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Abstract: Systemic autoimmune diseases based on an immune pathogenesis produce 

 autoantibodies and circulating immune complexes, which cause inflammation in the tissues 

of various organs. In most cases, these diseases have a bad prognosis without treatment. 

 Therapeutic apheresis in combination with immunosuppressive therapies has led to a steady 

increase in survival rates over the last 35 years. Here we provide an overview of the most 

important pathogenic aspects indicating that therapeutic apheresis can be a supportive therapy in 

some systemic autoimmune diseases, such as systemic lupus erythematosus, antiphospholipid 

syndrome, rheumatoid arthritis, and inflammatory eye disease. With the introduction of novel 

and effective biologic agents, therapeutic apheresis is indicated only in severe cases, such 

as in rapid progression despite immunosuppressive therapy and/or biologic agents, and in 

patients with renal involvement, acute generalized vasculitis, thrombocytopenia, leucopenia, 

pulmonary, cardiac, or cerebral involvement. In mild forms of autoimmune disease, treatment 

with immunosuppressive therapies and/or biologic agents seems to be sufficient. The prognosis 

of autoimmune diseases with varying organ manifestations has improved considerably in recent 

years, due in part to very aggressive therapy schemes.

Keywords: therapeutic apheresis, autoimmune diseases, systemic lupus erythematosus, 

antiphospholipid syndrome, rheumatoid arthritis, inflammatory eye disease

Introduction
The terms “systemic autoimmune disease” and “collagen vascular disease” describe 

a number of illnesses, the common characteristic of which is immune-mediated 

destruction of intracellular structures in connective tissue, resulting in fibrinoid tissue 

damage.1 Systemic autoimmune diseases, with the exception of rheumatoid arthritis 

and autoimmune thyroiditis, are individually rare, but together affect approximately 

5% of the population in western countries. They are a fascinating but poorly under-

stood group of diseases.2 Based on an immune pathogenesis, the various organs form 

antigen components, which provoke formation of autoantibodies on the one hand, and 

circulating immune complexes causing inflammation in organ tissues on the other.

Viral infections can probably change the antigenic surface structure of the body’s 

own cells in such a way that the relationship between the altered cell and the immune 

system is changed and cells of the body are not recognized by the immune system. In this 

way, viral infections and other influences can lead to altered native antigens with a loss 

of suppression.3 With regard to formation of antibodies against the body’s structures, 

physiologic low-titer immunoglobulin (Ig)M autoantibodies with low affinity and broad 

specificity must be differentiated from IgG and IgA autoantibodies with high affinity. 
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The former play a role in cell decomposition and tissue 

turnover, while the latter mostly cause immunopathologic 

disorders, either through formation of circulating immune 

complexes or through direct tissue-specific lesions.4

Typically, antinuclear antibodies are to be found against 

most nuclear structures. There are typically antibodies 

directed against both cytoplasmic-associated and cell 

membrane-associated proteins, and also antibodies against 

cytoplasmic structures and cell membrane components. The 

range of antibodies observed in active and subclinical disease 

includes those against many extracellular antigens, such 

as collagen, myelin sheaths, immunoglobulins, basement 

membrane, intercellular bridges, hormones, and comple-

ment components.5 There is mounting evidence to suggest 

an active role for the indications increasing that point to an 

immunopathologic role of autoreactive T cells, in addition 

to autoantibody-producing plasma cells. This evidence is 

consistent with the clinical observation that the vast majority 

of hypothesis is supported by the fact that, on the one hand, 

all chronic autoimmune diseases are associated with certain 

human leucocyte antibody HLA haptotypes and on the other, 

autoreactive T cells can cause tissue damage by release of 

mediators and toxins.6

Vasculitis is common to all these diseases, and is most 

easily demonstrated histologically in the precapillary arteri-

oles and post-capillary venuoles. The same chronic cellular 

infiltrates are seen in immune-mediated synovitis, with its 

clinical manifestations of arthralgia or arthritis.

These antibodies have been directly implicated in causing 

tissue damage in some diseases. Humoral autoimmunity was 

at center stage in the 1970s and 1980s, and various therapeu-

tic approaches were designed to interfere specifically with 

production of autoantibodies or to remove autoantibodies 

from the circulation. Therapeutic plasma exchange (TPE) 

