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Abstract: This study aims to assess the treatment effects of the molecular adsorbent recirculating system (MARS) 
in patients with acute and acute-on-chronic liver failure. We searched MEDLINE, EMBASE, and the Cochrane Con-
trolled Trials Registry database between January 1966 and January 2014. We included randomized controlled trials, 
which compared the treatment effects of MARS with standard medical treatment. Study quality assessed according 
to Consolidated Standards of Reporting Trials (CONSORT) criteria. The risk ratio was used as the effect-size measure 
according to a fixed-effects model. The search strategy revealed 72 clinical studies, 10 of which were randomized 
controlled trials that met the criteria and were included. Four addressed ALF (93 patients) and six addressed AOCLF 
(453 patients). The mean CONSORT score was 15 (range 10-20). By meta-analysis, MARS significantly improved 
survival in ALF (risk ratio 0.61; 95% CI 0.38, 0.97; P = 0.04). There was no significant survival benefit in AOCLF (risk 
ratio 0.88; 95% CI 0.74, 1.06; P = 0.16). MARS significantly improved survival in patients with acute liver failure, 
however, there is no evidence that it improved survival in patients with acute-on-chronic liver failure. In conclusion, 
the present meta-analysis indicates that MARS therapy can improve survival in patients with ALF. It is necessary to 
develop MARS treatment because of the increasing demand for liver transplantation and the risk of liver failure.
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Introduction

Liver failure describes the development of 
hepatic encephalopathy, jaundice, and coagu-
lopathy, which lead to multi-organ failure with 
an exceedingly high mortality rate [1]. Liver fail-
ure is divided into two types: acute liver failure 
(ALF) and acute-on-chronic liver failure (AOCLF). 
ALF is defined as the onset of coagulopathy and 
encephalopathy within eight weeks of symptom 
presentation in an individual with no known 
underlying liver disease [2]. AOCLF refers to an 
acute deterioration in liver function in a patient 
with previously well-compensated chronic liver 
disease caused by a precipitating event, such 
as sepsis or upper gastrointestinal bleeding [3].

Liver transplantation for organ failure is cur-
rently the most effective method to improve 
survival [4, 5]. However, a large number of 
patients die before a transplant organ becomes 
available, due to the shortage of donor grafts 

[6]. Therefore, liver support systems have 
attracted more and more focus as an alterna-
tive or a bridge to liver transplantation. Liver 
support is provided by bioartificial (those involv-
ing living hepatocytes) and artificial (noncellu-
lar) systems. The molecular adsorbent recircu-
lating system (MARS; Gambro Lundia, Lund, 
Sweden) is an artificial liver support system that 
provides detoxification via membranes and 
adsorbents. MARS has been in clinical use 
since 1996 and is currently one of the most 
extensively used liver support systems [7, 8]. It 
has been used to reduce the serum levels of 
bilirubin, bile acids, ammonia, urea, lactate, 
and creatinine in patients with both ALF and 
AOCLF [8-10]. However, its survival impact is 
not well known. Several randomized clinical tri-
als have indicated that albumin dialysis may 
improve survival in AOCLF [10-12], and other tri-
als have demonstrated that MARS significantly 
improves survival in ALF [13, 14]. We performed 
a systematic review and meta-analysis to evalu-
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ate the effect of MARS treatment for patients 
with ALF and AOCLF.

Materials and methods

The meta-analyses were performed according 
to the recommendations of the Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement [15].

Literature search and eligibility criteria

Clinical trials citing the MeSH terms and key 
words “liver failure” or “hepatic failure”, “liver”, 
“artificial”, “liver-assisted device”, and “MARS” 
or “Molecular Adsorbent Recirculating System” 
were identified by searching the MEDLINE and 
EMBASE databases and the Cochrane data-
base of randomized controlled trials (RCTs) for 
articles published between January 1966 and 
January 2014.

We applied the following selection criteria: i) 
study design: randomized controlled trials; ii) 
language of publication: English and other lan-
guages; iii) study population: patients with ALF 
or AOCLF; and iv) study groups: intervention 
group, MARS; control group, standard medical 
treatment.

We applied the following exclusion criteria: i) 
study design: non-randomized concurrent con-

condary outcome measures included effects 
on hepatic encephalopathy and bilirubin levels. 
Safety endpoints were also extracted, includ- 
ing data on hemodynamic instability, prothrom-
bin activity, and other adverse events. Disa- 
greements were resolved through consensus.

Quality assessment

Both reviewers assessed the overall quality of 
the studies using the Consolidated Standards 
of Reporting Trials (CONSORT) criteria [16]. The 
mean CONSORT score was calculated for each 
trial; a score of 22 was considered to corre-
spond to the “best” quality on a 0-22 scale.

