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Introduction 
 
Hemoadsorption, or hemoperfusion (HP) was introduced by H. Yatzidis in early 1960s 
[1]. It is an extracorporeal technique that cleanses blood by passing it through an 
adsorbent column. Active carbon (AC) was the first choice due to its undisputable 
superiority as an adsorbent over other materials. Although the initial results were very 
successful, this procedure induced a series of complications, the most severe being the 
release of fine particles from the carbon granules causing blockage of blood micro-
vessels [2]. The solution was found in coating of adsorbent granules with a 
haemocompatible semi-permeable membrane [3]. Required biocompatibility thus was 
achieved, but at the cost of the adsorbent performance. Adsorption of high molecular 
weight solutes is particularly affected. A 3-5 µ thick membrane virtually cuts off HMW 
molecules and significantly reduces adsorption of "middle molecules" with MW between 
300 and 15,000 [4]. Initially this was not recognized as the major drawback as the main 
application of HP remained in the treatment of acute poisoning, usually with low MW 
substances. Commercial haemoperfusion columns contain charcoal produced from peat 
or pitch and coated with cellulose (Adsorba 300 C and Adsorba 150C, Gambro), poly-
HEMA (Hemosorba, Asahi Medical and Nextron Medical Technologies), or heparin 
hydrogel (Clark R&D) [5-7]. As many small molecules are strongly protein-bound in the 
blood, usually with serum albumin, MW 67 kDa, they cannot cross the coating 
membrane; hence, haemoperfusion over coated adsorbents would be efficient in 
removing only protein-free solutes of low MW.  
 
Alternative extracorporeal methods based on dialysis and filtration proved to be more 
versatile than haemoperfusion over coated adsorbents and gradually took over, 
although in 1960s - 1970s all three groups of methods seemed to have similar 
opportunities for clinical use [8].  
 
Since 1990s, however, interest in the use of adsorbents in extracorporeal medical 
devices has been rising again at least for three reasons: (i) inefficiency of other methods 
in treatment of some autoimmune diseases, severe sepsis and multi-organ failure, 
resulting in high mortality or morbidity [9]; (ii) shift of the priorities in the desirable 
outcome of treatment towards providing good quality of life for patients who require 
regular treatment, such as patients with chronic renal failure. Use of dialysis 
dramatically increased life expectancy of these patients, but the quality of life remains 
unsatisfactory [10]; (iii) the extracorporeal methods based on dialysis and filtration are 
expensive; they have already become a significant economic burden on health care 
services, which is projected to increase further due to the problem of ageing population 



in the developed world [11].  In this paper some recent developments in synthesis and 
applications of medical adsorbents and future trends are discussed. 
 
Adsorption vs other Physicochemical Methods in Extracorporeal Techniques 
 
Adsorption as a method of blood cleansing has a series of advantages over other 
physicochemical methods (Table 1). Provided they have sufficiently large pores, 
uncoated adsorbents could remove solutes of any molecular size. Unlike dialysis and 
filtration, not to mention drug-based therapy, adsorption can potentially remove toxic 
substances without introducing anything else instead [12]. If no fluid removal from the 
body is necessary, adsorption is more cost effective than dialysis or filtration, as 
significant volume of expensive replacement solutions is required in the latter. It also 
appears that even in the cases when dialysis or filtration remove middle and high MW 
solutes, such as inflammatory cytokines and endotoxin, the mechanism of this action is 
based on adsorption and retention by the filter or hollow fibre surface rather than 
convection or diffusion through the membrane [13, 14].  
 
Table 1. Extracorporeal techniques - mechanisms and efficiency of blood cleansing 
 

Substance 
removed 

Haemodialysis 
(HD) 

Haemofiltration
(HF) 

Haemoperfusi
on 

(HP) 
Fluid/Water Ultrafiltration Ultrafiltration None 
Solute Diffusion Convection Adsorption 
Small molecules High Moderate to 

high 
Variable 

�Middle molecules� Low Variable Potentially 
high 

Large molecules Low to none Low to none Variable 
Selectivity of 
action 

Non-selective Non-selective Non-selective  

 
Neither of the extracorporeal techniques is selective, which means that useful blood 
components such as nutrients and normal metabolites are removed along with the 
target solutes causing pathological response. In dialysis and filtration this problem is 
resolved by using expensive replacement fluids containing essential blood components. 
In HP replacement fluid is either not required or used in substantially lower quantity than 
in HD or HF. This aspect of HP always attracts a good deal of criticism as apparently 
adsorption depletes the organism from essential substances. Interestingly, there are no 
reported cases of such an adverse effect of HP in the vast medical literature on this 
subject, except for the earliest publications in 1960s. Sometimes non-selective 
adsorption may be advantageous, for example in the treatment of patients poisoned 
with a substance of unknown origin. Introduction of highly biocompatible uncoated 
active carbons produced by pyrolysis of synthetic polymers significantly broadened the 
scope of HP applications.  



