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Karaciğer Yetmezliğinin Bulguları 
Koagülopati 
Sarılık 
Hepatik ensefalopati 
Hipotansiyon/şok 

Kronik karaciğer hastalığı mevcut mu? 

Hayır 

Hiperakut Akut Subakut 

Sarılık başlangıcı ve ensefalopati 
arasında gecen süre 

< 1 Hafta   1-4 Hafta               >4 Hafta 

Evet 

„Kronik-üzerine-akut eklenmiş“ 

Titel 
Klinik für Allgemein-, Viszeral- und Transplantationschirurgie 

Kronik Üzerine Eklenmiş Akut Karaciğer Yetmezliği 

26.000 dekompanse siroz hastası 
YBÜ‘ne kabul ediliyor 

Maliyet 
3.000.000.000 USD 

Mortalite 
50-90 % 

Olson, Current Opinion Crit Care 2011, 17, 165 
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Sepsis‘deki Siroz Hastalarında Karaciğer Dışındaki 
Organ Yetmezlik Oranı 
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YBÜ-bağımlı – EPIC II Çalışması verileri ; Epidemiyoloji ve 
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Gustot, Liver International, 2014, 1496 

Hasta sayısı 
• Toplam 13796  
• Siroz 410 

Tercihen sepsis 
odağı 
• Pnömoni (tüm) 
•  siroz: Intrabdominal 

(%30 vs. %19, 
p<0.01) 

Patojen 
• Siroz‘da coğunluk 

gram pozitif koklar 
• MRSA 

Siroz hastalarında infeksiyon oranı non-siroz hastalarına göre anlamlı derecede yüksek %59 vs 
%51, p< 0.01 
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ratio (OR) 2.25 (1.74–2.92), P < 0.001, Table S3] and in
infected patients [OR 2.47 (1.79–3.42), P < 0.001, Table
S4]. Decisions to withhold or withdraw life-sustaining
measures were more common in cirrhotic patients than
in non-cirrhotic patients [97 (24%) vs. 1652 (12%),
P < 0.001].

For cirrhotic patients, hospital mortality was strongly
dependent on the type of admission. Medical and emer-
gency surgical admissions were associated with higher
hospital mortality rates than patients admitted after
elective surgery (47.3% and 40.3% vs. 24.4%, respec-
tively, P < 0.05). Hospital mortality increased with the
degree of organ failure as assessed using the SOFA score
(Fig. 1A). SAPS II and SOFA scores had a similar prog-
nostic value, with AUROCs of 0.77 [0.73–0.82] and 0.79
[0.74–0.84] respectively. The most discriminative cut-
off point for SOFA score was 9 (Fig. 1B). Multivariate
logistic regression analysis showed that greater SAPS II
score [per point, odds ratio (OR) 1.07 (95% CI) 1.05–

1.1, P < 0.001] and infection [2.19 (1.23–3.91),
P < 0.01] were independently associated with a higher
risk of hospital mortality in cirrhotic patients.

Characteristics of infections and antimicrobial therapy in
cirrhotic patients

Of the 410 cirrhotic patients, 59% (n = 241) were
infected on the day of this study, compared to 51% of
the non-cirrhotic patients (P < 0.01) (Table 2). Infec-
tion was more often associated with septic shock in
patients with cirrhosis than in those without (37 vs.
26%, P < 0.001). The lungs were the most common site
of infection in cirrhotic and non-cirrhotic patients.
Abdominal infections were more frequent in patients
with cirrhosis than in the other patients; there were no

Table 1. Basic characteristics of patients with cirrhosis

Characteristic

Patients without
cirrhosis
(n = 13308)

Patients with
cirrhosis
(n = 410) P value

Age, median [IQR], y 64 [50–74] 56 [48–66] <0.001
Men, No. (%) 8260 (62.1) 279 (68.7) 0.007
Severity score on study day, median [IQR]
SAPS II 35 [27–46] 40 [30–52] <0.001
SOFA 5 [3–8] 9 [6–12] <0.001

Type of admission, No. (%)
Medical 3725 (28.1) 152 (37.1) <0.001
Emergency surgery 5064 (38.2) 192 (46.8)
Elective surgery 3130 (23.6) 44 (10.7)
Trauma 1343 (10.1) 22 (5.4)

Reason for ICU admission, No. (%)
Respiratory 3014 (22.6) 71 (17.3) <0.001
Cardiovascular 2968 (22.3) 68 (16.6)
Surveillance/
monitoring

2527 (19) 34 (8.3)

Neurological 1943 (14.6) 66 (16.1)
Digestive/liver 1138 (8.6) 135 (32.9)
Trauma 1104 (8.3) 15 (3.7)
Renal 312 (2.3) 11 (2.7)

Source of admission, No. (%)
Operating
room/recovery

3399 (25.8) 63 (15.4) <0.001

ED/ambulance 3892 (29.5) 115 (28.1)
Hospital floor 3618 (27.4) 152 (37.2)
Other hospital 1853 (14.1) 66 (16.1)
Other 419 (3.2) 13 (3.2)

ICU length
of stay, median [IQR]

11 [3–27] 13 [4–28] 0.132

Hospital length
of stay, median [IQR]

22 [10–48] 21 [10–41.5] 0.299

ICU mortality,
No. (%)

2222 (17.7) 130 (33.6) <0.001

In-hospital
mortality No. (%)

2961 (23.6) 163 (42.1) <0.001

ED, emergency department.
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Fig. 1. Relationship between Sequential Organ Failure Assessment
(SOFA) score and mortality in critically ill patients with cirrhosis. (A)
Relationship between hospital mortality rates and degree of organ
failure, as assessed by the SOFA score ranges, in cirrhotic patients.
(B) Kaplan–Meier survival curves in cirrhotic patients according to a
cut-off SOFA score of 9 at 60-day follow-up. Curves were com-
pared using a log-rank test.
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failures and mortality in patients with cirrhosis. Septic
shock was associated with a hospital mortality of 71%
(significantly higher than the 49% observed in the non-
cirrhotic population with septic shock). Even after the
resolution of shock, cirrhotic patients may have persis-
tent liver failure, called acute-on-chronic liver failure,
and often multiple organ failure leading to death.

This study has some limitations, including that as
part of a general observational study, we did not have all
the data necessary to calculate liver-specific severity
scores and the diagnosis of cirrhosis was left to the dis-
cretion of individual physicians. The advantage of a
point-prevalence survey is that a relatively limited data
set is required and a large number of patients can be

included; however, this type of study provides only a
snapshot of the situation at the specified time point and,
compared to incidence studies, may tend to overesti-
mate the disease occurrence. Nevertheless, point-preva-
lence studies are an accepted and widely used means of
gathering epidemiological data and investigating pat-
terns of disease. Another limitation of this point-preva-
lence study is that antibiotic treatment was only noted
on the day of this study, so that data for full therapeutic
comparisons were not available. Because of the hetero-
geneity of the studied population, the observed differ-
ences in types of infection and isolated microorganisms
between cirrhotic and non-cirrhotic patients were small
and not sufficient to lead to different policies for treat-
ing infections in critically ill cirrhotic patients compared
with the general ICU population. Moreover, it is possi-
ble that microbiological patterns have changed since
these data were collected and our results may not accu-
rately reflect the current situation. Finally, the multivari-
ate analysis included many variables likely to impact on
mortality, but other factors may also be involved that
were not included.

