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EXPERIMENTAL AND CLINICAL HOMOTRANSPLANTATION
OF THE LIVER*

T. E. Starzl,t T. L. Marchioro, R. T. Huntley, D. Rifkind, D. T. Rowlands, Jr.
T. C. Dickinson, W. R. Waddell

Departments of Surgery, Pathology, and Medicine, University of Colorado Medical Center
and Veterans Administration Hospital, Denver, Colo.

Until the present time, whole-organ hepatic homotransplantation has been a
disappointing procedure, both in experimental animals and in man. The operation
itself carries a high immediate risk, especially in the dog, which is peculiarly
subject to an anoxic hepatic injury termed “outflow block.” In reported canine
experiments, the majority of animals have failed to recover from the acute effects
of operation. Because of the fact that it has not been possible to obtain a con-
sistently satisfactory preparation, evaluations of the efficacy of immunosuppres-
sive regimens for the prevention of rejection have never been published.

In the following remarks, attention will be directed to the influence of therapy
with azathioprine, or azathioprine plus prednisone, upon the rejection process in
dogs and in five patients receiving hepatic homografts after removal of their own
livers. Since efforts to obtain long-term survival were eventually futile in both
groups, an analysis of the reasons for failure will be attempted. Finally, alterna-
tive solutions will be presented which are designed to avoid the many pitfalls that
have thus far precluded success.

ORTHOTOPIC HOMOTRANSPLANTATION IN D0Gs USING L1vING DONORS

Twenty-five dogs had replacements of their own livers with hepatic homografts
obtained from living canine donors, employing a previously described technique.?
The donor organs were removed from healthy animals, which had been cooled to
30-32° C. At the moment the hepatic arterial circulation was interrupted, perfu-
sion of the liver was begun with chilled lactated Ringer’s solution (10-15° C.)
through the portal vein. The inferior vena caval and portal systems of the recipient
dog, which must be temporarily occluded during insertion of the liver, were
joined with a temporary portacaval anastomosis and then decompressed with a
single external by-pass (FIGURE 1) from the inferior to the superior vena caval
systems.! The upper vena caval, lower vena caval, hepatic arterial, and portal
venous anastomoses were done in that order, and the temporary portacaval
anastomosis subsequently taken down so that the vascular supply to the homo-
graft was essentially normal.! Internal biliary drainage was provided with a loop
cholecystenterostomy. Two to 10 mg./kg. per day of azathioprine were given
postoperatively to all animals (FIGURES 2 and 3), supplemented in a few cases
with 20 to 100 mg. per day of subcutaneous prednisolone or prednisone (FIiG-
URE 3).

Eleven of the 25 animals lived for less than three days after operation (TABLE
1). Ten of the early deaths were due to hemorrhage, either into the peritoneal
cavity or the gastrointestinal tract, and in all of these cases there was some
evidence of hepatic outflow block. With this syndrome, the liver becomes swollen
and congested, and frequently hemorrhagic gastroenteritis develops, which is

* Aided by Grants A-6283, A-6344, HE07735, AM 07772, Al 04152, and OG 27 from the
U.S. Public Health Service.
+ Markle Scholar.

[

S




2 T nd

L R

iy

W

T340y

RYX

FHas

Ty tee MW

740 Annals New York Academy of Sciences

Femoral vein%

FiGure 1. By-pass system employed during orthotopic homotransplantation of the canine
liver. A temporary side-to-side portacaval shunt is performed to bring the splanchnic and sys-
temic venous pools into communication. A single plastic external by-pass is then used to
decompress both systems during the period of necessary venous occlusion. The portacaval
anastomosis is later taken down and lateral repair of the two vessels is carried out. (By per-
mission of Surgery, Gynecology & Obstetrics. 111: 733. 1960.)
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FiGure 2. Course of dog receiving total hepatectomy and orthotopic liver homograft. Note
that the only unequivocal abnormality in the chemistries was a rise in SGOT during the third
week which had returned to normal before death. The animal was reexplored for liver biopsy
on the 24th postoperative day, and did not awake from anesthesia. The cause of death was
pneumonia.

presumably due to acute portal hypertension resulting from the vascular ab-
normality within the liver. Two animals had pulmonary emboli, findings which
presaged a series of unexpected complications encountered in later clinical ex-
perience. It will be noted (TABLE 1) that many of the animals which failed to
survive the operation had longer ischemic intervals than those with a more
benign course.

