn; (t)}flese pactllents{,and is recognized pathologically by tlrr:e
‘ a predominantly mononuclear portal i i

evidence of venous endotheli 1d bi o (o the dis
_ ial and bile duct d i

cussion of acute rejection pathology). A0 foee the dis-

56

TVE IMMUNE EVENTS

f other explanations for primary nonfunction or dysfunction of
e liver graft have been exhausted, host immune factors may be re-
onsible. It is well known that human kidney*****' and heart
fts® 1% can be destroyed almost immediately by humoral anti-
odies in a.process called hyperacute rejection. There have been no
nequivocal examples of hyperacute rejection after clinical hepatic

transplantation, supporting the widely held opinion that the liver is

sistant to this kind of antibody mediated injury. Because of this re-
stance, liver transplantation has often been performed in spite of
ositive cytotoxic crossmatches against the donor'®~'#? and in spite

of ABO incompatibilities,'**"*** which because of the antigraft spec-
ificities of the ABO isoagglutinins would preclude renal or cardiac

ransplantation. Although the liver is resistant to humoral rejection,

it is probable that humoral antibodies can cause severe graft damage
‘in humans.

WITH ABO-COMPATIBLE DONORS

The role and importance of cytotoxic antilymphocyte antibodies
in causing nonfunction of liver grafts are not well delineated. These
antibodies with antigraft specificity in kidney recipients are highly
predictive of hyperacute rejection, particularly if the antibody is of
the “warm” IgG variety.'”* The central event of hyperacute rejection
of the kidney is occlusion of the graft microvasculature by rapidly
sequestered formed blood elements and by clotting factors.'® %% A
striking feature of hyperacute renal rejection if this does not go
promptly to completion can be the development of a consumption
coagulopathy and, sometimes, fibrinolysis. 106 197199 20

The association of hyperacute kidney rejection with cytotoxic an-
tibodies directed against donor lymphocytes was first described by
Terasaki and associates’** and confirmed by Kissmeyer-Nielsen and
co-workers.'®* At first, the simplistic view was that the cytotoxic an-
tibodies themselves were directly responsible for injuring the endo-
thelium of the microvasculature. However, it was soon realized that
the process was far more complex, that the end result resembled the
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e was kno about soluble mediators of the inflammatory
sponse, and most of these biologically potent substances had not
been discovered. The possible role of these mediators in hyperacu
humoral rejections has been summarized from a modern perspec
tive by Makowka and colleagues,””* and in a following section, a pos
sible additional association of these mediators with recipient endo
foxemia will be mentioned.

Hyperacute rejection of the liver was suspected after one of th
first clinical attempts of orthotopic liver transplantation in a chil
whose graft developed hemorrhagic necrosis a few hours postoper
atively.**> The gross description of this liver was similar to the find
ings described many years later in rats**® and in rhesus monkeys*’
sensitized with skin homografts and blood transfusions before or
thotopic liver transplantation. However, experiments in rodents hav
also demonstrated the difficulty of inducing intense enough sensiti

zation to reduce hepatic graft survival®®> *°® or else have shown that
liver heterografts are rejected by heterospecific antibodies later and

less violently than the heart and presumably other organs *°% %7

Such is the resistance of the liver to cytotoxic antibodies that a
positive cytotoxic crossmatch should not preclude an effort at liver
transplantation. It also is becoming evident that accelerated (possi-:
bly humoral) rejection of liver grafts can occur?*®~*'° However, the
process develops more slowly than with the kidney and presumably
other organs, it may be reversible, and it is not strongly associated
with the antigraft antibodies that are being measured in routine typ-

ing laboratories **® A progressive and severe coagulopathy develop-
ing shortly after hepatic revascularization-should arouse suspicion
of an accelerated rejection, even if there has not been-a positive cy-
totoxic antibody crossmatch.**®

The resistance of the liver to hyperacute rejection from lymphocy-
totoxic antibodies is thought to be the result of several factors. The
most important of these may be the dual afferent blood: supply, a si-
nusoidal network coated with Kupffer's cells rather than a capillary
microvasculature,'®® secretion of soluble major histocompatibility
complex (MHC) antigens into the circulation,”” ' and nontoxic
absorption of alloantibodies or immune complexes by the Kupffer
cells.'®*?**~219 The liver receives an afferent blood supply from both
the hepatic artery and portal vein, and compromise to either results
in compensatory flow in the other, presumably protecting the liver
from ischemic injury.'®® Most of the microvasculature network of the
liver is sinusoidal, which is lined by widely spaced (fenestrated) en-
dothelium with no underlying basement membrane.'®® In contrast,
both the heart and kidney have an arterial end organ blood supply
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tIsoagglfutinin fixation has been d
ure ol ABO-incompatible liver i
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ever, o . Hoy ression of findings (Fig 43*
er reperfusion show prominent red

s sludging, clustering of neutrophils, and fibrin deposition
sinusoids. Focal hemorrhage into the space of Disse, hepato-
lar cytoaggregation, and single-cell acidophilic necrosis then
.~ Small clusters of hepatocytes undergoing coagulative necro-
ed cell congestion, and hemorrhage appear in samples taken 1
days later. The areas of necrosis may not demonstrate any par-
ilar zonal distribution. Portal and central veins often shown par-
fibrinoid degeneration of the wall, with the attachment of a fibrin
regate, which extends in a flamelike fashion into the lumen. Ar-
es are usually less severely affected than the veins; endothelial
hypertrophy, endothelial denudation, and focal fibrin thrombi
common findings. Intimal neutrophilic or necrotizing arteritis
r both) with medial inflammation can be seen on occasion (see Fig
Cholangiolar proliferation as a sign of regeneration is recogniz-
e by 2 to 3 days, and the histologic features at this point may be
iite difficult, if not impossible, to separate from preservation injury.
hereafter, progressive patchy hemorrhagic infarction of the organ
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hable to predict the pheno
( menon befo
:sgarent correlgtlon between the Pretransplant rif‘l eamany
. Y Postoperative events js a requirement for incres
of platelet and blood transfusions.22° W inere

WITH ABOTINCOMPATIBLE DONORS

emonstrated in the microvascul

“curs.
Immunofluorescence and immunoperoxidase staining done dur-

g the development of the syndrome will often reveal diffuse sinu-
idal, venous, and arterial deposition of IgG and IgM, C1q, C3, and
casionally C4 (see Fig 43). However, only focal patchy deposition of

Unexpectedly, ABO-identi '
ical grafts have do.ne better than ABO-com IgM and C1Q will be detected in the failed organs. This change in

e distribution of deposition is presumably because of rapid catab-

olization of the immune deposits.

The pr ototype of anti
tibody- i g :
y-mediated rejection of the liver is often A similar clinicopathologic syndrome may occur in ABO-compati-

but not invariab]
Y, encount .
ered when the major ABO blood group ble situations when no preformed lymphocytotoxic antibodies are

. l . S I l ]22] T] ] ]

present,?® 2?2235 [t is likely that other immunologic and nonimmu-
nologic insults are capable of triggering intravascular coagulation
and the cascade of events that occur within the liver, which result in
hemorrhagic necrosis.'®* Therefore, a diagnosis of hyperacute or hu-
moral rejection in the liver should be based on a complete clinico-
pathologic evaluation of a suspicious case, during which other non-
mmunologic causes of graft failure are reasonably excluded.**' In
addition, several other criteria should be fulfilled (Table 2},t includ-
ng demonstration of a presensitized state in the recipient, consis-
tent light and immunofluorescent microscopic findings, and the

*Figures 1-42 appear in Part L.
tTable 1 appears in Part 1.
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FIG 43.

Sequential histopathologic events during antibody-mediated liver allograft rejection. A, im-

mediately after reperfusion, RBCs and neutrophils stuff the sinusoids. B, 1 to 2 days later,
small clusters of hepatocytes undergo coagulative necrosis, and portal neutrophifia ma);
bgz seen (arrow). €, immunoglobulin and complement components are usually detected
q:ffusely throughout the hepatic vasculature early in the course of events, as shown here
(fmrpunoperoxidase for IgM), but may be hardeér 1o find later on. D, partial fibrinoid degen-~
eration of the veing and arteries with intraluminal thrombi are the most characteristic vas-
cular findings. E, eventual graft failure is dus to widespread hembrrhagic necrosis without
much of an inflammatory infiltrate (ot = portal tract; cv = central vein). F, necrotizing and/
or neutrophilic arteritis (arrow) can be seen, as illustrated here but is found in a minority of

cases. (From Demetris AJ, Jaffe R, Tzakis A, et al: Am J Pathol 1988; 132:489--502. Used
by permission.) .
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ure (ustially 1-2 weeks

after transplant) with no alternative

clinical or pathologic explanation

2. Consistent routine light and
immunofluorescence microscopic
findings

3. Demonstration of a presensitized state in
the recipient*

4. Presence of donor-specific antibodies in
an eluate from the failed graft

*Not necessarily lymphocytotoxic antibodies de-
tected in conventional assays.

sence of donor-specific antibodies in an eluate from the failed
aft. Fulfillment of such a “Koch’s postulate” for hyperacute rejec-
n may be overly restrictive, since there are antibody systems out-
de the ABO and lymphocytotoxins that have been associated with
yperacute rejection.'®™ However, adherence to these criteria will
d to the predictive value of screening for antibody systems in the
ture.

Primary nonfunction of a liver homograft without an obvious ex-
anation should suggest that the new organ may have placed into
an environment that is hostile because of immunologic or perhaps
nonimmunologic factors. The prompt destruction of hepatic retrans-
lants in patients whose first liver grafts have been lost for inade-
quately explained reasons has been seen in several centers with
arge experience, causing the word of mouth descriptive term ‘“liver
eaters” to be applied to such recipients®*® in the absence of an ex-
planation for their behavior. '

THE QUESTION OF ENDOTOXEMIA

The inability to predict the perioperative outcome after liver trans-
plantation with prognostic premonitors such as quality of donor,
ime of ischemia, and even the presence of antidonor cytotoxic anti-

_bodies has led to a search for other factors. Endotoxemia is one of
_the most interesting of these possible factors.

Endotoxin is a macromolecular component of the cell wall of
gram-negative bacteria. Its most specific and active component is
lipid A.**° However, it has been increasingly recognized that protein
and polysaccharide components of the molecule can influence its
potency and specificity.**” ?** Because gram-negative bacteria are in-
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cause
situations.”*' One reason is that the presence of endotoxin, even
large amounts, may not necessarily be associated with symptoms
Another reason is that the responses elicited by endotoxin are
specific or unique *?”"?** Endotoxin can induce the release of a co
plete spectrum of biologically active substances, including solu
mediators of the inflammatory response and cytokines (Table 3).
tivation of the individual mediators, including the cytokines, is
duced by a direct effect of the endotoxin on complement, mae
phages, monocytes, and other formed blood elements, 1nc1ud
lymphocytes and endothelial cells (see Table 3).
The soluble mediators that can be released into the circulation
locally theoretically could have devastating physiologic effects {
Table 3), including fever, shock, vasodilatation, vasoconstriction;
agulation disorders, smooth muscle contraction, endothelial inj
chemotaxis, tissue necrosis, and even neuropsychiatric changes:
addition, the majority of the mediators have immunoregulatory fu
tions, predominantly augmenting either cellular or humoral im
noreactivity, or both {see Table 3). This latter feature of the soluble
diators may be particularly important in the context of transplan
tion. What results from exposure to endotoxin could be a comb
tion of the effects of many or even all of the mediators. The difficult;
interpretation is compounded by the fact that many factors othert
endotoxin can activate the mediators and by the variable functional
teractions between the mediators themselves>*”*** Immune
sponses could be interlocking with or simulate endotoxin, as
speculated nearly 20 years ago in a report on hyperacute rejectio
the kidney.'® In that article, the possibility was discussed that end;
toxin might be able to destroy kidney grafts in a way analogous to
hyperacute rejection caused by cytotoxic antigraft antibodies. At t
time, little was known about soluble mediators and cytokines. Now
is easy to conceive that these substances, including those that are
munoregulatory (see Table 3), could participate in an endotoxin-inil
ated injury, a humoral immune reaction, or a combination of thes
The liver plays a control role in the modulation of endotoxin. I
travenous (IV) endotoxin is removed mainly by the Kuppfer cells .
the liver.*® 2°>2%¢ Not only is this detoxification system absent du
ing the anhepatic phase of transplantation, but there is a subs
quent transformation in the graft whereby donor Kuppfer's cells a
replaced with macrophages of recipient origin®”**® that may |
accelerated in pathologic states®* In addition, the transplante
liver is exposed to intestinal bacteria that reach the liver in splanc

o

TABLE 3.
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Soluble Mediators (Including Cytokines) That are Activated by Endotoxin

How Endotoxin Initiates
Mediator Production

Physiologic Consequences

Description of Mediator

vasodilatation, smooth muscle

Activates serum complement

Cleavage products

Anaphylatoxins

{classical and alternative

pathways)

of 3 and C5 complement

C3a and C5a

contraction, mononuclear cel

neutrophil chemotaxis,

immunomodulation of humo

response
vasodilatation,

activates or coll

Cyclo-oxygenase pathway Activates macrophages and

Prostaglandins

with other mediators, modul
macrophage effect or function

Vasoconstriction, activates or

monocytes

from arachidonic

acid
Lipoxygenase pathway from

Activates macrophages and

Leukotrienes

collaborates with other mediators
modulates macrophage effect or

function
platelet aggregation, neutrophil

monocytes

arachidonic acid

Binds to platelets,

Cell derived (from platelets,

Platelet-activating

n, smooth muscle
increased vascular

degranulatio
contraction,

neutrophils, etc., with
mediator release

neutrophils, basophils,

factor {PAF)

mononuclear phagocytes,
endothelial cells), lipid

mediators

hypertension, tissue

permeability,

elial cell:

necrosis, modulates endoth

function
Microvascular thrombosis

Activates factor XII {intrinsic

Glycoprotein from monocyte

coagulation pathway)

or macrophage
cell surfaces

Tissue factor

stimulates mononucle_ar

cells (extrinsic coagulation

pathway)

(Continued.)
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TABLE 3 (cont.).

Description of Mediator

How Endotoxin Initiates
Mediator Production

Physiologic Consequences

Interleukin 1 (IL-1)

Tumor necrosis factor
(cachectin)

Colony-stimulating factor

Interleukin-2

Endorphins

*Modified from Morrison DC, Ryan JL: Endotoxin and disease mechanisms. Annu Bev Med 1987; 38:417-432. Used by permission,
tinterferon alpha and beta are induced by endotoxin directly from.B lymphocytes and macrophages.

Family of immunoregulator
cytokines produced
by monocytes

Product of activated
macrophages

Heterogenous glycoproteins
from macrophages and B
lymphocytes

Lymphokine from activated T
lymphocytes

Endogenous opioids
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Endotoxin in Plasma

Stimulates mononuclear
phagocytes and other cells

Activates macrophages
production

Induces production by
macrophages and B
lymphocytes

Complex pathway by
stimulation of IL-1 and IL-2
production from
lymphocytes and IL
activation of interferon
alpha production® 228

Unknown, could stimulate
mononuclear cells
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Endotoxin in Plasma ;

Fever, lymphocyte activation,
coagulation, endothelial cell
adhesiveness, enhancement o
and B-cell immunity second
activates PAF, arachidonic aci
products, etc. )

Fever, induces IL-1 from monon
and endothelial cells, cytotoxic to
tumor cells, amplifies microvasc
coagulation !

Stimulates proliferation-and =
differentiation from marrow-deri
precursor cells, activates inaturé ~,
macrophages to produce other
mediators -

Increases antibacteria-1 and ani
activity of macrophages, increas
expression of F¢ receptors, aug
other immune responses, ampi'
endotoxin effects (?viscious cycle

Hypotension, analgesia, behavior
changes, immunoregulation
(enhancing and suppressing)
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However, the obvious possibility that endotoxin was responsib , :
for perioperative problems after liver transplantation was not inve ' T
tigated until recently. The detection of endotoxin in plasma was u
reliable,****** and only a qualitative assay was available.>** The chr
mogenic substrate method developed by Iwanaga and colleagues®
in 1978 paved the way to a sensitive quantitative assay of endotoxi
Using this principle, Obayashi and associates introduced a nov
method based on the combination of plasma treatment with pe
chloric acid and the chromogenic substrate method,**®**” makin
possible meaningful correlations between endotoxemia and clinic
syndromes such as coagulopathy with hemorrhage, cardiovascul
collapse, primary nonfunction of hepatic grafts, acute renal failu
respiratory insufficiency, and multiple-organ failure.
The first studies of endotoxemia in liver transplantation were r
ported by Miyata and co-workers in 1989, using the new analyt
techniques to study 16 normal healthy dogs before and after liver r
placement>*® Nine of the animals had a preoperative bowel prep
with oral neomycin. After operation, all of the dogs were treate
with cyclosporine. All 16 of the animals had a significant increase
plasma endotoxin levels, which peaked at the end of the anhepat
period and remained elevated for several days. The magnitude of t
rise was significantly lower in dogs with an antibiotic bowel pr
(Fig 44), and these dogs had better survival.
In addition, plasma endotoxin levels in nearly 100 liver transplan
patients were measured before transplant, at the end of the anh
patic phase, and on postoperative days 1, 3, and 7. In this study b
Yokoyama and colleagues, the presence of high endotoxin levels pre-
operatively and at the end of the anhepatic period was associated
with graft failure and a high mortality (Fig 45).>* |
Patients with primary nonfunction of their transplants typically
had severe endotoxemia. In nine patients with primary nonfunction
most of the endotoxin levels were only moderately elevated preoper
atively. However, large further increases occurred in the plasma in
seven of the nine patients by the time the new livers were revascu:
larized. The livers acted as if they had been revascularized in a hos
tile environment. Only two of the nine patients-had positive cyta
toxic crossmatches with their donors, but all nine of the livers be
haved as if hyperacute rejection had occurred. ; :
Thus, endotoxemia could be a cause rather than an etfect of peri
operative graft loss, serious morbidity, and increased mortality. With
the Cox proportional hazards model, the most powerful indepen

| 1.1 1
o [ -
° 1 ' DAYS

i i ival for 68
L(?r;:t.ion of endotoxin level at the end of the anhepatic phase with graft surviva

i : 1989,
rimary transplantations. (From Yokoyama |, Todo S, Miyata T, et al: Transplant Proc
1:3833-3841. Used by permission.)

