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THE FATE of whole organ liver homo- 
grafts after transplantation to untreated 
canine recipients is well kno \~n . :~ .  " .'3, !'. 2 0 .  

"8 41 For several days after operation, the 
transferred tissue is life-sustaining, but  after 
this there is rapid functional failwe. The  
histologic abnormalities in the rejected 
liver con;ist of infiltrates of mononuc1ea1- 
cells which tend to be concentrated in the 
periportal areas, a necrotizing arteriolitis, 
and dissolution of hepatic parenchymal cells 
with retention of a relatively normal reticu- 
lum. 

In the present report, an attempt will b e  
~iiacle to add an additional dimension by 
describing the behavior of canine and liu- 
man hepatic homografts in recipients 
treated with immunosuppressive agents. 
Under these circumstances, n modified re- 
jection was observed in many instances 
despite the absence of significant cellular 
invasion of the homograft. In addition, it 
was noted that severe hepatocyte injury 
often occurrecl in livers in which the duct 
sys tem was selectively preserved or even 
hyperplastic. Finally, several previously un- 
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recorded observations will be  documented 
regarding more esoteric biochemical altera- 
tions in patients after hepatic homotrans- 
plantation. These include serial determina- 
tions of plasma or serum immunoglob~ilins, 
haptoglobins, amino acids, pyruvates, and 
lactates. 

Methods 

Types of homotransplantation. Orthotopic 
homotransplantation was carried out in 25 
dogs. after removal of the animal's own 
liver." The  reconstructed blood supply to  
the revascularized homograft was essen- 
tially normal.40 The time for transfer and 
complete revascularization of the cooled 
organ averaged 70 minutes. The effects of 
ischemia were minimized by perfusion of 
the liver with cold (10-15" C.) lactated 
Ringer's solution prior to its In- 
ternal biliary drainage \\/as provided with 
a cholecystjejunostomy or cholecystocluo- 
denostomy. Splenectomy \vas performed. 
Eleven animals died during or within three 
clays following operation. These failures 
\yere considered to be t e c l ~ n i c a l , ~ ~  and are 
not considered in the pathologic analysis 
(Table 1). 

In  15 dogs, an auxiliary liver was placed 
in the right parnvertebral gutter (Fig. 1) 
using a motlification "' of the method of 
Welch and his  associate^,^' 4 7  revasculariz- 
ing the portal vein from the terminal in- 
ferior Venn cava and the hepatic artery 
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T.\RLE 1 Patl~oloqic I'zndir~cc in Auri l inry  Canine HornoqreJls 

Time of 
Biopsy or Pcrivenular 
Autopsy General Intrahepatic Intrahepatic Necrosis Ilnrnuno- Cause of 

Lo, ids>>, t-\rchitecture Hepatic Artery Rile Ducts Central V. cytc.5 Death 

AHH 1 

A H H  2 

AHH 14 

AMH 3 

AHH 4 

30 Good, central 
necroqi5, mod 
erate 

28 Fair, central 
necrosis, mod- 
erate; generally 
vacuolated 
hepatocy tes 

72 Poor, only fen 
hepatocytes 
remain 

28 Good, central 
necrosis, slight 

65 I'air, central and 
scattered necro- 
$5, moderate 

27; Good, some vacu 
olated hepato- 
cytes 

19 Poor, difiuse 10- 
of hepatocyl(, 

33 Poor, central 
necrosis, sel,ere 

26 Escellent, central 
necrosis, slight 

20 Fair, central ne- 
crosis; moder- 
a te  ; general 
hepatocq LC 
vncuoliza tion 

Only Hepatic Artery Open 

Medial and in- \Veil pre- 
timal thick- served de- 
ening creased 

number 

hfcdial ancl in- Well pre 
timal thick- serve11 
ening 

Moclerate Periportal, Hepatic in- 
severe ficiency 

after re- 
moval of 
own liver 
(28 days) 

Moderate Periportal, 
severe 

Se\.ere medial \.\Jell pre- Sevel-e Periportal, Sacrificeti 
and inlimal served severe ; 
thickening general, 

moderate 

Mcclial thick Columnariza Slight Periportal, 
ening, Focal t ~ o n ,  hyper- moderate 
intimal plasia, and 
necrosis bile stasis 

Intimal and Hyperplasia Moderate Periportal, Sacrificed 
medial thick- and bile stasis severe ; 
ening and general, 
focal nec~usis slight 

ITocal intimal Columnariza- 'one \one Hepatic in- 
and medial tion sufficiency 
necrosis after re- 

moval of 
own liver 
(27 day.;) 

 medial thick- Columnariza- S e ~ e r e  Periportal, Pneumonia 
ening, focal tion, bile moderate 
medial and stasis 
intimal 
nec~osis  

h4edial thick- Columnariza- Severe Rare Not  knor\.n 
ing ant1 focal lion 
necrosis 

Portal Vein ancl Hepatic Artery Open 

Medial thick- Columnariza- Moderate Peripol-tal, After angio- 
ening tion, bile slight gram 

stasis 

Medial and in- Sormal ,  de- Moderate Periportal, Hepatic in- 
tim:rl thicli- creased  noder rate suf6c.ie111.) 
ening number after re- 

moval of 
o u n  liver 
(27 days' 
-- 
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Time of 
Biops)~ or Perivenular 
Autopsy General Intrahepatic Intrahepatic Necrosis Immuno- Cause of 

S o .  (days) Architecture Hepatic Artery Bile Ducts Central V. cytes Death 

XHH 5 29 Good, central ne- hledial thick- Columnariza Slight Periportal, Hepatic in- 
crosis, slight, ening tion moderate sufficiency 
focal periportal after re- 
necrosis moval of 

own liver 
(28 days) 

AHH 6 27 Good, central ne- Focal meclial Columnariza- Moderate Periportal, After angio- 
crosis, moder- necrosis, in- tion slight gram 
a te ;  focal timal thick- 
hepatocy tes ening 
vacuolization 

*r\I3H S 13 Poor, central ne- Intimal thick- Colurnnariza- Severe None Hepatitis 
crosis, se\.ere; ening, focal tion, bile own li\rer 
periportal ne- medial ne- stasis 
crosis, severe crosis 

*.\HH 11 24 K O  sections After angio- 
gram 

I 12 20 Excellent, central Intimal and Normal Slight Periportal, After angio- 
necrosis, slight medial thick- slight gram 

ening; focal 
medial ne- 
crosis 

".AHH 13 21 Poor, central ne- Medial thick- Well pre- Severe Periportal, After open 
crosis, severe ening served, bile slight liver biopsy 

stasis 

AHH 15 45 Good, central n e  Medial thick- Hyperplasia Slight Periportal, Sacrificed 
crosis, slight ; ening moderate 
moderate peri- 
portal necrosis 

- - - - 

* Received eight day course of pretlnisolone, starting on day of operation. See text. 

from the common iliac artery (Fig. 1) or 
aorta. The vascular supply to the graft was 
thus comparable to that of a portacaval 
transposition4 in that systemic venous blood 
passed to the portal vein. Cold perfusion of 
the homografts was done with the same 
technic as with the orthotopic livers40 The 
period of ischemia averaged 32 minutes. 
Cholecystoduodenostomy was performed 
(Fig. 1). The spleen was reniovecl. Post- 
operatively, patency of the vascular anas- 
tomoses was checked with transfemoral 
venous and arterial angio~rams (Fig. 3 ) .  

In four animals, the recipient dog's own 
liver was removed at a second-stage opera- 
tion after 27 to 2s days, leaving the homo- 
graft as the only residual liver tissue. 

Five clinical hepatic homotransplanta- 
tions were performed with previously de- 
scribed  technic^.^?^ 4 4 !  4 5  The homograft was 
placed in normal anatomic position (Fig. 
3 )  after removal of the recipient's diseasccl 
liver. Four of the patients (ages 29-67) 
had primary malignancies of the liver, and 
the fifth was a three-year-old child with 
congenital biliary atresia. The livers were 
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FIG. 1. Auuiliary liver homotransplantation in 
dogs. Note that the reconstituted portal blood 
supply is from the infcrior vena cava. Cholecysto- 
duodenostomy is performed. 

Azathioprine was used in a con~parable 
manner for canine auxiliary homotransplan- 
tation studies (Fig.  4 ) .  In siu of the 15 
clogs, 100 mg./day subcutaneo~~s pred- 
nisolone were also started on the day of 
operation, with subsequent reductions in 
the dose every two days to 50, 25, 10 and 
0 mg. 