The remaining 14 animals lived for 3 to 31 days. In approximately two-thirds
of these dogs, death ultimately resulted from pneumonia (TABLE 1); other causes
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Canine orthotopic liver homograft. Note the early rise in alkaline phosphatase

have been reversed during the added administration of predni-

sone. Terminally, the animal became jaundiced. The primary cause of death was a perforated
gastric ulcer, although pneumonia and a pulmonary embolus were also found.

were perforated gastric ulcer, peritonitis, liver abscess, or intussusception. Rejec-
tion per se was not a clearly demonstrable factor in the inability to obtain longer
survivors. The characteristic sequence of rejection observed in untreated animals,
in which hepatic failure is invariably manifest after four to six days,2—4 was
prevented by the immunosuppressive regimen (FIGURES 2 and 3). Jaundice was

late in onset (FIGURE 3),

or was prevented altogether (FIGURE 2) in virtually

every case. Cyclic changes were observed in the serum SGOT and alkaline
phosphatase (FIGURES 2 and 3), and alterations in an abnormal direction were

sometimes reversed with th

e addition of prednisolone (FIGURE 3).
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TaBLE 1
ORTHOTOPIC CANINE HEPATIC HOMOTRANSPLANTS
Ischemia | Survival Bistologic
No. (min.) (days) Cause of death Tejection

1 65 11 Pneumonia Moderate
2 75 1 Outflow block; hemorrhage Absent

3 62 25 Pneumonia; pulmonary edema Mild

4 52 31 Pneumonia; pulmonary embolus; Moderate

perforated gastric ulcer

S 66 9 Pneumonia; hepatic abscess Mild

6 64 1 Outflow block; hemorrhage Yione

1 60 2 Outflow block; hemorrhage tione

8 90 2 Pneumonia lione

9 103 12 Disrupted cholecystenterostomy Vin tissue
10 82 1 Outflow block; hemorrhage tione
11 106 0 Outflow block; hemorrhage Yione
12 66 12 Intussusception 14ild
13 82 1 Outflow block; hemorrhage Yione

14 68 4 Intussusception Yo tissue
15 85 0 Outflow block; hemorrhage sione

16 66 12 Pneumonia Mild

17 87 5 Pneumonia Yione

18 56 9 Pneumonia Moderate
19 56 3 Pulmonary embolus one

20 64 20 Pneumonia Moderate
21 75 1 Outflow block; hemorrhage None

22 54 9 Pneumonia Mild

23 63 2 Outflow block; hemorrhage »one

24 S5 7 Pneumonia; hepatic abscess No tissue
25 64 1 Outflow block; hemorrhage None

In contrast to the extensive structural disorganization seen in u:‘reated ani-
mals,23:56 the hepatic parenchyma was usually well preserved, bot}, ir, those ani-
mals dying at an early (FIGURE 4) and at a later time (FIGURE 5). |5, specimens
obtained after one week, there was often a minimal mononu.icar cellular
infiltrate which was concentrated in the intrahepatic periportal z-eas; and in
many of the livers, there were focal areas of necrosis, which were 11,4t frequently
near the central vein (FIGURES 4 and 5). Extensive loss of hepat. . stes was ob-
served in only three instances: one after 9, another after 20, and *- third after
31 days (FIGURE 5b).

The evidence of good hepatic function in the early postoperz* ,e period of
these dogs is noteworthy, in view of the observations to be reporte? - the follow-
ing sections. Prominent early bilirubinemia or sharp rises in s¢:.-y SGOT or
alkaline phosphatase occurred only rarely.

Coagulation studies were performed in eight animals. Euglob. . lysis time
decreased on an average of 63 per cent (indicating the presenc. ~f circulating
fibrinolysins) during or just after completion of transplantatior, »ith rebound
to 108 to 318 per cent of control within 24 hours. Slight drops in { -rinogen were
seen during operation, the average decline being 15 per cent of co:- -+, Transient
rises in thrombin time occurred, lasting only a few hours.

CANINE HOMOTRANSPLANTATION WITH CADAVERIC Lyizas

Ten dogs had replacement of their own livers with hepatic ho: c.prafts, which
were obtained from recently sacrificed normal dogs. Thgse exper --ents were re-
ported fully in a previous publication,” and are summarized in 1s2.£ 2. Briefly,

~ . -
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FIGURE 4. Orthotopic hepatic homografts from dogs who died early in the postoperative
course. (a, above) Dog No. 17, died of pneumonia after five days. Note absence of cellular

infiltrate. (6) Dog. No. 18, who died of pneumonia nine days after operation. Note small
numbers of mononuclear cells in portal areas, and central congestion. H & E stain (X 80).

the dog cadavers were perfused .with an extracorporeal hypothermic perfusion
system beginning from 1 to 22 minutes after death and continuing for one to
eight hours before removal and insertion of the homograft. The technique of the
actual transplantation, and the postoperative care were comparible to that de-
scribed in the preceding section.