i a
dent factors associated with gra-ft death in the stoudy 1?1}]: \;:_ﬂ:ggaemnd
and colleagues were endotoxemia greater thgn 1?1 pgl/omm/L o one
o e Pad peﬁOd)lliciiti?: if;flljvigé‘e?::;s;n?ir:lase (SGPT) level

time, and serum glutamc P Jeve
Sgig:l?er than 200 IU/L preoperatlvely.249 T'he}sle e?(cetzieilcllgddlur; ;trilz);; -
tance the degree of recipient iliness, graft ischemia e ,b e o
anhepatic phase, cytotoxic crossmatch, and amoun
(On. ' )
fUSI;IO r; further study of the patients who ‘under\«\t/;elr;epw:sargf st{:g]ng
lantation, Miyata and associates sl}owed that e P hapatls
Igorrelation between the endotoxemia at the end of whepells
phase and the need for perioperative platelet t:ariismglgns,
dependency postoperatively, and 1-month mo ttyv.e e ctor in the
If endotoxemia can be shown to be a negau B ategios
T s o e e ?rtl;)itshigrzlijgl?gj’éiot?lelggssibilities could
i i reven P bilitie
:Elcglgti: ihie‘\;lss:‘ ift(;nlt)iendotoxin monoclor}al a.ntlbo'dlils " ::, Vﬁf}i
specifically, the control of the gram-negative ?tesgrzx bolymyein B
antibiotics as described by Weisner and co-wor t‘eI:s. e s
is an antibiotic with a strong antiendotoxin activity.
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owever, endotoxin also ckould marlly with reci . e '
L rgans of brain-d D

victims of severe trauma 22° sad danors, - 10N OF REJECTION
plasma endotoxin levels in two of the six were abnormally elevate

in the 10 to 20 pg/mL ra 249 ;
nge.”™ More investigati “
donor endotoxin are planned. estigations on the matter

t the time orthotopic liver transplantation was first studied in
ston® and Chicago® beginning in the summer of 1958, the only
own technique for immunosuppression was with total body irra-
ion. Attempts were made in 1959 to influence rejection by irradi-
g either the canine liver donors or their recipients with 1,400 rad.
either approach was helpful, and in fact, recipient irradiation led
1100% mortality. The results were so poor that they were not pub-
hed until 1962.2%° ‘
The possibility that there was an immune barrier to successful
ansplantation of tissues and organs apparently was not part of the
nsciousness of early clinicians or, for that matter, of most basic
ientists. This realization awaited the classical studies of Medawar
ith rabbit skin grafts.**® Appreciation by Medawar that rejection
as an immunologic phenomenon made inevitable almost every-
ing that followed. The deliberate depression of immunologic reac-
vity became feasible theoretically when total body irradiation®*” *°®
d adrenal cortical steroids*** were shown to be immunosuppres-
ve. The next great step was the introduction of thiopurine com-
sounds, 6-mercaptopurine and its imidazole derivative azathioprine,
hich inhibited heterohemagglutinin formation in mice,**° respon-
veness to foreign proteins in rats,*** and rejection of skin and renal
afts in rabbits, rats,>** 2% and dogs,*** **° respectively.
The foregoing laboratory research proved inapplicable to organ re-
lacement in humans. Complete control of rejection with a single
1gent rarely was achieved without lethal side effects in either ani-
als or-humans, as exemplified by the historically important trials
with total body irradiation®*® as well as by early trials with 6-mer-
aptopurine and azathioprine **~?"* Hopeful signs from the clinical
xperience through 1962 were footnotes to an otherwise dreary cat-
10gue of failures. In 1961, Burnet, a Nobel laureate with Medawar
he preceding year, wrote in the New England Journal of Medicine*™:
Much thought has been given to ways by which tissues or organs not ge-
etically and antigenetically identical with the patient might be made to
urvive and function in the alien environment. On the whole, the present
utlook is highly unfavorable to success. . ..
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planta )

, : 0 1he extrarenal organs. The ern era of
gi:r(;?itslgn V\}/las entered whe_n it was realized thatd:zr;}filt‘)ai);‘)if]:}r:
bred thelzlese acfi ﬁt 'Ieast additive, and possible synergistic, effects
overnighy r(;ct'lwa?g—related donor:s, renal transplantation beca.
Oernight a bractical means of treating renal failure 27 27+ There

Y =5 patients left in the world from this early era (Table 4), a]l hz

ing been given kidneys fn :
techniques followed,y om blood relatives 2> Other multimodali

[ X))
[

The most important new vari
. varia .
adjuvant use of antil h ble betv'veen 1962 and 1978 was thy - o
prine (or to 1 ymphocyte globulin (ALG) added to azathi 1
came ol cyclophosphamide) and steroidg 276 Ultimately, it b, :
;. possib e 10 produce more potent and specific ALGs?™ with 1 ° e a % s s
0 12 24 36 48 60

MONTHS AFTER TRANSPLANTATION

 46.
ent survival rates (life table method) for children (patients less than 18 years of age

n they received their primary liver graft) and adults (patients 18 years of age or older
n they received their primary liver graft). Eighty-five patients less than 18 years of age
e treated with azathioprine (AZA) and steroids, and 438 were treated with cyclosporine
A) and steroids. Eighty-five patients 18 years of age or older were treated with azathi-
prine and steroids, and 1,031 were treated with cyclosparine and steroids.

faced with the bl ivi
o eak prospect of receving a nonrelated (cadaver

Th.e situation changed drasti
. . : cally for recipients of all ki
daveric organs, including the liver (Fig 46), with the dilgiz?(()issuigc

TABLE 4.

Renal Transplant Recipients Treated Before
31 March 1964, Surviving in September 1989*

orel and associates of the phenomenal immunosuppressive quali-
ies of cyclosporine,*”® with the initial clinical trials of this agent for
adaveric renal transplantation by Calne and co-workers,**” ?*' and
with the systernatic combination of cyclosporine with steroids and
ther immunosuppressive measures.**>?*® Although cyclosporine

No. of Oﬁgjnal
Patients Graft

University of Colorado 14 10
Medical C . . Lo
;:;;1] l.‘,(;ouege of 3 3 and steroids are the baseline drugs, azathioprine is often used as a
University of 5 hird maintenance agent to reduce the required dose of cyclospo-
Minnesota . 2 ine,***~#*9 or it has been used in some cases to replace cyclospo-
Necker Hospital (Paris) 1 ine altogether after a few months or longer. Antilymphocyte globu-
Peter Bent Brigham 1 1 n preparations,”®* including the monoclonal antibody OKT3,>%°~%%%
Hospital (Boston) ave been given prophylactically, later in the postoperative period
Western G g prophy. Y postoperailve p
Hospit ale(r;:?alb 1 0 or the specific indication of rejection, because nephrotoxicity of cy-
inburgh) . . . .
Cleveland Clinic L losporine necessitated its use in low doses, or both.
Total
: 23 17 . L.,
yclosporine and Its Limitations

Cyclosporine has been the single most important factor in making
ver transplantation a practical way of treating hepatic disease (see
ig 46). However, the drug's principal side effect of nephrotoxi-
ity?80: 281,294 hiuts a cap on its permissible dosage. Even with the

*Data presented at the Sixth Capri Conference of
Uremia. From Starz] TE, Schroter GpJ, Hartmann
NJ, et al: Long term (25 Yyears) survival after re-
nal homotransplantation—The world experi .
Transplant Proc 1990, (in press). penence.
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ained effect that has b’ee.n: con-
e mechanisms of this seeming he-

/ ; ; y in drug cocktai ’ portant to determine for another reason,
1 recipients of livers®®*-2% 41,4 hearts,**°=302 eyidance of re '

by i known that
k 7 for ’ r other drugs. It is now

nal dysfunction has included azotemia, hyperkalemia, nly for cyclo§pomnenl:u:l}f/ogoes throush a poriod of vo]}lme g}d_
tension. Because the morphologic changes in the kidneys nf thes ’ansplan’fed_hver prol P e o e oriata. sive
patients may not be reversible,**” 302-304"th o oxtent of the eventua nent, shrinking or enlarg

23, 32 lated from non-
N . nt.szs. 324 It may be SpeCP g
liability of either short- o long-term cyclosporine therapy has yet t he pamculqr frftlgzi that control of liver size is hormonal, with
be determined. . splant experim

. . or
most dominant factor being endogenous insulin. Iptergzrir;(;?ble
n;tion of the hepatocellular growth control that is resp

actical implications. - . _
” ga;folr)lrstration that cyclosporine enh‘ances regener}e_llt.lonrilas-
X t ii further experiments to elucidate its hepatotrog dlc port};-
‘mp’l?he model has been the dog submitted to elr(l(ii-t:yi%l Sn% .
o s i i imals with Eck fistula
t (Fig 47).° The livers in animal h ‘ o0
s;ll:;lor}l)h(y fnd organelle disorganization w1th.1n 4 dayst._’(I)‘rklleorfnt(;1 !
: e'Bfic organelle change caused by Eck ﬁgtula is dlsr:up i on of the
QC;I endoplasmic reticulum with deplethn of its nbozt()) e .ato-
'tie same time, the rate of hepatocyte mitoses per 1,0 p

3
es increases from 1.5 to 4.5,

assays were not available to monitor blood or plasma levels. Renal
function was used to guide dosage, the objective being to give cy
closporine to the limit imposed by its nephrotoxicity 2% 305, 306
Is much to be said for this approach even today. However, there ig 1
tendency to guide cyclosporine doses by frequent measurements of
blood or plasma tfrough concentrations with radioimmunoassa
(RIA},*” high-performance liquid chromatography (HpLC) %08
rescence polarization Immunoassay (FPIA) 3% trough whole blog
cyclosporine concentration of 250 to 450 ng/mL (HPLC), 800 to 1,29
ng/mkL (RIA), or 1,000 to 1,600 ng/mL (FPIA) is normally considered t
be therapeutic 3°° However, these so-calle :
vary greatly from center to center. In addition,

trations for cyclosporine are dependent on the

gans.*'? The changing quality of graft function posto
biliary duct obstruction or the presence or absen
drainage,®'* bjle fistulas,®'5 and numerous other f:
or specific to liver transplant patients®® make cyclog
ing even more important than it is for ki
recipients,®'” providing reliable in-cente

Cyclosporine and Liver Regeneration .
The ability of the liver to regenerate after being injured is an im

portant consideration in any kind of major he e a7

47.
injury or from rejection is required in most cases. In addition, many
chemotherapeutic agents inhibit regeneration, including doxorubj-
cin (Adriamycin),*** 919 W hich might be given to patients undergoing
liver replacement for hepatic malignancies under cyclosporine im-

i i ; : ; 1:821-825.
munosuppression. Consequently, it was Important to know what ef- I KA, Watanabe K, et al: Lancet 1976;

74

i nt) model for the study of drugs suqh as cyclo-
orine. 2 i\n ETChkefﬁ?éael(agrtee}?jé,a!sspﬂil:s t)he liver into two fragments thatvggfirs c&r;l); Vt‘)lx
h(;?qsigcf:jse)d into the tied-off left portal vein branch. Each eTper;r:Se?rg:te;re e
ntrol, since the directly treated (left lobar) and oontrql hep; oggfa kit o i sy
circuiate a drug (right lobar) are present in the same liver. (Redraw
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hepatic passage: ~

This same experiment has been performed with infusion of
closporine instead of insulin into the left portal vein.**® The cyc
sporine in appropriate doses prevents hepatocyte atrophy co
pletely and increases proliferation slightly on the side of infusion:
confrast to insulin, the cyclosporine effect is almost as pronounc
in the contralateral (right) liver lobes as in the infused ones. The f
that the cyclosporine hepatotrophic effect is not removed on fi
passage through the liver is of considerable interest, particular
since the liver is thought to be responsible for more than 90% of t
degradation of this drug. A predominantly first passage removed
its hepatotrophic effect might have implied that cyclosporine is
liver-specific drug in other biologic actions as well, not excludi
immunosuppression. The Eck fistula model with selective por
branch infusion may be a useful experimental device to study t
effects of other orally administered drugs on the liver and to s
how the liver alters these agents as they are picked up from t
splanchnic venous bed during intestinal absorption and brought t
the liver.

48. '
agation of activated lym

phocytes from human biopsy specimens with interteukin (iL2).
Starzl TE: Transplant Proc 1988; 20{

supp! 3}:356-360. Used by permission.)

i dissect the mech-
culture experiments to '
Ssuethese affected lymphocyte populations, to
icity of the agents on cell cultures,( .an;l zlo
i the interactions {inciud-
. highly quantifiable test systems . :
e ;nls}rlrllg) O}f, 3ifferent drugs. It has been possible with zlieiz\{;//
of?af%ort to acquire information that previously was comp

g g ’ ues

h-

- 340 51, pittsburgh have referred to these tec
g; 2scr?ﬁ\r/1vict):§re;;1ant models. From biopsy spe}clzlmeréss (:}f1 ;e?::(si
livers, they obtained cultures o_f prlrned. lynrlpofot(x:‘anSpkmtation
n exposed to donor-specific antigen by virtue o e e har.
48). When donor spleen, which is saved at the time

de it possible in ti
sms of drug action as 1
dy the intrinsic cytotox

A NEW DRUG: FK 506

Until recently, only four drugs had been demonstrated to prolon
liver graft survival in large animals: (1) azathioprine,®’ (2) antilym
phocyte serum and its globulin derivative (ALG),*"® (3) cyclosporine,*
and (4) the cyclosporine analogue Nva®-cyclosporine.’*® Recently, th
efficacy of a new agent, FK 506, was demonstrated after canine live
transplantation.*® ** This agent might permit refinements of clinica
immunosuppression. FK 506 was discovered in Japan less than 5 years
ago and reported in the literature for the first time in 1987 3% 32335
reasonably clear picture of the conditions that will permit the moste
fective and safest use of FK 506 has emerged from these studies. Th
practicality of combining FK with other conventional agents wa
shown with canine kidney and liver transplantation,®' in which sub
therapeutic doses of FK, cyclosporine, and steroids provided as goo
results as have ever been reported in dogs with any drug regimen.

The concept of drug synergism for immunosuppression is an ol
one®”® but difficult to prove until recently. Now, the interaction o
drugs can be studied with great precision by measuring their effec
on mixed lymphocyte culture systems.**®**” These techniques hav

ANTIGEN  pRIMED

DON
CELLS CELL

i iopsy speci-
” 4hg. te culture technique in which human lymphocytes qbtalned“fgor(r;: rb(;mpszlar Zpl el
z aor(;yci{tured and exposed to donor celis. Clonal expansion resuits.

splant Proc 1988, 20[supp! 3]:356—360. Used by permission.)
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ANTIGEN PRIMED
CELL

ANTIGEN
DONOR PRIMED
CELLS CELL

INHIBITION OF

EXPANSION INHIBITION OF

EXPANSION

FIG 50.

Prevention or inhibition of clonal ex ion in pri

: . pansion in primed human lymphocyte cult

tion of cyclosporine (CyA) or other drugs. (From Starzi TE: Trans;.?/antéroc 19ng§§2193' :
3):356-360. Used by permission.) ' [S'

pearance of “rogue” clones by the addition of the experimental drug FK 506 and
porine (CyA). (From Starz TE: Transplant Proc 1988; 20[supp! 3}:356-360. Used by
ssion.)

vest“an.d pr’('aser\{e(:‘l, is added to the recipient lymphocyte culty
the ppmed recipient lymphocytes proliferate (cell expansion) v
very .httle delay (Fig 49). The mechanisms of the expansion can
studied gualitatively and quantitatively by collecting IL-2 or ot
lymphokines from the culture medium and adding them to IL-2.¢

FK 506 all are synergistic with each other with in vitro
818.342’ 343 }

vivo synergism of FK 506 and cyclosporine has been demon-
ed equally clearly with heterotopic heart transplantation in
" The synergism of FK 506 and cyclosporine is of special
est, since the two drugs have similar, if not identical, ac-
N 34, 336, 337

rine or other drugs to prevent this exp 506 is remarkably nontoxic at therapeutic dose ranges in
% 344345 It can cause convulsive vomiting and lethal emaciation
5 330:346-348 widespread arteritis was described in the organs
gs,>*”**® but in subsequent studies, these lesions were found in
eated control animals as well as in those given cyclosporine, ste-
; or both.>** Although one group has described alarming side
ts of FK 506 in baboons,** further studies have been reassur-
31:350 In appropriate doses, the drug use alone in outbred ba-
recipients has allowed nearly uniform survival of kidney ho-
afts with minimal toxic side effects.**°

nical trials with FK 506 recently were started in Pittsburgh, and
rst dose was administered to a human on 28 February 1989.
patient is a 28-year-old woman who had been given three liver
s over a period of 3 years. In addition to losing the first two liv-
o chronic rejection (Table 5), the recipient had developed renatl
re to which cyclosporine nephrotoxicity was thought to have
ributed. After FK 506 was started, rejection of the third liver graft
promptly controlled by histopathologic criteria {Table 6), with
omitant improvement of the liver chemistries (Table 7). How-
her renal failure was not improved, and on March 27, 1989, ca-
ric renal transplantation was carried out with immediate and
ined good renal function (Table 8). In this and all subsequent
€s treated chronically, cyclosporine was eventually discontinued.

even intractable rejection clones of ¢ i i

n, yclosporine-resistant lymph
;:ytes have been found side by side with sensitive clones (Fi}g}n;]? :
r; spch cases, FK 506 used alone or added to cyclosporine
eliminate the rogue clones (Fig 52)3% Cyclosporine, azathiopr

CyA

|

-7
.

.CyA "' RESISTANT

0@

ANTIGEN PRIMED
CELL

CyA * SENSITIVE "

FIG 51.

Development of cyclosporine (CyA)-resistant clones in liver or hear

that were undergoing clinical rejecti
jection, (From Starzl TE: ;
3]:356-360. Used by permission.) (. v Transplant pros 1988
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Cause of Liver Failur

Cryptogenic cirrhosis

1 7/2/85  Chronic rejection
2 12/28/87 Chronic rejection
2/28/89 3 6/29/88
2 38 53 0 Sclerosing cholangitis 0
1 11/9/83 Primary nonfunction 12
2 11/14/83 Chronic rejection 34
3 12/6/85 Hepatic artery throm 94
4 2/16/86 Chronic rejection 3 0
3/25/89 5 1/1/89  Hepatic artery throm 14
(late) 31
6 7/2/89 -
3 30 55 0 Autoimmune cirrhosi 0
1 6/26/84 Chronic rejection
4/4/89° 2 11/18/87 ) 0
4 43 52 0 Polycystic liver and 14
kidney 51
4/8/89 1 11/21/88
5 42 65 0 Cryptogenic cirrhosis 6 0
6/2/89 1 4/30/89 12
6 38 49 0 Cryptogenic cirrhosis :
6/29/89 1 12/2/82 7 0
7 47 100 0 Sclerosing cholangitis 18
7/1/89 1 6/15/86
8 18 63 0 Cryptogenic cirrhosis 8 0
1 5/13/86 Chronic rejection 16
7/8/89 2 7/18/86

*Because the allocated supply of IV FK 506 had been dep]eted FK 506 was stopped on 8/5/89 (da
and cyclosporine was resumed.

1+
3+

1+

1+
+/-

Ductal Damage

¢ from 0—3+, with 0 being no injury and 3+ bei
al diagnosis of cellular rejecti
gen was positive. Patient no.

on was incorrect;

Duct Loss

Fibrosis

1+
[
[

3+
2+

1+
1+

2+
1+

[N =—1

cooco oo

1+

1+
1+

ng extensive injury.

special staining for
4 progressed to fulminant hepatic failure,

2+
2+
1+

1+
1+

hepatitis B core and surface
although FK 506 was

When FK 506 and cyclosporine were used together, cyclospor
blood levels tended to rise with consequent aggravation of cyclos

rine nephrotoxicity. The cadaveric kidney graft of patient n TBIL 5GOT  SGPT  Alkaline Phosphate 38}}41;
which has never been exposed to any baseline drug except for No Day  (mgdl (U4 (UL (L)
506, has had no evidence of nephrotoxicity. L 0 06 49 47 160 71

The same improvement in liver function has been noted in ev 7 06 24 24 145 zz
patient except one (patient no. 4), whose initial diagnosis of rejecti 14 0.5 31 36 13; oy
4.5 months after combined liver and kidney transplantation prov 28 0.2 1 10 11 1 37
to be incorrect. Within a few days, it was realized that this pati 56 02 17 1; 94 22
had fulminant hepatic failure due to B virus hepatitis, and the 143 0.2 Zg 7 90 17
506 was stopped. Despite retransplantation, the patient died. 156 03

The remarkable effectiveness of FK 506 in patients for whom 5 0 13 109 142 345 16;
previous therapy had failed, as well as the seeming lack of toxici 7 07 46 109 277 . ti’ged}
these patients, has been noteworthy. From the preliminary obser i '
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56
109t
116t
123t
130t
143t

14

28

56
102#
124%

5 0
7

14

28

56

63

69

6 0
7

14

28

46

7 0
7

14

28

41

8 0
7
14
28
38
*TBIL = total bilirubin; SGOT =
transpeptidase.
tNew liver allograft (see text).

