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Abstract

Unlike renal replacement therapy wherein only detoxification function
needs to be provided, liver replacement therapy requires replacement of a

number of functions in order to maintain homeostasis. Provision of artificial
support to a failing liver is thus a challenging job. The ideal form of liver

replacement therapy is liver transplantation but its usefulness is limited

on account of several factors. Existing artificial support devices are

discussed.

Introduction

Liveris a large organ of our body which
participates in synthesis of vital proteins,
metabolism of glucose and fat and
detoxification of drugs and toxins.
Therefore, unlike renal replacement
therapy, wherein, only detoxification
function needs to be provided, liver
replacement therapy requires replacement
of a number of functions in order to
maintain homeostasis. Provision of
artificial support to a failing liver is thus a
challenging job and till date remains
largely unsatisfactory. For obvious reasons

the ideal form of liver replacement therapy
is liver transplantation but its usefulness
is limited by the high cost, limited
availability of donor organs and need for
life long immunosuppression.

Artificial liver support devices

Artificial liver support is required in
patients with acute liver failure till the time
the liver regenerates on its own, in acute
on chronic liver failure till the time the
effect of acute injurious agent wears off and
in cirrhotics with end stage complications
such as hepatorenal syndrome as a bridge
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to transplantation. Any device which
provides artificial liver support shouid
ideally be able to provide functions of
synthesis, detoxification and metabolism.
However, the function of synthesis and
metabolism are the most difficult to provide
and cannot be provided uniess the device
contains either immortalized or animal
It has
demonstrated that the plasma from

derived hepatocytes. heen
patients with liver failure is cytotoxic and
pro-apoptotic. Accumulation of toxins in
liver failure can result in the characteristic
hemodynamic derangements and
multiorgan dysfunction. So if a device is
able to remove majority of toxins that
accumulate in patients with liver failure,
especially when it has to be applied for a
short duration (till the time liver
regenerates or as a bridge to transplant) it
should serve the purpose even if it is not
able to provide synthetic or metabolic

support.

A number of liver replacement
therapies have been tried till date such as
hemodialysis, exchange transfusion,
plasma exchange, activated charcoal
hemoperfusion, cadeveric liver perfusion,
extracorporeal zoonotic liver perfusion,
human-human cross transfusion etc. Even
though there was modest success with
these techniques in improving hepatic
coma, none was able to improve survival
significantly and had a number of inherent
limitations. The earlier prototypes of
modern day artificial liver support systems

were of two types; biological systems and
non-bioiogical systems. The biological
systems circulated patient’s blood through
columns containing animal hepatocytes or
nepatoma/ hepatoblastoma cell lines
derived cells (e.g., bio-artificial liver { BAL)
& extracorporeal liver assist device
(ELAD)). These provided synthetic as well
as detoxification functions, but there were
the issues of allergic reactions to the forcign
hepatocytes along with risk of transmission
of zoonosis. Using porcine hepatocyte based
bioartifical liver system (HepatAsist device)
a large randomized controlled trial
(enrolling 171 patients) was carried out in
acute liver failure patients but similar to
the previous experience, no improvement
The
non-biological systems circulated patient’s
blood through polymer or polysulfone fibers

in survival could be demonstrated.

and provided only detoxification function
(eg, molecular adsorption and recirculating
system (MARS) & fractional plasma
separation and adsorption (FPSA)). In
these non-biological systems also, the risk
of bio-incompatibility remains. In recent
vears, large experience has been gained
world wide on the use of MARS in various
forms of liver failure.

The concept of albumin dialysis

The toxins which accumulate in
patients with liver failure are bile acids,
bilirubin, unconjugated bilirubin, nitric
oxide, indol/phenol metabolites, toxic fatty
acids, thiols, mercaptans, ammonia, short



and medium chain fatty acids, digoxin like
substances and benzodiazepine like
substance. These toxins can initiate a
vicious cycle of necrosis and apoptosis in
liver as well as other organs ultimately
leading to multiorgan failure. But most of
the toxins which accumulate in liver failure
are water insoluble and are bound to
albumin and therefore can not be removed
through normal renal dialysis membranes.
These albumin bound toxins need to be
removed along with albumin with either
replenishment of fresh albumin from
outside or regeneration of toxin bound
albumin online. This is the concept of
albumin dialysis.

Molecular and
recirculating system (MARS) (Gambro,

Stockholm, Sweden)

adsorption

This form of artificial liver support is
the major focus of discussion as there is
maximum experience from all over the
world, using this particular form of liver
assist device.

it was developed by Stange and
Mitzner in 1993. MARS uses 4 types of
filters or membranes. One is the MARS
membrane (it is a high flux albumin
impregnated membrane; pore size of
50kDa) which removes both water soluble
and albumir bound toxins from the
patient’s blood. The albumin bound toxins
are transiently retained in the membrane
before being transferred across a
concentration gradient to the dialysate side
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(dialysate in this circuit is 20% human
albumin;. The toxin laden albumin is then
regenerated on board by circulation
through 3 more filters; the standard
hemodialysis membrane (removes water
soluble toxins), activated charcoal filter
(removes toxins such as aromatic amino
acids, fatty acids, mercaptans, middle
molecules and cytokines) and ion exchange
resin (removes bilirubin, bile acids, middle
molecules and cytokines). The regenerated
albumin is then recirculated as a dialysate
for the MARS membrane.

