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Chapter 24

Sorbents
Dehua Gong and Claudio Ronco

Introduction

The possibility of  removing solutes from blood to obtain blood purification 
has mainly focused over the years on classic hemodialysis. However, both the 
characteristics of  some solutes that make their removal difficult, and the lim-
ited efficiency of  some dialysis membranes, have spurred a significant inter-
est in the use of  further mechanisms of  solute removal such as adsorption. 
Materials with high capacity of  adsorption (sorbents) have been utilized for 
about 50 years in extracorporeal blood treatments of  acute poisoning or ure-
mia. With the recognition of  the role of  cytokines in systemic inflammatory 
response syndrome(SIRS) and sepsis, and the fact that most cytokines are 
poorly removable by conventional diffusive or convective blood purification 
modalities, treatment of  sepsis based on sorbent technique has recently been 
explored.

 Target Substances for Removal 
by Sorbent in Sepsis

Endotoxin
endotoxin is a lipopolysaccharide (LPS) and an outer membrane molecule 
essential for virtually all Gram- negative bacteria. It is generally considered a 
major causative agent in Gram- negative bacteria infection- related shock. LPS 
binds to LPS- binding protein and is transferred to bind to surface molecule 
CD14 when it enters into blood, presented in aggregate form or monomeric 
form. The signal of  LPS combination with CD14 is relayed by toll- like recep-
tors to activate nuclear factor κB and produce multiple cytokines.

Superantigen
Superantigen (SAg), which is a secreted product of  Gram- positive bacteria, 
plays an important role in activating and regulating the innate immune system. 
SAg is also known to be associated with toxic shock in Gram- positive bacte-
rial infections. Unlike conventional antigens, SAg bypasses normal antigen pro-
cessing steps, binds directly as an intact protein to major histocompatability 

 

 

 

 

 

 

zhumx
高亮

zhumx
高亮



19
4

C
H

A
PT

eR
 2

4 
S

or
be

nt
s complex class II molecules on the surface of  antigen- presenting cells and T- cell 

receptors, and activates many more T cells than conventional antigens. SAg 
is the most powerful T- cell mitogen ever discovered. Activated T cells then 
produce and release massive levels of  proinflammatory cytokines.

Cytokines
Activation of  the immune system is almost present in all critically ill patients, 
particularly in patients with infection. During the early stages of  immune acti-
vation, there is production and release of  many proinflammatory mediators, 
especially tumor necrosis factor α (TNF- α), interleukin (IL) 6, IL- 1, and IL- 8. 
These cytokines augment the body’s response to the pathogen and result in 
systemic adaptation. At the same time, an anti- inflammatory mechanism is 
also initiated, which includes production of  IL- 10, transforming growth factor 
β, and IL- 13. If  the overresponsiveness of  the immune system is still uncon-
trolled and persists for a period, tissue damage and organ failure occur, and 
the anti- inflammatory effect outweighs the proinflammatory effect, leading to 
immunoparalysis.

Selectivity of Sorbent Used for Removal  
of Target Substance
According to the selectivity of  target substance removal, sorbents can be 
divided into three groups: unselective porous particles, relative selective 
adsorption, and selective adsorption.

Unselective Porous Particles
This kind of  sorbent consists primarily of  porous polymers, such as resin, 
or activated charcoal. Sorbents exist in granules, spheres, cylindrical pellets, 
flakes, and powder. They are solid particles with a single- particle diameter 
between 0.05 cm and 1.2 cm. The surface area- to- volume ratio is extremely 
high in sorbent particles, which varies from 300 to 1200 m2/ g. They can 
also be defined as macroporous (pore size, >500 Å, or 50 nm), mesopo-
rous (pore size, 20– 500 Å), and microporous (pore size, <20 Å). Usually 
they adsorb molecules onto their surface nonspecifically by Van der Waals 
forces, electrostatic attraction, or hydrophobic affinity. Because molecules 
adsorbed onto the porous surface of  a sorbent must first pass through the 
pores, manipulating the pore size can, to some extent, control the molecules 
for removal.

Relative Selective Adsorption
Recent advancements in techniques make it possible to develop many new 
sorbents by immobilizing a ligand specific to a certain group of  substances 
onto matrix fibers or particles. These kinds of  sorbents include Lixelle, 
CTR adsorber (Kaneka Corporation, Osaka, Japan), and CYT- 860 (Toray 
Industries, Inc., Tokyo, Japan). They use hydrogen bonds or hydrophobic inter-
actions between ligand moiety and protein chemical groups to enhance pro-
tein adsorption capacity, and use designed pore size distribution to specify the 
molecular weight of  proteins that can be adsorbed. An SAg- adsorbing device, 
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polypropylene, is recently undergoing investigation.

