Factors determining short- and

long-term survival after
orthotopic liver
homotransplantation

in the dog

In an effort to answer many unresolved
questions concerning orthotopic homotrans-
plantation of the canine liver, a complete
reappraisal of this preparation was under-
taken in early 1964 in both the untreated
and modified host. A particular effort was
made to (A4) reduce the operative mortality;
(B) interpret the significance of pathologic
changes in the homograft and in the recipient
tissues; (C) define the presence or absence
of a graft-host reaction; (D) study the effect
of variations in therapy upon results; (E)
assess the hepatotoxic properties of azathio-
prine; (F) determine if and with what regu-
larity hepatic rejection could be reversed and
chronic survival attained; and (G) find if
and when a state of relative host-graft non-
reactivity developed some time after homo-
transplantation.

METHODS

Mongrel dogs weighing 8.3 to 27.3 kilo-
grams were used. All animals had hemato-
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logic and liver function determinations be-
fore and at regular intervals after the
experiments were begun. Red cell survival
studies were performed with a Cr®! tech-
nique.® Tetracycline and chloramphenicol
were routinely administered. Azathioprine®
was employed in most experiments with a
dose of 2 to 8 mg. per kilogram per day.
Insofar as possible, the induction of leuko-
penia was avoided. Azathioprine and anti-
biotic therapy was discontinued at 120 days
in all surviving animals. Other variations in
therapy are described below. Tissues were ex-
amined with light and electron microscopy.

For homotransplantation, livers were ob-
tained from donors of dissimilar appearance,
but of approximately the same weight as the
recipients. Prior to removal, the donor liver
was cooled by perfusion of chilled Ringer’s
lactate solution through the portal vein.
The technique of transplantation®* resulted
in an essentially normal blood supply (Fig.
1). The intervals of ischemia were almost
all less than one hour. Cholecystoduodenos-
tomy was established for internal biliary
drainage.

*Imuran supplied by Burroughs Wellcome and Company,
Inc., Tuckahoe, N. Y.
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Fig. 1. Reconstruction after orthotopic liver homotransplantation. Internal biliary drainage is
with a cholecystoduodenostomy. Note that the aorta is transplanted in continuity with the

hepatic artery of the homograft.

Azathioprine toxicity study. In 18 non-
transplanted dogs the effects of 40 days of
azathioprine were studied. The animals were
divided into 3 groups of 6 each which re-
ceived:

Group 1. Daily azathioprine (2 to 4 mg.
per kilogram).

Group 1I. Daily azathioprine plus 1 Gm.
intravenous L-methionine.* The methionine
powder was dissolved in 100 ml. saline and
given in 30 minutes.

Group I1I1. Daily azathioprine plus intra-
venous S*°-methionine every 5 days. Since
the specific activity of the radioisotope

*X-ray spectrographic analysis by Dr. Fred Leaver (Den-
ver Veterans Administration Hospital) revealed a
selenium concentration of approximately 150 ug per
gram methionine.

varied, the amount of L-methionine ranged
from 0.08 to 0.6 mg. for the S*° dose of
100 pc. Based upon the measured biologic
half-life (18 to 28 days), and assuming equal
distribution of S*° to all metabolizing cells,
daily total-body irradiation was estimated to
begin at 0.2 or 0.3 r per day, with equilibra-
tion at 1 r per day after 18 to 28 days.

Homotransplantation without azathio-
prine. Three groups of animals were studied
after orthotopic homotransplantation:

Group A. Supportive operative care only:
7 dogs.

Group B. Daily intravenous L-methionine
(1 Gm.): 7 dogs.

Group C. S*-methionine every 5 days:
9 dogs.

Homotransplantation with azathioprine.




Volume 58
Number 1

Azathioprine was begun on the day of
transplantation in all dogs except those of
Group 5, which received pretreatment for
40 days. Since those animals lost during or
shortly after operation invariably died from
causes other than failure to control rejection,
as many dogs were included in each series
(except Group 5) as were necessary to
obtain 11 which survived one week or
longer. For statistical comparison of the
effectiveness of differing regimens, only these
selected 11 animals were included. Eight
separate series were studied in the following
chronology:

Group 1. Azathioprine, S**-methionine
every 5 days, splenectomy: 17 dogs.

Group 2. Azathioprine, S3%-methionine
every 5 days: 16 dogs.

Group 3. Azathioprine, 1 Gm. per day
L-methionine: 13 dogs.
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Group 4. Azathioprine only: 16 dogs.

Group 5. Azathioprine pretreatment: 12
dogs which survived the 40 day azathioprine
toxicity study and were subsequently pro-
vided with a homograft. (Postoperatively,
6 were treated as Group 2; 5 as Group 3;
and 1 as Group 4. Only 7 survived a
week or more, an early postoperative mor-
tality so great that the study was discon-
tinued. )

Group 6. Azathioprine, 2 mg. methionine
every 5 days: 12 dogs. The dose schedule
of methionine was comparable to those of
Groups 1, 2, and 7, lacking only the radio-
isotope.

Group 7. Azathioprine, 1 Gm. per day
L-methionine, S**- methionine every 5 days,
10 mg. per kilogram choline per day: 17
dogs.

Group 8. Azathioprine only: 13 dogs. This
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AZATHIOPRINE PLUS o —— =
METHIONINE
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Fig. 2. Toxicity of azathioprine when used alone, with §3°-
methionine, and with L-methionine. Six dogs were in each of the
3 test groups depicted. Despite the abnormalities of liver function,

jaundice did not develop.
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series was treated exactly like Group 4, to
determine if unrecognized variations in care
had been introduced during the prolonged
investigation.

RESULTS

Azathioprine toxicity study.

Mortality and clinical course. Twelve of
the 18 nontransplanted dogs lived through
the toxicity study, 1 from Group I, 5 from
Group II, and 6 from Group III. The other
animals died after 18 to 33 days; 3 with bone
marrow depression and pneumonitis, 2 from
pneumonitis without leukopenia, and 1 of
unknown cause. All dogs lost weight during
the first three weeks (Fig. 2). Declines in
hematocrit were noted in all 18 dogs (Fig.
2), affecting the three experimental groups
equally.

Biochemical changes. Although none of the
animals became jaundiced, there was evi-
dence of liver injury in all. Rises in SGPT,
SGOT, and alkaline phosphatase (Fig. 2)
were invariably observed within 2 to 7 days
after beginning azathioprine. These changes
were severe, usually peaking within 2 weeks
and then declining toward normal, despite
continuation of therapy. However, return to
completely normal values did not occur in

T
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any of the dogs. The addition of L-methio-
nine or radioactive methionine did not alter
the pattern of injury (Fig. 2).

Pathologic changes in the liver. (Studies
done by K. A. P.) Twelve of the 18 livers
were abnormal. In all 12, the centrizonal
area was most affected (Fig. 3), with either
frank necrosis (7 dogs) or pallor of the
hepatocytes (5 dogs). Five of the 7 most
severely damaged livers had other findings;
5 with bile thrombi in the central and mid-
zonal canaliculi, 2 with intracytoplasmic fat
in the midzone, and 2 with scattered focal
necrosis. The centrilobular changes were
noted in all 6 livers of Group I, 5 of the
6 in Group II, and only 1 of Group IIL
Mononuclear cell infiltration was not ob-
served.