In conclusion, in this international study, the major-
ity of cirrhotic patients hospitalized in the ICU were
infected and the presence of infection in these patients
doubled the risk of death. Infections in these patients
were frequently caused by Gram-positive organisms. S.
aureus was the most frequently isolated microorganism,
but Pseudomonas infection was independently associated
with worse outcomes.
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Karaciğer Destek Sisteminin Yoğun Bakım‘daki Yeri 
Karaciğer yetmezliği 

En iyi medikal tedavi 

Karaciğer destek sistemi 

Karaciğer nakli Karaciğer rejenerasyon/rekompansasyon 

İyilleşme/ Sağ kalım 

Hastada iyileşme 
Nörolojik 
Hemodinamik 
İnflamatuvar/sepsis 
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Karaciğer Destek Sistemleri 

Non-biyolojik 

•  MARS 
•  Prometheus 

Plazmaferez 

Biyolojik 

•  ELAD 
•  BLSS 

Gelecek sistem 

•  Hepatosit 
transplant 

•  Kök hücre 
transplant 

•  Rejenerasyonu 
geliştiren ilaç 
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MARS veya Prometheus 

Suda çözülen toksinlerin 
eliminasyonu 

Albumine bağlı toksin 
eliminasyonu 

Diyaliz Albumin Diyaliz 

Hastanın vücut ağırlığının %60 H2O 
 
 

 
 
 

Difüzyon 

Plazmaferez 
(selektif olmayan) 

Protein bağımlılığı eliminasyonu 
belirliyor 

Filtrasyon 
(selektif) 

Suda çözülen toksin 
(serbest) Protein-bağlı toksin 

Non-biyolojik Karaciğer Destek Sistemleri 

Titel 
Klinik für Allgemein-, Viszeral- und Transplantationschirurgie 

MARS Sistemi 
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MARS ve Hepatorenal Sendrom 

N= 13 hasta 

MARS (n=8) Standart tedavi (n=5) 

Stange et al. Liver Transplantation 2000, 6: 603-613 

Mortalite: 7 günlük 
MARS : 62% vs 100% CVVH (p < 0.05) 
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MARS ve Kronik Üzerine Akut Eklenmiş Siroz 

Heemann, Hepatology 2002, 36: 949-958 

23 AoCLF hasta 

Giriş kriterler 
Bilirubin ≥ 20 mg/dl 

(340µmol/l) 

Hepatik ensefalopati 
düzelme 

Bilirubine düşüş 
kreatinin 

N = 12 MARS 
N = 11 kontrol 

Bulgular 
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MARS ve Hepatik Ensefalopati (evre III ve IV) 

•  Prospektif kontrollü çalışma 

•  Toplam 70 hasta 

•  Standart medikal tedavi (n=31) 

•  MARS  (n=39) 

•  Çalışma süresi: 5 gün 

•  H.E. günde iki kere değerlendirilmiş. 

•  Primer sonuç nokta  

•  H.E.‘nin başlangıçtan en az iki evre iyileşmesi 

Hassanein, Hepatology 2007, 46: 1853-1862 
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Hastalık Şiddeti 

MARS (n=39) SMT (n=31) p 
MELD skoru 33 (11-49) 28 (15-50) ns 
SOFA skoru > 9 %88 %81 ns 
GKS 6 (3-12) 8 (3-15) ns 
Mekanik 
Ventilasyon 

% 51.3 %35.5 ns 

Hassanein, Hepatology 2007, 46: 1853-1862 
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Birincil sonuç (primary endpoint, ITT- Analiz) 

H.E. düzelme oranı 
% 62 MARS - % 40 SMT 
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H.E.‘nin düzelme hızı 

ment (SMT or ECAD), sex, race, age, and baseline CTP,
ascites, HE, GCS, creatinine, total bilirubin, albumin,
international normalized ratio, and MELD score as po-
tential predictors of 2-grade response (yes/no). Of these
13 potential predictors, 3 baseline predictors were identi-
fied as simultaneously significant: receiving ECAD, CTP,
and GCS scores. ECAD increased the response, whereas a
high CTP and a low GCS score at baseline decreased the
response (odds ratio ! 0.56 for high CTP, odds ratio !
0.18 for low GCS). After controlling for these 2 predic-
tors, the adjusted odds ratio for ECAD in achieving a
2-grade improvement in HE was 3.78 (P ! 0.024). The

other 10 factors including MELD were not statistically
significant predictors after controlling for these 3.

Survival of the Study Population
During the 180 days of follow-up, 71% and 64% of

the patients died, and 23% and 26% had liver transplan-
tation in the SMT and ECAD groups, respectively. Re-
sponding to therapy was the only predictor for transplant-
free survival in the first 4 weeks (P " 0.05) (Table 7).
Patients who responded to therapy had a 4-week trans-
plant-free survival of 47% versus only 20% in patients
who failed to respond to any treatment during the 5 days.

Discussion
Severe HE is a major cause of morbidity and mortality

in ESLD.15 Improvement of HE depends on correction of
precipitating factors and the liver’s functional capacity. In
this prospective, randomized, controlled multicenter
trial, performed in patients with ESLD and acute decom-
pensation, severe HE responded poorly to conventional
therapy and was associated with a poor prognosis, as pre-
viously noted.6,16 All patients received standard medical
therapy using nonabsorbable disaccharides or antibiotics,
an approach under scrutiny itself.5 Our cohort had cir-
rhosis and a high MELD score, a marker of advanced liver
failure and high short-term mortality.17

The study design followed the recommendations of a
working party on studies in HE.18 It defined the study
endpoints, included a control group, and established a
methodology to quantify therapeutic effects considering
the multiaxial definition of HE. The algorithm used to
quantify improvement in HE grade (HE scoring algo-
rithm) included clinical assessments and well-established
simple neuropsychological tests that had a greater weight
on the algorithm than the clinical tests as HE improved.

The endpoint of the study was improvement in HE of
2 grades from baseline. The time spent in an improved
mental state during the 5 days of the study was measured
using the improvement proportion for each group (Table
3). These strict definitions of response contrast with ear-
lier pilot studies by Stange et al.,8 Heemann et al.,19 and
Novelli et al.,20 which did not define the extent of HE
improvement or the time spent in the improved state. In
this study, although not all patients had improvement in

Fig. 3. (A) Mean cumulative number of improvements per person
(ITT). Mean cumulative number of improvements per person in ECAD
(MARS) versus SMT. At any given time during the 5-day study the mean
cumulative number of improvements per patient was significantly higher
in the ECAD group than in the SMT group (P " 0.01). By 120 hours, the
ECAD group mean is almost twice the SMT mean. (B) Secondary
endpoint: time to first improvement (ITT). Kaplan-Meier estimated time to
first improvement in ECAD versus SMT. Patients in the ECAD group
responded faster and at a higher rate than patients in the SMT group
(Log-rank test P ! 0.045).