was explored in the treatment of a variety of autoimmune 

syndromes, including systemic lupus erythematosus (SLE), 

rheumatoid arthritis, and vasculitis. Therapeutic plasma 

exchange is still accepted to have a role in thrombotic 

thrombocytopenic purpura and cryoglobulinemia; however, 

in other chronic inflammatory diseases, therapeutic plasma 

exchange has had disappointing results.7

After 1990, treatment strategies no longer focused on 

the B cell and removal of autoantibodies, but rather focused 

on effector mechanisms involving macrophages and the 

cytokines produced as part of the inflammatory response. The 

success of recent pilot studies exploring B cell depletion as a 

therapeutic strategy was unexpected and has renewed interest 

in reconsidering the role of the B cell in these diseases.8,9

In the following sections of this paper, we discuss the 

indications for therapeutic apheresis in autoimmune dis-

eases such as SLE, antiphospholipid syndrome, rheumatoid 

arthritis, and inflammatory eye disease from a pathophysi-

ologic point of view, and the clinical results that have been 

obtained using this approach. Therapeutic apheresis methods, 

such as TPE, and the different semiselective or selective 

plasma exchange methods available are discussed in detail 

by Bambauer et al.10

Systemic lupus erythematosus
Systemic lupus erythematosus is an autoimmune disease 

characterized by hypergammaglobulinemia, the presence of 

various autoantibodies, and immunoregulatory alteration. 

Among the autoantibodies, anti-double-stranded (ds)DNA is 

highly specific for the disease and is thought to play an impor-

tant role in its pathogenesis.11 Anti-dsDNA autoantibodies 

constitute a heterogeneous family with respect to avidity, 

cationic charge, immunoglobulin class, and complement-

fixing ability.11,12

Systemic lupus erythematosus usually involves high-titer 

antinuclear antibodies of the IgG group. This antinuclear anti-

body group includes not only the anti-dsDNA antibodies but 

also autoantibodies against single-stranded DNA (ssDNA), 

histones (H1–H4), and non-histone proteins (eg, Sm, nRNP, 

SS-A/Ro, SS-B/La).13 Thus, in addition to antinuclear 

antibodies, SLE patients possess, although less frequently, 

autoantibodies against cytoplasmic antigens (SS-A/Ro, 

SS-B/La, ribosomes, Golgi apparatus), phospholipids (eg, 

cardiolipin), cytoskeletal proteins (eg, cytokeratin, desmin, 

vimentin, neurofilaments), basement membrane, and various 

cell superior determinants of leucocytes, erythrocytes, and 

thrombocytes (Table 1).

Most antibodies belong to the so-called easy antigens, 

ie, they are long-chained structures with repetitive epitopes, 

such as DNA, RNA-cell surface antibody, and basement 

membrane.11,13 Many of these antibodies are polyreactive, 

ie, show overlapping binding specificity for several antigens. 

The cause for the polyreactivity of anti-DNA antibodies is 

thought to be related to the fact that the various antigens have 

in common certain phosphate remains in a similar confor-

mation or that the antigen binding site of autoantibodies has 

various independent binding sites.11

It is still unclear whether formation of antinuclear antibod-

ies is due to altered (and thus immunogenic) DNA, polyclonal 

activation of B cells, cross-reaction with bacterial antigens, 

or a genetically induced disorder of immune regulation. The 

importance of genetic factors is not only underscored by the 
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above-mentioned relationship between human leucocytes 

and antibodies, but also by recent immunologic analyses of 

anti-DNA autoantibodies in mice and humans.

Natural CD4+ CD25+ regulatory T cells (Tregs) have a 

potent immunosuppressive function and contribute to immu-

nologic self-tolerance by suppressing potentially  autoreactive 

T cells. Depletion of these cells leads to destruction of severe 

autoimmune diseases in animal models; more recently, 

there have been studies reporting impairment of Treg numbers 

and/or function in various human autoimmune diseases.14

Valencia et al hypothesized that altered function of CD4+ 

CD25+ Tregs might play a role in the breakdown of immu-

nologic self-tolerance in patients with SLE. They reported 

a significant decrease in the suppressive function of CD4+ 

CD25+ Tregs in the peripheral blood of patients with active 

SLE as compared with normal blood donors and patients 

with inactive SLE.15

The tissue damage is caused by deposition of circulating 

immune complexes in various organs. Primarily involved 

are the smaller and medium-sized arteries of the skin, joints, 

lungs, liver, brain, kidneys, glomeruli, peritubular renal 

capillaries, and epidermal basement membrane.13

The capillary wall in the glomerulus possesses a fenes-

trated endothelium under which is located the negatively 

charged basement membrane with its various structures. Due 

to its electric charge and composition, the basement membrane 

creates both a molecule size and an electric charge barrier for 

proteins from the blood.16 The subendothelial area is in direct 

contact with the mesangium, which has a rinsing and cleans-

ing function in the glomerulus and is a potential site for local 

inflammation.13 Mesangial, subendothelial, and subepithelial 

immune complex deposits are found in lupus nephritis and 

other forms of glomerulonephritis. If they persist, subendothe-

lial-deposited immune complexes show condensation and an 

increase in size, causing further destruction.