Half of the animals did not survive the operative procedure, the invariable
cause of death being hemorrhage, usually in association with hepatic outflow
block. Survival beyond five days could not be obtained (TABLE 2), hemorrhage
also accounting for three of the five delayed deaths.

There was evidence of profound acute liver injury in every case. Sharp rises in
serum SGOT, alkaline phosphatase, and bilirubin were seen immediately after
operation (FIGURE 6), changes which were not commonly observed in those
animals which received homografts from living donors.

Histologic studies of the homografts in these dogs showed the hepatic conges-
tion and central necrosis which are characteristic of outflow block. Cellular in-
filtration was not prominent.

The difference in function between those animals which received cadaveric,
as opposed to high quality homografts from living donors, is of interest, especially
in relation to clinical application. The use of cadaveric organs, even under highly
controlled laboratory circumstances, has not resulted in the procurement of con-
sistently good hepatic tissue. The difference in results obtained in this series, as

Starzl et al.
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compared to those reported in the preceding section, demonstrate the importance
of employing minimally damaged livers for hepatic transplantation.

AUXILIARY LIVER HOMOGRAFT

Hepatic homografts were transplanted to the lower abdomen in 13 animals
after the method of Goodrich and his associates,® without removal of the dogs’
own livers (FIGURE 7). The hepatic artery was connected end-to-end to the left
common iliac artery or end-to-side with the aorta. The portal vein was anasto-
mosed to the terminal vena cava and the hepatic venous outflow to the infrarenal
inferior vena cava (FIGURE 7). Internal biliary drainage was provided with a
cholecystoduodenostomy. The homografts were obtained from living donors as
described in the first section of this paper. Mean ischemia was 35.5 minutes.
Methods of immunosuppression were comparable to that in the other types of
canine homotransplantation as previously described.

Postoperatively, studies of the vascular supply to the homografts were per-
formed in nine animals after 20 to 28 days by transfemoral dye injection. In
those dogs with patent vascular anastomoses, both the arterial and venous supply
were relatively intact out to peripheral intrahepatic branches (FIGURE 8), al-
though the outline of the liver was invariably noted to be smaller than had been
the case at the time of its insertion. The dye passed freely through the hepatic
vascular bed without holdup. The hepatic arterial supply was demonstrated to be
patent in all 13 animals, either angiographically or at autopsy. The portal vein
was patent in eight and occluded in five cases (TABLE 3).

FiGURE 4b.
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FiGure 5. Orthotopic hepatic homografts in dogs with delayed mortality. (a, above) Dog
No. 3, died of pneumonia and pulmonary edema 25 days postoperatively. A few mononuclear
cells are in the portal area. (b) Dog No. 4, who died of a perforated gastric ulcer, pneumonia,
and a pulmonary embolus, 31 days postoperatively. The areas of parenchymal loss in the lower
field contain a few strands of fibrous tissue. Portal areas have small numbers of mononuclear
cells. H & E stain ( X 80).

In four dogs, the recipient's own liver was removed 27 to 28 days later
(FIGURE 9), with a previously described technique.? Special efforts were not made
to provide constant intravenous glucose infusion postoperatively. All four animals
died within 12 to 48 hours, although two awoke from pentobarbitol anesthesia.
At autopsy, no explanation for death could be found, and it was concluded that
the animals died of hepatic insufficiency. Hemorrhage, such as that which in-
variably follows total hepatectomy, had not occurred.

Seven other animals died from a variety of causes from 13 to 27 days after
homotransplantation, most commonly after anesthesia for biopsy or angiography.
Two dogs are alive after 35 and 42 days (TABLE 3).

Although there were quantitative differences, the biochemical determinations
followed a similar pattern in every animal. Invariably, rises in plasma fibrinogen
occurred during the first few days after transplantation (FIGURE 10), to as high
as 1,000 mg. per cent, with usual return to control values. Rises in SGOT and
alkaline phosphatase were seen at an early time with later return toward normal
(FIGURE 10). Jaundice developed in only one animal.

In all 13 cases, the homografts were much smaller at the time of reoperation
for biopsy or recipient hepatectomy than had been the case at the time of trans-
plantation, the gross estimate usually being that the hepatic homograft mass was
reduced to 50 per cent. Weights ranged from 150 to 400 grams. Nevertheless, the
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gross appearance of the homograft was that of a relatively normal but diminutive
organ.

All the homografts had some varying histologic evidence of rejection, a repre-
sentative example being shown in FIGURE 11. There were periportal aggregates
of mononuclear cells. Hepatic architecture was recognizable in all but multiple
areas of focal necrosis were present which, in some cases, were very extensive.
The dog’s own liver was normal in four of the 13 days (FIGURE 11a). In the
others, there were acute changes in the host liver which ranged grossly from dis-
coloration to extensive areas of patchy necrosis. Histologically, there were a
variety of changes, including focal necrosis, bile duct proliferation, fatty meta-
morphesis, and focal hemorrhage.