Four livers were examined electron mi-
croscopically, 3 of which had the centrizonal
changes note above. In one, which had
appeared normal under light microscopy, the
hepatocytes around the central veins had
a decreased glycogen, a reduction in rough
endoplasmic reticulum, and an increase in
lipofuscin granules. In the other 3, these
changes were more pronounced, extending
in one liver to the midzonal area. In 2 of
the livers there was dilatation of the bile

Fig. 3. Liver of a dog treated with azathioprine for 26 days.
There is centrilobular necrosis of hepatocytes but no cellular in-
filtration. (Hematoxylin and eosin. Original magnification x40.)
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canaliculi, with thinning and shortening of
their microvilli.

Changes n other organs. (Studies done
by K. A. P.) Six animals had complete
autopsy after 18 to 33 days of azathioprine
therapy. Three that died of marrow aplasia
had severe depletion of large and small
lymphocytes in the lymphoid tissue. Three
others had moderate atrophy and hyperemia
of the lymph nodes and spleen, with normal
thymus and bone marrow. Pneumonitis and
pulmonary congestion were present in 5
animals. Megakaryocytes were often seen
lodged in the alveolar capillaries. The other
organs were unaffected.

Homotransplantation
prine.

O perative mortality and survival. The only
operative death resulted from hemorrhage.
The remaining 22 animals survived for at
least 2 days and 19 lived for 6 days or longer.
All dogs were dead at 10 days. The mean
survival was 7.1 + 2.2 (S.D.) days. Many
animals had pathologic processes other than
rejection which contributed to death: pneu-
monitis (12 cases), intussusception (6 cases),
and multiple gastrointestinal ulcerations (2
cases). The three subgroups were all com-
parable, animals receiving no therapy having
no difference in survival than those treated
with L-methionine or radioactive methionine
(Table I).

Clinical course. The clinical course and
biochemical alterations were no different
than those previously described in the pio-
neer studies of Moore and co-workers*® and
in our experience.?” By the fourth day, all

without azathio-
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animals had marked increases in alkaline
phosphatase, SGOT, and SGPT, and by the
fifth day, 17 of 19 dogs had hyperbiliru-
binemia.

Pathologic changes in the liver. (Studies
done by K. A. P.) Interstitial edema, promi-
nence of Kupffer cells, and necrosis of a
few hepatocytes in areas of centrilobular
congestion were present in the first 48 hours,
changes which are nonspecific, since they
have also been seen in liver autografts.*®
From the third day onward, the histologic
features of rejection® * 1% 25 were present
in all but 2 homografts; these consisted of
mononuclear cell infiltrations around and
within the walls of small portal and central
veins, centrilobular and midzonal hepatocyte
necrosis, distortion of the centrally located
sinusoids (often with mononuclear cells ad-
hering to the endothelium), hypertrophy of
bile- or hemosiderin-laden Kupffer cells, and
intrahepatic bile stasis in association with
destruction of bile duct epithelium. The
severity of damage was related to duration
of survival, and was not influenced by me-
thionine therapy. In 14 animals only a thin
rim of hepatic cells remained around the
portal tracts and some of the longest sur-
vivors had reticulin collapse and early fibro-
sis around the central veins. With time, the
character of the mononuclear cell infiltration
changed. At first, approximately 40 percent
of these cells possessed pyroninophilic cyto-
plasm, but few were typical mature plasma
cells. The majority were difficult to classify
and were the cells variously called “large

113

lymphoid,”** “hemocytoblasts,”” and “im-

Table 1. Survival after hepatic homotransplantaiion to recipient dogs treated

with azathioprine

Survival Mean survival
2 days or 6 days or of dogs living | Range
Group No. dogs more more 2 days or more | (days) S.D.
I (no therapy) 7 7 6 7.0 2-10 2.5
II (methionine) 7 7 6 7.7 3-10 2.4
III (S35-methionine) 9% 8 7 6.6 3-10 2.0
23 22 19 7.1 2-10 2.2

*One dog did not survive operation and is therefore not included in the statistical analysis
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Table II. Survival after hepatic homotransplantation to recipient dogs treated
with azathioprine
Survival Mean survival of dogs S.D.
7 days 25 days 50 days living 7 days or more (50 day
Group No. dogs or more or more or more (50 day limit)* limit)
11 17 11 8 4 33.4 72.3 16.4
2% 16 11 7 5 31.7 68.8 19.3
3% 13 11 7 3 29.5 63.1 15.0
4t i6 11 4 2 24.2 39.1 14.5
5 12 7 2 1 19.7 28.6 15.6
6 i2 11 5 3 26.5 32.2 18.5
7 17 11 7 3 28.9 37.1 15.6
8 13 11 4 3 26.1 30.8 18.1
116 84 44 24 27.9 47.3 16.5

*The dogs surviving longer than 50 days are described individually in Table V, the greatest longevity now being
324 days. Statistical evaluation of different regimens take into account only the first 50 days. This avoids introduc-
tion of unfair bias in the event of unusually protracted survival, and allows comparison of different series of animals
undergoing operation in the chronology shown. In all of the groups, the actual mean survival without the artificial
50 day limit has been brought up to date to Feb. 10, 1965, and is just to the right of the artifactually low values.

+In at least one dog from each group, all therapy, including azathioprine, was discontinued after 120 days.

munoblasts.”* After the sixth day the in-
filtrate was very dense in all the small portal
tracts and contained a higher proportion of
plasma cells. Fibrinoid necrosis in the walls
of small hepatic arteries was seen in only 5
of the 23 dogs.

Changes in other organs. (Studies done by
K. A. P.) In the 19 animals dying after the
third day the mesenteric lymph nodes were
swollen, partly as a result of an intense pro-
liferation of large cells with pyroninophilic
cytoplasm. Macrophages containing hemo-
siderin and debris were present in larger
numbers than normal. In those animals dy-
ing after the seventh day, the medullary
cords were crammed with plasma cells. Simi-
lar changes were found in the spleens. Pul-
monary congestion, hemorrhage, and bron-
chopneumonia were common in these
animals, while focal thickening of the al-
veolar septa and interstitial infiltration by
mononuclear cells were seen in only a few
dogs. Megakaryocytes were found trapped in
the alveolar capillaries in all lungs. Myo-
cardial and renal lesions were not seen,
and fibrinoid necrotic lesions of arterial walls
were not encountered in organs other than
the liver.

Homotransplantation with azathioprine.

Operative mortality and survival. Thirty-
two of the 116 recipients (27.5 percent) died

at operation or during the first postoperative
week (Table II), most commonly of pneu-
monitis (or atelectasis) and intussusception
(Table III). These 32 acute failures were
considered operative deaths and were elim-
inated from analysis of the efficacy of im-
munosuppression.

