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HOMOTRANSPLANTATION OF THE LIVER IN HHUMANS

T. E. STARZL, M., F.A.CS,, T. L. MARCHIORO, M.D., K. N. VON KAULLA, M.D.,
G. HERMANN, M.D., R. S. BRITTAIN, M.D., and W, R, WADDELL, M.D., F.A.C.S.,

Denver, Colorado

AN IDEAL TREATMENT for several kinds of
liver disease would be removal of the discased
organ and orthotopic replacement with a
hepatic homogra!t. Patients with primary
carcinoma of the liver, congenital atresia of
the bile ducts, and terminal cirrhosis would
all be candidates. The application of such
therapy depends, first, upon the employment
of a satisfactory operative procedure and,
sccond, upon the use of suitable measures to
prevent the iimmunologic rejection of the

will be described. The first attempt resulted
in failure at the operating table. The course
of the second 2 patients establishes the
feasibility of such an operation in humans,
despite the fact that death occurred 22 and
7Y% days after transplantation from pul-
monary emboli.

METHODS

Recipient patienis. Patient 1 was a 3 year old
white male with congenital biliary atresia

Starzl ¢f al.: HIOMOTRANSPLANTATION OF LIVER IN HUMANS 6065

oo Gh
My A
A ‘Zh‘x:\\:.
e i’i‘) il <
N F N ]

Forial v

Hepatic a /*° 3

N4 W Stomach ) 8 e
e w A
I)' ‘.__.","“v_";‘:_-\\‘

S Bl Ay .
i s [ ad AR
l \ 'Ir_- .,‘]' :
B ey e
Py
B .- .
* 0

\ Y J“I‘?‘f*""*ﬁ..l
I

1000 cold lactated Ringuers
with 1 ¢gram procawne chloride

-

Cutin dall
o b(fgddcr \

World’s first LT in U.S.

Ext. jug.v
14 |

.lexconurzd

ext. by-pass

Siliconized
ext.

by-pass

r

/’ *Stumyp of
splenic v

Femoral v
via b S

Saphenous V.

Cross - section

- \
t

TR Post.  Ant.










1968: First LT in Europe

the preservation apparatus is being prepared, it may be he

agents. He is now well, having returned to work six

Introduction to cool the cadaver by means of a heart-lung machine w weeks after the operation.
i A . refrigeration unit (Marchioro et al., 1963). Though the first pati h d no evid of rejec-
iver can be transplanted to the normal anatomical position tion, it is luded that pati iving liver allograf
stopic) or to an abnormal situation (heterotopic). A variety should i i ive therapy. "
terotopic techniques have been described (Starzl ef al., Organization
, but none is ideal. It is difficult to accommodate an
liver in the abdomen in such a way that it receives arterial It follows from the above remarks that the requirement Introduction

Qur experience of the technical and organizational aspects of
liver transplantation in five clinical cases is discussed in the
previous article (Calne and Williams, 1968). We report here
details of two adult patients suffering from primary malignancy
of the liver who received orthotopic liver allografts. In each

Br J Med 1968

34 patients treated with cyclosporin A
received 36 cadaveric organ allografts
(32 kidneys, 2 pancreases, and 2 livers). 26 kidneys are
still supporting life, 3 after more than a year; the pan-
creases and livers are also functioning. 20 patients are
not receiving steroids, and 15 of these have not had any
additional immunosuppressive agents. In these patients
infectious complications have not been severe, but a gas-
troduodenal lymphoma has developed in 1 patient. 6 pa-
tients were given ‘Cytimun’ (a cyclophosphamide deri-
vative) and steroids in addition to cyclosporin A: 5 of
these died of infections and 1 also had a lymphoma. 11
patients received additional steroids: 1 of these died

Summary

DIUSI IO LOE LULET TS,
When readmitted to hospital in April 1968 she was deeply
jaundiced, with a large hard hepatic mass extending four finger-
breadths below the costal margin. The white cell count by this
time had fallen to 2,300/cu. mm, and over a further few days
dropped to 600/cu. mm. Her haemoglobin was 7 g./100 ml. and
platelet count 72,000/cu. mm. She had florid thrush in her mouth
and fauces, and her sputum also ined Candida albi
Chlorambucil was stopped and ampicillin and amphotericin B were
given. Her white cell count and general clinical condition improved
but the liver function tests became increasingly abnormal ; the
serum bilirubin rose to a maximum of 42 mg./100 ml. and the
serum alkaline phosphatase to 159 King-Armstrong units/100 ml
On 2 May orthotopic liver transplantation was performed, the
donor being a 5-year-old child who had died of mumps encephalitis,
Details of the operation are given elsewhere (Calne and Williams,