The use of azathioprine was similar in  
the clinical cases (Fig.  11, 12 ) .  Preclnisone 
was used (100-200 mg./day) within one- 
half to three and one-half clays after opei-a- 
tion in Patients 2, 4 and 5, and started be- 
fore operation in Patient 3. This dr1.1g \vas 
continued until death. Intravenous actino- 
mycin C (200400  micrograrns/day) \vas 
aclministered every two to five days. In one 
case (Patient 2 ) ,  10 mg./day azaserine was 
given intravenously for two days after op- 
eration. 

Studies of ftl.nctio.n. Numerous liver func- 
tion studies were obtained. Analytic meth- 
ods \.\/ill be documented only for .those de- 
terminations considered in detail in the re- 
sults. Bilirubin content of serum, urine, and 
T-tube drainage was measured by the 
method of Malloy and Evelyn,I3 the one- 

obtained from cadaveric sources,"~ '"sing . . \... . ,, 
an  estracorporeal perfusion system to pro- 
vide intelirn circulation and cooling as the 
organ was removed " "The times from donor 
death to revascularization in the lecipient 
ranged from 164 to 420 minutes."' Splenec- 
tomy was peiformed in only one casc (Pa-  
tlent 2 )  

Znzmur~ost~ppress~on. Azathioprine was 
used for the canine olthotopic experiments 
(Fig.  9) ,  in quantities of 8-15 mg /Kg. per 
day for two to four days after operation and 
L 1 0  mg./Kg. per clay thereafter. The  high- 
est dose possible was selected which did 
not cause leukopenia In three cases, this 
u7as supplemented after four to 12 clays 

Frc 2 Completed cllnlcal l~omotransplantat~on. with a short course of subcutaneous pred- The re,onstructlon anatomically Tile T- 
nisolone, administering 20-100 mg./day for tube is placed through a stab wound In the reclgl- 

four to ten days. ent common duct, rathel than through thc anasto- 
mosis as shown 
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FIG. 3. Angiographic studies of auxiliary liver homograft (AHH 6 )  27 days after transplantation. A. 
Hepatic arterial supply B. \'(-nous supply. Note excellent filling of small ramifications of both systems. 

minute reading being taken as the direct 2.5 1 
(conjugated glucuronicle) fraction, and the ,,,I,,,l,, 
30-min~ite reading as the total bilirubin. '"Vm"' 1.5 

Serial serum alkaline phosphatases were IO-! 

measured by the Bodansky method. Serum 5 

glutamic-oxalacetic acid transaminase (SG- 
0 ~ 

2 5 0  

OT), seruin glutamic-pyru\lic acid trans- 2 0 0  

ALKALINE 
aminase ( SCPT ) , lactic acid dehydrogellase PHOSPHATASE 

(Bodansky Units) 100 
(LDH),  ancl isocitric acid clehydrogenase 

5 0  
( ICD ) followed similar postoperative pat- 
terns and, therefore, only the results of the 
SGOT determinations \+?ill be described. S G O T  

100 

Plasma sugars were analyzer1 colorimetri- S-F 

call!, on an autoanalyzer. Plasma pyruvates 
:111d lactates were analyzed by the methocls FIBRINOGEN 7 5 0  

of Friedman and Haugen ' and Barker and (mgm"' 

- 
2 5 0  

FIG. 4.  Coursct of dog \vith an auxiliary hepatic 
homograft. Azathioprine was the only immunosup- 
pressive agent usctl. Note the irregular postopera- AZAT"'OPRINE 4 

tivt. rises in alkaline hosphatase, SGOT and (mgm'kgm) 
fibrinogen. Tlie slight hiyil.ul,inemin dcpicted \vas 

SACRIFICED 45 DAYS 

uncommon. TIME IN DAYS 



STARZL A N D  OI'HERS i\nnalq of Surgery 
~ V ~ > [ ? ~ I J C I  lgfiq 

FIG. 5. The auxiliary 
homograft (right) and the 
recipient dog's own liver 
( left) in experiment AHH 
15. Note the \\'ell pre- 
served but dimensionally 
reduced gc.neral structure 
of the ho~nograft. The 
gallbladcler did not shrink 
proportionately. The spec- 
imens were obtained 45 
L]:IYS after transplantation. 

Summerson.' respectively. Venous bloocl 
for lactate and pyruvate determination was 
collected \vithout stnsis in 21 tube contain- 
ing 20 mg. potassium oxalate and 15 mg. 
sodium fluoride. The tube was immecliately 
placed in an ice water slush a t  0" C, and 
taken to the laboratory where the cellular 
elements wcre removed by centrifugation 
at 3,000 RPM for 10 minutes. The plasma 
thus obtained was then frnzen until the 
time of definitive analysis. 

Plasma protein fractionation was deter- 
minecl by paper electrophoresis and fibrino- 
gen was measured by the technic of Hatnoff 
and Menzie." Quick one-stage prothrombin 
times were obtained. Analysis of serum and 
urinary amino acids is referred to in the 
results section. A detailed account of 
changes in euglobulin lysis times has been 
pi~blisliecl elsewhere.*; 

Haptoglobin types. In  Patient 5 of the 
clinical series, the serum haptoglobin geno- 
types of the clonor and recipient were de- 
terrninecl b!~ vertical starch gel electro- 
phoresis." " The \?jells were charged with 

-- 
a Hydrolyzed starch was the procluct of Con- 

naught Medical Research Laboratories, Toronto, 
Canada. 

a solution consisting of 15 parts of un- 
diluted serum ancl one part of 10 per cent 
hemoglobin solution. After electrophoresis 
for 18 hours, the gel was divided into 2-3 
mm. slices and stained wit11 0.1% o-tolidine 
in acetic acid. The hemoglobin binding pro- 
teins appeared as blue bands. 

Ser t inz  i~nnit~noglobtilins. In addition, 
each of the three classes of immunoglobulins 
(gamma globulins) was quantitatively esti- 
mated for Patient 5 with a modification "of 
the immunochemical diffusion method of 
Huntley.I4 Colnmercially prepared goat 
anti-human gammaz globulin, anti-human 
gammalJI globulin and anti-human gammal* 
globulin were each incorporated into sepa- 
rate volumes of 1% agar in 0.85% saline 
(buffered with veronal, p H  7.4, p 0.15) in 
a concentration of 2 : l .  The agar, contain- 
ing the heterologous antibody was drawn 
into the lower portions of a series of sili- 
cone-coated capillary tubes, which m7ere 
sealed ancl supported vertically. An aliquot 
of the patient's serum was layered over the 
- .  -. - - 

" *  Hyland Laboratories, 4501 Colorado Blvd., 
Los Angeles, California. 
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agar, and a precipitin band formed ~vhich 
migrated slowly through the agar. Tubes 
containing anti-gamma2 globulin in the agar 
and overlaid with the patient's serum urere 
allowed to stand for 24 hours. Tubes con- 
taining anti- gamma,>^ and anti-gammalA 
stood for 72 hours. The distances traversed 
by the precipitin bands during these stand- 
ard reaction times were measured. The 

level of each class of immunoglobulin in 
each serum sample was determined from 
standard curves. These curves were pre- 
pared simultaneously using pooled normal 
human serum, to demonstrate the relation- 
ship between distance traversed by the 
precipitin band ancl the log,, of the con- 
centration of the respective immunoglobu- 
lin. 

FIG. FA. Biopsy of 
auxiliary hepatic trans- 
plant at  28 clays front 
dog AHH 7. There is in- 
creased cellularity in the 
portal area with good 
preservation of the ductal 
system. Thc adjacent he- 
patocptes are intact (from 
x 80).  

FIG. 613. Auxiliary he- 
patic transplant ( AHH 
7 )  after 65 days. The 
ductal system remains 
well preserved with col- 
umnarization artd hyper- 
plasia of tlte mucosal cells 
accompanied by moderate 
dilatation. The artery 
shows marked intimal and 
medial hypertrophy and 
a peri\~ascular inflamma- 
tory response. Diffuse loss 
of hepatocytes is seen in 
the neighboring area. H 
and E (from x 80). 
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FIG. 7. LOW ponTer scan of transplanted liver from dog AHH 7. The gallbladder is seen in the lower 
central portion of the figure. Note the good preservation of both tlie gallbladder and the intraliepatic 
portal tracth. The portal tl-acts appear to I x  l~ypr~tropl l ic  and compl.essed. Mallor,? Tcichrome S ta in .  

Pathologic strrclies. Autopsies \.irere per- 
formed as promptly as possible after death. 
In most animal experiments, tissues were 
obtained immediately or \vithin, a few hours. 
Delay between death and necropsy in the 
human cases was one-half, six, 12, 12, ant1 
16 hours. Specimens were fixed in formalin 
and Carnoy's solution. 

