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• Acute liver failure (ALF) and acute-on-chronic liver failure (ACLF) are two distinct 
classifications of severe hepatic dysfunction associated with secondary multi-organ 
failures (MOFs), both of which effect significant morbidity and mortality. 

• The exact mechanisms by which MOFs are mediated have not been definitively 
established but are thought to be driven by 

– excessive systemic inflammation 

– dysregulated immune activation 

• triggered by both microbial and non-microbial factors, and less so by the 
primary insult to the liver 

Disclosures



• Besides treating the underlying etiologies and supportive therapy, OLTx 
is the only definitive therapy for those with advanced disease. 

» BUT
• Grafts are not readily available

• The availability of donor organ limits the availability of the patients that 
can be saved. 

• In addition OLTx is not available worldwide



• Release of damage- associated molecular patterns (DAMPs) 

– from injured hepatic cells and 

– microbial pathogen-associated molecular patterns (PAMPs) 

– in the presence of superimposed infection or bacterial translocation

• The innate immune cells activated by PAMPs and DAMPs produce proinflammatory 
cytokines 

– [interleukin (IL)-6, IL-1ß, IL-8, tumor necrosis factor-alpha (TNF-α)] 

• that mediate systemic inflammation and further hepatocyte injury

• In support of this hypothesis, levels of TNF-α and IL-6 have been shown to be 
significantly higher in patients with acute liver failure when compared to 
patients with acute liver injury. 

The pathogenesis of MOFs in ALF in a nutshell! 



• The hallmark of the ACLF clinical syndrome is excessive 
systemic inflammation and bacterial translocation mediated by 
PAMPs and DAMPs

• ACLF patients have been shown to manifest elevated levels of 
pro- and anti-inflammatory cytokines, as well as white blood 
cell count and C reactive protein. 

• Moreover, there is a proven correlation between cytokine 
levels and number of organ failures in ACLF 







• Expanded treatment options are needed to:

– Bridge critically ill patients to LT 

– or to preserve liver function when LT is either 
contra-indicated or unavailable 

In other words



What is Plasmapheresis?

• Plasmapheresis is a process in which the plasma is 
separated from the blood either by centrifugation 
or membrane filtration.

• Plasmapheresis was originally described by doctors 
Vadim A. Yurevick and Nicolay Rosenberg of 
Imperial Medical and Surgical Academy of Saint 
Petersburg, Russia, in 1913. 

• Moreover, Michael Rubinstein was the first to use 
plasmapheresis to treat an immune-related 
disorder when he saved the life of an adolescent 
boy with thrombotic thrombocytopenic purpura 
(TTP) at Cedar of Lebanon Hospital in Los Angeles, 
USA, in 1959. 

• The modern plasmapheresis procedure originated 
at USA National Cancer Institute between 1963 and 
1968.

https://www.differencebetween.com/what-is-the-difference-between-itp-and-ttp/#TTP
https://www.differencebetween.com/what-is-the-difference-between-itp-and-ttp/#TTP


What is Plasma Exchange?

• Plasma exchange is the technique of 
discarding the plasma totally and 
substituting it with replacement fluid. 

• It involves the removal of the liquid 
portion of blood to remove harmful 
substances and replace it with a 
replacement solution. Then the removed 
plasma is discarded, and the patient 
receives the replacement donor plasma, 
albumin, or a combination of albumin 
and saline (normally 70% albumin and 
30% saline). 

• Therapeutic apheresis or plasma 
exchange is performed in such a way as 
to remove toxic elements from the 
bloodstream.



Bottomline….



• The practice of exchange transfusion in patients with cirrhosis dates back to the 1960s 
when exchange blood transfusion was employed for the treatment of hepatic coma . 

• Therapies were later modified to TPE as apheresis equipment became more widely 
available and as a means to reduce the risks associated with whole blood transfusion. 

• Historically, TPE in liver failure has been primarily described in case series and cohort 
studies. 

• The first randomized control trial (RCT) describing the utility of TPE in ALF patients was 
reported in 2016 by Larsen et al. 

Therapeutic plasma exchange 







• TPE in liver failure requires the extracorporeal removal 
of large compounds from the blood, including: 

– albumin-bound and

– water-soluble toxins and 

– replacement with plasma and/or albumin. 



• Inflammatory cytokines, 

• endotoxins, 

• bilirubin, 

• bile acids, 

• ammonia, 

• aromatic amino acids 

Toxins need to be removed
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• High-volume plasma exchange (HVP), defined as exchange of 8–12 or 15% of ideal 
body weight with fresh frozen plasma in case series improves systemic, cerebral and 
splanchnic parameters. 

