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Abstract. The shortage of pediatric donor livers has
stimulated the development of advanced surgical
approaches such as partial liver transplantation,
which produces the same results as whole organ re-
placement. Differences in body weight between do-
nor and recipient of more than four times, however,
usually necessitate extended reduction hepatectomy
and modified ways of performing vascular recon-
struction. Therefore, following ex vivo “trisegmen-
tectomy,” a new technique of hepatic venous drain-
age was developed with an end-to-side anastomosis
of the left donor hepatic vein to the preserved re-
cipient inferior vena cava. This operative technique
was applied to four children, one of whom had a re-
transplantation performed in exactly the same fash-
ion. There were no specific complications related to
this particular surgical technique. From our prelimi-
nary experience we conclude that reduced-size liver
transplantation can be safely performed with the
described type of hepatic vein reconstruction, espe-
cially when large donor organs have to be used for
small children.

Key words: Partial liver transplantation - Left he-
patic vein reconstruction - Preserved recipient infe-
rior vena cava.

At present, ABO and size compatibility between do-
nor and recipient are widely regarded as the most
essential matching criteria in orthotopic liver trans-
plantation (LTx). However, with increasing frequen-
cy, transplant surgeons are confronted with situa-
tions where these criteria have to be disregarded
because a compatible donor organ is not available.
One such situation is fulminant hepatic failure, in
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which the time span for successful LTx is limited.
Besides, the extreme shortage of pediatric donor liv-
ers leads to a high mortality among small candi-
dates - especially children - while waiting for a
transplant.

It has been shown that the ABO barrier can be
crossed successfully, something which is sometimes
necessary or even recommended, for instance, in
case of an emergency retransplantation [9). Further-
more, the idea of partial or reduced-size LTx fol-
lowing a so-called hepatectomy “a la carte” was in-
troduced in 1980 [11]. Earlier clinical attempts at
this approach with the liver graft in a heterotopic
auxiliary position had been described by Fortner
and later by Shumakov [8, 19]. Since the first suc-
cessful orthotopic reduced-size LTx by Bismuth in
1981, experience in this field has grown in several
groups [2, 4, 10, 12). The results obtained so far are
promising and as good as those obtained with
whole liver transplantation [3, 13).

Expertise in standard liver resection for tumors,
which is based on the segmental anatomy of the liv-
er according to the intrahepatic venous distribution,
can be regarded as an unequivocal prerequisite for
the performance of a reduction hepatectomy ex vivo
[1, 7, 20). Nevertheless, many problems have not yet
been solved sufficiently, among them the exact as-
sessment of how much liver parenchyma has to be
or can be removed to fit into a particular recipient
or the different ways in which vascular recon-
struction can be performed. Especially when there
are extensive differences between donor and recip-
ient size or weight - as when a large liver is used
for a small child, something which necessitates
a 70%-80% liver resection (the so-called “triseg-
mentectomy”) - specific technical details have to be
considered.

For this particular indication - reduction of an
adult liver and transplantation into a child - we



Fig. 1. Ex vivo hepatic trisegmentectomy with dissection of the
vascular structures in the liver hilum (I) and the transsection line
of the parenchyma along the umbilical and falciform liga-
ments (11)

Fig. 2. Reduced-size graft consisting of segments I and III (ac-
cording to Couinaud [7]) with its vascular and biliary structures.
For venous reconstruction, a caval Carrel patch is formed around
the entrance of the left hepatic vein

have developed a new technique of left hepatic vein
reconstruction that allows transplantation of seg-
ments II and III (according to Couinaud [7]) alone
while the recipient inferior vena cava is preserved. It
is the purpose of this contribution to give a detailed
description of the operative technique, followed by
a short survey of our present experience in four pat-
ients, including a case report of the first child treat-
ed in this way.

Operative technique

Donor selection is based on criteria presently accepted by most
transplant centers [17). The harvesting procedure itself is standard-
ized but flexible, usually allowing simultaneous removal of heart,
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Fi_g. 3. Following cross-clamping, the recipient liver is excised
with the total inferior vena cava being preserved. The confluence
of the main hepatic veins is used for later end-to-side anastomo-
sis

V. hepatica sinistra

~ V. portae sin.
D. chaledochus

Fig. 4. Position of the bisegmental graft after implantation (90°
rotation to the right side) and the sites of the different anasto-
moses

liver, and kidneys. After dissection of the organs to be harvested,
in situ perfusion via abdominal aorta and portal vein is com-
menced with Euro Collins solution, and this is followed by cold
storage of the liver at 4 °C. Simultaneously, a second surgical
team starts the recipient operation with complete dissection of
the diseased liver, leaving the vascular supply undisturbed.