A variety of' tissue stains were employed 
for study of tlie livers using the technics 
summarized by the Armed Forces Institute 
of Pathology."' The following histologic 
sections were prepared from formalin fixed 
and paraffin imbedded blocks: hematoxylin 
and eosin for general architecture; silver 
impregnation for reticulum; Verhoeff-van 

out previous diastase digestion of the sec- 
tions) for identification of glycogen; phos- 
photungstic acid hematoxylin for study of 
connective tissue and definition of fibrinoid 
necrosis; trichrome stain for connective tis- 
sue, muscle and endothelium; Prussian, blue 
iron stain; and bile stain. Sudan IV fat 
stains were applied to frozen sections 
from formalin-fixed tissues. A methyl-green- 
pyronin stain was used for Carnoy-fixed 
paraffin-imbedded sections in order to dem- 
oilstrate cells with high ribonucleic acid 
(RNA) content. 

Results 

Auxiliary Liver Homografts 

Gieson method for elastic and connective Clinical Course. Homotransplantation of 
tissue; periodic acid-Schiff (with and with- an extra liver was well tolerated. There 
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FIG. 8. Reticulum stain of auxiliary homograft obtained after 29 clays from AI-IH 4 
The retlculnr scaflolcl is collapsed, coarsened, ancl cliflusely fragmented (from x 80) .  

\\?ere only three spontaneous deaths, these 
occurring after 13, 19, and 33 days (Table 
1 ) .  The other 12 animals were sacrificed, 
died as a direct consequence of diagnostic 
instrumentation, or succumbed one-half to  
two days after removal of their own livers 
(four animals) of hepatic insufficiency. The 
dogs resumed alirnentation quickly after 
operation ancl generally appeared to be  
quite normal. The period of postoperative 
study in the series ranged from 13 to 72 
days. In six instances, the portal anastomosis 

Frc. 9. Comparison of course of untreated ani- 
mal (left)  with that of dog treated with azatliio- 

rine ancl prednisolone (right).  The treated dog 
c ~ e d  after 31 days with a perforated gastric ulcer. 7. 
Notc: difference of bilirubin and alkaline phos- 
phatase in the treated compared to the untreated 
animal. 

I 4 a a u m  
lu 
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was found to be occluded, an occurrence 
which did not influence the results in a 
distinctive \Yay. Similarly, the use of steroid 
therapy ditl not demonstrably influence the 
biochemical or pathologic findings. 

When the anastomoses were patent, an- 
giograms showed good filling of distal 
arborizations of both the portal and arterial 
systems (Fig. 3)  without evidence of small 

vessel block. The reduced size of the homo- 
grafts, to be described below, was evident 
from these dye studies. 

Biochemical Stt~dies. Although slight 
changes in serum bilirubin concentration 
regularly occurred ( Fig. 4 ) ,  clinically de- 
tectable jaundice developed in only two 
animals (maximum bilirubin 4.4 mg% and 
5.8 mg?, respectively). 

FIG. 10A. Orthotopic 
canine homograft ( HH 
4)  after 31 days. Note 
central loss of hepatocytes 
with good preservation 
around the portal tract. 
Immunocytes are absent. 
H and E stain (from X 
80).  

FIG. 1013. Same dog. 
Note general preservation 
of reticulum, but with 
focal areas of collapse 
and fragmentation. Reticu- 
lum stain (from X 80). 
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Marked elevations in SGOT occurred in PT. J.G. - 8 ~  

every animal. The mean preoperative values 
were 27.8 - 2.3 (S.E.) S-F units. Postop- ::,T;b,NSERUM 
erative, the peak values were 293 * 56.9 'mgmy" 

(S.E.) S-F units after 12.7 * 2.1 (S.E.) 
days. In some instances, the SGOT rises oc- ----_- 
curred remittently (Fig. 4 ) .  

The most striking and sustained changes 
PRoTHRoMslN 

were in serum alkaline phosphatase. From :FEo,,,,, 
control levels of 2.2 2 .1 (S.E.) Bodansky 
units, the postoperative alkaline phosp1.1a- 

40 

tases rose to 203 5 36 (S.E.) after 18.3 * X) 

2.4 (S.E.) days. - 
Preoperative plasma fibrinogens were 301 

f- 34 ( S.E. ) mg.%. Postoperatively, these ?;.,";;YE 
rose to 564 5 34 (S.E.) mg70 after 7.6 ?- ,,,,,,,, 
2.6 (S.E.) days. The increases in fibrinogen '"'"'"" 
occurred at an even earlier time than is ap- 
parent from the mean value, since the high- Frc. 12. Serial chemistries in Patient 5. Note 
est fibrinogen level in one 'log occurred on serious abnormalities in various measurements. 

The increase in SGOT immediately after operation 
was the highest observecl in any case. The im- 
munosuppressive therapy is depicted at  the bottom. 

the 34th day. Excluding this unusual ani- 
mal (Fig. 4 ) ,  the maximum rise occurred 
after an average of 5.6 days. 

Gross pathology. There was marked 
shrinkage of the homograft (Fig. 5) in 
every animal which lived for more than 13 1 days. The homografts weighed from 120 to 
265 Gm. in the animals autopsied from 19 
to 72 days, as compared to 324 to 460 Gm. 
for the recipient's own liver. The gross 
architecture of the liver was extremely well 
preserved in each case. The lobar structure 
and relationships were quite identifiable 
(Fig. 5).  The gallbladder and common duct 
were invariably intact, the latter structure 

1 4 1 2 w 8 6 4  2 0 2 4  6 8  
often being even larger than normal. 

TIME IN DAYS itlicroscopic studies. Preservation of gen- 
FIG. 11. Course of Patient 3, ~ 1 1 o  had an inha- eral architecture ranged from excellent to 

hepatic cholangiocarcinoma. Skeletonization of all 
major structures entering and leaving the li\rer was Poor. There was h e ~ a t o c ~ t e  loss in 
carried out two weeks before definitive transplants- every case (Table I ) ,  the principal areas of 
tion as shown. Note earl rise in SCOT after trans- 
plantation. The sudden Llls in serum bilirubin and usually being around the central 
alkaline phosphatase after each operation may have vein, although focal necrosis was 
been a dilutional effect due to multiple transfusions 
with fresh blood. also sometimes present. The residual hepato- 
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TABLE 2. Palhologic Findings in Ortholopic Cmwine Nonrografls* 

Survival  
S o .  (clays) 

Intr;ihel>atic Intrahepat ic  Intrahepat ic  Perivcnular 
General I-lepatir Bilc POI t a l  Necrosis Ca~l:c ~ r i  

: \ rc l~i t rcture .\rtery Duc t?  Vein Central  V Immunocs tes  Dr:,tli 
-. 

19 3 (:ood; c ~ n t r o l  ne- Slij?lit i n l i n ~ a l  Normal Xnrnial Slight Sane P ~ ~ l m o n a r ? .  em- 
crosis, s l isht  tl~ickeninl: bolus 

14 4 "\o Tissure Tntussusrrntion 

17 5 Escellent Medial and in- Xorrnal 
t ~ m a l  thtckrning 

5 L) Good;  -tattered focal Medial and  inti- h'orrnal 
necro.;i.i lnal thickening, 

focal necrocis 

18 9 Good;  central  necro- Medial and inti- Columnar. 
sis, niorlernte; ~ r i -  ma1 t l~ ick rn ing  iration 
portal n e c r o k .  
slight 

22 Y Fa i r ;  ccntral necro- Int imal  and  N o r ~ n a l  
sis. moderate  medial thick- 

ening 

1 I I f a i r ;  centr.11 necro- I n t i ~ n a l  thick- Normal  bile 
siq, \IC\.C.IC ening .-I ~ s i u  

9 12 S o  Tissue 

Wormal A'onc Sane 

S o r m a l  h o i ~ c  Pr.ril)urtal, 
slight 

Scattcrerl Xloclerate P r ~ i p o r t a l .  
.;~nall slight 
t lirom b~ 

I I Moderate  Prr iportal  and  
xeneral. 
dligllt 

S o t  ~ u a l  Severe S o n e  

I?*- 12  Good;  ccrttral necro- Medial thick- C o l u n i ~ ~ n r -  Sorninl  Slight Periportal. 
~ i 9 .  ~11x111 ; I)PTI-  etllng ization s l ig l~ t  
portnl nermcl?. 
slight 

I *  1 2  F a i r ;  crntral  necro- l !~ t tn ia l  tlilck- Sorrnal  I.nrge Xlodr r~ t t :  S o n e  
sis, rnodrratc enirrg t l ~ r o r n b l ~ i  

o":L 20 Fnir ;  central  necl-o- Focal ~ ~ ~ t r z r m u r a l  Sur111al S o r m a l  Xloder;ttc Periportal, 
FLS, moderate;  I ~ e n ~ o r r l ~ a ~ c -  s l~g l l t  
scatte-red focal 
nccrori.. 

