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SUMMARY

Emergency orthotopic liver transplantation (OLT) is currently the only
standard treatment for fulminant hepatic failure (FHF). The waiting time
for transplantation can exceed a week—using a liver assist device to bridgﬁlTRODU CTION

patients with FHF to OLT might therefore decrease the mortality rate. At Dresent emeraenc

Several liver support systems have been described, but no system has gamec? ’ gency. th v standard
FDA approval or widespread clinical acceptance. Although the results of treatment(fo)r 15 the only standar
many experimental and clinical trials are encouraging, the field is still in its i . .

initial stages. Using nonbiologic liver support is based on the assumption (. ! commc_mly . I|\_/er failure), a
that several toxins that cause hepatic coma can be removed from the sinister (lzondltlon that has a.mortallty rate 0 f up
circulation by blood or plasma sorption methods. As these toxins could to 90%. Alj[hou_gh FHF pa_lt!ents_recelve priority
be involved in many FHF complications recovery without the need for on the waiting list, the waiting t|2me for a d(_)nor
transplantation is the ultimate aim. Biologic liver support uses xenogeneicl've_r can Pe more .than a Week.. Using a liver-
livers or hepatocytes to support the failed human liver, exploiting biologicafsSiSt device to bridge FHF patients to OLT or
cell functions, namely detoxification, metabolism, and biosynthesis. The V€T regeneration seems attractive; however, the
classical nonbiologic dialysis methods could decrease mortality in patients€arch for a device that is safe, easily available,
with acute-on-chronic liver failurégut definitive conclusions are impossible @Nd easily reproducible has so far remained
to draw because of the small number of patients studied and inadequate elusive.3 A large number of liver support
follow-up. Larger studies performed in specialty centers should provide ~ Systéms have been described; some systems have
conclusive data about the role of the bioartificial liver support system as ~Peen temporarily successful in fulfilling some
a possible universal bridge to OLT. This article presents an overview of ~ Of the goals of supporting a failing liver, but

published experience with liver support systems since the 1960s.
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REVIEW CRITERIA

PubMed, Current Contents and MEDLINE (1966—2005) were searched using the
keywords “artificial livers”, “liver support”, “bioartificial liver”, “acute liver failure”, “liver
transplantation”, “artificial organs” and “cell transplantation”, and the subject headings
“bioartificial liver”, “acute liver failure”, “artificial organs”, “cell transplantation” and
“liver transplantation” alone and in combination. Identified papers were also screened.
Full papers, abstracts and book chapters (English, German, French) were considered.
Owing to article limitations, we selected recent publications summarizing past
experience in each area; older publications (1960s—-1980s) were included when no

recent trial data were available.
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none have gained FDA approval or widespread
clinical acceptance.

Many strategies for support of the failing
liver have been developed throughout the years.
These can be divided into two main groups—
nonbiologic and biologic—depending on the
specific methods used to eliminate the toxic
metabolic products from the patient’s blood
(see Figure 1). Several of these methods have
been tested on a limited number of patients and
have not achieved widespread clinical applica-
tion, thus they remain of historical interest
only. A few liver support methods continue to
be tested in the clinical setting.

NONBIOLOGIC LIVER SUPPORT

The concept of nonbiologic liver support is based
on the assumption that a number of toxins that
cause hepatic coma are in fact low-molecular-
weight and middle-molecular-weight (<5kDa),
dialyzable molecules that can potentially be
removed from the circulation by blood or plasma
sorption methods. These methods have some
limitations, however, because many toxins are
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Table 1 Nonbiologic liver support.

Type of support

Method

Outcome

Limitations

Blood exchange 13-15

Plasma exchangel6.17

Hemodialysis18:19

Hemofiltration 20.21

Hemadsorption

MARS?8:29

Fractionated plasma
separation and adsorption
(Prometheus)31:32

Single-pass albumin dialysis 33

Fresh blood exchange, transfusion

Plasmapheresis (removal and replacement of
plasma)

Exchange diffusion across semipermeable
membrane

Continuous solute removal across permeable
membrane

Charcoal hemoperfusion over charcoal and/or
resins22.23

Combination hemodialysis and hemadsorption
(BioLogic DT),24:25 recently with plasma
separation (BioLogic DTPF)

Resin hemoperfusionZ6:27 (neutral, cationic,
anionic), removal of non-dialysable components

Removal of soluble and protein-bound
substances against albumin-rich dialysate

Fractionation of plasma and detoxification of
albumin by adsorption

One-pass dialysis against albumin solution

Improved homeostasis,
improved coma

Improved biochemical
parameters

Improved homeostasis,
improved coma

Limited outcome

Improved neurologic status
and survival

Improved toxin removal

No reversal of
encephalopathy

Improved biochemistry
parameters, significant
survival of patient subsets

Improved biochemistry
parameters

Detoxification similar to or
greater than MARS

Evidence from case
reports

Short-lived therapeutic
gains, significant
complication rate

No improved survival

Evidence from case
reports, uncertain impact
on survival

Study design, device’s role
not clear, severe humoral
derangements

No influence on
mortality, severe humoral
derangements

Severe humoral
derangements, impaired
hemostasis

Study design

Study design

In vitro studies

MARS, molecular adsorbent recirculating system.