*On IV hyperalimentation (see text);

0.5
04
3.6
1.9
1.2
0.7
0.9

06
0.5
04
02
0.6
1.7
19

23

205
13.6
93
338
1.9
1.5
15

2.5
0.7
0.5
0.5
0.5

21
16
1.2
0.7
1.8

3.7
1.2
11
0.8
0.5

32
41
26
11
26
53
56

287

63
60
47
38
31

13

339
33
46
93
52

198

713
318
175
84
74

32
31
24
10

20
49

312

79
72
60
61
38
39
38

634
107
95

114 -

75

550
236
600
324
408

609
284
128
90
86

FK 506 stopped on day 124,

70
514
858
311
352
394

121
117
96
99
81
192
297

144

417
386
257
305
229
194
173

348
283

557

409
246

304
250
523
501
555

268
176
119
106

142~

serum glutamic oxaloacetic transaminase; GGTP =

FK 506 Oral'Dose Level "

Creatinine
(mgydL)

BUN*
(mg/dL)

mg/d ng/mL

737

0 281

28 0 0
56 0 0
143 0 0
0 0

7 100 810
14 0
28 0
56 0

109 0
130 0
0

(=T =R = T T - I

gamma gluta

82

7 0 0
14 0 0
28 0 0

7 150 . 1,373
14 150 148
28 150 190
56 150 324

v 100 160
14 0 76

7 100 615
14 100 292
28 0

7 100 444

0 0 50 2.5
18 04 98 4.1

18 07 81 41
18 03 51 28
18 0.5 38 14
18 04 29 1.4

18 04 23 1.3

37 17
18 04 50 2.0

18 07 61 2.5
18 02 45 24
9 0.3 38 24
6 t 1.1 11 . 36
3t 0.4 63 17
g 65 26

54

84

18 10 88 58
12 07 60 58

34 3.2

24

75

06

25

20 4.0 49 14
18 1.2 49 1.7
20 19 6 /14
20 0.6 40 ' 15

40 1.6

55 23
16 12 65 2.7
16 0.9 82 3.8
16 NA. 55 4.0
58 35

38 21

30 NA. 37 25
30 3.9 41 24
30 1.8 57 29
10 21 49 31

29 11

18 31 40 2.6
(Continued.)
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"FERENTIAL DIAGNOSIS OF
'GRAFT DYSFUNCTION

*BUN = blood urea nitrogen.
tFollowing liver transplant (see text).
#Value on hemodialysis.

hen a liver graft fails intraoperatively, nonimmunologic factors
> the primary suspects, even though there may be exceptions, as
cribed in the previous section. The frame of reference quickly
anges thereafter. Immunologic rejection as an explanation for
r graft dysfunction becomes increasingly probable with each
ssing day after transplantation, particularly if the new liver
med to be satisfactory at the outset. Nevertheless, nonimmuno-
ic explanations for delayed graft failure or dysfunction must be
stematically ruled out. During the first several postoperative
onths, the diagnostic possibilities include suboptimal revascular-
tion, as already discussed; defects in bile duct reconstruction
using obstruction or fistula; opportunistic viral infection with cy-
megalovirus (CMV),>**%** herpes simplex virus (HSV) or viruses,***
stein-Barr virus (EBV),>** or adenovirus (ADV)**® *57; infection by a
ety of bacterial or fungal pathogens®*®; toxicity from hyperali-
entation or sepsis'**'*%; and hepatotoxicity of the drugs used to
event rejection®™ *® or for other purposes.**' Graft dysfunction
curring at a somewhat later time can be caused by recurrence of
e disease that destroyed the native liver, infection of the transplant
one of the hepatitic viruses, defects of bile duct reconstruction, or
hronic rejection. Each general cause of graft dysfunction except
hose already covered will be expanded on in the following sections.

At the annual meeting of the Eur i

plantation, which was cognvened on gci?)?)r;rs??fligé;fa?;grin l:::
i}::(;lrttgifa sz r?}?g ;‘vlgssg:svin, irl;cluding (ilxposition of the ’PittsbuSgh cl
lals. T as been synthesized, and i indi ite I
gf:eél. 1der}t1ﬁed py Dr. Stuart Schreiber of Harva:"tg kI)Jlrrlli(\izlerll"fits;:eT

inding site, Whlch has been called Fujiphilin, is different th
cyclophilin binding site for cyclosporine. ’ nethand
In the meanwhile, an additional drug with a very similar chemi

i?rtng?ozllipgressive qualities in rodents and dogs.**> It seems cle
at the 06 is the forerunner of a new : '
and extremely int i

class of drugs that ma brofile got
y have a potency and safe rofil [

K rofile go

enough to make them competitive with or possibly tg,ugerior tg c

closporine. '
EJECTION AND TOLERANCE INDUCTION

:Like other immune responses, rejection can be separated into
hree distinct but overlapping phases: (1) recognition of the antigen
induction), (2) development of response capable of neutralizing the
antigen (effector), and (3) regulatory mechanisms that restore ho-
Ineostasis. to the organism.>** *®® 1t is likely that there are several dif-
erent inductor, effector, and regulatory pathways involved in each
hase.>** 3% Clinically, effector mechanism receive the most atten-
ion, since recognition and attempts to control this process are the
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wn; however, the immunogenecity of the liver seems to reside
gely in the nonparenchymal cell fraction. Sensitization rather
n tolerance develops following infusion of unfractionated liver
1 suspensions that contain both parenchymal and nonparenchy-
elements.*®® Lautenschlager and others®****® infused crude
bfractions of liver-derived cells in an attempt to prime recipients
rejection of subsequent heart grafts. They found little immuno-
necity associated with the fraction enriched in hepatocytes,*** %3
ereas the Kupffer cell fraction, which may also have contained

ndritic cells, was potently immunogenic.

good model to study sponse. Shor
aifter tafé? initiation of human liver transplantation, Corl()iier aﬁd .
clates™ as well as others®® discovered that liver allografts inas'
do not follow the normal laws of transplantation. They found flrll
porcine hepatic grafts experienced prolonged survival with little

r;lo lmmunosuppression. Calne and co-workers®¢9-371 demonstrate
i[ at ?ctlong mqth the immunologic ‘privileged” status, porcine liver

ogratits also induced a state of hyporesponsiveness to other tissu
from the same donor. In contrast, no spontaneous long-term live

lograft survival was seen in the dog, baboon, rhesus monkey orr
mans, all of whom required Immunosuppressive therap tc; ma
tain graft viability.>”* Later, Zimmerman and colleagues3}7]3 and F
mada and others®® 374376 qon o that inbred strains of r
experienced a phenomenon similar to that seen in pigs. Since th
tbe rat has served as an invaluable animal mode] for t'he study
liver transplantation 2'% 376 The resistance of the liver allograft t y
peracute rejection has already been discussed. # °

ssible Mechanisms Underlying the Unique Properties of Liver

Genetic control of the allogeneic immune response is the most ob-
us reason for the nonresponder status in rats, since the phenom-
on described earlier occurs only between certain strain combina-
ns. As might be expected, in rat liver transplantation the alloge-
ic response appears to be under the control of primarily the im-
ne response gene (Ia or class II MHC), but minor polymorphic
HC loci may also influence the reaction?'® 7% 379 3%% Although no
nifying concept has been described to explain the peculiarities as-
ciated with rat liver transplantation, many of the effects observed
e similar to those seen when attempts are made to regulate other
mune responses. Kamada and Wig'htf”4 Zimmerman and col-
agues,””® and Houssin and associates®'* reported that rat liver al-
grafts secrete soluble MHC antigens in the circulation where they
ind to antigraft antibodies, rendering them nontoxic. However, it
as been difficult to detect circulating immune complexes. Human
ver allografts also secrete these MHC products,®'! and their binding
o preformed antibodies is one mechanism whereby the liver is
hought to be relatively resistant to the effects of preformed lympho-
ytotoxic antibodies.

Kamada and associates**® have also shown that serum from liver
aft—tolerant (LGT) rats can cause donor-specific enhancement of
eart grafts, and the enhancing activity has been localized to the
nti-la antibody subfraction.®*® Lymph fluid from LGT rats exhibits a
Imilar effect but requires daily administration *!* 7

Although liver grafts are eventually tolerated between nonrejec-

Transplantation
As rner.ltioned previously, liver allografts are permanently accept
without !mmunosuppression between certain strains of rats (e E
to PVG), whereas in others, the liver js acutely rejected 213 376 "’7g7
f:lass I MHC antigens appear to be the most influential in determi
Ing the rejector status of the strain combinations ** 378 379 it
even across full RT1 haplotype mismatches, liver allografts are tole
ate'zd in these nonrejector combinations, whereas other organs (e
skin, heart, and kidney) are acutely rejected.*”*~37¢ The liver rift
alsg Omduce a state of donor-specific unresponsiveness ing thi
recipient that permits subsequent transplantation of the skin, h
or k@ney grafts *'% 57557 [ juer grafs performed on the same ’daea:
the kidney or heart graft can prevent subsequent rejection of eithe
of these extrahepatic organs 3" However, a period of at least 5 day
is requ1red37between the liver and skin grafts to achieve :I}l,
acceptance.”™ Liver grafts are even able to reverse cellular rejection

sensitized sta‘[ezz1 gi.;.é removing circulating allogeneic antibodies a
memory cells).*"* *”® However, when liver grafts are fransplanted-t
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cl e gn tissue allografts

ic reaction elicited by a genetic disparity
or*'and‘récipient, which demonstrates both spec.i~
d*memory. The response is largeb/ T-cell dependent and is
ked by the cell surface glycoproteins encoded by the MHC
ex on chromosome 6 in humans. Not only are these antigens
incipal targets on the transplanted tissue, ?;;t they assist in
egulation of the recipient rejection response. Other antigens
nportance in the rejection response include the major ABO
d group system, minor MHC antigens, and possibly tissue-
ific antigens.’>®* °¢® ‘ .
spite the observation that MHC antigens provoke strong rejec-
responses when they are part of an allogr?lft, as 1sola‘ted anti-
, they are, in general, considered to be relatively we;ak immuno-
s within species.’®* *** %% A strong in vivo cytotoxic T-lympho-
response to these antigens requires not only _the antigen but
a second signal, or costimulus, which is provided by a viable
or cell.**
nor accessory, especially “dendritic” or passenger leukocy’Fes
apable of presenting both the forgi%n MHC antigen and provid-
- the second signal, or costimulus.*® *°° The ability to respond de
vo to alloantigens has been attributed to 'Ehf{ diversity and. Cross-
ctivity within the antigen and MHC restriction element sites on
T-cell receptor complex.***"*** Clones that normally recognize
~antigen X (e.g.; viruses) complexes can cross-react with alloanti-
15201749 Alternatively, the donor MHC antigens may be pro-
sed by recipient antigen-presenting cells, similar to other types of
eign antigens %% %% . , ‘
he structures within the allografts that trigger the alloreaction
e not been identified with certainty, nor is it known whether _the
uctive phase occurs within the graft, systemipally, or boﬂ}, Llyer
afts offer a unique opportunity to study the sites of sens“ltlzat;’ori
ause of the strict structural anatomy of the organ. In a nom}al
transplanted liver, such as a donor liver prior to transplqntatlon,
re is strong expression of the major ABO blooq group antlgf(gs on
erial venous and capillary endothelium and bile duct cells.”™ He-
atocytes do not express any of these antigens. The class I MHC an-
gens are expressed strongly on the bile dupts and somewhat more
akly on the sinusoidal cells and endothelial cells. Class I MHQ an-
ens are barely detectable on hepatocytes. Cla§s II MHC antigens
DR, DQ, and DP) are expressed only on capillary endothehun-l,
INusoidal cells and dendritic-shaped cells within the portal tri-

T ) {1l
e class I antibodies return to baseline **®

high-titer anti—class II antibodies subsequently appear and may
partially responsible for maintenance of the graft *'® 376,387, 388
munophenotypic analysis of graft infiltrating cells during the tr.
sient rejection episode in nonrejector rats reveals a profile of ce
quantitatively similar to that in rejector strain combinations % 3
Qualitatively, however, the ratio of T cells to non-T cells and
helper cells to T-suppressor/cytoxic cells are increased over time
nonrejector combinations compared with the rejector strains 5% 3
In addition, eventual hepatocyte necrosis with architectural "¢
lapse, which presumably is the result of the vascular insufficien
never develops in grafts that are eventually tolerated (unpublish
observations).

Adoptive transfer of thoracic duct lymphocytes of LGT rats has
effect in the immunologically crippled host*** 3¢ However, transfe
of graft-infiltrating lymphocytes restores the alloreaction, suggesti
that clonal deletion of donor-specific effector cells occurs within t
liver graft.””* *"® Despite the inability of the animal to reject the live
in vitro, lymphocytes from LGT rats proliferate in response to don
lymphoid cell and generate CTLs.?** %7 Also, in vivo localized gra
vs.-host (GVH) lymph node reactions remain intact. This phenom
non has been termed split tolerance.*** % Splenic suppressor ce
have also been identified.**" Similar immunologic findings have be
reported in nonrejector pig strain combinations®®? and in some h
man liver allograft recipients 3%

seen in antibody enhancement studies. The antigen reactive ¢
opsinization (ARCO) hypothesis has been used to explain the re
tionship between delayed-type hypersensitivity responses, whi
are thought to be important in rejection, and antibody reactions.?
This hypothesis incorporates a role for antigens and antibodjies, su
pressor cells, splenic sequestration, and clonal deletion of allorea
tive cells in the liver, all of which are reportedly seen in LGT ra
The position of the liver in the circulation and the function of the
intrahepatic reticuloendothelial system may be important in this r
gard. Several groups have reported prolonged survival of various a
lografts following portal venous inoculation of allogeneic cells ?**?
However, others have been unable to reproduce this phenomeno
and Starzl and colleagues have questioned the experimental bas
and rationale of this approach.®
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! o,  discussed later. _

Until r y, little attention has been given to the possible role
dendritic cells (DCs) in liver allograft rejection.**®*** Dendritic cel
have been shown to be the most potent stimulators of ‘the mixe
lymphocyte response and spontaneous DC-allogeneic lymphocyt
clustering is observed within hours after the initiation of a mixe
lymphocyte culture.’*”*'® In the liver, DCs are thought to be loc
ized almost exclusively within the portal traids,**” *'* although mo
definitive work is needed in this area. ‘

Daily histopathologic examination of rejector strain combinatio
animal or some human liver allografts reveals what may be the mao
phologic correlate of the inductive phase of the immune respons
Two to 3 days after graft implantation, mononuclear cells begin
sludge and cluster in the capillaries and interstitium of the port
tract. At this time, mitotic figures can easily be identified in these a
cumulating lymphoid cells (Fig 53), which suggests that at lea
some degree of sensitization occurs within the liver. Structures 1
cated at this initial site of accumulation and likely responsible for
triggering the immune reaction include the donor DCs,**®*'* cap
lary and lymphatic endothelia, and other connective tissue cells
Thereafter, infiltration and damage to target structures signal the be
ginning of the effector phase (see Fig 53).

Effector Pathways ' L

Several pathways have been implicated in the effector phase of the
alloreaction: direct antibody and complement mediated damage
delayed-type hypersensitivity responses, cytotoxic T lympholysis
and antibody-dependent cell cytotoxicity mediated through kille
cells 302 963 416-422 A1) of these effector pathways are dependent on T
lymphocytes.aez’ 363, 416422

These pathways roughly correspond to clinical classification of re
jection.****** Direct antibody and complement-mediated damage is
largely responsible for triggering the cascade of events resulting in
hyperacute rejection. Delayed-type hypersensitivity and allogeneic
cytotoxic T lympholysis play principal roles in acute cellular rejec-
tion, and chronic rejection most likely represents a'vascular directed
attack by a combination of both cellular and humoral immunity.
However, the present clinicopathologic classification of rejection
into hyperacute, acute, and chronic rejection is not ideal, particu-
larly with regard to the liver, and is probably in need of revision.
Nevertheless, we will adhere to conventional terminology in the
present review.
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. commo rincipal manifestation of the rejection reaction. Mo
episades occur between 6 or 7 days and 6 weeks after transpla
but may be seen as early as 2 or 3 days after the operation. Episod
occurring later than 2 months usually, but not invariably, a
associated with decreased levels of immunosuppressive agen
The clinical signs of acute rejection include fever, lethargy, gr
tenderness, leukocytosis, and a change in the color or quantity
bile,'® 8¢ 67 7435437 peripheral blood and graft eosinophilia®*®
and lymphocytosis**® have also been associated with rejection,
have increased levels of serumn neopterin,** soluble IL-2 receptors,
guanase,**® amyloid A protein, and ,-microglobulin,*** but none
these alterations appears to be entirely specific. Serum bilirubin i
sensitive marker of dysfunction, and hepatic enzymes indicative
liver injury are frequently increased, but neither the absolute leve
nor the pattern of elevation is specific for rejection.'® 8 7 7 435~
Confirmation of a clinical suspicion rejection is usually achieved b
core needle biopsy evaluation.”
The histologic diagnosis of acute cellular rejection rests mostly o
identification of a predominantly mononuclear portal tract inflam
matory infiltrate, along with evidence of tissue damage (Fig 54).
should be emphasized that portal inflammation alone may be due t
many causes and therefore is not diagnostic of rejection. The initia
accumulation of mononuclear cells occurs in the interstitium of th
portal tracts. Tissue damage becomes manifest as the infiltrate ex
tends into the walls of the portal vein and bile ducts, associated with.
reactive changes in the target cell populations (endothelium and bile
ducts) such as hypertrophy and nuclear enlargement. Evidence of
pyvknosis and focal necrosis is also seen.
Cytologically the rejection infiltrate consists of an admixture of
large blastic lymphocytes, smaller lymphocytes, plasma cells, macro-
phages, eosinophils, and neutrophils. Eosinophils may predominate
in some cases during the early phases, simulating an allergic drug
reaction.** 4% #2848 mmunophenotypic analysis of the rejection
infiltrate demonstrates a preponderance of T cells with both CD4"
or CD8" subsets; non-T cells, such as macrophages, monocytes,
neutrophils, and B cells, are also present 3% #09 411,415,446
Hepatic arteries within the portal tract are difficult to locate dur-
ing an acute ¢ellular rejection episode. Endothelial swelling and mu-
ral hypertrophy are the most common observation when the arteries
are found. Necrotizing or neutrophilic arteritis {or both) is rarely