HumaN HOMOGRAFTS AFTER RECIPIENT HEPATECTOMY

Five patients have been treated with hepatic homografts after removal of their
own diseased livers. The indications for operation were congenital biliary atresia
in one case, and primary malignancy of the liver in the other four. The first
patient, a three-year-old child, died on the operating table of uncontrollable
hemorrhage. The last four lived for 6 to 23 days. The surgical techniques (FIG-
URE 12), methods of organ preservation, details of immunosuppressive therapy,
causes of death, and the pathologic studies have all been previously reported.19:11
The salient features of the cases are recapitulated in TABLE 4. In treating these
patients, important additional aspects of liver transplantation were noted which
had either not been recognized or were not present in the earlier work with dogs.

FiGURE 5b.
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TABLE 2
CANINE HEPATIC HOMOGRAFTS FROM CADAVERIC DONORS
Total time from
Perfusion started death to
Dog post-mortem revascularization Survival
no. (min.) (hr., min.) post-transplant Cause of death
1 7 2,3 No Hemorrhage
2 4 3, 54 No Hemorrhage
3 b 4,22 No Hemorrhage
4 Immediate 3 No Hemorrhage
5 7 2,18 4 days Bile peritonitis
6 8 3,38 No Hemorrhage
7 4 3,42 S days Intussusception
8 Immediate 8,18 2 days Hemorrhage
9 5 4,55 3 days Hemorrhage
10 22 4,47 24 hours Hemorrhage

Principal empbhasis in the following remarks will be given to such new observa-
tions.

Not surprising was the much greater durability of the human compared to the
dog liver homograft. In the animal experiments described in the preceding
section, it was pointed out that even relatively minor degrees of ischemic injury
led to the syndrome of ‘“outflow block,” and that it was impossible to obtain
survival for more than a few days with the use of cadaveric dog donors. In con-
trast, acute hepatic congestion was not noted in any of the human homografts,
despite the facts that the cadaveric sources from which they were obtained were
far from ideal (TABLE 4), and that'the intervals from donor death to revasculari-
zation in the recipient ranged from two and one-half to seven hours. The magni-
tude of acute damage to these organs varied, but it was considerable in each in-
stance as evidenced by sharp rises in serum SGOT and early bilirubinemia (FIG-
URE 13), the early rises in SGOT ranging from 400 to more than 2,000 S-F units,

250
200 2.0
SGOT BILIRUBIN
mgm %
150 H.S
——_PERFUSION
100 ———ACUTE TRANSPLANT o
50 1.5
y/ -
= N————
3 (o}
TRANSPLANT 5 10
TIME IN DAYS

FIGURE 6. Orthotopic canine liver homotransplantations, showing the difference in behavior
with cadaveric and with living donors. The dog treated with a living donor (solid lines) had
minimal changes in SGOT and bilirubin. The animal which received a cadaveric transplant
(dashed lines) had marked rises in serum SGOT and bilirubin. The latter animal died in five
and one-half days. (By permission of Surgery. 54: 900. 1963.)
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FiGure 7. Technique of auxiliary liver homotranspl
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FIGURE 8. Angiographic studies of AHH-3. (A, above) Portogram obtained with trans-
| femoral dye injection. (B) Hepatic arterial circulation determined with retrograde transfemoral
» ogs .

aortography. The left external iliac artery was attached end-to-end to the hepatic artery. Note
L? the excellent filling of small peripheral branches of both the arterial and venous systems.
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FIGURE 9. Second-stage removal of recipient’s own liver after auxiliary liver homotrans-
plantation. In some cases, hepatectomy was performed without the aid of an external by-pass.
After this operation, the homograft is the only remaining hepatic tissue.

and the bilirubin levels rising to as high as 42 mg. per cent.

While it is encouraging to note the biochemical evidence of reversibility of the
ischemic effects (FIGURE 13), the degree to which the early hepatic injury con-
tributed to the late unsuccessful outcome cannot be ascertained with certainty,
although it seems certain that the present means of organ procurement are a
serious deterrent to success, as was demonstrated in the previous section with
more controlled experimental conditions.

A technical detail which proved to be unessential in man was the need for de-
compression of the nonhepatic splanchnic bed. In the dog, failure to provide per-
fect drainage of the portal system during the actual transplantation results in ir-
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Ficure 10. Biochemical changes observed in animals with heterotopic hepatic homotrans-
plantation without removal of the recipient's own liver. Rises in alkaline phosphatase and
SGOT tended to be higher than those observed with orthotopic transplantation and con-
comitant host hepatectomy. Note the sharp rise in fibrinogen during the early postoperative
period, a finding observed in every animal.
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reversible injury to the intestinal tract within a few minutes. In man, this was not
found to be the case. Portal venous diversion with an external by-pass was not
achieved in any of the patients and was not even attempted in three instances. No
harmful result was noted. An effective by-pass from the inferior to the superior
vena caval systems appears to be all that is necessary in man during short-term
occlusion of the portal vein and inferior vena cava.

