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of the recovered native liver. This
patient is alive more than 1 year af-
ter the operation. We conclude that
heterotopic auxiliary liver trans-
plantation with portal vein arterial-
ization is a suitable approach to
bridging the recovery of the acute
failing native liver.

Abstract Six adult patients suffer-
ing from acute hepatic failure and
with a high urgent status underwent
heterotopic auxiliary liver trans-
plantation. In four of these patients,
the portal vein of the liver graft was
arterialized in order to leave the na-
tive liver and the liver hilum un-
touched and to be able to place the
liver graft wherever space was avail-
able in the abdomen. The arterial
blood flow via the portal vein was
tapered by the width of the anasto-
mosis. Two patients died, one of
sepsis on postoperative day 17
(POD), the other after 3 months due
to a severe CMV pneumonia. There
were no technically related deaths.
The native liver showed early re-
generation in all cases. In one pa-
tient, the auxiliary graft was re-
moved 6 weeks after transplanta-
tion. Four weeks later, he had to un-
dergo orthotopic retransplantation
due to a recurrent fulminant failure
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Despite improved long-term prospects, auxiliary liv-

Introduction er transplantation has not yet gained general acceptance

Orthotopic liver transplantation has improved the prog-
nosis of patients suffering from fulminant hepatitis enor-
mously [18, 19, 21, 24]. Alternative methods to ortho-
topic liver transplantation, including liver support, het-
erotopic transplantation, partial orthotopic liver trans-
plantation, and xenografting, are currently being evalu-
ated [4,10, 13,17, 21]. The aim of the auxiliary approach
is to support the patient’s failing liver for a period of
time until the native liver has recovered. Once that hap-
pens, immunosuppression can be tapered and eventual-
ly stopped. The liver graft either atrophies or has to be
explanted surgically.

[16]. The excellent results of orthotopic whole liver
transplantation in the treatment of fulminant hepatic
failure (FHF), as well as the reported high morbidity
rate of the auxiliary method due to technical complica-
tions and problems in the early postoperative period,
have made transplant surgeons somewhat wary of the
latter approach.

Here, we report our experience with heterotopic
auxiliary liver transplantation in the treatment of FHF
with arterialization of the portal vein of the liver graft.
We demonstrate that the latter variation makes it pos-
sible to decrease morbidity due to surgical complica-
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Fig.1 Specimen of an acute
failing recipient liver. About
90% of the hepatocytes are ne-
crotic. There are still some
zones of vital hepatocytes
(H&E, x 100)

tions. Our reason for arterializing the portal vein is to
leave the hilum of the native liver untouched. The nec-
essary amount of liver tissue can be placed wherever
there is enough space in the abdomen. Thus, even mar-
ginal liver grafts can be accepted for this life-saving
procedure.

Patients and methods

Over the last 3 years, auxiliary liver transplantation was performed
in our department on six patients, aged 18-49 years, suffering from
FHF. In all cases, the criteria of O’Grady et al. [14] had been met
and the patients placed on the “high urgent” list for transplanta-
tion. The decision to use the auxiliary method was made during
the operation. One key criterion for this method was the intraoper-
ative appearance of vital hepatocytes and mitoses in the frozen sec-
tion of the native liver (Fig. 1). The surgical technique depended on
the quality of the graft (cold ischemia, percentage of fatty cells)
and the space available in the abdominal cavity. The auxiliary par-
tial orthotopic liver transplantation (APOLT) technique [8] with

left lateral segment transplantation was used once. The right lobe
(segments 5-8) was transplanted heterotopically twice. A full-size
graft was transplanted heterotopically three times. The following
results will focus on four patients transplanted heterotopically
with arterialization of the portal vein (Table 1).

Results

With the exception of one early vascular complication in
patient K. L., primary function was observed in all auxil-
iary grafts (Table 1). Graft function was documented by
the patient’s clinical course (fading encephalopathy),
biochemical parameters, and hepatobiliary scintigraphy.

One patient (Ch.R.) was placed on a triple drug im-
munosuppressive regimen. The other three patients
(K.L.,K.N.,B.L.) were treated with an induction thera-
py of ATG for 7 days in addition to triple drug therapy
consisting of CyA, imuran, and cortisone.