• Prospective, randomized, controlled, multicenter trial 

• 182 patient randomly assigned s with ALF to receive either standard medical therapy 
(SMT; 90 patients) or SMT plus HVP for three days (92 patients). 

• The primary endpoint was liver transplantation-free survival during hospital stay. 

• Secondary endpoints included survival after liver transplantation with or without 
HVP with intention-to-treat analysis. 

• A proof-of- principle study evaluating the effect of HVP on the immune cell function 
was also undertaken. 





• All patients received at least one treatment session with HVP apart from 
one patient who was transplanted before HVP could be initiated. 

• All the 182 enrolled patients were included in the ITT analysis. 

• The mean number of HVP treatments per patient was 2.4 ± 0.8. 

• The mean plasma volume exchanged during the first session was 
9.3±1.3L, 9.2±1.2L for session 2 and 9.0±1.2L session 3. 

• The mean administered dose was 0.33 ± 0.12 L/kg of actual body weight 
per treatment. 



• Mean length of hospital stay was 21.9 ± 28.3 days in the HVP group, compared to 41.8 ± 27.9 days in the SMT 
group (p = 0.98). 

• Forty-six (50%) of the patients in the HVP group and 44 (49%) in the control group were listed for liver 
transplantation. 

• 24 (26.1%) patients in the HVP group underwent transplantation as compared to 32 (35.6%) patients in the 
control group (p = 0.17). 

• The mean time to transplantation following listing was 4.6 ± 0.6 days in the HVP treated group and 3.7 ± 1.5 in 
the SMT group (p = 0.75). 

Comparison of HVP and SMT group 



• Survival to hospital discharge was 58.7% for 
patients treated with HVP vs. 47.8% for the control 
group (HR for high-volume HVP vs. SMT with 
stratification for liver transplantation: 0.56; 95% CI 
0.36 to 0.86; p = 0.0083) at hospital discharge 





• In patients who were 
transplanted, HVP prior to 
transplantation did not 
improve survival compared 
with patients who received 
SMT alone 



• The survival of those 
patients who fulfilled poor 
prognostic criteria but were 
not listed for 
transplantation due to 
contraindications (such as 
severe psychiatric disease or 
medical comorbidity) was 
significantly higher in those 
who received SMT plus HVP 
(n = 28) as compared to 
those in receipt of SMT 
alone (n = 36) 



• There was a non-significant trend in those listed for 
transplantation but not offered a graft (due to development of 
contraindications or an improved clinical condition such that 
de-listing occurred) to have improved outcome in the group of 
patients treated with HVP (n = 22) compared to SMT (n = 12) 
(Cox: p = 0.13). 



• INR, bilirubin, ALT and arterial ammonia concentration, but not lactate, all decreased significantly during the first 
7 days in the HVP group compared to the SMT group. 

• There were significantly fewer patients in the HVP group who required renal replacement therapy from day 1–7 
compared to the control group (47% vs. 68%), OR 0.42 (CI 0.23–076: p <0.0045); despite similar creatinine at 
enrolment. Plasma creatinine was unchanged from day 0 to day 7 in the HVP group (192 ± 153 to 150 ± 48 
mmol/L) but increased from 226 ± 181 to 286 ± 230 lmol/L in the SMT group (p <0.0001). 

• Mean arterial pressure increased significantly in the HVP group compared to the control group alongside a 
significant decrease in vasopressor requirement . 

• Other physiological parameters were unchanged. 

• ICP was measured in 16 patients in the HVP group and 16 in the control group during the first 7 days of the 
study; there were no differences in measured ICP or sustained increases in ICP between the two groups in this 
study period 

Clinical variables 



• SIRS score decreased in 
the HVP group from day 
2 when compared to 
baseline and in 
comparison to the SMT 
group . 

• The SOFA and CLIF-SOFA 
also decreased 
significantly from 
baseline in the HVP 
group and in comparison 
with the SMT group. 

• SIRS, SOFA and CLIF-
SOFA scores did not 
change significantly over 
time in the SMT group 

SIRS and SOFA scores 



• Cardiac arrhythmia, pancreatitis, worsening gas 
exchange, ARDS, or transfusion-related acute lung 
injury, culture positive infection or hemorrhage were 
not statistically significant different between the two 
groups 

Adverse events 





• This study shows, for the first time in patients with ALF an improved 
transplant free survival by using a rather primitive form of 
extracorporeal liver support utilizing HVP. 

