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ABSTRACT

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, and the treatment is complicated in these diseases. With the introduction of
therapeutic apheresis (TA), since more than 45 years, has led in combination with immunosuppressive therapies
to a steady increase in survival rates over the last decades. TA is accepted as supportive therapy in all antibody-
mediated diseases. Further modern therapy are different human monoclonal antibodies (HMA) with or without
TA. Besides, the pathological aspects, the first-line and second-line therapies for immunologic diseases, such as
renal, neurological, hematological, dermatological, and autoimmune diseases, which are possible, are shown.
For immunological diseases that can be treated with TA, the guidelines of the Apheresis Applications Committee
of the American Society for Apheresis are cited. TA has been shown to effectively remove the autoantibodies from

blood and lead to rapid improvement.
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Abbreviations

AA: Aplastic Anemia; AAC: Apheresis Application Committee;
AAVs: Adeno-associated viruses; AAV: ANCA associated
vasculitis; Ab: Antibody; ABM-ab.GN: Anti-basement membrane
antibody; ABO: Blood group system; AChR: Acetylcholine
receptor; ADAMTS 1B: A disintegrin and metalloproteinase;
ADAMTSI13: A disintegrin and metalloproteinase with a
thrombospondin type 1 motif. Memberl3; ADEM: Acute
disseminated encephalomyopathy; AID: Autoimmune disease;
AIDP:Acuteinflammatorydemyelinatingpolyneuropathy; AIHGA:
Autoimmune hemolytic anemia; AKI: Acute kidney injury; ALD:
Anti-lymphocyte globulin; ALG: Antilymphpocyte globulin;
AMR: Antibody-mediated rejection; ANCA: Antineutrophil
cytoplasma antibodies; AntiCD29: Monoclonal antibody; Anti
Glu R3: Extracellular antibody; APS: Antiphospholipid syndrome;

ASFA: American Society for Apheresis; ATG: Antithymocyte
globulin; BANFF: Classification for antibody-mediated rejection;
BM: Bethesda Units; BP: Bullous pemphigoid; BW: Body weight;
CAPS: Catastrophic antiphospholipid syndrome; CD4, CD25:
Regulatory T cells; C5b, C9: Complement components; C3,
C3b-C9: Complement factors; CE1, CE3: Cystic echinococconosis;
CIC: Circulating immune complex; CIPD: Chronic Inflammatory
demyelinating  Polyradiculoneuropathy; CMV: Cytomegalo
virus; CNS: Central nervous system; Cr: Creatinine; CRI,
CR3: Complement receptor; CRISPR/Cas: Clustered regularly
interpaced short palindrome repeats; CSF: Cerebrospinal fluid;
D: Dalton DC: Dendritic cell; DNA: Deoxyribonucleic acid;
Ds: Double strang; DSA: Digital subtraction angiography; ECP:
Extracorporeal photopheresis; EHEC: Enterohemorrhagic E. coli;
ESRD: End stage renal disease; F: Female; F VIII: Factor VIII; F
Vlla: Factor Vlla; FC, FCE I-11I: Fragment crystallizable receptor;
FcRI-10: FC receptor 10; FFP: Fresh frozen plasma; FSGS: Focal
sclerosing glomerulosclerosis; GABHS: Group A beta hemolytic
Streptococcus; GBM: Glomerular basement membrane; GBS:
Guillain-Barré syndrome; GFR: Glomerular filtration rate; GI:
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Gastrointestinal tract; GN: Glomerulonephritis; GNS: N-acetyl
glucosamine 6 sulfate; GOPD: Glucose-6-phosphat-dehydrogenase;
GP-Lib IIla, 1b/1V: Glycoprotein Illa, b/IV; GQlb: Glycan
monoclonal antibody; GVHD: Graft-versus-host-disease (a-; c-);
HDN: Hemolytic disease in newborns; Factor HF1: Hageman
factor 1; HIV: Human deficiency virus; HLA: Human leukocyte
antigen, HMA: Human monoclonal antibody; HPA: Human
platelet antigen; HPC: Hematopoietic cell; HPCT: Hematopoietic
progenitor cell transplantation; HSCT: Hematopoietic stem-
cell transplantation; HSP: Henoch-Schonlein purpura; IA:
Immunoadsorption; IC: Immune complex; ICN: Immune complex
nephritis; IgA, IgG, IgM: Immunoglobulin IgA, IgG, IgM;
H pylori: Helicobacter pylori; IF: Interferon; IL: Interleukin
ITP: Idiopathic thrombocytopenic purpura; IUT: Ultrasound
tomography; IVIG: Intravenous immunoglobulins; LDH: Lactate
dehydrogenase; LDL: Low-density lipoprotein; LEMS: Lambert-
Eaton myasthenic syndrome; LRP 4: Low-density lipoprotein
receptor related protein 4; M: Male; MCGN: Minimal change
glomerulonephritis; MG: Myasthenia gravis; MEPEX: Plasma
exchange for renal vasculitis study; MFS: Miller-Fisher syndrome;
MiU: Malmé inhibitor units; 8-MOP: 8-Metoxypsoralen; MPA:
Microscopic  polyangiitis; MMF: Mycophenolate mofetil;
MNC: Mononuclear cell;, MPGN: Membranoproliferative
glomerulonephritis; MRS: Magnet resonance spectroscopy; MRI:
Magnetic resonance imaging; MS: Multiple sclerosis; mTOR:
Mechanistic target of Rapamycin; Musk: Muscle specific kinase;
NC1: No collagenous Domain 1; NMJ: Neuromuscular junction;
aRNP: Ribonucleoprotein; NS: Nephrotic syndrome; OKT 3:
Monoclonal antibody Orthoclone; PAlg: Plasminogen activator
inhibitor; PANDAS: Pediatric autoimmune neuropsychiatric
disorders associated with Streptococcal Infections; PEXIVAS:
Plasma exchange and Glucocorticoids for Treatment of Anti-
Neutrophil Cytoplasma Antibody-Associated Vasculitis; PG:
Pyoderma gangrenosum; MPL: Monophosphoryl Lipid A; PRA:
Panel-reactive antibody; PRCA: Pure red cell aplasia; PTP:
Post transfusion purpura; PV: Pemphigus vulgaris; QA: Quality
assurance; RA: Rheumatoid arthritis; RBC: Red blood cell; RD
3: radarman third class; Res: Reticuloendothelial system; RG:
recommendation grade; Rh: Rhesus factor; RhD: Rhesus factor D;
RNA: Ribonucleic acid; RNP: Ribonucleoprotein; RPGN: Rapid
progressive glomerulonephritis; SC: Seydenham’s chorea; SJS:
Steven-Johnson syndrome; SLE: Systemic lupus erythematosus;
Sm: Smooth muscle; SS: Single stranded; SS-A/Ro6: Sjogren
syndrome antigen/ribonuleoprotein complex; SS-A/R6: Sjogren
syndrome type B antigen. Anti-la; TA: Therapeutic apheresis;
TAC: Tacrolimus; TEN: Toxic epidermal necrolysis; Th 1 Th 2:
T helper cell type 1, type 2; TMA: Thrombotic micro antipathy;
TNFa: Tumor necrosis factor o; TPE: Therapeutic plasma
exchange; TPO: Thrombopoietin; TPO: Thrombopoietin receptor
antagonist; TPV: Total plasma volume; Treg: Regulatory T cell
TTP: Thrombotic thrombocytopenic purpura; UVA: Ultraviolet
A; WAIHA: Warm autoimmune hemolytic anemia.

Introduction

Therapeutic apheresis is the generic term for different extracorporeal
blood purification methods that removes inflammatory mediators,
antibodies, and other toxic substances, which are pathogenic in various
diseases, from blood. TA is used in many autoimmune diseases [1].
Since the pathogenetic relevance of autoantibodies could defined in
various diseases, disease-specific adsorbers have been developed
for example, in dilated cardiomyopathy (p1-adrenergic receptors),
in systemic lupus erythematosus (SLE, C1q), and in grouping ABO
blood group antigens [2-5].

With the hollow fiber modules in TA, a complete separation of the
corpuscular components from the plasma is reached and due to
increases blood flow rate higher efficacy [6]. TA using centrifuges
has shorter treatment times such as TA using hollow fibers shown
by Hafer et al. is no advantage [7]. More important is to keep the
blood levels with antibodies, and/or pathogenic substances on
a very low level over long time during the treatment. However,
the substances that should be eliminated could invade into the
intravascular space and be eliminated by the membrane separators.
Furthermore, cell damage — especially to thrombocytes — occurs
less using membranes than centrifuges for all cell separation. The
adsorption technologies allow the most selective separation of
plasma components without the use of any substitution solution
[6]. Membrane techniques are simple and safe to apply and can be
competitive to other plasma separation and treatment technologies [8].

The hollow fiber modules in therapeutic plasma exchange (TPE)
are mostly used in nephrology, as many of these membranes can
be used with currently available dialysis equipment. Nephrologists
have an extensive training in the management of blood purification
treatments including vascular access, anticoagulation, volume
management and prescription for solute clearance [9]. The renal
indications for TPE expand the clinical practice of nephrologists [10].

Only a few prospective controlled trials are available that are of
adequate statistical power to allow definitive conclusions to be
reached regarding the therapeutic value of TPE. This drawback
reflects, in part, the relative rarity of most of the disorders
under investigation. To compensate, many investigators have
understandably grouped heterogenous diseases together, often
retrospectively, and used historical controls. The latter design is
potentially hazardous, given that earlier diagnosis, recognition of
milder cases, and improved general care over time may be lost as
a benefit of TPE [11]. Most histories of many diseases commonly
treated by TA (e.g., cryoglobulinemia, SLE) are characterized by
episodes of exacerbation and remission.

The thresholds for intervention and the details of treatment
protocols may vary widely between centers, rendering it difficult
to compare studies. TA is primarily used in the treatment of
inflammatory renal diseases as an adjunct to conventional
immunosuppressive therapy and might be expected a priori to
confer only small additional benefit that require large sample size
for its detection. Negative studies are inevitably less likely to be
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published and estimations of efficacy made based on published
reports may be based in favor of TA [11].

For the diseases for which the use of TA is discussed, the guidelines
on the use of TA from the Apheresis Applications Committee
(AAC) of the American Society for Apheresis (ASFA) are cited
[12,13]. Bambauer et al. discuss the TA methods such as TPE and
different semi- or selective plasma exchange methods [14].

Autoimmune Diseases (AID)

AID caused by antibodies acting against the body’s own tissue.
In more than 80% of the illness are common characteristics of
which immune mediated destruction of intracellular structures
in connective tissue, resulting in fibrinoid tissue damage [2].
AID, with the exception of rheumatoid arthritis and autoimmune
thyroiditis are individually rare, but together affect approximately
5 % of the population in western countries: The most of them are
poorly understood group of diseases [15]. Viral infections and
other influences can lead to altered native antigen with a loss
of suppression [2]. Typically, antinuclear antibodies are to be
found against most nuclear structures. Vasculitis is common to
all diseases, and is most easily demonstrated histological in the
precapillary arterioles and post-capillary venuoles: In immune-
mediated synovitis, the same chronic cellular infiltrate are seen,
with its clinical manifestations of arthralgia or arthritis [16].

The cause of autoimmune reactions is still generally unknown.
The spectrum of AID ranges from those diseases in which auto-
immunization are solely responsible for the disease condition,
to those in which it possibly has a major influence on the further
course of the diseases, and those in which the auto-immunization
phenomena are probably only of diagnostic importance [16].
These autoantibodies can also be directed at all blood cells.

Inflammation is a complex set of events accompanied by release
of much different soluble substance as antibodies (ab) that diffuse
away from the site of their production. Autoantibodies are not
necessarily auto aggressive or destructive. They only lead to
inflammatory tissue reaction when, through their binding to cells
and through complement activation, the reaction chain of the
serum complement system is triggered [16].

Immune complex (IC) is a physiological process and serves to
eliminate foreign material, such as bacteria, their components and
viruses. The formed ICs are removed from blood by the adhesion of
the Fc-fragments of the antibodies to the corresponding phagocyte
receptors in the liver and spleen. ICs are deposited preferentially
in certain sites throughout the body, the kidneys, the joints, the
lungs and the skin. The kidney accumulates ICs because the blood
pressure in the glomerular capillaries is four times higher than
in other capillaries and because the glomerulus retains ICs by a
simple filtering effect [16]. Similarly, ICs may also accumulate
in other body filters. Circulating ICs (CIC) are involved in the
regulation of various immune phenomena. With TA, it is possible
to interrupt the pathological process by eliminating antibodies.

Nephrological Diseases

Rapid Progressive Glomerulonephritis (RPGN)

RPGN is a diffuse glomerulonephritis that frequently begins
acutely. RPGN is a histologic diagnosis, and can occur from
a number of etiologies, including anti-basement membrane
antibody glomerulonephritis (ABM-ab-GN), which is very rare,
antineutrophil cytoplasma antibodies (ANCA), and even IgA
nephritis. The histological characteristics are usually capillary
emboli with necrosis of the capillary walls and semi-lunar
formation, and deposition of IgG and C3 along the glomerular
basement membrane. Most cases are simultaneously accompanied
by acute kidney injury [17]. More than 90 percent of patients with
RPGN due to Goodpasture’s/anti-GBM RPGN have anti-GBM
antibodies in their circulation.

RPGN consists of rapid loss of renal function with the histologic
finding of crescent formation in over 50% of glomeruli [17].
Histologically is observed a proliferation of cells within Bowman's
space of the glomerulus due to the extravasations of proteins into
the space. These cells consist of proliferating parietal epithelial
cells as well as infiltrating macrophages and monocytes. RPGN
is not a single disease entity but is a clinical syndrome with a
different number of etiologies. Linear disposition of IgG due to
autoantibodies to type IV collagen representing antiglomerular
basement GN (15 %) [17].

The incidence is 0.85 per 100.000/year. Importantly, when
discussing RPGN, a number of entities are frequently included
in case series and trials, thus confounding results (18). Therapy
consists of high-dose corticosteroid (e.g., methylprednisolone)
and cytotoxic immunosuppressive drug (e.g., cyclophosphamide
or azathioprine) [13]. Other drugs have been used include
leflunomide, deoxyspergualin, tumor necrosis factor blockers,
calcineurin inhibitors, and antibodies against T cells, or human
monoclonal antibodies.

The rationale for therapeutic apheresis is that RPGN with dialysis
dependence (Cr > 6 mg/dL) and RPGN with diffuse alveolar
hemorrhage have the Category I with the recommendation grade
(RG) 1A and 1C. RPGN dialysis independent has the Category II1
with the RG 2C [12]. Because of the benefit of plasma exchange
in the crescentic GN of anti-GBM, TPE was applied to all causes
of RPGN [13]. The role of TPE has been examined in some trials
in pauci-immune and immune complex GNs and in the treatment
of pauci-immune GN. Results of other trials indicate that TPE
may be beneficial for dialysis-dependent patients presenting
with severe renal dysfunction; however, is no therapeutic benefit
over immunosuppression in milder disease. The predominance
of pauci-immune GN cases in these series may account for these
results [13]. TA is the extracorporeal method that most effectively
removes pathogenic immune complexes and antibodies [19]. The
frequency of TA is every other day. The volume treated is 1 —
1.5 total plasma volume and the substitution solution could be a
human-albumin electrolyte solution. Treatment is for 1 — 2 week
followed by tapering with less frequent treatments. The duration
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of therapy is not well defined in the literature. Some trials have
stopped TA if there is no response after 4 weeks of therapy.
PEXIVAS, an international randomized controlled study
comparing TPE versus no TPE and standard versus reduced dose
steroid regimen on the primary composite outcome of end stage
renal disease (ESRD) or death in patients with ANCA-associated
vasculitis (AAV) represents the largest study on the role of TPE
in AAV [20]. In the patients under TPE was not significantly
associated with their risk of primary outcomes, mortality, and side
effects. It was suggested that TPE might be effective in suppressing
ESRD in the early stages of treatment [21]. The PEX1VAS study
did not show the addition of TPE to standard therapy conferred
benefits in patients with severe ANCA-associated vasculitis, but it
did show that a reduced-dose regimen of oral glucocorticoids was
non-inferior to a standard-dose regimen [22].

Anti-Basement Membrane Antibody Glomerulonephritis
(Goodpasture Syndrome, ABM-ab-GN)

In ABM-ab-GN, antibodies appear which that are directed against
a peptide component of one of the two non-collagen parts of type
IV collagen. However, type IV collagen is found not only in the
kidney, but also in the vessels of other organs, such as the lung
[23]. The mechanisms responsible for the production of antibodies
against the antigens are still not clear.

A large number of diseases have been associated with Goodpasture
syndrome based on different cases; however, the most consistently
reported associations are with membranous nephropathy and
antineutrophil cytoplasmatic-associated vasculitis. Only a small
part of ANCA GN have anti-GBM ab, mostly it has thought to be
an environmental or infectious exposure that triggers onset of these
diseases. It is reasonable to speculate that for both membranous
and ANCA-positive vasculitis damage to the kidney elicits an
immune response against the GBM, leading to the production of
antibodies, which may or may not contribute to disease progression
[23]. ANCA GN responds to TPE even when patient on dialysis
and anti-GBM GN does not.

The formation of anti-basement membrane antibodies is frequently
limited in duration. The autoantibodies cause severe disturbances
in the permeability in the lung with significant deterioration in
diffusion capacity and hemoptysis. The renal deposition of this
autoantibody frequently leads to rapid deterioration in renal
functioning, which expresses itself histologically in a necrotizing
glomerulonephritis in part. Linear deposits of IgG can be
immunohistologically detected both at the basement membrane
of the lung, as well as of the kidney [21,22]. An antigen with a
probable size of 26,000 — 28,000 daltons is considered responsible
for these deposits, its immunogenic epitopes being located on the
stable glomerular domain NCI of collagen IV [22]. The antigen
is primarily present in a hexamers form and forms monomers
and dimers [22,23]. Antigen determinants are exposed after
dissociation and can thus bind specific antibodies. This molecule
seems to be present in all basal membranes, in particular in those
of the glomeruli, renal tubuli, the Bowman capsule, the lung, and

the plexus chorioideus, in the placenta, but also in those of the
aorta and the small intestine.