In the 84 remaining dogs (72.5 percent)
which lived for 7 days or longer, there was
a high incidence of similar complications
(Table IV), but there was usually also bio-
chemical or histologic evidence that some
degree of homograft rejection was present.
Of the 84 dogs culled for definitive analysis,
44 lived for 25 days and 24 lived for 50 days

Table III. Homotransplantation with
azathioprine; nonimmunologic conditions
which contributed to or were the direct cause
of death of 32 animals during operation or
in the first postoperative week. Several
animals had more than one complication

Pneumonitis or atelectasis 13
Intussusception 9
Hemorrhagic gastroenteritis 5
Hepatic arterial occlusion 5
Pulmonary emboli 2
Operative hemorrhage 2
Portal vein occlusion 1
Total 37
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Table IV. Homotransplantation with
azathioprine; complications other than
rejection observed in dogs dying 7 or more
days after homotransplantation of the liver.
(Sixty-nine of the 84 animals died at some
time after the first week and the figures below
are based on the autopsy findings; 15 animals
are still alive)

'S
=

Pneumonitis or atelectasis
Bone marrow depression
Generalized gastrointestinal hemorrhage
Liver abscess

Generalized peritonitis
Subdiaphragmatic abscess
Intra-abdominal hemorrhage
Perforated viscus
Intussusception

Bleeding duodenal ulcer
Pulmonary emboli

Hepatic artery occlusion
Wound dehiscence
Pyelonephritis

Leg gangrene

Thermal burn of back

Total
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or longer. Eight more died between days 50
and 120 of causes listed in Table V. Abnor-
mal hepatic function was present in all 8,
although other lethal complications were
present in each. Another animal which died
after discontinuance of azathioprine therapy
is discussed below. Fifteen dogs are still
alive, from 62 to 324 days after operation
(Table V).

Hematologic changes. In virtually every
animal a decline in hematocrit was observed,
similar to that observed in nontransplant
animals receiving azathioprine. The 5 dogs
surviving longest started with a mean pre-
operative hematocrit of 47.5 percent, which
had fallen to 36.8 percent by the time
azathioprine was discontinued on postopera-
tive day 120. Forty days later the mean
hematocrit had returned to 43.5 percent.
The increase in hematocrit after discontinu-
ance of azathioprine is strong evidence that
this agent was primarily responsible for the
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Fig. 4. Red cell survival and hematocrit values in a dog that is still alive 324 days after
orthotopic transplantation. Note the sharp reduction in red cell half-life in the first postopera-
tive month, with gradual return toward normal. Red. cell survival was not altered by with-
drawal of azathioprine at the end of 4 months, but the depressed hematocrit rose sharply

during the succeeding months.
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Table V. Homotransplantation with immunosuppression (fate of 24 animals living
50 days or longer; the survival figures for dogs still living is brought up to
Feb. 10, 1965)
Last alka-
Last line phos- Last
No. Survival bilirubin phatase SGOoT
Group dogs (days) Gross cause of death (mg. %) (B.U.*) (S-F.U.})
1 1 324 Alivei 0.1 1.9 23
2 98 Pneumonitis; liver failure 5.7 503 760
3 116 Alive 0.3 58 62
4 90 Alive 0.3 172 94
2 1 120 Gastrointestinal hemorrhage; liver 3.7 296 870
failure
2 58 Pneumonitis 1.3 300 220
3 228 Alivel 0.1 73 470
4 70 Gastrointestinal hemorrhage; liver 5.9 516 1660
failure
5 181 Alivel 4.1 361 1080
3 1 218 Alivei 0.1 30 400
2 101 Pneumonitis; liver failure 5.6 436 580
3 201 Alivei 0.1 16 650
4 1 161 Bleeding duodenal ulcer; liver fail- 4.7 166 110
ure}
103 Post biopsy hemorrhage; liver failure 5.7 746 380
5 1 112 Alive 6.2 692 1000
6 1 69 Pneumonitis; liver failure; gastroin- 3.9 657 1200
testinal hemorrhage
2 50 Pneumonitis; liver failure 4.8 354 250
3 93 Alive 3.9 268 1068
7 1 82 Alive 2.8 527 1900
2 81 Alive 0.2 188 360
3 77 Alive 6.1 184 500
8 1 72 Alive 4.3 530 1100
2 68 Alive 4.4 140 37
3 62 Alive 7.0 473 1500

*Bodansky units.
tSigma-Frankel units.

fAzathioprine stopped after 116 to 123 days; subsequent course without immunosuppression.

chronic anemia, presumably from inhibition
of erythropoiesis.

In addition, a contributory early factor
seemed to be increased red cell destruction,
which may have been due to erythroclastic
activity of the liver,® in view of the promi-
nent hemosiderin deposits (to be described
subsequently) in many of the homografts.
Seven animals studied from 7 to 27 days
after homotransplantation had a red cell
half-life of 6.7 + 3 (S.D.) days (normal for
this laboratory, 14 days). After the first
month, the half-life gradually returned to-
ward normal (Fig. 4).

Clinical course, biochemical changes, and
reversal of rejection. The course after homo-
transplantation was extremely variable. In
24 (28.6 percent) of the 84 definitive test
animals rejection was uncontrollable. In-
exorable jaundice developed (Fig. 5), with
anorexia and rapid weight loss. Rises in
SGOT, SGPT, and alkaline phosphatase
(Fig. 5) were similar to, but of generally
greater magnitude, than those produced by
azathioprine administration to the nontrans-
planted dog. Terminal convulsions or coma,
intractable vomiting, and hypoglycemia were
common. All 24 animals died in less than
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Fig. 5. An example of inexorable rejection despite immunosup-
pressive therapy. Determination of the serum bilirubin was the
most useful measurement for following the course after homo-
transplanation since the other abnormalities of liver function de-
picted can also be caused by azathioprine. Group 6 series.

41 days, with a mean survival of only 15
days.

A more benign rejection was observed in
41 of 84 experiments (48.3 percent) despite
the fact that hyperbilirubinemia and rises
in SGOT, SGPT, and alkaline phosphatase
were also present (Figs. 6 and 7), sometimes
to the same degree as in the 24 animals noted
above. However, the biochemical indices of
hepatic injury were partially (Fig. 7), or
even relatively completely, reversible (Fig.
6). At the peak of rejection, which lasted
as long as 6 weeks in some cases, these dogs
often appeared to be in terminal condition,
with clay-colored stools, dark urine, pro-

found anorexia, and rapid weight loss. As
liver subsequently improved,
most of the animals had a return of appetite.
A number of the dogs ultimately died from
complications of chronic liver insufficiency,
such as gastrointestinal hemorrhage, or from
pneumonitis, but others continued to live
for many weeks or months with gradually
improving liver function. The longest sur-
vival of any animal with this type of re-
versible rejection was 161 days (Fig. 7).
Sixteen others lived for 50 days or more, in-
dicating that protracted survival under these
unfavorable circumstances was not rare.