Table 4. Percentage of Patients Showing a Response to Treatment During the Study
n (PP) 24 Hours 48 Hours 72 Hours 96 Hours 120 Hours Kaplan Meier

SMT % 31 (29) 0 (0) ITT P ! 0.045
ECAD % 39 (33) 13 (15) 30 (34) 58 (64) 61 (67) 72 (74) PPP!0.017

Values are percentage of patients reaching a 2-grade improvement at each time after randomization. ( ) represent PP analysis. At any time during the study, patients
receiving ECAD achieved a higher response rate than the SMT group.
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Laboratuvar Değerleri 

•  MARS lehine anlamlı iyileşme 

•  Amonyak 

•  Dallı zincirli amino asit/aromatik zincirli amino asit 

•  Total bilirubin 

•  Safra asitleri 

•  Kreatinin  

•  Üre 

Hassanein, Hepatology 2007, 46: 1853-1862 
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Hasta Takibi 

ilk 5 günde 
transplant 

ilk 5 günde 
ölüm 

6-180 gün 
içinde 
transplant 

6-180 gün 
içinde ölüm 

Toplam 
transplant 

Toplam 
Mortalite 

MARS 3/33 (%9) %13 8 (% 24) % 61 % 28 % 64 

SMT 1/26 (% 4) % 16 6 (% 23) % 65 % 23 % 71 

Hassanein, Hepatology 2007, 46: 1853-1862 
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MARS – Fulminan Hepatik Yetmezlik 

•  N = 18 FHY Hasta, hepsi acil transplant için ulusal bekleme listesinde 

•  9 hasta transplant olmadan yaşıyor 

•  3 hastaya hiç KC teklifi gelmiyor => 1 hasta ölüyor, 2 hasta yaşıyor 

Camus, Ther. Apheresis and Dialysis 2009, 13: 549 

Comparison to a control group
The proportion who improved without LTx in our

patients was compared with an expected rate derived
from the French National database from January
2001 to December 2006 (Agence de la Biomédecine).
This rate was calculated as the proportion of the
patients registered on the French National Waiting
List with a national priority (“Super-urgence”) due to
FHF who were withdrawn from the list for stable
improvement and were not re-registered. The im-
provement rate in our patients was compared with
the remaining French cohort patients with the same
etiological diagnoses. Because MARS therapy of
FHF patients on the waiting list was not reported by
the other French transplant centers over this period,
the analysis of this French cohort was thought to
reflect practices without MARS.

Factors associated with improvement
In order to identify the factors which could explain

improvement during a short waiting time, study
patients were divided into two groups: those who
improved on the waiting list (N = 9), and those
who did not (N = 9; by definition, these patients
either died before LTx could be performed or were
transplanted).

Statistical considerations
Proportions were compared by the chi-square test

or the Fisher exact test when appropriate. Bayesian
95% confidence intervals were calculated for the esti-
mation of proportions. Quantitative variables were
expressed by median (25th percentile–75th percentile).
The comparison of quantitative variables between
two groups was made by the Mann Whitney U-test,
and Kaplan-Meier survival distributions were com-
pared by the log-rank test. All tests were two-sided
and a P-value !0.05 was considered to be statistically
significant.

RESULTS

Three patients had no graft proposal among whom
one died and two improved. Among the other 15
patients, the proposed graft was accepted in 8 and
declined in 7 who exhibited resolution of hepatic
encephalopathy and significant improvement in
coagulation factors (see Table 1).

Improvement of FHF
Of 18 patients, 9 (50%; 95% confidence interval

[CI] 28.9% to 71.1%) had sufficient liver failure
improvement before or at the time of graft proposal
and were withdrawn from the national emergency

waiting list. They all experienced further complete
recovery of liver function and did not require LTx. By
comparison, the rate of improvement for the whole
French National database 2001–2006 was lower (70 of
489 patients [14.3%;]) and the rate in the subgroup
with similar diagnoses (toxic/drug-induced, hepatitis
B, other) also lower (48 of 249 patients, [19.3%; 95%
CI: 14.9%–24.6%; P = 0.002]). The corresponding
adjusted odds ratio in our series vs. the French
National database subgroup of patients with the same
diagnosis was 4.20 (95% CI: 1.21–14.61; P = 0.02).

Nine patients did not improve. One patient died at
48 h before a graft was available and 8 patients were
transplanted with the first graft proposed. Two of
these patients died following LTx.

Survival distribution curves were similar between
the 8 patients who underwent LTx and the 10 patients
who did not (Fig. 1, log-rank = 0.565, P = 0.45). Par-
ticularly, there was no late death in those who were
not transplanted.

Factors of improvement
There were no statistically significant differences

between the patients who improved without LTx and
those who did not with respect to demographic char-
acteristics, etiology of FHF, Glasgow coma score,
SAPS II, MELD score, hemodynamic condition,
serum total bilirubin, coagulation tests, serum creati-
nine and arterial blood lactate (Table 1). However,
MELD score and arterial lactate concentration were
slightly more elevated in the group of patients who
died or were transplanted.The proportion of patients
for whom a graft was not available (2/9 vs. 1/9), the
delay from the onset of transplant criteria to graft
proposal (hours, 37 [19–44] vs. 34 [20–39]) and the
total time with FHF meeting transplant criteria
(hours, 44 [28–49] vs. 34 [21–44]) were also similar (all
P > 0.40). The duration of sessions and the delay
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Fransa Grubu   
FHY: Çok Merkezli Prospektif Kontrollü Çalışma 

•  Amaç: MARS tedavisi FHY sağkalım oranını artırabilir mi? 

•  Toplam 16 merkez 

•  N = 102 Hasta sayısı 

•  N = 49 SMT uygulanan 

•  N = 53 MARS uygulanan 

•  Birincil sonuç: 6 ay sağ kalım  

Saliba , Ann Intern Med 2013, 159: 522-531 
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Transplant Olma Olasılığı 

Saliba , Ann Intern Med 2013, 159: 522-531 

tion of the graft and the other 9 months after transplanta-
tion because of chronic rejection.
Outcome of Hepatic Encephalopathy

None of the patients included in the study had intra-
cranial pressure monitoring or received hemodialysis to re-
duce clinical signs of cerebral edema. No significant clinical
improvement was observed in patients with mild hepatic
encephalopathy after MARS. The mean ammonia levels
before and after the first MARS treatment (n ! 24) were,
respectively, 133 !mol/L (median [25th, 75th percentiles]
of 103 !mol/L [77, 172]) and 134 !mol/L (median [25th,
75th percentiles] of 123 !mol/L [90, 178]). (To convert
these values to !g/dL, divide by 0.587.)

In patients with severe hepatic encephalopathy requir-
ing respiratory support and mechanical ventilation, 8 of 13
patients (62%) in the conventional treatment group and
15 of 19 (79%) in the MARS group survived (P ! 0.43).
In the conventional treatment and MARS groups, 2 pa-
tients had severe neurologic sequelae after liver transplan-
tation due to hypoxic lesions. Statistical analysis of the
primary end point and major secondary end points did not
indicate any center effect.
Biological Measurements of Liver and Kidney Function

Levels of serum total and conjugated bilirubin (P !
0.002), urea and creatinine (P " 0.001), and lactate (P "
0.001) significantly decreased in patients treated with
MARS after the first session compared with baseline levels.
Renal function from baseline to month 12 improved as
measured by the glomerular filtration rate according to the
Cockcroft–Gault formula, increasing from 72.2 mL/min
per 1.73 m2 (median [25th, 75th percentiles] of 50.0 mL/
min per 1.73 m2 [32.0, 108.0]) to 85.1 mL/min per 1.73
m2 (median [25th, 75th percentiles] of 85.0 mL/min per