Cationic antigens or antibodies can also bind to the 

 negatively charged lamina rara externa of the basement mem-

brane, and through secondary deposition of autoantibodies 

or antigens, a local immune complex formation can arise.17 

A state of illness begins when the antibody response leads 

to an increase in circulating foreign proteins. The difference 

in the speed at which cationic antigens are processed in 

the different tissues also seems to play an important part in 

the occurrence of immunopathologic lesions.

Systemic lupus erythematosus is a chronic inflammatory 

disorder.18 With its extremely variable range of symptoms, 

SLE can cause broadly varying clinical conditions, rang-

ing from an acute attack with high temperature, anemia, 

leucopenia and thrombocytopenia, arthritis, exanthema, 

and polyserositis, to lasting isolated damage to the kidneys, 

bone marrow, and joints.19 The disease preferentially affects 

childbearing age females (ratio F:M 10:1).18 The course of 

SLE is often unpredictable, with many attacks and milder 

forms of SLE showing spontaneous remission. Mortality 

of 70% at 10 years is typically, due to infections and renal 

failure. Renal involvement in SLE is associated with high 

mortality.18 With aggressive therapeutic schemes, survival 

rates have been steadily increasing in recent years.20 In 1988, 

the American Rheumatology Association compiled the seven 

most important diagnostic criteria for SLE.21

The course of SLE is often unpredictable, with many 

attacks and milder forms of SLE showing spontaneous remis-

sion. With aggressive therapeutic schemes, survival rates 

have been steadily increasing in recent years.20 In 1988, the 

 American Rheumatology Association compiled the seven 

most  important diagnostic criteria for SLE.21 According 

to these criteria, the diagnosis is made based on typical 

clinical symptoms and particularly on serologic detection 

of antinuclear antibodies, DNA antibodies (ssDNA and 

dsDNA), as well as on numerous other autoantibodies and 

organ biopsies.22 Nonspecific parameters include an increased 

level of IgG, as well as decreased serum concentrations of C3 

Table 1 Autoantibodies in systemic lupus erythematosus

Antibodies against cytoplasmic antigens
– SS-A/Ro
– Ribosomal RNA
– Golgi apparatus
–  Cytoskeletal proteins (keratin, vimentin, desmin, neurofilaments)
Antibodies against basement membrane
Antibodies against cell surface determinants
– Antilymphocytic antibodies specific for β2-microglobulin
– MHC i and ii antigens
–  Non-MHC antigens (eg, chronic lymphocytic leukemia and lymphoblasts)
– T cell subsets (eg, CD4+ and CD8+)
– Antileucocytic antibodies
–  Antierythrocytic antibodies
–  Antithrombocytic antibodies
–  Antineuronal antibodies (extensive cross-reaction with 

antilymphocytic antibodies)
–  Membrane phospholipid (eg, anticardiolipin antibodies)
–  Heat shock proteins
–  Trophoblast antigens
Antibodies against serum components
–  Immunoglobulins (rheumatoid factors)
–  Coagulation factors (lupus anticoagulants)
–  Complement components (nephritogenic factor)

Note: Reproduced with permission from Bambauer R, Latza R, Lentz MR. 
Therapeutic Plasma Exchange and Selective Plasma Separation Methods, Fundamental 
Technologies, Pathology and Clinical Results. 3rd ed. Berlin, Germany: Pabst Sciences 
Publishers; 2009.33

Abbreviation: MHC, major histocompatibility complex.
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and C4 during acute attacks. Granular immunoglobulin and 

complement deposits can frequently be detected in affected 

skin by direct immunofluorescence.

Apart from treatment with corticosteroids, chloroquine, 

antimetabolites such as azathioprine or methotrexate, and 

immunosuppressives such as cyclophosphamide, the prog-

nosis has become even better with intensive steroid therapy 

and TPE combined with immunosuppressive therapy.13,23,24 

SLE is an autoimmune disease involving increased produc-

tion of autoantibodies, immune complex deposition in the 

microvasculature of various organs, complement activation, 

leukocyte infiltration, and tissue damage. The immune com-

plex glomerulonephritis of SLE is a major cause of morbidity 

and a determinant of the outcome of the disease.25 Advances 

are needed in the treatment of severe lupus erythematosus, 

both to reduce the current mortality rate of 10%–20% after 

10 years and to decrease the development of renal insuffi-

ciency requiring dialysis, which occurs in nearly one quarter 

of patients. Also, efforts must continue to minimize the 

adverse effects of long-term immunosuppressive therapy.26

While it is still not understood how TPE actually works 

in SLE since its first implementation by Jones et al in 1978,27 

many authors are of the opinion that TPE has considerably 

extended the therapeutic concept.28–32

The authors published a selection of literature on SLE 

including 286 patients treated with TPE since its introduc-

tion in 1976, in addition to immunosuppressive therapy. 