De Lind van Wijngaarden et al. observed that chronic and acute
tubulointerstitial lesions predict the glomerular filtration rate (GFR)
at 12 months, yet it was the use of TPE and the number of normal
glomeruli on biopsy that remained positive predictors of dialysis
independence in the same time interval [24]. This is important
because it suggests that unaffected glomeruli determine long-term
renal outcome at 1 year. In a second study, the same group extended
their work in determining the rate of renal recovery [25]. In the
MEPEX study, 69 dialysis-dependent patients who were part of
the TPE trial, TPE was superior to pulse methylprednisolone with
respect to the change of coming of dialysis. The outcome measure
depended on the relative number of normal glomeruli.

TA also provides the possibility of improvement in cases of
pulmonary bleeding, which based on the same immunological
process, even when renal function is already irreversibly impaired
[26,27]. A final long-term prognosis for patients whose condition
improved after TA cannot be made. As basement membrane
antibody formation often ceases during treatment, recovery, or at
least partial recovery is possible.

The rationale for TA is that RPGN with dialysis dependence (Cr
> 6 mg/dL) and RPGN with diffuse alveolar hemorrhage have the
category | with the RG 1A and 1C. RPGN dialysis independent
has the Category I1I with the RG 2C (Table 1) [12]. Because of the
benefit of TPE in the crescentic GN of anti-GBM, TPE was applied
to all causes of RPGN. The frequency of TA is every or every
other day until anti-glomerular basement membrane antibodies are
detectable. The volume treated is 1-1.5 total plasma volume, and
the substitution solution could be a 5% human albumin-electrolyte
solution or fresh frozen plasma (FFP). Treatment is for 1-2 week
followed by tapering with less frequent treatments. The duration
of therapy is not well defined in the literature. Some trial have
stopped TA if there is no response after 4 weeks of therapy. TA
should be continued until antibodies fall to undetectable levels in
patients with active disease and anti-GN M antibodies present [12].

Immune Complex Nephritis (ICN)

Many types of glomerulonephritis are initiated by the deposition
of immune complexes (ICs), which induce tissue injury via either
engagement of Fc-receptors on effector cells or via complement
activation [28]. The pathogenic consequences of systemic
autoimmune disease is thought to trigger by the generation of
antibody and subsequent tissue deposition of ICs. Modulation of
the autoantibody response disrupts pathogenesis by preventing
the formation of ICs; however, uncoupling IC formation from
subsequent inflammatory response seems unlikely because of the
apparent complexity of the IC-triggered inflammatory cascade [29].

In idiopathic symptomatic RPGN, which is frequently caused by
an immune complex nephritis, the therapeutic concept is not as
clear-cut as with anti-glomerular basement membrane antibody
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Table 1: Guidelines on the use of TA in clinical practice-based approach in nephrology diseases [12,13], and own observations from 1980-2008.

Apheresis Application Committee of the ASFA, 2013, 2019 [12,13] Own Observations from 1980 -2008
*

TA C RG Pat (n) Age(y, x) f/m IT-If)};:‘ " (Et‘;) Course + improved
RPGN (ANCA associated) | 1A 14 49.6 4/10 9.3*% 2.82 + 8/ 6ESRD
Dialysis dependence 10.6%*
-DAH TPE | 1C ---
- Immune complex nephritis, dialysis independent 1II 1B 12 29.7 39 24.5 2.11 +10 2ESRD
Anti-glomerular basement
disease (Good pasture’s syndrome), dialysis dependent 1 2B 3 13,7 2/1 52.0% 32 + 1l
-no DAH TPE 1 1C --- ’ 32,4** 1 ESRD, 1 died
- DAH dialysis independent 1 1B ---
Focal sclerosing GS (FSGS)
— primary I 6 44.0 2/4 41.5% 2.1 +6
— secondary TPE 111 1 50.0 1/0 42% 3.0 4 1l
— recurrent (in transplanted kidney) I 1B ---
Hemolytic uremic syndrome (HUS) 16 6.4 10/6 7.8* 1.16 +15/1 ESRD
- complement gene mutations TPE 11 2C -
- Factor H ab 1 2C -
- MCP mutations v IC ---
Renal transplantation
- ABO incompatible, ab mediated rejection, 1 1B 2 50/32 2m 6/2* 3/2 +1/1ESRD
- desensitization living donor TPE 1 1B -
- desensitization I 2C -
- ABO incompatible, desensitization, I 1B
- live donor ---
- humoral rejection, group A2/A2B into B decreased 11 1B ---
donor v 1B

TA: TA modality; C: Category; RG: Recommendation grade; Pat: patient; f/m: female/male; EV: Exchange volume (I/tr: liter / treatment, X);
Substitution: 3-5% human albumin electrolyte solution, FFP; DAH: diffuse alveolar hemorrhage, MCP: membrane cofactor protein

Category I: accepted for TA as first-line therapy; Category II: accepted for TA as second-line therapy; Category I1I: not accepted for TA, decision
should be individualized; Category IV: not accepted for TA, approval is desirable if TA is undertaken [12,13].

nephritis. An improvement in renal function is possible in more
than 60 percent of cases, if either pulse therapy (high dose therapy
with corticosteroids) or TPE is administered. In view of the
devastating pathophysiologic consequences of interaction between
circulation immune complexes and the basement membrane was
found, that TPE in combination with immunosuppression should
be carried out as quickly as possible [30].

Combination of corticosteroid and cyclophosphamide or
rituximab, and/or mycophenolate mofetil (MMF), and tacrolimus
(TAC) has been recommended for remission induction of ANCA-
associated vasculitis [31]. This is the first report demonstrating
the efficacy of a multi-target therapy of corticosteroid, MMF, and
TAC for remission-induction of intractable ANCA-associated
glomerulonephritis developed independently of systemic lupus
erythematosus.

RPGN with or without Glomerular Deposition (ANCA ab)
Pauci — Immune RPGN

Approximately 60 percent of patients with RPGN present with
crescentic glomerulonephritis characterized by few or absent
immune deposits, the so-called pauci-immune RPGN. Patients
with this disease have either Wegner’s granulomatosis; ANCA-
ab associated vasculitis, polyarthritis nodosa, or “renal-limited”
pauci-immune GN (Table 1) [32]. These diagnoses may represent
a spectrum of manifestations of a single disease, because there is
marked overlap of clinical and histopathologic features, and several

patients have anti-neutrophil cytoplasmatic antibodies in their
blood which are more common that anti-GBM. The concentration
of circulating ANCA correlate with the disease activity in some
patients, and ANCA may contribute to the pathophysiology of
pauci immune RPGN through reactivity with neutrophils or
endothelial cells, and other inflammatory mechanisms [32,33].

The prognosis of pauci-immune RPGN in general has been poor.
Precise therapy therapeutic recommendations are difficult to
obtain from the literature, because most series comprise patients
with different types of RPGN. However, available data suggest
that 80 percent of such patients’ progress to ESRD without therapy
with high dose immunosuppression or cytotoxic drugs. Some trials
have evaluated the efficacy of TA as an adjunct to conventional
immunosuppressive in patients with pauci-immune RPGN [32,33].

In milder forms of pauci-immune RPGN, the generation of
antibody and subsequent tissue deposition of immune complexes,
the results of the randomized trials argue against the role for TA;
however, suggest a potential benefit when TA is used as an adjunct
to conventional immunosuppressive therapy in patients with
severe disease. This relative lack of efficacy probably reflects the
efficiency of conventional immunosuppressive agents in halting
inflammation and preserving renal function in most patients.
These conclusions are supported by the results of uncontrolled
trials, suggesting a response rate of 70 percent in patients with
RPGN treated with TA, similar to that of patients treated with
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immunosuppressive therapy with a response rate of 60 percent. In
most cases of RPGN, a treatment of TA in the early phase of the
disease seems to be necessary.

In the MEPEX study, de Lind van Wijngaarden et al. showed
that in patients with dialysis-dependent, ANCA-associated
vasculitis, the chances of recovery differ depending on the type
of adjunctive treatment, the percentage of normal glomeruli
and glomerulosclerosis, the extent of tubular atrophy, and the
presence of arteriosclerosis. Even with an ominous biopsy at
diagnosis in combination — with dialysis dependence, the chance
of renal recovery exceeds the chance of therapy-related death
when the patient is treated with TPE as adjunctive therapy [25].
The PEXIVAS trial did not show that the addition of TPE to
standard therapy conferred benefits in patients with severe ANCA-
associated vasculitis, but it did show a reduced-dose regimen of
oral glucocorticoids was non-inferior to standard-dose regimen
[24]. With high titers of circulating ICs or other antibodies, which
could damage the kidney and other organs, IA with protein-A, or
sheep polyclonal antibodies can be more effective than the TPE
procedure.

Therapy Recommendations for RPGN

RPGN therapy possibilities were extended in recent years to
include TA. Antigens, antigen-antibody complexes, and immune
complexes can be eliminated from the blood with the aid of TPE.
A corresponding therapy enables immunomodulation through
suppression or stimulation of antibody formation, as well as a
temporary remission of the inflammation through inhibition of
the mediators. TPE combined with immunosuppression therapy
seems to us to be advisable, particularly in view of the unfavorable
prognosis for RPGN, with its complex causes.

The therapy recommendation is based on the few uncontrolled

and controlled studies available [32,34-37] TPE is indicated in

combination with an immunosuppressive therapy with prednisolone

(intravenous pulse therapy, or oral therapy), cyclophosphamide

(intravenous pulse therapy or oral therapy), or azathioprine in the

following cases:

— RPGN with serum creatinine under 5.8mg/dl without oliguria
in anti-GBM disease

— All severe forms of RPGN with or without ANCA ab, like the
pauci-immune complexes, (Cr > 6 or patient on dialysis)

— Goodpasture syndrome with life-threatening hemoptysis, or
diffuse alveolar hemorrhage from ANCA or MPA independent
of renal function status

TA used for renal indications, even in elderly patients is relatively
safe. Trends towards death in elderly patients may be multi-
factorials and not necessary related to TA (37). TA may be
decrease end of end-stage renal disease or death in patients with
RPGN [38]. The combination of TA with immunosuppressive
therapies including biologics seems to be more effective as TA
alone, but additional trials are required. However, other authors
prefer in cyclophosphamide-resistant ANCA-associated GN a

multi-target therapy, a combination of corticosteroids, MMF, and
TAC; however, additional trials are required [31].

Glomerulonephritis with Nephrotic Syndrome (NS)
Classification is classified morphologically, and thus does not
provide a uniform description of the disease. Differing etiologies
can result in considerable variations in the clinical features, as
well as course and prognosis. Therefore, it is difficult to establish
generally applicable therapeutic concepts and customized
treatment for the individual patient is the norm [39]. The variable
clinical courses of this heterogenous disease group render it almost
impossible to carry out controlled therapy studies. The clinical
successes and failures are to be found, as are therapy-produced
complications, e.g., infections, sterility, loss of hair, and others. The
benefits of immunosuppressive therapy must be weighed against
these complications. The aim of therapy for glomerulonephritis is
to prevent terminal renal insufficiency and the risks of nephrotic
syndrome.

The cause of NS lies in changes in the electrophysiological
characteristics of the filtration barriers and of the plasma proteins.
The anionic charge on albumin is retained by the negative charge
of the glomerular filter - including the basement membrane and the
epithelium - obviously play a decisive role [11]. Hemodynamic
changes, such as increase in venous pressure, can favor the
filtration of proteins.

NS of various GN often reacts to corticosteroids in varying
doses, administered over a period of 4 - 8 weeks. Patients with
frequent relapses are also treated with 2 - 3 mg/kg BW/day
cyclophosphamide [17]. Cyclosporin A has also been successfully
applied in nephrotic syndrome [6]. High doses of immunoglobulin
(IgG) for nephrotic syndrome, administered 0.4 g’kg BW 1gG on
three successive days were reported and repeated every 21 days
over a period of one year. Other therapeutic measures for nephrotic
syndrome are anticoagulants, thrombocyte inhibitors, ACE
inhibitors, immunosuppressive drugs, lipid reducers, biologics,
and diets [40-42].

The prognosis for focal sclerosing glomerulosclerosis (FSGS),
usually accompanied by nephrotic syndrome, is considerably less
favorable. Cases with nephrotic syndrome are recorded as having
a survival rate of 70 percent after six years. Without nephrotic
syndrome, this rate reaches 85 percent. Patients with this form
of glomerulonephritis are comprised of steroid — sensitive and a
steroid - non-sensitive groups and an appropriate therapy must be
selected. Non-reaction to steroids is an indication for a therapy
with cyclophosphamide, chlorambucil, or cyclosporin or other
immunosuppressive therapy [43]. FSGS is caused by a variety of
factors, however, one type that recurs after transplantation and has
been associated with circulating factors, can be treated with TPE.

In resistance to medication or severe progression of the disease,
additional TA therapy should be considered, as a continuing
treatment given once a week, or every two weeks, or once a
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month. After transplantation, as many as 40 percent of patients
with nephrotic syndrome have recurrences. The glomerular
abnormalities in patients with established disease include focal
and segmental glomerulosclerosis and hyalinosis, although fusion
of epithelial-cell foot processes may be the only abnormality early
in the course of disease [12]. Some patients with recurrent focal
glomerulosclerosis have a response to treatment with TPE, LDL
apheresis and IA there may be different circulating factors that
alter the glomerular barrier to protein filtration [44].

In the guidelines on the use of TA in clinical practice-evidence-
based approach from the AAC of the ASFA has the primary and
secondary FSGS the Category III with the RG 1C, and for the
FSGS recurrent the category I with the recommendation grade 1B
(Table 1) [12,13].

The treatment in native kidneys with FSGS is primarily with
corticosteroids for at least 6 months prior to trying second-line
agents such as cyclophosphamide, chlorambucil, or azathioprine.
For resistant cases, TPE is being currently an option. Investigators
worldwide have used TPE in the management of patients with
FSGS in transplanted organs, in an attempt to save the graft. There
is no standardized treatment for recurrent FSGS post-transplant; the
majority of regimens use a combination of an immunosuppressant
such as cyclophosphamide, biologics, and TPE. Other therapeutic
options include high-dose cyclosporine, angiotensin converting
enzyme inhibitors, and indomethacin and/or tacrolimus. Another
approach to prevent recurrent FSGS is several sessions of pre-
emptive TPE immediately prior to and following the transplant
[11]. More recently, rituximab and mycophenolate mofetil have
also been used in conjunction with diagnosed in order to halt the
process and maintain renal function [12,13].

In certain FSGS patients appears to contain an ill defined
“permeability factor”, probably a glycoprotein of molecular
weight of 30 — 50 kD that includes profound leakage of albumin
when incubated with isolated rat glomeruli. Such factor is removed
by TPE and the decrease in serum concentration coincides with
improvement in proteinuria. The immediate onset of proteinuria
following transplant is mediated by this factor, prophylactic TPE
may be instituted in high-risk patients. Some reports describe the
use of Staphylococcal protein-A columns in recurrent FSGS. The
duration of the procedure is to begin with three daily exchanges
followed by at least six more TPE in the subsequent 2 weeks, for
minimum of nine procedures. Tapering should be decided on a case-
by-case basis and is guided by the degree of proteinuria. Timing of
clinical response is quite variable and control of proteinuria may
take several weeks to months. Some patients have received long-
term monthly exchanges as maintenance therapy [12,13].

The nephrotic syndrome consisting of massive proteinuria,
hypoalbuminemia, edema, and hyperlipidemia, is a common
complication of glomerular disease in children and adults. The
annual incidence of nephrotic syndrome ranges from 2 — 7 per
100,000 children, and prevalence from 12 — 16 per 100,000. There

is epidemiological evidence of a higher incidence of NS in children
aged below 10 years from South ASIA [41]. The primary cause of
NS is idiopathic. There is evidence pointing to a role of the immune
system in pediatric minimal change glomerulonephritis (MCGN).
Another hypothesis has described an association between allergy
and MCGN in children. Relapses in this of syndrome are triggered
commonly by minor infections and occasionally by reactions
to be stings or poisoning. Abnormalities of both humoral and
cellular immunity have been described. Finally, the induction of
remissions by corticosteroid, alkylating agents, or cyclosporine
therapy provides indirect evidence for an immune etiology [12].

Although they are massively proteinuria, patients with MCGN,
do not have a generalized glomerular leak to macromolecules.
The clearance of neutral macromolecules in MCGN is actually
less than normal over a range of molecular radii. In contrast, the
clearance of anionic macromolecules is significantly increased.
This and several other lines of evidence suggest that proteinuria
results from a loss results from a loss of fixed negative charges
of anionic glycosaminoglycan’s in the glomerular capillary wall
[12]. The mechanisms through which these charges are lost are
unknown. The traditional view is that massive albuminuria, in NS
causes a decrease in intravascular oncotic pressure, which allows
extravasation of fluid and hypovolemia, increased aldosterone and
antidiuretic hormone secretion, and renal salt and water retention.
MCGN usually takes a benign course and can be well treated
with customary therapy measures. In severe cases, therapy with
prednisolone and cyclophosphamide over a period of 8 to 12
weeks is indicated [45,46]. Cyclosporin has shown some efficacy
in steroid-resistant NS [47]. A significantly rapid faster relief
from steroid-resistant NS by using LDL apheresis than from
steroid monotherapy is reported [47]. A rapid improvement of
hypercholesterolemia by LDL apheresis in steroid-resistant NS
will provide more rapid relief from NS than from steroid therapy
alone. Others recommended in steroid-resistant NS intravenous
steroids in high dose with alkylating agents, cyclophosphamide
oral or pulse cyclophosphamide and mycophenolate mofetil [48].

Membranoproliferative glomerulonephritis (MPGN)
usually occurs in combination with nephrotic syndrome and
hypertension. The occurrence of NS signifies a poorer prognosis.
The effectiveness of medication with corticosteroids or pulse
therapy, cyclophosphamides, anticoagulants, and intravenous
immunoglobulins has not yet been established [49]. A successful
treatment with protein-A IA in patients with relapsing nephrotic
syndrome was reported [49,50]. MPGN from cryoglobulinemia
could be an indication for TA, too.

