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ABSTRACT
Besides conventional medical therapies, therapeutic apheresis has become an important adjunct-
ive or alternative therapeutic option to immunosuppressive agents for primary or secondary kid-
ney diseases and kidney transplantation. The available therapeutic apheresis techniques used in
kidney diseases, including plasma exchange, double-filtration plasmapheresis, immunoadsorption,
and low-density lipoprotein apheresis. Plasma exchange is still the leading extracorporeal ther-
apy. Recently, growing evidence supports the potential benefits of double-filtration plasmapher-
esis and immunoadsorption for more specific and effective clearance of pathogenic antibodies
with fewer side effects. However, more randomized controlled trials are still needed. Low-density
lipoprotein apheresis is also an important supplementary therapy used in patients with recurrent
focal segmental glomerulosclerosis. This review collects the latest evidence from recent studies,
focuses on the specific advantages and disadvantages of these techniques, and compares the
discrepancy among them to determine the optimal therapeutic regimens for certain kidney dis-
eases.
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Introduction

The terms therapeutic apheresis (TA) and therapeutic
plasma exchange (TPE) are used to describe the process
of removing pathological substances, such as cells,
pathogenic antibodies, immune complexes, and inflam-
matory mediators, from the patient by an extracorpor-
eal apheresis system to purify the blood and treat

diseases. The widely used TA techniques include plasma

exchange (PE), double-filtration plasmapheresis (DFPP),

immunoadsorption (IAS), and low-density lipoprotein

apheresis (LDL-A) (Table 1).
As an adjunctive therapeutic option, TA is widely

used in the treatment of primary or secondary kidney

diseases and kidney transplantation (KT) (Table 2).
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Recommendation grades and indication categories of
TA in the treatment of kidney diseases have been
updated in 2019 American Society for Apheresis (ASFA)
guidelines (Table 3) [1]. However, whether one tech-
nique is a better choice than another is still uncertain
owing to a lack of randomized controlled trials. This
review will focus on the available evidence and com-
pare the differences among various TA techniques in
treating these diseases to determine the optimal thera-
peutic method for particular kidney diseases.

Modalities of TA

Methods of plasma separation: centrifugation
or filtration

All four TA techniques separate the plasma first.
Centrifugation and filtration are the most common
plasma-separation techniques [2]. Plasma separation by
centrifugation (cTPE) is achieved using a rapidly rotat-
ing centrifuge in an automated system designed to
non-selectively separate plasma from the rest of the
blood based on density and centrifugal force.
Erythrocytes are removed first, followed by leukocytes
and platelets. There is no upper limit to the molecular
weight of proteins removed by this method. The advan-
tages of cTPE include its low cost, low required

anticoagulant and blood flow rate, which are important
for patients in critical conditions. Despite the improve-
ment of this technique, obtained plasma still has minor
platelet contamination, which might interfere with the
adsorption process. Plasma separation by filtration
(mTPE) is achieved by a hollow fiber plasma filter whose
highly permeable membrane is sufficient to separate
plasma from blood components based on pore size.
Membrane plasma separation has the advantage of
achieving platelet-free plasma in the apheresis process.
However, some large immune complexes and cryoglo-
bulins may not be adequately cleared [3]. In a random-
ized prospective crossover study comparing cTPE and
mTPE, cTPE had a significantly higher efficiency in
removing plasma with a shorter treatment time [4].
What’s more, compared to cTPE, mTPE cannot separate
cellular components. It is used in plasma separation
only but not used for cellular apheresis procedures,
such as red blood cell exchange, leukapheresis, platelet
removal, and stem cell harvesting.

Choice of plasma processing volume and
intervention frequency

The choice of plasma processing volume and interven-
tion frequency depends on different clinical situations
and how many of the pathogenic substances need to

Table 1. Comparison of four therapeutic apheresis techniques.
PE DFPP IAS LDL-A

Selectivity Non-selective Semi-selective Semi-selective Semi-selective
Plasma processing volume 1–1.5 times (very limited) 1–2 times (limited) 2–3 times (unlimited

theoretically)
2–3 times (unlimited

theoretically)
Substitution solution Crystalloid/colloid (HSA

or FFP)
Little HSA or saline No substitution solution No substitution solution

Removal of protein Remove all plasma
components

Remove macromolecules Remove pathogenic factors
selectively (predominantly
immunoglobulins)

Remove LDL and other
lipoproteins

PE: Plasma exchange; DFPP: double-filtration plasmapheresis; IAS: immunosorption; LDL-A: low-density lipoprotein apheresis; HSA: human serum albumin;
FFP: fresh frozen plasma.