Selective Adsorption
Sorbents made by immobilization of  more specific ligands onto a matrix can 
target the adsorption on one certain substance or limit the adsorption within 
a very narrow range. An adsorber composed of  Polymyxin B- immobilized 
fibers (PMX) has been used for adsorption of  endotoxins in sepsis. Adsorbers 
based on macroporous beads immobilized with human serum albumin such as 
MATISSe also aim at endotoxin adsorption. The microsphere- based detoxifi-
cation system provides a platform where anti- TNF- α antibodies are immobi-
lized onto microparticles with a diameter range of  1 to 10 μm. This system is 
designed to adsorb serum TNF- α during early stages of  sepsis.

Efficiency of Adsorption
When a liquid mixture is brought into contact with a microporous solid, 
adsorption of  certain components in the mixture takes place on the inter-
nal surface of  the solid. The maximum extent of  adsorption occurs when 
equilibrium is reached. No theory for predicting adsorption curves has been 
embraced universally. Instead, laboratory experiments must be performed 
at a fixed temperature (separation processes are energy intensive and affect 
entropy) for each liquid mixture and adsorbent to provide data for plotting 
curves called adsorption isotherms (Figure 24.1). Adsorption isotherms can 
be used to determine the amount of  adsorbent required to remove a given 
amount of  solute from the solvent. Another measure of  the efficiency of  the 
unit is obtained by using marker molecules to determine the so- called mass 
transfer zone. The mass transfer zone is the portion of  the cartridge length 
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Figure 24.1 Typical example of  an adsorption isotherm.
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s that goes from a fully saturated sorbent to a completely unsaturated condition. 

Mass transfer zone determination also helps to define the design of  the unit 
and the expected time of  efficiency before saturation.

Both adsorption isotherms and the mass transfer zone, however, are not 
a clinical practical parameter to evaluate a sorbent’s adsorptive capacity. An 
extraction ratio is often used to reflect the removal ability of  a sorbent, which is 
defined as the reduction ratio of  solute concentration in blood or plasma after 
a single pass through the sorbent. Factors other than the sorbent per se also 
affect the extraction ratio, including blood or plasma flow rate, target solute 
burden in blood, and so on. In one treatment session, dynamic monitoring of  
the extraction ratio may reflect the saturation status of  the sorbent. Another 
clinical useful parameter for demonstration of  the removal effect of  sorbents is 
the reduction ratio of  solutes during one treatment session. However, the fact 
that both of  these parameters cannot reflect accurately the removal ability of  a 
sorbent makes the comparison among different sorbents difficult.

Biocompatibility of Sorbents
The concept of  sorbent biocompatibility has three meanings. First, the sor-
bent must be resistant and release no harmful substances into body. Second, 
the contact of  the sorbent with plasma or blood should not induce activation 
of  complement, immune system, and hemostasis, and should not result in a 
hematological abnormality such as hemolysis, leukopenia, or thrombocytope-
nia. Third, the adsorption should not result in unwanted loss, such as albumin 
loss. However, so far, no one sorbent fully adheres to all these requirements.

A commercial sorbent column usually contains a sieving device that allows 
free passage of  blood but retains particles or their fragments to prevent dis-
semination of  small particles in the body. Some systems also include a moni-
toring device to detect the possible detached microparticle in the blood.

Blood– surface reaction depends on sorbent surface flatness and materi-
als. Sometimes, a surface coating technique is used to improve sorbent bio-
compatibility, although at the price of  adsorption efficiency. Another way to 
improve biocompatibility is plasma adsorption, in which only plasma passes 
through the sorbent, blood cells are separated from plasma and bypass the 
sorbent, and finally blood is reconstituted after an extracorporeal single- pass 
treatment. However, addition of  plasma separator makes the procedure more 
complex. Research on materials with high molecular weight and polymers pro-
vide hope for a new type of  sorbent with good biocompatibility. The new 
sorbent should have high selectivity of  adsorption and the least unwanted loss.

Typical Modalities for the Use of Sorbents
Typical modalities for the use of  sorbents in extracorporeal therapies are rep-
resented in Figure 24.2.

