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� Rimozione di 
sostanza di peso 
molecolare elevato

� sostanza la cui 
rimozione riduce un 
danno o consente la 
guarigione di una 
determinata 
patologia
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Centrifugal Separation 
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LIQUIDI DI SOSTITUZIONE

� Albumina possibilità di coagulopatia
da deplezione e perdita di Ig

� Plasma             omeostasi proteica e  
della coagulazione

rischio infettivo  e reazioni allergiche    
reazioni da citrato 

� Colloidi         reaz. allergiche                                 
proteine



Complicazioni della procedura di 
aferesi

� Tossicità da citrato (parestesie,crampi, 
aritmie cardiache)

� Reazioni vasovagali
� Ipotensione, ipovolemia
� Reazioni allergiche al plasma (orticaria -

anafilassi)
� Anomalie della coagulazione 
� Reazione di bioincompatibilità alle 

membrane di tipo complemento-mediata 
(ipotensione, dispnea, dolori toracici)  
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Complications of Plasmapheresis
Anticipated complications for TPE were defined as 
those related to either placement of large-bore 
intravenous access, infections acquired from the 
central line, and transfusion reactions . Despite 
severe coagulopathy, the presence of a large 
intravenous line was not associated with any internal 
bleeding or significant bleeding at the site of catheter 
insertion. There was an infrequent need for either 
replacement or repositioning of the catheter in 17 of 
the 243 sessions of TPE. In only 5 of the 243 
sessions were positive blood or catheter tip 
cultures documented. Transfusion reactions , 
including fever, rigor, and urticaria, were seen in 11 of 
the 243 sessions. No hemodynamic instability or 
systemic organ failure was associated with any of 
these episodes.



In the course of liver failure, water-soluble toxins 
(e.g., ammonia, mercaptans) and albumin-
bound toxins (e.g., bilirubin, bile acids, 
aromatic amino acids, fatty acids) may 
accumulate and cause encephalopathy and 
dysfunction of other organs. While the field of 
detoxification and partially also of regulation can be 
addressed by artificial devices similar to dialysis 
(artificial systems, detoxification devices), the synthetic 
function of the liver can only be provided by living cells. 
In order to temporarily apply these cells in a safe and 
convenient way, bioartificial liver support 
devices were developed .





The liver is a complex organ with various 
vital functions in synthesis, detoxification and 
regulation; its failure therefore constitutes a life 
threatening condition.1 Liver failure (LF) can either 
occur without preceding liver disease (acute liver 
failure, ALF) , usually caused either by intoxication
(Amanita phalloides, acetaminophen,
methylendioxymethamphteamine) or as acute
decompensation of chronic liver-related illness (acute-
on-chronic liver failure, AoCLF). In both cases, its 
symptoms include icterus, hepatic encephalopathy
and impairment of coagulation status and may result 
in multi organ failure . Exceptionally, liver failure may 
also be triggered by certain diseases (Budd-Chiari-
syndrome, Morbus Wilson ) or pregnancy .



Acute liver failure (ALF) is a dramatic and highly un predictable
clinical syndrome defined by the sudden onset of coagulopathy
and encephalopathy . Although many disease processes can 
cause ALF, acetaminophen overdose is the leading cause in the 
United States, and has a 66% chance of recovery wit h early N-
acetylcysteine treatment and supportive care. Cerebral edema 
and infectious complications are notoriously difficul t to detect
and treat in ALF patients and may lead to irreversible brain 
damage and multi-organ failure . Emergency liver transplantation 
is associated with a 70% 1-year patient survival but 20% of listed 
patients die , highlighting the importance of early referral of ALF 
patients with a poor prognosis to a liver transplant ce nter.