Table 2. Indications for therapeutic apheresis in diseases involved kidney and their pathogenic factors.
Medical disciplines Diseases Pathogenic factors

Primary kidney diseases FSGS Circulatory permeability factors
MN PLA2R Ab and THSD7A Ab
Anti-GBM glomerulonephritis (Goodpasture’s syndrome) Anti-GBM Ab

Secondary kidney diseases ANCA-associated vessel vasculitis Anti-MPO or anti-PR3 Ab
TTP ADAMTS-13 Ab, ICs
aHUS Complement regulatory components or autoantibodies
SLE Anti-dsDNA Ab, anti-nuclear Ab, ICs

KT ABO-incompatible KT Blood group isoagglutinins
HLA-incompatible KT HLA and non-HLA alloantibodies
Ab-mediated allograft rejection HLA and non-HLA alloantibodies

FSGS: Focal segmental glomerulosclerosis; MN: membranous nephropathy; PLA2R: M-type phospholipase A2 receptor; THSD7A: thrombospondin type 1
domain-containing protein 7 A, Ab: antibody; GBM: glomerular basement membrane; ANCA: antineutrophil cytoplasmic antibodies; MPO: myeloperoxidase;
PR3: proteinase 3; TTP: thrombotic thrombocytopenic purpura; ADAMTS-13: a disintegrin-like and metalloprotease with thrombospondin type 1 motifs-13;
ICs: immune complexes; aHUS: atypical hemolytic uremic syndrome; SLE: systemic lupus erythematosus; KT: kidney transplantation; HLA: anti-human
leukocyte antigen.
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be removed from the body. Plasma processing volume
is calculated based on the patient’s body mass and is
generally 1–1.5 times the total plasma value (TPV) in PE,
whereas the plasma processing volume is theoretically
unlimited in IAS. In acute or critical clinical situations,
the therapy is performed every day or every other day.
According to the clinical results, the interval between
two sessions is gradually extended. For maintenance
therapy, a frequency of two to four times per month
may be sufficient for patients in a relatively stable stage
[5]. The frequency and duration of TA techniques used
in different diseases are summarized in Table 3 accord-
ing to ASFA guidelines.

Advantages and disadvantages of different
TA techniques

PE is a therapeutic procedure in which plasma is first
separated from other components of blood and

then discarded and replaced with substitute fluid
(Figure 1(A)). In this procedure, PE non-selectively
removes all substances, such as pathologic antibodies,
immune complexes, inflammatory mediators, albumin,
and other useful components in the plasma. Therefore,
a large volume of replacement fluid collected from
healthy donors or consisting of manufactured human
serum albumin or immunoglobulins needs to be rein-
fused into the patient’s circulation to avoid significant
hypovolemia. This process increases the risk of transfu-
sion-related infections or allergic reactions. However, PE
also has beneficial effects for infusing useful plasma
components, such as a disintegrin-like and metallopro-
tease with thrombospondin type-1 motifs-13 (ADAMTS-
13) in thrombotic thrombocytopenic purpura (TTP).

DFPP is another therapeutic procedure, which uses
two plasma filters with different pore sizes to selectively
remove macromolecules, especially immunoglobulins
(Figure 1(B)). The first step is to separate plasma from

Table 3. Therapeutic apheresis for the treatment of kidney diseases: recommendation grades and indication categories in 2019
American Society for Apheresis guidelines [1].ABO incompatibleII

Disease Indication Apheresis Category
Recommendation

grade Technical notes

FSGS Recurrent in KT PE/IAS I Grade 1B Volume treated: TPE, LA, or IA with single use
adsorbers: 1.0–1.5 TPV; IA with regenerative
adsorbers: 2–3 TPV.Frequency: Daily or every
other day at initiation of treatment.
Subsequent frequency and duration based on
patient response.