*References 67, 118, 119, 144, 145, 179, 423436,
TReferences 67, 118, 119, 144, 145, 179, 423—434.
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g s h a system in the liver is that arteritis b e
ipplying suc 13/5 and apparent ischem}c parenc y‘tr)rel3 | Changes
A blgpsyoif;gciﬁ(’: or unrelated to rejection. It may
ay be n

i i inual deterio-
tial analysis of serial biopsies demonstrating conti
uentia . 431, 452 ‘

ion is m ictive. . o
“Fancti z{eag;gilis of lymphocyte cultures derived from rejecting
Function

i i xic
li tissues demonstrates both prﬁglﬂesr;atlve andczyttotoof i
aotivity direct d at donor MHC antigens. The concep ! in
eactivity du“?cte of graft-infiltrating lymph(‘)cytes,' which V(\;:\S/e]op_
e eXpaH_SI(?H Figs 50-54) in connection with .dru-g lop-
USSGd‘ o (Seethe fact that the T cells activated in vivo eXFIL_Z
oo i IL-2 receptors, and in vitro, the. addltlor;]o e
’k I‘OWth-pmmmmegdium selectively expands the actlvastedl ce s}.loCyte
tg th?rgili;:rl‘;teivrg and cytotoxic activities observed in lymp
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I('(:ke{l l)y SPECIII( 5/ d eC ed

sec
the hepatic artery in the hilum,
biopsy evaluation'lékl, 145, 424, 427,428
tis detected in needle biopsy samples may t
Samplil’}g pFOblem.lM' 145, 424, 427,428
_ Surprisingly little inﬂammatory cell infiltration into the hepat
lobule is seen during rejection. In fact, if significant Iymphocyﬁc h
patocellular injury is detected in biopsy samples, a de novo o recu
rent viral hepatitis js more likely to be the cause
The relative restriction of the inflammation to the
rejection may be the result of the functional anatomy of the organ, th
localization ang concentration of MHC antigens, and Possibly the 1o
cation of portal dendritic op capillary endothelial celjg #09 414 '
Fine needle aspiration biopsy (FNAB) sampling of the livep ha
been advocated as an adjuvant to the needle core for routine immuy
nologic monitoring ## 449 Although thijs technique appears 1o be
useful, it is diagnostically limited because no information is obtained
on the architectural integrity of the Organ, a problem that jg of lesser
significance in kidney 8rafts where FNAB is more routinely used. n
the liver, there are many more caugses of graft dysfunction, complica-
tions, and morphologic manifestation of systemic derangements,
which require attention to architectural detajl, I antigens.
The distributions of the MHC antigen in human Livers is altereq class II or class I antig

TABLE 9.

jection
Histopathologic Grading System of Acute Cellular Rejecti

cytes early after transplantation in the absence of graft Pathology. 5o

~ ic Findings
and co-workers attributed thig early presence to hepatocyte necrosis Grade — ; 1 interstitial infiltrate with “blastic”

from harvesting injury.*2 weak class II antigen expression was de. 1. Consistent with  Mononuclear P(t’)r :‘:lil::]e evidence of tissue damage’
tected locally on bile ducts in the absence of cellular rejection. Dup- ' .lymphgzy;;iar:ﬂy mononuclear portal tract inﬁltratedW:;lf;lial
Ing rejection, class | antigens are Upregulated on hepatocytes ang ; 2. Mild Misiggﬁce of bile duct damage with or without subendo

bile ducts, and DR, DP, and at times DQ can be detected on biliary
epithelia and endotheliy cells *>8 409-413 Steinhoff and associates
were also able tg detect weak DR expression on hepatocytes during
rejection and vira] infection,*1 Although severa] investigators have
detected an association of ap altered display of MHC antigen with

inflammation ‘ . oromuclear
. Portal expansion secondary to pxedommaf;ltly o e
* Moderate inflammation with duct damage and spi over C ooule
m‘tinc])r without periportal hepatocyte necrosis; nlo ::3
is (reibction-rela
Wlteritis central or bridging necrosis (rejection-re
ar ,

. ischemia) ; i ith evidence of

Certain graft syndromes, the patterns per ge were not generally spe- Usﬁ;l;;r;arked but variable portal mﬂammatlort1 “;i: ::crosis or
. i i OC

cific for any particular cause of dysfunction Alterationg have been 4. Severe interstitial hemorrhage and/or ischemic hepa

1010 0 hindin, .2or3
ﬂammdtOIy arter ) gs 1IN n
in itis, in addition to find n no

is clinical and biochemical
: d t often in the first 3 posttransplant weekz 'Wghii ttil;e(l;(; ;st;:lxtr)uca
‘ ' . | . - et i i i are not diagnos .
Pathologic grading of acuyte cellular rejection s g controversia] E\ﬁ::;:‘;gmﬂ e umetion bt bistotonie fetiobe ano
area. Several classificationg Systems have been Proposed, but none i

able to predict the likely response to therapy or eventual outcome
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Inygeneral, lymphocyte outgrowth from the biopsy specimen cor
relates well with the histologic diagnosis of moderate or severe acute
cellular rejection.”® ** *** However, alloactivated cells can be gener
ated from biopsy specimens where the etiology of graft dysfunction
is due to viral hepatitis.**> The significance of this latter observation;
has yet to be determined. Similar studies have been performed in ra
liver allografts.**®

Chronic Rejection

Recipients who develop chronic rejection usually experience a rel
atively asymptomatic rise in the canalicular enzymes (alkaline phos
phatase and +vy-glutamyl transpeptidase) and eventually become
jaundiced.* Although the term chronic implies a temporally pro
longed course, this syndrome can evolve within weeks after trans
plantation or be the end result of acute rejection unresponsiveness:
to conventional therapy. Unfortunately, some of the patients will
recapitulate the same course after retransplantation of a new
graft '+ 149455957 gynthetic function usually remains intact until
late in the course, although rapid deterioration can occur in
patients who develop superimposed vascular thrombosis or biliary
tract stricturing and subsequent cholangitis."*® Clinical suspicions
of chronic rejection can be confirmed or ruled out after needle
biopsy evaluation.lﬁm», 145, 424, 456, 457

Occlusive arteriopathy and bile duct loss (vanishing bile duct syn-
drome) are the principal structural consequences of this form of im-
munologic graft injury.” Although these cardinal manifestations may
occasionally appear to occur in isolation, we have shown a close re-
lationship between the degree of arterial luminal narrowing and the
severity of bile duct loss.**® This dependency is not surprising con-
sidering the arterial system is the only source of blood for the bile
ducts."® This led us to suggest that two mechanisms are responsi-
ble for the bile duct loss seen with chronic rejection: direct immu-
nologic damage and ischemia.**® The Cambridge group has also
shown that disparity at the class I MHC locus (see the discussion of
the effect of Histocompatibility} and CMV infection were interdepen-
dent predisposing factors for chronic rejection.**”*%° In addition,
patients with a positive pretransplant or posttransplant lymphocyto-
toxic crossmatch more commonly developed bile duct loss.**% 451

The histopathologic features of chronic rejection are somewhat

{ f

i ion. A, in the carliest phases 0

oot allog:: ﬂré?seisg?but the duct damage is sevetz:é
e ot pdestroyed,;"a finding recognized by

N bile duct. G, finally, the artery may

4 of inflammatory cells. D, lobular

Histopathologic featuresrtofl i‘cfr;‘rtcragg o
‘~ raiection, the portal in
S e eve FualF\)y the bile ducts aré totall oo
i al
f a portal artery without an accompany o
oy d the portal triad becomes

i i t
i i iprosis, ceh dropout,
D e adS weHr‘\t?;\ hepatocana\icuiar cholestasts, perivenular f
changes include c€

| - Is {cv = central
: of sinusoidal foam € binti-
- itation with occasiona! clusters ded, usually by subin
and mononuclest Tef\:“;?t“e?i?as (HA = hepalic artery) befﬁ?i\ﬁifgmng to accompanying
vein). E, large sep -« chemic injury and epithelial. iopathy in kid-
- es ischemic in] L the arteriopathy
mal foam cel's. thlchec Zlf;sot). F, fibrointimal hyperplasia S\gﬂ?\ré()Sun H. et al: Am J Surg
septal Lo r(tBDaEs clan also be seen. (From Demetris Ad, Lian =,
ney and heart gt

Pathol {in press]. Used by permission.)

*References 67, 144, 145, 423, 424, 433, 434, 456, 457.
"References 144, 145, 423, 424, 433, 434, 456, 457.
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‘ i i ipi kin rash should
ostoperative Hver recipient whp hé.iS as )

ee (R/H dlijsease to be expected. A skin biopsy specimen .shoullld

ptained. Although continu.. 1 viability of 'donor lymphoid ce sf

been documented in the cases cited previously, replacement o

donor lymphocytes in grafted hepatic hilar lymph nodes has
peen shown.**?

subtle and easily overlooked if one is not attuned to recognizing
features (Fig 55). In contrast to acute cellular rejection, the portal
filtrate is often quite sparse and is comprised of lymphoc
plasma cells, and macrophages. Acute inflammatory cells are
common. Despite the relative paucity of portal inflammation, epi
lial cell pyknosis, disruption of the basement membrane, and ¢
plete destruction of small bile ducts ensue.” This response suggi
that the effector mechanisms are extremely potent, noncellular,
ischemic in nature.

Lobular alterations include Kuppfer's cell hypertrophy,
spotty acidophilis necrosis like that seen in a low-grade lobular h
atitis, and eventual central hepatocanalicular cholestasis. Small ¢
ters of intralobular foam cells and perivenular hepatocellular a
phy, ballooning or dropout, and hemorrhage with sclerosis, pres
ably a result of chronic ischemia, are end-stage features. Altho
bridging fibrosis is occasionally seen, a cirrhosis with regenera
nodularity is uncommon..

The obliterative arteriopathy that develops does so most ¢
monly in the branches of the hepatic artery in the hilum, vessels
routinely sampled in needle biopsies.'** *#% 2 452958 \ggt affec
arteries are narrowed because of deposition of subendothelial f
cells in the intima, the majority of which appear to be derived
recipient macrophages. However, the presence of T lymphog
and interdigitating reticulum cells can also be seen in the int
media and periadventitia,*** suggesting that cellular immunity i
volved in the development of these lesions. Concepts from the
sponse to injury hypothesis used to describe the developmen
atheroclerosis in the general population*®® appear particularly r
vant to the obliterative arteriopathy that occurs in the transp
population.

Graft-vs.-Host Disease

Control of the rejection may not be the only requirement for re
ient survival. There has been increasing awareness that hep
grafts can mount a significant attack on their recipient. The m
likely explanation is the persistence of donor lymphoid tissuei
liver grafts.****¢* 5 The presence and continued viability of
donor lymphoid implies the possibility of GVH disease, a pote
that has been documented by the demonstration of new circul
donor-specific Gm types in the recipient®” ****%5 and by the he
lysis caused by antihost RBC isoagglutinins, which:are produc ,
the lymphoid tissues in ABO-compatible but not identical livers ~ ; 2
O donor to A recipient).**®*¢” In addition, GVH disease has ' \ ‘
reported in a recipient whose own tissue co do
cytes.*®® Intensification of immunos

G




INFECTIOUS PROBLEMS IN LIVER
TRANSPLANTATION

CTERIAL AND FUNGAL INFECTIONS

Although liver grafts may possess some immunologic advantage,
discussed. earlier, the practical reality is that heavy initial immu-
suppression and later maintenance therapy are required in the
ame way as with other organs. The balance between immunosup-
ession and infectious disease control is more delicate than with
rdiac and renal transplantation because the hepatic graft is ex-
sed to the intestinal tract through the biliary tract or by hematog-
ous contamination from the splanchnic venous bed. The devastat-
g role of consequent graft infection by organisms indigenous to
e gastrointestinal (GI) tract was delineated in the early clinical tri-
18,470-472 35 well as those in the cyclosporine era.®®® #2¢ 4737475 gx.
riments in dogs performed 25 years ago provided an example of
hat now is called bacterial translocation in that the liver graft itself
came a porous entry site for bacteria indigenous to the GI tract.*”®
liver damaged by rejection becomes unusually vulnerable to inva-
on by such microorganisms. Effective immunosuppression has
ng been recognized to be the only way to mamtam intact tissue
irriers and to avoid this kind of infection.®

here has been recent interest in controlling the bacterial and
ngal population of the GI tract with preoperative nonabsorbable
antibiotics.****"" These antibiotics selectively suppress patho-
ic gram-negative organisms and fungi but allow survival of anaer-
es. This has been called selective intestinal decontarnination. A
ical antibiotic regimen consists of polymyxin E, gentamycin, and
tatin. The morbidity from infection after liver transplantation has
n reduced with this approach, but the mortality has not*** In
ition to its unproved value, a practical limitation of selective de-
tamination is the inability to find a cadaveric liver at the optimal
e ordained by the antibiotic preparation.
uch about the subtle relatlonshlps between host defenses and
ains to be 'amed in. the liver transplant model.
hich the liver is an important
by transplantation. The possi-

5 in contributing to endotox-

S




i i i is given with
. on is lightened and especially if therapy 15 g1
O ey Clog 4 However, CMV strains resistant to

iclovir (Gancyclovir). .
1iglovir have been reported recently.**> The onset of CMV is often

porally related to episodes of rejection, where the patient hatiz
received additional immunosuppressive therapy for an acu

ular rejection episode >*® 354, 478430 ' : e fover and
Clinically, patients usually present with a ow-g. e
dly elevated liver injury test results. Leukocytopenia, Clarthee, =
cers, and respiratory symptoms are not uncomng)n. o bion-
e diagnosis of liver involvement is confirmed by nee p
44, 145, 353 '
ytomegaloviral hepatitis is characteri?ed by lobulz}r altel("ianons
56).#144 145,353 Any cell type of the liver may be infected, ellélar
se that are may demonstrate cytomegallc change, 1ntra{11ul;;aSO-
inophilic inclusions surrounded by a halo, and/.or%1 lstrr:lztied ase
ilic cytoplasmic inclusions. Thes.e ffocn are often }1;11 T ted With
sters of inflammatory cells, cons1s;1ng (t)f)nglsttl)‘?)}t)h (s),t lr]r;r - g)lﬂar
icroabscesses and microgranu omata), - Ot -
er(:;ilons include mild Kupffer's cell hypert.rophy. Slgmﬁcante kﬁr‘)/tér
disarray, massive or submassive nefc.rosm, or ever;1 severh Lver
mage from CMV alone is rare. Rec&.)gm‘tlon of any of these (;im rrglu-
ould prompt a careful search for viral inclusions, the use 0

Liver recipients also suffer frequently from virus infections: The
currence of hepatitis viruses in grafts: will be discussed in the n
section. Other virus infections occur at some postoperative time
the majority of liver recipients.*”®

CLINICOPATHOLOGIC FEATUBRES OF ALLOGRAFT VIRAL HEPATI

Clinical symptoms, along with the use of core biopsy, are use
establish the diagnosis of allograft hepatitis. In general, the clin
features and histologic appearance of allograft viral hepatitidies
identical to those observed in other immunosuppressed patient
is helpful, however, to anticipate the relative time of onset of th
ferent viral syndromes, since they tend to occur at charactery
times after liver replacement (Table 10).* The following sections
separated into discussions of those viruses that are classically a
ciated with hepatitis from those that are more opportunistic in
ture.

Opportunistic Viruses ,

The most common viral pathogens in the opportunistic cate
that cause allograft hepatitis belong to the herpes family: CMV,:
types 1 and 2, varicella-zoster (VZ) virus, and EBV. Another caus
allograft hepatitis not commonly seen in the general populatio
adenovirus (ADV). The following are presented in order of frequ

Cytomegaloviral Hepatitis

The most common serious infections are with CMV, wk
can cause lesions in many organs.*** 347848 Cyiomegalov
is the most common cause of postoperative graft hepatitis
is seen most frequently between 3 and 8 weeks after tr
plant 353 35+ 478=430 pratection from serious CMV infection has
reported with hyperimmune globulin.**' Recovery is the rule if

TABLE 10.

Peak Incidence of Graft Syndromes vs. the Time After Transplant

A
1Ge56= * &r
Characteristic histologic features of CMV.
hepatitis include Kupffer's cell hypertrophy,

Viral Syndromes Time After Transplant spotty lobular necrosis (A, arrows)
) ) ied by microgranulomas or

Cytomegalovirus 3-8 wk, often after treatment of rejection - aqcompan y .3 g} i an be

: . microabscesses (B); inclusions ©
Herpes simplex Any time after transplant , found in nearby celis (B, arrow).
E in- . P ) . . ! ' )
Agstem. Barr ZAO:I c;)n}ﬁmon in ﬁrlst 2 mo. but may occur anytime ther ‘Cytomegalovirus inclusions (C) can be'
! ENOViTUS —hwka elr transplant. s T fotind in any cell within the liver, including
{epat{tfs B Onset usua ly after 4-6 wk, and graft remains iny ecﬁed . biliary epithelium (arrow), where it has
Hepatitis A No experience to date: ' ‘ ‘

sociated with. loss of bile.ducts
nou—A, non-B hepatitis ” : < ’

‘Usually after 4 wk

“Table 1 appears in Part I,




nohistochemical stains for the detection of the CMV antigens
both.

Tissues containing rapidly dividing cells, such as young gran
tion tissue, proliferating cholangioles, edges of infarcts, and
scesses or other defects are fertile soil for CMV growth *** '#° Wh,
such tissue is encountered, a more careful search of CMV is
ranted.'** '

Finally, CMV can be associated with a plasmacytoid or blastic
filtrate (or both) similar to that seen in EBV hepatitis (unpublis
observations). Cytomegalovirus inclusions are not usually dete
in such cases. Differentiation from rejection and lymphoprolifer:
disease associated with EBV may be difficult and is based on car
microscopic examination and immunohistochemical stains to de
viral antigens. The clinical profile and various hematologlc para
ters are also helpful.