Some of the literature included uncontrolled studies. In 

at least 210 patients (73%), partial or full remission was 

observed temporarily or for up to many months in some 

cases, enabling a dramatic reduction in immunosuppres-

sive therapy.33

The volume treated is 1.0–1.5 of total plasma volume, 

the replacement fluid is an albumin-electrolyte solution, 

and the frequency for lupus cerebritis is daily or every other 

day. Typically, a course of 3–6 TPE is sufficient to achieve a 

response in patients with lupus cerebritis. Prolonged treat-

ments have been reported, but their rationale and efficacy is 

questionable.18 Table 2 summarizes the guidelines for use of 

therapeutic apheresis in SLE.

TPE is particularly indicated in severe cases, such as in:

•	 rapid progression despite immunosuppressive therapy34

•	 renal involvement, eg, proliferative glomerulonephritis 

and nephrotic syndrome35–37

•	 extremely acute generalized vasculitis

•	 thrombocytopenia and leucopenia28,38

•	 pulmonary, cardiac, and cerebral involvement39,40

•	 pancreatitis.41

Back in 1979, on the basis of 14 SLE patients, Jones et al 

were the first to report termination of an acute exacerbation 

of severe SLE, and demonstrated that TPE is particularly 

successful in the acute phase of the disease.27 Campion and 

Lewis also reported that plasmapheresis and standardized 

immunosuppressive therapy did not influence the prognosis 

for patients with lupus nephritis.41,42 However, other authors 

are of the opinion that it would be premature to conclude 

that plasmapheresis is ineffective in this disease. It seems 

that TPE is most effective when the signs and symptoms of 

an acute flare are dramatic.37

A potential disadvantage of the studies reported to date 

is that the immunologic effects of plasmapheresis itself 

have not been sufficiently studied. Studies of the produc-

tion of specific antibodies show that this is influenced by 

regulatory biological mechanisms. High concentrations of 

Table 2 Guidelines on the use of therapeutic apheresis in systemic lupus erythematosus, catastrophic antiphospholipid syndrome, and 
rheumatoid arthritis

German Working Group of  
Clinical Nephrology, 200292

Apheresis Applications Committee  
of ASFA, 2007, 201018,59

TA  
modality

Evidence  
class

Severity  
grade

TA  
modality

Category Recommendation 
grade

Systemic lupus  
erythematosus  
(severe)
Lupus nephritis

iA-Protein-A
Peptid GAM®

Tryptophan
Dextran sulfate

iii B TPe

TPe

ii

iv

2C

Catastrophic  
antiphospholipid  
syndrome

iA-Protein-A
Peptid GAM®

Tryptophan
Dextran sulfate

iii C TPe iii 2C

Rheumatoid  
arthritis

iA-Protein-A
Peptid GAM®

ib A TPe
iA-Protein-A

i
ii

–
2A

Abbreviations: ASFA, American Society for Apheresis; TPe, therapeutic plasma exchange; TA, therapeutic apheresis.
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an antibody inhibit its further synthesis, and conversely, 

short-term elimination of an antibody results in increased 

compensatory production.23 In extreme cases, this can lead 

to excessive antibody levels after plasmapheresis. Thus, 

many of the studies aimed at suppressing this rebound 

effect after plasmapheresis by means of corresponding 

immunosuppression.

Increased production of pathogenic antibodies probably 

goes hand in hand with increased activity of lymphocytic 

clones, and thus with increased vulnerability toward cyto-

toxic substances. A protocol based on this theory should, 

therefore, combine several large-volume plasmapheresis 

treatments with immediate subsequent pulse cyclophos-

phamide therapy. This procedure aims not only to provide 

short-term relief for the patient in terms of pathogenic mate-

rial, but also to intensify damage to pathogenic lymphocyte 

clones.43–45

The combination of plasmapheresis and subsequent high-

dose cyclophosphamide therapy leads not only to inhibition 

of progression, but also to years of completely therapy-free, 

long-term remission. This strategy has been found to be very 

effective. However, in view of the risks of this aggressive 

concept, it should only be implemented in treatment-resistant 

cases. The status of this synchronized concept was examined 

in another randomized study which was intended to determine 

the optimal conditions for this combination, but this work 

was not completed.45–47

Aringer et al treated 21 patients with high SLE activ-

ity using TPE and pulse cyclophosphamide (n = 9) or 

pulse cyclophosphamide alone (n = 12).48 They found that 

seven of nine TPE-treated patients had serious bacterial 

or viral infections, including three cases of cytomegalo-

virus infection. Among the 12 patients treated with pulse 

cyclophosphamide alone, only two had severe infections. 