NS is the main symptom in peri-membranous glomerulonephritis.
In the case of acute nephrotic syndrome, it is advisable to undertake
therapy with high doses of prednisolone as a pulse therapy over a
period of 3 to 5 days or with 2 mg/kg BW in decreasing dosage
for 2 to 3 months. A combination with TPE should be considered
especially with the more selective procedures like cascade
filtration, IA, and LDL apheresis [47,49,51].
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The symptoms in mesangioproliferative glomerulonephritis
are not usually homogeneous. The prognosis is poorer if NS
and hypertension accompany the condition. There are varying
opinions exist with regard to corticosteroid and cytostatic therapy.
NS justifies a trial therapy with cyclophosphamide. In severe, drug
therapy-resistant cases, a combined TA and immunosuppression
therapy is recommended, regardless of the degree of renal
insufficiency [52].

Acute NS in particular seems to be favorably influenced by regular
TA treatment, for first, dysproteinemias and thus the edema can
be improved, and second human albumin can be administered in
larger doses. TA is theoretically a way of achieving an improved
effect on the basal membrane. The elimination of cholesterol,
LDL, and triglycerides might also reduce the atherogenic risk
for these patients and thus prevent progression. TA should be
considered as a useful therapeutic tool in the management of this
disease [44]. The reports of the therapy of NS with more selective
TA procedures like cascade filtration, A, and LDL-apheresis are
very encouraging and show a possibility for treating severe cases
of NS, if drug therapy fails. Renal diseases such as light chain
nephropathy, dense deposit diseases and others can be in severe
cases and if the conservative therapy has failed, threated with
TPE. As in the case of other renal diseases, controlled prospective
studies are needed.

Hemolytic-Uremic Syndrome (HUS)

HUS is a disease that can lead to acute kidney injury (AKI)
and often to other serious sequelae, including death. The
disease is characterized by microangiopathic hemolytic anemia,
thrombocytopenia and AKI. The etiology and pathogenesis of
HUS are not completely understood, and the therapy of HUS is
complicated. After introduction of therapeutic apheresis as a
supportive therapy in HUS, several authors reported successful
treatment using TA in HUS in more than 87 percent of treated
patients. The supportive therapy is indicated in severe courses of
HUS and is superior to available therapy interventions. Bambauer
et al. [53] discuss the pathophysiologic aspects of the different
pathogenic types of HUS.

Most cases are associated with infections with enterohemorrhagic
E. coli (EHEC). These bacteria can be transmitted through
contaminated food, animal and person to person contact. HUS is
one of the most severe complications of a potentially avoidable
food-borne infection. Other causes of HUS described as “typical”
have to be differentiated since other factors including genetic
disorders are of importance. A minimum of three different
pathogenetic types, which lead to HUS, are subdivided. HUS
caused by infection, idiopathic HUS (non-Shiga toxin HUS), and
HUS in systemic diseases and after toxin exposure [54].

There have been reports of spontancous recovery from HUS. The
various etiological and pathogenetic assumptions have produced
diverse therapy concepts. However, the total lethality in HUS was
first reduced to 20 percent with the introduction of dialysis [55].

If the therapy is administered early enough, two-thirds of cases
recover without any impairment. In 10 - 20 percent of cases,
however, lasting renal damage occurs. Other authors reported
successful in HUS using TPE and successful treatment in HUS
using TA with protein-A [56-59]. A compilation of therapeutic
concepts for HUS implemented up to 2009 showed the success of
HUS therapy with TPE/HD or IA/HD [53].

Substitution of plasma or coagulation factors is often necessary
due to the severe coagulation problems in HUS. TA might be
more effective than infusions alone, as it removes potentially toxic
substances from the circulation. TPE or IA should be considered
first-line therapy in situations that limit the amount of plasma that
can be infused, such as renal or heart failure. Plasma infusion
treatment is contraindicated in S. pneumonia induced non-Stx-
HUS. It may exacerbate the disease because adult plasma contains
antibodies against Thomson Friedenreich antigen [60].

Different randomized controlled trials showed that TPE and/or
dialysis as supportive therapy are still the most effective treatments
in HUS [61]. The outcome was listed for HUS, all-cause mortality,
chronic reduced kidney function, and persistent proteinuria or
hypertension at last follow up. None of the evaluated interventions
such as fresh frozen plasma transfusion or dipyridamole, Shiga
toxin binding protein and steroids was superior to supportive
therapy alone for any outcomes [61].

The advantage of TA over other therapeutic procedures is that
it intervenes at an early stage in the pathogenetic processes by
quickly removing immune complexes and toxins. TA eliminates
fibrinogen, fibrinogen degradation products, and other high
molecular complexes, all of which can both support and inhibit
coagulation. All other toxins produced by bacteriae and viruses like
Shiga-toxin, the pathogenic pathway which follows the activation
of the complement system of the factor HF1 with a partial HF1
deficiency and all other toxic substances can be quickly removed
by TA.

TA methods, which are introduced in HUS as a supportive therapy,
are TPE and IA with protein-A columns. Both methods are
described elsewhere [53,56,59]. The rationale for TA in HUS is
discussed controversially because of the limited and/or conflicting
data available in the literature. The rationale is that TA can
effectively remove antibody or mutated circulating complements
regulators [12]. TA seems a reasonable option considering the
poor prognosis of HUS in adults [53]. The role of TA is uncertain
but this treatment may be appropriate as supportive therapy.

The AAC of the ASFA divided HUS in 3 groups for TPE: Group
1 (diarrhea associated HUS) is a HUS due to complement factor
gene mutations has the category Il with the RG 2C. Group 2 is a
HUS due to autoantibody to factor H (atypical HUS), and has the
category I with the RG 2C. Group 3 is the typical HUS < 18 years.
Group 3 has the category IV with the RG 1C (Table 1) [12,13].
Due to the various and very different causes, which can lead to
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a hemolytic-uremic syndrome, there are no exact guidelines
available for the therapy of HUS.

In HUS, a supportive therapy is indicated which include control
of fluid and electrolyte imbalance, use of dialysis if required,
control of hypertension, blood and plasma transfusion as required.
Antibiotic treatment of E. coli O157:H7 colitis may stimulate
further verotoxin production and thereby increase the risk of
HUS. The use of dialysis like hemodialysis or peritoneal dialysis
as required daily. However, untreated HUS in adults and children
may progress to end in organ damage [62]. Platelet transfusion
may actually worsen outcome.

TPE or IA is generally performed daily until the platelet count is
normal. In TPE, the replacement fluid consists of human albumin-
electrolyte solution (5%) in 30 to 70 percent and FFP in the
remainder. The exchange volume per treatment should be 1 — 1.5
total plasma volume (TPV) depending on the severity of the HUS.
TPE may reverse the ongoing platelet consumption. By using IA,
no replacement fluid is necessary only between the treatments
FFP or coagulation factors may be transfused if required. The
hemodialysis treatment can be combined with the TA.

A large outbreak of diarrhea and the HUS caused by an unusual
serotype of Shiga-toxin-producing Escherichia coli (O104:H4) was
in Germany in May to July 2011 with 3,167 without HUS and 16
deaths in the patients, and 908 with HUS and 34 deaths [63]. 241
patients with HUS were treated with TPE and 193 patients with
TPE and eculizumab. The treatment strategy was dependent on
disease severity [64]. TPE and eculizumab in combination seems
to be prudent and necessary prior to establishing new treatment
guidelines.

Kidney Transplant Rejection

In chronic renal failure, a kidney transplantation is the decisive
alternative to permanent dialysis. Rejection of the transplanted
kidney is a grave problem. Although various therapeutic
interventions to delay or prevent rejection exist and use steroids,
immunoglobulins, immunosuppressives, cyclosporine A, triple
drug, OKT3, and other new developed immunosuppressive
therapies. Infections and rejection reactions are the most frequent
complications of modern transplantation [65,66]. Thus, acute
kidney transplant rejection is considered as an indication for TPE
[66,67]. TA is indicated in the management of rejection crisis due to
preformed specific antibodies or a high degree of immunization [65].

Immunological problems like performed donor-specific antibodies
or a high degree of immunization complicate the outcome of donor
transplantation. Postoperatively the antibody-mediated rejection
or drug-related side effects of the medication can limit the
therapeutic success of transplantation. Acute allograft rejection is
one of the important complications after renal transplantation, and
it is a deleterious factor for long-term graft survival. Rejection is a
complex pathophysiologic process, which has been explained by
transcriptome and proteome in RNA transcripts and proteins level

respectively [68,69]. Therefore, therapeutic strategies include a
primary avoidance of immunization, careful patient selection, a
meticulous immunological workup and a proper follow up and TA
as improved therapy [70,71].

After the blood group barrier had been successfully crossed
in Japan in the 1980s, different protocols were developed for
ABO-incompatible kidney transplantation and the procedure
has gained widespread acceptance and has been implemented in
most transplant centers [68,69]. Immunosuppression consists of
tacrolimus, mycophenolate and steroids together with induction
therapy with an IL-2-receptor blocking agent. The isoagglutinine
antibodies against the donor can be eliminated. Firstly, the CD
19/20-positive pre-B cells with a single infusion of rituximab four
weeks prior to transplantation and in a second step, the already
existing antibodies are depleted by using TA such as TPE or
IA. Novel sensitization and production of antibodies is thereby
efficiently prevented [71,72].

The disadvantage by using TPE is the elimination of physiological
proteins, the limitation to 1 — 1.5 TPV as treating dose and the
potential for infectious complications such as HIV or hepatitis
B or C by using plasma as substitution solution. Therefore,
various groups use the IA with unselective IgG columns. Patients
with performed HLA antibodies, i.e. a high percentage of panel
reactive antibodies, accumulate on the waiting list for kidney
transplantation and can experience a substantially longer waiting
time [65,71]. Therefore, center specific desensitization protocols
were developed in order to transplant these highly immunized
patients within a reasonable period.

The transplantation procedure is problematic with deceased
donor organs as the time for pre-conditioning of the recipient is
extremely limited and the accompanying procedures are difficult
to perform in time. If transplantation from a living donor with DSA
is planned, different protocols were published to desensitize the
recipient. These strategies require an intensive procedure, mostly
consisting of the administration of intravenous immunoglobulins
(IVIG), of intensified immunosuppression, pre- and postoperative
TPE or IA and carry a higher risk for antibody-mediated rejection
[65,73-75]. TA in all forms can be applied to remove DSA and
multiple HLA antibodies. No selective secondary adsorbers exist,
and available columns with a selectivity for immunoglobulins
would be considered the best option. Some treatments are usually
needed to deplete to recipient of the DSA- and/or anti-HLA titer.

Acute antibody rejection of organ allografts usually presents
as severe dysfunction with a high risk of allografts loss. HLA
antibodies are involved in AMR [76]. The renal biopsy often
cannot rule out one cause or the other with sufficient certainty,
leaving the physician with the decision how to treat vascular
rejection that can be caused by antibodies or cellular infiltration
[77]. TA accompanied by T cell depletion (ATG, ALG, or OKT3)
conversion to a tacrolimus-based immunosuppression and pulsed
steroids, are used to limit the interstitial and vascular damage [75].
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The use of IA targeted against IgG has been used successfully. It
is not possible, due to conflicting and limited data, to give general
recommendations about the treatment of TPE or 1A, the number of
apheresis sessions and the best immunosuppressive therapy [78].
A screening for donor-specific antibodies should be performed to
monitor the antibody titer during treatment, until 10 sessions with
daily treatments initially followed by apheresis every other day
can be necessary in a patient with vascular rejection (Banff ITb-III
or AMR) [65,74].

Recurrence or de novo thrombotic microangiopathy (TMA) in
the transient patient is observed rarely with the use of calcineurin
inhibitors or mTOR inhibitors or acute vascular rejection.
Infectious diseases such as HIV, CMV, Para virus B 19, an
inhibited or decreased activity of the von Willebrand factor-
cleaving metalloprotease ADAMTS 13 or mutations in complement
receptors may also trigger microangiopathy with either limited or
systemic manifestations [65].

TA can be attempted to ameliorate the course of the disease
and subsequent graft damage, if switching to a different
immunosuppressive regimen or the treatment of an underlying
infection does not lead to an improvement of the TMA [78]. The
treated volume is usually one TPV with human albumin and/
or fresh frozen plasma as substitution fluid and anticoagulation
with heparin on a daily basis until platelet count and lactate
dehydrogenase have normalized. Up to 50 percent of patients
demonstrate a prompt exacerbation if daily TA is stopped.
Continuation of TA on an alternate day strategy for at least two
additional treatments can reduce the recurrence rate. Nevertheless,
TMA reduces graft survival both in recurring or de novo TMA and
treatment might not alter the progression of the disease [65].

Goodpasture syndrome or anti-GBM disease can occur de novo
in patients following transplantation or as a manifestation of
underlying Alport disease, but is rare (e.g., 3 percent of transplanted
male Alport patients) [79-81]. The recipient’s immune system is
exposed to a collagen component carried by the transplanted organ
that is lacking in Alport patients and, consequently, the patient
might develop antibodies against this antigen in the glomerular
basement membrane. These antibodies may then induce post-
transplantation anti-GBM disease.

The treatment of this condition and of de novo disease is identical
to the strategy applied to non-transplanted patients. Both TPE
and [A have been shown to deplete the patient effectively of
antibodies and halt disease progression [82,83]. The TA should be
a rapid removal of the antibodies with daily treatments. Treatment
frequency should be tapered later to antibody titer measurements.
TA is accompanied by an intensified immunosuppressive regimen
to suppress further antibody formation [65,84].

Only some information is available about long-term results
of kidney transplantation in adults with focal segmental
glomerulosclerosis. However, primary FSGS recurs with uncertain

incidence after kidney transplantation (presumably 20 percent).
A circulating factor is assumed to play a causative role and TA
has been successfully applied in patients with recurrent FSGS. In
patients treated with TPE, or with a protein-A adsorption column,
a dramatic but usually transient reduction in proteinuria has been
described [85]. This effect was larger with the use of IA, but
remissions that are more prolonged were reported with the use of
TPE with or without combination with cyclophosphamide [65,84].

TA in transplantation as an important part of different therapy
strategies like for therapy of several conditions such as AMR or
ABOi transplantation is accepted today. TA enables the physicians
to develop strategies to provide the best organ replacement to
patients with high degree of immunization or performed DSA
thereby expanding the use of living donation. The standard method
has been TPE but it is currently more and more replaced by the
more selective methods provided by immunoadsorption. Due to
the considerable costs of 1A, the selection and application of an
adsorber and device for IA should be preceded by a judicious
effort to characterize and plan the treatment.

The guidelines of the AAC of the ASFA describe the antibody-
mediated rejection and HLA desensitization as follows and give
for the AMR renal transplant recipients and desensitization living
donor due to donor specific HLA antibody the category I with the
RG IB. The desensitization high PRA deceased donor has the
category III with the RG 2C [12,13].

AMR affects less than 10 percent of renal allografts. Recipients
at increased risk include those with previous transplant and
high panel reactive antibodies [12]. New immunosuppressive
drugs are continually being developed to prevent and treat
acute allograft rejection. All transplant recipients are placed
on immunosuppressive therapy but individuals with a high
likelihood of acute rejection, including those with HLA antibodies
and recipients of cadaveric organs, receive regimens that are more
intensive. The optimal regimen has yet not to be defined but include the
use of cyclosporine, tacrolimus, mycophenolate mofetil, azathioprine,
and ant lymphocyte globulin [17,18]. Other monoclonal antibodies
are rituximab, bortezomib and eculizumab [12,13].

The rationale for TA is that AMR and DSA, which are generated
after transplantation, can be removed with TPE, double filtration
plasmapheresis, lymphoplasmapheresis, and IA [11]. TPE is used
to lower antibody titer below a critical threshold. TPE has been
included in preparatory regimes for ABOi renal transplantation in
addition to other immunosuppressive/immunomodulatory drugs
therapies; this is likely due to improved anti-rejections, improved
detection of DSA, and improved definition of AMR using the
Banff criteria. Previously there was a high graft loss rate with acute
vascular rejection, current regimens, which include TPE, have a
graft survival rate of 70 — 80 percent [11].

TA can also be used prior to transplant to remove HLA antibodies.
TPE is used in combination with immunosuppressive drugs pre-
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transplant until cross-match is negative. TPE is usually continued
post-operatively and reinitiated in cases where AMR occurs. The
ability to obtain a negative cross-match depends on the DSA titer.
Using approximately five TPE preoperatively, will allow the titer
of <32 to become negative. The risk of AMR is approximately 30
percent with a small number of graft losses. The desensitization
protocols should be used only in highly selected patients [18].

Patients should be started on immunosuppressive drugs prior to
initiate TPE to limit antibody re-synthesis. For desensitization
protocols, there appears to be a correlation between the number
of TPE needed pre-operatively to obtain a negative cross-match
and the antibody titer [12]. The exchange volume will be 1 —
1.5 TPV and the replacement fluid can be a human-albumin (5
percent) electrolyte solution or FFP. TPE is also performed post-
operatively for a minimum of three procedures. Further treatment
is determined by risk of AMR, DSA titers, or the occurrence of
AMR [13,86].

Further investigations and more controlled studies will show
the importance of TA in the therapy strategies, but the financial
aspects of TA are matter of regional negotiation and preference.
To simplify reimbursement, transplant centers should define their
needs aim for a standard reimbursement and to try to limit price
variations of this very expensive therapy [65].

Neurologic Disorders

Neurological disorders constitute the largest group of indications
for TA [87]. Severe central nervous system (CNS) involvement
is associated with poor prognosis, and high mortality rate. High
dose steroid and cyclophosphamide (oral or intravenous) are the

first choice of drugs in the treatment; TA, intra-venous IVIG,
thalidomide, intratechal treatment may be valuable in treatment
resistant and serious cases. Table 2 shows the most of the
neurological diseases that have been treated with TPE with the
categories and the RG of the AAC [12,13].

Acute Inflammatory Demyelinating Polyneuropathy (AIDP)
(Guillain-Barré Syndrome (GBS)

AIDP is an auto aggressive disorder that develops subsequent
to infectious diseases and because of other noxae [17]. It is an
acute polyradiculitis, which mostly affects the distal and proximal
muscles of the extremities, as well as the trunk muscles and can
progress with severe ascending paralysis, ending in respiratory
paralysis [88,89]. Most patients with AIDP have inflammatory,
predominantly demyelinating polyneuropathy. This acute
progressive disease, leading to rising paralysis, usually reaches its
height within one to two weeks; 25 percent of all patients require
artificial ventilation. AIDP occurs in one out of 50,000 persons
each year in the industrial nations, regardless of gender or age [17].