Acute Liver Failure including Acetaminophen
Overdose
Robert J. Fontana
Med Clin North Am. Author manuscript; available in PMC 2009 July 1. 
PMCID: PMC2504411
Published in final edited form as: Med Clin North Am. 2008 July; 92(4): 761–
794. doi: 10.1016/j.mcna.2008.03.005.
Manuscript: | Abstract | Full Text | PDF–815K



Successful Treatment of Fulminant Hepatitis C by 
Therapy with Alpha Interferon and Ribavirin
Ming-Lung Yu, Nai-Jen Hou, Chia-Yen Dai, Wen-Yu Chang, and Wan-Long
Chuang
Antimicrob Agents Chemother. 2005 September; 49(9): 3986–3987. doi: 
10.1128/AAC.49.9.3986-3987.2005. PMCID: PMC1195404

Because of the rapid hepatic decompensation and the low
probability of an available liver donor, we conducted a treat ment
protocol at day 7 with recombinant alpha interferon 2b 
(3 106 U given intramuscularly daily) plus 800 mg o f oral
ribavirin daily for 2 weeks, followed by alpha inter feron 2b 
(6 106 U thrice weekly) plus ribavirin (1,000 mg/day)  for 22
weeks . Her psychoneurological and gastrointestinal 
manifestations
were reversed, her liver biochemistry normalized, and
seronegativity of HCV RNA developed 1 month later and was
sustained throughout the 2-year follow-up period. Only mild
and self-limited side effects, such as hemolytic anemia, were
noted. Liver histopathology revealed acute submassive
necrosis
at 10 days after antiviral therapy, minimal necroinf lammatory
activity at the end of treatment, and complete remi ssion to
normal liver histology at 6 months after the end of  treatment.
Hepatic HCV RNA was undetectable in the latter two specimens



Haemodialysis, 

Plasma exchange/plasmapheresis 

Molecular Adsorbent Recirculation System (MARS) 

Single Pass Albumin Dialysis (SPAD) 

MARS, SPAD and CVVHDF 

Prometheus system 

Selective Plasma Filtration Therapy (SEPET) 

Artificial Systems:

Bioartificial Systems:

Modular Extracorporeal Liver Support (MELS) 

Academisch Medisch Centrum Amsterdam 
(AMC-BAL) 
Extracorporeal Liver Assist Device (ELAD) 



Prospective, Randomized, Multicenter, 
Controlled Trial of a

Bioartificial Liver in Treating Acute Liver Failure
Achilles A. Demetriou, MD, PhD,* Robert S. Brown, Jr, MD, MPH,† Ronald W.
Busuttil, MD, PhD,‡
Jeffrey Fair, MD,§ Brendan M. McGuire, MD,¶ Philip Rosenthal, MD,
Jan Schulte Am Esch, II, MD,** Jan Lerut, MD,†† Scott L. Nyberg, MD, PhD,‡‡
Mauro Salizzoni, MD,§§ Elizabeth A. Fagan, MD¶¶ Bernard de Hemptinne, MD,
Christoph E. Broelsch, MD, PhD,*** Maurizio Muraca, MD, PhD,†††
Joan Manuel Salmeron, MD,‡‡‡ John M. Rabkin, MD,§§§ Herold J. Metselaar, 
MD,¶¶¶
Daniel Pratt, MD, Manuel De La Mata, MD,**** Lawrence P. McChesney, 
MD,††††
Gregory T. Everson, MD,‡‡‡‡ Philip T. Lavin, PhD,§§§§ Anthony C. Stevens, 
MD,¶¶¶¶
Zorina Pitkin, PhD,¶¶¶¶ and Barry A. Solomon, PhD¶¶¶¶
Objective: The HepatAssist liver support system is an extracorporea l
porcine hepatocyte-based bioartificial liver (BAL). The safety
and efficacy of the BAL were evaluated in a prospective, randomized, controlled, 
multicenter trial in patients with severe acute liver failure.