3 25 Good;  central necro- Aledial t l~ickening Hyurr!~la?ia  S o r m a l  \'erv P e r i ~ ~ n r t a l ,  
si5, vrr!, dig11t and  r'rac ?11glrt >light 

nlclltation 

4r4 31 Fa i r ;  central  arid Medial thick- Hyl~erpl:i*in; S o r m a l  Moderate  Prriyortal. 

ir:tttrrcil ~~ecru . i i ,  cnitls bile stasis very sliaht 
rnod~ra t i .  

Pneumonia 

Pneumonia 

Pneumonia 

Pneumonia 

Pneurnonia. 18111. 
mon:&r\- rr1c1n.l 

Pneunlonia, per- 
forated g:~'tirc 
ulcer. ~ ~ u l r n o n -  
a r s  enibol~:.: 

- - - 

* Eleven nflditional uninrluded animnls failed t o  live a s  lona a< 72 hours. .All dogs received azathiol~rine.  
** Kerr iv r~ l  . ; ~ ~ p p l r ~ : ~ c r i i ; ~ r y  prr.dnisolunr. 

"* Srunlrntnl  illinrct yrr-rnL. t'ortal brailch tlrrornbosis. 

cytes were relatively normal (Fig. 6 A )  and 
stained PAS positive. In  most specimens, 
there was considerable infiltration of mono- 
nuclear cells (Fig. 6 )  which were localized 
to the periportal area in all but two ex- 
periments (Table 1). In six animals (Table 
l), the degree of cellular infiltration was, 
however, very minimal or absent altogether, 
despite which other findings of rejection 
were present. 

There was a remarkable selective preser- 
vation of the cluct system. The gallbladder 
was invariably an easily identifiable struc- 
ture, which had excellent histologic preser- 
vation of general architecture (Fig. 7 ) .  
Similarly, the common duct was minimally 
damaged. In many animals (Table I ) ,  the 
intrahepatic duct system had undergone 
columnarization of the lining cells, or actual 
hyperplasia ( Fig 6B ) . In 40 per cent of the 
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specimens, there was evidence of bile stasis 
(Table 1) and frequently the ducts within 
the liver appeared to be dilated (Fig. 6B). 

The intrahepatic portal venous radicals 
were normal. The small arteries and ar- 
terioles had widespread changes, which 
were most prominent in the animals fol- 
lowed for the longest intervals. There was 
thickening of the intima and media, fre- 
quently leading to marked narrowing of 
the lumen (Fig. 6B). These changes usu- 
ally appeared to be the result of intimal or 
medial proliferation, but focal areas of 
necrosis \yere also present in the intima and 
media of many vessels (Table 1). 

The hepatic reticulum was invariably 
preserved, but in an altered state. There 
was linear compression (Fig. 8)  similar to  
that observed in one human case. In  addi- 
tion, there was some fragmentation and 
coarsening of the individual reticuluni 
fibrils ( Fig. 8 ) .  

In two animals, serial histologic studies 
were obtained after one ancl t\vo months, 
respectively (Table 1). In these dogs, the 
features of homograft rejection were similar 
in both tissue specimens, although much 
more marked after the longer time. The 
progression of the changes in the intra- 
hepatic ductal and arterial systems were 
particularly striking (Fig. 6 ) .  In one of 
these animals (AHH2),  there was destruc- 
tion of almost all of the parenchyma except 
for the clucts. 

Orthotopic Canine Homografts 

Clinical course. Eleven dogs cliecl during 
the first three postoperative days, almost in- 
variably as a consequence of outflo\v block 
and/or liemorrliagic gastroenteritis, These 
have been reported before " and will not 
be considered further. Most of the other 14 
animals made an uneventful recovery from 
pentobarbital anesthesia. They appeared to 
be healthy for the first few days after op- 

days. The gross causes of death were pneu- 
monia, intussusception, pulmonary embo- 
lization, or gastro-intestinal perforation 
(Table 2 ) .  As will be described below, the 
extent to which homograft rejection con- 
tributed to the mortality was difficult to 
assess. 

Biocliem,ical studies. I t  was previously 
established that untreated dogs developed 
progressive jaundice starting on the fourth 
or fifth day (Fig. 9 )  after hepatic homo- 
transplantation.'" Bilirubinemia was much 
less pronounced in the present treated series. 
The peak serum bilirubin concentrations 
observed were 2.5 :.- 0.88 (S.E. ) mgyo after 
9.8 -t 2.2 (S.E.)  clays. The onset of jaun- 
dice was frequently a terminal event (Fig. 
9 ) .  I n  half the experiments, elevations in 
bilirubin were never observed. A compari- 
son of the course of an untreated dog with 
that of an animal receiving immunosuppres- 
sive therapy is shown in Figure 9. 

Elevations of serum alkaline phosphatase 
also tencled to occur late in the course, the 
maximum rise being 22 -C 4.8 (S.E. ) Bodan- 
sky units, after 8.4 * 1.3 (S.E.) clays. The 
very high values consistently demonstrated 
after auxiliary hepatic homotransplantation 
were not seen. 

In contrast to the alterations in bilirubin 
ancl serum alkaline phosphatase, rises in 
serum glutamic oxalacetic acid transaminase 
(SGOT) tended to occur earlier, the peak 
values being 207 * 21.9 (S.E.) S-F units 
after 5.4 2 1.3 (S.E.) days. The early rises 
in SGOT, which were thought to be  the 
consequence of ischemic liver injury during 
operation, were reversible to a high degree. 
In the preterminal period when bilirubine- 
mia and alkaline phosphatemia were promi- 
nent, SGOT's sometimes also exhibited a 
secondary rise (Fig. 9 ) ,  but in other ani- 
mals, the enzyme levels remained relatively 
lo\v despite rapid deterioration of other 
biochemical parameters. 

eration. Most resumed alimentation. U1- Hypoglycemia, a common finding in the 
timately, all 14 died, after three to 31.5 untreated animal 41 was never observed in 



424 STARZL AND OTHERS Annals  o l  Surgcry 
September 1961 

FIG. 13. Course of Pa- 
tient 2, showing relation- 
ships of serum bilirubin, 
T-tube drainage volume 
and bilirubin content of 
T-tube bile. Note tem- 
porary worsening of jaun- 
dice after transplantation. 

dogs under treatment with immunosuppres- 
sive drugs. The lowest blood sugar ever 
recorded was 52 mg. %. 

Gross pathology. The shrinkage so char- 
acteristic of the auxiliary homografts was 
not observed in the orthotopic specimens. 
Liver weights ranged from 330 to 740 Gm. 
In most dogs, there was gross homogeneous 
preservation of the specimen, although local 
intrahepatic abscesses were present in two. 
The tissue was usually more firm than nor- 
mal. The vascular supply was intact in all 
14 animals under consideration for patho- 
logic analysis. The gallbladder and com- 
mon duct were intact in all but one homo- 
graft, disruption of the cholecystenterostomy 
having occurred in the exceptional case. 

 microscopic studies. In all but one ani- 
mal, there was some hepatocyte loss (Table 
2 ) ,  the necrosis usually being concentrated 
around the central vein. 

There was a striking difference in the de- 
gree of round cell infiltration in the ortho- 
topic as compared to the auxiliary hepatic 
homograft. Immunocytes were completely 
absent in four of the orthotopic livers, and 
cellular invasion was not prominent in any 

(Table 2 ) .  The characteristic hepatocyte 
fallout was thus present, but without con- 
sistent evidence of classical cellular rejec- 
tion (Fig. 10A). 

The intrahepatic duct system was well 
preserved in every case; in four of the 
homografts there was either columnariza- 
tion of the bile duct epithelium, or actual 
hyperplasia, the latter finding being most 
prominent in the animals living for the 
longest time. Ductular bile stasis was pres- 
ent in two specimens. Hepatic arterial and 
arteriolar changes were present with medial 
and/or intimal thickening. In many in- 
stances, this appeared to be clue to medial 
or intimal proliferation, although the 
smudge lesions of focal necrosis were also 
present. The intrahepatic portal veins were 
normal. 