1.73 m2 [63.2, 106.0]) in the conventional treatment
group and from 56.8 mL/min per 1.73 m2 (median [25th,
75th percentiles] of 40.0 mL/min per 1.73 m2 [22.0,
84.0]) to 72.9 mL/min per 1.73 m2 (median [25th, 75th
percentiles] of 70.0 mL/min per 1.73 m2 [56.0, 95.0]) in
the MARS group. Acute renal failure necessitating hemo-
dialysis (continuous venovenous hemodiafiltration) after
liver transplantation or liver function recovery occurred in
20 (41%) patients in the conventional treatment group
and 31 (58%) patients in the MARS group (P ! 0.11).
The rate of acute graft rejection did not significantly differ,
with rejection occurring in 10 of 27 (37%) transplant re-
cipients in the conventional treatment group versus 12 of
39 (31%) transplant recipients in the MARS groups (P !
0.61).
Safety

Adverse events were similar between groups. Because
the mean delay between randomization and transplanta-
tion was very short, most reported adverse events were re-
lated to liver transplantation (Table 2). The mean number
of reported adverse events was therefore significantly
greater in patients who had liver transplantation than in
those who did not (21.1 [10.4%]; median [25th, 75th
percentiles] of 19.5 [13.0, 25.0] vs. 11.2 [8.5%]; median
[25th, 75th percentiles] of 9.0 [5.0, 16.0]; P " 0.001) and
was greater in those with ALF not caused by paracetamol
than in those with ALF caused by this agent (19.3; median
[25th, 75th percentiles] of 17 [11.0, 25.0] vs. 14.9; median
[25th, 75th percentiles] of 13.0 [7.0, 21.0]; P ! 0.06).

Specifically, no cases of bleeding disorders, sepsis, or
death related to MARS therapy were observed. Serious ad-
verse events, as analyzed by the independent safety board
committee, were also similar (Appendix Table 5, available

Figure 3. Cumulative probability of transplantation.
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Birincil Sonuç: Sağ kalım Oranı 

tion of the graft and the other 9 months after transplanta-
tion because of chronic rejection.
Outcome of Hepatic Encephalopathy

None of the patients included in the study had intra-
cranial pressure monitoring or received hemodialysis to re-
duce clinical signs of cerebral edema. No significant clinical
improvement was observed in patients with mild hepatic
encephalopathy after MARS. The mean ammonia levels
before and after the first MARS treatment (n ! 24) were,
respectively, 133 !mol/L (median [25th, 75th percentiles]
of 103 !mol/L [77, 172]) and 134 !mol/L (median [25th,
75th percentiles] of 123 !mol/L [90, 178]). (To convert
these values to !g/dL, divide by 0.587.)

In patients with severe hepatic encephalopathy requir-
ing respiratory support and mechanical ventilation, 8 of 13
patients (62%) in the conventional treatment group and
15 of 19 (79%) in the MARS group survived (P ! 0.43).
In the conventional treatment and MARS groups, 2 pa-
tients had severe neurologic sequelae after liver transplan-
tation due to hypoxic lesions. Statistical analysis of the
primary end point and major secondary end points did not
indicate any center effect.
Biological Measurements of Liver and Kidney Function

Levels of serum total and conjugated bilirubin (P !
0.002), urea and creatinine (P " 0.001), and lactate (P "
0.001) significantly decreased in patients treated with
MARS after the first session compared with baseline levels.
Renal function from baseline to month 12 improved as
measured by the glomerular filtration rate according to the
Cockcroft–Gault formula, increasing from 72.2 mL/min
per 1.73 m2 (median [25th, 75th percentiles] of 50.0 mL/
min per 1.73 m2 [32.0, 108.0]) to 85.1 mL/min per 1.73
m2 (median [25th, 75th percentiles] of 85.0 mL/min per

1.73 m2 [63.2, 106.0]) in the conventional treatment
group and from 56.8 mL/min per 1.73 m2 (median [25th,
75th percentiles] of 40.0 mL/min per 1.73 m2 [22.0,
84.0]) to 72.9 mL/min per 1.73 m2 (median [25th, 75th
percentiles] of 70.0 mL/min per 1.73 m2 [56.0, 95.0]) in
the MARS group. Acute renal failure necessitating hemo-
dialysis (continuous venovenous hemodiafiltration) after
liver transplantation or liver function recovery occurred in
20 (41%) patients in the conventional treatment group
and 31 (58%) patients in the MARS group (P ! 0.11).
The rate of acute graft rejection did not significantly differ,
with rejection occurring in 10 of 27 (37%) transplant re-
cipients in the conventional treatment group versus 12 of
39 (31%) transplant recipients in the MARS groups (P !
0.61).
Safety

Adverse events were similar between groups. Because
the mean delay between randomization and transplanta-
tion was very short, most reported adverse events were re-
lated to liver transplantation (Table 2). The mean number
of reported adverse events was therefore significantly
greater in patients who had liver transplantation than in
those who did not (21.1 [10.4%]; median [25th, 75th
percentiles] of 19.5 [13.0, 25.0] vs. 11.2 [8.5%]; median
[25th, 75th percentiles] of 9.0 [5.0, 16.0]; P " 0.001) and
was greater in those with ALF not caused by paracetamol
than in those with ALF caused by this agent (19.3; median
[25th, 75th percentiles] of 17 [11.0, 25.0] vs. 14.9; median
[25th, 75th percentiles] of 13.0 [7.0, 21.0]; P ! 0.06).

Specifically, no cases of bleeding disorders, sepsis, or
death related to MARS therapy were observed. Serious ad-
verse events, as analyzed by the independent safety board
committee, were also similar (Appendix Table 5, available

Figure 3. Cumulative probability of transplantation.
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Figure 4. Primary end point: 6-month patient survival
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RELIEF Çalışması:  
MARS: Kronik Üzerine Akut KC Yetmezliği 

N= 189 AoCLF 

N= 95 MARS 

28-gün  
Sağ kalım 

60% 

N=94 SMT 

28-gün  
Sağ kalım 

59.2% 
Banares: Hepatology 2013, 57: 1153 
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MARS “acute on chronic” KC yetmezlikte 
      Iyilesme 

ÇALIŞMA   n           Kontrol gr.  Lab.   Hemodinami  H.E.  Sağ kalım 
 
Sorkine  2001  8  Hayır  Evet  Hayır  Evet     - 
CCM 9(7) 1332-36 
 
Stange 1999  13  Hayır  Evet    -  Evet     - 
Artif Organs 23(4) 319-30 
 
Schmidt   2001  8  Hayır  Evet  Evet   Hayır     - 
Liv Trans:7(8) 709-12 
 
Mitzner 2000  13  Evet  Evet  Evet   Hayır  Evet 
Liv Trans:6(3) 277-86 
 
Heemann 2002  24  Evet  Evet  Evet  Hayır  Evet 
Hepatology:36:949-58   
 
Jalan 2003;38:24  8   Hayır  Evet  Evet  Hayır  - 
J Hepatol 
 
Sen et al 2004  18  Evet  Evet  Hayır  Evet  Hayır 
Liver Transplant;10:1109 
 
Hassanein et al 2007  70  Evet  Evet  Hayır  Evet   - 
Hepatology 46: 1853 
 
Banares et al. 2013  189  Evet  Evet  Evet     -  Hayır 

  
 Laboratuar değişimi: Bilirubin, Safra asiti, Kreatinin, Serum Amonyak düzeyinin düşmesi 
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Prometheus- Kronik Üzerine Akut KC Yetmezliği 

11 hasta 
Tüm 

hastalar  
HRS Tip I 

YBÜ Bağımlı  

Bulgular: 
•  bilirubin, 

safra asit, 
kreatinin, 
üre, NH3 
anlamlı 
düzelme 

8/11 hasta 
öldü 

Rifai et al J Hepatology 2003;39:984 Titel 
Klinik für Allgemein-, Viszeral- und Transplantationschirurgie 

Prometheus 

Santoro, Transplant Proceed, 2006, 38: 1078-1082 

n=12 hasta 

8 Siroz 1 posttransplant 
disfonksiyon 

3  
sekonder KC hasarı 

(kalp yetmezligi) 
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Bulgular: Biyokimya parametreleri 

albumin is then perfused through the prometh 01 and
prometh 02 adsorbers, whereby bound toxins are captured
by direct contact with high-affinity adsorbing materials. The
purified albumin then reenters the blood stream. After-
ward, the blood passes through a high-flux dialyzer.