The pathophysiologic mechanism has not been established
completely, but in many cases, an antecedent infection by
campylobacter jejuni leads to the production of antibodies (abs)
directed against certain epitopes of the bacterium that also destroy
the myelin sheath of the peripheral nerve. This phenomenon
has been described as molecular mimicry [90]. The spectrum of
organisms responsible for infections can trigger GBS ranges from
Eppstein-Barr virus to mycoplasma, herpes zoster, and mumps
virus, borrelia to the HIV viruses [91]. However, AIDP directly
attacks the myelin sheath, resulting in segmental demyelination
and remyelination.

Table 2: Guidelines on the use of TA in clinical practice-based approach in neurology diseases [12,13], and own observation from 1980-2008.

Apheresis Application Committee of the ASFA, 2013, 2019 [12,13] Own Observations from 1980 -2008
*
TA C RG  Pat(n) Age(y,x) fim PTI;E* (Et‘r’) . &’;?Vee J
. . + 20, 1 unchanged, 3
Acute inflammatory demyelinating polyneuropathy (AIDP) I 1A 24 50.7 12 f 6.2* 2.8 died
Chronic inflammatory demyelinating polyradiculoneuropathy I:,PPEe,G I 1B 3 48.9 62 29.25 30 43
(CIPD)
Miller-Fischer-Syndrome (MFES) TPE 11X 2C -
Myasthenia gravis (moderate, severe) TPE 1 1A 21 59.6 17/4 10.5% 2.6 +21
Pre-thymectomy 1 1C 1 67 m 3 2.0 +
Lambert Eaton myasthenic syndrome TPE 11 2C -
Multiple sclerosis (MS)
— acute MS TPE, I 1A 2 46.5 1/1 9.5% 2.0 +2
— chronic MS 1A i 1B ---
— chronic progressive MS i 2B ---
Pediatric autoimmune neuropsychiatric disorder associated 1 1B ---
with streptococcal infections (PANDAS) TPE
Seydenham'’s corea (SC) I 1B -
Chronic focal encephalitis TPE 11 2C -
(Rasmussen encephalitis) IA 1 2C 1 2.0 m 1% 1.5 +
Acute disseminated encephalitis (ADEM) TPE 11 2C 3 383 2/1 6.0 2.5 +3

TA: TA modality; C: Category; RG: Recommendation grade; Pat: patient; f/m: female/male; EV: Exchange volume (1/tr: liter / treatment, X); Substitution:
3-5 % human albumin electrolyte solution, FFP; PeG: Peptid-Gam®: synthetic peptide-goat-antimouse; IA: Immonadsorption on protein A

Category I: accepted for TA as first-line therapy; Category II: accepted for TA as second-line therapy; Category III: not accepted for TA, decision
should be individualized; Category IV: not accepted for TA, approval is desirable if TA is undertaken [12,13].
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In recent years, the triggering causes have been described as
being: 1) Antibodies against peripheral nerves, in particular
against myelin; 2) circulating immune complexes; 3) complement
activation in the cerebrospinal fluid and in serum; 4) other
inflammatory mediators and cytokines; and 5) a disorder in cell-
related immunity [17].

Electro-diagnostic study is the accepted standard for differentiating
between axonal and myelin lesions in early-stage acute
polyneuropathy. However, current electro-diagnostic criteria
have some limitation in diagnosing axonal GBS [92]. The axonal
type of GBS is pathophysiologically characterized not only by
axonal degeneration, but also by reversible conduction failure.
Antiganglioside antibody tests will facilitate a correct diagnosis.
However, there are seronegative AIDP patients, too [93].

Spontaneous recovery normally occurs between the 2nd and 4th
week of illness, and, in 75 percent of the patients, it can even
occur after several months of illness. Due to remaining damage
and relapses, lethality is between 5 and 25 percent after one year.
The rationale for TA is based on the humeral and cellular immune
dysfunction in this disease [94].

Intra-venous immunoglobulin has also been shown to be effective
in the treatment of AIDP. In a recent large international randomized
study of TPE, IVIG, and combined treatments in AIDP, all three
modalities were effective [95]. TPE was noted to be better than
IVIG, and the combination was better than either of the treatments
alone [96,97].

In recent years, researchers have applied a combination therapy of
TPE or IA following by 1gG (0.4g/kg BW for 5 days) [94]. Haupt
et al. reported results which suggesting that such a combination
treatment of AIDP may be superior to plasma exchange alone [98].
Accordingly, with TPE treatment in GBS, it was possible to reduce
the costs by between 30 to 40 percent in America, due to the shorter
periods of inpatient treatment and shorter duration of artificial
respiration [17,99]. Various human monoclonal antibodies were
introduced successfully in AIDP or refractory patients, however,
further controlled studies are necessary [100,101].

Chronic Inflammatory Demyelinating Polyradiculoneuropathy
(CIDP)

CIDP is an uncommon progressive or relapsing paralyzing disease
caused by inflammation of the peripheral nerves [12]. Neurologic
symptoms are decreased sensation, diminished or absent reflexes,
elevated cerebrospinal fluid level, and evidence of demyelination
[13]. Cellular and humeral components of the immune system
attack myelin on large peripheral nerve fibers in CIPD, leading to
demyelination that manifests as weakness, numbers, paraesthesia,
and sensory ataxia [102). As the disease progresses, axonal loss
occurs secondary to demyelination and is associated with a poor
prognosis [102,103] CIDP is an acquired disorder of the peripheral
nervous system has probably an autoimmune pathogenesis. The
nature of the responsible auto-antigens is unclear in most patients.
The frequency of such antibodies is significantly greater in CIDP

patients than in normal control subjects [104].

Recent clinical trials have confirmed the short-term efficacy of
IVIG, prednisone and TPE. In the absence of better evidence
about long-term efficacy, corticosteroids or IVIG are usually
favored because of convenience. Benefit following introduction
of azathioprine, cyclophosphamide, cyclosporine, other
immunosuppressive agents, and interferon-p and —a and rituximab
has been reported but randomized trials are needed to confirm
these benefits [103,104].

Hughes et al. recommended in 2006 that the principle treatments

are [105]:

— 1) intravenous immunoglobulin or corticosteroids should be
considered in sensory and motor CIPD, 2) IVIG should be
considered as the initial treatment in pure motor CIDP, 3) if IVIG
and corticosteroids are ineffective TPE should be considered,
4) if the response is inadequate or the maintenance doses of
the initial treatment are high, 5) if the response is inadequate
or adding an immunosuppressant or immunomodulatory drugs
could be considered, 6) combination treatments or adding
multidisciplinary management should be considered.

In the guidelines on the use of TA in clinical practice-evidence-
based approach from the AAC of the ASFA, the AIDP and
CIPD have the category I with the RG 1A or 1 [12,13] (Table
2). The main etiology of AIDP is autoimmune antibody-mediated
damage to the peripheral nerve myelin. Several controlled trials
comparing TPE to supportive care alone indicate TPE treatment
can accelerate motor recovery, decrease time on the ventilator, and
speed attainment of other clinical milestones [12]. The Cochrane
Neuromuscular Disease Group review of TPE in AIDP found
that TPE is most effective when initiated within 7 days of disease
onset. In recent years, IA has been increasingly recognized as an
alternative to TPE for AIDP and CIPD [106].

Miller-Fisher syndrome (MFS) is characterized by the acute onset
of ophthalmoplegia, ataxia, and areflexia. It is considered a variant
form of Guillain-Barré syndrome. Because MFS is classified as a
variant form of GBS and has a close association with the presence of
the anti-GQ1b antibody, one would expect the efficacy of treatment
with TPE or IVIG to have been proved. Anecdotal reports of the
response of patients with MFS to TPE would be consistent with
a pathogenic role for the anti-GQ1b antibody. However, there are
some MFS patients without this antibody, and the ultimate proof that
anti-GQ1b antibody mediates MFS has not been demonstrated [94].
MES patients had deviated T-helper Type-1 (Thl) / T-helper Type-
2 (Th2) polarization and TPE can shift Th2-dominant status to Th-
Idominant status in patients with MFS. TPE may remove humoral
factors including anti-GQ1b, and may induce a shift of the Th1/Th2
cytokine-producing cell balance in peripheral blood. Nowadays,
there are case reports of GBS and MFS in Covid-19 patients and by
the clinical suggestion of treating neurological complications with
IVIG [107,108]. In the guidelines of the AAC of the ASFA, the
Miller-Fisher syndrome has the category III and the RG 2C (Table
2) [12,13]. Further controlled studies would be useful.
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Myasthenia Gravis (MG)

MG isadisease caused by autoantibodies, which are directed against
acetylcholine receptors of the skeletal muscles. The acetylcholine
receptor antibodies (Ach-R-ab) belong to a heterogenous group of
polyclonal abs, which are directed against various sections of the
postsynaptic receptor molecule. Due to blockage of the receptors,
normal nerve transmission from motor nerves to striated muscle is
interrupted. This disease primarily affects the muscles of the eyes,
esophagus, and respiratory muscles, as well as the extremities.

Subgroups are patients with muscle-specific kinase (MuSK) and
the low-density lipoprotein-related protein (LRP4) antibodies
[109]. MuSK, a transmembrane tyrosine kinase, is expressed
predominantly at the postsynaptic membrane of the neuromuscular
junction (NMJ). MuSK binds LRP4 and transmits an agrin-
mediated signal for the clustering of AChR [110]. MG with anti-
MuSK antibodies corresponds to about of the MG patients. The
LRP4 protein belongs to a family of proteins that has been recently
identified as the receptor for the neural agrin that can activate
MuSK [111].

The therapies are thymectomy and administration of cholinesterase
blocking substances [112]. In cases with severe progression,
immunosuppressives are also given to suppress autoantibody
synthesis. TPE has been implemented with good results, especially
in the case of severe, previously therapy-resistant progression
[113]. The rapid elimination of autoantibodies achieved with TPE
results in an improvement in clinical symptoms within hours to
days. With the rapid improvement in the symptoms of their patients
through TPE. Immunosuppressive drugs target autoantibody
production but can take months to have an effect. IVIG and TPE
have a more rapid effect than immunosuppressive therapy [114].

The rationale for TA is to remove circulating autoantibodies. In
acute attacks, TPE is the first-line therapy (Table 2). The seropositve
and seronegative patients respond to TPE. TPE is especially
used in myasthenic crisis, perioperatively for thymectomy, or as
an adjunct to other therapies to maintain optimal clinical status
[12]. TPE works rapidly; clinical effect can be seen within 24
hours but may take a week. The benefits will likely subside in
2 — 4 weeks, if immunosuppressive therapies are not initiated to
keep antibody levels from reforming. A combination of TPE and
immunosuppressives seems to be successful. Dogra et al found
TPE is high efficacious, cheaper short-term therapy for MG [115].

Rituximab, eculizumab, and belimumab, human monoclonal
antibodies (HMA), are used in studies of patients with refractory
MG and showed good results, but further studies are necessary,
too [116,117].

Lambert-Eaten myasthenic syndrome (LEMS) is a rare, but
reasonably well understood, antibody-mediated autoimmune
disease that is caused by serum autoantibodies and results in
muscle weakness and autonomic dysfunction [118]. Like MG,
Lambert-Eaton syndrome is based on a disorder of the transmission

of neuromuscular excitation. In these cases, no acetylcholine
is released. LEMS is caused by an autoimmune attack against
presynaptic voltage-gated calcium cannels and is characterized
by late onset of fatigue, skeletal muscle weakness, weight loss,
automatic dysfunction, and areflexia. It develops in the context of
a malignant neoplasm, usually small cell lung carcinoma [119].

The rationale is similar to that in myasthenia gravis; that is,
patient strength should be improved by the removal of the
pathogenic antibody to the voltage-gated calcium channel. In
most cases, patients are treated long-term with a combination of
corticosteroids and immunosuppressive therapy has failed has
TPE been attempted [120]. There are only case series, which have
suggested some benefit by TPE. Further controlled studies must
show the effectiveness.

Multiple Sclerosis (MS)

Multiple sclerosis is a replasing, remitting chronic demyelinating
disease of the CNS and is the most common cause of neurologic
disability in young adults [94]. Worldwide, there are more than
one million afflicted with the disease. Alone in Germany, there are
affected 120,000 to 140,000 patients with MS, and in the United
States, there are more than 300,000 patients. MS is also diagnosed
in children and adolescents. Estimates suggest that 8,000-10,000
children (up to 18 years old) in the USA have MS, and another
10,000-15,000 have experienced at least one symptom suggestive
of MS.

The definition of MS as an autoimmune disease is based on the

following characteristics [96]:

— HLA association and genetic predisposition: T cell subset
and cytokine correlation with disease activity, clinical
responses to immunosuppression and immune activators,
analogies with experimental autoimmune encephalomyelitis,
cerebrospinal fluid oligoclonal IgG bands, CNS pathology
using immunocytochemistry techniques, evidence of intrathecal
synthesis of tumor necrosis factor beta in MS, and the level of
TNF alpha in cerebro-spinal fluid may correlate with the severity
and progression of disease and reflect histologic disease activity
in MS, increased levels of gamma interferon correlate with the
disease worsening.

MS is an autoimmune disease the pathogenesis is not clearly
understood. TPE may be benefit MS patients by removing an antibody,
such as antimyelin antibody, or by modulating immune response.
There have been four immunopathologic patterns of demyelination
in early MS lesions. The characteristics of demyelination for
each pattern are [12]: T cell/macrophage-associated, antibody/
complement-associated,  distal  oligodendrogliopathy,  and
oligodendrocyte degeneration.

B-cells act as antigen-presenting cells to activate T-cells and
produce proinflammatory (interleukin-6, interferon-y, and tumor
necrosis factor), and anti-inflammatory cytokines (interleukin-10)
that regulate the immune process. These cells are also the source of
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mature plasma cells that secrete antibodies. Based on accumulation
evidence, B cells participate in the pathogenesis of the disease
through this multifunctional mechanism [121,122].

The rationale for treating MS patients with TPE derives from the
presence of these circulating antimyelin antibodies, non-antibody
demyelinating factors, aquaporin-4-specific serum autoantibodies,
and neuroelectric blocking factors [123]. TPE removes antibodies
and other humoral factors from the circulation safely and effectively.
TPE has also been shown to increase the number and percentage of
suppressor T cells and decrease the helper T cells in MS patients,
thus effectively decreasing the ratio of elevated helper/inducer to
suppressor/cytotoxic cell [124]. This point is important, because T
cells play a pivotal role in the pathogenesis of MS [17]. TPE and
IA, too, showed high efficacy and good tolerability [125]. Children
should be treated with corticosteroids. If corticosteroids alone
do not bring enough improvement, other treatments, including
IVIG, Interferon 3 1a, and TPE, are available to treat-to-treat MS
attacks. For drug removal in MS with natalizumab who develop
progressive multifocal leukoencephalopathy (PML), TPE may
also be used. PML is a severe opportunistic brain infection caused
by virus, which is a known complication of natalizumab therapy [12].

In the guidelines of the AAC of the ASFA has acute attack of MS
the category II and the RG 1A, 1B, the chronic MS and the chronic
progressive MS the category III and the RG 1B respectively
2B (Table 2) [12,13]. The monoclonal antibody rituximab
showed efficacy in the treatment of MS, although ocrelizumab,
a humanized anti-CD20 antibody, showed beneficial effects on
relapsing MS and partial effects on primary MS [126]. Other new
anti-CD20 antibodies have been introduced in the treatment of MS:
ofatumumab, and ublituximab, a new glycoengineered, chimeric
anti-human CD20 [127]. However, further studies are necessary to
see a benefit for patients with MS.

Pediatric Autoimmune Neuropsychiatric Disorders Associated
with Streptococcal Infections (PANDAS), Sydenham’s chorea
(SO

PANDAS and SC are post-infectious neuropsychiatric disorders.
Both have neuropsychiatric symptoms, which typically follow
Group-A beta-hemolytic streptococcus (GABHS) infection.
Streptococcal antigens induce antineural antibodies by an
abnormal immune response if this pathogenesis is postulated
[12]. GABHS infection has been associated with childhood-onset
neuropsychiatric. The onsets of PANDAS are acute and dramatic
which present with emotional/mood lability, attention deficit,
deterioration of handwriting, separation anxiety, tactile/sensory
defensiveness, enuresis, cognitive deficits, and motor hyperactivity
[128].

SC is the main common acquired chorea of childhood. The major
clinical manifestations are chorea, hypotonia, and emotional
lability. The duration of SC is several months with a recurrence rate
of'about 20 percent [12]. The mean ages of onset for PANDAS and
SC are 6.8 years and 8.4 years old, respectively. SC is diagnosed

exclusively by clinical presentations and a history of rheumatic
fever. Choreatic movements are rapid, and affect the face, trunk,
and extremities. PANDAS are temporally associated with GABHS;
it is not associated with rheumatic fever. Laboratory tests show
elevated or increasing streptococcal antibody titers, but an elevated
titer does not necessarily indicate a recent streptococcal infection.
The presence of streptococcal infection in PANDAS is associated
with at least two episodes of neuropsychiatric symptoms as well
as negative throat culture or stable titers during times of remission.

The treatments for PANDAS include antibiotics and cognitive
behavioral therapy. Severe form of SC is treated with diazepam,
valproic acid, carbamazepine, or haloperidol [12]. If these fail,
corticosteroids may be tried. While children with SC require long-
term penicillin prophylaxis to reduce the risk of rheumatic carditis,
the efficacy of penicillin prohylaxis in preventing symptom
exacerbations in children with PANDAS remains doubtful. In
severe symptomatic or refractory patients with PANDAS or SC,
IVIG (1 g/kg/day for 2 days) or TPE has been shown to reduce
symptom severity or shorten the course. TPE is indicated in severe
extreme cases after the conservative therapy have been exhausted;
or as first-line therapy in situations of life-threatening functional
impairment [129]. The frequency is daily or every other day for
five or six procedures over 7 to 14 days. There are no data on any
benefit of repeated treatment. In the guidelines on the use of TPE
from the AAC of the ASFA PANDAS or SC have the category 1
with RG 1B [12,13] (Table 2).