In the other 19 dogs (22.6 percent), overt

chemistries
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Fig. 6. Virtually complete reversal of severe hepatic rejection.
Note the severe jaundice which ultimately completely disappeared.
The animal is still alive. Reversal was accomplished without any
alteration in immunosuppressive therapy. The animal received
adjuvant S35-methionine, L-methionine, and choline (Group 7).

rejection did not occur. Although there were
rises in alkaline phosphatase, SGOT, and
SGPT, the serum bilirubin did not exceed
2.5 mg. percent at any time during post-
operative azathioprine treatment (Fig. 8).
Weight loss and anorexia were not pro-
nounced. Seven dogs died from other causes
than rejection before 25 days, so that failure
to develop jaundice may have been more a
function of the short survival than anything
else. The other 12 all lived for more than
25 days. Five died after 28 to 35 days without
developing hyperbilirubinemia, and the other
7 are still alive after 90, 116, 181, 201, 218,
228, and 324 days (Table V). Five dogs
from this favored group had azathioprine
discontinued at 116 to 123 days as described
below.

Chronic liver function. The last routine
liver chemistry studies done on all dogs
living beyond 50 days are shown in Table
V. In 6 of these animals other determina-
tions were performed from 98 to 300 days
postoperatively. Bromsulfonphthalein reten-
tion at 45 minutes was 5 percent or less in
4, 8.2 percent in 1, and 34 percent in 1.
Prothrombin times were 52 to 90 percent.
Total proteins were 4.8 to 5.8 Gm. percent.

Host-graft mnonreactivity. Five nonjaun-
diced animals had all therapy discontinued
after 116-123 days. All are still alive 63,
81, 100, 109, and 204 days later. One had
a delayed rejection, beginning 2 weeks after
stopping azathioprine, but the hyperbiliru-
binemia and enzyme increases ultimately
stabilized and reversed without treatment
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Fig. 7. Reversal of rejection in an animal treated with azathioprine. Serum bilirubin rose to
more than 10 mg. percent and then declined. Note that the improvement in liver chemistries
continued after discontinuance of azathioprine therapy at 116 days. Cause of death 45 days
later was massive hemorrhage from a large duodenal ulcer. Group 4 series.

(Fig. 9). The other 4 have had no deteriora-
tion of homograft function in the ensuing 81
to 204 days (Fig. 8). In all cases, irregular
increases in the peripheral leukocyte count
were observed during the first 2 months after
cessation of therapy.

A sixth animal had serious liver malfunc-
tion while under azathioprine therapy (Fig.
7), a maximum bilirubin of 10 mg. percent
being present on postoperative day 90. By
day 120 this was decreasing and continued
to decline after azathioprine therapy was
stopped. The animal ultimately died of a
bleeding duodenal ulcer 161 days posttrans-
plant.

Effect of adjuvant therapy. Mean survival
of the various test groups is shown in Table
II. For analytic purposes, no animal was
credited with more than 50 days. Within
this arbitrary time limit, none of the regi-
mens had a statistically significant superi-
ority. In Groups 1, 2, 3, and 7 in which

either S**-methionine and/or 1 Gm. per day
L-methionine were administered, mean sur-
vival exceeded that of Groups 4 and 8, in
which these agents were not used, and was
greater than Group 6, in which 2 mg. non-
radioactive methionine was given every 5
days. However, even comparison of the series
combinations (Groups 1, 2, 3, 7, versus 4,
6, 8; or 1, 2, 3, 7 versus 4, 8) did not show
a statistically significant advantage of the
adjuvant therapy (p = 0.18 and 0.17).

Group 5, which differed from the other
7 series in that 40 days of azathioprine pre-
treatment was employed, had the shortest
mean survival. This seemed attributable to
a heightened incidence of infection, a septic
complication being the cause of death in 9
of the 11 failures. Thus, azathioprine pre-
treatment had an adverse effect after hepatic
homotransplantation in contrast to an ap-
parent benefit previously described with
renal homografts.?”
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Fig. 8. Course of an animal which never exhibited any clinical evidence of homograft rejec-
tion. Note the rapid weight gain following cessation of therapy at 4 months. The pronounced
leukocytosis after withdrawal of immunosuppression was commonly seen. This animal received

adjuvant S35-methionine.

Pathologic changes after homotransplanta-
tion with azathioprine. (Studies done by
K. A P)

Homografts in animals dying within one
week. Twenty-seven livers were examined and
showed the central venular and sinusoidal
congestion, variable centrizonal necrosis, in-
terstitial edema, and Kupffer cell swelling
already described in the untreated dogs dy-
ing in the first 2 postoperative days. In
addition, centrilobular bile stasis was usual.
Portal and central cellular infiltration was
appreciable in only 7 and 2 of the homo-
grafts, respectively, consisting of mixed neu-
trophilic and mononuclear cells, with pyro-
ninophilic cytoplasm being rare in the latter.
In several specimens, the perivenular lym-
phatics were dilated.

Electron microscopic examination of a
homograft at 6 days showed a few lymphoid
cells around the small portal veins and ad-

hering to the sinusoidal endothelium. Some
of these had abundant free cytoplasmic ribo-
somes arranged in rosettes. The hepatocytes
adjacent to the central vein were necrotic;
those cells just peripheral to this zone con-
tained many fat droplets and lipofuscin
granules, lacked glycogen and rough ergasto-
plasm, and contained swollen mitochondria.
Hepatocytes in the middle and peripheral
zones were normal.

Homografts in animals dying in 7 to 15
days. Twenty-seven homografts were exam-
ined; central necrosis was present in 22, had
extended to the midzone in 17 (Fig. 10),
and was often associated with mild to mode-
rate central congestion or sinusoidal distor-
tion. With severe hepatocyte loss, central
reticulin collapse had occurred, and in 5
the condensed reticulin bands connected ad-
jacent central veins. Interstitial edema, chole-
stasis, destruction of bile canalicular epithe-
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Fig. 9. Course of an animal which did not have clinically evident rejection during the first
4 postoperative months. After azathioprine was discontinued, there was deterioration of all
liver chemistries, despite which the animal appeared healthy and had little weight loss. The
late rejection partially reversed without reinstitution of therapy.
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Fig. 10. Hepatic homograft which has been rejected by 15
days despite azathioprine treatment. There is widespread de-
struction of hepatocytes in the central and middle zones of the
lobules. Only a rim of liver cells remain around the small
portal tract, which is heavily infiltrated with mononuclear cells.

(Hematoxylin and eosin. Original magnification x40.)
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lium, and bile- or hemosiderin-containing
Kupffer cells were also present. In every
liver the small, and often the large, portal
tracts were moderately (8 cases) or exten-
sively (19 cases) infiltrated by mononuclear
cells (Fig. 10), 30 to 40 percent of which
possessed pyroninophilic cytoplasm. As in
the untreated animals, many were the primi-
tive “large lymphoid” cells; others resembled
plasma cells. A similar, but lesser infiltrate
was noted in and around the walls of the
central veins in 17 instances.

Preliminary ultrastructural analysis of 3
homografts at 8 to 10 days revealed an ex-
tension of the findings noted above in the
6-day specimen. The lymphoid cells in the
portal tracts and sinusoids were now joined
by plasma cells and their precursors with
abundant rough endoplasmic reticulum, and
the sinusoidal endothelium had disintegrated
in many places. Dilatation and destruction
of bile canaliculi with microvillar loss and
obstruction by masses of bile pigment were
common. Many intact hepatocytes exhibited
changes in the cytoplasmic organelles as well
as in the nuclei.