Recently, CMV has been implicated in the pathogenesis of the
ishing bile duct syndrome (VBDS).**° Compatibility between the
nor and recipient at the DR MHC locus, along with mismatc
at the class I locus and CMV infection have been identified as in
dependant risk factors for the development of bile duct loss.”
The Cambridge group has suggested that MHC-restricted ant
presentation of viral antigens or mismatched class 1 MHC anti

by DR-compatible bile duct cells is responsible for this obse
tion.*¢°

FIG 57.
A, the HSV and the VZ virus produce

simitar lesions in the liver allogratft,
characterized by large areas of
coagulative-type necrosis (arrows) B,
multinucleated cells may be seen at the
periphery of the lesion, and occasionally
characteristic Cowdry type A inclusion
bodies are identified like those shown in

C (arrows).

occasionally present. Immunoperoxidase stains for various vn;i
gens confirm the diagnosis when the pathologlst is unsure

Herpes Simplex and Varicella-Zoster Hepatitis b asis of the he matoxyhn _eosin stains alone. /

Both subtypes of HSV (1 and 2) and the VZ virus have been id
fied as causes of liver allograft hepatitis. Signs, of graft infestati
have been seen as early as 3 days after transplant and may o
any time thereafter.******3* The clinical presentation with the H
includes fever, fatlgue, and body pain combined with serologic
dence of hepatic injury.***'**%* Cutaneous manifestations ma

in- Virus
toin-Barr Vi ry infection or reactivation of the EBV after

n the gamut from an 1nfect10us mononucleosis
in the general populanon S to severe life- tt;lrea;—
hoproliferative disease 51m11ar to patients with the

may not be present. With the VZ virus, allograft involvement ma ng lymp disorder*®® or acquired immunodefi-

detected several days prior to the eruption of cutaneous vesi ked lymphopl‘(z%(gg)t A Lymphoprollferatlve tumors {B-cell lym-

typical of this disorder. Untreated, any of these viruses may rap ncy syndrome ith all kinds of transplantations but most

lead to massive hepatic necrosis. Therefore, early recognition Omast)lha:;el}\);zir;:;;r:e‘rl\;’:se'ss a88-491 54 especially in infants and
' i

(r;i(;(iiivt::-)o?ss}; J:ﬂgﬁ{:culgrly cru01al since effective medical thera ﬂhlg:n,}i n whom the risk over the first 2 years after transplantation

, 355492 The liver graft itself is frequently in-
Microscopically, all three viruses roduce similar raft atho any of the EBV syn-
(Fig 57).'** bs 484yThey are charactegzed by cn"cums%nbeg area lved. The most effectlve tr?iggirétlgfz?ﬁflggn%{l ppression,** o
coagulative necrosis, showing no respect for the lobular arch omes is discontinuance Pth el d b e added*®® Regres-
ture. Ghosts of hepatocytes intermixed with neutrophils and '
debris are seen in the center of the lesions. 'Moref' ! ~ : 1 ows reduction of lmmunosup'
are seen at the periphery, some of whic : und gl i effect
nuclei or characteristic inclusion bodie




ke the variety of clinical disorders, involvement of the liver by
v-associated disorders also runs the histopathologic gamut from
cal monohepatitis as seen in the general population to submas-
e or massive hepatic necrosis'*® or involvement by tumor, com-
sed of malignant lymphoid cells similar to those seen in immuno-
astic lymphomas (Fig 58). Cases resembling lymphomatous in-
lvement of the liver may be difficult to differentiate from acute cel-
lar rejection**® since subendothelial infiltration of the portal veins
ong with focal bile duct damage may be present. Usually these are
t as severe or as widespread as those seen with rejection. The key
the diagnosis is the monomorphic-and- atypical appearance of in-
trative cells in the EBV-related disorders. Immunohistochemical

may be achieved even though the hepatic graft is not rejected. T
regression of these lymphomas, some of which are monoclo
when the recipient immunologic responsiveness is allowed to &
cover is thought to be an example of immunologic surveillance
humans.**®

‘Clinical signs and symptoms of recipients with EBV syndrome
the more benign end of the spectrum are similar to those seen wi
infectious mononucleosis, although atypical presentation in i
form of fever, rashes, and joint and jaw pain are not uncommao
Liver enzyme levels are usually only modestly elevated, but occ
sionally significant damage and even submassive or massive necr
sis may be seen. Those recipients who develop tumors prese;
clinically with constitutional symptoms similar to those just di
scribed in addition to those related to organ system involveme:
with tumor**¥~**" Atypical lymphocytosis in the peripheral bloc
smear is invariably present in all patients. The diagnosis of allogre
involvement is confirmed by needle biopsy evaluation of the graft.

The EBV causes a spectrum of pathologic lesions in the liver, ranging from mild'lo! 1G 59..

hepatitis with sinusoidal lymphocytosis {A) to granulomatoid: collections (B) of immu , the ADV cauées typicaf granulomas in the ;ive,r. lmmunoperoxidage stains can be help-
blastic lymphocytes, which can-be associated with-hepatocyte necrosis: (C, arrow). Lif identify the inclusion bodies (arrows). B, at the periphery of the granulo-

stein-Barr. virus—driven lymphoproliferative. lesions.in the.liver (D) are characterized b , d-cells with "ntran'uc,lear‘ clusions appeqrsmpgﬂgy‘. (From Demetris AJ Kaki-
morniomorphic: infiltrate’ that overruns the normal architectural land m e , i : myW!HlamstVV('[gd}: Hepatic' Trans-
AJ, Jaffe R, Starzl TE: Pathol Annu 1987; 22:34/7-386. Used by - ation. P Saunde S Used by permission.)




EBV- i
related disorders usually demonstrates a great numbep

non- S i
on-T cells, whereas in acute cellular rejection, the T cells predp

inate.
Biopsy of enlarged lymph nodes (mos

infiltrated by tumor is also u
. sed to establish the dj i
related disorder. In the nodes, the changes var;lfaéf{;(zlsllstﬁ(f)::

with i ti i
h infectious mononucleosis*® tg 3

fr i ;

C}?;lnlr;;nunoblasnc lymphoma.*# Immunohistochemical and I

Lk hmunoglqbulln gene rearrangement analysis are used t
sh the clonality of the tumors, if present #8491 y

Adenaoviral Hepatitis

Allograft hepatitis due to th k' :
aft | € ADV has been restri i
the pediatric population, although more Pecenstlr;csld é?lgc;:lr;\l/

case in an adult has been identified 356

curs within a very narrow time frame, namely, 20 to 30 days

transplant, and the patients present with

jury test results.**” To date, alm
S y ost all of the cas i
transplant population have been caused by viral slfgt;;eASD3\é7ln

ever, other viral subtypes (2, 11, and 16)

hepatitis in the general population and could be expected to i

allografts.*® The diagnosis is made on

stopped.

Histologically granulomatoid i |

g collections of histi i

;e;rédorply located throughout the parenchyma (Fig 2‘;})’111380828
. }I]’OSIS may be detected but usually is less severe thén t}?ato

with HSV. Characteristiq ‘smudgy” intranuclea e

slt:;rrlsﬁlln l'élfected c«_ells,‘the chromatin is crowded toward th
embrane, which imparts a muffin-shaped appearance t

nucleus. Immunohistochemical stains are

HEPATITIS VIRUSES

t common) or other orga

PATITIS B VIRUS

iral hepatitis type B in the posttransplant period is restricted
gely to those patients who carried the virus prior to transplanta-
n, although a few patients have acquired an infection, presumably
a result of blood transfusion. Provision of a new liver usually,
t not always, lowers the titer of the virus, as measured by the sur-
e antigen,*”®*°” but return of the carrier state is almost univer-
498-50% 11y gpite of this generalization, some chronic carriers have
parently cleared the virus after transplantation*®~%°* with passive
munoprophylaxis. In our experience, those chronic carriers who
ve cleared the virus have been E antibody positive and E antigen
iegative, although this serologic profile is no guarantee that infec-
n will not recur. Among those recipients who become reinfected,
mall percentage will develop a carrier state and experience long-
rm survival with minimal liver dysfunction. Recapitulation of the
ginal chronic aggressive hepatitis jeopardized the recovery of

%57 Adenovirus usually

fever and elevated liver

have been associated

the e a7 11 oS needle biopsy samplin
gan, er which immunosuppression shouly e temI;))or any of the recipients.***~%9%591 Dglta agent coinfection is an

ditional confounding factor and recurs along with the B vi-
us. 497 990501 Reinfection of the allograft after transplantation for
cute fulminant hepatitis B is less certain, with several patients ex-
eriencing long-term survival with viral immunity.**” **® The survival
with acute disease and fulminant hepatic failure has been accept-
ble, although less favorable with chronic disease (Fig 60).

In those who develop HBV disease after liver replacement, the on-
et of symptoms usually occurs 6 to 8 weeks after transplantation..
'he presentation varies from asymptomatic elevations of liver injury
est results to nausea, vomiting, jaundice, and hepatic failure. The
inical syndrome, therefore, is not significantly different from viral
patitis as seen in other immunosuppressed hosts. Serologic eval-
lation and needle biopsy of the graft confirm the diagnosis.

confirmatory.

d as the complete spectrum of
en in the general population

oks like
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FIG 60.
Patient survival (life table method) after liver transplantation with cyclosporine-prednisone
for 65-adults with chronic B virus hepatitis compared with 13 aduits with acute B virus h
atitis.

viral hepatitis. in other livers except for a relative paucity of infla
mation in some cases, even with severe clinical manifestations ai
pathologic changes.

The:natural history of hepatitis B infection of the allograft liver
becoming clearer. In our series of 59 patients who received allograft
because of HBV disease, pathologic follow-up was available in 39
46 recipients who.survived for more than 60 days. Thirty-four
these 39 patients had histologic evidence of recurrent hepatitis B in
fection, disease, or both. '

A very typical sequence of pathologic changes was observed:
these specimens. The first evidence of recurrent hepatitis B infectior
was the detection of hepatitis B core antigen in the cytoplasm of he
patocytes several weeks after transplantation. Little pathologi
change was detected at this time. Several weeks thereafter, mild lob
ular disarray, hepatocyte swelling, and mild spotty acidophilic ne
crosis with regenerative change coincided clinically with the onse
of elevated liver injury test results and signaled the development o

FIG 61. — : ' — '
Hepatitis B virus infection of the allograft causes pathologic lesions similar {o those seen in

the general population and in other immunosuppressed hostg. al A‘there is an a<t:-ute ge\/?raé]]
titis with lobutar disarray, hepatocyte ballooning, apd nAecros;s‘ B, in chromc ac nfed.c -
hepatitis in the allograft, a portal infiltrate with act!ve plecemga! necrosis (am;w in |)aare
intact bile duct) (C, straight arrow) and preservation of the bile dgcts (curye z:‘rrovxr/1  ore
the identifying features. D, the eventual outcomg of many cases with gh;omc ac itr\:e e pid_
titis after transplantation is graft failure or cirrhosis, which may occur with surprising rap

ity (see text). .

transplant. A fifth patient rapidly became cirrhotﬁlc 147 dgys a{?‘e;:;
liver replacement without any evidence of intervening chrqmc ac 1h °
hepatitis after transplantation. Fol}gw—up of the 'few [Iala.ltlelilts'\‘/vev—
have apparently cleared the virus with no sgrologlc or histologic -
idence of recurrent B viral infection of the hveI: 1.*ev.ealed nonspeci tc
changes in three, non-B chronic active hepatitis 1n one and acli;i
" disease activity. Most of the specimens at this time had the appe cellular re]'ection},l, which_ rfzspon(tifed tto bolstered immunosupp
ance of a mild acute hepatitis as seen in-the general population ex: sive therapy, in the remaining patient. o “
cept for a relative paucity of lobular portal inflammation. 5 It is not always easy for the pathologist to d1st1r}11gulshstt)it;/\§3{1f;§_
Follow-up of these patients over several weeks to greater than jection.and hepatitis as a’ cau'se of /,malfunctlon. The If'no e on
years revealed several clinicopathologic ‘syndromes.” Six:of the pa e erentiate these two ca;ls}els of m unction
tients experienced a syndrome of unresolved: lobular hepatitis; an he bulk Odt' e 1n)ur§/ized ciated
five settled into.a clinicopathologic profile resembling chronic carri te HB e,s,a}r: l}i regogis zed a8 lob-
ers with little disease activity. Eighteen others deve onic , o e
tive hepatitis, and four of these became ci afte ronic hepalt o in-




flammation is present, and lobular alterations may be minimal
these cases, one has to determine if piecemeal necrosis or bile d
destruction is the more prominent feature. It must be stressed
an overall assessment of the entire biopsy specimen with careful
amination of each portal tract must be performed. Individual cag
may be quite difficult since both bile duct damage and signific
piecemeal necrosis may be present. It has been our policy that
significant amount of duct damage is detected, regardless of t
presence of piecemeal necrosis, a diagnosis of rejection mad
therapeutic or diagnostic clinical trial of immunosuppressive the
apy is then initiated. This approach seems prudent, considering t
fact that reductions of immunosuppression during hepatitis B in
tion may result in fulminant liver failure.

NON-A, NON-B HEPATITIS

Although precise identification of at least one of two virus
responsible” for non-A, non-B hepatitis has just recently be
achieved (hepatitis C),°** it is undoubtedly a cause of allograft hep
titis,*** > %> Episodes in patients with cryptogenic cirrhosis,
those with unrelated disorders, and in patients who were thought
have the disease prior to transplantation have been identified. It m
therefore be recurrent or develop de novo. The onset of symptor
and laboratory abnormalities usually appear after 6 weeks. The cli
ical presentation is as variable as that seen in the general popu
tion: mild asymptomatic elevation of liver injury test results to m
sive hepatic necrosis. Bone marrow aplasia, which also can comp
cate milder attacks of non-A, non-B hepatitis not requiring liv
transplantation,®®**” has been observed in children a few days o
weeks after liver replacement.®**®*%® Four of the nine patients wi
marrow aplasia survived, usually with slow recovery of the h
matopoietic system.®>** >% At present, the diagnosis is based larg
on biochemical evidence of liver injury combined with the hist
pathologic profile, although supporting serologic data may soon
come available.-

The histopathologic appearance of presumed non-A-, non-B he
atitis may be as varied as that described for hepatitis B earlier. Ne
dle biopsy specimens from patients thought to be infected durin
the acute stages show mild Kupffer’s cell hypertrophy, spotty acic
philic necrosis of hepatocytes, and a relative paucity of inflamm
tion. However, lobular disarray, mixed inflammatory cell infiltratio
hepatocyte ballooning, and necrosis, which may be bridging, ha
also been seen. The disease may also rec , e
fashion, as was experienced wit
_the clinical profile and histolog

markably similar to the native organ. Later,

features of chronic per-

tent or active viral hepatitis are not gpcommop (gglgs gé) 1 angely on
i i te disease the diagnosis 18 :
P it and i differentiate from re-
i i lly not difficult to I .
¢ lobular insult and is usua . ‘ ntiate from o
i ic di here the histologic appea . .
ction. In chronic disease w e his! AT ront-
i i tive hepatitis, it may be : .
ronic persistence or acti i ) differentl:
i j tion. It has been our poicy
om an indolent rejection reac een our '
ng is evidence of significant duct darmnage, rejection 1s considered

45
esent.

EPATITIS A VIRUS

Although fulminant hepatitis A virus hai,1 begfril ;n ir}[ﬁiece::t;(lnlr;ef%ll"C
i t been identified as
eplacement, it has not as ye ) )
\if)r rl‘"af}t) dysfunction. Based on these observations, we expect tl;ilti;:
aﬁ appear quite similar clinically and histologically to that se
ongrafted livers. | .

{
{

HE PATHOLOGIST'S VIEW OF BILIARY TRACT

Anastomotic breakdown, necrosis, strictures, ascgﬁ(sia%né f}i?éfé}l;
’ i lograft biliary tree.
d obstruction can affect the a liar : h
?krllese complications are not uncommon in isolation, they often r

A ‘non-B viral hepatitis in the allograft is sim-
Aetive hepatitie lesion is seen. (From Deme-

ransplantation; in William JW [ed]: Hepatic
0 [in press]. Used by permission.)




flect arterial pathology since the biliary tree is dependent solely o
the hepatic artery for its blood supply.'*® Most often the diagnosis
biliary complications is made on the basis of clinical symptoms an
the results of radiologic procedures such as ultrasonography an
cholangiography (see previously).**~®° In addition, during the ear
postoperative period, most patients have a percutaneous T tube:
place that permits ready access to the biliary tree for radiologic pr
cedures and assessment of bile flow.

Needle biopsies are less useful than radiologic evaluations for t
diagnosis of large biliary tract disorders because of the relative no
specificity and insensitivity of early histologic findings.***'**> Ho
ever, when access to the biliary tree is restricted, (late posttransplan
period), biopsies may be more valuable as a screening tool. Biliary
tract complications that have been recognized histologically inclu
duct stricturing, obstruction, acute cholangitis, and biliary-vascul
fistulas.”***** The histologic features of these complications a
identical to those seen in the nonallograft liver (Fig 63), which i
clude a predominantly neutrophilic portal infiltrate, periduct
edema, intraepithelial and intraductal neutrophils, mild ductul
and cholangiolar proliferation, centrilobular hepatocanalicul
cholestasis, and small clusters of neutrophils scattered througho
the lobules. Although acute cellular rejection is included in t o
pathologic differential, biliary tract disorders most commonly are a The histologic manifestation of biliary tract complications in the allograft are S;ﬁ‘.”ar to
sociated with a neutrophilic and eosinophilic portal infiltrat those in nonallografted livers. The most important of these features is _tr;e'p?utripc r: ;Cn p;z—
whereas rejection shows a predominance of mononuclear cells dominance of the portal ;nﬂlctlrj?;eciﬂ otlr;i gitt?lze(rf)e \?Jhr::ot::\éebﬁ)\;g?;yti?iseclftg S?:Z o ger'\:
the portal tracts. _ as shown in this case ol & i i d cholestasis is present in

Recognition of biliary-vascular fistulas may be first noticed by t ?huecitgé)sgzr?;)aigics?\Tapsag‘;\i/g:\ t?\ceugeilizglnt?;éngscrjn tmheem\?:s;cirl]ature are recognizped by the
pathologist on needle biopsies and requires alertness to the abno  presence of RBCs in bile ducts (C, arrow) or bile concretions in blood vessels (D, arrow).
mal presence of RBCs in bile duct lumens or, conversely, bile co (From Demetris AJ, Kakizol S, Oguma S: Pathology of liver transplantation, William JW
cretions in blood vessels (see Fig 63). Radiologic localization of t [ed]: Hepatic Transplantation. Philadelphia, WB Saunders Co [in press]. Used by permis-
abnormal communication, followed by corrective surgery or retran sion.)

lantation, is the usual course of events.

P ' DIFFERENTIAL DIAGNOSIS OF DRUG AND TOXIC INJURY

Drug and toxic injury to the allograft liver are difﬁpult to identnfy
with certainty. The patients receive many potential hepatotoxic
_drugs and are subjected to other therapeutic maneuvers ’Ehat may
damage the liver. Therefore, if one strictly adh_ere§ to criteria for or-
gan specific toxicity, it is extremely difficult to 1ncnlm1na§3 any aﬁz?ati
of sepsis (endotoxemia) and are identical to those seen in nonal Rggardlegs of the_zse difficulties, %rythrorgycgét%:;) (I)-i?]ie hp;sglp hera
lograft livers.>*® These changes include cholangiolar proliferati , alimentation, hlgh-dose sterol fS)alle(l)nraft malfulz}ction Deneas oo
with bile plugging, acute cholangiolitis. usually without cholangit strongly suspected as causes o) beha\g;e . malty nong}aﬂed one
and hepatocanalicular cholestasis. Kupffer’s cells are often hypertro ~ , e e alogic
phied; and small clusters of neutrophils can be observed in the lo VHC-restri 1

ules 4145 o e . -

SEPSIS

Infection of the blood, especially with gram-negative organisms
can cause allograft dysfunction, which is usually manifested as jau
dice. Histologic alterations are also observed in the graft as a resull




INFLUENCE OF
HISTOCOMPATIBILITY

istocompatibility leukocyte antigen (HLA} or MHC compatibility
s been shown to either improve patient survival or reduce the on-
or incidence acute rejection in kidney®'! and heart allografts.***
ta collected by Markus and associates concerning the role of HLA
tching in liver transplantation were less clear cut.>'® No patient
rvival advantage was observed for HLA compatibility. By contrast, a
tistically significant penalty in terms of survival was detected
en either the A, B, or DR locus was matched. Although rejection
a cause of graft failure was more common when DR mismatching
s present, other causes of patient death or graft failure were even
re common when either class I or II loci were matched. Primary
onfunctioning of the new liver was particularly common in DR-
1atched grafts. However, the diagnosis ‘primary nonfunction” is
omewhat of a wastebasket category, which often includes preserva-
on injury, antibody-mediated rejection, vascular thrombosis, surgi-
al misadventures, and cardiovascular instability in the donor or re-
ipient. Markus and associates suggested that MHC compatibility
ay provide the ideal setup for recurrent disease since some of the
munopathologic mechanisms important in the native diseases are
hought to be MHC restricted.®*? Alternatively, they suggested that
e alloresponse itself may be MHC restricted. Donaldson and col-
agues proposed a similar hypothesis.**® They found that DR-
atched but A and/or B locus—mismatched grafts were more prone
develop the vanishing bile duct syndrome (chronic rejection).
hey suggested that induction of DR antigens on bile duct cells en-
bled these cells to act as antigen-presenting cells, presenting the
ismatched class I antigens in an MHC-restricted fashion to recipi-
nt effector cells.
There are many possible explanations for the somewhat peculiar
bservations made with respect to HLA matching and liver allograft
utcome. Like other allografts, livers seem to experience a lower in-
idence of rejection when the DR locus is matched. Paradoxically,
ere or graft survival advantage for




DR or class I matching. This may be due to graft loss or pati
death from causes other than rejection (e.g., technical mishaps

infection). A higher incidence of recurrent native disease in H
matched patients may be a possibility, since cellular “immu

transplantation is performed, where cellular immunity is
strongly implicated. This argument is appealing because the
mune damage purportedly mediated by T lymphocytes in liver di;
eases such as hepatitis B is thought to be MHC restricted. Howe
the pathogenic mechanisms responsible for many native liver
eases have yet to be elucidated. Furthermore, recurrent dise
must be proved after liver grafting, which is not an easy task. Rat
than to continue speculation, reanalysis of the data after collect
of a much larger patient population seems wise.