As the second step, the reduction hepateciomy is performed ex
vivo on the back table while the liver is kept in cold Euro Collins
solution and packed with ice to prevent rewarming. The extent of
donor hepatic parenchyma to be removed is estimated according
to the size of the recipient liver. Then dissection begins with com-
plete removal of the retrohepatic segment of the inferior vena ca-
va (IVC) from the liver tissue, thus preserving the entrance to the
left hepatic vein into the IVC. Next, the cystic duct and the right
branches of the portal vein, hepatic duct, and hepatic artery are
identified and divided as distant as possible from the main bifur-
cations; care is taken not to encroach upon the left branches
(Fig. 1, I). Transsection of the liver parenchyma is performed
from the posterior to the anterior surface along the umbilical and
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Table 1. Partial liver transplantation (segments 1T and III) with a new reconstruction technique for the left hepatic vein

No. Indication Donor Recipient Body weight Graft Outcome afger
- - ratio liver  transplantation
Age Body le.er Age Bo.dy Lu{er (donor: recipient) weight
(years) weight weight (years/  weight weight ®
kg) (@ ° months) (kg) (@
1*  Biliary 14 70 2820 2/5 12.3 552 5.7:1 580 Retransplantation after
atresia 144 days, chronic
rejection (no.3)
2 Biliary 23 80 2075 1/9 8.7 512 9.2:1 500 Died after 2 days,
atresia : primary nonfunction
3*  Chronic 13 43 1290 2/10 12.0 588 36:1 330 Alive at 9 months (after
rejection the first transplanta-
tion)
4  Alagille 9 30 960 372 8.5 708 3.5:1 310 Died after 33 days,
syndrome multiorgan failure
5  Biliary 6 37 880 2/4 9.3 720 4.0:1 260 Alive at 4 months
atresia
# Case report

falciform ligaments with careful identification and suture ligation
of all crossing vascular and biliary tributaries (Fig. 1, II). At least
a partial liver graft is obtained consisting of segments II and III
according to Couinaud [7] (approximately 20%-30% of the
whole liver weight) attached to its vessels and bile duct (Fig. 2).
‘By injecting Euro Collins solution, vascular and biliary leakage is
checked and closed with 6/0 nonabsorbable sutures, the raw sur-
face of the liver then being covered with fibrin sealant and colla-
gen tissue. A Carrel patch of the IVC is formed around the en-
trance of the left hepatic vein for later reconstruction. This back
table procedure takes about 2 h.

The recipient operation continues with total hepatectomy after
clamping and transsection of the hepatic artery, portal vein, and
hepatic veins while the recipient inferior vena cava is clamped
above and below the liver and preserved in continuity (Fig. 3).
The small hepatic veins are closed by suture ligation, whereas the
confluence of the three main hepatic veins is left open. Graft im-
plantation starts with an end-to-side anastomosis between the ca-
val patch of the left hepatic vein and the recipient IVC using
a 4/0 absorbable running suture. Next, the donor celiac trunk is
anastomosed with an aortic patch to the recipient common he-
patic artery in a side-to-end fashion with a 6/0 absorbable su-
ture. The left branch of the donor portal vein is then anasto-
mosed end-to-end with the recipient portal vein. After reopening
the graft circulation and control of bleeding, biliary recon-
struction follows as end-to-side choledochojejunostomy using a
Roux-en-Y loop with insertion of a T-tube (Fig. 4). Using this
technique of vascular reconstruction it is necessary to rotate the
partial graft approximately 90° to the right so that the resectional
surface is in a posterior position.