GLOSSARY

ALBUMIN

Simple heat-coagulable
water-soluble proteins found
in blood plasma or serum,
muscle, egg whites, milk,
and in many other plant and
animal substances

XENOGENEIC

Derived from, originating
in, or being a member of
another species

poisoning, can be helpful in eliminating the
toxic burden.1®

Controlled studies of hemadsorption methods
have been developed in the last 7 years. The
available methods include BioLogic DT (also
known as HemoCleanse, HemoCleanse, Inc.,
Lafayette, IN) and resin hemoperfusion,
are based on combined hemodialysis and
hemosorption. A number of controlled studies
have failed to demonstrate an improvement in
mortality figures.24-27

Albumin dialysis and the Molecular
Adsorbent Recycling System

dialysis is a new concept that was
developed to facilitate not only the removal
of water-bound, but also of protein-bound
substances from the circulation. Single-pass
albumin dialysis was developed first, based on
extracorporeal circulation of the blood over a
membrane that is nonpermeable for albumin,
and then against albumin, which becomes satu-
rated with toxic products and is disposed of. This

method evolved into the so-called Molecular
Adsorbent Recycling System (MARS, Teraklin
AG, Rostock, Germany), which uses continuous
venovenous hemofiltration and a closed-loop
albumin circuit.

Among the currently available nonbiologic
liver support systems, MARS has been the
most extensively investigated. With MARS
the albumin dialysate is regenerated using
adsorbents. The method improves homeo-
static derangements by reducing their severity,
and preliminary data suggest that it improves
survival.28-30 The available analyses of MARS
are mostly limited to patients with acute-on-
chronic liver failure, however, and the follow-up
time has been relatively short.28-30 |t is expected
that current multicenter trials in Europe30-32
and the US33 will provide a clearer perspective
of the method’s efficacy.

BIOLOGIC LIVER SUPPORT
Biologic liver support methods are based
on the use of livers or
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that whole liver preparations can detoxify, but
the unavailability of whole organs and their
limited viability make this approach generally
impractical. In addition, there are no controlled
clinical trials indicating that ex vivo perfusion
improves survival 4% Although interest in this
method is sporadically renewed,*! most research
efforts are now directed towards utilizing cell
cultures (see below).

Hepatocyte transplantation
The first report of successful isolation of
hepatocytes using collagenase perfusion dates
back to 1969. Although a number of animal
trials of hepatocyte transplantation have
yielded encouraging results, evidence of long-
term survival and function of transplanted
human hepatocytes has been tantalizingly slow
to come.*2 Survival of isolated rat hepatocytes
transplanted into the red pulp of the spleen was
described in the late 1970s.43 This and subsequent
experimental studies focused on transplantation
of ectopic hepatocytes—cells transplanted to
nonhepatic body regions such as the perito-
neum, lungs, fat pads, and subcutaneous tissue.
A number of studies have demonstrated that, in
fact, ectopic hepatocytes are functional and able
to proliferate extensively.44:4°

The most successful transplantation of
hepatocytes has been into the liver, where the
engraftment causes transitory (2-3 hours)
portal hypertension.#> The published literature
suggests that transplanting 1-5% of liver mass
might be sufficient to restore adequate func-
tional activity and normal metabolic parameters
to the failed liver.*6 Evidence of the effective-
ness of the transplanted hepatocytes is typically
based on anecdotal case reports.46-48

Treatment of FHF patients by hepatocyte
transplantation has been attempted by a number
of investigators.#>47 In one report of a series of
seven young patients (aged 3 months—16 years)
who received a hepatocyte transplant, one
patient fully recovered and three were success-
fully bridged to OLT.4” In a prospective study of
five patients who were transplanted with cryo-
preserved human hepatocytes, three patients
were successfully bridged to OLT.#8 Other reports
have described clinical improvement and rela-
tively longer survival in hepatocyte-transplanted
patients,*9°0 but poor final outcome has also
been reported, possibly related to immuno-
suppression, inadequate number of transplanted
cells, and limited engraftment time.46
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Liver-cell transplantation is at an early
stage, which precludes us from drawing firm
conclusions about the method’s exact role
in supporting the failing liver. Well-designed
randomized controlled clinical trials comparing
hepatocyte transplantation with the available
extracorporeal liver support devices might reveal
which is the most clinically useful method.

Extracorporeal biologic reactors
Contemporary bioartificial liver support
systems aim to provide adequate functional
organ replacement. This is potentially possible
because perfusion through a sufficiently large
number of hepatocytes could help to overcome
liver failure and provide a safe bridge to OLT
or recovery. This method is based on a biologic
reactor containing a matrix supporting cultured
cells. The patient’s blood flows through the
reactor cartridge, plasma is ultrafiltrated
through the fibers into the cartridge’s extra-
capillary space, and comes into contact with
the hepatic cells. The exchange of metabolites
is dependent on cell viability and metabolism.
Human cells (allogeneic), animal cells (xeno-
geneic), and cell lines from immortalized liver
cells or tumor cells (HepG,cells) have been
used.>® Xenogeneic cell lines carry greater
immunologic and zoonotic risks.

The strategy of providing an adequate mass
of human liver cells is based on the immortali-
zation and spontaneous or genetic manipula-
tion of human hepatocyte cultures, so that the
cells maintain the full repertoire of liver func-
tions. The possible use of these cells for trans-
plantation is hindered by the theoretical risk
posed by the viral manipulation needed to
derive the cells: the hepatocytes might rapidly
lose liver-specific functions and die.>1 At present
there are two types of biologic reactor in use,
the Extracorporeal Liver Assist Device (ELAD,
Vital Therapies, Inc., San Diego, CA) and the
Bioartificial Liver (BAL, HepatAssist, Circe
Biomedical, Lexington, MA), which can be
distinguished on the basis of the cell source used
for the bioreactors.

The Extracorporeal Liver-Assist Device

The ELAD system uses the C,A clone of the
HepG, cell line. Clinical testing of this system
began in 1996 and indicated the need for better
prognostic indices; a recently published trial
demonstrated how the ELAD was part of a
successful bridge to OLT in five patients.
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