Recurrent in KT/Steroid
resistant in
native kidney

LDL-A II Grade 2C

Steroid resistant in
native kidney

PE III Grade 2C

Anti-GBM
glomerulonephritis

DAH PE I Grade 1C Volume treated: 1–1.5 TPVFrequency: daily or
every other day for 14 days or until anti-GBM
undetectable

Dialysis-independence PE I Grade 1B
Dialysis-dependence

(Cr > 5.7mg/dl)
PE III Grade 2B

ANCA-
associated disease

MPA/GPA/RLV Volume treated: 1–1.5 TPVFrequency: daily in
DAH, typically every other day in absence
of DAH

RPGN, Cr � 5.7mg/dl PE II Grade 1B
RPGN, Cr < 5.7mg/dl PE IIII Grade 2C
DAH PE I Grade 1C
EGPA PE III Grade 2C

SLE Severe complications PE II Grade 2C Volume treated: 1–1.5 TPVFrequency: LN or DAH:
daily or every other day; Other severe
complications: 1–3 times per week. Typically
course of 3–6 PE is enough to see response

TMA TTP PE I Grade 1A Volume treated: 1–1.5 TPVFrequency: daily until
platelets >150K and LDH near normal for 2–3
consecutive days, taper vs abrupt
discontinuation practices vary

STEC-HUS PE/IAS III Grade 2C Volume treated: 1–1.5 TPVFrequency: daily until
improvement, no standardized approach exists

aHUS Volume treated: 1–1.5 TPVFrequency: daily until
clinical response (complement mediated),
daily or every other day for coagulation
mediated TMA

Factor H autoantibody PE I Grade 2C
CF gene mutations PE III Grade 2C

KT
ABO incompatible Desensitization PE/IAS I Grade 1B Volume treated: 1 - 1.5 TPV Frequency: daily or

every other day. antibody titer is less than
critical threshold prior to before KT

AMR PE/IAS II Grade 1B

ABO compatible Desensitization PE/IAS I Grade 1B Volume treated: 1–1.5 TPVFrequency: usually 5
or 6, daily or every other dayAMR PE/IAS I Grade 1B

FSGS: Focal segmental glomerulosclerosis; KT: kidney transplantation; PE: plasma exchange; IAS: immunoadsorption; LDL-A: low-density lipoprotein apher-
esis; GBM: glomerular basement membrane; DAH: diffuse alveolar hemorrhage; ANCA: antineutrophil cytoplasmic antibodies; MPA: microscopic polyangii-
tis; GPA: granulomatosis with polyangiitis; RLV: renal-limited vasculitis; EGPA: eosinophilic granulomatosis with polyangiitis; RPGN: rapidly progressive
glomerulonephritis; SLE: systemic lupus erythematosus; TMA: thrombotic microangiopathy; TTP: thrombotic thrombocytopenic purpura; STEC-HUS: shiga
toxin-mediated hemolytic syndrome; aHUS: atypical hemolytic uremic syndrome; CF: complement factor; AMR: antibody-mediated rejection; TPV: total
plasma volume.
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cellular components with the first filter, called the
plasma separator. Then the separated plasma passes
through the second filter, called the plasma fractiona-
tor, which blocks macromolecules larger than the pore
size of the fractionator, whereas smaller molecules,
such as small-molecular-mass IgG and albumin, filter
through the fractionator and return to circulation. The
volume of the replacement fluid needed is smaller than
PE. By choosing filters with the optimal pore size,
pathogenic substances can be selectively removed
from IgG to low-density lipoprotein cholesterol (LDL-C).
The disadvantage of DFPP is that the plasma fractiona-
tor cannot remove small-molecular-mass IgG and sub-
stances smaller than albumin. Numerous studies have
shown that DFPP is a promising therapy in metabolic,
rheumatic, and kidney diseases [6].