Statistical analysis

RevMan 5.1 (17) was used for statistical analy-
sis in this meta-analysis. The results were cal-
culated as a risk ratio (RR) with a 95% confi-
dence interval (CI) using the fixed effects 
model, which aims to estimate effectiveness. 
Statistical significance was considered for 95% 
CIs that did not include 1. Statistical heteroge-
neity between studies was evaluated by the 
Cochran Q test and I2 index. Clinical heteroge-
neity was assessed by reviewing patient char-
acteristics and study design. Publication bias 
was investigated by Begg’s and Egger’s tests of 

Figure 1. Trial flow diagram. The meta-analyses were performed according to 
the recommendations of the Preferred Reporting Items for Systematic Reviews 
and (Tunon, Alvarez et al. 2009) Meta-Analyses (PRISMA) statement. RCT, ran-
domized controlled trial; SMT, standard medical therapy.

trol trials; ii) the studies 
writing in Chinese; iii) the 
studies involve the patients 
with chronic liver failure.

Study selection and data 
extraction

Two independent reviewers 
(Feng L, Hu X) screened the 
titles and abstracts of all 
citations. The full-text arti-
cles were retrieved for com-
prehensive review and re- 
screened. The following da- 
ta from full-text articles 
were extracted: country of 
origin, year published, peri-
od of study, duration of  
follow-up, population set-
ting (ALF or AOCLF), patient 
characteristics, and char-
acteristics of MARS. The 
primary outcome measure 
was cause of death. Se- 
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Table 1. Characteristics of randomized controlled trials included in the meta-analysis

Reference Primary 
outcome

Follow-
up Etiology of liver failure MARS: 

SMT (n)
RP 

(mo)
Treatment Centers 

(n)
Treatment  
regimen

CONSORT 
score Allocation Adverse events (n)

Active Control
Mitzner et al. 2000 [12] 30 d survival or 

turn to OLT
30 d ALD, chronic HBV, Budd-

Chiari/chronic HBV, PBC, 
secondary biliary cirrhosis

8:5 24 MARS + 
HDF + 
SMT

HDF + 
SMT

2 6-8 h/treatment, 
bilirubin level not 

increased

16 Sealed 
envelope

Severe hepatic encephalopathy 
(1), mild thrombocytopenia

Heemann et al. 2002 [11] Serum bilirubin 30 d Alcoholic hepatitis, HCV, 
HBV

12:12 NR MARS SMT 1 8 h/treatment for 
3 consecutive d

17 Sealed 
envelope

Anemia (9), hemorrhage (2), 
hypotension (2), coagulopathy 
(3), dyspnea (1), paresthesia

El Banayosy et al. 2002 [13] Survival NR Cardiogenic shock 8:9 12 MARS SMT 1 8 h/d for 3 d, bili-
rubin < 6 mg/dL

12 NR Thrombocytopenia

Schmidt et al. 2003 [19] Hemodynam-
ics/oxygen 

consumption

NR Acetaminophen, HBV, 
disulfiram

8:5 NR MARS + 
SMT

SMT + 
TM

1 6 h per treatment 10 NR Arterial hypotension

El Banayosy et al. 2004 [14] Survival NR Cardiogenic shock 14:13 16 MARS SMT 1 8 h/d for 3 d, bili-
rubin < 6 mg/dL

11 NR Thrombocytopenia, hepatorenal 
syndrome

Sen et al. 2004 [18] Clinical and 
biochemical

NR Alcoholic liver disease 9:9 NR MARS + 
SMT

SMT 1 8 h/d for 7 d 15 Sealed 
envelope

Variceal bleeding, multiorgan 
failure

Hassanein et al. 2007 [23] HE 180 d Cirrhosis and HE grade 
3 or 4

39:31 39 MARS + 
SMT

SMT > 1 6 h/d for 5 d 20 Blinded 
envelope

Hepatic encephalopathy, GI 
bleeding, hypotension

Hessel et al. 2010 [22] Survival 3 y Alcoholic liver disease, 
infections/intoxications, 
autoimmune hepatitis

67:82 51 MARS + 
SMT

SMT 1 until death 14 NR NR

Saliba et al. 2013 [21] Survival 1 y Paracetamol, non-
paracetamol

53:49 40 MARS + 
SMT

SMT 16 6 h/d for 3 d 20 Central 
automated 

system

Neurologic, psychiatric, and 
renal disorders

Banares et al. 2013 [20] Survival 90 d Alcohol, HCV + alcohol 90:89 71 MARS + 
SMT