One case was of special interest because of the use of a homograft from a
patient who had different ABO type than the recipient. The direction of tissue
transfer was from O to A, an incompatibility which had been demonstrated to be
relatively safe in the performance of renal transplantation inasmuch as the homo-
graft is not placed in contact with preformed host hemagglutinins.!213 With
hepatic homografts, such a breach of blood group incompatibility may be less
safe, since the liver possesses erythroclastic activity!* and might react against the
recipient red cells. A graft-versus-host reaction under these circumstances is a
distinct possibility, manifesting as a hemolytic reaction. In the case cited, how-
ever, no evidence of a hemolysis was observed, and the homograft tissue studied
at autopsy (FIGURE 14) was comparable to that seen in the other cases. Never-
theless, the use of other than matched donors and recipients must be viewed as a
potentially dangerous practice.

4 :E,, ‘*""!7&3—‘:: 3,
AL AR AE
"'ﬁ:zla&t :&l‘:;:“ff?&& ot

Ficure 11. Host and homografted liver 28 days after auxiliary hepatic homotransplanta-
tion. (a, above) Recipient dog's own liver which is essentially normal. (5) Homograft which
was revascularized in the lower abdomen. Note the moderate amount of cellular infiltrate of
the portal area. The parenchyma has many areas of focal necrosis. Total removal of the recip-
ient animal’s own liver was carried out at the time of these biopsies. The heterotopic transplant
did not sustain life, and the dog died two days later. H & E stain ( X 80).
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Several complications were encountered in the human series, which 'weret'les?
commonly noted in the dogs. Three patients eventually developed gastrointestina
ulceration, and in these cases, gastrointestinal hemorrhage was a contributing
cause of death. In addition, thoracic complications were observed in .each pf the
four patients who survived operation. In thrge of thgse, the underlying et;olo%}):
was multiple pulmonary embolization, as will be d1scus§ed below. Ifn ad our i
patient (Case 5), massive pleural effusions dev?loped during the last. ew days t(?c
life, which may have been secondary to reaction aropnd the subdlaphrafigdmatll1
homograft or to the biliary peritonitis, which was the lmmedxate cause 0 eab.

It has already been noted that changes in the co?gulgnon.mechamsm' can <=f
demonstrated during and after hepatic transplantation in animals, consisting 0
transient rises in fibrinolysins, declines in plasma ﬁbrmogen, and elevgtlon in
thrombin time. What was not appreciated from the dog studies was that this t?'?'me
phase of defective coagulation was succeeded by a state of hypercoagu.la ility.
This was observed in three of the four patients who survived the operative plip-
cedure, being first documented as early as one day after operation. Eug}l]obusx)n
lysis times became prolonged to as much as 24 hoprs (normal, two to four c();lr a;
Hyperfibrinogenemia also occurred at this time in three of the four ca§escerﬁlea
high as 600 mg. per cent). One patient (Case 4) fieveloped phlegma.SIlaf e2
dolens while still on the operating table after ligation of the superficial femo
vein at the site of insertion of the external by-pass. In Cases 2, 3, gn.d 4, thc; pa-
tients died from multiple pulmonary emboli, which apparently onglnatid rt?n(;
thrombotic sites in the inferior vena caval and ileofemoral systems. The clots ha
evidently formed during the hypercoagulable phase.

FIGURE 11b.
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FIGURE 12. Anastomotic connecti

Note that the T-tube is inserted through the recipient portion of the reconstructed common
duct.

ons in orthotopic human hepatic homotransplantation.

In all but Case 5, measures were taken during the operation to prevent the
fibrinolysis and hypofibrinogenemia which was known to occur at this time, ad-
ministering fresh blood, human fibrinogen (8 to 20 grams), and 0.1 gm./kg.
epsilon aminocaproic acid (EACA). Although these agents were undoubtedly
helpful in obtaining control of hemorrhage at the time of surgery, they probably
potentiated the succeeding tendency for intravascular clotting. Therefore, in the
last case, no clot promoting agents of any kind were used. Instead, the patient was
heparinized at the time of the transplantation, using 2 mg./kg. intravenously.
Neutralizing therapy with protamine sulphate was not given thereafter. Although
the presence of fibrinolysins was demonstrated (euglobulin lysis time declined
from six hours to 65 minutes) and declines in plasma fibrinogen were noted
(from 220 to 65 mg. per cent) during operation, the later rebound hyper-
coagulability was not observed. The use of systemic heparinization caused diffuse
hemorrhage at the time of operation, which required several hours to control, and
the transfusion of 18 units of blood. At autopsy, 23 days later, no intravascular
clots were found.