Table 1 Heterotopic auxiliary liver transplantation with arterialized portal vein in patients suffering from fulminant hepatic failure
(i. p. immunosuppression, FHF fulminant hepatic failure, p. v. portal vein, OLTX orthotopic liver transplantation)

Patient/Age Disease Graft Technique Complications Follow-up

(years)

C.R. 49 A hepatitis Full-size Heterotopic, Small-bowel perforation,  Died POD 17
p.v. arterialized sepsis

K.L. 18 Ecstasy Full-size Heterotopic, Portal vein thrombosis, i.p. stopped after 4 months
p.v. arterialized acute rejection, abscess graft removed, well

K.N. 25 non A non B Full-size Heterotopic, Acute rejection 1.p. stopped, died 3 months

non C hepatitis

B.L. 20 B hepatitis Segments 5-8, split

p.v. arterialized

Heterotopic,
p.v. arterialized

postoperatively from CMV
pneumonia

Graft removed, recurrence
of FHF, OLTX, well

Acute rejection
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Fig.2 Radioisotope scanning (99™TcIDA-tracer) of native and
transplanted liver of patient K. L. 6 weeks after successful hetero-
topic auxiliary segmental liver transplantation. The auxiliary trans-
plant in the lower right abdomen is still more active than the recip-
ient-regenerating liver

Patient Ch.R. recovered well at first. The ongoing re-
generation of his native liver was documented by biopsy.
Fourteen days after transplantation, he became septic.
He was reoperated on postoperative day (POD) 15 due
to an acute abdomen. A small bowel perforation with
an accompanying peritonitis was found. The patient
died on POD 17 of septic shock.

Patient K.L., admitted for “ecstasy” poisoning, was
found to have a thrombosed portal vein 12 h after un-
dergoing urgent transplantation. An urgent reoperation
was performed. The portal vein was thrombectomized
and anastomosed to the internal iliac stump of the inter-
posed vessel to the aorta. The further clinical course was
complicated by an intra-abdominal abscess 3 weeks af-
ter surgery. This could be drained by a percutaneously
inserted catheter. A biopsy of the graft confirmed the di-
agnosis of cholangitis. The native liver showed excellent
regeneration 3 months after auxiliary transplantation
(the regeneration was checked clinically and by radio-
isotope scanning (Fig.2). Immunosuppression was re-
duced (only CyA continued) and then stopped after
4 months. Due to persisting cholangitis, the graft was re-
moved 4 months post-transplantation. The patient re-
covered well. Liver function is excellent more than
1 year after admission.

The 25-year-old patient K. N. had an uneventful post-
operative course at first. Two weeks later he was treated

Fig.3 Intraoperative scene in patient B. L. The iliac artery bifurca-
tion of the donor is anastomosed to the infrarenal aorta of the re-
cipient. Both stumps of the iliac arteries are anastomosed to the
hepatic artery and the portal vein of the graft

Fig.4a Specimen of the auxiliary liver graft of patient B.L.
4 weeks after transplantation. The specimen shows slight sinusoi-
dal infiltration with lymphocytes. The parenchyma is in rather
good shape (H & E, x 100). b Specimen of the regenerating native
liver of patient B.L. 2 months after acute liver failure. The speci-
men demonstrates vital hepatocytes and no signs of fibrosis. The
zonal architecture is rather normal. Some fatty changes can still
be seen (H & E, x 100)
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with a high dosage of cortisone due to a biopsy-proven
acute rejection. Ten weeks after the successful trans-
plantation, the patient was discharged and went home.
Yet, 10 days later, he was readmitted suffering from fe-
ver, headache, and enteritis. We found an extremely
high CMV-IgM titer and detected the virus in the serum,
urine, and liver tissue. The patient, who was still under
immunosuppression consisting of cortisone and CyA,
was treated with virostatic drugs and immunoglobulins.
He developed a CMV pneumonia and died shortly after.
The postmortem showed an inconspicuous abdominal
cavity with a well-regenerated native liver.