Three patients in the TPE group and none in the control 

group died of infection. However, treatment efficacy was 

similar for both groups. In the patients who received TPE 

and pulse cyclophosphamide, life-threatening bacterial and 

viral infections and mortality occurred more frequently than 

in patients with similarly active SLE treated with pulse 

cyclophosphamide alone.48

Other investigators saw only in patients with higher 

disease activity a combination of TPE and pulse cyclophos-

phamide indicated. In the most of the severe cases pulse 

cyclophosphamide alone may improve the final outcome.49 

The concept of treatment using a combination of TPE and 

subsequent high-dose cyclophosphamide is not widely 

accepted in the clinical setting. Pagnoux et al found that TPE 

may still be of relevance as adjunctive therapy in selected 

SLE patients.50

Repeated TPE in SLE patients can induce a significant 

increase in the number of peripheral CD4+ CD25highFoxP3+ 

T cells in parallel with a decrease in the SLE Disease Activity 

Index. This phenomenon, among others, is possibly due to 

elimination of interferon-α and lymphocytotoxic antibodies 

during TPE.51

The extent to which regular TPE can improve the 

prognosis in patients with chronic SLE is still not clear. 

According to Clark et al, TPE with four liters once per 

month probably modulates the immune response and thus 

intervenes beneficially in the course of the disease.52 This 

observation is also confirmed by many years of own experi-

ences by Bambauer et al.33

Cyclosporin is a well known immunosuppressive drug 

which has been used successfully for many years to delay 

organ transplant rejection in particular. Cyclosporin A seems 

to be promising in the management of autoimmune diseases, 

and via a similar mechanism of immune suppression as 

observed in animal experiments and in vitro studies. Routine 

use implementation of cyclosporin A in chronic SLE presents 

new therapeutic possibilities due to selective inhibition of T 

cell activity at a very early stage.53

Investigations have shown that, after intensive treat-

ment of SLE patients in the acute phase using TPE, 

cyclosporin A enabled both a drastic reduction in TPE 

frequency and a discontinuation or reduction of immuno-

suppressive corticosteroid and azathioprine medication by 

70%–90%.54,55 However, any influence on the survival rate 

remains questionable. Reports of exacerbation of lupus by 

cyclosporin A and in particular of the medium to consid-

erable nephrotoxicity, suggest that it should be used with 

caution in this disease, and support the argument for strict 

indications regarding use of this agent.56–58 Further controlled 

studies will be necessary to clarify which is the most effec-

tive therapeutic combination for SLE and the manifesta-

tions of this complex disease that are best controlled using 

particular therapeutic options.

The guidelines for use of therapeutic apheresis published 

by the Apheresis Applications Committee of the American 

Society for Apheresis put SLE (severe cases) in category II 

and lupus nephritis in category IV.18,59

In the early 1980s it was reported that more than 50% 

of patients with various manifestations of SLE improved 

after TPE.18 The use of cyclosporine A and TPE to control 

symptomatic diseases resulted in quicker resolution of symp-

toms and decreased doses of cytotoxic drugs. Patients with 
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SLE and CNS involvement who were treated with TPE or 