The hepatic reticulum was quite well 
preserved in every orthotopic homograft, 
although there were areas of linear com- 
pression, and some zones of fragmentation 
which were especially apparent around cen- 
tral veins in those grafts with marked 
hepatocyte loss (Fig.  10B). 
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Human Liver Homografts 

Clinical course. The clinical courses of 
the five patients have been previously de- 
scribed 41, 44, -15,  with particular emphasis on 
changes which occurred in the coagulation 
mechanism during and following surgery.43 
The first patient succumbed from operative 
hemorrhage. The next four died after 22, 
7.5, 6.5, and 23 days. The immediate causes 
of death in these last cases were pulmonary 
embolization; pulmonary embolization and 
gastro-intestinal hemorrhage; pulmonary 
embolization and congestive heart f a1 '1 ure, 
and bile peritonitis due to  common duct 
necrosis. Liver failure had an obvious role 
in the final outcome only in the last case, 
in which serious deterioration of hepatic 
function and a bleeding diathesis developed 
tenninally. 

Bioclzemical studies. In all patients sur- 
viving operation, there was evidence of 
moderately severe ischemic injury to the 
homograft (Fig. 11, 12). Serum levels of 
SGOT, SGPT, LDI-I, and ICD were mark- 
edly elevated for 24 to 48 hours. The high- 
est SGOT's were 1,150, 990, 350, and 2,060 
S-F units, respectively, in the last four cases. 
The serum enzyme abnormalities were ra- 
pidly reversed, however, (Fig. 11, 12) and 
secondary rises did not subsequently occur 
even in Case 5. 

Preoperative jaundice was present in all 
but Patient 5. Postoperatively, the jaundice 
initially deepened in all but Patient 3, the 
increased early bilirubinemia reaching a 
peak as long as eight days after operation 
(Fig. 12, 13) .  Bile which began to issue 
from the cotnmon duct in all the adult cases 
during the operation was later shown to 
have a bilirubin concentration as high as 
250 mg.% (Fig. 13 ) .  The reversibility of 
the bilirubinemia was similar to that of the 
SGOT, except that it occurred at a later 
time. The early rise in bilirubin was also 
thought to be due to acute ischemic injury, 
rather than to early rejection. 

Serum alkaline phosphatase was elevated 

preoperatively in all four of the adult cases, 
with a range of 12 to 35 Bodansky units. 
Postoperatively, these serum levels were 
persistently reduced to or toward normal in 
every instance (Fig. 11). The terminal 
alkaline phosphatases before death were 
5.3, 6.7, 10.4, and S Bodansky units in Pa- 
tients 2 to 5. 

Prothrombin times which ranged from 40 
to 100 per cent preoperatively were main- 
tained above 25 per cent in each case ex- 
cept the last one. In this patient, the pro- 
thrombin time \vas severely depressed from 
the time of surgery until death (Fig. 12) .  
In all patients, there was a slow decline in 
total serum protein, but severe hypopro- 
teinemia was present only in Patient 5 (Fig. 
12 ) .  Specific changes occurred in plasma 
fibrinogen content which have been previ- 
ously described in detailsq5 These consisted 
of depressed fibrinogen content intraopera- 
tively, with an almost immediate rebound 
which lasted for several days. In  Patient 5 
(Fig. 12) ,  this sequence was seen but to a 
lesser degree than in any other case. 

As mentioned above, progressive liver 
failure was present only in the last patient. 
I n  this case, restoration of liver function 
toward normal was interrupted on the 17th 
postoperative day after the patient devel- 
oped acute abdominal pain. Hepatic futic- 
tion had been poor from the time of opera- 
tion (Fig. 12) ,  with persistently low pro- 
thrombin times, rapidly falling serum 
proteins, low plasma fibrinogen concentra- 
tion, marked bilirubinemia, and low-volume 
T-tube drainage (50-150 ml./day ) . Al- 
though hypoglycemia did not OCCLII-, there 
was evidence of deranged carbohydrate 
metabolism. Progressive rises in serum 
pyruvate and lactate levels were observed 
(Fig. 14), beginning on the fourth post- 
operative day and reaching peaks of 3.4 
mg. O/o pyruvate and 73.4 mg. O/o lactate. Ex- 
cess lactate, calculated from Huckabee's 
formula,ll was as high as 31 millimoles per 
liter. 
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FIG. 14.  Changes in 
serum lactate and pyru- 
vate in Case 5. A trnn- 
sient elevation occurrcd 
immediately postopera- 
tively lvith subsequent 
decline toward normal. 
The secondary rise be- 
ginning on the fourth day 
was progressive. Vote the 
normal to increaced levels 
of plasma sugar. Normal 
ranges for serum lactate 
and pyruvate are indi- 
cated by tlic sl~adecl bars. 

Several factors which are known to in- 
fluence lactate levels may have been present 
including steroid therapy, pain, and hyper- 
glycemia, although none of these lead to 
the production of calculated excess lactate." 
I t  is probable, however, that the lactic 
acidemia is explicable by the mechanism 
defined by Ballinger l who demonstrated 
the inability of the hypofunctioning liver to 
effectively metabolize normal or increased 
quantities of this substrate. Less striking 
elevatiorls of serum pyruvate (highest 2 
m g . % )  and lactate (highest 33 mg.7;) 
were documented in Cases 2, 3, and 4, but 
since all three patients had hypoxemia as 
the result of pulmonary embolization, the 
significance of the findings is less clear than 
with Case 5 in which anoxic episodes were 
absent until terminally. 

In Patient 5, the unconjugated plasma 
amino acids were studied serially by means 
of high voltage electrophoresis." There was 
a generalized increase in the concentrations 
of lysine, histidine, glycine, alanine, serine, 
valine, glutaminc. and taurine. 

' Amino acid cleterminations performed by 
Thomas C. Wood, Jr., medical student Universih 
of Colorado School of Meclicine. Manuscript is in 
preparation. 

Haptoglobin Stirdies. The haptoglobins 
constitute a population of serum proteins 
characterized by their ability to form a 
stable bond with he~noglobin. '~ The liver 
has been postulated to be a site of hapto- 
globin production." The molecular hetero- 
geneity of these hemoglobin-binding pro- 
teins was demonstrated by Smithies who 
observed that serum protein fractions from 
normal subjects hacl different mobilities 
when subjected to electrophoresis in a 
starch gel.36 Smithies ancl Walker subse- 
quently reported that the type of hapto- 
globin produced by an individual was under 
genetic contr01.~' Three major types were 
identified ancl designated 1-1, 2-1 and 2-2:" 

In Case 5, in which the donor and recipi- 
ent were of different genotypes, haptoglobin 
studies were performed. Electrophoresis of 
the donor serum, obtained on the day of 
his cleath, revealed the haptoglobin geno- 
type to be 2-2. The serum of the recipient 
in Case 5 was examined prior to the surgical 
procedures, between the first-stage opera- 
tion ancl the transplantation, and on several 
occasions after the liver transplantation. 
The original haptoglobin type was 2-1. 

The first post transpla~lt serum was ob- 
tained after two days. The haptoglobin 
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genotype had changed to an unmixed 2-2, 
the genotype of the li\rer donor. The hapto- 
globin patterns of tlie donor and the re- 
cipient, before and after transplantation, 
are shown in Figure 15. 

Later in tlie postoperative period, denion- 
strable haptoglobins disappeared entirely. 
The 2-2 haptoglobin pattern was faint but 
probably present on the fourth postopera- 
tive day, but was not detectable thereafter 
(Fig. 16 ) .  The 2-1 haptoglohi~l did not re- 

C 
appear. 

The biologic: role of haptoglobins is not 
clear, although their possible functional sig- - 
nificance and the \\lay in cvhich they are in- 
flueliced by various disease states including 

FIG. 16. Starch gel electrophoresis of the recipi- 
ent's serum on the second, fourth, sixth, tenth and 
17th ost transplant days (ltbft to right). No 
hapto8ob;s could be found after the fourth day. 

trauma, liver disease and steroid therapy, 
have been the subject of a recent publica- 
t i o n . T h e  observance of pure donor geno- 
type in the recipient is of interest for t\vo 
reasons. It provides evidence that the source 
of haptoglobin is hepatic. In  adclition, it 
demonstrates a type of protein synthesizing 
activity of the new liver. The disappearance 
of the new haptoglobin after four days can- 
not be construed, however, as being due to 
complete cessation of function of the horno- 
graft in view of the subsequent survival of 
19 days, and because other factors are 
known to mask the presence of this sub- 
~ t a n c e . ~  

1mm.zrnoglob-tilins. The serum concentra- 
tions of immunoglobulins were serially de- 

\ 
termined in Patient 5, and compared to 
standard values derived from analysis of 
pooled human sera.' 