IAS is a new technique developed on the basis of PE.
It has a high affinity for immune complexes through
IAS columns to remove pathogenic factors selectively
or specifically (Figure 1(C)). First, plasma and corpuscu-
lar elements are separated. Then, the plasma passes
through different columns with varied degrees of affin-
ity to circulatory immunoglobulins with or without

antigen specificity. Finally, the purified plasma is
returned to the patient’s body. Compared with PE, IAS
has higher selectivity for the removal of pathogenic fac-
tors in plasma. Theoretically, IAS does not need replace-
ment fluid, such as FFP or albumin, thus avoiding all
kinds of adverse effects caused by plasma infusion,
such as infection or allergic reactions. In addition, the
volume of processed plasma is theoretically unlim-
ited [7].

LDL-A is a novel technique used for the treatment of
nephrotic syndrome (NS), especially focal segmental
glomerulosclerosis (FSGS), which selectively removes
lipoprotein particles from the blood with the reinfusion
of the remaining components (Figure 1(D)) [8]. There
are four different techniques of LDL apheresis: IAS, dex-
tran sulfate cellulose adsorption, heparin extracorporeal
LDL precipitation, and direct adsorption of lipoprotein
using hemoperfusion. All of these techniques are used
for familial hypercholesterolemia, but only dextran sul-
fate cellulose adsorption can be used for drug-resistant
NS [8]. The machine first separates plasma from the rest
of the blood, and then, the Liposorber filter removes
the LDL, very-low-density lipoproteins, Lipoprotein (a),

Figure 1. Schematic diagram of different therapeutic apheresis techniques. (A) In plasma exchange (PE), the separated plasma is
discarded, while separated blood cells are returned to the body together with replacement fluids like human albumin or fresh
frozen plasma. (B) In double filtration plasmapheresis (DFPP), the separated plasma passes through the second filter called
‘plasma fractionator’ with different pore size. Macromolecules larger than the pore size of the fractionator is discarded, while
smaller molecules, such as small-molecular-mass IgG and albumin are returned to circulation together with replacement fluids.
(C) In immunoadsorption (IAS), the separated plasma is taken to an adsorber unit, where specific pathogenic factors are specific-
ally removed. Finally, the ‘purified’ plasma is returned to the body together with the separated blood cells. (D) In low-density
lipoprotein apheresis (LDL-A), cholesterol particles including LDL, VLDL and Lp(a) in separated plasma are biding to dextran sul-
fate on the basis of electrical charge. Other important blood substances are not removed and returned to the patient.
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and triglycerides from the plasma. Finally, the hemo-
cytes and purified plasma are returned to the patients.
Low blood pressure is the most common adverse effect
associated with LDL-A.

TA in primary kidney diseases

Focal segmental glomerulosclerosis

To some extent, FSGS is a set of clinical-pathological
syndromes, rather than a single disease. Circulatory per-
meability factors in plasma have been suggested as the
pathogenic factors of FSGS, which target podocytes
and damage the glomerular filtration barrier [9].
Typically, for the treatment of primary FSGS, corticoster-
oid is considered as the first-line therapy, and immuno-
suppressive agents such as cyclophosphamide (CYC),
calcineurin inhibitors (CNI), rituximab (RTX), or myco-
phenolate mofetil (MMF) are recommended in patients
with steroid-dependent or steroid-resistant conditions
[10–13]. However, partial remission is still more com-
mon than complete remission, and these drugs can
cause severe complications [14]. Currently, extracorpor-
eal therapies, such as PE, IAS, and LDL-A, are reserved
for patients with drug-resistant or drug-based treat-
ment failure [15–17].

Several studies indicated that PE was beneficial for
patients with FSGS. The proteinuria and renal function
of patients with steroid-resistant NS was improved with
PE [15,18]. In one report, four patients with FSGS in the
native kidney were treated with IAS. Only one patient
achieved partial remission after treatment [16]. Neither
the proteinuria nor the renal function of the other three
patients changed, and renal dysfunction even pro-
gressed, which might be associated with the negative
permeability factors and the stage of nephropathy.
According to ASFA guidelines, PE is only used when
other prior therapies have failed [1]. More studies need
to be conducted to determine whether IAS is an effect-
ive alternative therapy.