combination TPE/cyclophosphamide showed a high percent-

age of improvement.18

In the last couple of years, other authors have recom-

mended supportive therapeutic apheresis as an important 

rescue treatment for SLE in combination with immunosup-

pressive therapy and/or biologic agents.60

In summary, the prognosis for SLE with varying organ 

manifestations has been considerably improved in recent 

years due in part to very aggressive therapy schemes. The 

use of immunoadsorption in combination with recently 

developed biologics might offer new perspectives for the 

extracorporeal treatment of SLE.61

Antiphospholipid syndrome
Antiphospholipid syndrome is an autoimmune hyperco-

agulable state caused by antibodies against cell membrane 

phospholipids that provoke thrombosis in the arteries and 

veins.  Antiphospholipid antibodies can be detected by mea-

suring lupus anticoagulant and anticardiolipin antibodies.62 

 Antiphospholipid antibodies are implicated in vascular throm-

bosis, thrombocytopenia, and recurrent fetal loss in patients 

with SLE. The etiology of thrombosis of the small and large 

vessels is not completely understood. Involvement of the 

kidneys in antiphospholipid syndrome is possible. In addition 

to thrombosis of the great arteries and veins, microscopic 

thrombotic microangiopathy is typically observed on kidney 

histology. High levels of antiphospholipid antibodies in patients 

with SLE increase the risk of venous and arterial thrombosis, 

adverse cerebrovascular events, recurrent fetal loss, and other 

arterial thrombotic and embolic complications, such as superior 

mesenteric artery thrombosis and thrombocytopenia. While 

antiphospholipid syndrome can exist without SLE, it should 

also be considered in non-SLE patients when classical symp-

toms, such as recurrent thrombosis of unknown etiology, are 

present. Therapeutic apheresis can be considered life-saving in 

patients with severe antiphospholipid syndrome.63

Catastrophic antiphospholipid syndrome (CAPS) is 

an unusual variant of antiphospholipid syndrome. “CAPS 

is defined as the acute onset of multiple thrombosis in at 

least three organ systems over a period of days or weeks, in 

patients with serologic evidence of antiphospholipid antibod-

ies (lupus anticoagulant, anticardiolipin antibodies, and/or 

anti-β2  glycoprotein I). The most commonly affected sites 

are small vessels of kidneys, lungs, brain, heart, and skin, 

although large vessel thrombosis can also be present. Common 

manifestations include renal failure, acute respiratory distress 

syndrome, pulmonary embolism, livedo reticularis, purpura, 

skin necrosis, cerebral infarcts, encephalopathy, seizure, and 

cerebral venous occlusion. In addition, the systemic inflam-

matory response syndrome (SIRS) is a component of the 

acute phase of CAPS. Thrombocytopenia can be marked, 

over 33 percent of patients have hemolysis, and 20 percent 

present with disseminated intravascular coagulation. CAPS 

may be the first manifestation of antiphospholipid syndrome 

(‘de novo’) or complicate the course of patients known to 

have the syndrome.  Mortality approaches 50 percent and is 

mainly due to myocardial thrombosis with or without respira-

tory failure.”18

The exact mechanism by which TPE exerts an effect in 

CAPS is not known, but removal of pathologic antiphos-

pholipid antibodies, as well as cytokines, tumor necrosis 

factor-alpha (TNF-α), and complement, is thought to play 

an important role. Further, given that plasma has been the 

replacement in most reports, transfusion of natural antico-

agulants such as protein C, protein S, and antithrombin may 

contribute to the overall benefit of this procedure. However, 

it has not been established if plasma transfusion alone would 

have similar benefits because this option has not been tested. 

The category III for TPE is assigned based on a paucity of 

data (Table 2).18

The optimal treatment of CAPS is still debatable given 

that the condition is rare and there have been no relevant 

prospective studies. However, the therapeutic approach has 

to have three aims:

•	 to treat any precipitating factors, eg, infection, organ 

necrosis

•	 to prevent and to control ongoing thrombosis

•	 to suppress excessive cytokine production.18

Szczepiorkowsky et al reported in 2007 as the most com-

monly employed therapy in CAPS a full anticoagulation with 

heparin, high dose corticosteroids, TPE, and IVIG.18 If CAPS 

is associated with a flare of SLE, cyclophosphamide is also 

used. In combination with infection parenteral antibiotics 

should be administered.18 A minimum of 3–5 TPE are rec-

ommended. Discontinuation is based on the patient´ clinical 

response. Some patients have been treated for weeks.

From retrospective study data, Espinosa and Cervera 

concluded that first-line therapies should always include 

the combination of anticoagulation against thrombosis, 

 glucocorticoids plus therapeutic apheresis, and/or intravenous 

immunoglobulins in the treatment of CAPS.64

Rheumatoid arthritis
Rheumatoid arthritis is an autoimmune disease that affects 

approximately 1%–3% of the population and results in 
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considerable morbidity and debility.65 A typical character-

istic of rheumatoid arthritis is that the joints are affected, 

with accompanying extra-articular manifestations, such as 

vasculitis as well as spleen and lymph node involvement. 

Recent evidence supports a central role for activated T cells 

in its pathogenesis. In the inflamed joints of patients with 

rheumatoid arthritis, activated T lymphocytes accumulate as 

activated cells.66 The etiology and pathogenesis of rheuma-

toid arthritis are still unclear for the most part. It is known 

that treatment of this disease is very difficult and even 

controversial. Most drugs have only limited efficacy.66,67

Rheumatoid arthtitis is a chronic multisystem autoim-

mune disease of unknown etiology. The most characteristic 

feature is an an inflammatory synovitis, it can be relapsing 

or persistent, usually involving peripheral joints in a sym-

metric distribution.18 In about 20% of the patients, there 

are extra-articular features. The role of antibodies to cyclic 

citrullinated peptides in the pathogenesis and diagnosis has 

been increasing attention.18

A positive rheumatoid factor can be serologically detected 

in about 80% of patients; antinuclear antibodies, circulating 

immune complexes, cryoglobulins, and hypergammaglobu-

lins may also be present. The rheumatoid factors belong to 

the IgM and IgG group. The immune complexes can activate 

the complement system and, via subsequent activation of 

mononuclear and polymorphonuclear cells, cause tissue 

damage through release of proinflammatory cytokines, 

particularly TNF.68

It has been shown that rheumatoid arthritis has significant 

systemic effects, with associated morbidity and mortality.9 The 

role of humoral versus immune activity in the resulting disease 

process is not completely understood, although recent data 

suggest both are involved. T cells are activated by an unknown 

initiating process, resulting in production of interleukin-1 and 

TNF-α, which have been shown to have a significant role in 

the inflammatory process. It is believed that autoantigens 

develop after initiation, perpetuating T cell activity and the 

disease process. Rheumatoid arthritis was previously thought 

of as a disease mediated primarily by T cells.69

The goals of therapy for rheumatoid arthritis are:

•	 relief of pain

•	 reduction of inflammation

•	 protection of articular structures

•	 maintenance of function

•	 control of systemic involvement

•	 healing of bone erosions.