Br J Med 1968
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CYCLOSPORIN A INITIALLY AS THE ONLY
IMMUNOSUPPRESSANT IN 34 RECIPIENTS OF
CADAVERIC ORGANS: 32 KIDNEYS, 2

PANCREASES, AND 2 LIVERS

: ; L R. Y. CALNE
from septicemia and lymphoma. Nephrotoxicity can be K. ROLLES D. J. G. WHITE
avoided by perioperative hydration and forced diuresis. S T D. B. EVANS
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G. N. CrRADDOCK R. G. HENDERSON
P. LEwis
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Because of the small number of pediatric donors, mortality rate of children
on the waiting list reached 20%-50%: Reduced-size LT launched in Europe

Reduced-sized orthotopic liver graft in
hepatic transplantation in children

H. Bismuth, M.D., and D. Houssin, M.D., Villejuif, France

Surgery 1984

23. Orthotope Transplantation von Lebersegmenten bei
Kleinkindern mit Gallengangsatresien

Orthotopic Transplantation of Hepatic Segments in Infants
with Biliary Atresia
Ch. E.Brélsch', P Neuhaus', M. Burdelski?, U. Bernsau' und R. Pichlmayr'

TXlinik fiir Abdominal- und Transplantationschirurgie der Medizi=-
nischen Hochschule Hannover
27entrum fiir Kinderheilkunde der Medizinischen Hochschule Hannover

Summary

Orthotopic transplantation of hepatic segments provides the
possibility of permanent hepatic functional support. Pediatric
recipients with biliary atresia can be treated with hepatic lobes,
if urgent indication requires transplantation. Appropriate sur-
gical technique of hepatic segments can avoid lethal complica-
tions. In the physiologic orthotopic position, a long-lasting
functional support is provided and regeneration is completed
within a few weeks.

Chirurgisches Forum 1984



Reduced-size LT paved the w

Langenbecks Arch Chir (1988) 373: 127-130 Langenl_)ecks_

Archiv fﬁrC

© Springer-Verlag 1988

Transplantation einer Spenderleber auf zwei Empfanger
(Splitting-Transplantation) — Eine neue Methode

in der Weiterentwicklung der Lebersegmenttransplantation*

R. Pichlmayr, B.

Klinik fiir Abdomina
Konstanty-Gutschow

d.8u)

Abb. 1. Schematische Darstellung der Teilung der Leber I,
A. hepatica propria; 2, Vena portac; 3, Choledochus; 4
Ductus cysticus; Su und 5b, rechte Hepaticusiste; 6, intra-
hepat. Vena cava inferior; 7, Cava-Patch mit einmiindender
linken Vena hepatica

ile Hannover,
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Figure 1 Technique of division of the donor liver to obtain two
functional hemigrafts. a The segments and major structures of the entire
normal liver are labelled; b division of the liver into two hemigrafts:
right hemigraft (segments 5-8) and left hemigraft (segments 2-4);
¢ implantation of the hemigrafts. 1V C, inferior vena cava; PV, portal vein;
CBD, common bile duct; CA, coeliac axis; HA, hepatic artery; RBHA,
right branch of hepatic artery; RBBD, right branch of bile duct; LBBD,
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1989: First attempt of LDLT in Brazil

duvadliviu LIVOL Ldallulce JUuUC WU Uildly d4dullivdid. LACL S JITYRAalTUILL

mother, a healthy ABO-identical woman, was the donor. The
operation took 18 h. The donor did not need any blood or blood
derivatives and was discharged on the 4th postoperative day. The
child recovered well at first and the graft started to produce bile soon
after the operation. Severe haemolysis resulted from haemolytic
antibodies inadvertently transfused in two bags of plasma, with
ensuing anuric renal failure. The child died 6 days after the
operation during haemodialysis to control metabolic disturbances
and fluid overload.