Persistent hyperlipidemia in patients with FSGS is
nephrotoxic and can lead to chronic progressive glom-
erular and tubulointerstitial injuries. LDL-A might be a
promising supplementary treatment. In the Prospective
Observational Survey on the Long-Term Effects of LDL
Apheresis on Drug-Resistant Nephrotic Syndrome, the
efficacy of LDL-A for FSGS was assessed [17]. For 28
patients with refractory FSGS, nearly half of the patients
(42.9%) were in remission within two years after LDL-A
treatment and achieved a favorable outcome. LDL-A
has been shown to reduce proteinuria in FSGS patients
and improve the response rate to steroids and immuno-
suppressive therapies. The possible reason for this

might be that reduced LDL levels alleviated the lipo-
toxic effect on podocyte function and improved intra-
cellular drug transport.

In conclusion, extracorporeal therapies might be
important complementary options in the treatment of
primary refractory FSGS in the native kidney. The appli-
cations of these techniques are still rare in native kid-
ney diseases, and more studies are needed to verify
their efficacy and safety.

Membranous nephropathy

The pathogenesis of membranous nephropathy (MN)
has been confirmed since the discovery of autoantibod-
ies against podocyte M-type phospholipase A2 receptor
(PLA2R) and thrombospondin type 1 domain-contain-
ing protein 7 A (THSD7A) [19,20]. Other autoantigens,
such as neural epidermal growth factor-like 1 protein
(NELL-1), exostosin 1 and 2, have also been discovered
recently [21,22]. The titers of autoantibodies are closely
related to the prognosis of MN. Despite advances in
understanding the pathogenesis, treatment regimens
remain intractable. For severe patients, the standard
treatment is still a six-month regimen of rotating high-
dose steroids and immunosuppression, such as the
modified Ponticelli regimen (steroids and CYC) or modi-
fied Cattran regimen (steroids and Cyclosporine A)
[23–25]. But these regimens are always accompanied by
significant adverse effects, including infection, osteo-
porosis, diabetes mellitus, weight gain, hemorrhagic
cystitis, infertility, or cancer [26]. The discovery of neph-
ritogenic autoantibodies provides a new therapy choice
that targets B-cell lineages to prevent antibody produc-
tion [27].

As an antibody-mediated disease, extracorporeal
therapy seems to be a promising option. For patients
treated with immunosuppression who still do not
achieve remission or relapse after remission, a rescue
therapy regimen with PE, intravenous immunoglobulins
(IVIGs), and rituximab might be beneficial [27]. In this
retrospective study, nine of 10 patients who had been
resistant to all conventional regimens achieved partial
remission with a rescue therapy regimen. The mean
time in which they achieved partial remission was
2.1 ± 0.5months, which was significantly shorter com-
pared to the three other regimens (rituximab only,
modified Ponticelli regimen, and modified Cattran regi-
men). In addition, patients with PLA2R-negative MN
also responded to this therapy. PE seems to be a treat-
ment option for patients who are refractory to conven-
tional therapies, but further and larger retrospective
studies are needed to evaluate the efficacy of PE.
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IAS was first reported as a treatment option in 1999
[28]. It reduced proteinuria in different nephrotic syn-
dromes, including four patients with MN. A prospective
phase II clinical trial was carried out to assess the safety
and efficacy of IAS in MN [29]. Patients with serum anti-
PLA2R antibody titer levels above 170 lmol/L under-
went five consecutive daily sessions of IAS. A regenera-
tive GAM-146-peptide-coated (Gifu anaerobic medium,
GlobaffinVR ) column was chosen, which can specifically
remove IgG, particularly IgG1, IgG2, and IgG4 [30]. The
results showed that IAS reduced the titers of PLA2R
antibodies, but regenerated antibodies may limit the
efficacy of solitary IAS. In patients with PLA2R-negative
and THSD7A-positive MN, IAS can also reduce protein-
uria by reducing THSD7A antibody levels. However, pro-
teinuria relapses and autoantibodies regenerate when
IAS is discontinued [31]. Therefore, IAS should be an
adjunctive option for severe cases.

PE and IAS can be useful tools in the treatment of
severe antibody-positive MN. But for long-term remis-
sion of MN, immunosuppressive therapies are still the
leading therapy. IAS or PE might only be used to
remove autoantibodies in patients with severe protein-
uria accompanied by complications such as ser-
ious infections.