Homografts in animals dying in 16 to 25
days. In 14 of the 17 livers, mononuclear
infiltration around the portal and central
veins was observed, but in all but 3 the cells
were fewer than had been present after
7 to 15 days and had a decreased percentage
with pyroninophilic cytoplasm. The majority
were small lymphocytes and plasma cells
with some hemosiderin-laden macrophages.
Centrilobular hepatocyte loss was seen in 15
homografts but it appeared to be recent only
in the 3 specimens with heavy cellular infil-
tration. The surviving liver cells around
necrotic areas often contained fat droplets,
bile pigment particles, and excess lipofuscin.
Centrizonal reticulin collapse and deposition
in these areas of collagen fibers was common,
and in 3 livers, bands of connective tissue
had linked adjacent central veins. Periportal
connective tissue was not increased. Centri-
lobular bile stasis and hemosiderin deposition
were prominent. In one homograft there
was focal fibrinoid necrosis of the walls of
small hepatic artery branches. (This was
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the only example of that change in the 101
azathioprine-treated hepatic homografts ex-
amined microscopically.)

Three homografts were examined electron-
microscopically at 16, 17, and 25 days. Two
of these, which happened to come from the
atypical specimens with heavy cellular in-
filtration, were similar to those in the 7 to
15 day group. The third had only a few
numbers of infiltrating cells which were
mostly lymphocytes and mature plasma cells.
The other findings also confirmed those ob-
served with light microscopy, and revealed
that many centrilobular canaliculi had
microvillar loss and were plugged with bile
pigment. Fat-laden hepatocytes adjacent to
areas of necrosis lacked rough ergastoplasm.

Homografts in animals dying in 26 to 50
days. Four of the 18 livers were completely
free of invasion, and in the others the quan-
tity and character of the cellular infiltrate
was comparable to that of the previous
group. The centrilobular hepatocyte loss
was also similar, being present in 15 homo-
grafts, but with recent necrosis in only 4.
The central reticulin condensation was pres-
ent in 17, and in 7, connective tissue bands
had linked the central veins (Fig. 11). The
portal reticulin and connective tissue were
also increased in 4 livers, and in one of these
there was proliferation of small bile ductules.
One homograft had small regeneration
nodules lacking normal lobular architecture.
The intrahepatic cholestasis and hemosiderin
deposition described in the earlier specimens
were usually present.

Homografts in animals dying in 51 to 120
days. Infiltration around the portal and cen-
tral veins was mild in 4 of the homografts
and marked in the 3 others. In the former,
the cells were almost all lymphocytes or
plasma cells, but in the latter, many primi-
tive cells with abundant free cytoplasmic
ribosomes were also present. Nonacute cen-
tral hepatocyte loss with associated reticulin
collapse and collagen deposition were simi-
lar to that described in the two preceding
sections. In 6 of these, connective tissue
linked the central vein, and in 3, several
central veins were occluded with fibrous tis-
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Fig. 11. Hepatic homograft at 32 days from a dog treated
with azathioprine. The reticulin framework of the lobules has
collapsed around the central veins and bands of reticulin now
connect central veins to each other and to portal tracts.
(Reticulin stain. Original magnification x20.)

sue. Portal fibrosis had occurred in all 7 ho-
mografts, and some fibrous and reticulin
bands connected these areas to the central
veins. Regeneration nodules were present in
2 homografts, and in all livers peripheral
hepatocytes showed increased basophilia, oc-
casional mitoses, and polyploidy. Centrilobu-
lar bile stasis and Kupffer cell hemosiderosis
were conspicuous in all the livers.

Effect of withdrawing therapy upon ho-
mograft histology. In 3 dogs the homograft
was biopsied at 120 to 123 days when all
immunosuppressive drugs were withdrawn.
A further biopsy was then obtained 77 to 84
days later. One animal was biopsied for a
third time 182 days after withdrawal of
therapy. The animal whose liver was sampled
on 3 occasions was unique in that all speci-
mens appeared to be within normal limits,
both with light (Fig. 12) and electron-micro-
scopy.

A second dog had an abnormal hepatic
homograft at the time treatment was dis-
continued (Fig. 13, 4) with moderate infil-
tration of mixed mononuclear cells (10 per-
cent pyroninophilic) and neutrophiles in the
portal areas, and a few mononuclear cells
around the central veins. The lobular pattern

was distorted with fibrous and reticulin bands
which linked portal tracts to each other and
occasionally to central veins; by reticulin and
collagen condensation around thickened cen-
tral veins; and by pseudolobules of actively
regenerating liver cells. The centrilobular
hepatocytes had disappeared and in some
areas or were atrophic in others. Many re-
maining liver cells had decreased basophilia,
increased lipofuscin, and pale, foamy cyto-
plasm; ultrastructurally they contained lipid
droplets and lacked glycogen and rough
ergastoplasm. In the portal tracts, there was
proliferation of small ductules, accumula-
tions of hemosiderin- and lipofuscin-contain-
ing macrophages, and occasional nonfibrotic
intimal thickening of small hepatic arteries.
Bile plugs were not seen. Seventy-seven days
later (Fig. 13, B), the cellular infiltration
was lighter and lacked neutrophiles, although
the percentage of pyronine-positive cells was
unchanged. Active proliferation of peripheral
liver cells was continuing, but there were
fewer regeneration nodules and the hepato-
cytes appeared to be more normal with both
light and electron-microscopy. The fibrotic
alterations persisted, but the over-all picture
was one of improvement.
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Fig. 12. Two biopsies from a hepatic homograft. The first

(A) was taken after the host had been receiving azathioprine
for 120 days. There is evidence of regeneration of hepatocytes
at the periphery of the lobules, but no other abnormality. All
immunosuppressive drugs were then stopped and 182 days
later, 302 days after transplantation, sample B was obtained.
The homograft appears normal. (Hematoxylin and eosin.

Original magnification x40.)

A homograft in a third dog had com-
parable abnormalities at the time therapy
was withdrawn (Fig. 14, 4) differing only
in that fibrosis was somewhat less and re-
generation nodules were absent. Eighty-four
days later (Fig. 14, B) there was further
homograft damage in which many centrally
located hepatocytes contained fat droplets.
Intrahepatic cholestasis was not present. Cel-
lular infiltration was increased, chiefly due
to an increased number of neutrophiles. The

deterioration appeared to be due, at least in
part, to the effects of cholangitis.

Effect of methionine upon homograft his-
tology. Centrilobular necrosis occurred in 40
percent of animals treated with adjuvant
methionine plus azathioprine, compared to
64 percent when azathioprine was used
alone. The incidence of cellular infiltration
in both groups was 85 percent.