CANDIDACY, ORIGINAL DISEASE,
AND OUTCOME

n spite of the diversity of etiologies, manifestations, and variability
technical problems with different diseases, the survival curves
ve not been greatly influenced by the original diagnosis with the
ceptions of fulminant hepatic failure, chronic active hepatitis due
B virus, and liver malignancies (Fig 64).*°® 4% 514=517 These obser-
ions, which have been extensively documented, are analogous to
ose in renal transplantation where the original kidney disease has
en said to have little influence on the outcome.

However, the foregoing summary is oversimplified, which could
grade the value of information summarized in the following pages
at covers not only the influence of disease on outcome but also
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s group of hepatic malignancies (see Tablg 11). The 5-year life
rvival curves of the principal benign adult dlsegses are shown in
re 65. There has been little variability of surv1\{al with these bg-
n diagnoses in contrast to the poorer results in the neoplastic
see Fig 64). B

u(ﬁ“fi thangone half of the pediatric recipients ha;/ﬁ g%c_isglhary
sia, with inborn metabolic errors a distant second.”" Sgr-
al in the biliary atresia patients is infer‘ior'to the‘other categories
ig 66). The principal mortality has been perioperative and ha.s been
Jated to technical difficulties caused by earlier Kasai operations.
The experience reflected in these life survival curves W}ll influence
ture case selection. However, other factors could be smg}y or cu-
ulatively even more important for prognosis than the original @ga-
sis. Judgment about what constitutes candidacy has beer} in a
ate of flux since the first clinical attempts in 1963, and the time is
ot yet ripe to freeze guidelines.

y other factors, including the severity of the disease at the t
the liver replacement, issues of organ supply, and the role o
__cioeconomic factors. Thus, the serious student of hepatology,
surgery, and liver transplantation is urged to read this section
not skip to the next one.

The medical issues of transplant candidacy are relatively clear.
patient has end-stage nonmalignant liver disease that does not re
in the hepatic graft, there is little debate about the logic in princ
of transplantation (Table 11). Transplantation is more debatable if
currence of a nonneoplastic disease is a predictable problem.
most controversial indication for liver transplantation is for the tr
ment of hepatic malignancies. However, none of these broad ap
cations can be arbitrarily excluded from future trials because th
is such heterogeneity in each of these three categories. .

In adults, the diseases most commonly represented have b
postnecrotic cirrhosis, primary biliary cirrhosis, alcoholic cirrho
sclerosing cholangitis, inborn errors of metabolism, and a heterg

ALIGNANT LIVER DISEASE

In the original efforts at clinical liver transplantation,'® all of the

TABLE 11. . . |
atients whose reason for transplantation was primary hepatic ma-

Indications for Liver Transplantation in 438 Pediatric and 1,031 Adult Patients

Pediatric Adult Total

Acute hepatic failure 23 48 71 100
Postnecrotic cirrhosis 44 361 405
Alcoholic cirrhosis 113 113
Biliary atresias 236 5 241 80 -1
Congenital hepatic 6 4 10 P & o

fibrosis 1
Cystic fibrosis 3 4 7 # 60
Inborn errors of 75 52 127 s

metabolism § 1
Familial cholestasic 16 16 9 0

syndrome B
Neonatal (giant cell) 7 7

hepatitis
Primary biliary cirrhosis 210 210 20 INBORN ERRORS

I ) . ALCOHOLIC POSTNECROTIC PRIMARY BiLIARY  PRIMARY SCLEROSING

Secondary biliary cirrhosis 9 13 22 CIRAHOSIS CIRRHOSIS (HBsAg:) CIRRHOSIS CHOLANGITIS OF METABOLISM
Primary sclerosing 4 929 103 o TET —4— — = -

cholangitis ) 0 ' ! ! ! ' ' K 4IB ' 6'0
Budd-Chiari syndrome 2 21 - 23 0 12 24 % TATION
Benign tumors : 4 9 13 ; MONTHS AFTER TRANSPLAN
Primary liver cancer 8 59. 67 -
Bile duct cancer 18 18 :
Metastatic cancer 12 + ife > method) aft er transplantation using cyclosporine-ste-
Liver trauma ’ 1 ) ' P L e ] 5 (18 years of age or older at thé time they received
Secondary sclerosing ‘ , 1 : ' i f crotic Cirrh’(y)siysk (excluding HBsAG-

cholangitis , , ' - Sosi osis, 113 cases of alcoholic cirrhosis,
Total , 438 100 of inborl ‘metabolism.




months, but the principal mortali'ty has peen between 6 a'nd SEE
ths (Fig 67). Small incidental malignancies that develop in (tzllf
¢ livers usually do not recur, but extensive cancers recur in he
rity of cases 7% % 535 The results also are influenced by the

or cell type (Fig 68), presence qf hil.ar lyll}ph nggggﬂggsgﬁigg,,
presence or absence of underlying liver c_hsease.- . .
prolameilar hepatoma, a slowly. gmw_mg }"el.altlvely1 upct; )

hepatocellular carcinoma with distinctive hlstope‘lthlo l?gmb ea;l

s7375% js a ‘favorable’ malignancy, and long suml\lfa as gzd
mplished even of patients with huge tumors that a\ge inva d
o diaphragm 7 %37 531 83% 5% Most authors have reported poor r

s with duct cell carcinomas, including ’Stgesglg}_%lz’ggtskm tumori
are located high in the hepatic hilum, e but a recgle‘lls
rman experience has been more optimistic. Reg:ur;(ler;fe as
n exceptionally common in patients w1th conventional hepa o—
ular carcinomas.®*” Epithelioid hemapgloendothehomas 1(1)0

py an intermediary position in that survival for at lgast nglle,esli‘f as
1 achieved in more than one half of repor'Fed patients.”™ " ]
hether to continue treating primary hepatic mahgnanc1els_,l is cori’
versial. It is difficult to resist continuing these efforts fc?r the trenaOt
nt of hepatic malignancies in carefully screened recq?lents, !
ybecause there is a chance of success but because th('are is go muc !
ential information to be acquired about the biologic behavior o
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FiG 66.
Patient survival rates (life table method) after liver transplantation using cyclosporine
roids for the major indications in children (<18 years of age when they received their
transplant). Included are 235 cases of biliary atresia, 75 cases of inborn errors of me
olism, 44 cases of postnecrotic cirrhosis, and 8 cases of primary hepatobiiiary cance

lignancy and who survived the perioperative period died within
months of recurrent tumor. Smaller incidental malignancies.
haved differently. The longest survivor in the world today recei
her new liver at the University of Colorado on January 22, 1970
biliary atresia. The excised liver contained a 3-cm hepatoma. T
little girl, 3 years old at the time of operation, will complete her 2
postoperative year in a few months. She is married to a United St
Marine and lives in Okinawa. The same observations with incider
malignancies have been made many times since.**® %27

In spite of numerous disappointments, liver transplantation a
means to extend resectability limits for hepatic neoplasms is still
ing probed by many transplantation teams, often in combinat
with adjuvant chemotherapy or other experimental treatment pr
cols.’?*~5% The percentage of tumor cases in large programs rang
from 4% to 34%.5'* 315195317534 1t has been about 5% at the Col
rado-Pittsburgh program (see Table 11).

Although strenuous efforts are made beforehand to rule o
metastases, a high rate of recurrence of all kinds of hepatic mali
nancies continues to be seen after total hepatectomy and tra
plantation.* Metastases have had a tendency to home to the n
liver.'® **! Death from tumor recurrence has been reportec

—
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al atesfforf'(life table method) affer liver transplantation for primary he_pato-
'rﬁ:paré with liver transplantation for nonmalignant diseases but with an

svered on subseguent pathologic examination of

*References 18, 499




100

100 4 T
AZA PATIENTS CYA PATIENTS AZA GRAFTS CYA GRAFTS
—o e —o— —t
80 | ,
Q
I 50 - §
3 3
3 3
40 | o
R R
N N R
20 I
] BENIGN TUMORS  HEPATOMA BILE DUCT CANCER EP”E}LEDLOOT‘E‘:LEIZQZGIO. METASTATIC TUMO
—&— —— 0 T " T T T T
0 T 4 T l ' , : { | 0 12 24 36 a8 60
0 12 24 36 a8 60 MONTHS AFTER TRANSPLANTATION
MONTHS AFTER TRANSPLANTATION
G 69.
FIG 68. tient and primary graft survival rates (life table method) after liver transplantation. One

hundred seventy recipients were treated with azathioprine (AZA) and steroids between
March 1963 and February 1980 compared with 1,469 recipients treated with cyclosporine
(CYA) and steroids between March 1980 and December 1988. Follow-up is complete
through 31 July 1989,

Patient survival (life table method) after liver transplantation for benign and maligna
mors that could not be treated by subtotal resection. Included are 13 patients with b
tgmors, 54 with hepatocellular carcinoma, 18 with bile cancers, 8 with epithelioid he
gloendotheliomas, and 12 with secondary tumors originating outside the liver.

from as low as 15 per million population®” to as high as 200 per mil-
on in an unpublished Canadian projection (Dr. Cal Stiller, personal
ommunication, University of Western Ontario, London, Ontario).
Based on these figures, and without a cap imposed by organ supply,
between 4,000 and 50,000 liver transplantations per year could be
needed in the United States. Since there are no practical means of
artificial organ support analagous to renal dialysis, the waiting list of
recipients does not grow from year to year.
The variability of inclusion and exclusion factors of candidacy ac-
count for the wide-ranging estimates of need. Some of the earlier
w estimates were based on the assumption that patients with tu-
mors would be excluded, that the upper age limit would be 50 years,
that patients with Laénnec's cirrhosis or other “sin factors” would be

iminated from candidacy, and that the list of applications would
not be as extensive as has proved to be the case. Furthermore, a
was influencing results. When this was changed with the adven umber of factors or diagnoses that precluded or strongly discour-
cyclosporine (see Fig 69), some issues of candidacy became clear: aged transplantation 5 or 10 years ago are no longer absolute con-

In addition, with the better expectations and more general av, traindications, and some are no longer even questionable.
ability of liver transplantation, the co ' o ' ‘ . ‘
plantation was so great that this prc
appeal for an astonishing number

. ates of yearly need fo

these tumors and the influence on them of immunomodulation
chemotherapy. Even a few patients with metastatic liver disease h
benefited from liver transplantation,!% 52% 530, 535, 542, 543 particul
when the primaries were neuroendocrine in origin >'* 535 536 1y
remarkable case, a patient with multifocal liver metastases fro
carcinoma of the breast was successfully treated with chemot
apy, Szgtotransplantation of the bone marrow, and liver transpla
tion.”™ Ultimately, she developed recurrences; further efforts at
plying this concept have failed.5*°

BENIGN DISEASE: THE POTENTIAL CANDIDACY POOL

The f:r'iteria for case selection were blurred until 1980 because
mortality Wl.thll'l the first postoperative year that exceeded 60%
69). It was impossible to tell for certain how much case select




with. those who understand this disease. The objective is to ens
abstinence after transplantation by arranging in advance for holi
care. In properly selected cases, Laénnec’s cirrhosis may be a go

indication (see Fig 65).>* Recidivism with alcohol
than 10%. ol use has been 1

ep of liver transplantation? Probably uncommonly, since endo-
opic sclerosis. of varices is an effective alternative.*** In some pa-
ents with child’s class A (good risk) cirrhosis, a distal splenorenal
astomosis might be the preferred way to relieve portal hyperten-
on. We are using this approach in a small number of highly. se-
cted patients. However, it is important to emphasize that the liver
ansplantation itself decompresses portal hypertension through the
pillary bed of the normal new liver. In patients who had variceal
eeding and who were too sick to be considered for any operation
her than transplantation, the 5-year survival after liver replacement
as far superior to that reported in series of generally better-risk pa-
ents treated with shunting operation.*** The obvious limitations of
e shunt approach to variceal bleeding has greatly reduced the fre-
uency of portal diversion procedures in Western countries.
Other operations in the upper abdomen that were designed to
alliate complications of liver: disease can create even more serious
roblems. Examples are procedures that disconnect venous collater-
s going to lower esophageal varices and radical ‘duct reconstruc-
ons such as those used to treat :sclerosing cholangitis or biliary
resia (Kasai operation).
As an alternative to these open operations, there has been greater
se of interventional radiologic or endoscopic. precedures, such as
sclerosis of esophageal varices, and. transhepatic duct stenting or
ilatation. However, problem patients with previous shunts, duct
; constructions, . or other operations in the hepatic hilum should
Multiple Previous Operations ot be denied transplantation for this reason. Although the trans-
Previous upper abdominal operations can complicate tranSplan{ lant operations are made more formidable, the results in experi-

tion enormouslyg particularly in patients with small cirrhotic live enced hands can be almost as good as with a virgin operative
bt eld.74' 554—-558

thAtn ab§0.lute uplper age limit has been eliminated by demonstrat
at recipients older than 50 years have a similar 5-ve: i
younger adults.5*° Y yoar suival

Young Age or Small Size
The transplantation of very small infants, even in the newborn

riod of life, has become common, but the
; ' he results are no
with'larger children.>#¢ 547 ! t as good

Portal Vein Thrombosis
.A]ts}j??%h this was formerly a contraindication to- transplan
thI],. ' the newly ‘developed vein graft techniques (see Fig
routinely allow liver replacement in recipients who have thro
bosed portal, splanchnic, or superior mesenteric veing 54 550 T
vein grafts are jumped from the superior mesenteric vein below t
transverse mesocolon, brought anterior to the pancreas, and us
for a portal anastomosis in the hepatic hilum. ’

ment of liver size with imaging techniques helps to identify sue Chronic B Virus Carrier State

It was already mentioned that there is a very high rate of recurrent
chronic active hepatitis in these patients, for which there is no effec-
tive prevention. Because of this, some programs exclude B virus car-
riers from candidacy. However, the fact that many such patients
have achieved benefit from transplantation makes it difficult to make
the carrier state an absolute contraindication.

Most efforts. to. treat HBsAb carriers with hyperimmune globulin
BIgG) or:interferon alpha have failed.**” %% %%V 3% The volume of

patency using ultrasound and dynamic computed. tomography (C
scanning techniques. In uncertain Cases; magnetic resonance imag
Ing is used. Splenectomy or any kind of shunting can alter the port
vein, and the majority of complications from transplant portal vei
reconstruction have been in patients with such earlier operations ™
The mesocaval and the distal splenorenal (Warren} shunts have bee
the least harmful of these procedures since they do not involve dis

The usual indication for a shunt Operation is
aknd,the objective is to reduce portal hy




or at the anhepatic phase of liver transplantation. The first reci
ent had reduction of surface antigen titer from very high to bare
detectable levels. In the second patient, the surface antigen level w.
undetectable for 5 months, after which it reappeared in low titer
the same time as core antigen was identified in the hepatocytes o
biopsy specimen that otherwise was normal. The half-life of this h
man monoclonal IgG was long enough to allow maintenance of
antibody excess with injections 2 to 4 weeks apart.>* Five patien
have been treated with larger doses, and all are free of antigenem
after 2 to 7 months. It remains to be seen if the recurrent diseas

face antigen have been free of hepatitis B virus following transpla
tation. However, it has been recently recorded that patients with th
human immunodeficiency virus (HIV) can regress from an appa
ently immune state, as defined by anti-B virus antibodjies, to an i
fectious carrier state, apparently by reactivation of residual virus
their immune system fails.*®° Theoretically, the same thing could o¢
cur in a liver transplant recipient maintained on standard posttran

plant immunosuppression therapy.

Non-A, Non-B Hepatitis

Recurrence of non-A, non-B hepatitis'** °° has not been comm
The low incidence of recurrence may merely reflect the difficulty

establishing the diagnosis.

Other Recurrent Diseases
The only other unequivocal example of disease recurrence

been with the Budd-Chiari syndrome.*® 499 61,562 Tpic can ho p
vented with anticoagulation.”" *** An initial report of recurrence
primary biliary cirrhosis®®* in three patients has recently be
followed by an update on these patients and evaluation of 12 m
primary biliary cirrhosis patients who have survived for more th
1 year. A surprising percentage®® of these long-term surviv
showed clinical and histologic evidence of recurrent disease. Oth
groups have not been able to confirm these observations in larg
series, ™" 5%6=%% although the antimitochondrial antibodies usual
do not disappear after transplantation or else they reappear aft
disappearing transiently.”*®°*® The reason for this discrepancy

not readily apparent, but it appears that cyclosporine m
ease progression and histology of )
either a native liver or allograft.”®® T
bly not be severe or frequent enoug
plantat

1o 370

571,572
ported.*™ 57

: 575,576
munoassays in March 1985.