Patient B.L. also had an uneventful course initially.
‘An acute rejection was successfully treated with corti-
sone. Because of an excellent regeneration of the native
liver and an abdominal wound infection, the decision
was made to remove the graft 6 weeks after the proce-
dure. Only cortisone, 10 mg/day, was continued as im-
munosuppression. The surgical procedure, including
anastomosis, is shown in Fig.3. Artery and portal vein
were connected to the iliac bifurcation of the donor
used as an interposition graft. The other end of the graft
was anastomosed to the infrarenal aorta. The histopath-
ological specimen of the graft and the regenerated liver
are shown in Fig. 4. Four weeks after the auxiliary trans-
plantation, the native liver seemed to be fully regenerat-
ed. However, some periportal infiltration was still visi-
ble (Fig.4b). Unfortunately, the patient developed
acute liver failure again. The underlying cause remained
quite unclear although the negative HBsAg status
turned positive in spite of active and passive vaccina-
tion. The patient had to undergo orthotopic transplanta-
tion in a high urgent state. The fully recovered native
liver was entirely necrotic 4 weeks later. The postopera-
tive course was uneventful, but the patient is still
HBsAg-positive and is being treated with virostatic
drugs. He is still in our outpatient aftercare 10 months
after discharge.

Discussion

Auxiliary liver transplantation is a method that has been
quite well known since the early days of liver transplan-
tation. Welch [23] was the first to describe the successful
use of a heterotopically placed auxiliary graft in a canine
experiment. He concluded that a short period of viabili-
ty could be observed after heterotopic auxiliary trans-
plantation. The clinical use of auxiliary liver transplan-
tation for fulminant liver failure is rather new. The aim
is to use auxiliary transplanted liver tissue to support
the failing native liver until it has had time to recover.
Once that happens, immunosuppression can be stopped.
In 1980 Bismuth et al. performed the first clinical auxil-
iary heterotopic transplantation using a reduzed-size
liver graft [1].

A key to success with the auxiliary approach is the in-
dication. Sufficient information must be available show-
ing that the native liver has not suffered previous diseas-
es and, therefore, that it has a chance to regenerate [5].
Interestingly, in all four of our cases, from a biochemical
and/or histomorphological point of view, a regeneration
of the failing liver tissue did occur from 10 days to
4 weeks after the procedure, i.e., a period of time that
exceeds the capabilities of currently available liver sup-
port systems [10] but that is certainly short enough to
justify a temporary approach.

There appears to be some skepticism about using the
auxiliary approach to treat hepatitis B for fear of chron-
ic liver failure in the long term after FHF [24]. Then
again, even in fulminant courses, clearance of the virus
has been proven and was also seen in two of our pati-
ents. :

To what extent the age of the patient should be taken
into account with the auxiliary approach has not yet
been established. In Europe, advanced age has been
found to be an important factor that impedes native liv-
er recovery [5]. In our experience, however, age (up to
49 years) was not of importance as far as tissue regener-
ation was concerned.

In all of our cases, the decision to use the auxiliary
approach was made intraoperatively. To the experi-
enced liver surgeon, the appearance of the frozen sec-
tion of the native liver tissue ultimately determines the
approach to be used. The importance of other biochem-
ical parameters have not yet been established [3-5].

An advantage of the APOLT technique may be the
stimulation of liver regeneration by the trauma of neces-
sary liver resection. Shiota et al. [18] measured hepatic
growth factor (HGF) as a parameter for liver regenera-
tion in FHF and in acute hepatitis. Highly elevated
HGF levels were found in the patients with FHF but no
significant increase was found in the patients with acute
hepatitis. Similar data regarding the APOLT technique
are not yet available. Blumgart et al. [2] were able to
show that major liver resection led to a significantly
measurable growth of the remaining liver compared to
minor liver surgery.

From our point of view, possible disadvantages of the
APOLT method include the liver resection in a critically
ill patient with severe coagulopathy, the resulting dan-
ger of postoperative bleeding, and the restricted mass
of transplantable tissue. The reported solution, i.e., to
resect the right lobe, as done by Boudjema et al. [4],
seems to be rather difficult and only suitable for a very
select group of stable patients.

Arguments against the technique of heterotopic aux-
iliary transplantation are given by Terpstra et al. [22].
They feel that the additionally needed portal vein anas-
tomosis in the liver hilum with the requisite dissection
of the native liver hilum should be avoided since this
can lead to vascular spasm, steal phenomenon, and for
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portal vein thrombosis due to graft swelling or competi-
tion between the native liver and the auxiliary graft [8,
17].