Changes in host tissues in 92 experiments.
Changes in the recipient’s lymph nodes and
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Fig. 13. Two biopsies from a hepatic homograft. The first
(A4) was taken after the host had been receiving azathioprine
for 121 days. The lobular architecture is distorted by thick
bands of connective tissue which link portal tracts to each other
and to central veins. Hepatocytes in the pseudolobules of re-
generating liver contain much lipid. Azathioprine therapy was
then discontinued, and 77 days later, 198 days after trans-
plantation, the second biopsy (B) was taken. There has been
a striking improvement in the general liver architecture. Con-
nective tissue bands are no longer so obvious and the liver cells
look more healthy. (Hematoxylin and eosin. Original magnifi-
cation x40.)

147

spleen roughly paralleled those in the homo-
graft. In 16 experiments in which a heavy
infiltrate of pyroninophilic cells was found
in the liver, “large lymphoid” and other
smaller pyronine-positive cells were found
actively proliferating around postcapillary
venules in the lymph nodes and around

small arteries of the spleen, as well as large
numbers of plasma cells in the medullary
cords and red pulp. The hyperemic lymph
nodes had lost their normal follicular archi-
tecture.

In 24 experiments in which moderate
numbers of pyroninophilic cells were invad-
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Fig. 14. Two biopsies from a hepatic homograft. The first
(A) was taken after the dog had been treated with azathio-
prine for 123 days. There is some increase in portal connective
tissue, proliferation of small biliary ductules, and a slight cel-
lular infiltration. Treatment with immunosuppressive drugs was
stopped, and 84 days later, 207 days after transplantation, the
second biopsy (B) was taken. There has been a marked de-
terioration. The portal tracts are very heavily infiltrated with
a mixture of mononuclear and neutrophilic leukocytes. (Hema-
toxylin and eosin. Original magnification x40.)

ing the homograft, the degree of prolifera-
tion of similar cells in host lymphoid tissue
was variable. Fifty-two homografts had mild
or no infiltration of the liver, and here the
recipient spleen and lymph nodes resembled
those described earlier in animals receiving
azathioprine alone, in that “large lymphoid”
cells and small lymphocytes were either nor-
mal or fewer in number.

Bone marrow changes usually seemed to
be related to azathioprine administration. In
several animals there was extreme myeloid
hypoplasia or even aplasia. There was some
evidence of thymic hyperplasia in a few of
the dogs that rejected the hepatic homo-
graft after 24 days. The lungs often showed
congestion, edema, and intra-alveolar hemor-
rhage. Bronchopneumonia was a frequent
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complication. Alveolar wall thickening and
sequestration of megakaryocytes were seen.
A few of the kidneys showed either small
areas of chronic pyelonephritis or scars sug-
gestive of past infection with canine lepto-
spirosis. Necrotic changes in the walls of
arteries and arterioles in organs other than
the liver were very rare.

DISCUSSION

The present canine studies provide in-
creased hope that orthotopic hepatic homo-
transplantation may ultimately have use in
the treatment of human liver disease. The
overwhelming early mortality previously en-
countered in dogs!*1% 2% 26 28 has been sub-
stantially reduced. Many long-term survivors
were obtained, proving that control of
hepatic rejection is not uniquely difficult,
and that results can be achieved which are
similar to those previously reported for the
kidney.> *

Instead, the past discouraging experiences
seem ascribable to other factors which play
an extremely prominent cumulative role.
Technical failures are common until con-
siderable experience is acquired. Hemor-
rhagic gastroenteritis, acute peptic ulcera-
tion, and intussusception are frequent. The
susceptibility to pneumonitis appeared to be
accentuated by the subdiaphragmatic pres-
ence of the large homograft. Finally, the
hepatotoxicity of azathioprine has a special
significance, since the target tissue of rejec-
tion is also injured by the drug used to pre-
vent this process.

Because elevations in SGOT, SGPT, and
alkaline phosphatase are caused both by
azathioprine and by rejection, the serum
bilirubin was the most useful test with
which to serially study homograft function
in the treated canine host. The regularity
with which reversal of hepatic rejection
could be documented by this means is note-
worthy, examples being seen in half of the
technically successful experiments. Of great
interest is the fact that reversal was not
dependent upon intensification of immuno-
suppressive therapy, since neither increased
doses of azathioprine nor additional drugs
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were used, and in one instance the phe-
nomenon was noted in the absence of all
therapy (Fig. 9). It seems probable that
rejection of any tissue is characterized by a
tendency to remission. Although predni-
sone,® ** 2% and less certainly actinomycin
C? or local irradiation,'® may be of life-sav-
ing value in promoting the process after
renal homotransplantation, the use of such
additional measures is probably not requisite
in some instances regardless of the type of
homograft used. The spontaneity with which
reversal may occur makes caution necessary
in attributing this effect to any preceding
variation in therapy.

A related problem in evaluating treatment
in mongrel animals or man is the extreme
variability of host response to the foreign
tissue. In the present study, this ranged from
complete absence of rejection to uncon-
trollable repudiation of the liver homograft,
a spectrum which undoubtedly conformed
to the degree of chance antigen matching be-
tween donors and recipients. The presence
in outbred populations of this powerful and
unpredictable influence makes conclusions
about minor therapeutic alterations mean-
ingless unless hundreds or even thousands of
experiments are performed.

This criticism applies to the study of
adjuvant lipotropic agents described in this
communication. It would not be surprising
if these substances were of value after
hepatic homotransplantation, since they are
said to prevent (or facilitate recovery from)
liver injury due to other causes,® 1* an effect
which Schwarz, Stesney, and Foltz*' attrib-
ute in part to tracer quantities of selenium
in the sulfur-containing amino acids. The
additional factor of irradiation was intro-
duced in those animals receiving S**-methio-
nine, although the calculated dose to the
liver or whole body was far too small to be
of predictable biologic importance. With test-
ing, the lipotropic materials had no measure-
able influence on azathioprine hepatotoxicity,
did not potentiate survival after homo trans-
plantation to the otherwise untreated host,
and did not cause a statistically significant
prolongation of posttransplant survival when
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combined with azathioprine. Nevertheless, it
is interesting that the longest average survival
after homotransplanation to azathioprine-
treated recipients was in those 4 groups
which also received L-methionine or S*-
methionine, a finding which was uninter-
pretable because the range of results was so
great in every group. This may have been
due to the system of testing, in which the
variables of uncontrolled donor-recipient se-
lection were of far greater importance in
the individual experiment than the thera-
peutic variable being examined.

Although the early recovery after liver
homotransplantation has many hazards,
chronic convalescence is no more difficult
than after the transplantation of less com-
plicated organs. Indeed, the frequency and
rapidity with which dogs could be with-
drawn from immunosuppression without an
ensuing fatal rejection is remarkable. Liver
homografts in 5 of the 6 dogs which had
therapy stopped after 116 to 123 days have
provided life-sustaining function for 63 to
204 subsequent days and the cause of death
of the sixth animal was from other causes
than progressive hepatic failure. The con-
sistency of this state of host-graft nonreac-
tivity and the rapidity with which it seemed
to develop exceeds that reported after
canine renal homotransplantation.!”> 18 23, 30
The explanation for this is not apparent, but
conceivably the large antigenic mass could
play a role or, alternatively, perhaps the liver
with its enormous regenerative capacity is
simply capable of sustained function in the
face of continuing but minimal chronic re-
jection. Findings in the serial biopsies ob-
tained after discontinuance of therapy do not
support the latter hypothesis, but the amount
of histologic material available is still too
scanty to warrant conclusions. It is also im-
portant to note that cessation of therapy
was not followed by a graft-host reaction.
None of the animals developed ‘“secondary
homologous disease” and the shortened red
cell half-life noted in the early postoperative
period did not recur.