TA should be reserved for treatment of children and adolescents
who are severely affected by PANDAS. In such patients, it
appears to be safe, well-tolerated, and beneficial treatment
option [130]. Bien et al reported in 2020, besides the first-line
interventions of steroids, IVIG, and TA as second-line treatments
cyclophosphamide or rituximab [131].

Chronic focal encephalitis (Rasmussen Disease)

The Rasmussen disease, is chronic focal encephalitis, and
characterized by intractable focal seizures and slowly progressive
neurological deterioration [12]. Onset is typically in childhood,
mean age 6.8 = 5.1 years, but a similar syndrome has been
described in adults, too. The etiology of this disease is unknown,
but antecedent infection with Eppstein-Barr virus, herpes simplex,
enterovirus, or cytomegalovirus has been implicated. Cytomegalo-
virus genome has been found in resected cortical tissue of three
adult patients with Rasmussen’s encephalitis. Cerebrospinal fluid
analysis in most cases is normal. Mild lymphocytic pleocytosis
and elevated protein may be found. The important symptom
of Rasmussen’s encephalitis is epilepsy uncontrollable with
anticonvulsant drugs, progressive hemiparesis, and progressive
unilateral cerebral atrophy. There is progressive loss of function in
the affected cerebral hemisphere [12].

Anticonvulsants are necessary but are not always effective in
controlling the disease nor do they stop its progression. Subtotal,
functional complete hemispherectomy can markedly reduce
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seizure activity in a majority of patients but results in permanent
contralateral hemiplegia corticosteroids and IVIG given for up to
two years in a tapering schedule to diminish epilepsia and other
symptoms [12].

Patients with Rasmussen encephalitis and antibodies against neural
molecules, and autoantibodies can be produced in the CNS after
cytotoxic T cell-mediated neuronal damage [13]. The Rasmussen
encephalitis has the category III with RG 2C for TPE and IA in
the AAC of the ASFA and the rationale for therapeutic apheresis
is as follows:

Neuropsychological assessment may be helpful in evaluating
patients with slowly progressive disease to determine whether
TPE is effective in postponing surgical therapy. An initial course
of TPE may be followed by 2 days of IVIG 1 g/kg/day. Monthly
IA of 1.5 — 2 TPV per treatment has been reported effective in
one patient [12]. Confirmation of anti-GluR3 antibodies may
support the use of TA in patients with Rasmussen s encephalitis.
The frequency of TPE is every other day. After initial 5 — 6 TPE
over 10 — 12 days, subsequent courses of TPE (with or without
IVIG) may be performed at 2 — 3 month intervals as empirically
needed. Immunosuppressive medications may increase the interval
between courses. Until to date, there is no definitive consensus on
treatment, with proposed strategies ranging from acute or chronic
immunotherapy to hemispherectomy [132].

Acute Disseminated Encephalomyopathy (ADEM)

ADEM is an acute inflammatory monophasic demyelinating
disease that effects the brain and spinal cord, which typically occurs
after a febrile (often presumed to be viral) prodrome or vaccination
[12]. Typical presentation for the multifocal neurological deficits
is ataxia, weakness, dysarthria, and dysphagia accompanied by
change in mental status. Most commonly, it is a monophasic
illness that lasts from 2 to 4 weeks. Children and young adults are
most affected. The differentiation of ADEM from the first attack of
multiple sclerosis has prognostic and therapeutic implications. The
features of ADEM, which can help to distinguish it from MS, are
florid polysymptomatic presentation, lack of oligoclonal band in
CSF, predominance of MRI lesions in the subcortical region with
relative sparing of the periventricular area, and complete or partial
resolution of MRI lesions during convalescence.

Corticosteroids are the first-line therapy, which hasten recovery
and result in clinical improvement in up to 60 percent of patients.
IVIG is for patients who do not respond to corticosteroids [12].
TPE is used and has a clearly defined role in other neurological
conditions that are presumed to be immunologically mediated.
TPE removes presumed offending antibodies as well as through
immunomodulation. The category II for TPE with the RG 2C after
the AAC of the ASFA is assigned on paucity of data [12,13] (Table
2). The frequency is every other day between 3 to 6 treatments.
After Moussa et al. TPE appears to be of benefit for children with
severe ADEM and warrants early consideration [133].

Other neurological diseases, such as cryoglobulinemic
polyneuropathy, central nervous system systemic lupus, acquired
neuromyotonia, polymyositis/dermatomyositis, polyneuropathy
in paraproteinemia, neuropathy by hyperlipidemia and
encephalopathy in metabolic/hematologic diseases such as
thyrotoxicosis, hepatic coma, and M. Moschcowitz are diseases
that involve more organ systems and are mentioned elsewhere.
Extensive blood and plasma exchange for the treatment of the
coagulopathy have been successfully implemented in children with
meningococcemia [ 134]. Other TA methods like immunoadsorption
or lymphocytapheresis have been applied in ataxic neuropathy and
idiopathic hypertrophic cranial pachymeningitis, Fabry disease,
acute transverse myelitis and subacute sclerotic panencephalitis
with success [135,136].

Hematological Diseases

TPE is indicated in the management of various hematological
diseases. Most medical management of immunohematological
disorders requires the use of TA, serological immunomodulation,
and classical pharmacological immunosuppression with steroids,
cytotoxic agents, and antimetabolites, where overall therapy is
individually tailored to the needs of the patient. Controlled trials
are difficult if not impossible because of variables such as severity
of disease, degree of organ system damage before intervention,
age and the existence of co-morbid conditions. In some rare
hematological diseases, it is impossible to recruit a large number of
cases to perform a controlled clinical trial. Therefore, for most of
these diseases only small series of cases are available for analysis.

TPE, semi-selective cascade filtration or IA aimed at the causative
antibodies can be used in diseases caused by antibodies or ICs.
Adjuvant drug therapies are different for various diseases and are
typically individualized in type, dose and duration of use. The TA
method chosen depends on the pathophysiological origin of a given
disease. The physician who has chosen the TA method must be
knowledgeable concerning the half-life time, the compartmental
distribution of pathogenic plasma proteins, and the elimination of
other toxic substances and complement components.

Rhesus Disease, Hemolytic Disease in Newborns (HDN)

Rh disease or incompatibility during pregnancy is an indication for
TPE as a supportive therapy (12). Although it has been common
practice for years to carry out anti-D gamma globulin prophylaxis
in Rh-negative women after the birth of an Rh-positive child,
increased anti-D antibodies still occur in up to 3% of subsequent
pregnancies. This can lead to life-threatening morbus hemolyticus
neonatorum for the fetus. Newborn babies rapidly develop anemia
and hyperbilirubinemia with kernicterus. Exchange transfusion is
the therapy of choice. Recently, TA has also become possible [137].
The diagnosis can be quickly made through the detection of anti-D
antibodies in the mother and examination of the amniotic fluid for
bilirubin and anti-D antibodies. Intrauterine exchange transfusions
can be a lifesaving procedure but involve a high risk. The earlier
Rh incompatibility manifests itself in pregnancy, the poorer the
prognosis. If it occurs prior to the 26" week of pregnancy, more
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than 93% of fetuses die by the 31st week. If after the 26th week
the Rh incompatibility manifests itself, and the mother receives
TPE treatment, and the child receives intrauterine or postpartal
exchange transfusion, 71% of these children can survive whereas
without treatment most die [6].

Hemolytic disease in newborns presents as icterus neonatorum
or hydrops fetalis. Both are caused by alloimmunization against
RhD-positive red blood cells of a RhD-negative mother bearing
an RhD positive fetus. Alloimmunization of the mother occurs
after fetomaternal hemorrhage during the first pregnancy. The
anti-RhD antibodies, which all belong to IgG subclasses, are
able to transverse the placental barrier into the fetal circulation.
The antibodies destroy fetal red blood cells by a no complement-
dependent mechanism [6]. Hemolytic disease in newborns usually
occurs during the second pregnancy with an RhD-positive fetus.
Intravascular fetal transfusion with RhD-negative erythrocytes
compatible with the mother’s serum is indicated in severe fetal
hemolysis in a sensitized mother. After birth, the newborn may
receive a phototherapy and/or a neonatal exchange transfusion, or TPE,
depending on the severity of hemolytic disease in newborns [138].

The widespread use of fetal intravascular transfusion and the
advent of IVIG therapy have now reduced the former significance
of this disease. Towards the beginning of the second trimester
in women who have, developed hydrops fetalis before the 22nd
week of a previous pregnancy combined with IVIG, TA can be
administered [139]. TPE with human albumin may bridge the gap
between the onset of severe fetal anemia and the feasibility of

fetal transfusion. To save the fetus for alloimmunization against
other red cell antigens, which makes fetal intravascular transfusion
impossible, maternal TA may be the only therapeutic option.Filbey
et al. reported of 707 infants born to 583 alloimmunized women in
Sweden [138]. Maternal TPE was performed in 2.4% of the cases
with a response rate of 100%. TPE is recommended, therefore,
only in severe HDN in the early stage of pregnancy before fetal
transfusion is possible. TPE has been successfully performed
thousands of times in recent years for Rhesus incompatibility. The
physician must be aware that anti-D antibodies can also increase
with TPE.

Bing et al. reported successfully treating 44 pregnant women with
Rh incompatibility using a combination of anti-D immunoglobulin
and TPE, and intrauterine transfusion. The effects gained from
the therapy lasted for approximately 6 weeks for the patients.
The study demonstrated that systematic management (including
routine test for the presence or absence of D antigen in pregnant
women, series test of anti-D antibody titer and ultrasonography,
amniocentesis and cordocentesis) and timely treatment (including
anti-D immunoglobulin, TPE, intrauterine transfusion, and
delivery) could improve the perinatal outcomes of Rh-negative
women [140]. TPE may delay the development of fetal anemia
and reduce the risk of early and repeat intrauterine transfusion in
cases with alloimmunization in pregnancy [141]. However, the
application of TPE during pregnancy remains largely empiric and
relies on individual case reports in the absence of high-quality
studies and definitive evidence-based guidelines. Safety profile of
TPE during pregnancy appears to be comparable to application of
TPE in non-pregnant patients [142].

Table 3: Guidelines on the use of TA in clinical practice-based approach in hematological diseases with immunologic origin [12,13], and own

observation from 1980-2008.

Apheresis Application Committee of the ASFA, 2013, 2019 [12,13] Own Observations from 1980 -2008
*
TA C RG Pat(n) Age(v,x) fim ;;E** (Et‘r]) N Sr‘l’;?vee J
Rhesus incompatibility (HDN) 11 2C 1.3 days 5/3 2.0%* 197.6 ml +7
Red cell alloimmunization in pregnancy TPE 11 2C 1 29 PW f 19* 2.0 *
Autoimmune hemolytic anemia
= warm autoimmune hemolytic disease (WAIHA) TPE 11X 2C 12 37.5 6/6 5.6* 23 +7/5 unch.
= cold agglutinin disease 11 2C 3 68.7 172 5.0% 2.2 +2 /1 unch.
Aplastic anemia (AA) I 2C 5
il eallaihe TPE I 1B . 32.0 4/1 3.0*% 2.1 +2 /3 unch.
ABO incompatible hematopoietic progenitor cell 1T
. 1B-2B ---
transplantation TPE
Graft-versus-host disease (GVHD)
. 1C ---
— skin (acute) 11 1B .
— skin (chronic) ECP 11 2B .
— non skin (acute/chronic) 111
Idiopathic thrombocytopenia (ITP) TPE, v 1C 12 21.0 8/4 19.5* 1.6* + 11/ 1 unch.
Thrombotic thrombocytopenic purpura (TTP) TA- 11 1C 4 30.9 2/2 5.0% 1.66* +3 /1 unch.
Post-transfusion purpura (PTP) Protein 11 2C 3 58.0 1/2 2,71 3.5% +3
Coagulation factor inhibitors
— alloantibody TPE, v 2C -
— autoantibody 1A I 1C 1 28.0 1/0 10.0* 2.0 A

TA: TA modality; C: Category; RG: Recommendation grade; Pat: patient; f/m: female/male; EV: Exchange volume (l/tr: liter / treatment, X); Substitution:
3-5 % human albumin electrolyte solution, FFP; unch: unchanged. PW: pregnant week; ECP: extracorporeal photopheresis, IA: Immonadsorption on

protein A

Category I: accepted for TA as first-line therapy; Category II: accepted for TA as second-line therapy; Category III: not accepted for TA, decision
should be individualized; Category IV: not accepted for TA, approval is desirable if TA is undertaken [12,13].
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The AAC of the ASFA has given HDN category II and RG 2C
[12,13](Table 3). The rationale for therapeutic apheresis is that TPE
removes the maternal red cell alloantibodies that are responsible
for HDN [12]. TPE can decrease the maternal antibody titer and,
in turn, the amount transferred to the fetus, thereby protecting
it from HDN. Survival in severe cases of HDN with the use of
TPE and/or IVIG prior to ultrasound tomography (IUT) is about
70%. Category II for TPE is assigned for patients when there is
a previous history of a severely affected pregnancy and the fetus
is less than 20weeks gestational age [12]. Typically, IUT can be
performed after the fetus reaches 20weeks of gestation.

TPE can safely be performed during pregnancy. During pregnancy,
blood volume and especially the plasma volume increases. In the
second or third trimester, it is preferable to place the patient on
her left side to avoid compression of the inferior vena cava by the
gravid uterus. Hypotension should be avoided as it may result in
decreased perfusion to the fetus [137]. TPE should be considered
early in pregnancy (from the 7% to 20" week) and continued until
IUT can safely be administered (about 20" week of gestation).
Close monitoring of the fetus for signs of hydrops will aid in
guiding treatment. One approach is to use TPE for the first week
(three procedures) followed by IVIG at 1g/kg weekly [12].

Hemolytic Anemia

The etiologies of hemolysis often are categorized as acquired
or hereditary. Most acquired causes of hemolytic anemia are
autoimmunity, microangiopathy, and infections. Immune-mediated
hemolysis, caused by anti-erythrocyte antibodies, can be secondary
to malignancies, autoimmune disorders, drugs, and transfusion
reactions. When the red cell membrane is damaged in circulation,
a microangiopathic hemolytic anemia is the consequence, leading
to intravascular hemolysis and the appearance of shistocytes.
Infectious agents such as malaria and babesiosis invade red blood
cells [6].

The severity of hemolytic anemia is quite variable. Depending
on the cause, it can be mild and compensated for by increased
erythropoiesis. The treatment for mild forms and forms of such
severity as to decrease red cell mass is directed at correction of the
underlying cause. For example, proper antibiosis and supportive
care for infections, surgical debridement and antibiotics for
Clostridium welchii, and stopping the offending drugs in the
case of GO6PD deficiency. In severe hemolytic anemia, with
hemoglobinemia, heme saturation of albumin and hemoglobinuria
regardless of whether it is mediated by exogenous or endogenous
noxae, timely implementation of TPE appears justified [137].

Autoimmune Hemolytic Anemia (ATHA)

AIHAs are characterized by reduced erythrocyte in vivo survival time

and by the pressure of warm or cold agglutinizing antibodies against

the autologous erythrocytes. Differentiation between the following

antibodies is made based on their serological features [12,13]:

e Thermo-type: Warm agglutination autoantibodies. These
autoantibodies consist mostly of IgG and its various subclasses.

Optimum antibody binding activitis is reached at body
temperature (37°C).

* Cryo-type: Cold agglutination autoantibodies. These belong to
the group of IgM antibodies and display their strongest reaction
to antigen bearing cells at low temperatures (0—10°C). They
become of clinical importance when a temperature of 30°C or
more is reached.

» Bithermal autoantibodies: These belong to the IgG antibodies.
Contrary to thermo-type, antibodies bind at low temperature
(0-10°C) and hemolyse erythrocytes at body temperature
(37°C) [143].

AIHA is diagnosed by direct microscopic evaluation of the
peripheral blood film, hyperbilirubinemia, reticulocytosis,
positive direct antiglobulin test (direct Coomb’s test), and
elevated serum LDH [143,144]. Immune hemolytic anemia is a
result of antibody fixation to a red cell antigen. This autoantibody
triggers either intravascular red cell destruction mediated by the
terminal lytic complement complex (C5b-C9) or extravascular
destruction mediated by macrophage-phagocytic system [145].
Both mechanisms require opsonization by antibodies or C3b
complement [146]. The antibodies mostly belong to the IgM (cryo-
type abs) and IgG groups, or occasionally also to the IgA (thermo-
type abs). The formation of the autoantibodies is still unknown.

When warm autoantibodies attach to red blood cell surface
antigens, these IgG-coated red blood cells are partially ingested
by the macrophages of the spleen, leaving microspherocytes,
the characteristic cells of AIHA. Cold autoantibodies (IgM)
temporarily bind to the red blood cell membrane, can activate
complement, and deposit complement factor C3 on the cell
surface. The macrophages of the liver (extravascular hemolysis)
slowly clear these C3 coated red blood cells [143].

Although most cases of autoimmune hemolysis are idiopathic,
potential causes should always be sought. Lymphoproliferative
disorders (e.g., chronic lymphocyte leukemia, non-Hodgkin’s
lymphoma) may produce warm or cold autoantibodies. A number
of commonly prescribed drugs can induce production of both
types of antibodies. Warm AIHA (WAIHA) also is associated with
autoimmune disease (e.g., systemic lupus erythematosus), while
cold AIHA may occur following infections, particularly infectious
mononucleosis and Mycoplasma pneumoniae infection. Human
immunodeficiency virus infection can induce both warm and cold
AIHA [144]. Along with conventional therapy with corticosteroids
and cytostatics or even splenoctomy, TA is increasingly being
implemented with success [147].

The AAC of the ASFA has given autoimmune hemolytic anemia
category III with RG 2C for the warm autoimmune hemolytic
anemia and for the cold agglutinin disease category Il with RG
2C [12,13] (Table 3). The observed symptoms include fatigue and
jaundice. The laboratory findings are the signs of hemolysis such as
anemia, hyperbilirubinemia, elevated serum LDH, reticulocytosis,
as well as a positive direct antiglobulin (Coombs) test [12].
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Prednisone is usually ineffective, as is splenectomy, because the
liver is the dominant site of destruction of C3b-sensitized red cells
[147]. TPE can remove effectively pathogenic immune complexes,
activated complements, and autoantibodies [12]. The duration of
the TPE treatment is until the hemolysis is controlled and the need
for transfusions is limited.