• This provides rationale for further comparative studies between HVP 
and other liver support systems to explore the immunological effects of 
these therapies. 

• In addition, further work may be required to determine the optimal 
dosing and timing of HVP. However, there are limitations for 
undertaking further studies. 

• As reported in the sub-analysis in this latter study we also show that the 
effect of HVP was primarily found in patients that were not transplant 
candidates/ not transplanted. 







• Open-label randomized controlled trial, 

• 40 consecutive patients of ALF were randomized 1:1 to either standard medical 
treatment (SMT) or SMT with standard-volume plasma-exchange (SVPE). 

• SVPE was performed using centrifugal apheresis [target volume of 1.5 to 2.0 plasma 
volumes per session] until desired response was achieved. 

• Cerebral edema was assessed by brain imaging. 

• Results were analyzed in an intention-to-treat analysis. 

• Primary outcome was 21-day transplant-free survival. 

• The levels of cytokines, damage-associated molecular patterns (DAMPs) and 
endotoxins were analyzed at baseline and day 5. 



• ALF patients aged 31.5 – 12.2 years, 60% male, 

• 78% viral, 83% hyperacute, 

• 70% with SIRS were included. 

• At day 5, SVPE [mean sessions 2.15 – 1.42, median plasma volume replaced 5.049 L] compared to SMT alone, 
resulted in :

– higher lactate clearance (p [ .02), 

– amelioration of SIRS (84% vs. 26%; P [ .02), 

– reduction in ammonia levels [(221.5 – 96.9) vs.(439 – 385.6) mg/ dl, P [ .02) 

– SOFA scores [9.9(–3.3) vs. 14.6(–4.8); P [ .001]. 

• There were no treatment related deaths. 

• SVPE was associated with a higher 21-day transplant free-survival [75% vs. 45%; P [ .04, HR 0.30, 95%CI 0.01-0.88]. 

• A significant decrease in levels of pro-inflammatory cytokines and an increase in anti-inflammatory cytokines along 
with a decrease in endotoxin and DAMPs was seen with SVPE. 



• In ALF patients with cerebral edema, SVPE is safe and 
effective and improves survival possibly by a reduction 
in cytokine storm and ammonia 

















Plasma exchange in ALF

• A total of 35 studies included patients with ALF 

• Of this, 24 were studies in adults and 11 in the pediatric population
In the studies that included adult subjects, 4 also included patients with ACLF. 

• Of the 24 studies in adults, there was 1 randomized controlled trial, 4 cohort studies, 
9 case series and 10 case reports. 

• Of the 11 studies with pediatric subjects, there was 1 cohort
study, 4 case series and 6 case reports; and 2 of the 11 studies included patients with 
both ALF and ACLF.



Biochemical improvement

• All studies that assessed biochemical improvement pre- and post-plasma exchange, 
found an improvement in biochemical parameters such as coagulopathy, bilirubin, 
aspartate aminotransferase (AST), alanine aminotransferase or ammonia. 

• However, biochemical improvement did not directly relate to mortality outcome. 
Even in the patients who did not survive, there was also biochemical improvement 
post- plasma exchange



Standard vs high volume plasma exchange

• There is heterogeneity in the amount of plasma exchange a patient gets in ALF
amongst the various studies. 

• Two studies used plasma exchange at least 15% ideal body weight removal at 1-2 L 
per hour while in Buckner et al case series, plasma exchange with 10 L of donor 
plasma regardless of weight was used. 

• Similar to Buckner et al, Damsgaard et al in a case report used 8-9 L of plasma per 
session for plasma exchange for a patient with ALF from Wilson’s disease, who 
survived without need for liver transplant. 

• In contrast, in case series by Akdogan et al, only one plasma volume was being 
exchanged daily till patient expired or improved. 

• Majority of studies used approximately 2-4 L of fresh frozen plasma at each plasma 
exchange



FFP vs albumin

• Most studies used 100% FFP for plasma exchange with the exception of few
where plasma substitutes or albumin were used in conjunction with plasma. 

• In a case series by Liu et al seven liters of fluid was used for plasma exchange, but 
the first 4.7 L was composed of fresh frozen plasma, while the rest comprised of 
plasma consisting of 25% human albumin, 0.9% saline and Ringer’s solution.

• There are by far no studies that use pure albumin as replacement fluid for plasma
exchange in ALF. 