\{%en the recipient patient was first 

F'IG. 15. Starch gel eIectrophoresis showing the 
studied, before both the preliminary and 

haptoglobin genotypes of donor and recipient in definitive surgical procedures, the values 
Case 5. The genotype of the recipient prior to sur- ,, ,,, 2-1 ( lef t )  md donor 2-2 for gamma2 globulin, gamma~u globulin, 
Tccntcr). The donor type haptoglobin was found and gammalA globulin \yere within the nor- 
in thc scrum of the recipient on the second post- 
operative day ( right). ma1 range (Table 4 ) .  The concentration of 
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gamma? globulin fluctuated considerably 
during the first three weeks after liver trans- 
plantation. Forty-eight hours before death 
it fell to significantly lower levels. The con- 
centration of gamma,, globulin rose sig- 
nificantly on the fourth postoperative day. 
The level subsequently fell and by the end 
of the third postoperative week, it had re- 
turned to the presurgerp value (Table 4 ) .  
Gammald globulin fell immediately after 
transplantation and then remained rela- 
tively constant until 45 hours prior to death 
when the concentration fell still further. 
The changes in the concentration of the 
specific classes of antibody proteins are not 
as remarkable as the changes in protein 
fractions, as measured by electrophoresis, 
reported by Hume '' and Kubal  l6 after 
human renal and canine hepatic transplan- 

Gamma,.* Gamma, ar 
m g  5% mg. '35 

- 

684 288 
646 288 
380 224 
570 51 2 
418 512 
494 3.52 
342 416 
372 416 
372 240 
380 41 6 
289 240 
243 192 

'orma1 Sera 
Mean 1,104 395 191 

Range 760-2000 118-1,065 W-380 

FIG. 17. Liver homograft from Patient 2 after 21 days. The hepatocytes were well preserved. Note the bile 
duct hyperplasia (left of field) and the bile accumulation. H and E (from x 80). 
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FIG. 18A. Homograft 
in Patient 3, after 7.5 
days. A. The periportal 
infiltrate was greater than 
that seen in tht, other hu- 
man cases, hut  the cells 
\ \ le re  M G P  n e g a t i v e .  
Ducts are norrnnl. Arterial 
medial and intimal thick- 
ening \vere seen. PAS 
s h i n  (fi-om X SO). 

FIG. 1SB. Homograft 
in Patient 3, after 7.5 
clays.  I n t a c t  r e t i c u l a r  
struch~re.  Note fat infil- 
tration. which was proved 
with Sudan 1V stains. 
Reticulum stain (from X 
8 0 ) .  

tation respectively. The isolated increase in 
gamma,sI globulins is, however, of interest. 

Gross Pathology. All organs appeared to  
be essentially normal. The weight of the 
child liver was 220 Gm. The weights of the 
four adult livers were 1,700, 2,070, 1,720, 
and 1,760. Upon section, the livers seemed 
somewhat more pale and firm than normal. 
I11 Patient 5, there was a 2 cm. abscess in 
the right lobe. In the same case, there was 

necrosis of the distal 1 cm, of the homo- 
graft colnmon duct. 

Histologic Findings. There was extensive 
autolysis in the first homograft (Patient l), 
which was apparently due to an excessive 
period of ischemia. The other homografts 
were generally well preserved (Fig. 17-20) 
114th from fair to excellent over-all architec- 
ture (Table 3) .  The reticulum was quite 
normal (Fig. 1SB) in all but Case 5, in 
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which focal areas of linear compression 
were present (Fig. 20B). I n  Cases 3-5, the 
intrahepatic arteries and arterioles had in- 
constant intimal and medical thickening 
similar to that described above in dogs 
(Fig. ISA, 19) .  

The intrahepatic ductal system was intact 
in each case. I n  one of the homografts 
(Case 2), there was columnarization and 
hyperplasia, but this was in a liver provicled 
by a sporadic drinker. Trichrome stains re- 
vealed the presence of minimal periportal 
fibrosis in this specimen. There \vas evi- 
dence of moderate bile stasis (Fig. 17, 23A ) 
in two liomografts. The central veins were 
intact but there was slight to moderate 
perivenular necrosis in three of the four 
cases surviving operation. 

Immunocytes were found in the peri- 
portal area in significant numbers only in 
Case 3 (Fig.  IS) ,  although a fe\v lympho- 
cytes and plasma cells \\/ere present in 
Cases 2, 4, and 5 (Fig. 17, 19, 20) .  I\/IGP 
stains \yere negative in all cases. 

The hepatocytes were PAS positive in 
Cases 2, 3, and 4, but no glycogen whatever 
\vas present in the liver cells of the homo- 
graft from Case 5. In Case 3, there was a 
diffuse fatty metalnorphosis (Fig. l S ) ,  ancl 
in Case 5 the individual hepatocytes Ivere 
poorly preserved (Fig. 20) .  Intracellular 
bile pigment was present in Cases 4 ancl 5. 

The state of preservation of liver archi- 
tecture was generally much better in the 
liulnan cases than in either the canine 
auxiliary or orthotopic homograft series. 

Frc. 19. Homograft from Patient 4, 6.5 clays postopcratively. Liver is almost normal. Note thickening of 
artery in portal triad. PAS stain (from X 80). 
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FIG. 20A. Hepatic homograft from Patient 5. Note the poor staining quality of the liver plates and indi- 
vidual hepntocytes. Imrnunocytes are rare. H and E stain (from x 80). 

Discussion that the magnitude of the problem may be 

From the foregoing data, there can be 
little doubt that the vigor of the rejection 
process was considerably attenuated by the 
immunosuppressive regimens which were 
employed. Prolongation of survival was ob- 
tained in the animals receiving orthotopic 
livers. The biochemical response was con- 
siclerably different from that which invari- 
ably transpires after hepatic homotransplan- 
tation in the untreated animal.", " Finally, 
the state of histologic preservation of the 
homografts was far better in all three 
groups than could have been expectecl in 
untreated recipients. It  is of interest that 
control of rejection in the human cases was 
more complete from a histologic point of 
view than in the orthotopic dogs at a com- 
parable time after operation, suggesting 

less in man as has seemed to be the case 
with renal homografts. 

Despite these encouraging findings, eval- 
uation of refinements in drug therapy has 
been difficult. Past efforts to potentiate 
hepatic homograft survival with total body 
irradiation have been completely unsuccess- 
f ~ l . ~ ~  In the present study the only agent 
shown to be of unequivocal value was 
azathioprine, and even this compound was 
incompletely effective. I t  was not possible 
in dogs to demonstrate with any objectivity 
a consistent improvement in results with 
the addition of prednisone to the basic 
azathioprine xegimen. If a beneficial steroid 
effect is present, as has been demonstrated 
after canine renal hom~transplantat ion,~ 
it is probably being obscured by the many 
other pitfalls which make difficult the con- 
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sistent attainment of a useful liver prepara- 
tion." Alternatively, the possibilities must 
be  conceded that the various drugs used 
are not so selective in preventing hepatic 
destruction as they are in preventing renal 
homograft repudiation, that tlie liver is 
more highly antigenic and evokes a crush- 
ing immunologic response, as Greene's 
heterotransplantation studies would seem 
to  in~l icatr , '~  or that hepatic tissue is in- 
herently more vulnerable to rejection in- 
jury. 

Special attention should be directed to 
the influence of immunosuppression upon 
the pathologic features of rejection. In the 
untreated recipient, the most prominent 
findings are those of classical cellirlur re- 
jection, with early and extensive invasion 
of lymphocytes and plasma cells 3 j  '3 41 

which occurs coincidentally with or just be- 
fore rapid disappearance of hepatocytes. 
Inflammatory changes in small hepatic ar- 
teries and arterioles have also been de- 
scribed." w 3 S 9  3" * ' I t  has been traditional to 
regard the cellular invasion as the primary 
event in the process with the small lympho- 
cyte being the actual agent of des t r~c t ion .~"  

With immunosuppression, the alterations 
are often strikingly different. The geo- 
graphic distribution of hepatocyte dissolu- 
tion is tlie same, being concentrated most 
heavily in areas around the central veins. 
The arteriolitic lesions are also found in 
various stages ranging from focal intramural 
necrosis to medial and intimal thickening 
and proliferation. But these changes may 
occur without significant invasion of im- 
munocytes. 

FIG. 20B. Hepatic homograft from Patient 5. Focal reticular compression, seen in the 
central part of the field. Reticulum stain (From X 80). 
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FIG. 20C. Hepatic homograft from Patient 5. I-Iigh power view of 1-~epatocytes. Note variation in size 
and shape of hepatocytes ancl their nuclei. The liver cells containcd no glycogen. PAS stain (from 
X 320). 