The molecular adsorbents recirculating system (MARS®) is a form of artificial liver 
support that has the potential to remove substantial quantities of albumin-bound 
toxins that have been postulated to contribute to the pathogenesis of liver cell 
damage, haemodynamic instability and multi-organ failure in patients with acute 
liver failure (ALF) and acute-on-chronic liver failure (AoCLF). These toxins 
include fatty acids, bile acids, tryptophan, bilirubi n, aromatic amino acids 
and nitric oxide . Data from controlled clinical trials are limited so far. One of two 
studies performed on small numbers of patients with AoCLF suggest a survival 
benefit, but no controlled data are available in the ALF setting. Our preliminary 
experience with MARS therapy, instituted late in the clinical course of five patients 
with severely impaired liver function, including three with AoCLF precipitated by 
sepsis and two with liver dysfunction due to sepsis in the absence of pre-existing 
chronic liver disease, indicates some clinical efficacy. However, the overall survival 
rate (1 of 5; 20%) remained poor. More data obtained from larger cohorts of 
patients enrolled in randomised controlled studies will be required in both the
AoCLF and ALF settings to identify categories of liver failure patients who might 
benefit most from MARS treatment, to ascertain the most appropriate timing of 
intervention and to determine the overall impact on outcome, including cost-
effectiveness.

Equipment review: The molecular adsorbents 
recirculating system (MARS ®)
Martin Boyle, Jelica Kurtovic, David Bihari, Stephen Riordan, and
Christian Steiner
Crit Care. 2004; 8(4): 280–286. Published online 2004 June 24. doi: 
10.1186/cc2895. PMCID: PMC522853



Consequently, the present study was designed accordingly 
with a 6-h treatment to match and complete the former 
studies. Patients were divided into three groups each 
receiving a 6-h extra-corporal treatment: Prometheus 
treatment with MARS and hemodialysis as 
control groups. 

Effect of Prometheus liver assist system on
systemic hemodynamics in patients with cirrhosis: 
A randomized controlled study
Thomas Dethloff, Flemming Tofteng, Hans-Jorgen Frederiksen, Michael 
Hojskov, Bent Adel Hansen, and Fin Stolze Larsen
World J Gastroenterol. 2008 April 7; 14(13): 2065–2071. Published online 2008
April 7. doi: 10.3748/wjg.14.2065. PMCID: PMC2701529



The Prometheus system is based on fractional 
plasma separation and adsorption (FPSA) and
haemodialysis. It uses a membrane with a cut-off 
of 250 kDa, being permeable for albumin. The 
toxin-loaded patient albumin crosses the 
membrane and passes a neutral resin adsorber
and an anion exchanger, where the toxins bind to 
the adsorbers and free albumin is brought back 
to the patient. The method is combined with 
additional haemodialysis, therefore being 
able to remove water-soluble toxins as well as 
albumin-bound toxins.



Two unusual cases with Wilson's disease: hepatoma
and fulminant hepatitis treated with plasma exchange.
Musa Aydinli, Ozgur Harmanci, Osman Ersoy, Arzu T. Iskit, Osman Ozcebe,
Osman Abbasoglu, and Yusuf Bayraktar
J Natl Med Assoc. 2006 December; 98(12): 1989–1991. PMCID: PMC2569669

common hepatic presentations of WD. Hepatocellular
carcinoma is a very rare complication of this condition
when compared to other chronic liver diseases.2 Liver
transplantation is the treatment of choice for
hepatoma
coexisting with WD.
Fulminant hepatic failure can be a presenting feature
ofWD. Fulminant hepatitis associated with WD tends 
to
be fatal unless transplantation has been performed. In
the literature, the successful treatment of fulminant
hepatitis with plasma exchange has been reported.



Acute liver failure is expressed with severe
encephalopathy , coagulopathy , and subsequent
multisystem organ failure , resulting in a high death 
rate. Liver transplantation is considered the best option, 
with long-term 1-year survival rates exceeding 88%. It 
has been suggested that plasmapheresis may improve
coagulopathy and prevent bleeding complications while 
maintaining adequate fluid, electrolyte, and acid–base 
balance.