Adsorbents with high selectivity of action can be produced using the same principles as 
in manufacturing of adsorbents for affinity chromatography, namely, by physical 
adsorption or covalent attachment of a bioligand with specific affinity towards a 
particular target molecule. The most selective adsorbents have immobilized antibodies 
against target antigens or vice versa. Being selective, such adsorbents are also very 
expensive and this approach is seldom used in HP. It is more feasible to use biospecific 
adsorbents which selectively act with a group of substances rather than one substance. 
This method can be applied to active carbons and biospecific carbon adsorbents have 
been synthesized by covalent immobilization of biomolecules to the carbon surface via 
its functional groups [15]. The major problems with clinical use of an adsorbent with 
immobilized bioligand are as follows: storage; sterilization; high cost and regeneration 
(to reduce the cost). Alternatively, selectivity of adsorption can be increased using a 
single or a combination of several approaches, such as regulation of pore size, 
chemical modification of the surface hydrophilicity/hydrophobicity, introduction of 
ionogenic groups and surface charge alteration. In principle, a carbon adsorbent made 
from a porous polymer precursor can be 'tailor made' for specific interaction with the 
toxic solute. Although its selectivity will hardly ever be higher than that of a bioselective 
adsorbent, it will have much lower cost and problems related to storage and sterilization 
will be avoidable and regeneration not required. 
 
Results recently obtained by our group prove that active carbons can efficiently remove 
such �difficult� substances as lipopolysaccharide (LPS, or endotoxin) responsible for 
sepsis, pro-inflammatory cytokines such as TNFα and IL-1β and protein-bound drugs 
such as ibuprofen [16, 17]. 
 
Why carbon? 
 
In addition to its superior adsorption features, activated carbon has a series of other 
advantages over other adsorbents in this respect. Firstly, it is a rigid material, which 
does not swell in water or other solvents unlike polymers and does not require special 
pre-treatment in such a solvent. It is also easier to maintain stable flow characteristics of 
a biological fluid through a column packed with carbon granules rather than a column 
with soft polymer granules. Secondly, AC is chemically inert compared with polymers, 
as it does not contain any plasticizer, catalyst or monomer that can leak from the 
material into the bloodstream. Chemical inertness of carbon is a direct consequence of 
the physical conditions, in which it is synthesized. Physical activation, or development of 
the pore structure occurs by treating the carbonized material at 800 - 1000º C with 
carbon dioxide or steam [18]. Under these conditions no organic matter can exist being 
converted either into carbon or gaseous products. (A common and persistent belief that 
carbon is carcinogenic has its origin in the fact that some volatile products of incomplete 
combustion of coal are carcinogenic, but this process has nothing to do with the 
production of activated carbon!) [19]. This comment, obvious to the participants of a 
Carbon conference, is made here to show how little is understood about active carbon 
by general public including medical specialists. It is often forgotten that AC like other 
carbon materials has good biocompatibility. As much as a few hundred grams of 
activated carbon could be consumed orally by a person who suffers from acute 



poisoning without any negative consequences confirming very low toxicity and chemical 
inertness of this substance [20]. Pyrolytic carbon is used in artificial organs such as 
mechanical heart valves and it shows excellent biocompatibility [21, 22]. Chemically 
pyrolytic and activated carbons are the same substance, making it a good reason to 
expect good biocompatibility of AC.   
 
Potential for commercialization 
 
It is simply enormous. To support this statement, it is sufficient to give a few figures 
about sepsis treatment. Sepsis contributes to the high mortality (approximately 80%) 
reported for patients in the late post-traumatic period and consequent lengthened 
periods of stay on ITU of up to 21 days. It costs the health care provider a basic £1500 
per day plus additional drug costs. It is clear therefore, that sepsis is a major burden in 
terms of both financial and human cost. A new HP device that can achieve a significant 
reduction in the systemic levels of circulating endotoxins and pro-inflammatory 
cytokines will have a major impact on the prognosis for septic patients with systemic 
inflammatory response and multi-organ failure (MOF). It can be estimated that a 
reduction in the length of stay of patients successfully treated for MOF would save the 
health care provider associated costs well in excess of £30,000 per patient. With 
approximately 30,000 patients a year being treated for sepsis in the UK only, the 
potential cost savings are considerable.  
 
And this is just one example of the potential benefits of HP over active carbon. There 
have already been reports about successful use of this procedure in the treatment of 
autoimmune diseases, which suggests that we are still in the beginning of realizing high 
clinical potential of hemoperfusion over active carbon. 
 