Hemoperfusion
Hemoperfusion is a technique in which a sorbent is placed in direct con-
tact with blood in extracorporeal circulation. It has a very simple circuit, but 
requires a very biocompatible sorbent and adequate anticoagulation of  the 
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extracorporeal circuit. Materials such as charcoal, which has poor biocompat-
ibility, must be coated before use in hemoperfusion. More recently, synthetic 
polymers have been introduced with a remarkable capacity for adsorption and 
better biocompatibility.
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Figure 24.2 Possible modes of  application of  sorbents. (A) Hemoperfusion. (B) The sor-
bent unit is placed in series before the hemodialyzer (hemoperfusion– hemodialysis). (C) The 
sorbent unit is placed online in the ultrafiltrate produced from a hemofilter. The hemofilter 
is placed in series with the hemodialyzer. The system is used for online hemodiafiltration in 
chronic patients and it is defined as paired filtration dialysis with sorbent. (D) The sorbent 
unit is placed online in the plasma filtrate produced from a plasma filter. The plasma filter is 
placed in series with the hemodiafilter. The system is used for critically ill patients with septic 
shock and it is defined as coupled plasma filtration adsorption.
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Sorbents have also been used in conjunction with hemodialysis 
(hemoperfusion– hemodialysis). In this case, the sorbent is placed in the circuit 
just before the hemodialyzer, with the expectation that, after dialysis, it main-
tain the desired temperature or correct other abnormalities induced by the 
sorbent (e.g., acidosis). This modality is used mostly for removal of  molecules 
such as beta- 2 microglobulin that are poorly removed by dialysis. Another 
approach consists of  using sorbents in “uncoated” form. These, however, can-
not be placed in direct contact with whole blood and they are used for the 
treatment online of  the ultrafiltrate or the plasma filtrate.

Double- Chamber Hemodiafiltration
In these system, plasma water is separated from whole blood and, after pass-
ing through the sorbent, it is reinfused into the blood circuit, reconstituting 
the whole- blood structure. This technique has been used primarily in chronic 
dialysis as a particular form of  hemodiafiltration.

Coupled Plasma Filtration Adsorption
Continuous plasma filtration adsorption is a modality of  blood purification in 
which plasma is separated from whole blood and circulated in a sorbent car-
tridge. After the sorbent unit, plasma is returned to the blood circuit and the 
whole blood undergoes hemofiltration or hemodialysis. The rationale consists 
of  combining the advantages of  adsorption and hemofiltration or hemodialysis 
techniques in solute elimination. This technique has been used mostly in sep-
tic patients showing specific advantages of  blood purification, restoration of  
hemodynamics, and immunomodulation.

In another technique using uncoated sorbents (detoxification plasma filtra-
tion; HemoCleanse, Inc., West Lafayette, IN), a hemodiabsorption mechanism 
is associated with a push– pull plasma filtration system (a suspension of  pow-
dered sorbents surrounding 0.5- μm plasma filter membranes). Bidirectional 
plasma flow (at 80– 100 mL/ min) across the plasma filtration membrane pro-
vides direct contact between plasma proteins and powdered sorbents, as well 
as clearance of  cytokines.

A major criticism may be raised concerning the removal of  beneficial sub-
stances or drugs by the mechanism of  adsorption. In an in vitro experiment, 
a hydrophobic resin sorbent was investigated for the adsorptive properties 
of  different commonly used antibiotics. except for vancomycin, for which a 
modest removal was observed, the blood levels of  other antibiotics such as 
tobramycin or amikacin tended to remain stable over time.

Sorbents in Sepsis
Conventional blood purification has been evidenced to be less effective in remov-
ing pathogenic factors and mediators involved in the process of sepsis. This fact 
has aroused many innovative approaches such as high- volume hemofiltration, the 
use of superpermeable membranes, as well as sorbent based membranes.

Hemoperfusion using PMX is one purpose of eliminating serum endotoxins, with 
a reported reduction ratio of endotoxins after a single treatment of 27% to 33%. 
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systematic review shows that hemoperfusion with PMX appears to have favorable 
effects on MAP, dopamine use, PaO2/ FiO2 ratios, and mortality. evidence from 
Japanese researchers suggests a blood flow rate of 80– 100 mL/ min and a duration of   
2 hours. Possible indication requires patients to fulfill all of  the following three 
conditions:

1. endotoxemia or suspected Gram- negative infection
2. systemic infl ammatory response syndrome (SIRS)
3. Septic shock that necessitates vasopressor therapy

Other endotoxin adsorbers such as albumin- based sorbents have shown a 
trend in improvement of  clinical outcome, and we await future clinical trial 
results.

Continuous plasma filtration adsorption is aimed at nonselective removal of  
soluble mediators involved in septic shock. A limited number of  clinical stud-
ies have shown a beneficial effect on hemodynamics and monocyte function.

Novel sorbents are being developed for enhanced, more selective removal 
of  cytokines, including Lixelle, CTR adsorber, CYT- 860. Animal experiments 
have shown ability of  cytokines removal, and improvement of  animal survival 
in sepsis models. Adsorbers targeting specific removal of  SAg’s and TNF- α are 
also limited in animal experiments. These novel sorbents may soon be clinically 
available.
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