This two-stage procedure considerably increases the ef-
ficiency. Albumin-bound toxins are directly transported, by
convection, to the site where removal takes place. In this
way, no dissociation of albumin and diffusion is necessary,
which is known to be the limiting factor in removal kinetics
when high-flux membranes are used for mass transfer from
blood. In addition, there is no need for exogenous albumin.

Afterward, the blood undergoes high-flux hemodialysis,
one of the most effective treatments for removal of water-
soluble toxins. The use of Fresenius Polysulfone mem-
branes and ultrapure dialysis fluid prepared through the
4008H dialysis machine ensures maximum biocompatibility.
Maintenance and monitoring of the extracorporeal circuit is
performed by the Prometheus unit. It is a comprehensive
all-in-one extracorporeal liver support system based on the
Fresenius 4008H dialysis unit with FPSA and hemodialysis
integrated into one unit. We herein have reported our
results from application of Prometheus.

PATIENTS AND METHODS

Because our intention in this study was to evaluate the clinical
application of the Prometheus system in various etiologies of liver
failure, we chose broad inclusion criteria for the 12 patients with
acute or acute-on-chronic liver insufficiency. Their mean age was
45.2 ! 6 years. The underlying pathology was cirrhosis in eight
(seven hepatitis C virus (HCV), related, one alcohol-related); one
post–liver transplant primary nonfunction, and three cases of
secondary liver insults: two cardiogenic shock and one rhabdomy-
olysis. The mean values of the main biochemical parameters were:
total bilirubin, 33.6 ! 20.1 mg/dL; creatinine, 2.1 ! 1.1; I.N.R., 2.7 !
0.7; and albumin, 3.0 ! 0.4 g/dL. The mean treatment time was
340 ! 40 minutes. Each patient was treated for at least two
sessions. We performed 28 treatments.

We monitored clinical safety parameters, including mean arterial
pressure, heart rate, and blood gas analysis before, during, and at
the end of the treatment. We used both a peripheral arterial
catheter and a central venous one, to continuously monitor the
trend of cardiac output through arterial pulse contour analysis and
obtain arterial peripheral resistance. We also placed a central
intravenous dialysis catheter in each patient.

In addition to routine chemistry tests, bile acids, ammonia, blood
counts, and venous blood gas analysis were performed at regular
intervals. Moreover, several markers of systemic inflammation,

such as C-reactive protein and selected interleukins ([IL]-6, IL-8,
[TNF-!], Sr IL-2) were also measured pre- and posttreatment.

The Prometheus system is depicted in Fig 1. The blood is drawn
from the patient into the extracorporeal circuit where it first passes
through an albumin-permeable polysulfone filter (AlbuFlow). This
filter allows molecules up to the size of albumin (68 kD), but not
larger moieties like fibrinogen, to pass from the blood into a
secondary circuit, which has two cartridges containing different
sorbents. The first is a neutral resin adsorber and the second, an
anion exchanger, consisting of styrene-divinylbenzene copolymer.
In the secondary circuit the albumin-bound toxins flowing through
the adsorbers are directly adsorbed. The purified plasma is then
returned to the blood side. In order to eliminate the water-soluble
toxins, blood thereafter undergoes dialysis with a conventional
polysulfone high-flux dialyzer. Maintenance and monitoring of two
extracorporeal circuits is performed by a unique modified 4008 H
Fresenius hemodialysis machine. Unfractioned heparin was used
for anticoagulation.

RESULTS

The removal capacity of both water-soluble substances and
protein-bound solutes was high. In fact, the reduction ratios
were near 58% for urea, 43% for creatinine, and 64% for
uric acid; ammonia, a water soluble substance, was reduced
as much as 53% (Table 1).

With respect to protein-bound substances, mean total
bilirubin was 33.6 ! 20 at the beginning and 22.2 ! 13.6 at
the end (P " .0001), with the conjugated form, 25.3 ! 14.5
versus 14.7 ! 8.3, respectively (P " .0001). Bile acids were
analyzed separetly: cholic acid (normal values " 1 "mol/L)
was 59.3 ! 41 "mol/L at the beginning versus 32.13 ! 36 at
the end (reduction ratio 48.6%, P " .05); whereas keno-
desossicholic acid (normal values " 2 "mol/L) from 41 to
34 "mol/L (reduction ratio 26%, P " .05).

C-reactive protein, a marker of the inflammatory state,
reduced from 7 ! 4.9 mg/dL to 4.7 ! 3.7 mg/dL. Some
cytokines were also observed to fall; soluble IL-2 receptor,
IL-6 and TNF-!: Sr IL-2: pre: 2687.2 ! 1434.7 versus post:
1977.1 ! 602.4 Ul/ml, (P " .001); IL 6: pre: 56.1 ! 11.1
versus post: 35.9 ! 10.3 pg/mL (P # .05); TNF-!: pre: 22.8 !
12.2 versus post: 15.7 ! 4.9 pg/mL (P " .001).

Although they could be considered a potential site of
platelet trapping, the resins did not produce this phenom-
enon. In fact mean the platelet counts at the beginning
versus end of the treatments were 73,820/mm3 and 77,350/
mm3, respectively (P # NS). Serum albumin level was only
minimally reduced after the treatments (from 3.2 to 2.8
g/dL).

Table 1. Pre- and Posttreatment Mean Values of Main Water-Soluble Substances and Protein-Bound Solutes

Pre Post Removal (%) P

Ammonia ("mol/L) 50.8 ! 27.4 22.4 ! 18.9 51.6 ! 39.2 .007
Urea (mg/dL) 111 ! 0.9 47 ! 0.5 57.6 ! 9.53 ".001
Creatinine (mg/dL) 2.06 ! 1.03 1.18 ! 0.64 42.7 ! 10.6 ".001
Uric acid (mg/dL) 5.9 ! 3.1 2.1 ! 1.7 64.4 ! 12.2 ".001
Total bilirubin (mg/dL) 33.6 ! 20.1 22.2 ! 20.1 38 ! 9 ".001
Cholic acid ("mol/L) 59.3 ! 40.6 32.13 ! 30.4 48.6 ! 20.4 ".05

1080 SANTORO, FAENZA, MANCINI ET AL

Santoro, Transplant Proceed, 2006, 38: 1078-1082 

2 hastaya KC transplant yapılıyor 
3 Kalp yetmezliğine sekonder KC yetmezliği sağ kalıyor 
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N = 13 hasta 
Hepsi 

Prometheus 

1 hasta spontan 
remisyon 

N=7 Prom. + 
LTX 

=> 3 sağ kalıyor 

30 günlük  
sağkalım 31% 

N= 5 sadece 
Prometheus 
Hepsi ölüyor 

Kontrol grubu 
meçhul 

Prometheus’un faydası ? 