There was evidence that the immunosuppressive regimens was effective in pre-
venting or mitigating rejection. After the transient and often severe early abnor-

A Portal v /

TaBLE 4

HuUMAN LIVER TRANSPLANTS
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FiGure 13.

Orthotopic liver homotransplantation in a patient with a primary hepatoma.
Note the early rises in SGOT and bilirubin with later partial reversal of these abnormalities.
On the 17th postoperative day, the patient developed abdominal pain after which her condition
deteriorated. A secondary rise in bilirubin began at this time. At autopsy, 23 days after opera-
tion, the donor portion of the reconstructed common bile duct had necrosed and bile peritonitis
was present. Immunosuppressive therapy is depicted at the bottom of the chart.

malities of liver function, all patients had a progressive return of liver function
toward normal (FIGURE 13), although restoration of a completely normal bio-
chemical state did not occur in any case. Histologically, the general architecture
of the homografts were well preserved, although there were scattered focal mono-
nuclear infiltrates which were concentrated at or near the portal triads (FIGURES
14 and 15). These cellular aggregates were of indeterminent nature, since they
are often found in routine autopsy specimens, but their location is also that seen
in early rejection in experimental animals. In two of the human liver transplants,
there was some evidence of cholestasis, with deposits of intrahepatic bilirubin
(FIGURE 15a), despite the fact that a patent and freely draining biliary drainage
was present in all but the last one. The reticular pattern in all instances was well
preserved (FIGURE 15b), with slight compression only in the last case.

The causes for failure are listed in TABLE 4. The first patient died of operative
hemorrhage. The primary factor in the deaths of patients 2, 3, and 4 was multiple
pulmonary embolization. The last case had necrosis of the donor portion of the
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reconstructed common duct with secondary biliary peritonitis. This comp]ication
evidently developed on or about the 17th postoperative day, and had its onset
with sudden abdominal pain.

DiscussION

From the foregoing experiences, as well as from previous studlqs in whu;l;
immunosuppressive therapy was not used,z“*"’*l'5 a number of conc%usno?s ar};p:an
to be justified concerning the requirements whlc.h.must be met before WZ > can
be transplanted with improved results. The requisites .for success are n;or n-
gent and manifold than with renal homotransplantation, and the total pro ?
is accordingly more complex.

The Importance of Quality Tissue

There is abundant evidence that one of the chief causes of early fanllléfg 1; tl‘::
employment of damaged homografts. A!thoggh Sicular and Moor‘: : aer
demonstrated that metabolic activity persists in the liver for man.yf ours ;s o
death, a well functioning organ can be ob.tamed only with very .bliled perloh of
ischemia. In previous studies in dogs,! using the method of initia onor('lemygn_
thermia with subsequent infusion of cold electrolyte solutions, it was
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one-half days after operation. (a, above) Low power view showing intact arc!;‘i(t):vcit‘:xgref::ﬁ
accumulation of cells in portal area. H & E stain (X 32). (b) High power s
cellular infiltrate in portal area. H & E stain (X 160).
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FIGURE 14b.

strated that ischemia of more than 120 minutes invariably resulted in an unsuc-
cessful outcome. In the present study, the influence of hepatic tissue injury is even
more strikingly illustrated by comparison of the fate of dogs which received livers
from healthy living donors with those for which cadaveric canine organs were
used.

In the dog, failure to obtain optimally preserved homografts invariably results
in severe hepatic injury with outflow block. The lethal characteristics of outflow
block are not limited to those directly concerned with liver function. In addition,
there are rapidly developing cardiovascular consequences, due first to sequestra-
tion of blood in the liver, and second, to the development of a low grade portal
hypertension which appears to be the usual cause of the hemorrhagic gastro-
enteritis so often observed in the early postoperative period.

Several considerations are important in the procurement of suitable homografts.
The source of donation is of paramount importance, as demonstrated in the dog
experiments. In obtaining human homotransplants, the suitability of the donated
homograft is less predictable, inasmuch as the homografts must come from cada-
veric sources. Although post-mortem extracorporeal hypothermic perfusion pro-
vides some protection for the cadaveric tissues, this technique can be instituted
only after the blood supply has ceased for varying periods of time, and even then
it provides an ineffective circulation.” In humans, the syndrome of outflow block
was not observed. Nevertheless, the homografts all exhibited biochemical evi-
dence of moderately severe acute parenchymal injury.
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Because of the importance of tissue injury in determining the outcome of an
hepatic homografting procedure, it may be appropriate to question ?f cadaveric
organs will ever be suitable. It is conceivable that the patient receiving an opti-
mally preserved liver from a subhuman primate might have a better chance pf
survival than one receiving a severely damaged cadaveric homograft. This W}ll
be a particularly important possibility if long-term function can be obtamed' in
those humans already treated in New Orleans and Denver with baboon or chim-
panzee kidneys.