Anti-GBM glomerulonephritis
(Goodpasture syndrome)

Anti-glomerular basement membrane (anti-GBM) glom-
erulonephritis is a rare but potentially life-threatening
autoimmune disease characterized by rapidly progres-
sive glomerulonephritis (RPGN) with or without diffuse
alveolar hemorrhage (DAH). The occurrence of both
manifestations is known as Goodpasture syndrome,
which has a high mortality rate [32]. Anti-GBM disease
is mediated by circulatory anti-GBM antibodies target-
ing an epitope on the non-collagenous domain of the
a3 chain of collagen type IV, which activating the com-
plement cascade, results in tissue injury [33].
Antineutrophil cytoplasm antibodies (ANCA) can also
be detected in 25% of patients [34]. The titers of these
antibodies are associated with disease severity. Because
the antibody is pathogenic, clearance of these antibod-
ies is the most effective treatment.

Current standard treatments include combining PE
with immunosuppressants such as CYC and corticoste-
roids. While PE removes the circulatory antibodies,
immunosuppressants inhibit the formation of new anti-
bodies. Before the application of PE, the mortality and
ESRD caused by Goodpasture syndrome were extremely
high. In several nonrandomized trials, PE was found to

be effective in reducing anti-GBM antibodies, improving
renal function, and controlling intra-alveolar bleeding
[35]. For patients with serum creatinine <5.7mg/dl and
DAH, the renal function might recover after treatment,
but for patients with serum creatinine >5.7mg/dl or
dialysis dependence, glomerular injury and kidney func-
tion are usually irreversible [1,36]. Therefore, PE should
be implemented early before the disease develops
to ESRD.

IAS is an alternative therapy for removing circulatory
factors, but only a few cases reported using IAS in anti-
GBM disease [37,38]. In a study of 10 patients with anti-
GBM disease treated with IAS, anti-GBM antibodies
were reduced to negative levels in patients after two
through nine sessions of IAS treatment, and dialysis
dependency was successfully reversed in three of six
patients [39]. Owing to the high response, IAS should
be considered as a valuable treatment option for anti-
GBM disease, especially in patients with a high percent-
age of crescents and dialysis dependence. Another
study showed that the efficacy of clearing anti-GBM
antibodies, renal survival, and patient survival were
similar between the DFPP and IAS groups [40].
Compared to PE, DFPP and IAS are commonly consid-
ered more expensive, but for patients who need inten-
sive TA therapy (15 or more treatments), total costs
might be lower than PE because of reusable adsorb-
ers [39].

TA in secondary kidney diseases

Antineutrophil cytoplasm antibodies-
associated vasculitis

ANCA-associated vasculitis (AAV) includes microscopic
polyangiitis (MPA), granulomatosis with polyangiitis
(GPA, previously Wegener’s granulomatosis), and
eosinophilic granulomatosis with polyangiitis (EGPA,
previously Churg-Strauss syndrome) [41]. AAV is charac-
terized by the formation of necrotizing inflammation
and fibrinoid necrosis in small vessels [41], and the
development of autoantibodies to the neutrophil cyto-
plasmic antigens with specificity for proteinase 3(PR3-
ANCA) or myeloperoxidase (MPO-ANCA) [42]. Many
organs can be affected, especially the kidney; lung; ear-
nose-throat (ENT); joint; skin; and nerve system.