None of the current therapeutic interventions is cura-

tive, and all must be viewed as palliative, aimed primarily at 

relieving the signs and symptoms of the disease.18 Medical 

management of rheumatoid arthritis can be divided conve-

niently into five groups of medications:

•  Aspirin, other nonsteroidal anti-flammatory drugs, 

and simple analgesics,

• low-dose oral glucocorticoids,

•  disease-modifying antirheumatic drugs (eg, 

methotrexate),

•  cytokine-neuralizing agents (ie, anti-TNF, 

anti-IL-1)

•  immunosuppressive, and cytotoxic drugs, 

and novel and effective biologic agents like 

rituximab.18

Because both cellular and humoral mechanisms are 

involved in the pathogenesis of rheumatoid arthritis, in 

recent years TPE, cryofiltration, lymphoplasmapheresis, 

and leukocytapheresis have been implemented in addition to 

immunosuppressive therapy in particularly severe cases.70–74 

The clinical results of cryofiltration, double filtration, and leu-

kocytapheresis are very encouraging; these methods could be 

a regular therapy for rheumatoid arthritis, particularly in those 

patients with poorly controlled disease on immune suppressive 

or anti-TNF therapy.75–79 In the guidelines for use of therapeutic 

apheresis published by the Apheresis Applications Committee, 

rheumatoid arthritis has for immunoadsorption with protein A 

the category II, and for TPE the category I.18,59

After the Apheresis Application Committee the rationale 

for using staphylococcal protein A column is  that protein A 

has a high affinity for Fc portion of IgG and for high molecu-

lar weight IgG and IGM complexes (18). IgG antibodies and 

CICs can be selectively removed from the blood by perfu-

sion of patient plasma through the columns. The removal 

or alteration of CICs by IA, could be immunomodulatory 

and potentially beneficial for patients with RA. Only small 

amounts of immunoglobulin are removed by IA (1%–3% 

of total serum Igs) and their concentration is unchanged, as 

are plasma levels of CICs. An indirect immunomodulatory 

mechanism is suggested in  IA-induced therapeutic responses 

in RA.18

The usual treatment course is 12 weeks. In most studies, 

clinical improvement was delayed for up to a few weeks after 

completing the procedures.

The current management and treatment of rheuma-

toid arthritis is f irst to use the above-mentioned f ive 

groups of medications with aspirin and other nonsteroidal 

anti-inflammatory drugs, and lastly, immunosuppressive 

and cytotoxic drugs. There is a new class of drugs that can 

be used to target specific cells and cytokines, and is known 
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as the “biological agents”. These drugs have been shown 

to reduce inflammation significantly and to retard the pro-

gression of joint damage in rheumatoid arthritis, thereby 

reducing symptoms and improving function.80 Early clinical 

results of monotherapy using tocilizumab, anti-interleukin-6 

receptor antibody, in rheumatoid arthritis were excellent.81 

Therefore, therapeutic apheresis is only indicated in severe 

cases of rheumatoid arthritis if all five groups of drugs have 

failed. The excellent results mentioned previously may be 

one reason why production of Staphylococcal protein A 

agarose (Immunosorba®; Fresenius HemoCare GmbH, Bad 

Homburg, Germany) and Staphylococcal A silica (Prosorba®; 

Fresenius HemoCare GmbH) columns was discontinued in 

the United States in December 2006. However, these devices 

are available in other countries.18

Inflammatory eye disease
When conventional therapy with cortisone or immunosup-

pressive drugs fails or is inadequate in the treatment of 

immune-mediated inflammatory eye disease with an autoim-

munologic pathogenesis, therapeutic apheresis may be indi-

cated and is increasingly being implemented with success. 

By 1984, Wizemann et al had already reported successful 

treatment of chronic uveitis with TPE.82

Severe uveitis is potentially associated with visual 

impairment or blindness in young patients.83 In posterior 

uveitis, progredient inflammatory processes can lead to 

morphologic changes in the chorioidea and retina, con-

tributing to functional deterioration. In uveitis intermedia, 

inflammatory processes in the peripheral retina and in 

the area of the  ciliary body require primary attention and 

aggressive treatment. In both cases, secondary destructive 

changes in the vessels can occur, causing reduced perfu-

sion of the retina and chorioidea. Primary inflammatory 

vascular changes may lead to secondary morphologic cho-

rioretinal changes which may then further impair function. 