Results

Up to now, five partial liver transplantations, using
segments I1 and III only with hepatic vein recon-
struction as described above, have been performed
in four patients. The indications for liver replace-
ment have been extrahepatic biliary atresia (N=3),
Alagille syndrome (N=1), and chronic rejection

(N=1). Recipient age and weight ranged from 21 to
38 months and 8.5 to 12.3 kg, respectively. The do-
nors were 6 to 23 years of age and 30 to 80 kg in
weight (Table 1). Two children died, one because of
primary nonfunctioning of the graft (at 2 days), and
the other due to multiorgan failure caused by severe
intrapulmonary shunts (after 33 days). As was
shown by pathological examination, the causes of
death were not related to surgical or technical prob-
lems. The other two patients are alive at 4 and
9 months postoperatively. A detailed report of the
first case we had who had a successful retransplan-
tation is presented.

Case report

A white male, born on 28 September 1984, developed neonatal
jaundice and hepatomegaly. As a consequence of a liver biopsy
which revealed extrahepatic biliary atresia and hepatic fibrosis,
hepatoportojejunostomy (Kasai procedure) was performed at the
age of 2 months. During the postoperative course, jaundice did
not improve significantly, so the child was admitted for evalua-
tion of LTx in November 1985. According to the clinical status
and liver function tests, he was considered too early for trans-
plantation. Within the following months there was a slow biliru-
bin increase and a loss of hepatic function, so the patient was put
on the waiting list for a liver transplant in August 1986. Because
the child’s clinical status deteriorated progressively, he was read-
mitted on 18 March 1987, when a potential blood group identical
donor became available.

The donor data were as follows: age, 14 years and 6 months;
height, 175 cm; body weight, 70 kg. By comparison, the liver re-
cipient was 2 years and 5 months old, with a height of 85 cm and
body weight of 12.3 kg. Because of this considerable difference
in body weight - more than 5 times - between donor and re-
cipient, it was decided to perform partial liver transplantation.
Given the recipient liver weight of 552 g, the donor liver (total
weight 2820 g) was reduced to segments II and III by ex vivo tri-
segmentectomy, resulting in a graft weight of 580 g (21% of the
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Fig. 8. Postoperative course of patient J.J, 29 months old
(12.3 kg), who had his first partial liver transplantation (LTx) for
extrahepatic biliary atresia, and needed a second graft more than
4 months later because of chronic rejection. ¥ Liver biopsy:
A acute rejection, CH chronic rejection, / minimal, 2moderate;
® bolus of methyl prednisolone: ATG antithymocyte globulin,
OKT 3Orthoclone OKT 3. Cs whole blood trough levels mea-
sured by radioimmunoassay

whole donor liver). The technique used for graft reduction and
implantation was exactly the same as described in detail above.
The left hepatic vein of the graft was anastomosed end-to-side to
the recipient IVC. The entire recipient operation, including the
reduction hepatectomy ex vivo, did not exceed 10 h, while the
cold ischemia time was 8 h. There were no particular intraopera-
tive or early postoperative surgical complications; the child
could be extubated after 24 h. With cyclosporine and predniso-
lone providing basic immunosuppression, immediate graft func-
tion was followed by complete normalization of the patient’s
clinical status, as well as the liver function tests (Fig. 5). The T-
drain cholangiogram performed at 2 weeks did not show any ab-
normalities (Fig. 6a). The child was discharged from the hospital
63 days after transplantation.

Elevation of serum transaminases (GOT, GPT), alkaline
phosphatase, gamma-glutamyl-transpeptidase and, later on, total
bilirubin led to readmission and a liver biopsy, which revealed a
moderate acute rejection episode (A1). This could not be re-
versed by steroid boluses, antithymocyte globuline (ATG) treat-
ment, or conversion to intravenous cyclosporine. Repeated biop-
sies showed progressive chronic rejection with suspicion of a
vanishing bile-duct syndrome (CH 1-2). Angiography demon-
strated a stenosis of the hepatic artery within the liver parenchy-
ma (Fig. 6b). As jaundice was increasing and all liver function
tests remained abnormal, retransplantation was considered to be
the only solution.

2‘0 [days)
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On 9 August 1987 (144 days after the first transplant), a stable
donor was found. The donor was 13 years old with a height of
165 cm and body weight of 43 kg. Since the donor’s weight ex-
ceeded that of the recipient by more than three times, a reduction
hepatectomy again had to be performed. Following removal of
the rejected first liver transplant without excision of the recipient
inferior vena cava, the second graft, which consisted of seg-
ments II and III (weight 330 g=26% of the total donor liver),
was implanted in the same fashion as the previous procedure.
The recipient IVC could be preserved without major difficulties
and used for an end-to-side anastomosis with the left hepatic
vein of the graft. Arterial reconstruction was achieved by anasto-
mosis between the recipient supraceliac aorta and an aortic Car-
rel patch of the donor artery. The operating time for the entire
procedure was 8 h and 10 min; cold ischemia lasted 8 h and
12 min. Pathological examination of the first graft confirmed the
diagnosis of chronic vascular rejection with marked intimal foam
cell transformation and stenosis of the main and intrahepatic ar-
teries, as well as portal fibrosis, but only minor damage of the
biliary epithelium. The typical criteria of a complete vanishing
bile duct syndrome were thus not fulfilled.