Aplastic Anemia (AA)

Until now only some case reports of AA, which have been treated
with TPE, are available. The pathogenesis of AA is regarded as
complex and mostly unclear. In some cases, hemopoietic and
erythropoietic inhibitors have been found in serum, leading to it
being considered an autoimmune disease [6]. In these patients,
it is possible to remove the circulating inhibitors by TPE.
However, TPE is only indicated in the case of proven autoimmune
pathogenesis. Successful therapy has also been conducted in recent
years with cyclosporin A. The AAC of ASFA has given aplastic
anemia and pure red cell aplasia (PRCA) category III with RG 2C
[12,13,148] (Table 3). Aplastic anemia and pure red cell aplasia
are rare hematopoietic stem cell disorders.

Allogenic hematopoietic progenitor cell (HPC) transplant is the
treatment of choice for severe AA in newly diagnosed patients <
40years old. Young patients with mild disease or without a matched
donor and older patients are treated with antithymocyte globulin,
cyclosporine A and/or rituximab [149,150]. Immunosuppressive
therapy is usually sufficient until remission is obtained in
primary acquired PRCA. Corticosteroids (prednisone at 1mg/
kg per day) are used first. Alternative treatment is required if no
response is achieved after 2-3months. Salvage agents include
cyclophosphamide, azathioprine, cyclosporine, ATG, and high
dose IVIG [151]. In diseases that may be immunologically
mediated, TPE may be helpful by removing serum antibody and/
or inhibitory activity.
ABO  Incompatible Cell
Transplantation

The presence of natural antibodies in the recipient against the
donor’s ABO blood group, which may cause hemolysis of red cells
present in the transplanted product, is the requirement of the major
incompatibility [13]. In peripheral hematopoietic progenitor cells
that are collected by apheresis, there is a lower risk of hemolysis
due to reduced red cell contamination (2-5%) as compared to
HPCs derived from the bone marrow. To prevent either an acute
hemolytic reaction the product needs to be red cell reduced or the
patient’s antibody titer needs to be lowered. If the recipient has a
high titer of antibodies, especially a group 0 patient receiving a
group A transplant, a delayed erythroid engraftment or even pure
red cell aplasia may result [12].

Hematopoietic ~ Progenitor

The AAC of the ASFA has given category 1l with RG 1B-2B for
TPE in ABO incompatible hematopoietic allogenic progenitor stem
cell transplantation (HSCT) and bone marrow transplants [12,13]
(Table 3). TPE can reduce ABO antibodies, which are responsible
for hemolysis and PRCA. In most of the ABO incompatibility,

removal of the high titer antibody from the recipient’s circulation
can prevent hemolysis if red cells are unable to deplete the product.

In minor incompatibility with passenger lymphocytes making
antibodies 7-12 days after infusions, prophylactic red cell
exchange with group O red cells can be performed to deplete
recipient type red cells [12,13]. If unable to red cell deplete
the HPC product, TPE should be performed before infusion of
HPCs and the replacement fluid is a combination of albumin and
plasma (50:50) compatible with both donor and recipient [12].
Before HPC transplantation, the goal should be to reduce the
IgM or IgG antibody titers to < 1:16 immediately. Generally, 2—4
TPEs are sufficient and if the antibody titer is high in the case
of delayed red cell recovery or PRCA, TPE may be performed
in the transplantation period [12]. ABO-antigen-specific IA was
successfully introduced on ABO-incompatible hematopoietic cell
transplantation [152] Immunosuppression, TPE, donor lymphocyte
infusion, rituximab, and bortezomib, all with limited bebfit, and/
or daratumab demonstrate safety and high efficiency, suggesting
its applicability as early treatment of post-allo-HSCT pure red cell
anemia [153].

Graft-Versus-Host Disease (GVHD)

The GVHD has category II with RG 1B-2C for acute or chronic
skin, and III with RG 2B for acute or chronic non-skin for
extracorporeal photopheresis (ECP) after the AAC of the ASFA
[12,13] (Table 3). GVHD following allogenic progenitor cell
transplantation (HPCT) is typically characterized as either acute
(aGVHD) or chronic (¢cGVHD) [12]. Acute GVHD usually occurs
within 3 months after allogenic stem cell transplantation and results
from activation of donor T cells by host antigen-presenting cells,
leading to immune and cytokine-mediated tissue injury. The skin,
gastrointestinal tract (GI), and liver are major targets of aGVHD.
Chronic GVHD often evolves from aGVHD and is mediated by
donor allo- or autoreactive T cells that activate inflammatory
cytokines, B cells, autoantibody production, and cytolytic process.
End-organ complications of cGVHD include progressive fibrosis
and/or dysfunction of the skin, eyes, mouth, lungs, GI, joints, and
vagina [12,13]. Acute GVHD of grades II to IV severity is first
treated with a calcineurin inhibitor and systemic corticosteroids.
Treatment options include local/topical measures for the skin,
eyes, mouth, and gastrointestinal tract along with systemic
therapies such as calcineurin inhibitors, ATG, mycophenolate
mofetil, rapamycin, thalidomide, hydroxychloroquine, sirolimus,
pentostatin, monoclonal antibodies against T cells, B cells or
cytokines, and ECP [12].

The rationale of ECP involves the collection of peripheral
blood leukocytes by apheresis, the extracorporeal exposure of
the leukocytes to 8-methoxypsoralen (8-MOP) followed by
irradiation with ultraviolet A (UVA) light, and the reinfusion
of the photactivated cells [12]. The therapeutic effect of ECP
for GVHD appears to involve induction of apoptosis in treated
lymphocytes, modulation of monocytes-derived dendritic cell
(DC) differentiation, increased production of anti-inflammatory
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cytokines by monocytes and T cells, decreased DC antigen-
presenting function, restoration of normal T helper cell and DC
subsets and induction of regulatory T cells that establish immune
tolerance. For cGVHD, ECP improves skin or oral manifestations
in 60-80% of steroid-dependent patients. Liver or GI complications
respond in roughly 35-75% of cases, with the highest rates reported
in children. Most responses with cGVHD are partial [12,13].

ECP is a well-established second-line-therapy for cGVHD. The
role in the treatment of cGVHD is less clear but also points
towards an effective second-line therapy option [154]. In future
ECP could play a role in the prevention of GVHD. The treated
volume is a mononuclear cell (MNC) product of approximately
270 mL consisting of mononuclear cells, plasma and saline [6].
The two-process method collects and treats MNC obtained from
two times TPV processing. The replacement fluid is that all photo-
activated leukocytes are reinfused with albumin and saline.

Thrombotic Thrombocytopenic Purpura (TTP)

TTP is a rare and life-threatening TMA syndrome [155], TTP
is a systemic thrombotic illness, which is characterized by the
only consistent abnormalities of microangiopathic hemolytic
anemia and thrombocytopenia. Recently, TTP has been shown
to be associated with a severe (< 5 percentage) deficiency of
ADAMTSI13 enzyme, which is a protease that cleaves multimers
of von Willebrand factor. Idiopathic acquired TTP is associated
with antibodies that bind ADAMTS13 and neutralize the protease
activity [12]. Severe ADAMTDSI13 deficiency appears to be
an improvement proximal step in the pathophysiology of TTP.
However, some patients with idiopathic TTP have no defect in
ADAMTS13 function. Pregnancy, connective tissue disease (e.g.,
SLE), medications, infection, cancer, and transplantation are all
associated with TTP and HUS syndrome [12].

TTP is a medical emergency, since the mortality of untreated
patients exceeds 80% [156]. The mortality is thought to be caused
by disseminated microvascular thrombosis, which may provoke
ischemic injury and multiple organ failure. Ischemic organ failure
can affect all organs, but the brain and heart are typically most
affected. Acute kidney injury requiring dialysis and resulting in
chronic kidney disease is rare. Central nervous system involvement
is often manifested by transient focal neurologic deficits.

The mainstay of treatment is TPE with plasma replacement
[157,158]. TPE works by removing antibodies against the von
Willebrand factor cleaving protease, ADAMTS13. The plasma
infused as part of the procedure also provides active ADAMTS13
protease to the patient, further restoring a more physiologic state
of von Willebrand factor multimers. Other treatment modalities in
non-responders to TPE include immune-suppression, not limited
to high dose corticosteroids, and B cell depletion agents (e.g.,
rituximab). Patients with autoantibodies against ADAMTS13
do not always manifest TTP, and these antibodies alone are not
sufficient to demonstrate the impending relapse of the disease. It
is considered better to avoid platelet transfusion, which should be

reserved for patients with clinically significant bleeding, as severe
thrombocytopenia itself is not an indication for platelet transfusion.
Conversely, platelet transfusion is probably not as dangerous as it
was thought to be a decade ago [159].

The majority of acquired TTP in adults are related to an
autoimmune disorder where anti-ADAMTS13 antibodies cause
that deficiency and subsequent platelet adhesion and aggregation.
Bacterial infections, autoimmune diseases, pregnancy, drugs, HIV
infection, cancers, organ transplantation are the most frequent
clinical conditions associated with TTP [13,160].

The first-line therapy in TTP includes corticosteroids, high dose
intravenous immunoglobulin, cyclophosphamide, danazol, vinca
alkaloids, and mycophenolate mofetil. The second-line therapy
includes first TA, than HMAs, and/or thrombopoietin-receptor
agonists [161]. The AAC of the ASFA has given TTP the category
I and the recommendation grade 1A for TPE (Table 3) [12,13].

Idiopathic Thrombocytopenic Purpura (ITP)

ITP is an inherited or acquired disease that results in a reduction of
circulating thrombocytes. This condition may be asymptomatic or
manifests itself in hemorrhagic diathesis with petechial bleeding
(161). The immune thrombocytopenias are a heterogenous group
of bleeding disorders with similar hemostatic manifestations but
different pathogenic etiologies. ITP caused by autoantibodies,
which, in severely progressing cases, are accompanied by
hemorrhagic diathesis. ITP is the most common autoimmune
hematologic disorder. The etiology is still for the most unknown.
The spleen plays an important role, since it not only produces a
large part of the antibodies directed against thrombocytes, but
also breaks down the damaged thrombocytes. As the antibodies
can pass through the placenta barrier, the fetus can also be
affected [162]. In more than 60 percent of the patients, part or
full remission can be reached with corticoid steroid therapy.
Splenectomy and cytostatics are further therapeutic measures.
Acute and chronic cases have also successfully treated with high
doses of intravenous immunoglobulin of 400 mg/kg BW/ day.
In recent years, in addition to being treated with TPE, therapy
resistant. The pathophysiological mechanism in ITP is the binding
of auto- or alloantibodies to platelet antigens. Fixed antibodies
may trigger complement activation [162]. The promised platelets
are destroyed by phagocytosis in the macrophage-phagocytic
system mediated by the Fc receptors FcRI-III and complement
receptors CR1 and CR3. Platelet destruction occurs mainly in the
spleen, and accessory spleen, but also in liver and bone marrow.
The spleen is a major site of antiplatelet antibody production;
therefore, splenectomy is therapeutically very effective. The main
antigenic determinants are the platelet membrane glycoproteins
GP-lib/1l1a and Ib/IX [158].

A further mechanism leading to platelet destruction in drug-induced
immune thrombocytopenic purpura is the formation of antibodies
against neoantigens expressed after adherence of the drug to the
RBC membrane [163-165]. Recently, acquired autoimmune
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deficiency of a plasma metalloprotease named ADAMTSJB was
shown in many cases of ITP [166]. Alloimmunization is the cause
of neonatal autoimmune thrombocytopenia, platelet transfusion
refractoriness, and post-transplant purpura. The alloantigens
are classified on the HPA system [167]. Neonatal immune
thrombocytopenia is the platelet counterpart of hemolytic disease
in newborns. QA HPA-Ia-negative is sensitized to HPA-1-positve
platelets of the fetus. Alloimmunization (IgG ab > IgM ab) against
platelet induced by fetomaternal hemorrhage occurs during a
HPA-incompatible pregnancy or after a HPA-incompatible
platelet transfusion. In heparin-induced thrombocytopenia, type II
immune complexes consisting of antibodies to heparin and platelet
factor 4 activate platelets after binding to platelet Fc receptors.
Excess platelet factor 4 binds to endothelial glycosaminoglycan,
resulting in endothelial damage and thrombi [156]. Heparin-
induced thrombocytopenia type I refers to non-immunogenic
thrombocytopenia due to heparin-induced aggregation of platelets.

Acute abrupt onset ITP is seen in childhood, and often follows a
viral illness or immunization. The majority of children requires
no treatment and in 80—85 percent of cases the disorders resolve
within 6 months. Some 15 — 20 percent of children develop a
chronic form of ITP, which in some cases, resembles the more
typical adult. Chronic ITP in childhood has an estimated incidence
of 4.6 per 100.000 children per year and prevalence of 4.6 per
100.000 children at any one time [156]. This form of ITP affects
mainly women of childhood age (female: male: 3:1). Childhood
ITP has an incidence of between 4.0 and 5.3 per 100.000 [159].

The diagnosis of ITP based principally on blood count, clinical
symptoms, autoimmune profile and other investigation, and on the
exclusion of other causes of thrombocytopenia using the history,
physical examination. Further investigations are not indicated,
blood count and film are typical of the diagnosis of ITP and do
not include unusual features that are uncommon in ITP [156].
Platelet associated I1gG (PAlg) is elevated in both immune and
non-immune thrombocytopenia and therefore has no role in the
diagnosis of uncomplicated ITP. In patient’s refractory to therapy
although some patients have shown improvement in platelet counts
following eradication therapy, it is worth determining the presence
of H. pylori.

The successful use high doses of IgG and anti-D therapy have
reduced TA, second-line treatment in these cases [156]. The
first-line therapy is splenectomy and high doses corticosteroids,
high dose IVIG, intravenous anti-D, cyclosporin A and dapsone.
Patients who failed the first-line therapies must be treated with
interferon (IFNa), rituximab, campath-1H, mycophenolate mofetil
and TA [162]. TA can include remissions in approximately 80 percent
of patients with ITP. TA becomes a legitimize option for maintenance
therapy in chronic ITP patients, if the application of IgG is not possible
due to allergic reactions, Rh-negative status, or splenectomy.

The most important part of TA is to remove anti-platelet antibodies
to prevent bleeding by keeping the platelet count above a critical

level. The goal of therapy is to obtain sustained remission with
a minimum platelet count of over 50.000 platelet/ pl. As some
severely progressing cases of ITP do not respond to steroids and/or
high doses of immunoglobulin, immunosuppressive drugs, to four
sections of TPE per month and biologics, TPE is indicated [163].

As there are only a few controlled studies yet available, it is
not possible conclude which form of therapy should be given
preference. Thus, in ITP, initial treatment should consist of
corticoid steroids, high doses of IgG, and immunosuppressive
drugs as mentioned above. Should no significant improvement
be observed within one or two weeks (thrombocytes > 80.000
ul), then TA treatment should be commenced immediately. The
authors recommend TPE with 1 to 1.5 plasma volume a day for
4 days, and to four sections of TPE per month have a positive
effect in chronic cases. TPE is recommended prior to surgery in
acute respectively chronic uncontrollable bleeding [156]. IA with
Protein-A was also induced successfully in the treatment of ITP
[164].

In the AAC of the ASFA, ITP has the category III and the RG 2C
for TPE and IA in refractory cases (Table 3) [12,13]. First-line
therapies are oral corticosteroids, IVIG (1-2 mg of prednisolone/
kg/day, IVIG at 1 g/kg for 1-2 days), and is anti-Rh (D) (50-74 ug/
kg) [12]. If thrombocytopenia persists or recurs, splenectomy is
recommended in adults but is differed to prevent overwhelming
post splenectomy infection or allow for spontaneous remission.
TPE and IA may have been considered in patients with refractory
ITP, with life-threatening bleeding or in whom splenectomy is
contraindicated. IgG antibodies and IgG-containing circulating
immune complexes can be selectively removed by IA with
protein-A. The use of this column is contraindicated when the
patient is on ACE inhibitors, has a history of hypercoagulability,
or thromboembolic events [165]. There are no clear guidelines
concerning treatment schedule and duration of treatment. The
procedure is generally discontinued when either the patients show
improvement in platelet count > 50 x 10°/L or no improvement
after about six treatments. The columns with protein-A are no longer
available in the USA but may be available in other countries [12].

Great progress has been made in recent years in developing
new treatment options for thrombocytopenic patients, especially
in ITP. In addition to TA, human monoclonal antibodies and
thrombopoietin agents, combination of different diagnosis and
therapeutic approaches are the main strategy for difficult cases
[156]. Especially rituximab is a novel second-line agent for
the treatment of ITP with encouraged results of some studies.
Thrombopoietin (TPO) is the major physiology regulator of
platelet production. TPO is produced by the liver at a constant rate
and cleared from the circulation by TPO receptors on circulating
platelets thereby providing an efficient feedback system regulating
platelet production by bone marrow megakaryocytes [166]. The
further new second-line drugs for ITP are the thrombopoietin
receptor agonists (TPO-RAs). For platelet response, elrombopag,
and romiplostim were the best. Romiplostim and electrombag
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have high efficacy and safety as second-line treatments in the short
term for adult patients with persistent ITP. Eltrombpopag and
romiplostim stimulate the platelet and megakaryocyte production.
Both substances are approved in the USA and the EU for treatment
of different forms of thrombocytopenia [167].

Post-Transfusion Purpura (PTP)

PTP occurs when donor B lymphocytes and dendritic cells
migrated as passenger’s cells to the recipients system, where they
undergo clonal expansion after “homing in” on, and producing
alloantibodies to the incompatible HPA allele [168]. PTP is rare
bleeding disorder caused by alloantibody specific to platelet
antigens. The antibody against the human platelet alloantigen
HPA-Ia is responsible for the most of the cases. The majority
of affected patients are multiparous women who presumably
have been previously sensitized during pregnancy [169]. Blood
transfusions rarely have been implicated as the primary cause for
alloimmunization in PTP. Thrombocytopenia is usually severe and
resolves spontaneously within several weeks. However, patients
may develop severe if not fatal bleeding during the course of the
disease. The diagnosis is confirmed by demonstrating that the
patient’s serum contains antibodies to platelet-specific antigens.