The inflammatory process and/or the reduced chorioretinal 

perfusion are important. Therefore, an anti-inflammatory/

immunomodulatory therapy, a hemorheologic therapy, 

or a combination of both treatments, should bring about 

improvement of the condition, insofar as no other specific 

therapy is indicated.84

After excluding an infectious cause and general contrain-

dications, Brunner and Borberg carried out a prospective 

randomized study with TPE in uveitis.85 The aim of this study 

was to examine improvement in blood flow properties and 

possible immunomodulation through the exchange solution 

in addition to elimination of a pathologic substrate.85,86

Detection of immune complexes or autoantibodies in 

uveitis is problematic. First, indications for the existence 

and possible pathomechanism of pathogenic substrates to 

retinal S antigen were found in patients with uveitis and in 

animal studies. Both improvement and deterioration in the 

condition can be regarded as an indication of elimination of 

a pathogenic substrate.

Jahn et al describe significant improvement in apparent 

full blood viscosity and plasma viscosity in patients with 

uveitis after TPE and attribute this mainly to elimination of 

fibrinogen through the exchange.86 Dumonde et al discuss 

the protective, immune-modulating role of inhibiting circu-

lating immune complexes against antiretinal autoantibodies 

(retinal S antigen) in retinal vasculitis.87 On the other hand, 

immunoglobulins are therapeutically implemented both for 

antibody substitution and also for immune modulation in 

other nonocular diseases.88

The improvement in hemorheologic parameters could 

contribute considerably to the therapeutic success in autoim-

mune eye diseases accompanied by primary or secondary vas-

cular changes. With improved microcirculation, the damaged 

tissue can recover. In addition, other mechanisms, such as 

elimination of a pathogenic substrate or immunomodulatory 

effects of the exchange medium, probably contribute to the 

success of this therapy.

A similar positive influence of TPE on therapy-resistant 

uveitis was observed by Bambauer et al. In eight of ten 

patients with uveitis who displayed no improvement despite 

immunosuppressive therapy, eye symptoms improved with 

TPE. After new attacks of uveitis, only a few TPE sessions 

were required to improve the condition and stabilize it for 

many months.33 Other investigators have reported similar 

results.89 TPE seems to be particularly indicated in noninfec-

tious uveitis which does not respond to conventional therapy 

with cortisone and immunosuppressives. Basic therapy with 

cortisone and immunosuppressives along with TPE treatment 

seems to be advantageous.

In patients with disabling endocrine ophthalmopathy, 

plasma exchange may sometimes be of value to induce 

relief of ophthalmopathy. When it is used, it should be 

 instituted before fibrotic changes occur. Berlin et al suggest 

that concomitant immunosuppressive drugs should be given 

to prevent the rebound phenomenon induced by TPE in the 

treatment of endocrine ophthalmopathy, and that controlled 

studies should be performed.90

The immunomodulating mechanism of TPE, which favors 

a prompter elimination of inflammation, increases ocular 

function, and reduces recurrence, has been clarified. The 
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mechanisms of action of TPE as a technique used alone and in 

combination with immunosuppression, laser, and ultraviolet 

blood irradiation are mentioned by Frolov et al.91

In recent years, the anti-TNF-α antibodies, infliximab and 

adalimumab, and others demonstrated significant efficacy in 

controlling uveitis associated with seronegative spondyloar-

thropathies and juvenile idiopathic arthritis.88 The majority 

of reports of biologic therapies in posterior uveitis have been 

uncontrolled or retrospective studies in patients with uveitis 

resistant to immunosuppression.

Biologic therapies have increased the treatment options for 

sight-threatening uveitis. Despite an experimental rationale, 

the lack of evidence from randomized controlled studies limits 

our understanding of when to commence therapy, which agent 

to choose, and how long to continue treatment. Additionally, 

the high cost and potential side effects of the biologic agents 

have limited their current use to uveitis refractory to immu-

nosuppression. Further controlled randomized multicenter 

studies of TPE and/or immunosuppression versus biologics 

are necessary to clarify efficacy, side effects, and costs.

Conclusion
The prognosis of autoimmune diseases, such as SLE, antiphos-

pholipid syndrome, rheumatoid arthritis, and inflammatory 

eye disease, with their varying organ manifestations has 

improved considerably in recent years due to very aggressive 

therapy schemes. These include therapeutic apheresis in com-

bination with immunosuppressive therapies and/or biologic 

agents. In mild forms of autoimmune disease, immunosup-

pressive therapies and/or biologic agents seem to be sufficient. 

Therapeutic apheresis is only indicated in severe cases, such 

as rapid progression despite immunosuppressive therapy, and/

or biologic agents in renal involvement, acute generalized 

vasculitis, thrombocytopenia and leukopenia, pulmonary, 

cardial, or cerebral involvement. In these cases, therapeutic 

apheresis must be combined with an immunosuppressive 

therapy and/or biologic agent. Use of newer technologies, such 

as immunoadsorption, possibly in combination with recent 

biologics, might offer some new perspectives for extracorpo-

real treatment of systemic autoimmune diseases.
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