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1. Pathophysiology of post-hepatectomy liver failure 

The pathophysiology of post-hepatectomy liver failure (PHLF) is likely very similar to that 

of small-for-size syndrome (SFSS), which is occasionally observed after living donor liver 

transplantation (LDLT). After both extended hepatectomy and LDLT, excessive portal flow 

through the small remnant appears to result in activation of multiple inflammatory 

cascades, with the subsequent recruitment of inflammatory cells and release of 

inflammatory cytokines that ultimately contribute to sinusoidal injury. 

This liver insufficiency results in the accumulation of a variety toxins which are presumed 

causative of end-organ dysfunction. The combined actions of accumulated toxins and 

end-organ dysfunction further aggravate liver injury and incapacitate the regenerative 

environment. 

However, size alone does not seem to reliably predict PHLF. Factors including the 

underlying condition of the future liver remnant (FLR), hepatic parenchymal congestion 

after resection, ischemia-reperfusion injury, and reduced phagocytosis of translocated 

bacteria after resection all contribute to development of PHLF. 

 

2. Rationale for the use of liver support systems in liver failure 

From a theoretic perspective, an effective extracorporeal liver support (ECLS) system 
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should replace 3 major functions of the liver: detoxification, biosynthesis, and regulation. 

In liver failure, the main goals would be to remove putative toxins preventing further 

aggravation of liver failure, to stimulate liver regeneration, and to improve the 

pathophysiologic features of liver failure. However, none of the devices currently available 

fulfill these requirements completely. 

1) Elimination of toxins 

Liver failure is characterized by an accumulation of toxins. The most important feature 

of ECLS devices is that they can clear water-soluble toxins but also albumin-bound 

toxins. Following the toxin theory, the accumulation of these toxins might further 

enhance and perpetuate the ensuing end-organ dysfunction. Therefore, decreasing 

the load of these toxins might reverse or alleviate the degree of end-organ 

dysfunction. Additionally, this not only halts the negative feedback of this end-organ 

dysfunction on the failing liver but also creates an environment intrahepatically which 

facilitate regeneration. 

2) Improvement of portal and systemic hemodynamics 

Hemodynamic instability, characterized by reduced systemic vascular resistance and 

mean arterial pressure, is common in patients with liver failure irrespective of the 

etiology, and it plays a major role in the development of multi-organ dysfunction. An 

increase in portal pressure and the presence of endothelial dysfunction may further 

compromise the splanchnic circulation. ECLSs were consistently found to remove 

vasoactive substances and to improve systemic (increase in mean arterial pressure) 

and splanchnic (decrease in portal pressure) hemodynamics in several studies. 

3) Improvement of liver regeneration 

Improving the capacity of the liver to regenerate during liver failure may allow 

spontaneous recovery from ALF; therefore, the final outcome of these patients may 

be improved. The aim of ECLSs would be to support the patient’s condition until a 

suitable organ is available for transplantation. 
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3. Artificial liver support and Bio-artificial liver support 

ECLS systems that have been tested clinically belong to 1 of the following 2 categories: 

1) Artificial liver support systems are based on the principles of adsorption and filtration 

and are aimed at removing circulating toxins by using membranes with different pore 

sizes and adsorbent columns. 

Artificial ECLS technologies use albumin as a binding and scavenging molecule. 

Albumin based ECLS devices can be divided into the following two techniques. 

 Dialysis-related techniques 

-MARS (Molecular Adsorbent Recirculating System) 

-SPAD (Single-Pass Albumin Dialysis) 

These techniques involve dialyzing blood against an albumin-containing 

solution across a highly selective/small-porosity (<50kDa) high –flux 

membrane. The blood-bound toxins are cleared by diffusion and taken by 

the binding sites of the albumin dialysate. 

 Plasma adsorption techniques 

-High volume plasmapheresis 

-Prometheus (fractionated plasma separation and adsorption) 

These use more nonselective membranes (approximately 250kDa) and do not 

use a parallel dialysate circuit. 

2) Bio-artificial liver support systems are hybrid devices that incorporate hepatocytes in 

a bioactive platform to improve the detoxification capacity and to support synthetic 

hepatic functions. Cell origins include human (including hepatoblastoma) and porcine.  

-ELAD (Extracorporeal Liver Assist Device): device that incorporates cell derived from 

human hepatoblastoma 

-HepatAssist: device that incorporates porcine-purified hepatocytes 

 

4. Molecular Adsorbent Recirculating System (MARS) 
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1) Mechanism 

MARS is a commercially available albumin dialysis system that removes protein-bound 

and water-soluble toxins. It comprises 2 separate dialysis circuits; the first circuit 

contains exogenous human serum albumin (600mL of 20% albumin), which is in 

contact with the patient’s blood through a semipermeable membrane (molecular 

weight cut-off of 50-60kDa). Water-soluble and protein-bound toxins in the blood 

pass through this membrane. Owing to the molecular cut-off, proteins such as 

albumin, coagulation factors, and immunoglobulins are not removed during therapy. 

The toxin-enriched albumin solution is then passed through another dialyzer to 

remove water-soluble toxins using a counter-current bicarbonate-based dialysate. 

Albumin-bound toxins are removed by 2 adsorbent cartridges that contain activated 

charcoal and an anion exchanger. 