The high incidence of non-cebltlln~. ~.ejec- 
tion in the orthotopic canine series neces- 
sitates a re-evaluation of the mechanisms of 
hepatic homograft rejection, just as has 
been the case for similar reasons in the 
field of renal homotran~plantation.~~i 3 1 z  1 3  

Physical contiguity of immunocytes to the 
parenchymal cells is apparently not a requi- 
site.?' Instead, there is increasing reason to 
suspect that humoral antibodies may play 
a crucial role. Sicular ancl his associates 31 

have obtained circumstantial evidence that 
gamma globulin is fixed in the macrophages, 
bile ducts, vessels, and liepatocytes of the 
transplanted liver. More recently, Popper 30 

reports that the greatest selectivity of anti- 
gen-antibody complexing is in the hepato- 
cytes, a finding which could readily explain 
Inany of the pathologic findings in the 
presently reported series. 

IVhether or not the non-cellular rejection 
seen during immunosuppression is funcla- 
mentally different from the better known 
variety of tissue repudiation in untreated 
animals is open to question. I t  is possible 
that the primary mechanism in either case 
is served by humoral antibodies, and that 
the immunosuppressive treatment merely 
slo\vs the process sufficiently to allow ob- 
servational dissection of the serial events. 
In this concept, the monocytic invasion of 
the clussical cellz~lur 1.eiection could be 
viecvecl as a secondary phenomenon. It is 
also equally possible that humoraI and cel- 
lular rejection are different and independent 
processes. 

The high incidence of arterial abnor- 
malities in the livers is of special interest in 
view of the growing evidence that an 
ischemic vascular factor is of importance 
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in the rejection of skin,Vardiac " and kid- 
ne). 1.5. ::I, 4 3  homografts. The significance of 

these changes in hepatic transplants is not 
kno\vn. Moore '"n postn~ortem studies has 
demonstrated areas of poor filling in the 
hepatic arterial tree, and has suggested that 
similar devascularization may occur during 
life. Such changes could not be demon- 
strated in the present study with in ,oil;o 
angiography, but the degree of small vessel 
definition was not so great as with his tech- 
nic. Although acute vascular disease may 
contribute to the homograft failure, Pop- 
per's ::O observations \vhich \?{ere cited above 
as well as the frequent observation in the 
present study of selective liver cell injury 
carry the important implication that the 
hepatocyte rather than the vascular or duct 
systems may be the primary target. 

The auxiliary homograft preparation of 
\Velch and Goodrich and their associ- 
ates 9. .17 proved to be a useful tool in study- 

ing Inany aspects of hepatic homotrans- 
plantation. Delineation of the homograft 
vascularity could be conveniently accom- 
plished. Consistent chronic survivals could 
be kept for late histologic examination. 
The selective preserixtion of the duct sys- 
tem was most e\.ident in this group of ani- 
mals. The hypertrophy and hyperplasia of 
the intrahepatic ducts, changes described 
by Mackay IS and Paronetto liver dis- 
eases suggested to have an autoimmune 
basis, \\rere most evident in this prepara- 
tion. 

Nevertheless, the relative ineffectiveness 
of immunosuppression in the dogs with 
ausiliary livers is both note\vorthy and dis- 
couraging in regard to clinical application 
of this technic. The degree of cellular in- 
vasion and hepatocyte loss was much 
greater than \vith the orthotopic livers. 
Furthermore, a 1-ery rapid diminution in 
size occurred after t\i70 nreelts. 

Several possible explanations map ac- 
count for these findings. Immunosuppres- 
sive therapy, which is partly dependent 
upon monitoring of function, was not de- 

livered so incisively. The abnormal revas- 
cularjzation may have contributed although 
this is unlikely since dogs with portacaval 
transposition do not have loss of hepatic 
mass.' Competition with the clog's own liver 
for nutritional substrate may have been an 
unfavorable condition. Finally, the dog's 
own liver with its large reticuloendothelial 
mass may have contributed substantially to  
the immunologic reaction in the auxiliary 
homograft series, a factor which would be 
eliminated in the orthotopic preparation. 

Summary 

The influence of immunosuppressive drugs 
upon rejection was evaluated in 40 dogs 
which received orthotopic or auxiliary he- 
patic homografts, and in five clinical cases 
of orthotopic liver transplantation. The ef- 
fectiveness of azathioprine and steroid 
therapy was judged upon serial measure- 
ments of function, upon duration of sur- 
vival, and upon findings at pathologic es- 
amination. 

Definite mitigation of rejection was dem- 
onstrated in all three groups. From a histo- 
logic point of view, immunosuppression was 
most successful in the human cases despite 
the employment of badly ischematized ca- 
daveric organs. Orthotopic canine homo- 
grafts were less completely protected, pre- 
sumably because of a species difference in 
the vigor of rejection. The most severely 
damaged specimens were the canine aux- 
iliary livers which were placed in the right 
paravertebral gutter without removal of the 
recipient's own liver. 

In  dogs treated wit11 immunosuppressive 
agents, rejection was often observed in the 
absence of mononuclear cell invasion. The 
homografts in such dogs commonly had 
central necrosis and diffuse vascular lesions, 
with selective preservation of the duct sys- 
tem, the general location of principal 
liepatocyte loss being the same as previ- 
ously reported in non-treated animals. The 
pathophysiologic mechanisms in such non- 
cellular rejection are considered. I t  seems 
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possible that the hepatocyte is the primary strate occurs with the use of the auxiliary liver and 

target of attack by recipient antibodies. that this is the c a ~ ~ s e  for the remarkable diminu- 

Alternatively, the vascular Iesions may tion of homograft size described in the body of the 
paper. When the homograft rather than the dog's 

cause secolldary ischemic to the own liver is vascularizcd with solancl~nic venous 
parenchyma, in spite of the fact that angio- flow, the auxiliary homograft retains its size and 
grams in this study failed to support this selective shrinkage of the autologous liver occurs. 

possibility. Thus, the situation reported in the present study 
is reversecl. The latter observation is oE immediate 

In the use of preserved practical significance since it has done much to 
homografts makes possible the accurate clarify the physiologic requirements which must 
identification of rejection with biochemical be rnet for the successful use of a u ~ i l i a r ~  heuatic - - 
measurements. This diagnosis was made Ilo~nog~afts.  - 
difficult in the clinical cases because of the 
employment of caclaveric organs, which do 
not function normally as a consequence of 
agonal and postn~orten~ ischemic injury. 
Nevertheless, the results of serial liver tests 
suggested that rejection was not function- 
ally present in any but Case 5 of the human 
series during survival periods of 6.5 to 23 
days. 

Several previously ullrecordecl observa- 
tions are described concerning more esoteric 
biochemical changes after hepatic homo- 
transplantation including alterations in 
serum or plasma immunoglobulins, a~nino 
acids, p)~ruvates and lactates. I n  addition, a 
case is documented in which the hapto- 
globin genotype of the recipient converted 
to that of the donor, a finding which sup- 
ports the concept that the liver is the only 
source of this substance. 

Addendum 

A greatly increased survival after orthotopic 
canine homotransplantation has been achieved 
with the co~nbination of daily azathioprine and 
intermittent intravenous doses of S.% methionine 
which was alluded to in the discussion. Methionine 
was given every 5 days in a close of 1.8 nlg. 
carrying approxi~nately 90 microcuries of S'". 
Eleven of 20 dogs so treated have had survival of 
more than a month. The longest survival obtained 
thus far has been 4\4 months, the animal still 
being alive with normal hepatic function on July 
28, 1964. I,Vllether or not the improved results 
are actually due to the addition of radioactive 
methionine to the regimen or to some other un- 
suspected factor has yet to be determined. 

Sincc: the submission of this manuscript, Dr.  
Thomas Marchioro has produced strong evidence 
that competition for alimentary nutritional sub- 
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l ~ ~ s c u s s ~ o ~  While the immunogenetic rejection response is 
casily abatccl in liver homotransplantation by the Ffla~crs D. h , Ioon~ (Boston) : 1 wonlcl use of immunosuppressive chen,otherap),, *is has like to congrat~llate Dr. Reemtsma and Dr. Starzl 
llOt reSlllted in the long-term of for their interesting and very impressive efforts canine liver transplants after total hepatectomy. to discern the imn~unogentic sequences in hetero- 

transplantation ancl hepatic rejection. Dr. Starzl has had better results than we have 
had. We have never had a dog go longer than (Slide) This slide is from a paper that wc 

prescntecl here in 1961, and it shows the healthy 14 clays. He has had one at 30 days. 

liver cells and the ilnl,lunocytes in portal 111 this rapidly growing field of homotrans- 

a,.ea of a n  ,Intreated lIepatic honlograft with good plantatio11 it is important to recognize things that 

liver cell function for many, and a later rejectioll We have not achieved. The long-term laboratory 

seq,lence characteristic of c-,olangiolitic hepatitis x w v i v ~ r  is needed, and w e  do not have any! 

with small bile duct obstruction. In the case of liver we believe that the cause 
under  ilnmunosllppressive c~Iemot~e rapy  the of this failure is vascular, probably a vasospastic 

wllole picture is  hi^ shows a similar or nontlirombotic vaso-occlusive feature of rejec- 
,Inimal a t  tell. to twelve clays, ~ 1 ~ ~ ~ ~ :  is tion. Our single human experience corroborated 
practically no irnmunocytic rejection whatsoc:ver. this jnterpretation. 