Acknowledgments 
 
Part of this work has been funded by EPSRC (UK), grants GR/R05154 and GR/R74130. 
 
References 
 
[1] Yatzidis H. A convenient hemoperfusion micro-apparatus over charcoal for the 
treatment of endogenous and exogenous intoxications. Its use as an effective artificial 
kidney. Proc Eur Dial Transpl Assoc, 1964; 1: 83-87.  
[2] Hagstam KE, Larsson LE, Thysell H. Experimental studies on charcoal 
hemoperfusion in phenobarbital intoxication and uremia, including histopathological 
findings. Acta Med Scand 1966; 180: 593-610. 
[3] Chang TMS. Artificial Cells. Springfield, Ill: CC Thomas Publ, 1972. 
[4] Vanholder R, De Smet R, Vogeleere P, Ringoir S. Middle molecules - toxicity and 
removal by hemodialysis and related strategies. Artif Organs 1995; 19: 1120-1125. 
[5] Sangster B, Van Heijst ANP, Sixma JJ. The influence of hemoperfusion on 
hemostasis and cellular-constituents of the blood in the treatment of intoxications - a 
comparative-study of 3 types of columns (Haemocol, Amberlite XAD-4, Gambro 
Adsorba 300 C). Arch Toxicol 1981; 47: 269-278.  



[6] Tabei K, Akai Y, Takeda S et al. Application of plasma perfusion in hepatic-failure. 
Biomat Art Cells Immob Biotech 1991; 19: 193-201. 
[7] USP 4,048,064 (1975) 
[8] Sorbents and Their Clinical Applications. Giordano C ed. New York, NY: Academic 
Press, 1980. 
[9] Murphy SL. Deaths: Preliminary data for 2001. US National Vital Statistics Reports, 
2000; 49: 1120-59. 
[10] Ronco C, Ghezzi PM, La Greca G. The role of technology in hemodialysis J 
Nephrol 1999; 12 (suppl 2): S68-S81. 
[11] Friedman EA. Facing the reality - the world cannot afford uremia therapy at the start 
of the 21st century. Artif Organs 1995; 19: 481-485. 
[12] Lopukhin YuM. Hemosorption and other efferent methods. Biomat Art Cells Art 
Organs 1987; 15: 21-28. 
[13] Lonnemann G, Bechstein M, Linnenweber S, Burg M, Koch KM. Tumor necrosis 
factor-alpha during continuous high-flux hemodialysis in sepsis with acute renal failure. 
Kidney Int 1999; 56: S84-S87 Suppl 72.  
[14] Weber C, Linsberger I, RafieeTehrani M, Falkenhagen D Permeability and 
adsorption capacity of dialysis membranes to lipid A. lnt J Artif Organs 1997; 20: 144-
152. 
[15] Mikhalovsky SV, Strelko VV, Alekseyeva TA, Komissarenko SV. Immunosorbents 
based on uncoated synthetic charcoals: preparation, properties, applications. Biomat, 
Art Cells, Art Org, 18(5), 671-81 (1990). 
[16] Murphy MC, Patel S, Phillips GJ, Davies JG, Lloyd AW, Gun'ko VM, Mikhalovsky 
SV. Adsorption of inflammatory cytokines and endotoxin by mesoporous polymers and 
activated carbons, In: Studies in Surface Science and Catalysis, v. 144 
'Characterisation of Porous Solids VI', Eds F Rodriguez-Reinoso, B McEnaney, J 
Rouquerol and K Unger, Elsevier Science, Amsterdam 2002, pp. 515-20. 
Mikhalovsky SV. Emerging technologies in extracorporeal treatment: focus on 
adsorption. Perfusion 18, Suppl 1, 47-54 (2003). 
[17]Melillo M, Phillips GJ, Davies JG, Lloyd AW, Tennison SR, Kozynchenko OP, 
Mikhalovsky SV. The effect of protein binding on ibuprofen adsorption to activated 
carbons. Carbon 42(3), 565-71 (2004). 
[18] Bansal RC, Donnet J-B, Stoeckli F. Active Carbon. New York, NY: Marcel Dekker, 
1988. 
[19] Introduction to Carbon Technologies. Marsh H, Heintz EA, Rodríguez-Reinoso F 
eds. Alicante, Spain: University of Alicante, 1997. 
[20] Cooney DO. Activated charcoal in medical applications. Second edition. New York, 
NY: Marcel Dekker, 1995. 
[21] Bokros JC. Deposition, structure, and properties of pyrolytic carbon. In:  Walker PL 
ed. Chemistry and Physics of Carbon, vol. 5. New York, NY: Marcel Dekker, 1969: 1-
118. 
[22] DeWall RA, Qasim N, Karr L. Evolution of mechanical heart valves. Ann Thorac 
Surg 2000; 69: 1612-21. 
 

 