-Our approach to the four cases was the complete ar-
terialization of the portal vein of the graft. Schilling
et al. [15] had reported on an experimental technique
of portal vein arterialization by anastomosing it to the
external iliac artery in heterotopic transplantation.
They were unable to establish whether portal blood in-
flow is necessary for satisfactory liver function or liver
regeneration. Van der Heyde and Schalm [9] did not
find a decisive role for portal blood inflow but they did
observe a functional competition between native and
auxiliary liver. Starzl et al. [20] and Marchioro et al.
[12] suggested that portal inflow and qualitiy of portal
blood (so-called hepatotrophic factors) are necessary
for long-term survival of the auxiliary graft.

Our experimental work provided us with detailed
data on portal vein flow and resistance. Also, in the
long run, we saw no complications related to the arte-
rialization [11]. Our recent results on the clinical use
of portal vein arterialization in liver transplantation
successfully showed the impact of this approach for a
very select indication [6]. This method is also support-
ed by the work of Fisher et al. [7]. They stated that liv-
er regeneration depends on the total hepatic blood
flow and that it increases in a high-flow situation.
Since we only expected to fulfill a short-term need for
sufficient graft functioning, we did not fear any long-
term complications of portal vein arterialization.

In all four cases, the portal flow was reduced by intra-
operative electromagnetic measurement to about 1.5 1/
min of the width of the anastomosis. We observed no
procedure-related complications. With the exeption of
the patient who died on POD 17, all of the arterialized
grafts were removed 6 weeks to 6 months after trans-
plantation. Organ function was excellent and no circula-

tory problems occurred. Interestingly, we did not find
any sign of portal hypertension in these patients. This
might have been due to the low resistance of the portal
trunk and the sufficient outflow of the heterotopically
positioned grafts.

In auxiliary transplantation with the need for acute
liver support and the prospect of removing the graft at
a foreseeable point in time, this technique provides the
opportunity to place sufficient liver tissue anywhere in
the abdomen or even in the retroperitoneal space.
Drawbacks such as venous outflow gradient [12] or steal
phenomenon into the native liver due to constriction of
the portal vein of the native liver [13] were not evident
in our patients.

In our opinion, when FHF is diagnosed and thewe is
clinical indication for liver transplantation, the auxiliary
approach should be seriously considered, particularly
when the patient is young and has no history of previous
liver disease. The decision should be made intraopera-
tively and supported by frozen section. When a liver
graft is of exceptionally good quality, a split procedure
should be done to reduce the space necessary for the liv-
er tissue in the abdomen and also to obtain a second
graft for elective transplantation in another patient on
the waiting list. In the case of a marginal liver graft, a
full-size auxiliary transplantation should be considered.
The regeneration of the native liver should be assessed
very carefully on a daily basis in order to reduce the
risk of secondary complications, to define the exactly
time to taper and eventually stop immunosuppression
and, possibly to remove the graft. When auxiliary het-
erotopic liver transplantation is indicated for FHF, arte-
rialization of the portal vein is sufficient and can be per-
formly safely. Only this technique allows one to place
the liver tissue anywhere in the abdominal cavity. It
serves as a life saving measure that provides temporary
liver support for a select group of patients.

References
1. Bismuth H, Houssin D (1985) Partial

4. Boudjema K, Cherqui D, Jaeck D,

5. Chenard-Neu MP, Boudjema K, Bernu-

resection of liver grafts for orthotopic
or heterotopic liver transplantation.
Transplant Proc 17: 279-283

. Blumgart LH, Leach KG, Karran SJ

(1971) Observations on liver regenera-
tion after right hepatic lobectomy. Gut
12: 922-928

. Boudjema K, Jaeck D, Simeoni U

(1993) Temporary auxiliary liver trans-
plantation for subacute liver failure in a
child. Lancet 342: 778-779

Chenard-Neu MP, Steib A, Freis G,
Becmeur F, Brunot B, Simeoni U, Bel-
locq JP (1995) Auxiliary liver trans-
plantation for fulminant and subfulmi-

nant hepatic failure. Transplantation 59:

218-223

au J, Degott C, Belghiti J, Cherqui D,
Costes V, Domergue J, Durand F, Er-
hard J, De Hemptinne B, Gubernatis G,
Hadengue A, Kemnitz J, McCarthy M,
Maschek H, Mentha G, Oldhafer K,
Portmann B, Praet M, Ringers J, Ro-
giers X, Rubbia L, Schalm S, Kate F
ten, Terpstra O, Hoek B van, Williams
R, Zafrani ES, Cinqualbre J, Wolf P,
Jaeck D, Bellocq JP (1996) Auxiliary
liver transplantation: regeneration of
the native liver and outcome in 30 pati-
ents with fulminant hepatic failure. A
multicenter European study. Hepatolo-
gy 23: 11191127