FHY‘de Prometheus Tedavisinin Değerlendirilmesi 

Skwarek, Transpl. Proceed. 2006, 38: 209-211 

Titel 
Klinik für Allgemein-, Viszeral- und Transplantationschirurgie 

FHY‘de Prometheus Tedavisinin Değerlendirilmesi 

N= 27 KC 
yetmezliği 

23 FHY/4 AoCLIF 

25 hasta acil transplant ulusal 
bekleme listeye alınıyor 

Prometheus faydalı,  9 hasta transplant olmadan 
iyileşiyor 

4 hasta transplant oluyor/ hepsi sağ 
taburcu oluyor 

Toplam 85 defa 
Prometheus 

Şentürk, J Clin Apheresis 2010, 25: 195-201 

Toplam mortalite % 51,9 
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Prometheus vs. MARS vs. SMT 
 

Laleman Crit Care 2006, 10:R108(doi10.1186/cc4985) 

MARS/Prometheus tedavisinin hemodinami 
üzerine etkisi 

N=18 hasta (her grupta 6 hasta; MARS veya 
Prometheus tedavisi 3 gün ard arda 

uygulanıyor) 

MARS ve Prometheus bilirubin ve safra 
asitlerinin serum düzeyini düşürüyor 

MARS Prometheus’dan daha efektif görülüyor 
(p=0.002) 
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Prometheus vs. MARS vs. SMT 
 

Sadece 
MARS 

gruba özgü: 

Sağ kalım 
hakkında 

bilgi 
verilmiyor 

• Hemodinamik düzelme 
• MAP MARS: +9 mmHg 
• Prometheus: -0.3 mmHg 
• SMT: -5.2 mmHg p < 0.001 

• Anlamlı düşüş 
• Plazma renin aktivitesi 
• Aldosteron aktivitesi 
• Vasopressin aktivitesi 

Laleman Crit Care 2006, 10:R108(doi10.1186/cc4985) 
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Kribben et al,, Gastroenterology 2012, 142: 782 

Prospektif randomize çok merkezli çalışma 

N = 145 (n= 68 Standart tedavi, n=77 Prometheus) 

Sağ kalımda bir fayda görülmemiş 
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Figure 2 Subgroup with HRS type 1 
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Figure 3 Subgroup with MELD > 30 
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Prometheus- En Büyük Hasta Popülasyonu 
RCT: Helios Study 
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Prometheus –KC Yetmezliği İçin Tedavi 

Iyilesme 

Çalışma KC yetmezlği 
değerlendirme 

Sayı RCT Laboratuar Hemodinami Santral sinir 
sistemi 

Sağ kalım 

Rifai, 
J Hepatol 
2006 

AoCLF 11 hayır evet hayır hayır 28%  28 gün 
sonra 

Skawarek 
Transpl- 
Proc 2006 

ALF 13 hayır evet bilgi yok bilgi yok 23% 6 ay 
sonra 

Laleman 
Crit Care 
2006 

AoCLF 18 evet evet hayır bilgi yok bilgi yok 

Kribben 
Gastroenter
ology 2012 

AoCLF 145 evet evet bilgi yok bilgi yok (evet) (HRS 
I, MELD 
>30) 
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Prometheus/MARS – Kısıtlılıkları ve Avantajları 

MARS Prometheus 
Pros • En cok kanıta sahip 

• CRRT ile birlikte 
uygulanabilir 

Albumine gereksinim 
yok 
 

Cons • Etkili randomize (ikisi 
hariç) çalışmaların 
eksikliği 
• Masraflı tedavi 
yöntemi 

• Tek bir yeterli hasta 
sayısı olan RCT , 
ancak < alt gruplar 
değerlendirildiğinde 
fayda görülmüştür 
• Masraflı tedavi 
yöntemi 
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Plazmaferez 
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KC Yetmezliğinde Plazmaferezin rolü 

Larsen, J Hepatol 64: 69-78 

FHY 
N= 182 

Çok merkezli çalışma 

N=90  
SMT 

N = 92  
Plazmaferez 

Plazmaferez miktarı 
%10-15 vücut ağırlığı 
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Larsen, J Hepatol 64: 69-78 

study. One of the criticisms of this study is the time taken to enrol
appropriate numbers, and the effects of change in standard of
care. However, this was a randomised controlled trial and
improvement of care would be equally improved in both groups.
Furthermore when we compared outcomes between the first and
second half of this study there was no difference in survival (Sup-
plementary Fig. 3). Medical care was highly similar in the three
centres and we found no differences in survival between centres,
neither in the control and treated groups (Supplementary. Fig. 4).

The aim of this open, prospective, randomised, controlled
study was to examine if HVP reduces mortality in patients with
ALF. We found that exchange of plasma in ALF patients with fresh
frozen plasma increases transplant-free survival after 3 months
(Fig. 1). The data shows that the main effect of HVP on survival
is achieved in the patients that did not undergo emergency liver
transplantation (Fig. 2). The data also shows that in those patients,
who fulfilled criteria for poor prognosis but were not listed for
transplantation due to contraindications, also demonstrated a
significant increase in survival after HVP therapy (Fig. 3). Interest-
ingly, patients listed for transplantation, but not offered a liver

graft also tended to have a better outcome though the number
of studied patients was low. Spontaneous survival rate was lowest
in the group of patients that were not treated with HVP but
fulfilled poor prognostic criteria and not listed for emergency liver
transplantation (Fig. 2). The survival rate in this subgroup was
comparable with previous reports in the literature [3].

HVP may have a beneficial effect by delivery of physiologically
important substances contained in fresh frozen plasma. Equally
the effect of HVP could also result from the removal of toxic
factors. It is also possible that the extensive release of intracellu-
lar material from the necrotic liver and platelet destruction result
in microparticles and microcirculation failure [26]. The beneficial
effect of HVP, particularly in regard to systemic haemodynamics
may be related to removal of circulating filaments, proteins or
vasoactive substances [17,20].

The positive effect of HVP on survival observed in this study,
as supported by the data of study B, would suggest early applica-
tion modulates a pro-inflammatory ‘‘storm” and limits the anti-
inflammatory response, providing a window of homeostasis for
the liver to regenerate as illustrated by improved survival and
improved SIRS and SOFA scores.

We did not observe a difference in arterial lactate concentra-
tion in either group neither at baseline nor during treatment sug-
gesting that HVP, at least over the time period of the study did
not reduce the lactate production (microcirculation and muscle)
nor significantly affect metabolic clearance in the liver. This
observation is in contrast to the decrease in SIRS markers seen
in the HVP group, which one might postulate could be associated
with a decrease in muscle lactate production [27].