The correlation between liver chemistry
determinations and the pathologic findings in
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the homografts was excellent. In the un-
treated animal, the abnormalities of func-
tion and the anatomic injury were both
progressive until death. Administration of
azathioprine delayed the onset of rejection
in virtually all animals but in most dogs
dying within 7 to 15 days the histologic and
biochemical alterations were indistinguish-
able from those of the control experiments.
From this time onward, most of the livers
appeared to have survived the first assault
and were settling down to repair and re-
generation; delayed death was commonly due
to pneumonitis or other nonhepatic causes.
Phagocytic activity of Kupfler cells and
macrophages was prominent for several
months. The centrilobular localization of the
original necrosis seemed responsible for the
most conspicuous features of healing, includ-
ing the centrizonal bile canalicular dilatation
and cholestasis, the connective tissue bridges
between the central veins, and the regen-
erating nodules which sometimes contributed
to a pseudolobular pattern.

Histologic evidence indicting a vascular
component of hepatic rejection was particu-
larly sought in view of previous hypotheses
that a reduction in blood flow was immuno-
logically induced at either the sinusoidal
level,® 2° or more proximally in the larger
arteries of the portal tracts.'* The findings
in the present study are compatible only with
the former possibility. There was evidence
in some of the electron micrographs of dam-
age to the sinusoidal endothelium following
contact with host lymphoid cells, a finding
analogous to that reported in renal homo-
grafts,* 2 and one which could plausibly
explain the centrilobular localization of the
hepatocyte necrosis. The possibility of oc-
clusion of larger vessels is unsupported by
the results reported here, since the degree of
tissue injury was relatively homogeneous,
without areas of selective destruction. Fur-
thermore, injury to the hepatic artery or
portal vein was not a prominent feature in
the untreated series and was virtually never
seen in the treated animals.

An attempt was also made to define those
histologic abnormalities in the host which
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were related to the presence of the homo-
graft, since varying interpretations have
been published. From our laboratories 2®
findings described after homotransplanta-
tion to unmodified recipients included lymph
node enlargement with cortical thinning, de-
creased follicles, and increased numbers of
lymphocytes and plasma cells. These altera-
tions, as well as histologic abnormalities in
the bone marrow, kidneys, and lungs, were
thought to be part of a “general host reticu-
loendothelial response to the antigenic stimu-
lus of the homograft.” McBride and associ-
ates'® contended that the host changes (with
the possible exception of those in the lymph
nodes and spleen) were nonspecific, since in
their experience most were also present after
autotransplantation.

The findings in the present study support
McBride’s conclusion that changes in organs
other than the host’s lymphoid tissue are
unlikely to be directly related to the re-
sponse of the host to the homograft. They
also, however, provide evidence that a gen-
eral lymphoid reaction to the hepatic homo-
graft always occurs in the untreated recipi-
ent and can be seen in the treated animal
when immunosuppression is inadequate. In
these circumstances, the spleen and lymph
nodes are sites of intense proliferation of
large primitive lymphoid cells and later of
plasma cells which are contemporaneously
found in the homograft. These changes re-
semble those occurring in the nodes draining
a skin homograft*> and in the spleen and
lymph nodes after a renal homograft.?°

SUMMARY

Without azathioprine therapy, the opera-
tive risk with orthotopic liver transplanta-
tion is small. Twenty-two of 23 animals
survived 2 days or more, and 19 for 6 days
or longer. All eventually died of rejection
within 10 days. Changes in homograft his-
tology and function were similar to those
previously reported, with cellular infiltra-
tion and hepatocyte necrosis which was
heavily concentrated in the centrilobular
areas. In individual experiments, there was
little evidence of immunologically induced
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segmental hepatic arterial or portal venous
occlusion; hepatocyte loss was homogeneous,
and fibrinoid vascular lesions were uncom-
mon. There was, however, some evidence of
damage to the sinusoidal endothelium by
adherent mononuclear cells. The changing
character of the mononuclear infiltration of
the homograft was reflected by widespread
proliferation of similar cells in the host
lymphoid tissue. Specific changes in other
host organs were not noted.

Some of the biochemical and histologic
alterations caused by unmodified rejection
can also be produced by azathioprine. In
18 nontransplanted dogs, acute rises in
SGOT, SGPT, and alkaline phosphatase,
unaccompanied by hyperbilirubinemia, were
noted within a few days after beginning ad-
ministration of this agent. Although these
abnormalities tended to regress within the
40 day period of observation, more than two
thirds of the livers showed histologic evi-
dence of centrilobular hepatocyte damage or
necrosis—often with intrahepatic cholestasis,
but always without mononuclear cell infil-
tration. The hepatotoxicity was not pre-
vented by methionine. Weight loss and
progressive anemia also occurred. Lymphoid
tissue was depleted. The mortality from the
toxicity study was 33 percent.

The use of azathioprine to mitigate re-
jection increased the early mortality after
homotransplantation, 32 of 116 dogs dying
within the first week (28 percent), most
commonly of pulmonary complications. The
84 animals living longer than 7 days had a
greatly potentiated homograft survival, ex-
ceeding 25 days in 44 dogs, and 50 days in
24. Fifteen animals are still alive from 62 to
324 days postoperatively. Six dogs had all
drugs stopped after 116 to 123 days. Only 1
has had a clinically evident late rejection
and 5 are still alive from 63 to 204 days
later. Three of these animals had repeat
biopsies 77 to 182 days after cessation of
therapy; one homograft which was normal
at 4 months remained so 6 months later,
another had an improved histologic appear-
ance, and the third had deteriorated. The
longest mean survival was in those animals
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receiving adjuvant therapy with L-methio-
nine or S*-methionine, but the variability
of the results was so great that a statistically
significant advantage of these agents could
not be demonstrated. Soon after operation
red cell survival was decreased, but in chronic
survivors there was no evidence of a graft-
host reaction.

There was great variability in the vigor
of rejection, ranging from the uncontrollable
(29 percent) to the clinically undetectable
(23 percent). Most of the animals (49 per-
cent) had some biochemical evidence of re-
jection which proved to be spontaneously
reversible, to a greater or lesser degree, since
intensification of immunosuppressive therapy
was not required. These findings correlate
well with the histologic studies. In virtually
all animals, azathioprine delayed the onset
of rejection but in those dying in the second
and third postoperative weeks, the pathologic
stigmas of rejection were very similar to the
untreated controls. As in the untreated ani-
mals, the number of proliferating large
pyroninophilic cells in the host’s lymphoid
tissues was roughly proportional to the num-
ber of mononuclear cells invading the homo-
graft liver. After this time, the predominant
histologic features in most animals were
those of repair and regeneration, with either
absent or relatively minor degrees or con-
tinuing destruction. Since the major rejec-
tion damage was centrizonal, the healing was
most prominent in these areas with intercon-
necting fibrosis around the central veins,
centrilobular bile canalicular dilatation and
cholestasis, and pseudolobule formation. In
some of the homografts, increased connec-
tive tissue was also present in the portal
tracts, but in others including the longest
survivor there were no residual abnormali-
ties whatever.