SMT 19 6 h/d for 21 days 19 Randomiza-
tion system

Bacterial infection, variceal 
bleeding, pneumonia

Abbreviations: CONSORT, Consolidated Standards of Reporting Trials; GI, gastrointestinal; HBV, hepatitis B virus; HCV, hepatitis C virus; HDF, hemodiafiltration; HE, hepatic encephalopathy; MARS, molecular adsorbent recirculating system; NR, 
not reported; OLT, orthotopic liver transplantation; PBC, Primary biliary cirrhosis; RP, recruitment period; SMT, standard medical treatment; TM, temperature-matched.
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funnel plots. A P < 0.05 was considered 
significant.

A sensitivity analysis was conducted using 
STATA, version 12.0 (Stata Corp., College Sta- 
tion, TX, USA) to assess the stability of conclu-
sions. Subgroup analyses of patients with 
AOCLF and ALF were conducted in order to 
describe differences in the effects of inter- 
vention.

Results

Patient characteristics

A total of 72 articles were identified for review 
(Figure 1). Ten randomized trials [11-14, 18-23] 
met the criteria for inclusion, which included 
546 patients; 269 (49.2%) had received MARS 
treatment and 277 (50.8%) had received stan-
dard medical treatment (Table 1). Of these, six 
trials included 453 patients with AOCLF. The 
etiologies of hepatic cirrhosis in these patients 
included hepatitis virus infections, drugs, Budd-
Chiari syndrome, toxicity, Wilson’s disease, bili-
ary cirrhosis, and alcohol, which was the most 
important factor. Another four trials included 
93 patients with ALF. The etiology of ALF was 

related to paracetamol/acetaminophen (n = 
46), cardiogenic shock (n = 44), hepatitis B 
infection (n = 2), and disulfiram (n = 1). All trials 
used MARS plus standard medical treatment or 
single MARS treatment and standard medical 
treatment for the control. 

Study quality

The overall average CONSORT score was 15. 
Seven of the trials used an intention-to-treat 
analysis. Randomization and sequence genera-
tion procedures were adequately reported. 
Details of allocation concealment were report-
ed in five of the 10 included studies (Table 1).

Effect of MARS on mortality in ALF and AOCLF

We performed separate meta-analyses for the 
six trials including patients with AOCLF and the 
four trials including patients with ALF. MARS 
treatment significantly reduced mortality in ALF 
compared with standard medical treatment 
(RR = 0.61, Z = 2.07; P = 0.04) (Figure 2). There 
was no significant heterogeneity in effect size 
(χ2 = 2.25). In AOCLF, there was no beneficial 
effect on survival with MARS versus standard 
medical therapy (RR = 0.88, Z = 1.33; P = 
0.18), with no significant heterogeneity.

Figure 2. Forest plots showing risk ratios for studies comparing MARS with SMT in ALF and AOCLF. The fixed effects 
model method was used. ALF, acute liver failure; AOCLF, acute-on-chronic liver failure; CI, confidence interval; MARS, 
molecular adsorbent recirculating system; SMT, standard medical therapy.
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Sensitivity analysis

A sensitivity analysis was performed to assess 
the stability of the conclusions, and no individu-

reported that 12 patients receiving 91 MARS 
treatment sessions experienced 17 adverse 
events. The complications included bleeding, 
thrombocytopenia, coagulopathy, hypotension, 

Figure 3. Sensitivity analysis of the summary relative risk of mortality for MARS. The two ends of the dotted lines 
represent the 95% confidence intervals (CI).

Figure 4. Funnel plot of the randomized controlled trials. ALF, acute liver fail-
ure; AOCLF, acute-on-chronic liver failure; RR, relative risk; SE, standard error.

al study significantly affected 
the values of the clinical 
events (Figure 3).

Publication bias

The funnel plot for publica-
tion bias is shown in Figure 
4. The P values for Begg’s 
and Egger’s tests were 0.21 
and 0.16, respectively (conti-
nuity-corrected), demonstra- 
ting no significant publica-
tion bias in this meta-ana- 
lysis.