(Slide) However, the vascular lesion is most Such long-term maintenance has likewise not 
impressive. This is a postnlortem hepatic arterio- been attained for heart, lung, adrenal, or pancreas, 
gram of a dog with a hepatic homotransplant to name but a few organs with which members 
under immunosuppressive chen~otherapy, and i t  of this society are laboring. 
shows large areas of ischemia with closing off 'This point is an important one, because the 
of terminal arterioles which, on serial section, do First successful long-term kidney trnnsplantation 
not show thrombosis. jn man between indivitlr~nl\ ~.clilt,:d more remotely 

(Slide) This is an in. ~ i u o  hepatic homotrans- than fraternal t\vin\ wa5 p~~cccdcd by long-tenn 
plant arteriogram under immunosupprrssive survival in the laboratory using a protocol very 
chemotherapy. This shows the arterial anastomosis. similar, if not identical, to that later used in man. 
W e  can see the dye running into the liver well, Intra-order heterografts, such as chimp (o r  
but not filling it as well as we would like. I~aboon) to man are likewise surceptible to 

(Slide) And here is the matching portal veno- careful laboratory preparation and study. Now 
g-l.an1. Here is the anastomosis here (indicating), that this area has been invaded by assault, it 
filling the liver fairly well but evidently not \r~1111tl seem wise to slow down ancl entrench our 
enough to keep it alive. This is definitely a po.;ition by careful laboratory study of the re- 
phase of rejection; it is not seer) in the auto- iection immunology in intra-order primate hetero- 
gl-afts. grafts involving the several available primate 
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species other  thurr 111crl-1, in the  hope of obtaining 
laboratory verification before pressing the human 
patient, who lzas something t o  look forward to 
f rom a homogru.ft. 

T h e  ethical problem, in short, is that  of sci- 
ence as a whole. Good science is ethical science, 
ancl in relation to Dr. Firor's talk, good biological 
science views the  whole man ancl the whole prob- 
lem ~ ~ i t l i  care and caution. 

Dn. C. ST.UART WELCH (Albany,  New York) :  
I rtse to ndcl nly congratulations to D r .  Starzl and  
his group for the experi~neiital work which they 
have been perforlning, and particularly that  which 
has related to  their studies on  rejection reversal. 

h ly  own interest in  transplantation of t h e  liver 
and  in discussing this work is on a technical 
aspect rather than on the inim~~nosuppression side 
of it.  As D r .  Stnrzl said, we  did our first trans- 
plants of tlre dog's whole liver in  the lower ab-  
domen. I t  is not necessat-y to place the liver trans- 
~ l a n t a  in the usual anatomic site in dogs, even 
t l~ougli  liepatectorny be  done, ancl it is my belief 
that when tlre rejection pl ieno~nenon can be  shown 
to b e  controlled, liver transplants in the human 
being will then be justified. At the present t ime 
we liave not attempted to d o  any.  

I also I~elieve that  liver transplants may liave 
their greatest application in trcnting patients with 
cirrhosis of the livei-, which is a particular interest 
of mine. In  most instances of this disease lrepa- 
tec to~ny need never b e  clone. 

D r .  Starzl also s u g g r ~ t s  here toclay that  from the  
immunosrtppressive .~spcct  it may be important to  
do it, but  if the I'utter is controlled, hcpatcctorny 
should not need to h e  done in cirrl-~osis of t h e  
liver. At most, perhaps, a portacaval alinnt woulcl 
be necessary. leavirig thc old liver in placc, pIa5 
a l~oniotran\plant  of the  liver, which could b e  done 
in the lower abdomen.  This field of trartsplanta- 
tion of the liver slioulcl h e  more rewarding than 
liepatectomy and transplantation for cancer of t h e  
liver. 

The size of the whole live].-and this is one of 
the technical aspects I wish to discuss-offers some 
obstacle to lower abdominal transplantation, ancl 
we liave heen \working on  this s~113ject. In  recent 
experiunents w e  have shown that  only half of a 
livcr (homotransplant)  will sustain life in hepa- 
tecto~nized dogs ancl not only do some of these 
livers live bu t  dogs will live hepatectomized when 
only the arterial blood supply is reconstituted. 

Of 22 experiments of hepcltectomy plus homo- 
transplantation of half tlie liver, six were success- 
ful, in that they survived over 24 hours, bu t  four 
had rather longer survivals. Four  ho~i~ot ransp lan ts  
of the micldle and left lobe in liepntectomized dogs 
survived from four to 12 days. These are only 
preliminary experiments, but  tl~: suggestion is 
present that portions of thc wholc livcr may u1ti- 
rnately survivc. which nleans t h ~ t  n source of 
homotransplant!: fro111 live sources may b e  possible. 

I believe the  tranhplantation into the lower ab-  
domen is easier to do, ancl may well b e  the site 

of choice for  transplantations in many diseases, atld 
particularly in cirrhosis, when it becomes fedsible 
to do these on a large scale. 

DR. JOSEPH E. ~ ' J U H R A Y  ( B o s t o n ) :  I 'd  just like 
to ask one question of Dr.  Starzl, and  possibly D r .  
Moore. 

Is  it a valid assumption that  immune suppres- 
sion is adequate because cellular infiltrate is lack- 
ing? I n  kidney transplants under immune aup- 
pression \ve see as many as five or six different 
niicroscopic patterns of rejection only one of which 
is charactcrizecl by cellular infiltrate. Dr .  hloore 
has intimated that  the vascular lesion which h e  
described is on an i~nrnunological basis and I 
wonder if the liver prograin might  better b e  cli- 
rected towarcl testing sollie other drugs unrelated 
to azatliiopiine. T h e  vascular lesion which D r .  
Starzl and  Dr .  hsloore describes almost ccrtainlp 
lias an irn~~iunologic component to it. 

DR.  T .  E.  STARZL (closing):  I n  answer to D r .  
blurray's comments, it has not been our assump- 
tion that the absence of irnrn~rnocytes means that  
the rejection process has been controlled. On t h e  
contrasy, i t  is our view that noncellular rejection 
is typical of tlie reaction which we a re  going to 
sce wit11 increabing frequency in livcrs, just as 
has bcen obscrvccl with kidneys. 

I think his other comments are very appropri- 
ate also. At the  present time w e  are working with 
S-35-methionine in the laboratory, using this 
radioactive amino acid as an adjuvant to Imuran.  
T h e  stucly is not  complete, 11ut the 1ec111ts are 
encouraging. 

Concerning D r .  Welch's coniments, I think the 
~ c ~ ~ s o n i n g  hehincl his pioncer studics \\-a5 tlic sa111e 
ac ours. W e  had hoped that  the  patient receiving 
an organ as functionally comples as the liver woulcl 
have a better chance to survive if during the I-e- 
jection crisis there were a functional backstop 
froiii the  animal's or tile p'ltient's own organ 
which could be  left in place. Iio\vever, the in- 
ability to control the rejection under tliche cir- 
cunistnnces has been n discouraging one, ancl I 
t l~ ink  it is an ill o ~ n e n  as fa]- as any use of this 
tcchnic employing auxiliary organs. 

T h e  esplanntion for the  less favorable behavior 
of the  auxiliary homograft is not clear. I t  may b e  
that  the injured liver is competing for substrate 
with the animal's own liver; that  we  a re  not track- 
ing liver function so well, and  therefore not treat- 
ing rejection as effectively; that  diversion of the  
portal flow and  venous revascularization from the 
systemic system might be  a factor, although Dr. 
Child's studies of ten years or more ago with 
transposition are against this; or that b y  removal 
of the animal's own liver there is a loss of the 
reticuloendothelial mass in one versus the other 
situation. 

D r .  Moore'a pl~ilosophic co~ntnents  are certainly 
appropriate and, as h e  knows, they express our  
opinions also, at  least as far  as tlie liver work 
is concernecl. 