The treatment is high IVIG (0.4 g/kg BW/day for 2-5 days or 1g/
kg BW/day for 2 days) [12]. It is possible acts by Fc receptor
blockade of RES. The removal of HPA 1a alloantibodies by TPE
results in a decrease of antibody titer, removal of any unattached
HPA-1a antigen, and an increase in platelet count and cessation
of bleeding. TPE should be considered as the urgent treatment of
hemorrhage and severe thrombocytopenia if IVIG therapy is not
effective [12]. In the AAC of the ASFA the PTP has the category
IIT with the RG 2C for TPE based on limited data available in
the literature (Table 3) [12,13]. TPE can discontinue when platelet
count starts increasing (> 20 x 10°/L) and non-cutaneous bleeding
stops.

Hemophilia A

This is a defect of the endogenous coagulation system, either
inherited or acquired. It includes diseases that result from
reduction, lack, or malformation of the factors VIII, IX, XI, XII,
or prekallikrein. Hemophilia A is the longest-known hemorrhagic
diathesis. Because of substitution therapy, 5-20% of hemophiliacs
develop antibodies against factor VIII administered during the
course of treatment. Factor VIII antibodies belong to the IgG
immunoglobulin group [170,171]. Antibodies can, however, also
occur spontaneously in older patients or after pregnancy. These
antibodies are directed against the patient’s own factor VIII and
can lead to an acquired factor VIII deficiency. Hemophiliacs may
become sensitized to concentrates of their deficient coagulation
factors. This occurs in about 15% of hemophilic patients. Low and
high responders can be distinguished. The activity of the inhibitor
can be measured in Bethesda units (BM) or Malmé inhibitor
units (MiU). The F VIII inhibitors are IgG subclass 4 antibodies.
F VIII inhibitors are the most common pathogenic antibodies
directed against the blood coagulation factors. They develop

in approximately 30% of patients with severe and moderately
severe hemophilia A in response to infusions of F VIII. Patients
develop inhibitors usually within the first year of treatment. The
mechanisms underlying the state of apparent immune tolerance in
the remaining non-inhibitor patients are unknown. The greatest risk
of inhibitor development is associated with nonsense mutations,
large deletions and intrachromosomal recombinations (inversion)
in the F VIII gene that are predicted to cause a complete lack of
endogenous F VIII. The risk of inhibitor development in patients
with mild hemophilia A increases with the amount of exposure F
VII [172].

Many patients with antibody formation display a rapid increase
in antibodies after administration of factor VIII. Attempts to
suppress the formation of antibodies in these patients through
immunosuppressive therapy have, for the most part, been
unsuccessful. TA is used to reduce these antibodies prior to
infusing factor VIII. TA in combination with factor VIII has been
successful in interrupting severe bleeding in hemophilics who are
unresponsive to Factor VIII and as hematologic preparation to
normalize these inhibitors prior to major surgery [173].

TA is indicated in severely bleeding patients classified as
immunological high responders [173]. TA can be considered
when plasma concentration of the inhibitors exceeds either 10
BM or 3 MiU. TA should be implemented prior to high-dose
administration of human VIII concentrates. The use of 1A with
anti-immunoglobulin columns may be safer and more effective.
A further indication for TA is in cases where inhibitors occur
after factor substitution to induce immune tolerance according
to the Malmé or similar protocols. Serial TPE and simultaneous
administration of factor VIII/IX concentrates, high dose IgG
(0.4g/kg per day), and cyclophosphamide is recommended. This
protocol has a success rate of 80%. Chronic immunosuppression
may be necessary in some cases [173]. IA is being increasingly
applied in the treatment of F VIII inhibitors. Several types of 1A
methods have been used. However, A may be clinically effective
and cost-effective and should be considered early in the treatment
of patients [174] (Table 3).

Acquired Factor VIII (F VIII) antibodies in non-hemophiliac
patients

Antibodies against factor VIII can occur in many diseases such
as immunological diseases, after pregnancy, as a reaction to
medication (e.g., phenylbutazone), skin complaints, tumors, and
diabetes mellitus. In the case of most patients with acquired factor
VIII antibodies, it is not possible to determine the cause. If the
underlying disease is known and treated, a drop in antibody titer
can be expected [6]. F VIII autoantibodies in non-hemophiliacs
produce a condition sometimes called acquired hemophilia A. It
is the most common autoimmune bleeding disorder involving the
coagulation system. For unknown reasons, acquired hemophilia A
patients are more likely to have a more severe bleeding diathesis
than hemophilia A inhibitor patients. Approximately 50% of
acquired hemophilia A patients have underlying conditions,
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including autoimmune disorders, malignancy, and pregnancy
[175]. The remaining idiopathic cases most commonly occur in
elderly patients of either sex.

Treatment of bleeding episodes for patients with acquired
hemophilia A or congenital hemophilia A with inhibitors depends
on the inhibitor titer. Low-titer inhibitors can be overwhelmed
with F VIII bypassing agents (prothrombin complex concentrates,
activated prothrombin complex concentrates), or recombinant F
Vlla or porcine F VIII concentrates can be used to treat patients
with high-titer inhibitors. Recombinant F VIla is effective in
controlling most bleeding episodes. There have been no reports of
inhibitory antibodies developing to the product [176].

Acute bleeding complications are an indication not only for the
application of highly dosed concentrated factor VIII, but also for
the removal of circulating antibodies through TPE. Substitution
with fresh frozen plasma also includes the administration of F VIII.
The advantage of TPE and IA is in its rapid removal of antibodies
and absence of excessive antibody formation. A disadvantage is an
increased risk of bleeding with TPE treatment, if anticoagulation
becomes necessary.

In the ASFA guidelines on the use of TA, the coagulation factor
inhibitors in hemophilia A and acquired factor antibodies in non-
hemophilia patients has category III with RG 2B for IA and IV
with RG 2C for TPE [12,13] (Table 3). Factor deficiency can be
either congenital or acquired; the majority of acquired deficiencies
result from autoantibodies. In addition, congenital factor deficient
patients can develop inhibitors, alloantibodies, to the factors.
The treatment options for inhibitor suppression include high
dose corticosteroids, cyclophosphamide, cyclosporin, rituximab,
and high dose IVIG [6]. For coagulation factor inhibitors, the
extracorporeal removal by IA is more effective than TPE [176].

Since the beginning of gene therapy, hemophilia has been
considered an attractive disease target that serve as a trailblazer for
the field at large. The most promising vectors for hemophilia gene
therapy are adeno-associated viral vectors (AAVs) and lentiviral
vectors. More recently, gene-editing approaches based on designer
nucleases or CRISPR/Cas, have also been considered to minimize
risks associated with random vector integration and insertional
mutagenesis though off-target issues would have to be carefully
and comprehensively assessed [177]. In patients with high titer of
antibodies is the use of some TPEs or IAs before the introduce of
the gene therapy could be discussed.

Dermatological diseases

Dermatologic immune mediated diseases represent a heterogenous
group of disorders associated with circulating autoantibodies
against distinct adhesion molecules of the skin and/or mucosa
[178]. According to the level of split formation, the disorders can
be divided in the intraepidermal blistering pemphigus, such as
pemphigus vulgaris (PV), pemphigus foliaceus, and paraneoplastic
pemphigus, and the subepidermal blistering pemphigoid diseases,

such as bullous pemphigoid (BP), pemphigoid gestations, and
dermatitis herpetiformis [12]. The new developed sensitive
and specific assays for circulating autoantibodies in these
dermatological diseases now enable a serological diagnosis in
about 90% of cases.

The incidences of autoimmune blistering skin diseases in Germany
has doubled in the last 10 years, to about 25 new cases per million
humans per year, because of improved diagnostic techniques as
well as the aging of the population [179]. There are an estimated
2000 new cases of autoimmune blistering skin diseases per year.
The incidence of pemphigus in Europe is one to two cases per
million humans per year, and 80% have PV. BP is the most
common type of subepidermal autoimmune blistering skin disease
in Europe, with an incidence of about 13 cases per million humans
per year [180,181]. The next common types are mucous membrane
pemphigoid and pemphigoid gestationis [182]. The standard of
diagnostic testing for autoimmune blistering skin diseases is direct
immunofluorescence (IF) microscopy to demonstrate the presence
of tissue-bound autoantibodies and/or of C3 in patients’ skin or
mucous membranes.

Pemphigus Vulgaris (PV)

PV is a severe, chronic disease of the skin and mucous membranes,
has poor prognosis and acantholytic blisters and erosion, and is
characterized by the presence of antibodies against epidermal
intercellular substances [183]. Both genders are equally affected
with the mean age of onset in the sixth and seventh decade of life, and
the patients present with skin lesions that occur typically as flaccid
blisters [13]. The blisters can be located on the entire body surface
as well as on the mucous membranes of the mouth. PV has a high
morbidity and mortality before the introduction of corticosteroids.
They reduced the mortality rate from 70% to 100% to amean of30%.
The conservative therapy include high doses of corticosteroids,
dapsone, gold, and systemic antibodies alone or in combination
with other immunosuppressant agents in usually dosages, such
as azathioprine, methotrexate, and cyclophosphamide. Newer
therapeutic modalities are mycophenolate mofetil, chlorambucil,
dexamethasone-cyclophosphamide, IVIG therapy, TPE, ECP and
rituximab [13,184]. The rationale for using TPE in the treatment of
PV based on the presence of circulating pathogenic autoantibodies
(Table 4). The frequency of TPE and IA is 3 to 6 treatments in
two weeks, and then after the titer of the antibodies in the blood.
For ECP, the frequency is 3 to 4 treatments in one week, and then
after the antibody titers. The treated volume is for all diseases
1 to 1.5 TPV. The substitution solution for TPE is usually a 5
% human albumin-electrolyte solution or a part of FFP for all
diseases. The goal of TPE is to reduce the level of autoantibodies
with subsequent improvement in clinical symptoms. The decline
autoantibody titers, antikeratinocyte cell surface antibodies, and
anti—desmoglein-3 correlated with clinical response in a number of
patients [178]. The antiepidermal antibodies, which usually belong
to the IgG category, can be easily eliminated with TPE [185,186].
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Table 4: Guidelines on the use of TA in clinical practice-based approach

observation from 1980-2008.

in dermatological diseases with immunologic origin [12,13], and own

Apheresis Application Committee of the ASFA, 2013, 2019 [12,13] Own Observations from 1980 -2008
TPE* | EV Course
TA C RG = Pat(n) Age (y, X) f/m HD**  (l/tr) + improved
%
Pemphigus vulgaris ((PV), intradermal blistering 1;le 10! ;g 3 41 1/2 4.3 3.7 +3
— — * 3
Bullous pemphigoid (BP), subepidermal blistering T;I;E _ . . 69 m 8.0 20 +improved
— — * 3
D-penicillin-amine-induced pemphigus ’I;IA;E — _ . e m 2.0 31 + improved
Dermatitis herpetiformis TPE = — —
Herpes gestationes TPE - — —
Progressive sclerodermsa TPE - — —
e TPE 1 2C 4 58.5 3/1 | 9.25% | 2.6* | +2/2unchanged
& v ECP I 2B -
Dermatomyositis e v 2A 1 66 M 2% 3.0 unchanged
Y 1A v 2A —
Pyoderma gangrenosum TPE — —
Epidermal necrolysis (Lyell syndrome) TPE 11 2B 6 553 5/1 13.5% | 3.0 +4/2
Behg et disease, Uveitis TPE - - 7 32.7. 3/4 | 204*% | 24 =7
Psoriasis vulgaris TPE 11 2C 3 46.7 1/2 153* | 25 +3
aCA I 2C —
LA 11 2C —
ECP v 2B —
Henoch-Schénlein purpura TPE 111 2C 2 62.0 1/1 13.0* 2.0 +2

TA: TA modality; C: Category; RG: Recommendation grade; Pat: patient; f/m: female/male; EV: Exchange volume (l/tr: liter / treatment, X); Substitution:
3-5 % human albumin electrolyte solution, FFP; unch: unchanged. aCA: adsorptive Cytapheresis, LA: Lymphocytapheresis, ECP: extracorporeal

photopheresis; IA: Immunadsorption on protein A

Category I: accepted for TA as first-line therapy; Category II: accepted for TA as second-line therapy; Category III: not accepted for TA, decision
should be individualized; Category IV: not accepted for TA, approval is desirable if TA is undertaken [12,13].

Bullous Pemphigoid (BP)

BP is another form of subepidermal blistering pemphigus; BP
is rare. BP frequently involves a premonitory stage with pruritic
urticarial erythema and eczematous lesions followed by the
classical bullous stage with tense blisters, erosions, and crusts
[186]. BP is a chronic dermatosis often associated with acute
exacerbations, with the formation of bullae blisters usually on
the inflamed skin, subepidermal blister formation, and antibodies
against the epidermal basal membrane. Thus, BP can also occur
in combination with other autoimmune disorders. The course of
this pemphigus disorder is not as dramatic as other forms of the
disease, with good response to high-potency corticosteroids, which
are usually combined with dapsone, doxycycline, methotrexate, or
azathioprine in usually dosages [179]. BP has an annual incidence
of about 13 - 42 new cases per 1 million in central Europe and the
United Kingdom [187,188]. Only a few cases have been treated
with TPE up to now [189]. After 3 to 5 treatments in one week, we
could see if TPE or IA can decrease the antibody titer. In very low
antibody titers, the frequency of the treatments can decrease, t0o.
Because the pathogenic relevance of autoantibodies therapeutic
options was clearly demonstrated in the majority of autoimmune
bullous diseases, removal of autoantibodies, therefore TPE is
indicated IA and rituximab have been established additional
therapeutic options [190].

D-Penicillamine induced Pemphigus

D-Penicillamine induced pemphigus, steroid-resistant pemphigus,
is a foliaceus type disease with high lethality and mortality rate,
which can occur as a side effect in long-term penicillamine therapy,
which is a particular indication for TPE [191]. Only case reports of
D-penicillamine-induced pemphigus treated successfully with TA
were reported in combination with immunosuppression [192]. TA is
the most specific therapeutic option, in which only the pathogenic
IgG is depleted in the patient’s plasma. Three to 5 treatments of
TPE or IA and immunosuppressive drugs in one or two weeks are
necessary toan improvement ofthe disease. A combination of IA and
rituximab showed rapid and long-lasting response of concomitant
immunosuppressive medication [16,183]. Rituximab, in usually
dosages, is almost given as an adjuvant drug, i.e., in addition to
another type of immunosuppressive treatment. Complications of
rituximab in patients with autoimmune blistering skin diseases
include infections, deep venous thrombosis of the lower limbs,
pulmonary embolism, longterm hypogammaglobulinemia, and
neutropenia with an overall mortality of 4% [181]. The treatment
with corticosteroids and cyclosporin is documented as first-line
therapy. In cases that do not respond to this treatment, alternative
therapeutic procedures (e.g., systemic corticosteroids and
mycophenolate mofetil; mycophenolate mofetil and cyclosporin;
tacrolimus; infliximab in usually dosages, or TPE [181].
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TPE is in combination with immunosuppression probably
successful due to the pathogenesis of severe cases of dermatitis
herpetiformis and herpes gestationis [192,193]. Herpes gestationis
or pemphigoid gestationis is an autoimmune subepidermal
blistering disease that occurs in women in the second or third
trimesters of pregnancy or even puerperium. It is a rare skin disease,
the incidence of which has been estimated of approximately one
case in every 40,000-60,000 pregnancies [193].

Scleroderma or systemic sclerosis is a rare, generalized
autoimmune disease. Scleroderma is characterized by vascular
abnormalities, fibrosis, inflammatory changes, and late-stage
atrophy/obliterative  vasculopathy.  Localized scleroderma
forms show a longitudinal or circumscribed skin involvement
[194]. The effectiveness of TPE in progressive scleroderma and
dermatomyositis is still disputed.

Pyoderma gangrenosum (PG) is a rare, polyetiological syndrome
based on a pathological immune reaction. In over 40% of cases,
this disease occurs together with colitis ulcerosa. In the vessel,
walls of vasculitic lesions, granular IgG, C3, complement, and
IgM deposits have been observed [195]. PG is a non-infectious
neutrophilic dermatosis that usually starts with sterile pustules
that rapidly progress to painful ulcers of variable depth and size
with undermined violaceous borders. In 17 % -74 %of cases,
PG is associated with an underlying disease, most commonly
inflammatory bowel disease, rheumatological or hematological
disease, or malignancy. PG is characterized by painful, enlarging
necrotic ulcers with bluish undermined borders surrounded by an
advancing zone of erythema; its clinical variants include ulcerative
or classic, pustular, bullous or typical, vegetative, peristomal,
and drug-induced. It can be idiopathic or associated with cancer,
infections, medications, and systemic diseases [ 196]. The treatment
with corticosteroids and cyclosporin is documented as first-line
therapy. In cases that do respond to this treatment, alternative
therapeutic procedures (e.g., systemic corticosteroids, and
mycophenolate mofetil; mycophenolate mofetil and cyclosporine;
tacrolimus, infliximab in usually dosage, or TPE (8-10 treatments)
are recommended [197].

Drug-induced Epidermal Toxic Necrolysis (TEN),

TEN, also known as Lyell’s syndrome, is a life-threatening drug
reaction characterized by extensive destruction of the epidermis
and mucosal epithelia. The eyes are typically involved in TEN.
The disease has a high mortality rate. TEN and the Stevens
- Johnson syndrome (SJS) are closely related, although their
severity and outcome are different. The SJS and TEN are rare but
present severe skin manifestation. They are estimated to occur in
one to three people per million per year in Europe and the United
States (198). They are characterized by a low incidence but high
mortality, and drugs are most commonly implicated in 80% of
TEN cases. TEN is the most severe form of drug induced skin
reaction and is defined as epidermal detachment of 30% of total
body surface area [199]. In Lyell’s syndrome, the acute phase can
be very successfully treated by TPE. The allergic or toxin-induced

skin necrolysis is usually triggered by a drug acting like a hapten
[200]. Lyell’s syndrome is fortunately very rare but has a high
mortality rate, approximately 50%, and thus, early administration
of TPE is justified, 6 to (8 to 10 treatments) every day or every
other day. TPE is a safe intervention in severely ill TEN patients
and may reduce the mortality in this severe disease [201].