Role of Plasmapheresis in the Management of Acute
Hepatic Failure in Children
Andrew L. Singer, Kim M. Olthoff, Haewon Kim, Elizabeth Rand, Gideon Zamir, 
and Abraham Shaked
Ann Surg. 2001 September; 234(3): 418–424. PMCID: PMC1422032

















� Bridge therapy to liver transplantation
� Supplement to the graft liver until the 

recovery of the hepatic function 
� Treatment for multiple organ failure

� Post-transplantation renal failure 
� Reduce the titers of antibodies

� ABO type incompatible liver transplantation

Therapeutic Apheresis 6(6):478-483



� Hypocalcemia
� Infusion CaCl2 : 2% 20 c.c/hr

� Hypokalemia
� Add potassium 

� Anaphylactic  reactions 
� Hypothermia

� Hyperthermia blanket , Warm lamp, Warmer 
� Others



Liver transplantation is the treatment of choice for end 
stage liver disease and is often used for primary liver malignancies. The 
main limitation of its wider application is the availability of suitable donor 
organs. The use of marginal donor organs, split-liver transplantation and 
living-related liver transplantation techniques contribute to increase the 
donor pool. However, the use of these techniques is associated with a 
higher risk of post transplantation organ dysfuncti on, 
predominantly due to ischaemia preservation and 
reperfusion injury (IPRI). A number of studies have demonstrated 
that hyperbaric oxygen (HBO) therapy influences IPRI and 
consequential acute cellular rejection. This article reviews the rationale of 
HBO therapy in the field of transplantation with particular emphasis on 
liver transplantation

Hyperbaric oxygen therapy and liver 
transplantation
Vijayaragavan Muralidharan and Chris Christophi
HPB (Oxford). 2007; 9(3): 174–182. doi: 10.1080/13651820601175926. 
PMCID: PMC2063597
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CARATTERISTICHE DEL PAZIENTE:

DONNA 

41 ANNI

SANA COSTITUZIONE

(DA 15 GG OPERATA IN V.L.S.  C/O  ALTRO OSPEDALE 
PER CALCOLI DELLA COLECISTI)



La paziente viene ricoverata il 1.3.2007 
per un quadro di sospetta epatopatia 
aggravata da emorragia interna cospicua

Viene attrezzata la SO presso il Servizio 
Trapianti e inizia l’intervento chirurgico 
esplorativo.
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La grave emorragia interna e l’ importante degenerazione del fegato hanno

determinato una coagulopatia acquisita, costringendo il SIT a consegnare :

• �� ��������	
�����
� �
���������

• ��� ��������	
 ���

• � �������	
 ��� 	��������


• si attivavano due separatori ���� ����
����� con due operatori del SIT che 
hanno processato nei reservoir 50 litri di sangue con u na pronta restituzione 
di 12000 ml di globuli rossi lavati equivalenti a circ a �� �������	
  � .



L’impossibilità di controllare l’emostasi su un
organo ormai completamente colliquato, ha
condizionato i chirurghi a effettuare una scelta a 
dir poco audace ovvero eseguire l’epatectomia 
totale senza poter contare su un organo 
trapiantabile per la paziente. Questa si è rivelata
in seguito una scelta ottimale in quanto il 
tentativo di eseguire una epatectomia 
conservativa avrebbe ucciso la paziente per
emorragia  incontenibile.



Se prima la paziente sanguinava per l’impossibilità di coagulare tessuti 
malacici, 	
�
 !��!�"��#���	�
�"�
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�$��
�	�!!%
!
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�
�
! �
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 & ������
 .

Restava comunque critica la gestione dei parametri bio umorali trovandoci in 
una fase anepatica prolungata in attesa di un organo tra piantabile.

Dopo 4 ore dall’uscita di SO sono precipitati i valori  
emocoagulativi  che erano risaliti grazie al PFC tra sfuso .

E’ stato quindi necessario eseguire  PEX ogni 8 ore onde rimuovere
i cataboliti tossici e rinverdire le proprietà emocoag ulative
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GRAZIE PER L’ATTENZIONE