Special Technical Problems

Unique technical problems have been observed which are concerned with_the
splanchnic and systemic venous systems. With orthotopic homot'ran'splant.atlon,
both the portal vein and inferior vena cava must be occluded during insertion of
the homograft. In dogs, the need for venous decompression, particularly of the
portal vein, is of greater importance than in humans. For this purpose, the use in
dogs of a temporary portacaval shunt in combination wit-h a smgle external by-
pass (FIGURE 1) has important advantages. Employing this technique, the supra-
hepatic and infrahepatic inferior vena caval anastomoses are done first. Wgth
completion of the second anastomosis, usually within 20 to 3'0 minutes, f'ree drain-
age of both the portal and vena caval systems can be immediately reinstituted and
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FiGure 15. Hepatic homograft from patient 5, 23 days after operation. (a, above)_ngh
power view of portal area showing mononuclear cellular infiltrate and well preserved adjacent
hepatocytes. There was evidence of cholestasis in this and one other hgm_an hon}ografl from
patients who survived the acute effects of operation. Bile accumulates within the liver (arrO}v)
were found in the homograft of Case 2. H & E stain (X 160). (b) Same patient showing
preservation of hepatic reticulum. Silver stain (X 80).
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_ ,:{ i the external by-pass can be removed. The interval of potential injury to the in-
-}} o volved venous beds is thereby reduced to a minimum.

o | Coagulation Changes

<A The delayed hypercoagulability which occurred in the clinical cases had not
: i been recognized in earlier animal experiments, although similar but less marked
o alterations were subsequently demonstrated to also occur in dogs. It is of interest
N that animals receiving auxiliary homografts invariably have similar sharp in-
I creases in plasma fibrinogen during the first few postoperative days, suggesting
- that the homograft may pass through a phase of intensified protein synthesis as
i has previously been demonstrated in some dogs by Kukral.*
The solution to the problems of initial bleeding and later coagulation are not
i I yet clear, although in the iast human case in which systemic heparinization was
; carried out during transplantation, the state of delayed hypercoagulability did
‘ not develop. In this patient, treatment with fibrinogen or EACA—agents used in
¥ the second, third, and fourth human cases—was avoided. It is probable that as
little pharmacologic alteration as possible of the coagulation process should be
imposed, and that clot inducing drugs should not be used.

The Effectiveness of Immunosuppressive Therapy

There have been no published reports of the effectiveness of immunosuppres-
sive therapy in preventing rejection except for accounts of five human cases,!%!!
and a few unsuccessful canine experiments in which total-body irradiation was
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used.18 It is of particular importance to obtain this information, inasmuch as it
is conceivable that liver tissue either provides an unusually strong antigenic stimu-
lus, or that the hepatic parenchyma is exceptionally sensitive to immunologic
attack. The studies of Green,!? in which heterotransplants of various embryonic
rabbit tissues were transferred to the anterior chamber of the guinea pig's eye,
may have forecast the difficulties to be encountered with homografts. Growth
of many tissues could be obtained after transfer to this favored site with the sole
exception of the liver.

The data in the present report do not permit a valid comparison of the ease
with which rejection of the liver can be prevented as contrasted to other tissues.
They do, however, suggest that prevention or mitigation of rejection may be possi-
ble. In addition to providing life sustaining and generally improving hepatic func-
tion during the period of survival, the human homografts had remarkably few
histologic changes which could be interpreted as rejection. The orthotopically
placed canine hepatic homografts had better function and anatomic preservation
than was ever previously observed in untreated animals.

In the dogs treated with auxiliary liver homografts, survival of most of the
dogs for as long as one month insured the procurement of histologic sections of
homografts from hosts treated with immunosuppressive drugs during this interval.
The canine homografts studied under these circumstances retained an intact
architecture, although there was invariably some evidence of rejection, and the
degree of parenchymal damage was frequently advanced. The anatomic damage
to the homografts seemed greater than that which occurred at comparable times
in experiments in which the dog’s own liver was removed at the time of trans-
plantation. Since it was also noted that rises in SGOT and alkaline phosphatase
were consistently greater in the animals treated with auxiliary livers than in those
which underwent concomitant hepatectomy, it is reasonable to ask if control of
rejection is more difficult with the former preparation.