We also conducted a proof-of-principle study to assess how
ALF plasma pre- and post-HVP altered the function of circulating
immune cell subsets. Our novel data suggests HVP dampens
innate immune responses through removal of circulating DAMPs,
such as histone-associated DNA. These non-infectious inflamma-
tory molecules promote innate immune activation following
acute hepatocellular death [28–30] through the activation of
pro-inflammatory responses of circulating monocytes and neu-
trophils. Importantly we show that both monocyte and neu-
trophil derived production of pro-inflammatory mediators was
markedly attenuated following HVP. As shown in Fig. 4F, we
hypothesise that HVP modulates the tissue destructive functions
and migratory capabilities of circulating innate immune cells,
ameliorating the severity of hepatic and MOF. However, further
work is required to elucidate the precise mechanisms of
how HVP modulates the function circulating, tissue resident
innate immune cells, severity of acute tissue injury and organ
dysfunction.

We also confirmed that arterial pressure increases concomi-
tant with a decline in the need for vasopressor support [10,17],
raising the possibility of clearance of vasoplegic mediators or
improved receptor activation. Angiopoietin-2, a marker of tissue
endothelial dysfunction and leakage, was significantly reduced
following HVP, suggesting that HVP may influence the interaction
of tissue immune cell and endothelial activation. Interestingly
the arterial ammonia concentration, known to inhibit normal
phagocytic function also decreased [31–33].

In association with the observed tendency to a decline in
white cell count there was a consistent decrease in the SIRS
and SOFA scores in study A that may reflect an immune-
modulatory effect of HVP potentially limiting progression of
MOF as mentioned above (Table 4). Indeed, such an anti-
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Fig. 1. Main results of the intention-to-treat analysis survival data in the
standard medical treated group (SMT) compared to the high-volume plasma
exchange (HVP) treated group (LogRank: p = 0.0058).
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Fig. 2. Survival in the groups, in the two groups receiving SMT (standard
medical treated group) with and without emergency transplantation (!HVP
+LTx vs. +HVP!LTx) and the two group receiving SMT with and without
emergency transplantation (!HVP!LTx vs. +HVP!LTx) (LogRank: p = 0.0058)
and Cox proportional hazard: LTx: p <0.0001; HVP: p = 0.0076).
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Fig. 3. Survival data in patients fulfilling transplant criteria that received
standard medical treated (SMT) only, compared to the SMT treated group that
also received high-volume plasma exchange (HVP) (Cox: p = 0.03).
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Transplant olan hastalarda HVP mortalite hızına bir etkisi yok  
Transplant olmayan hastalarda mortalite oranı anlamlı düşüyor 
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Transplantasyondan sonra greft yetmezliği 

N = 34 LDLT 

N= 18 
Plazmaferez 

N = 16 
MARS 

Ince et al. Transplant Proceed.45, 2013: 971-973 

Tedavi sonunda MARS grubunda kreatinin düzeyinde Plazmaferez 
grubuna göre anlamlı azalma görülmüştür  
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Sonuç 

•  En iyi karaciğer destek sistemi 
karaciğer naklidir 
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Hepa Wash 

and hepatic encephalopathy as well as survival in specific
patient groups [7-9]. A hard evidence of survival benefit
of the MARS procedure is however still lacking, as the
results of a large multicenter study have shown no im-
provement of mortality in patients with fulminant and
subfulminant liver failure [10]. Different bioartificial liver
support systems were used enthusiastically in small clin-
ical trials [11-13] but in a multicenter study conducted by
Demetrieu et al., they were found to improve the survival
of patients with fulminant/subfulminant liver failure only
after excluding primary nonfunction following liver trans-
plantation which was included in the study group [14].
Finally, extracorporeal therapy with fractionated plasma
Separation and Adsorption (Prometheus®) was associated
with an improved survival in patients with acute liver fail-
ure, but mainly in retrospective and case report studies
[15-17].
Animal models simulating acute liver failure (ALF) are

not only needed to study the underlying poorly under-
stood pathophysiological mechanisms but are also im-
portant for the evaluation of new liver support systems
prior to introduction in clinical studies. Devascularizing
ALF is one of the most common animal models used for
evaluating liver support systems. Recently, our group de-
veloped such a model and tested its reproducibility [18].
In this work we present a preclinical study that evalu-

ates the safety and efficacy of a new liver support system
(Hepa Wash®, Figure 1), a type of albumin dialysis, in a
large animal model of ischemic ALF. We also present
the results of the MARS treatment in two pilot animals
of the same model.

Methods
Animals and housing
The preclinical study was approved by the ethical commit-
tee for animal studies in Bavaria, Germany. German land-
race female pigs (~60 kg) were procured from the animal

farm and were kept in the animal housing in the center for
preclinical research in the hospital rechts der Isar for about
4–7 days to allow for accommodation. Animals were fasted
approximately twelve hours before the operation but had
free access to water. Housing and all medical and surgical
procedures (Figure 2) were in accordance with the national
animal protection act (Tierschutzgesetz) and the institution
guidelines (registration number 55.2-1-54-2531-60-07, ap-
proved on 20.6.2007). Experiments were performed be-
tween January and April 2008. The Animals were divided
randomly into two groups: the control (n=6) and the Hepa
Wash (n=6) groups. One animal in control group was ex-
cluded due to insufficient induction of liver failure (which
was histopathologically confirmed).
In a small pilot study (n=2) that was conducted inde-

pendently from the above randomized study, animals
with acute liver failure were treated by the Molecular
Adsorbent Recirculating System (MARS).
All animals in the Hepa Wash and the control groups

and the two animals in the MARS pilot study were
subjected to the same following surgical and medical
procedures and all were treated under the same condi-
tions e.g. noise.

Anesthesia and ventilation
Premedication of the animals was performed with keta-
mine (15 mg/kg), azaperone (2 mg/kg) and atropine
(0.5-1 mg/kg) intramuscularly, respectively. Induction of
anesthesia with propofol (60–100 mg, i.v.) was followed
by intubation. Anesthesia was maintained intravenously
with propofol (up to 8.5 mg/kg/h) fentanyl (up to 0.015
mg/kg/h), and atracurium (up to 0.7 mg/kg/h) depend-
ing on the depth of anesthesia. Animals were venti-
lated (Cicero EM, Dräger Medical Deutschland GmbH,
Lübeck, Germany) with intermittent positive pressure
and a mixture of oxygen and air (FiO2 30-60%). Mean
airway pressure was aimed below 30 cmH2O and I:E

Figure 1 A schematic representation of Hepa Wash. The new liver support system is composed of three circuits: the blood, dialysate and
Hepa Wash circuits.
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The corresponding log-rank test showed a significant
survival improvement in the Hepa Wash group (p=0.03).
In contrast, the two animals in the MARS group sur-

vived for approximately 11½ and 12 h, respectively, after
the induction of the liver failure. Deat h occurred after
stopping treatment but also after a dramatic elevation of
intracranial pressure shortly before end.

Liver failure
Animals in the Hepa Wash and control groups showed
signs of fulminant hepatic failure with a rapid worsening
of Quick value (prothrombin time) (39 ± 4 vs. 33 ± 5% at
T 12, respectively, p=0.71) and INR (2.0 ± 0.1 vs. 2.7 ± 0.8
at T12, respectively, p=0.57). Fibrinogen also decreased
rapidly (218 ± 18 vs. 233 ± 54 mg/dl at T12, respectively,
p=0.71).