Patient 2

On July 21, 1989, we operated on a 19-month-old girl, blood type
A, with hepatic fibrosis and Caroli’s disease. No donor suitable on
vascular criteria could be found among her relatives studied by
angiography. A 40-year-old, blood type O healthy man volunteered
for organ donation. The operation lasted 16 h. The donor was
discharged on the 5th day, and again no blood or blood products
were used. The recipient was alert soon after the operation, being
extubated on the 1st day. The graft showed signs of preservation
injury, manifest by delayed production of bile. Coagulation and
biochemical indices of hepatic function improved until the 4th
post-transplant day, when a severe episode of acute cellular
rejection was noticed. This event was controlled by OKT-3
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1989: First successful LDLT in Australia

L45Cs, LWECLICT WILIL dll CXLCHSIVEC CXpCriciice 01 uver
resections for benign and malignant conditions, led to
the development of the concept of an orthotopic
reduced-size liver transplantation from a living related
donor.

In July 1989, the transplantation of a liver graft
from a living related donor was successfully per-
formed; the donor was a 29-year-old woman and the
recipient her 17-month-old son. This case illustrates

1506 THE NEW ENGLAND JRNAL OF MEDICINE May 24, 1990

Table 1. Results of Liver-Function Tests in the Recipient andthe  The recipient’s early postoperative course was uneventful. The

Donor.* liver graft functioned well, with good bile flow. Liver function was
= similar to that in recipients of reduced-size grafts from cadaver
On  BerorE TRas- donors. Six days after transplantation, acute rejection, confirmed by
INDEX REFERRAL  PLANTATION AFTER TRANSPLANTATION

liver biopsy, responded to pulsed steroid therapy.

DAY DAY7 | MONTH SMONTHS  Forty days after transplantation the child was discharged from

Recipient the hospital, with nearly normal liver function. Five months later,
Bilirubin (,umolfllter) 287 510 244 474 59 10 the mother and child were at home in gOOd health. The results of
Albumin (g/liter) 11 26 41 32 39 39 liver-function tests are presented in Table 1.

AST (UAliter) 230 267 1040 82 4] 75

Prothrombin time (sec) 21 25 21 18 17 16 DiscussioON

Donor

Anatomically, the liver consists of paired struc-

Bilirubin (umolliter) ~ — 5 4 9 — 5 . ; b
Albumin (g/liter) — 46 33 40 — 4  tures, joined together. Safely separating the liver into
AST (Ufliter) = 23 84 64 — 34 jts right and left halves requires considerable experi-
Prothrombin time (sec) — 13 17 14 — 13

ence. We have performed 200 liver resections, of
*AST denotes aspartate aminotransferase. Normal values are as follows: bilirubin, 10020 which 45 were left hemihepatectomies. The mortality

wmol ner liter: albumin. 35 ta 50 ¢ ner liter: AST_ () ta 40 1] ner liter: and nrothrambin time 13 . . . v 5 .
rate for elective resections in non_;aundlced patlents

I W

id PC perfusion catheter. rate ol children waiting for transplants has result-



1989: First LDLT in Japan-recipient died on POD 285
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1994: First description of right liver graft (switched from left to right
Intraoperatively due to extra-small left hepatic arteries: Kyoto Univ)

Vol, 57, 1127-1141, No. 7, April 1994
Printed in U.S.A.

Transplantation®

BRIEF COMMUNICATIONS
LIVER TRANSPLANTATION USING A RIGHT LOBE GRAFT FROM A LIVING RELATED DONOR!

YosHIO YAMAOKA®?
MasanoBU WASHIDA
Kazuo HoONDA
KoicH1 TANAKA
KENcHIRO MoORI
YASUYUKI SHIMAHARA
SHINGO OKAMOTO
Mikiko Uepa
MicHIHIRO HAYASHI
AKIRA TANAKA
TAISUKE MORIMOTO

FiGure 2. Harvesting the right lobe: A cannula was inserted into the KazUE OZAWA

right portal vein, through which the right lobe was perfused in situ Second Department of Surgery
with lactate Ringer’s solution and UW solution. RHV, right hepatic Faculty of Medicine

vein; RHD, right hepatic duct; PV, right portal vein; RHA, right Kyoto University

hepatic artery.

Sakyo-ku, Kyoto 606, Japan
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Future perspectives

« Unanswered questions in LDLT include graft selection
(donor safety always comes first), countermeasures
for small-for-size grafts, optimal immunosuppression
protocol for ABO incompatible cases, etc.

« Live donation remains an important organ resource in
Asia as well as in the Middle East. It is also being
revisited in the U.S. and Europe due to organ shortage.

* We should strive to consolidate global efforts to safely
perform LDLT as the last hope for patients who would
otherwise have died.



“The history of medicine is that what was inconceivable
yesterday and barely achievable today often becomes
routine tomorrow.”

—Thomas E. Starzl