In azathioprine-treated animals, damage
to the vessels in the homograft portal tracts
was found in only one liver. With elect-on
microscopy there was some evidence of dam-
age to the sinusoidal endothelium by ad-
herent mononuclear cells, a finding which
could be analogous to that described by
Kountz and co-workers'! in the peritubular
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capillaries of renal homografts. If immu-
nologically mediated hemodynamic altera-
tions play an important role in liver homo-
graft rejection by interrupting the blood
supply to the hepatocytes, it seems most
likely that they occur at this intrasinusoidal
capillary level rather than in the larger
vessels.
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DISCUSSION

Dr. Francis D. Moore (Boston, Mass.). I apolo-
gize for getting up to discuss two papers in a
row, but I think this work of Dr. Starzl and his
co-workers is the most exciting work in the
transplant field since the initial reports by Calne,
and later by Zukoski, Murray, and Alexandre,
showing the maintenance of intact renal histology
with immunosuppression. Now, after a few years
and a lot of work, we are beginning to get to
the same place with the liver.

Dr. Starzl and his team have furthermore
shown a classic thing about transplant research
in general. Namely, that they have made an ex-
perimental plan, have perfected their own opera-
tive procedure, and then have stuck to it, running
through a good series of animals with good con-
trols and a careful effort to compare various
immunosuppressive regimens.

I rather tend to agree with Dr. Starzl that it
is very difficult to make any statistical sense out
of minor differences in immunosuppressive regi-
mens because the dog is such a heterogeneous
species and relationships are so peculiar. One finds
unexpected prolonged acceptance of grafts in
many different fields. Nonetheless, Drs. Starzl and
Waddell and their group have accomplished more
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in the way of prolonged survival with liver trans-
plantation than anyone else has, to my knowledge.

As for our own work, we have performed fewer
operations and have fewer animals. We agree that
early survival can now be attained pretty reliably.
Our procedure is slightly different, since we use
two end shunts and recently have been using the
right renal artery to vascularize the hepatic artery
—a nice device, since it avoids the aortic anasto-
mosis and also keeps the pancreaticoduodenal
branch intact. Whether this little thing will help
us in the long run, I do not know. It is unneccs-
sary in man.

We have seen the very high alkaline phospha-
tase levels reported by Dr. Starzl in the written
manuscript which go “through the roof” with
levels of 150 and 250, and may be related to the
combination of Imuran and the transplant itself.

We are sufficiently discouraged by the toxicity
of Imuran in this particular setting to move over
to a different combination, namely, thoracic duct
fistula and local x-ray therapy, and I would hope
that later in the morning Dr. Murray may show
a slide on one of our first thoracic duct fistula
kidney transplants, showing its efficacy in lowering
the peripheral lymphocyte count.

Finally, one could ask, “Is this problem ready
to return to the clinic?” Drs. Starzl and Waddell
made a very careful, cautious, and conservatively
reported human trial, and we did with one patient.
Now that we have learned so much more, are we
ready to go back to the clinic yet?

I am not sure of that answer and I will be
interested to know what other members of the
Society think, because the speed with which we
go back to man with liver transplantation is going
to have something to do with the public image
of surgery in general, as it goes on with the
problem of tissue transplantation. Maybe the time
has come; maybe it needs another few months
or a year, I am not sure.

Again, I would like to congratulate the Denver
group on a very outstanding piece of research.

Dr. Richard C. Lillehei (Minneapolis, Minn.).
My compliments on Dr. Starzl’s paper can only
echo Dr. Moore’s comments, so I will go on from
there.

There is, of course, an alternative to orthotopic
homotransplantation of the liver in the animal or
man. Some years ago Goodrich and Welch de-
scribed a method of heterotopic transplantation
of the liver in which the donor’s liver is left in
situ temporarily or permanently. Dr. Karel Ab-
solon of our Department has worked on a similar
method in the laboratory for some years, and has
written of the many advantages of such a tech-
nique. Certainly it is simpler to place a second
liver into the abdomen without removing the re-
cipient’s liver. This avoids many of the bleeding
and clotting problems associated with hepatectomy,
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as well as greatly shortening the duration of the
operative procedure. These studies of Dr. Absolon
culminated in a clinical attempt at heterotopic
liver homotransplantation in a 13-month-old boy
with proved biliary atresia in the fall of 1964 by
Drs. Absolon, Ward O. Griffen, and myself.

The liver for transplantation was obtained from
an infant undergoing open-heart surgery for com-
plete transposition of the great vessels. Complete
correction by the method of Mustard was not
successful and hence it was not possible to remove
the cardiopulmonary bypass support despite re-
peated attempts during a 5 hour period of bypass.
Permission was then asked from the relatives of
the infant if the liver could be removed for homo-
transplantation to the child with biliary atresia.
This request was freely granted and the recipient
was brought to the operating room and prepared
for surgery while the donor was maintained on
bypass and the liver removed. At the time of re-
moval of the liver, bypass had continued beyond
8 hours.

The liver was placed in the left lower quadrant
of the recipient and circulation re-established by
anastomosis of the hepatic artery and inferior
vena cava of the transplant to the common iliac
vessels of the recipient. The inferior vena cava
above the transplant was tied off, while the portal
vein of the transplant was anastomosed into its
own inferior vena cava to allow decompression
of the transplanted liver. The gallbladder of the
transplant was anastomosed end-to-side to a loop
of the recipient’s jejunum. The common bile duct
of the transplant was tied off distal to the cystic
duct. The recipient’s liver was not disturbed.
Following this procedure, the recipient’s jaundice
virtually cleared. The child died on the thirteenth
postoperative day from septicemia resulting from
a bile fistula due to slough of the common bile
duct of the transplant where it was tied off. At
autopsy, the transplanted liver appeared histo-
logically normal. Thus we believe that such a
technique deserves consideration in future liver
transplantation in the human.

Finally, the suitability of other organs for trans-
plant taken from patients undergoing open-heart
surgery who cannot be weaned from the support
of cardiopulmonary bypass should be emphasized.
We, Drs. Aust, Kelly, and myself, have on several
occasions used kidneys from such patients for
successful homotransplantation after consent from
the cardiac surgeon and the next of kin of the
patient. In every instance the homotransplanted
kidneys have functioned immediately despite
periods of cardiopulmonary bypass lasting up to
11 hours before transplantation was performed.

Dr. Starzl (closing). I would like to thank
Dr. Moore for his very gracious comments. I
suppose the decision about the clinical application
of this method will have to rest with the circum-