Adverse events

The adverse events reported 
are shown in Table 2. El 
Banayosy et al. [13, 14] 
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Table 2. Outcomes of randomized controlled trials included in the meta-analysis according to significant benefit
Reference Overall survival Subgroup survival HE Bilirubin Prothrombin activity Hemodynamics
Mitzner et al. [12] No NA NA Reduced serum bilirubin Yes (increased) NA
Heemann et al. [11] Yes NA Yes Reduced serum bilirubin No Yes (increased MAP with MARS)
El Banayosy et al. [13] No No NA Reduced serum bilirubin No NA
Schmidt et al. [19] No NA NA No No Yes (increased MAP with MARS)
El Banayosy et al. [14] No No NA Reduced serum bilirubin No NA
Sen et al. [18] No NA Yes No No Yes (not changed)
Hassanein et al. [23] No NA Yes No NA NA
Hessel et al. [22] Yes No NA No NA NA
Saliba et al. [21] No No Yes Reduced serum bilirubin NA NA
Banares et al. [20] Yes Yes (HE ≥ II, MELD > 20, HRS) Yes Increased serum bilirubin No No
Abbreviations: HE, hepatic encephalopathy; HRS, hepatorenal syndrome; MAP, mean arterial pressure; MELD, Model for end-stage liver disease; NA, not assessed; No, no significant 
benefit; Yes, significant benefit demonstrated.
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fever, hepatorenal syndrome, and anemia. 
None of these resulted in death. In most of the 
trials, MARS treatments were well tolerated 
[11, 12, 19, 20].

Discussion

Previous systematic reviews and meta-analy-
ses indicated that MARS has no significant sur-
vival advantage in liver failure, though the find-
ings were limited by study quality and the 
number of included patients [24, 25]. This 
meta-analysis compared the effect of MARS 
therapy with standard medical treatment for 
liver failure reported in ten randomized trials 
comprising 546 patients. The test for subgroup 
differences indicated that the ALF and AOCLF 
groups were heterogeneous. Given the differ-
ences in disease etiology, management, and 
outcome, these two groups were therefore ana-
lyzed separately, in line with previous reports 
[24, 26]. The data suggest that MARS treat-
ment can significantly improve survival in ALF 
subgroups, while having no effect on survival in 
AOCLF subgroups.

ALF is a dramatic clinical syndrome character-
ized by sudden and massive hepatic necrosis 
that results in jaundice, coagulopathy, and 
hepatic encephalopathy in the absence of pre-
existing liver disease [27]. In 2002, El Banayosy 
and colleagues [13] concluded that MARS sig-
nificantly improved survival in 17 hypoxic liver 
failure patients. However, in 2013, Saliba et al. 
[21] concluded that MARS provided no defini-
tive efficacy or safety advantages to 102 
patients with ALF, likely because many of the 
patients had previously received transplants. 
Because of the number of patients with ALF, 
there should be more randomized trials to test 
this conclusion, as small RCTs can produce 
unreliable results. For AOCLF, there was no ben-
eficial effect on survival with MARS versus 
standard medical therapy, consistent with 
results of three of the randomized trials [22, 
23], including the largest randomized trial on 
MARS to date (involving 179 patients) conduct-
ed by Banares and colleagues [20], as well as 
previous meta-analyses [24, 26].

Bile acids and bilirubin are toxic to hepatocytes 
in vitro and in animal studies [28, 29]. The use 
of MARS appeared to reduce serum bilirubin 
and hepatic encephalopathy in several studies 
[11-14, 20, 21], which may be attributed to 

MARS’ albumin dialysis component [30]. The 
clinical significance of this has been confirmed 
in previous meta-analyses and randomized 
trials.

The results of the present study are in agree-
ment with a systematic review and meta-analy-
sis conducted by Stutchfield et al. [31] that ana-
lyzed four types of liver support systems (two 
artificial and two bioartificial) in eight trials (five 
of which involved MARS) involving 332 patients 
with liver failure. Although their study demon-
strated that liver support systems did not affect 
mortality, subgroup analyses similarly showed 
significantly reduced mortality in patients with 
ALF, but not with AOCLF. This is in contrast to 
the Cochrane review evaluating the use of 
extracorporeal liver support [32] and the meta-
analysis by Kjaergard and colleagues [33]. 
Additional randomized trials are needed to test 
this conclusion. Vaid et al. [26] found that 
MARS treatment had no significant survival 
advantage in liver failure. However, the results 
of their meta-analysis should be viewed with 
caution because of the low Jadad score and the 
combination of ALF and AOCLF data.

The present meta-analysis indicates that MARS 
therapy can improve survival in patients with 
ALF. The available evidence does not suggest a 
significant survival benefit in those with AOCLF. 
It is necessary to develop MARS treatment 
because of the increasing demand for liver 
transplantation and the risk of liver failure.

The major limitation of this study was the small 
number of patients with ALF, which may lead to 
incorrect conclusions. In addition, the meta-
analyses may be affected by bias. However, the 
studies included in this analysis were homoge-
nous, and the sensitivity analysis revealed sta-
bility of the conclusions.
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