• However, Collins et al has described in their case report, a patient with fulminant 
hepatitis from Wilson's disease who underwent single-pass albumin dialysis (SPAD) 
with improvements in bilirubin. Although of note, the same patient
underwent plasma exchange after stopping SPAD in view of serum copper rebound



Three-day therapy versus intermittent or response guided
• Only few studies used a strict consecutive daily or every other day 3-d therapy 

plasma exchange regime as in the open-RCT by Larsen et al.

• Instead, most studies continued plasma exchange till patient dies, or improves 
clinically, or receives a liver transplant at a range of intervals from every other day to 
intermittent (as and when necessary). 

• Buckner et al reported an interesting finding in their case series where a patient with 
halothane toxicity and acute liver failure received plasma exchange with 5-10 L of 
plasma almost daily for 37 d before she recovered from coma. 

• Few studies did not include detailed information on the frequency
of plasma exchange



Etiology specific outcome

• Not all studies assessed included etiology of liver failure

• In larger cohort studies, predominant causes of ALF include paracetamol, followed by 
unknown cause

• In a Chinese cohort study comparing the efficacy of plasma exchange +
hemoperfusion + CVVHDF to plasma exchange + CVVHDF and hemoperfusion +
CVVHDF, treatment of the 61 patients using the artificial liver support system yielded a 
combined survival rate of 62.3% (38/61). When subdivided into viral versus non- viral 
groups, the viral group survival rate was 35.0% (7/20) while the non-viral group survival 
rate was 75.6% (31/41).



Plasma exchange in ACLF 

• A total of 15 studies of patients with ACLF were included of which 6
studies included patients with both ACLF and ALF 

• 2 of the studies, which included both ACLF and ALF, were in pediatric patients. 

• The rest of the 13 studies included adult patients only. Of the 13, 1 is a randomized 
controlled trial, 10 are cohort studies, 2 are case series.



Mortality

• An open-label randomized control study by Qin et al recruited 234 patients with 
HBV-related ACLF not suitable for liver transplant and randomized patients to SMT 
vs plasma exchange centered ALSS plus SMT. 

• In this study, survival rates in plasma exchange-based ALSS were significantly 
higher: 60% vs 47% in the control group. 

• In Yue-Meng et al, patients with ACLF who had plasma exchange+SMT had 
increased rate of survival compared to patients who had SMT only: 4-wk mortality 
was 82% vs 63%, P = 0.001; 12-wk mortality 86% vs 71%, P = 0.001).

• Mao et al reported increased 30-day survival in patients with HBV
related ACLF where survival rates were 41.9% and 25.2% for plasma exchange and 
medical therapy respectively (P < 0.05). 



Standard vs high volume and other liver assist devices AND FFP vs 
albumin: • a range of 2000-4500 mL of plasma exchange per session was adopted

• Most studies used FFP for plasma exchange or plasma exchange-based ALSS 

• In addition, Mao et al used additional albumin during plasma
exchange. 

• Albumin dialysis was not compared with plasma exchange in this review



Three-day therapy vs intermittent or response guided

• All studies included for review extended plasma exchange beyond three days 
wherever relevant based on clinical necessity 

• In addition, most studies do not use daily plasma exchange,
and instead, this was performed 2-3 times per week and were response guided, 
where plasma exchange often was continued till clinical improvement, transplant, or 
death



Etiology specific outcome

• Of the 13 included studies for plasma exchange in ACLF in adult patients, all were being 
conducted in Asia where hepatitis B is endemic. 

– Thus, the majority of the patients assessed have HBV related ACLF. 

• In comparison to non- viral causes, ACLF in the presence of viral causes tends to have a 
poorer survival rate.
 Cheng et al reported a 24% survival in hepatitis B related ACLF vs 67%
in alcohol-related ACLF in their retrospective cohort study of 45 ACLF and 10 ALF
patients. 

• Furthermore, where there were more than two causes for chronic liver injury
e.g., HCV and alcohol, HBV and alcohol or in autoimmune hepatitis, mortality was
high at 100%. 

• However, this will need to be interpreted with caution as degree fibrosis
or severity of cirrhosis of each patient was not available in the published study



•"The best way to predict the future is to invent it."



Short-term Survival of Subjects With Acute-on-Chronic Liver Failure After Plasma 
Exchange With Human Serum Albumin 5% (APACHE)

• Phase 3, multicenter, randomized, controlled, parallel-group, open-label study to evaluate the effects 
of plasma exchange using human serum albumin 5% (PE-A 5%) in acute-on-chronic liver failure (ACLF) 
subjects. 

• The study involve approximately 40 study centers in the United States, Canada, and Europe with 
expertise in the management of subjects with ACLF.