MARS in acute liver failure (ALF)

There have been a number of case
series and cohort studies in ALF patients
which have demonstrated improvement in
encephalopathy, hemodynamics and
biochemical parameters of these patients
and improved transplant free survival in
up to 60%,
controlled

but there is no randomized

trial demonstrating
improverment in survival in ALF patients.
Raised intracranial pressure (ICP) is one
of the most common causes of mortality in
ALF patients and MARS therapy has been

shown to reduce the ICP among these

‘patients. In a study of a large collection

(n=116) of different types of ALF (fulminant
hepatitis, primary graft non function,
delayed non-function), it was demonstrated
that MARS treatment could effectively
bridge these patients to transplant. The
authors are presently carrying out an open
labeled randomized trial of MARS among
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patients with ALF at the Department of
Gastroenterology of All India Institute of
Medical Sciences, New Delhi. Up till now
23 patients have been randomized to either
MARS therapy (n 12; the patients reecived
1-3 session of 4-8 hours Ltherapy, in addilion
to standard medical therapy) or standard
medical therapy (n=11). This was a select
group of patients who had 3 or more poor
prognostic indicators with expected
mortality of > 90%. No effect on survival in
tho MARS group was demonstrable; one
patient survived in both groups. However
more patients are in the process of being
recruited to reach the required sample size.

Thus, even though MARS can improve
cerebral edema, biochemical profile and
hemodynamics in ALF patients, till date
there is not enough convincing evidence to
suggest that MARS improves survival in
ALF without transplant, so there is an
urgent need for a large randomized
controlled trial on this issue.

MARS in acute on chronice liver failure
(AoCLF)

studies on MARS were
AoCLF

Subsequently there were a few randomized

Initial
performed on patients.
controlled trials. Stange et al demonstrated
significant improvement in survival with
17 of 26 (65%) patients surviving after 2-
14 sessions of MARS treatment. But this
as well as other initial studies were
small

uncontrolled. Subsequently,

randomized controlled trials (RCT) have

been conducted in AoCLF patients. The
first one, which was carried out in AoCLF
patients with hepatorenal syndrome did
demonstrate significant improvement in 30
day mortality (75% in MARS group vs 100%
in standard medical therapv group : p<
0.01), but it was a very small study and
there was only one long term survivor.
Another RCT in 24 AoCLF patients
demonstrated significantly better 30 day
survival in patients receiving MARS again
concluding that this prolongation of
survival was good enough to bridge the
patients to transplant. Jalan’s group
carried out an RCT in 18 patients with
alcohol induced AoCLF and demonstrated
that, even though there was improvement
in encephalopathy, there was no reduction
in levels of inflammatory cytokines or on
survival. Similar results without
significant improvement in survival have
been described in recent uncontrolled
studies. Even though not enocugh patients
have been included in the trials of MARS
in AoCLF, but two meta analyses have been
carried out which have come out with
conflicting results on the effect of MARS
on mortality in AoCLF patients. So, till the
time results of large perspective RCTs
become available, MARS in AoCLF will, at
best remain as a tool to bridge the patients
to transplant and therefore a futile and
expensive exercise in centers where
transplant programs have not yet started.

Other indications for MARS are
summarized in Table 1.



Table 1 ; Indications of MARS
therapy

Indications for MARS therapy

Acute liver failure
Acute on Chronic liver failure
Acute alcoholic hepatitis
l Primary and delayed graft non-function

Intractable
cholestatic disorders

pruritus in chronic

Post hepatectomy liver failure

Fractional plasma separation and
adsorption (FPSA)

A new device based on the concept of
albumin dialysis has been introduced in
recent years, called the Prometheus
(Fresenius, Bad Homberg, Germany). It
works on the same principle as MARS, but
the only difference is that instead of
albumin being used from outside, it utilizes
the patient’s own albumin, after separating
it from the patient’s blood. This process is
called fractional plasma separation and
adsorption (FPSA). Tt has got two circuits.
In the primary circuit the patient’s albumin
is filtered across an albumin permeable
polysulfone membrane. This albumin is
then carried through the secondary circuit
to detoxify it and is returned to the patient.

Rifai er al carried out the first pilot
study of Prometheus system among 11
patients with AoCLF. They demonstrated
that two sessions of therapv were able te
significantly reduce the levels of bilirubin,
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bile acids, ammonia and urea but the
improvement in encephalopathy and Child
Pugh score was not significant. Further, the
survival remained dismally low. However,
the treatment was well tolerated.

In a direct comparative study of MARS
and Prometheus, it was demonstrated in
8 patients that though both the systems
were equally effective in filtration of most
water soluble and albumin bound toxins,
but the removal of toxins was significantly
higher with the use of Prometheus system.
The level of unconjugated bilirubin, a
marker for strongly albumin bound toxins
was only improved with Prometheus.
Similar results were obtained in a
retrospective comparison of these twao
systems. -

Both the systems are associated with
adverse effects related to prolonged
extracorporeal circulation of biood through
an artificial membrane. These include the
risks of thrombocytopenia and
coagulopathy, hypotension, loss of blood

voiume due to clogging of filters and sepsis.

Although significant improvement and
refinement of systems for liver dialysis
(especially the knowledge of the albumin
bound toxins and their removalj, has
resulted in improved short term survival
in patients with advanced liver failure, so
far. it has not translated in to prolonged
transplant free survival in most studies on
ALF and AoCLF patients. In centers where
effective transplant programs have not



206 Subrat K. Acharya and Kaushal Madan

taken up, use of such artificial liver support
" systems may not only prove to be futile but
prohibitively expensive as well. In
conclusion, till the time, large prospective
RCTs are available which show significant
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