A syndrome resembling sclerosing cholangiti§ in a liver homo-
raft has been reported,®® but the same diagnosis has been
made after transplantation in patients who had non—blha‘lry tract
disease.”** There has been one report of recurrent autoimmune

Human Immunodeficiency Virus Carrier State

Whether patients with antibodies to HIV shou'ld be excludeq fro.rn
candidacy is an unresolved issue. When screening tests for this dis-
ease became generally available in the spring of 1985, exqmples of
HIV infections in kidney recipients were almost immediately re-

During late 1985, a massive study of the stored sera of 1,043 kid-
ney, heart, or liver recipients treated between 1981 and 1986 was be-
gun at the University of Pittsburgh.””® Eighteen (1.7%) were found to
be asymptomatic carriers. The liver recipients were most corl}moply
affected. In about one third of the liver recipients, the HIV antibodies
were demonstrated in their sera, which had been collgcted and
stored before the transplantation. Seroconversion after llyer‘trans-
plantation occurred in the remaining patients, for a j[otal_ 1n01df3nce
of 2.6%. The liver allograft itself was a source of infection in a minor-
ity of cases,””**"* and most infections were attributed to b;(7)30d com-
ponent therapy. Seroconversion still occurs at P1ttsbprgh, as vyell
as other institutions, despite the institution of screening enzyme im-

Almost certainly the presence of HIV antibodies would have pre-
cluded candidacy if the diagnosis in the foregoing cas'es.had been
made in advance. As it turned out, these unfortunate victims of HIV
as well as 7 additional patients became available for liopg-term stu_dy
under immunosuppression.””” Eleven of these 25 recipients were in-
fected before transplantation, although this was not known until
later in 8. The other 14 were infected perioperatively. Ten of the 25
recipients were infants or children. The organs transplanted were
the liver (n = 15) and the heart or kidney (n = 5 each). After a mean
follow-up of 2.75 years (range 0.7—6.6 years), 13 recipients are alive.
Survival is 7 out of 15, 2 out of 5, and 4 out of 5 of the liver, hear‘tf aqd
kidney recipients, respectively. The best results.were ip the pediatric
group. (70% survival), in which only 1 of 10 patients thd of AIDS. In
contrast, AIDS caused the death of 5 of 15 adult recipients and was
the leading cause of death. Transplantation plus imm}lposuppres—
sion appeared to shorten the AIDS:free time in HIV—posH1ye patients
compared with nontransplant hemophiliac and transfusion control

idental accrual of fﬂlvépositive transplant recipients has

gu

the systematic screening. of donors, recipi-

in 1985, However, patients




It is clear that many patients can have prolonged benefit from li
transplantation in spite of having positive HIV test results. How
use this information for decision making varies from center to cen.
ter. The most commonly accepted policy in the United States is
screen all recipients but not to exclude transplantation solely be
cause of a positive HIV test result. If transplantation is undertaker
the health care personnel must be protected. from infection. It i
miracle that none of the surgeons who operated on our patients
the early 1980s without knowing the risk has (to our knowled
been infected. Screening of potential donors for HIV is obligatory
all- centers, and a 50-minute test for this purpose has been
scribed*”® The use of tests that identify the HIV ahtigens in additi
to the antibodies®* may make donor screening more foolproof th
it presently is.

TIMING OF TRANSPLANTATION

In the early days of liver transplantation, this therapeutic step
eemed so drastic that it was used as a last resort. What was -then
_defensible conservatism has become regressive today if the patient-is
‘allowed to deteriorate to the point of requiring life support systems
‘before thinking of the transplant option. The rapidity of this deterio-
ration is highly variable.

 FULMINANT HEPATIC FAILURE

The diagnosis of fulminant hepatic failure (FHF) can be made
when there is sudden massive necrosis of a liver that previously has
functioned normally **°~°% The.term FHF has not been used for
acute exacerbation of previously unrecognized chronic disease or
for acute Wilson's disease. It was rarely treated with liver transplan-
tation before 1982.°” The results with transplantation has not been
good enough to justify this drastic step for a disease syndrome from
which recovery might occur in 5% to 20% of cases.>**~%% Since then,
FHF has been accepted as an emergency indication for transplanta-
tion in almost every liver transplant program worldwide. In several
large series,*®**"5' the predominant diagnoses have been non-A,
non-B hepatitis, B virus hepatitis, and toxic hepatitis from a variety
of agents. Mushroom poisoning has been a much publicized toxic
etiology.””® In our hands, the original diagnosis has strongly influ-
enced the outcome (Fig 70). The best results have been with B virus
hepatitis.

A decision to proceed with liver replacement often must be made
in'a few hours. The systematic collation of multiple parameters can
help distinguish patients who have a good chance of recovery from
hose who will die without transplantation.*** *** The etiology of the
‘may be an important prognostic determinant.*** Premonitors of
: include relentless progression over a 7- to 14-day
_grade 3 or 4 encephalopathy, oagulopathy, rapid
ith g techniques, met-
)sis 7% °%¢ By the




the hepatology unit at King's College, London, the admission of
ients with FHF to an intensive care unit, the continuous monitor-
of intracranial pressure, and attention to multiple details has re-
ted in greatly improved survival (more than 50%) of patients
ose survival expectation in the past would have been less than
0% > They emphasize the value of IV mannitol treatment as a
ans of brain shrinkage and hypoventilation on respirator control
encourage cerebrovascular vasodilitation by keeping the Pco, ele-
e d.594
similarly, Levy Sinclair and associates of Toronto have reported
e astonishing recovery of patients (10 or 17) with FHF.”** Some of
their patients had liver biopsies in which it was difficult to find a
gle living hepatocyte. They ascribed their success to prostaglan-
din E, namely, Prostin, a synthetic prostaglandin that can be given
travenously or orally. In their opinion, an important, and possibly
he principal, value of Prostin was to preserve the integrity of the he-
tic microvasculature and thus to ensure a viable scaffold on which
generation could proceed.
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FIG 70.
Patient survival (life table method) after liver transplantation in adults and children for
minant hepatic failure. Included are 9 cases of drug-related liver failure, 13 cases of a
B virus hepatitis, 31 cases of acute non-A, non-B hepatitis, 13 cases of acute hepatiti
and 4 cases of fulminant hepatic failure of unknown etiology.

ND-STAGE CHRONIC DISEASE

Ideally, a candidate for liver replacement should have an unequiv-
al need for transplantation but still be well enough to participate
the complex process of recovery. A decision to go forward re-
uires input from the primary physician, who may see gradually
jolving and often appalling social and vocational invalidism that
ay not be evident at first examination. The disability may be re-
ected in the loss of intellectual capacity with encephalopathic de-
entia, frequent hospitalizations for other complications of liver fail-
re, inability to function in a domestic environment, and arrest of
owth and development in infants and children. These issues of
uality of life loom large in most patients long before the truly termi-
al events of chronic hepatic failure. Formulas for candidacy based
n liver function tests have not been helpful because the abnormal-
ies in these tests are so variable from disease to disease or even
ithin the same disease. Patients with cholestatic disorders (e.g., bil-
ry atresia and primary biliary cirrhosis) usually become deeply
undiced with good preservation of hepatic synthetic functions for
long time,*?” °*® %7 whereas patients with hepatocellular disease
hay not be jaundiced in spite of the most profound depressions in
min and prothrombin synthesis.**®

time there is grade 4 encephalopathy and ventilator dependence
usually is too late.
If transplantation is performed before these grave findings, so
livers with reversible lesions may be replaced unnecessarily. A li
biopsy after correction of the coagulopathy may provide decisive
formation. If clotting cannot be corrected well enough to permi
closed needle biopsy, the patient can be explored with a new liver
hand with the option of aborting the operation if the open bio
looks favorable histopathologically. In spite of the pitfalls associa
with liver replacement for FHF, current posttransplant survival ra
of 55% to 75%°**~%' compare favorably with the most optimi
projections of 20% for medical management alone. The results m
it certain that these efforts will continue. The perioperative mortal
frequently has been due to brain stem herniation during or just aft
transplantation, sometimes in spite of continuous monitoring of
tracranial pressure. Early referral to liver transplant centers;
tremely aggressive evaluation plus medical treatment, and an ea
decision for surgical exploration with immediate: transplantation
an option will be necessary to improve results. ‘
It: will be unfortunate if the availabil
the therapeutic pendulum to swi )

long before making a decision




coagulopathies, the hepatorenal syndrome, aspiration pneumoni
subacute bacterial peritonitis, or other end-stage complications
In another center, the mortality in patients considered too well to
placed on the active waiting list was greater than for those admit
to candidacy.’®” When the mistake of underestimating disease sev
ity with the supervention of a catastrophic complication is made,
suscitation is sometimes successful. However, the outlook afters;
sequent transplantation is demonstrably degraded,”®*%® notwi
standing observations in a small group of pediatric liver recipie
that disease severity did not seem to influence posttransplantat
prognosis.®®° ‘

The most precise studies of disease staging vs: posttransplantat
outcome have been in adult patients with primary biliary cirr
sis.?» 5% In the most recent of these investigations,®”" disease sev
ity was defined with a formula in which age, serum bilirubin le
serum albumin level, prothrombin time, and edema severity ac
rately predicted life expectancy without transplantation.®®® T
overall survival in transplant recipients was greatly improved relat
to these predictions (Fig 71). However, the patients who were stil
reasonable condition had a low perioperative mortality and a 2-y
survival of 80%; those with the most serious deterioration had a higl
perioperative mortality and a 2-year survival of only 55% (Fig 72)
The consensus in most centers is that transplantation should
considered at an earlier time before the stage of catastrophic co
plications is reached.®** ‘

Kaplan-Meier
- Mayo model

Survival, %

72. ‘ . '
influence of disease severity on the projected survival vs. the survival achieved with

splantation. Group..1 patients were in the best condiﬁon and group 3 patients in the
st. The prognosis without transplantation was worse in all stratifications, but so were
results after transplantation. This study quantified the penalty of undue prograstlnatlon
ore referral and treatment of patients with this disease. (From Markus BH Dickson ER,
mbsch PM, et al: N Engl J Med 1989; 320:1709-1713. Used by permission.)

Recently, an increasing number of patients with normal li\{er func-
n and nonmalignant hepatic masses have had orth%(gplc frans-
antation for polycystic disease,”’”*' cystic hygroma,™ and ade-

100 matosis. The size of those lesions and the consequent disability
80 [~ d life-threatening complications of the mass lezsions were theh indi-
o HAN tions for operation. The largest of the excised livers weighed
i 60 - \\ 5 kg.GOS
< | N Kaplan-Meier ,
2 e wmwe=— Mayo model
a [ JaN HE QUESTION OF RETRANSPLANTATION
2= \§~\~“*~~§ Before the advent of cyclosporine, retransplantation was a rare
- T ent. Consequently, the graft and patient survival were almos.t syn-
0 ; : l l l ymous (see Fig 69). Almost immediately after the introduction of
0 1 2 3 4 5

closporine, attempts- at retransplantation began t067be made and
th enough success to warrant further such efforts.”™ Now the pa-
t survival curves began. to be 10% to 15% above the graft survival

' s (see Fig 69). In the United States at the present time, approx-
FIG 71. ; , : , e £ graft used for retransplantation. The
Comparison of the projected survival in pal ’ ‘ Y e ; urgent, and many pa-
with transplantation (Kaplan-Meii;) vs. the ; & orse than ful:




NBORN ERRORS OF METABOLISM:
A PANDORA’S BOX

% SURVIVAL

ONE GRAFT TWO GRAFTS THREE OR
MORE GRAFTS . . . . 4
-6 —Lr— —— Patients with liver-based inborn errors of metabolism can be

237, 464, 606639 1t

ated by providing a phenotypically normal liver.
as recognized long ago and confirmed repeatedly since that the
globulins, haptoglobin,**” *** and group-specific component,*** as
ell as other products of hepatic synthesis,**°~*** permanently re-
n the original metabolic specificity of the donor after transplanta-
n. These observations made it virtually certain that liver trans-
antation would become a decisive way to treat the inborn errors of
etabolism that resulted partly or completely from deficiencies of
ecific liver enzymes or from abnormal products of hepatic synthe-
. This expectation has been fulfilled in many patients for whom
low-ups of as long as 18 years after transplantation are available
able 12). With other disorders in which the pathogenesis was not
ell understood, the transplantation itself became a powerful re-
arch tool by showing the extent of correction and by elucidating
e mechanisms by which correction was accomplished (see Ta-
ble 12). In one patient, the opposite of a therapeutic correction was
hieved in that a coagulation defect present in the donor was con-
rred on the recipient.®*
In the majority of these recipients, the inborn error had itself been
sponsible for damage to the liver, and a conventional indication of
er failure or the development of malignant tumors prompted the
er replacement. In these cases, the correction of the metabolic er-
abandonment impljcit i : [ r was incidental. However, an increasing number of transplanta-
ages retransplantz}:tiIOC: i;?aa pghcy that pr eclude's or even disc ns have been carried out solely for the purpose of correcting the
patient who is potentially salvageabl born error, and in many of these latter patients (see Table 12), the
‘ cised liver has been anatomically normal.
Many inborn errors not correctable by liver transplantation can be
ectively treated with allogeneic bone marrow engraftment.®*” De-
ing which kind of transplantation will be effective is crucial
‘engineering is considered. The guide-
increasingly clear.”* %"

T T i T
0 12 24 36 4!8 60
MONTHS AFTER TRANSPLANTATION

FIG 73.

Survival of patients who required only one graft (1,125 cases) is significantly better

0.001) than for patients requiring two transpla
{76 paionte g plants (268 cases) or three or more transp

that if a priIPar_y graft succeeds (Fig 73). The chances of 5-year s
V1v_al with a “take” of the first graft is about 75% (see Fig 73})/ alm
twice as good as the expectation if two or more grafts are ,need
This l'ow success rate with retransplantation has caused ethicists
question t‘he probity of continuing these efforts. Yet the salvage of
many patients whose first grafts have failed seemé more thagn ‘
quate justification for what has been done. .
I.f j[he option of retransplantation was foreclosed, it would ha
chilling effect on donor acceptance since the p};iloso hy of
chance only would discourage the transplantation of pgrifts
more than minimal preservation times and would greatly tighten




BLE 12..

Iﬁﬁfom Errors Treated With Liver Transplantation

Correction
; of Metabolic Longest Associated Liver
Disease Explanation of Disease Defect Survival Disease Reference
o,-Antifrypsin Structural abnormality of the Yes 13 yr* Cirrhosis 606-609
_ deficiency protease inhibitor synthesized in
liver
Wilson's disease Abnormal biliary copper excretion, ‘Yes 16.5 yr* Cirrhosis 606,610~ 616
' : decreased copper binding to
ceruloplasmin, and copper
accumulation in tissues;
autosomal recessive gene mapped
; : to chromosome 13
Tyrosinemia - Fumaroylacetoacetate hydrolase Nearly complete 7.5 yr* Cirrhosis, 617619
deficiency hepatoma
lycogen Glucose-6-phosphatase deficiency Yes 7 yr* Glycogen storage, 620
fibrosis, tumors
Amylo-1: 4,1: 6-transglucosidase Incompletet 4.5 yr* Cirrhosis 606,612
(branching enzyme) defect
Unknown; pancellular disease, liver Not known 4.5 yr* Cirrhosis 621,622
often affected
Sphingomyelinase deficiency, Not known 2 yr (died) None 623
' sphingomyelin storage
Unknown, neurovisceral lipochrome No 7 yr* Cirrhosis 624
storage
Hepatic ferrochelatase deficiency, incomplete 15yr Cirrhosis 625,626

? C tive of

Glucuronyl transferase deficiency

629
\ & mo. None
Peroxisomal alanine: glyoxylate Yes
aminotransferase deficiency
Ornithine carbamoyltransferase

e ) 2.25 yr* None 631

630
Yes 8 mo.* None

Defective C protein synthesis Yes .
632~
* None
Low-density lipoprotein receptor Incomplete 6 yr
deficiency, low-density )
lipoprotein overproduction oy Cirebosis, a 66
Factor VIII deficiency Yes e eation of
blood |
component
therapy .
i i 63
rrhosis, a
i Yes 6 mo. Ci a2 .
Factor IX deficiency e heation o
blood
component
therapy

do—University of Pittsburgh series. Follow-up to January 1989.

nts in University of Colora B o mation,

ylopectin deposits found in heart biopsy 4 yr after tr:




TRANSPLANTATION OF MULTIPLE
- ORGANS

The increasing boldness with which hepatic transplantation has
een applied is evident from the many reports of transplantation of
he liver plus kidney?*'”" 2% 548-651 3nd less frequently used combina-
ons of the liver plus pancreas,*®" liver plus heart,***~%%% 2 and
ver plus heart and lung.®*® In these cases, the liver transplantation
nd transplantation of the other organ have been done in disconti-
uity so that two standard procedures were performed in the same
ndividual. . ,

A different concept has been the inclusion of the liver in visceral
rgan clusters. The most complex operation of this kind has been of
he liver and pancreas plus the entire GI tract in two children with
he short-gut syndrome and secondary liver failure that developed
uring parenteral hyperalimentation.®** ®** One of these grafts (Fig

Foregut Midgut {Hindgut
p '

1
H
]
t
£ i




74) provided function of all of the organs for more than 6 mont
before the recipient died of complications of lymphoproliferative t
mors in the liver.>* With an organ mass of this size, the possibility
carrier lymphoid tissue causing GVH disease was feared. In the lon
est surviving patient, donor pretreatment with OKT3 may have r
duced this threat,®** as has been demonstrated to occur with an
lymphocyte serum in rats.**®

A less drastic version of multivisceral transplantation is the use
an organ cluster in which the pancreas, duodenum, and part of t
proximal jejunum have been included with the liver.>*®*” The
clusters have been used to replace upper abdominal organs th
were removed (see Fig 74) in treating sarcomas and carcinoid t

FIG 76.

Removal of organ cluster graft
from donor. The specimen is
initially cooled with an aortic
infusion of UW solution after
crossclamping the proximal
abdominal aorta. Once the
specimen has been removed with
a Carrel patch containing the
origin of the celiac axis (CA) and
superior mesenteric artery (SMA),
the liver is secondarily perfused
on the back tabie with UW
solution (insert) through the
superior mesenteric vein (SMV).
(From Starzl TE, Todo S, Tzakis A:
Ann Surg 1989; 210:374-386.
Used by permission.)

mors of the pancreas or duodenum with liver metastases (Fig 75),
bile duct carcinomas with liver metastases, and a hepatoma that had
invaded the duodenum and colon.®®” The organs removed from the
recipient in continuity have included the liver, stomach, pancreas,

e et

FIG 77.

Completed reconstruction in the recipient.
(From Starzl TE, Todo S, Tzakis A: Ann
Surg 1989; 210:374--386. Used by
permission.)

FIG 75. o DR M~
The CT scan (top) of patient whose upper abdomen was filled with spindle cell sarcoma al g . ) Wit
the time. of operation. The tumor-laden liver is the structure to the left of the operating ro , L : ""?J)}})}}/}l}]};/ll/////}f/f////

photograph (botton). Most of theright. half of the diaphragm was removed with the spe
imen. The transverse colon is marked: with-white arrows. The margins were free of tum
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FIG 78.
This is an alternative to the reconstruction after an upper abdominal exenteration in which
only the liver is replaced. This operation leaves the patient diabetic, but of 15 patients
treated in this way, 13 are alive with follow-ups of several weeks to as long as 6 months
(From Tzakis A, Todo S, Starzl TE: Transplant Proc February 1990 [in press]. Used by p
mission.)

spleen, duodenum, proximal jejunum, and ascending plus tran
verse colon (see Fig 74). The organs transplanted are shown in Fig-
ure 76. The completed recipient operation is shown in Figure 77.
Of 15 such patients, 9 are alive after 6 to 14 months, 8 without ev-
idence of recurrent tumor. The ninth survivor may have stable pul-
monary metastases. The majority of the survivors have been rehabil-
itated. This experience has illustrated how major components of the
GI tract can be transplanted and has demonstrated how the use o
organ clusters can allow extirpative procedures of a magnitude not
previously imaginable. _ = e G
The major limitations of the cluster operation have been the diffi-
culty of finding appropriate organ donars, the difficulty of the oper-
ation, and the complexity of postoperative care. Considering the fact
that of the organs being replace liver is indispensable, an

alternative was developed in which the same resection was per-
formed but only the liver was transplanted (Fig 78). Fifteen such pa-
tients have been so treated, but the follow-ups are too short to merit
comment. This variation of the original cluster procedure has been
developed as a more pragmatic operation but at the expense of ren-
dering the patient apancreatic. Malabsorption has been a serious
clinical problem thus far, and thus it may influence cyclosporine
doses. The day-to-day treatment of diabetes mellitus has not been
difficult. If management of the iatrogenic diabetes mellitus proves
difficult, pancreas transplantation at a more favorable moment re-
mains an option.