Supportive Treatment During the Rejection Crisis

In previous studies with renal homotransplants, it was pointed out that com-
plete prevention of rejection is ordinarily not possible, but that reversal of the
process could be accomplished with a high degree of regularity and complete-
ness.2’ The demonstration that rejection attempts can be reversed is an essential
concept in the transplantation of any organ. The difficulty with which this is
achieved after kidney transplantation is variable, necessitating such vigorous
treatment in the more difficult cases as to endanger the life of the host. Further-
more, serious alterations in renal function occur at this time. Although the kidney
is one of the vital organs, cessation or curtailment of its function can be tolerated
for protracted periods because of the availability of renal dialysis facilities. The
simplicity of the functional losses allows their replacement with artificial means.
With the liver, the prospect of such acute temporary failure is unacceptable. The
number of vital metabolic processes which would have to be replaced are numer-
ous, and some are not fully understood as can be appreciated from the fact that
the mechanism of death in animals receiving total hepatectomy has never been
clearly delineated. The staggering early mortality that has occurred with experi-
mental liver transplantation may be more a reflection of the inability of the re-
cipient to remain alive during this phase of potentially reversible acute organ
failure than an indication of the inherent impossibility of ultimately reversing
the rejection.
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It is possible that a solution to the rejection crisis may be in retaining the re-
cipient liver during the early phase of recovery. With this approach, an hepatic
homograft could pass through a rejection episode at a time when life sustaining
function could still be provided by the host’s own liver. After a state of host-graft
adaptation has been established, host hepatectomy could be carried out. This
approach is currently being evaluated. The early results indicate that at one
month, survival is not possible with function of the homograft alone. It will be
necessary to repeat the experiments with the performance of host hepatectomy
after more prolonged intervals,

SUMMARY

An analysis of the problems of hepatic homotransplantation has been pre-
sented, based upon extensive animal studies as well as upon experience with five
human cases. In 35 of the dog experiments and in all of the clinical cases, recipi-
ent hepatectomy was performed concomitantly and the homograft was placed
orthotopically in the liver fossa. In 13 additional canine transplants, the homo-
graft was placed heterotopically in the lower abdomen.

Technically, canine homotransplantation presents special difficulties because
of the need for perfect decompression of the nonhepatic splanchnic bed during
placement of the homograft, and because of the propensity of the dog liver to
develop venous outflow block after minor ischemic injury. These relatively spe-
cies-specific problems were not encountered in clinical experience inasmuch as
portal decompression proved to be unnecessary, and because outflow block did
not occur, despite the extensive liver injury which was documented in each case.

The use of cadaveric livers in dogs leads inevitably to early death of the recipi-
ent. In humans, however, cadaveric homografts obtained under even less advan-
tageous circumstances have proved to be life sustaining for as long as 23 days.
Acute liver injury in man is more reversible than in dog, although the employ-
ment of seriously damaged homografts led directly to the death of one patient and
may have contributed to the late mortality in all.

Changes in coagulation have been observed both in dogs and in man. During
transplantation, fibrinolytic activity is measurable, plasma fibrinogen fails, and
increases in thrombin time occur. This phase of potential danger from hemor-
rhage is succeeded by a state of hypercoagulability in the postoperative period.
Multiple pulmonary emboli which caused the death of three patients were thought
to have originated during this time. Suggestions are submitted for the manage-
ment of those biphasic alterations in the clotting mechanism.

There is evidence that immunosuppressive therapy with azathioprine and pred-
nisone has a mitigating influence on the rejection process, despite which, chronic
survival has not been obtained either in animals or in man. Nevertheless, poten-
tiated survival of canine homografts was demonstrated. In the human cases, the
transplanted livers were remarkably free from histologic stigmata of rejection
after 6.5 to 23 days.

Dogs in which livers are transplanted heterotopically to the lower abdomen
have distinct utility. Such experimental preparations have been used to study the
vascular supply of the homografts, with the demonstration that the major arterial
and venous radicals remained patent despite shrinkage of the organ and unequivo-
cal histologic evidence of rejection. The low mortality with this technique makes
evaluation of immunosuppressive therapy a more practical endeavor. Finally,
the potential clinical application of this approach is suggested inasmuch as the
host is not totally dependent upon homograft function during the rejection epi-
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sodes which are to be expected during the postoperative period. In four dogs
receiving such an auxiliary organ, second-stage removal of the recipient’s own
liver was carried out after 28 days. All animals died, presumably of hepatic
insufficiency, within 48 hours. That some liver function was provided by the
homograft is suggested by this limited survival, by the fact that two of the dogs
awoke from pentobarbital anesthesia, and by the post-mortem absence of the
intra-abdominal hemorrhage, which is characteristically found after total hepa-
tectomy.
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20.
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