• Subjects with ACLF at a high risk of hospital mortality will be enrolled. 
• The study consist of a Screening Period during which subjects will be randomized (1:1) to receive 

either standard medical treatment (SMT) + PE-A 5% (treatment group) or SMT only (control group), 
followed by a Treatment Period, and a Follow-up Period.

• The Treatment Period for subjects in the SMT+ PE-A 5% treatment group will be between 7 and 17 
days, depending on ACLF evolution.

• The Treatment Period for subjects in the SMT control group is a minimum of 7 days for all subjects 
and up to 17 days depending on the ACLF evolution. Subjects in this group will receive SMT according 
to the institution's standards.

• The Follow-up Period for subjects in both groups is 90 days.



• Approximately 380 subjects with cirrhosis, ACLF, and high risk of hospital 
mortality (ACLF-1b, ACLF-2, or ACLF-3a) will be included in this study after 
obtaining written informed consent. In case of hepatic encephalopathy (HE), 
written informed consent will be obtained from a relative or a legally authorized 
representative (surrogate).

• Randomization of subjects will be stratified by region (European Union [EU] or 
North America [NA]) and the 3 ACLF grades (ACLF-1b, ACLF-2, or ACLF-3a). Within 
each stratum (ie, each unique combination of region and ACLF grade), subjects 
will be randomized in a 1:1 ratio into 2 treatment groups below:

– SMT+PE-A 5% (treatment group)

– SMT (control group)



• SMT + PE-A 5% Treatment Group:

• PE-A 5% will be performed using 5% albumin as the main replacement fluid 
administered intravenously. Fresh frozen plasma (FFP) will be given after each PE-A 
5% session to prevent coagulopathy.

• The exact number of sessions will be determined by the pattern of response 
(achieving complete response or no improvement/deterioration of ACLF) to PE-A 5% 
therapy. 

• IVIGs will be administered to prevent the development of hypogammaglobulinemia 
and infection.



• SMT Control Group:

• The Treatment Period will be 7 days for all subjects and will be prolonged depending 
on subject's ACLF evolution to up to 17 days.

• Subjects in both the SMT+ PE-A 5% treatment group and the SMT control group will 
be followed for 90 days after randomization. During the entire study, the safety of 
both groups will be monitored by a Data Safety Monitoring Board.



• Primary Outcome Measures : 

– Time to death through Day 90 [ Time Frame: Day 1 to Day 90 ]Time to death 
through Day 90 after randomization of SMT+PE-A 5% versus SMT alone

• Secondary Outcome Measures : 

– Time to transplant or death through Day 90 [ Time Frame: Day 1 to Day 90 ]Time 
to transplant or death through Day 90 after randomization of SMT+PE-A 5% 
versus SMT alone

– Time to death through Day 28 [ Time Frame: Day 1 to Day 28 ]Time to death 
through Day 28 after randomization of SMT+PE-A 5% versus SMT alone



•Why albumin?



Human Serum Albumin

• Human serum albumin (HSA) is the most 
abundant plasma protein of 
the body

• HSA modulates plasma oncotic pressure and 
fluid distribution between body 
compartments

• Many of the physiological functions of HSA 
rely on its ability to reversibly bind to an 
extremely wide range of ligands 

Endogenous and Exogenous Binding 

Sites in the Albumin Molecule

Bhattacharya AA et al. J Mol Biol. 2000;303:721–32; Bernardi M et al. Gut. 2020:1127-1138; 

Jagdish RK et al. Hepatology. 2021;74:2848-2862.



Multiple functions (faces) 

Bernardi M et al. Gut. 2020:1127-1138; Jagdish RK et al. Hepatology. 2021;74:2848-2862; 

Campos Munoz A et al. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2022 Jan. 

Available from: https://www.ncbi.nlm.nih.gov/books/NBK534241/?report=classic.

ABC of Actions

of Albumin

Anti-oxidant effects: 

Free radical scavenger, 

metal ion chelation, 

buffering action, pH

Anti-coagulant/ anti-

thrombotic effects:

NO binding at cys-34, 

Anti-inflammatory

Binding and transport:

Drugs, ions, fatty acid, 

bile acids, bilirubin, 

gases, ligands, hormones, 

Ca++, etc.

Colloidal osmotic pressure, 

intravascular fluid 

movement

As a nutrient

Corrects immune 

dysfunctions, binds 

endotoxins, PG

Capillary integrity: 

Interstitial matric binding, 

capillary permeability and 

endothelial stabilization

Cardiac and positive 

inotropic effects
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