QUALITY OF LIFE

Even in the early days of liver transplantation, the physical and
otional decay caused by chronic liver disease could be stopped
d reversed in many of the recipients who survived chronically.
e most powerful determinants of their quality of life were the liver
nction profile at the 1-year convalescent mark and the quantity of
roids needed to maintain this function.®*® The adverse steroid
ctor in the quality of posttransplant life has been reduced since
e introduction of cyclosporine. Several studies have shown the re-
arkable restoration of physical and emotional well-being that can
expected in infants and children,®*®~**° including resumption of
rowth or even catch-up growth.®!
Similarly, a recent group of adult liver transplant recipients stud-
ed objectively before and again 2 years after operation demon-
trated broad improvement in social interaction, home management,
alertness, the utilization of recreation and leisure time, and overall
sychosocial functioning.®** A number of other findings were ob-
ained from these investigations. First, the severity of stress experi-
nced by the patient and the spouse after transplantation correlated
ignificantly with the ease of recovery. More than 90% of the recipi-
nts who had a single transplantation state that they have no prob-
ems or only minor health problems 2 years after transplantation.
More than 85% have returned to work and state that they are able to
erform their jobs well. In contrast, the smaller number who re-
uired more than one transplant had a much poorer outcome, with
nly 43% being able to work because of one or more disabilities.
The follow-up of patients treated in the cyclosporine era dates
ack to only 1980. However, a bellwether group of survivors remains
om an original series of 170 patients treated from 1963 to 1979.57 ¢
Twenty-eight of these recipients are still living after 10 to 19 years.
hese represented exactly one half of the survivors at 1 year. Only
o patients who were alive at 5 years died subsequently. One of the
ate deaths ‘was caused by chronic rejection 12.5 years after retrans-
om a lymphoma after 13.5 years.
in the long survivors.’®




THE OPTION OF AUXILIARY
TRANSPLANTATION

With the auxiliary operation, as originally described in unmodified
dogs,* the extra liver was placed in the right paravertebral gutter,
earterialized from convenient adjacent vessels, and provided with a
portal venous inflow with systemic blood from the recipient iliac

Recipient vessels
intact

—— Celiac axis
graft

Donor LV.C.

Jejunum
(timb of Roux-en-y)

ina of auxmary liver transplantatio hat has permitted severa! long-term suc-



much more severely damaged than were orthotopically placed liv
ers, primarily because of rapid hepatocyte atrophy.®®* These advers
effects could be prevented by diverting splanchnic venous flo
thlé(g;lgh the auxiliary liver and away from the recipient’s own liv
er,”" suggesting that the splanchnic venous blood contained spe
cific liver-supporting factors. The most important of these so-calle
portal hepatrophic substances was proved to be insulin 2 666

The condition of providing a splanchnic venous inflow to the gr
has been met in almost all of the subsequent clinical trials, which by
1978 numbered more than 50 (Fig 79).°” Auxiliary liver transplanta-
tion with unquestionable prolongation of life was first achieved g
the New York Memorial Hospital on December 13, 1972.°® The I\
cipient, who had biliary atresia, still is alive with a follow-up of mo
than 16 years.*®® In 1980, Houssin and associates in Paris reported
29-month survival of an adult who was given an extra liver 7 Th
patient was HBsAg-positive and died 8 years following transplant
tion from a hepatocellular carcinoma in his host liver (H. Bismut
personal communication, January 1989).

With the increased success of orthotopic liver transplantation, i
terest in auxiliary transplantation waned. Very few further effort
were reported in the last decade®”! The resulting pessimism h
been lightened by a recent report of the transplantation of whole Ii

MITATIONS

Organ supply increasingly will influence candidacy criteria. How-
er, discussions about rationing transplant services for this reason
e premature since the balance between the need and supply of liv-
s has not been determined. In the United States, the yearly rate of
liver transplantations has reached approximately 1,600,°”® averaging
147 per month between July and December 1988 (Dr. William
Vaughn, United Network of Organ Sharing, personal communication,
1989). The annual European total is approaching this figure.®™

~ Policies about organ donation will have to be reexamined if sub-
stantial further growth is to occur. Probably, many potential liver do-
nors are being rejected for inappropriate reasons. The arbitrary up-
per age limit for liver donors observed by most programs®”® cannot
be justified since the liver is the only organ that does not undergo
senescence.®”® Atherosclerosis of its arterial supply usually is not
found beyond the origin of the celiac axis.®”® A limited experience
with livers from donors older than 50 years has been encouraging.®””
Other potential donors of all ages often are excluded because of
poor blood gases, a need for inotropic or vasopressor drugs, minor
abnormalities of liver function test results, or the existence of other
diseases such as diabetes mellitus.°”® The results with such donors
both in the United States'®" '®* and Europe'®® have been as good as
with so-called perfect donors. The use of better preservation tech-
niques®' % that allow safe storage of liver grafts for 1 day instead of
the previous 6 or 8 hours should reduce organ wastage, since with
this extra time, countrywide and worldwide networks of organ shar-
ing can be set up. :

times.””* At the time of reporting with follow-ups of 5 to 23 month.

all six recipients were alive. Cautious further trials undoubtedly wi
be forthcoming.

ECONOMIC FACTORS

The ability to pay for liver transplantation has had a profound in-
fluence on candidacy. Ironically, the feasibility first and then the
practicality of liver transplantation were established without consid-
ering how to finance this revolutionary form of therapy. In 1983, a
planning commission for the state of Massachusetts estimated the
average cost of liver transplantation in the first year would be
; ' costs were only one third this high




112111 abl'elllrge program already in existence.'™ It is clear that astrong
tc i ls can‘be generated if patients are too disabled by the tim
ransplantation, if the first liver graft does not function well, ar

serious complication : .
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transplant, 121
Choledochocholedochostomy: with T
tube stent, 1
Choledochojejunostomy, 1
Cholestasis: hepatocanalicular, 55
Cirrhosis
alcoholic, survival after liver
transplant, 121
biliary, survival after liver
transplant, 121, 134
Laénnec'’s, 125-126
postnecrotic
survival after liver transplant, 121,
122 :
survival rates after liver
transplant, 119
Clones
cyclosporine-resistant, development
of, 78
expansion, lymphocytes and
cyclosporine, 78

“rogue,” FK 506 and cyclosporine,
79
CMV (see Hepatitis, cytomegaloviral)
Cold
fluid into aorta, 9
ischemia, 49
preservation injury, 53
Colony-stimulating factor, 66
Complement
3a, 65
5a, 65
Computed tomography: of abdomin.
sarcoma, 142
Conduit biliary reconstruction: with
gallbladder, with
Waddell-Calne technique, 37
Connective tissue: necrosis, 48
Cooling
core
hypothermia and, 4-6
of liver with aortic infusion, 10

for multiple organ procurement,

6-7
initial, 4-12
perfusion after, ex vivo, 13
in situ
first technique, by extracorpore
hypothermic perfusion, 5
principle of, 8
liver, 9
Core (see Cooling, core)
C protein deficiency, 139
Crigler-Najjar syndrome, 139
Crossclamping, 27
of aorta, 143
CT: of abdominal sarcoma, 142
C3a, 65
Cut-down liver, 40
Cyclosporine, 73-76, 125
Eck fistula model for study of,
75
with FK 506
kidney function and, 83-84
‘rogue” clones and, 79
limitations of, 73-74
liver regeneration and, 74-76
lymphocyte cultures and clonal
expansion, 78
with prednisone, 110, 119

78 .
with steroids; 121, 122
Cystic fibrosis, 138

-resistant clones, developmént of;

Cytokines: activated by endotoxin, P

6566 , ,

. . Fat: lysed hepatocyte

Cytomegaloviral (see Hepatiis, Fatty vacuolization: o
cytomegaloviral) 53

Fibrin deposition,.
Fibrosis: cystic;, 138

D Fistula: Eck, model :

Dearterialized liver: biloma formation
within, 46
Development, 3—~41
Diagnosis, differential
of drug injury, 115
of graft dysfunction, 85-99 .
of toxic injury, 115
Donori(s)
ABO-compatible, perioperative
immune events with, 5760
ABO-incompatible, perioperative
immune events with, 6063
anomalies, 10-12
cadaveric, total midline incision for,
7
hepatectomy, 4-12
non-heart-beating, liver
procurement in, 7-10
Drug injury: differential diagnosis,
115

FK 506, 76-84
with cyclospori

g

al

Eck fistula model: for cyclo
study, 75
Economic factors: hmm
transplant, 151
Embryonal delineation
region, 141
Endorphin, 66
Endothelial cell: denud:
Endotoxemia, 63,——‘
Endotoxin
levels
{in dog), 6768
at end of anhepatlc phase
graft survival, 69
soluble mediators acnvated ]
65-66
Epstein-Barr virus hepatms,
105-108
Erythropme ic protop rphyria, 138
Al FVoothormi




Hepatectom:
donor, 4-12
recipient, 23— 26

Hepatic artery
clotting, early, 47
originating from superior

mesenteric artery, 11
alternative methods for, 12
right, anomalous, splenic artery
anastomosis to, 11-12

thrombosis, 48
Hepatic duct: common, homograft,
typical extrinsic mass effect on,
35
Hepatitis
A virus, 113
acute, 132
adenoviral, 108
B virus, 109-112
acute, 132
chronic, carrier state, 127-128
chronic, survival after liver
transplant in, 110
infection of allograft, 111
cytomegaloviral, 102—104
histologic features, 103
necrosis in, 103
Epstein-Barr virus, 105-108
herpes simplex, 104105
non-A, non-B, 112-113, 128
acute, 132
histologic appearance, 113

opportunistic viruses, 102

varicella-zoster, 104—105

viral, allograft, clinicopathologic

features, 102108
viruses, 109-115
Hepatobiliary cancer: survival after
liver transplant, 119, 122
Hepatocanalicular cholestasis, 55
Hepatocellular
cancer, survival after liver
transplant, 123 )
carcinoma, survival after liver
transplant, 123, 124
necrosis in reperfusion biopsy, 54
Hepatocytes
blood formation, 53
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Hilar necrosis, 48 '
Histiocyte: sea-blie histiocyte
syndrome, 138 -
Histocompatibility: influence of,
117-118
HIV carrier state, 129130
Homograft '
hepatic duct, typical extrinsic ma
effect on, 35
vascular, 12
washing out, technique, 32
Human immunodeficiency virus
carrier state, 129~130
Humoral rejection (see Rejection,
hyperacute) '
Hypercholesterolemia: familial, 139
Hyperoxaluria: type 1, 139
Hypothermia: and core cooling, 4-6
Hypothermic perfusion:
extracorporeal, 5

I

IL (see Interleukin)
Immune events, perioperative,
57-70
with ABO-compatible donors,
57-60
with ABO-incompatible donors,
6063
endotoxemia, 6370
Immunosuppression: due to rat liver
transplant, and tolerance
induction, 8687
Inborn errors of metabolism,
137-139
as Pandora’s box, 137-139
survival after liver transplant, 121,
122
Indications: for liver transplant, 120
Infant: very small, transplantation of
liver in, 126
Infections, 101108
bacterial, 101-102
fungal, 101-102

Intestinal d
101
Ischemia, 49-56
cold, 49
warm ischemia time, 49

K

Kidney
function, cyclosporine and FK 506,
8384
transplant (see Transplantation of
kidney)
Kupffer's cell hypertrophy, 103

L

Laénnec’s cirrhosis, 125-126
Leukocyte(s)
adherent to hepatocytes, 53
sludging, 44
Leukotrienes, 65
Life: quality of, 147
Liver
benign disease, 124130
biopsy before and after FK 506, 81
cancer (see under Cancer)
cooling, 9
core, with aortic infusion, 10
cut-down, 40
dearterialized, biloma formation
within, 46
disease _
end-stage chronic, timing of liver
transplant in, 133~135
" severity and projected survival,
135
Epstein-Barr virus in, 106
failure
drug-related, 132
fulminant, survival after liver
transplant, 119, 132
fulminant, timing of liver
transplant in, 131-133
function tests and FK 506, 8182
granuloma due to adenovirus, 107

74-76
removal .
from above downward; 28
from below upward, completion of,
25
from below upward, technique, 24
replacement (see Transplantation of
liver)
transplantation (see
Transplantation of liver)
Lymphocytes
cultures
clonal expansion of cyclosporine,
78
technique, 77
interleukin 2 and, 77
Lymphocytosis: sinusoidal, and
Epstein-Barr virus, 106
Lysed hepatocytes: releasing fat, 44

M

Macrovesicular steatosis, 44
Malignancy {see Cancer).
Mesenteric artery, superior
origin folded with celiac axi§, 13
right hepatic artery originating
from, 11
alternative methods, 12
Metabolism (see Inborn errors of
metabolism)
Microvascular injury, 49
Model: Eck fistula, for cyclosporine
study, 75
Mucocele: formation prevention, 36
Multiple organis)
procurement
core cooling for, 6-7
in situ cooling for, principle of,
8
transplantation of, 141-145
Multiple previous surgery, 126127

N

Necrosis
bile duct, 48
connective tissue, 48
in hepatitis, cytomegaloviral, 103




tumor necrosis factor, 66
Niemann-Pick disease; 138

0 N
Older age, 126
Organ
cluster operation, 141145
multiple (see Multiple organ)
supply limiting liver transplant, 151
Original disease, 119-130
Orthotopic liver transplant, 1
Outcome, 119-130

o

PAF, 65
Perfusion
ex vivo, after initial cooling, 13
hypothermic, extracorporeal, 5
Perioperative immune events (see
Immune events, perioperative)
Piggyback technique, 27-30
recipient vena cava preparation
steps for, 29
Platelet-activating factor, 65
Portacaval shunt model: for
cyclosporine study, 75
Portal vein
graft from, antepancreatic, 33
thrombosis, 126 -
Prednisone: with cyclosporine, 110,
119
Preexisting disease: early graft
function in, 43-45
Preservation, 1218
cold injury, 53 .
ex vivo perfusion after initial
cooling, 13
slush
techniques, 14
UW solution for, 14-18
vena cava, 27-30
inferior, 29
Prevention: of rejection, 7184
Procurement
liver, in non-heart-beating donors,
7-10
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Pump-driven veno-venous bypass, 20

Q
Quality of life, 147

R

Recipient
closure, 26
crossclamping, 27
hemostasis for, 26
hepatectomy, 23-26
incision for, 19
operation, 18—41
modifications of standard
procedure, 3841
Reconstruction
after abdominal exenteration,
upper, 144
biliary, 34-36
gallbladder conduit, -
Waddell-Calne technique for,
37
in multiple organ transplant, 143
after transplant to child with situs
inversus, 39
Waddell-Calne (see Waddell-Calne
technique)
Rejection
acute cellular, 91-96
histopathologic grading system, 95
histopathology of, 93
antibody-mediated, histopathology,
62
chronic, 96-98
histopathologic features, 97
clinicopathologic features, 9199
humoral (see hyperacute below)
hyperacute, 57
diagnosis, criteria for, 63.
of liver transplant in rat, early
histologic events, 91
prevention, 7184
tolerance induction and, 8591

Revascularization: of graft, 3034

“Rogue’ clones: FK 506 and
cyclosporine, 79

Rubber: silicon rubber compound, 52

S

Sarcoma: abdominal, CT of, 142

Sclerosing cholangitis: survival after
liver transplant, 121

Sea-blue histiocyte syndrome, 138

Shunt: portacaval, model for
cyclosporine study, 75

Silicon rubber compound, 52

Sinusoidal endothelial cells, 53

Situs inversus: in child,
reconstruction after transplant

to, 39
Sludging: leukocyte, 44
Slush
preservation, UW solution for,
14-18
techniques, 14
Solutions

test, characteristics and
constituents, 16
UW (see UW solution)
Space of Disse: loss of, 53
Splenic artery: anastomosis to
anomalous right hepatic artery,
11-12
Steatosis: macrovesicular, 44
Stent: T tube in
choledochocholedochostomy, 1
Steroids, 125
with cyclosporine, 121, 122
Swelling: of centrilobular hepatocytes,
55

T

Technical failure, 45--49
Test solutions: characteristics and
constituents, 16

‘contributing to, 49
Timing: of transplantation, 131-136
Tissue factor, 65
Tolerance induction
effector pathways, 90-91
immunosuppression due to rat
liver transplant and, 86—89
inductive pathways, 8990
rejection and, 8591
Tomography, computed: of
abdominal sarcoma, 142
Toxic injury: differential diagnosis,
115
Transplantation of kidney
human prototype, 72-76
survival, 72
Transplantation of liver
auxiliary, option of, 149-150
candidacy, 119130
potential candidacy pool,
124-130
cholangitis after, 47
cooling (see Cooling)
development, 3-41
donor (see Donor)
dysfunction, differential diagnosis,
85-99
economic factors limiting,
151-152
function, early graft, 43—56
graft syndromes vs. time after
transplant, 102
indications for, 120
infection in (see Infections)
organ supply limiting, 151
original disease, 119~130
orthotopic, 1
outcome, 119130
in preexisting disease, 4345
preservation (see Preservation)
procurement (see Procurement)
in rat, unique. properties, possible
mechanisms underlying,
87-88
recipient (see Recipient)
reconstruction to child with situs
inversus, 39
rejection (see Rejection)




Transplantation of liver (cont.) preservation, 27-30
retransplantation (see recipient, preparation steps in
Retransplantation) piggyback technique, 29
survival after one graft vs. survival retrohepatic, cleaning the
after two or more grafts, 136 dissection, 31
survival rates, 73 Veno-venous bypasses, 20—23
technical failure, 45-49 pump-driven, 20
timing of, 131-136 Vessels
tolerance induction (see Tolerance grafts, 14, 15
induction) homografts, 12
Transplantation of multiple organs, microvascular injury, 49
141145 small, anastomoses, avoiding
T tube: stent in strictures, 34
choledochocholedochostomy, 1 thrombosis, “medical” factors
Tumor(s) contributing in, 49
benign, survival after liver Viruses
transplant, 124 adenovirus (see Adenovirus)
necrosis factor, 66 hepatitis (see under Hepatitis)
Tyrosinemia, 138 HIV carrier state, 129-130
u w
Ultrastrgcturg: of endothelial cells, Waddell-Calne technique
sinusoidal, 53 . complications, 38
Urea cy Cl? enzyme deficiency, 139 for gallbladder conduit biliary
uw so.lut.lon . reconstruction, 37
aortic infusion of, 143 Washing out: the homograft,
for slush preservation, 14-18 technique, 32

Wilson's disease, 138

vV

Vacuolization: fatty, of hepatocytes, Y
53
Varicella-zoster hepatitis, 104—-105
Vein (see Portal vein)
Vena cava 7
inferior, liver transplant piggyback '
onto, 29 Zoster-varicella hepatitis, 104—105

Young age, 126