Hemodynamics
The mean arterial pressure in the Hepa Wash group was
higher than in the control group (37 ± 1 vs. 24 ± 2 mmHg,
respectively, p=0.006) after 8 hours of treatment (i.e. eight
hours after cerebral perfusion pressure reached 45 mmHg)
(Figure 3). The difference started to be significant after
4 hours of treatment (p=0.045) (Figure 3). The cardiac
index was also higher in the Hepa Wash group at T12
(4.94 ± 0.33 vs. 3.36 ± 0.25, p=0.006). (Table 1). GEDI and
ELWI were not significantly different between the two
groups (Table 1). There was a positive fluid balance of
around 230 ± 35 ml/h in the control group, whereas it
was 320 ± 100 ml/h in the Hepa Wash group (p=0.46).

Urine output
Animals in the Hepa Wash group produced more urine
(1850 ± 570 ml) than in the control group (420 ± 180 ml),

collected after cerebral perfusion pressure decreased to
45 mmHg (p = 0.045).

Detoxification
Creatinine and blood urea nitrogen (BUN) were signifi-
cantly lower in the Hepa Wash group than in the control
group at T12 (1.3 ± 0.2 vs. 3.2 ± 0.3, p=0.01 and 5 ± 0 vs.
10 ± 1, p=0.006, respectively). Ammonia (Figure 5) was
effectively removed from the blood of the animals in the
Hepa Wash group (562 ± 124 vs. 1382 ± 92 μg/dl, at T12,
p=0.006). Nitrate/nitrite levels were similarly lower in the
Hepa Wash group (5.54 ± 1.57 vs. 49.82 ± 13.27 μmol/l
at T12, p=0.01). Significant differences between the Hepa
Wash and the control groups were found for blood pH
and glucose (Table 2).

Safety of Hepa Wash procedure
No significant differences were seen between the two
groups for platelets or other coagulation parameters like
antithrombin-III (Table 2). Despite anticoagulation with
heparin in both groups no purpural skin lesions or in-
ternal hemorrhage was observed during autopsy.

Discussion
This preclinical study evaluated a new type of albumin
dialysis, the Hepa Wash procedure. The extracorporeal
procedure was used for the first time in the treatment of
pigs with ALF. The ischemic model used in this study
was described in a previous work [18] and has a rela-
tively large therapeutic window with less pronounced
elevation of intracranial pressure in comparison with
other surgical models used to evaluate other liver support
systems, where the animals were smaller in size and the
portal vein diversion was established by an end-to-side
portacaval shunt [21-24]. Avoiding splanchnic congestion

Figure 5 Elimination of ammonia by the Hepa Wash procedure.
* p<0.05 (difference between Hepa Wash and control); † Death of
animals; SEM: standard error of mean.

Figure 4 A cumulative survival analysis showing an
improvement of survival with the Hepa Wash procedure.
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Siroz Hastaları – Mekanik Ventilasyon ve Sağ Kalım Oranı 

Mekanik ventilasyon 
gereken siroz 

hastaları 
N = 246 

YBÜ‘nden sağ 
olarak taburcu  
N = 84 (34.1%) 

1-yıl transplant 
olmadan sağ kalan 

N = 17 

LTX 
n = 10 

1 yil içinde ölen 
hasta sayısı 

N = 57 

YBÜ‘nde ölen hasta  
N = 162 (65,9%) 

Levesque, J Hepatol 2014, 60: 570-578 
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Veriler 

at ICU admission (OR: 1.007; 95% CI [1.003–1.011], p = 0.0008),
the need of catecholamine during the ICU stay (OR: 2.39; 95%
CI [1.86–5.86], p <0.001) and the time of mechanical ventilation
initiation (OR: 2.24; 95% CI [1.01–4.95], p = 0.04).

Follow-up

At 1-year after the ICU discharge, 17 patients were alive without
liver transplantation, 10 patients underwent liver transplantation
and 57 more patients died (eleven during the hospital stay).
Among them, the median of survival, after the ICU discharge,
was of 76 [4–321] days.

Thus, the one year survival rate was 32% among the patients
alive at ICU discharge and only 11% for overall population admitted
in ICU and needing mechanical ventilation during the ICU stay

(Fig. 3). The Table 3 describes the results of the univariate analysis
performed on the 84 patients discharged alive from ICU to deter-
mine predictive factors of one-year survival. There was no signifi-
cant difference in age, gender, cause of cirrhosis or primary
indication for admission in ICU between patients alive at 1-year
and those who died. In contrast, patients alive at one year dis-
played a higher serum sodium at ICU admission (137 ± 6 vs.
134 ± 7, p = 0.03), had a lower length of mechanical ventilation
(6.2 ± 6.8 vs. 11 ± 8.8 days, p = 0.04), and lower total bilirubin,
serum creatinine and serum sodium at ICU discharge (69 ± 56 vs.
131 ± 104 lmol/L, p = 0.007; 77 ± 45 vs. 116 ± 82, p = 0.02 and
135 ± 3 vs. 138 ± 6, p = 0.03, respectively) when compared to
patients who died during the first year following the ICU stay.

Logistic regression analysis using survival at one year as the
endpoint was performed on categorical and continuous variables.
Regression modeling identified two independent risk factors: the
length of ventilation during the ICU stay (odds ratio [OR] = 1.1;

Table 2. Ventilation features, organ supports and infection of cirrhotic patients during ICU stay.

Variables Overall
n = 246

Survivors
n = 84

Non-survivors
n = 162

p value

Mechanical ventilation 
Reason (airway protection/respiratory failure)
PaO2/FiO2 minimal (mmHg, mean ± SD)
Length of mechanical ventilation (days, mean ± SD)

98/148
179 ± 59
10.9 ± 13.2

35/49
181 ± 60
9.5 ± 8.4

63/99
178 ± 59
11.6 ± 15.1

0.68
0.58
0.61

Time of mechanical ventilation initiation
Mechanical ventilation at admission, n (%)
Intubation during ICU stay, n (%)

119 (48)
127 (52)

31 (37)
53 (63)

88 (54)
74 (46)

0.01

Hypoxemia severity
Mild, n (%)
Moderate, n (%)
Severe, n (%)

80 (32)
132 (54)
34 (14)

34 (40)
39 (46)
11 (13)

46 (28)
93 (57)
23 (14)

0.12

Organ support (during ICU stay)
Continuous renal replacement therapy
Molecular absorbent recirculating system
Vasopressor therapy*

48 (19)
31 (13)
199 (81)

5 (6)
6 (7)
40 (47)

43 (26)
25 (15)
159 (98)

<0.001
0.07
<0.001

Infection (during ICU stay), n (%)
Total
Bacteremia
SBP
Pneumonia
Urinary infection 

185 (75)
64 (26)
65 (26)
94 (38)
12 (5)

50 (60)
20 (24)
18 (21)
31 (37)
3 (3.5)

135 (83)
44 (27)
47 (29)
63 (38)
9 (5.5)

<0.001
0.64
0.22
0.78
0.75

⁄Vasopressors: epinephrine, norepinephrine, dobutamine or dopamine >5 lg/kg/min.
ICU, intensive care unit; SBP, spontaneous bacterial peritonitis.
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Fig. 2. Hospital mortality in the 246 patients with cirrhosis admitted to the
ICU and who required mechanical ventilation according to the degree of
Acute on Chronic Liver Failure (ACLF) at admission as defined by the CLIF-
SOFA score.
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Fig. 3. Cumulative one-year survival of the 246 patients with liver cirrhosis
admitted to the ICU and who required mechanical ventilation.
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