2) Beneficial effects of MARS in patients suffering from liver failure/acute-on-chronic liver 

failure 

The following beneficial effects have been documented: improvement of jaundice, 

amelioration of hemodynamic instability, reduction of portal hypertension, lowering of 

intracranial pressure in case of ALF and improvement of hepatic encephalopathy. 

However, recently multicenter randomized controlled trials failed to show the 

beneficial effects on survival benefit. 

3) MARS in post-hepatectomy liver failure 

The pathophysiology is different in PHLF compared to ALF or ACLF. However, the 

argument for using MARS in PHLF is that early support of liver function should result 

in an enhanced regeneration of an otherwise insufficient liver remnant.  

Until recently, a systematic evaluation of MARS has not been undertaken with respect 

to PHLF. Previous reports consist of small case series with heterogenous patient 

cohort, and all lack standardized treatment protocols. However, Gilg S et al. reported 

that the first systematical prospective phase I study to evaluate the safety and 

feasibility together with the impact on patient outcome of early MARS treatment in 

patients with PHLF. In this study, the use of MARS in PHLF is feasible and safe. 60- 
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and 90-day mortality rate were much lower than expected. The impact of MARS on 

mortality in PHLF should be further evaluated in randomized controlled trials. 

 

5. Plasmapheresis 

1) Mechanism 

Plasmapheresis (also known as plasma exchange) is based on the removal of the 

patient’s plasma and its replacement with plasma free of cytokines and toxin and/or 

albumin. Therefore, plasmapheresis seems to be an effective approach for clearing 

toxins, immune-mediated antigens, and other particles from the circulation. With 

plasmapheresis, liver toxic substances and potentially harmful inflammatory mediators 

are removed from the circulation and replaced with donor plasma. 

2) Beneficial effects of plasmapheresis in patients suffering from liver failure/acute-on-

chronic liver failure 

In small, heterogeneous studies, plasmapheresis decreased plasma ammonia levels 

and improved hepatic encephalopathy. Cerebral blood flow increased as well as 

cerebral perfusion pressure. Mean arterial pressure was improved, cardiac index 

decreased, and systemic vascular resistance increased during plasmapheresis. The 

effect of plasmapheresis on survival from ALF/ACLF has been more difficult to 

determine.  

However, recently, Larsen et al. published the first artificial ECLS study in ALF patients 

to demonstrate a statistically significant benefit in transplant-free survival using high 

volume plasmapheresis. 

3) Plasmapheresis in post-hepatectomy liver failure 

There are very few studies on application of plasmapheresis for PHLF. Nevertheless, 

Hwang et al. reported that plasmapheresis can correct two important biochemical 

parameters in a patient with hepatic failure after major hepatectomy; restoration of 

serum cholesterol level, improvement of prothrombin level. In this study, the slight 

supportive effect provided by plasmapheresis can trigger spontaneous recovery for 



6 

 

PHLF. 

 

6. Bio-artificial liver support system 

1) Mechanism 

Cartridges containing hollow fibers filled with human hepatoblastoma cell lines, C3A, 

are used in the ELAD. These cells have hepatocyte properties, such as a functional 

CYP450 enzyme system and the production of liver-specific proteins. It uses whole 

blood for perfusion and can be continued for long periods of time.  

HepatAssist is made from porcine hepatocytes that are contained within a hollow 

fiber bioreactor. It uses plasma that is obtained via plasmapheresis and then passed 

through the circuit containing porcine hepatocytes. 

2) Studies 

To date, a vast majority of studies that have assessed the applicability and efficacy of 

bio-artificial ECLS in ALF and ACLF have included small numbers of patients and been 

uncontrolled. However, these studies of ELAD and HepatAssist have been 

disappointing, which could not show the survival benefit. Moreover, there is no study 

on bio-artificial ECLS in PHLF.  

3) Limitations 

Clinically, bio-artificial liver support systems lack an ideal, reliable, and safe human 

cell source. Human hepatoblastoma cells, such as the ones used in ELAD, are limited 

by their metabolic function; there is a theoretic risk of metastatic cell spreading by 

broken fibers, though this is a prevented by the use of valves and membranes. 

However, porcine hepatocytes, such as the ones used in HepatAssist, can be 

immunogenic and there is a risk of xenozoonoses. 

Furthermore, the membrane of bioartificial liver support systems only allow flow rates 

of 100 to 200 mL/min, which is well less than those of in vivo perfusion, which is 

closer to 1500 mL/min. this limitation limits mass exchange and perhaps prompt 
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overall detoxification. 

 

7. Summary & Conclusion 

Supporting detoxification and synthetic functions of the failing liver is the rationale for 

the use of ECLS systems. Artificial liver support systems have shown certain detoxification 

capabilities and biochemical improvement in patients with ALF and ACLF, but their effects 

have failed to correlate with survival benefit. High-volume plasmapheresis is the only 

therapy that has demonstrated a statistically significant benefit in transplant-free survival 

in ALF patients. Bio-artificial ECLS systems incorporate a bioreactor containing various 

forms of hepatocytes to provide synthetic functions, which could not show survival 

benefit. Controlled studies have demonstrated beneficial of MARS in non-surgical 

patients with ALF, however, very little is known about the efficacy of MARS in the 

treatment of PHLF. Based on the beneficial effects of MARS that have been reported for 

patient with ALF/ACLF, it may also be a promising therapeutic option in the management 

of PHLF. 
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