The postoperative course was complicated by another acute
rejection crisis (A 1) 2 weeks later which, this time, was reversed
successfully by OKT 3 (Ortho Pharmaceutical Corp., Raritan,
N.Y.). The patient could be discharged from the hospital after
7 weeks and is now in excellent clinical condition with complete-
ly normal liver function 9 months following the first LTx (Fig. 5).

Discussion

Without question, there is at present an extreme
shortage of pediatric donor livers within Europe,
leading to an unacceptably high mortality among
potential transplant candidates, particularly in the
youngest age group [5, 14]. Therefore, the attractive
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concept of reduced-size orthotopic liver transplanta-
tion, which was introduced by Bismuth and co-
-workers, offers the chance to accept size-incompati-
ble donors and thus to enlarge the otherwise limited
donor pool, especially for small pediatric recipients
[2, 11]. As has clearly been shown by Otte, applica-
tion of this technique renders possible postoperative
results and survival rates that are equal to those
with whole liver transplantation [13]. The current
approach taken by the Brussels group is effective
provided livers of donors aged below 16 years are
selected for partial liver transplantation into very
small children younger than 2 years of age. In the
majority of these cases, the complete left hepatic
lobe (segments I-1V) has been used as the graft.
From their experience with reduced-size LTx, the
authors concluded that the body weight of the do-
nor should not exceed 4-5 times that of the recip-
tent [10].

However, with regard to our own transplant
waiting list, where potential recipients of almost all
age and weight categories are registered, a more or
less general policy to reduce livers of donors with a
body weight between 20 and 40 kg would seem im-
possible and unjustified since these organs are
needed as whole grafts for recipients of appropriate
weight [15]. To overcome the limited resources of
pediatric organs, we have had to adjust our present
concept, which is primarily directed at reduction of
adult donor livers, usually necessitating 70%-80%
hepatectomy (“trisegmentectomy”) before trans-
plantation into pediatric recipients. Since this raises
a variety of important technical problems related to

Fig. 6. a Normal T-tube cholan-
giogram of the reduced-size graft
2 weeks after the first transplanta-
tion. b Hepatic arteriogram at
16 weeks postoperatively showing
a stenosis of the hepatic artery
within the liver parenchyma

the size of the left lobe and especially segment I, as
well as to the considerable discrepancy of the ves-
sels, specific surgical variations are necessary [4].

The development of our new technique is based
on the fact that recipient hepatectomy can safely be
performed without removal of the inferior caval
vein [6, 16, 18). Following ex vivo right “trisegmen-
tectomy,” including removal of segmentI and the
donor IVC, venous drainage of the bisegmental
graft (segments II and III) is easily achieved by end-
to-side anastomosis between the left hepatic vein
and the inferior vena cava. So far, this type of ve-
nous reconstruction for partial liver transplantation
has been applied to four children, two of whom are
alive at 4 and 9 months postoperatively. Surgical
complications related to this particular technique
have not yet been observed. Moreover, our longest
survivor, whose postoperative course is described in
detail above, had a successful retransplantation with
exactly the same operative technique. Our prelimi-
nary experience demonstrates that this new techni-
cal approach is feasible and safe.

Summarizing the advantages, this technique al-
lows a donor to be accepted whose body weight is
more than 4-5 times that of the potential recipient.
By this means, the livers of adult donors, which are
not as scarce as pediatric organs, can be reduced for
transplantation into small children. The manage-
ment of reconstructive vascular problems (such as
otherwise needing to trim the IVC to an appropriate
size) is thus facilitated. We recommend that this
new technique of hepatic venous drainage be taken
into consideration by all groups interested in partial



liver transplantation since it increases the flexibility
of selection criteria with regard to size compatibility
between donor and recipient.
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