Behget disease a multisystem inflammatory disorder, presents
with the involvement of muco-cutaneous, ocular, vascular, central
nervous and gastrointestinal systems. It is an idiopathic, chronic,
and recurrent disease characterized by exacerbation alternating
with plasma of quiescence, episodic pan uveitis, and aggressive
no granulomatous occlusive vasculitis of the arteries and veins of
any size with explosive ocular inflammatory attacks that primarily
affect the retinal and anterior segment vasculature of the eye [202].
Central nervous system involvement, most often due to necrotizing
vasculitis, may be the most protein manifestation of the disease,
leading to death. The frequency of ocular manifestations is 70%-
85% in these patients.

Although TPE has been has been successful in individual cases
[203]. The frequency is 3 to 6 treatments daily or every other day,
a chronic treatment of TPE with one treatment every two or four
weeks for two or three months is possible, too. In recent years, there
have been reports on the successful treatment with implementation
of cyclosporin A, tacrolimus, or infliximab, etc.

Psoriasis vulgaris is a common autoimmune chronic inflammatory
skin disease that affects approximately 2% of the mechanism is the
secretion of type 1 (Th 1) cytokines by T cells and their activation
[204]. TPE may be beneficial in patients with psoriatic arthropathy
and not responding to conventional therapy [205]. However,
blocking TNF-a by infliximab or etanercept has shown particular
promise, especially in the management of psoriasis.

Henoch-Schoénlein purpura (HSP) is a systemic vasculitis that
affects vessels of small size. The vascular purpura is usually
confined to the lower limbs and is associated, at varying degrees,
with joint, gastrointestinal, and renal involvement. It is a systemic
disease where antigen-antibody (IgA) complexes activate the
alternate complement pathway, resulting in inflammation and
small-vessel vasculitis [206]. HSP is defined as the presence of
two or more of the following criteria: age of disease onset (20
years or younger), palpable purpura, acute abdominal pain, and
granulocytic infiltration in the walls of arterioles or venuoles.
All patients develop palpable purpura. In the skin, these deposits
lead to subepidermal hemorrhage and small-vessel necrotizing
vasculitis producing the purpura [13]. IgG autoantibodies
directed at mesangial antigens may play a role in pathogenesis.
In other organs, necrotizing vasculitis leads to organ dysfunction
or hemorrhage. The recommendation for TPE are severe cases
(Table 4). Eight to 10 treatments daily or every other day until the
antibodies disappeared.
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Autoimmune Diseases

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
[207]. 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.

Antinuclear antibodies are to be found against most nuclear
structures. The antibodies are typically directed against both
cytoplasmic-associated and cell membrane-associated proteins,
and antibodies against cytoplasmic structures and cell membrane
components. The different groups 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
complement components [6].

Systemic Lupus Erythematosus (SLE)

SLE 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 important role in its pathogenesis. Anti-ds DNA
autoantibodies constitute a heterogeneous family with respect to
avidity, cationic charge, immunoglobulin class, and complement-
fixing ability [6].

SLE usually involves high-titer antinuclear antibodies of the IgG
group. This antinuclear antibody group includes not only the
anti-ds DNA antibodies but also autoantibodies against single-
stranded DNA (ssDNA), histones (HI-H4), and non-histone
proteins (e.g., Sm, nRNP, SS-A/Ro, SS-B/La) [16]. Thus, in
addition to antinuclear antibodies, SLE patients possess, although
less frequently, autoantibodies against cytoplasmic antigens (SS-
A/Ro, SS-B/La, ribosomes, and Golgi apparatus), phospholipids
(e.g., cardiolipin), cytoskeletal proteins (e.g., cytokeratin, desmin,
vimentin, and neurofilaments), basement membrane, and various
cell superior determinants of leukocytes, erythrocytes, and
thrombocytes.

Most antibodies belong to the so-called easy antigens, i.e., they
are long-chained structures with repetitive epitopes, such as DNA,
RNA-cell surface antibody, and basement membrane [6]. Many of
these antibodies are polyreactive, i.e., 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 conformation or that the antigen-binding site of
autoantibodies has various independent binding sites [6].

It is still unclear whether formation of antinuclear antibodies 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 abovementioned relationship
between human leukocytes 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 immunologic
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 [208]. 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 [2].

SLE is a chronic inflammatory disorder. With its extremely
variable range of symptoms, SLE can cause broadly varying
clinical conditions, ranging from an acute attack with high
temperature, anemia, leukopenia and thrombocytopenia, arthritis,
exanthema, and polyserositis, to lasting isolated damage to the
kidneys, bone marrow, and joints. The disease preferentially
affects childbearing age females (ratio F:M 10:1) [6]. The course
of SLE is often unpredictable, with many attacks and milder forms
of SLE showing spontaneous remission. Renal involvement in
SLE is associated with high mortality. With aggressive therapeutic
schemes, survival rates have been steadily increasing in recent
years. The American Rheumatology Association compiled the
seven most important diagnostic criteria for SLE [207].

SLE involves increased production of autoantibodies, immune
complex deposition in the microvasculature of various organs,
complement activation, leukocyte infiltration, and tissue damage.
The immune complex glomerulonephritis of SLE is a major
cause of morbidity and a determinant of the outcome of the
disease [209]. 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

insufficiency requiring dialysis, which occurs in nearly one quarter

of patients. In addition, efforts must continue to minimize the

adverse effects of long-term immunosuppressive therapy [209].

TPE is particularly indicated in severe cases, such as:

— Rapid progression despite immunosuppressive therapy,
renal involvement, e.g., proliferative glomerulonephritis and
nephrotic syndrome [208,210], extremely acute generalized
vasculitis [208], thrombocytopenia and leukopenia, pulmonary,
cardiac, and cerebral involvement, pancreatitis [49].

Prolonged treatments have been reported, but their rationale and
efficacy are questionable [6]. According to Clark et al., TPE with
4 L once per month probably modulates the immune response and
thus intervenes beneficially in the course of the disease [6].

Cyclosporin A is a well-known immunosuppressive drug that has
been used successfully for many years to delay organ transplant

Clin Immunol Res, 2021

Volume 5 | Issue 2 | 25 of 36



Table S: Guidelines on the use of TA in clinical practice-based approach in autoimmune diseases with immunologic origin (12, 13), and own observation

from 1980-2008.

Apheresis Application Committee of the ASFA, 2013, 2019 [12,13] Own Observations from 1980 -2008

TA C RG Pat(n) Age(y,x) f/m :I;Ez EX)(V +§;’;:)sv"e q
e L et i S S VA
Catastrophic antiphospholipid syndrome TPE nm | 2C -
R—— BRI

TA: TA modality; C: Category; RG: Recommendation grade; Pat.: patient; f/m: female/male; EV: Exchange volume (I/tr: liter / treatment, X);
Substitution: 3-5 % human albumin electrolyte solution, FFP; PeG: Peptid-Gam®: synthetic peptide-goat-antimouse; Trp: Tryptophan; DS: Dextran

sulfate; [A: Immonadsorption on protein A.

Category I: accepted for TA as first-line therapy; Category II: accepted for TA as second-line therapy; Category III: not accepted for TA, decision
should be individualized; Category IV: not accepted for TA, approval is desirable if TA is undertaken [12,13].

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 implementation of cyclosporin A
in chronic SLE presents new therapeutic possibilities due to
selective inhibition of T cell activity at a very early stage [211].
The prognosis for SLE with varying organ manifestations has
been considerably improved in recent years due in part to very
aggressive therapy schemes [212].

Antiphospholipid Syndrome (APS)

APS is an autoimmune hypercoaguable state caused by antibodies
against cell membrane phospholipids that provoke thrombosis in
the arteries and veins. Antiphospholipid antibodies can be detected
by measuring lupus anticoagulant and anticardiolipin antibodies
[207]. Antiphospholipid antibodies are implicated in vascular
thrombosis, 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 APS is possible. In addition, of 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 APS can exist without SLE, it should also be considered
in non-SLE patients when classical symptoms, such as recurrent
thrombosis of unknown etiology, are present. TA can be considered
life-saving in patients with severe APS [213].

Catastrophic antiphospholipid syndrome (CAPS) is an acquired
hypercoagulable state, an unusual variant of APS. 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 antibodies (lupus anticoagulant,
anticardiolipin antibodies, and/or anti-B2 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 [12].

The exact mechanism by which TPE exerts an effect in CAPS is
not known, but removal of pathologic antiphospholipid antibodies,
as well as cytokines, tumor necrosis factor-a (TNF-a), and
complement, is thought to play an important role. In most reports in
which the replacement fluid transfusion of natural anticoagulants
such as protein C, protein S, and antithrombin is given, this 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 5) [13].

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:
1) to treat any precipitating factors, e.g., infection, organ necrosis,
2) to prevent and to control ongoing thrombosis, 3) to suppress
excessive cytokine production [12].

First-line therapies from retrospective study data should always
include the combination of anticoagulation against thrombosis,
glucocorticoids plus TA, and/or intravenous immunoglobulins in
the treatment of CAPS [214]. If CAPS is associated with a flare
of SLE, cyclophosphamide is also used. In combination with
infection, parenteral antibiotics should be administered [12]. A
minimum of 3—5 TPEs are recommended. Discontinuation is based
on the patient’s clinical response. Some patients have been treated
for weeks. TPE and IA are valuable treatment strategies in patients
with refractory disease manifestations and in pregnancy. IA seems
to have a favorable side effect spectrum compared to TPE. There
is a clear need to perform randomized controlled trial to evaluate
efficacy, safety and tolerability of both treatment strategies in the
treatment of SLE and CAPS [215,216].

Rheumatoid Arthritis (RA)

RA is an autoimmune disease that affects approximately 1-3% of
the population and results in considerable morbidity and debility
[6]. A typical characteristic of RA 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
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the inflamed joints of patients with rheumatoid arthritis, activated
T lymphocytes accumulate as activated cells [217]. The etiology
and pathogenesis of rtheumatoid 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.

In RA, which is a chronic multisystem autoimmune disease, the
most characteristic feature is an inflammatory synovitis, it can
be relapsing or persistent, usually involving peripheral joints in
a symmetric distribution. In about 20 % of the patients, there
are extra-articular features, too. The role of antibodies to cyclic
citrullinated peptides in the pathogenesis and diagnosis has been
increasing attention [12].

A positive rheumatoid factor can be serologically detected in
about 80% of patients; antinuclear antibodies, circulating immune
complexes, cryoglobulins, and hypergammaglobulins 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 [207]. RA has significant systemic
effects, with associated morbidity and mortality. The role of
humoral versus immune activity in the resulting disease process
is not completely understood. T cells are activated by an unknown
initiating process, resulting in production of interleukin-1 and
TNF-0, 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
[218].

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 curative, and all must be viewed as palliative, aimed primarily
at relieving the signs and symptoms of the disease [13]. Medical
management of RA can be divided conveniently into five groups of
medications: Aspirin, other nonsteroidal anti-inflammatory drugs,
and simple analgesics; low-dose oral glucocorticoids; disease-
modifying antitheumatic drugs (e.g., methotrexate); cytokine-
neutralizing agents (i.e., antiTNF, anti-IL-1); immunosuppressive
and cytotoxic drugs, and novel and effective biologic agents like
rituximab (13).

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 [219,220]. The clinical results of
cryofiltration, double filtration, IA, and leukocytapheresis 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
[221,222].

After the guidelines of the AAC of the ASFA, RA has for
immunoadsorption with protein A category I, (Table 5) [13]. The
rationale for using staphylococcal protein A column is that protein
A has a high affinity for Fc portion of IgG and for high molecular
weight IgG and IGM complexes [13]. IgG antibodies and CICs
can be selectively removed from the blood by perfusion 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 [6]. 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 rheumatoid arthritis
is first to use the above mentioned five groups of medications
with aspirin and other nonsteroidal anti-inflammatory drugs, and
lastly, immunosuppressive and cytotoxic drugs. The biological
agents can be used to target specific cells and cytokines. These
drugs have been shown to reduce inflammation significantly
and to retard the progression of joint damage in rheumatoid
arthritis, thereby reducing symptoms and improving function
[223]. Early clinical results of monotherapy using tocilizumab,
anti-interleukin-6 receptor antibody, in rheumatoid arthritis were
excellent [224]. Therefore, TA 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)
and Staphylococcal A silica (Prosorba; both Fresenius HemoCare
GmbH, Germany) columns.

Inflammatory Eye Disease

When conventional therapy with cortisone or immunosuppressive
drugs fails or is inadequate in the treatment of immune-mediated
inflammatory eye disease with an auto immunologic pathogenesis,
TA may be indicated and is increasingly being implemented with
success.

Severe uveitis is potentially associated with visual impairment or
blindness in young patients [225]. In posterior uveitis, progredient
inflammatory processes can lead to morphologic changes in the
chorioidea and retina, contributing 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 perfusion of the retina
and chorioidea. Primary inflammatory vascular changes may
lead to secondary morphologic chorioretinal 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 [207].
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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.

The improvement in hemorheologic parameters could contribute
considerably to the therapeutic success in autoimmune eye
diseases accompanied by primary or secondary vascular 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. The
immunomodulating mechanism of TA, which favors a prompter
elimination of inflammation, increases ocular function, and
reduces recurrence, has been clarified

In recent years, the anti-TNF-o antibodies, infliximab
and adalimumab, and others demonstrated significant
efficacy in controlling uveitis associated with seronegative
spondyloarthropathies and juvenile idiopathic arthritis [226]. 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. Additionally,
the high cost and potential side effects of the biologic agents have
limited their current use to uveitis refractory to immunosuppression.
Further controlled randomized multicenter studies of TPE and/
or immunosuppression versus biologics are necessary to clarify
efficacy, side effects, and costs.

Summary

Different immunological diseases can be treated by various
apheresis methods. However, there are only a few prospective
controlled trials available to allow definitive conclusions. RPGN is
aclinico-pathologic entity consisting of rapid loss of renal function,
usually a 50 % decline in GFR within some months. Therefore, TA
is indicated in RPGN (ANCA associated) with dialysis dependence
(Cr > 6 mg/dL), and in RPGN with diffuse alveolar hemorrhage
(anti-glomerular basement membrane disease). TA in RPGN
with dialysis independence is only indicated in severe cases if the
immunosuppressive therapy has failed. In approximately 60 % of
patients with RPGN present with crescentic glomerulonephritis
(pauci-immune RPGN) with few or absent deposits, some trials
have evaluated the efficacy of TA as an adjunct to conventional
immunosuppressive therapy. FSGS is caused by a variety of
factors, however, one type that recurs after transplantation and has
been with circulating factors, can be treated with TA. MPGN from
cryoglobulinemia could be an indication for TA, too. The rational
for TA in HUS is discussed controversially. The treatment strategy
is dependent on disease severity. TA and biologic agents, such as
eculizumab, in combination seems to be prudent. TA is indicated
in renal transplantation in ABO compatible antibody mediated
rejection, desensitization, living donor, and positive crossmatch

due to donor specific HLA antibody. In renal transplantation, ABO
incompatible, TA is indicated for desensitization live donors and
in humoral rejection.

TA, besides corticosteroids, [IVIG, and immunosuppressive drugs,
has been established as first-line therapy in a large number of
neurological diseases. Especially immune-mediated neurological
and hematological diseases that without treatment can lead to
significant disability and in a limited number of patients to death
[6]. However, a specific therapy for an individual patient is dictated
by several factors, including patient comorbidity and the practice
environment. An improved understanding of antibody responses
and genetic backgrounds in immune-mediated neurological
and hematological disorders may offer new opportunities for
target interventions. Newer therapy modalities such the human
monoclonal antibodies rituximab, eculizumab, belimumab, or
others showed clinically improvement in severe and refractory
immune-mediated neurological disorders [6]. Further controlled
multi-center studies must show the effectivity of these human
monoclonal antibodies in immune mediated disorders.

PV is a classic example of antibody-induced immune dermatosis.
TPE or IA and ECP are indicated in patients with severe symptoms
who either received high doses of conventional agents and/or had
an aggressive and rapidly progressive disease. BP is another rare
form of subepidermal blistering pemphigus. BP is not as dramatic
as other autoimmune diseases with good response of conventional
therapy. TPE and IA in combination with immunosuppression
are indicated in BP and d-penicillamine-induced pemphigus
only in severe cases. In severe cases of progressive scleroderma,
dermatomyositis, TEN, psoriasis vulgaris, and HST, TPE or 1A
can be successful. In these diseases, which do not respond to this
therapy, the first-line therapy is immunosuppression in usually
dosages. Other immuno-suppressants, biologics, or TA could act as
second-line therapy. TA is only indicated in severe cases of Behcet
disease, PG, dermatitis herpetiformis, and herpes gestations and
other autoimmune diseases as second-line therapy. In these cases,
TA must be combined with an immunosuppressive therapy and/or
biologic agents.

In other autoimmune diseases such as SLE RA, and inflammatory
eye diseases, the indication of TA is controversially discussed.
Only in severe refractory autoimmune diseases, TA is indicated.
The use of never technologies, such as IA in combination with
recent biologics, might some offer some new perspectives for
extracorporeal treatment of systemic autoimmune diseases.

However, all mentioned therapeutic apheresis methods are still
technically complicated and very expensive. A reduction in costs
is a valid demand in view of the scarce resources available in
the healthcare system. Commissions consisting of physicians,
administration specialists and representatives of the health
insurance funds and others nowadays decide at a “round table” who
will be granted medical facilities and who will not; this is a clinical
routine adopted in German. Physicians are committed to helping
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all patients entrusted to them to the best of their knowledge, and
this means that medical treatment — and particularly the apheresis
processes — must become affordable. This demand represents a
great challenge to physicians, politicians, health organizations,
and above all to the manufacturers. Industry constantly justifies the
high costs with the extensive research and development required.
All those involved in the health-care system must intensify their
cooperation in this respect.

However, for all mentioned diseases the quotient relevant for
cost-effectiveness assessment (cost of treatment — cost saved):
(improvement in life quality) must be discussed and calculated
exactly by all involved persons. After Malchesky, every effort
should be made to delay the progression of acute and chronic
diseases. TA is clearly an important tool in treatment of many
complex conditions now and in the future [227].
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