271

6. Erhard J, Lange R, Giebler R, Rauen
U, Groot H de, Eigler FW (1995) Arte-
rialization of the portal vein in ortho-
topic and auxiliary liver transplanta-
tion. Transplantation 60: 877-879
Fisher B, Russ C, Updegraff H, Fisher
E (1954) Effect of increased hepatic
blood flow upon liver regeneration.
Arch Surg 69: 263-271
8. Gubernatis G, Pichlmayr R, Kemnitz J,
Gratz K (1991) Auxiliary partial ortho-
topic liver transplantation (APOLT) for
fulminant hepatic failure: first success-
ful case report. World J Surg 15:
660-666
9. Heyde MN van der, Schalm L (1968)
Augxiliary liver graft without portal
blood: experimental autotransplanta-
tion of left liver lobes. Br J Surg 55:
114-119
10. Hoofnagle JH, Carithers RL, Shapiro
C, Ascher N (1995) Fulminant hepatic
failure: summary of a workshop. Hepa-
tology 21: 240-252
.Lange R, Erhard J, Sander A, Kemnitz
J, Garkuwa DA, Eigler FW (1997)
Tierexperimentelle Untersuchungen
zur Arterialisierung der Pfortader bei
der Lebertransplantation am Gottinger
Miniaturschwein. Langenbecks Arch
Chir 382: 277-283

=~

—
—

12.

13.

15.

16.

17.

18.

Marchioro TL, Porter KA, Dickinson
TC, Faris TD, Starzl TE (1965) Physio-
logic requirements for auxiliary liver
homotransplantation. Surg Gynecol
Obstet 121: 17-31

Moritz MJ, Jarrell BE, Armenti V, Ra-
domski J, Carabasi RA, Zeitoun G,
Columbus K, Rubin R, Munoz S, Mad-
drey W (1990) Heterotopic liver trans-
plantation for fulminant hepatic failure
— a bridge to recovery. Transplantation
50: 524-526

. O’Grady JG, Alexander GJ, Hayllar

KM, Williams R (1989) Early indicators
of prognosis in fulminant hepatic fail-
ure. Gastroenterology 97: 439-445
Schilling JA, McKee SW, Witt W (1950)
Experimental hepatic portal arteriove-
nous fistula. Surg Gynecol Obstet 90:
473-480

Shaked AA, Busuttil RW (1990) Auxil-
iary liver transplantation: a negative
viewpoint. Hepatology 12: 173-175
Shaw BW (1995) Auxiliary liver trans-
plantation for acute liver failure. Liver
Transplant Surg 1: 194-200

Shiota G, Okano J, Umeki K, Kawasaki
H, Kawamoto T, Nakamura T (1994)
Serum hepatocyte growth factor in
acute hepatic failure in comparison with
acute hepatitis. Res Commun Mol Pa-
thol Pharmacol 85: 157-162

19.

20.

21.

22.

23.

24.

Starzl TE, Fung JJ (1995) Between
Scylla and Charybdis. Ann Surg 222:
107-108

Starzl TE, Porter KA, Kashiwagi N,
Putnam CW (1975) Portal hepato-
trophic factors, diabetes mellitus and
acute liver atrophy, hypertrophy and
regeneration. Surg Gynecol Obstet 141:
843-853

Terpstra OT (1993) Auxiliary liver
grafting: a new concept in liver trans-
plantation. Lancet 342: 758-759
Terpstra OT, Schalm SW, Weimar W,
Willemse PJA, Baumgartner D,
Groenland THN, Kate FW ten, Porte
RIJ, Rave S de, Reuvers CB (1988)
Auxiliary partial liver transplantation
for end-stage chronic liver disease. N
Engl J Med 319: 1507-1511

Welch CS (1955) A note on transplan-
tation of the whole liver in dogs. Trans-
plant Bull 2: 55-68

Williams R, Wendon J (1994) Indica-
tions for orthotopic liver transplanta-
tion in fulminant liver failure. Hepatol-
ogy 20: 5-10