For decades, glucocorticoids and immunosuppres-
sants (CYC or Rituximab) were considered as the stand-
ard treatment for AAV. For patients with severe clinical
symptoms such as DAH or RPGN, PE is used as the
first-line therapy. Nevertheless, the benefit of PE is
still in doubt. PE is recommended based on the
Methylprednisolone versus Plasma Exchange (MEPEX)
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trial (the largest long-term follow-up study of PE in
AAV), which suggested using either PE or high-dosage
methylprednisolone as adjunctive therapy [43]. In this
study, 137 patients with severe renal diseases (serum
creatinine >5.7mg/dl or on dialysis) received intraven-
ous methylprednisolone (IVMP) or PE added to oral CYC
and glucocorticoids. A higher rate of renal recovery and
dialysis independence was achieved in the PE group
than in the IVMP group. But after four years, PE showed
no benefits to overall survival, renal survival, or relapse
rate [44]. Moreover, the MEPEX trial showed that
patients without scarring on their renal biopsy are most
likely benefit from PE [43]. However, patients with ESRD
may not benefit from PE and may even suffer serious
adverse effects from PE. PE may increase the risk of
death in patients with DAH because the infection is the
most common cause of death. Whether PE should be
recommended for patients with severe kidney dysfunc-
tion or DAH is controversial. Recently, the Plasma
Exchange and Glucocorticoids for Treatment of ANCA-
Associated Vasculitis (PEXIVAS) trial (n¼ 704) were con-
ducted, and the inclusion criteria was broader, includ-
ing patients with kidney dysfunction or DAH [45]. The
purpose of this trial was to evaluate the effect of PE in
severe AAV. PE showed a transient benefit but did not
reduce the mortality or incidence of ESRD in further fol-
low-ups for two to seven years. There was no statistical
significance between the subgroups of patients with
creatinine >5.7mg/dl or DAH. A meta-analysis of trials,
including MEPEX and PEXIVAS, showed PE significantly
decreased overall incidence of ESRD in a short time, but
it may not have a positive effect on long-term preven-
tion of the development of ESRD [46]. Despite the
negative findings, PE was still supported by many
physicians. In PEXIVAS, renal biopsies were not
required, limiting the ability to determine whether PE
may be beneficial in subgroups of patients based on
histological changes. The controversy in different stud-
ies may also be due to the difference in eligibility, end
points, and trial duration. The Kidney Disease/
Improving Global Outcomes (KDIGO) 2021 clinical prac-
tice guidelines do not recommend the routine use of
PE for patients with eGFR <50mL/min per 1.73m2 but
state it can be considered for patients with creatinine
>5.7mg/dl requiring dialysis or with rapidly increasing
creatinine, and in patients with DAH who have hypox-
emia. For patients with an overlapping syndrome of
AAV and anti-GBM, PE should be added [47]. These rec-
ommendations are dependent on the MEPEX trial and a
meta-analysis, and maintenance therapy should be con-
tinued after PE.

The application of IAS in AAV is relatively rare. Only a
few studies reported the efficacy of IAS in autoantibody
clearance in AAV with favorable outcomes, but no evi-
dence showed that IAS was superior to PE [48]. Ten
patients with RPGN (five with MPA, two with GPA, and
three with SLE) on dialysis were treated with IAS, pred-
nisolone, and CYC [48]. Renal function was recovered
within an average of 6.7 days in nine of 10 patients,
whereas with PE, the average recovery time was
11.5 days. Only three patients had significant regener-
ation of antibodies at 1-month post-IAS. In general, IAS
or PE combined with glucocorticoids and CYC may be
valuable for the treatment of RPGN, but more studies
are needed to confirm their efficacy and benefit.

Thrombotic microangiopathy

Thrombotic microangiopathy (TMA) involved in kidney
is the most common indication of PE [49]. TMA can be
classified as thrombotic thrombocytopenic purpura
(TTP) for predominant neurologic involvement and
hemolytic uremic syndrome (HUS) for kidney dominant
diseases [50]. TTP and HUS have similar clinical manifes-
tations, such as microangiopathic hemolytic anemia,
consumptive thrombocytopenia, and microvascular
thrombosis, but the treatment protocols are different.

Thrombotic thrombocytopenic purpura
The pathophysiology of TTP is related to deficiency of
von Willebrand factor (vWF)-cleaving metalloprotease
known as ADAMTS13 [51]. TTP is caused by a congeni-
tal deficiency (hereditary/congenital TTP) or inhibition
by autoantibodies (acquired TTP).

Acquired TTP is the most prevalent form of the dis-
ease (>95%), which is related to the formation of auto-
antibodies against ADAMTS13 [52]. PE with FFP
replacement is the foundation of first-line therapy,
which not only can delete vWF multimers and anti-
ADAMTS13 antibodies, but also can replenish normal
vWF and ADAMTS13 [53]. Mortality is reduced from
90% to <20% with PE [54]. PE should be initiated
immediately once the diagnosis is recognized. Plasma
infusion (PI) alone can also improve ADAMTS13 activity,
but the inhibitors will remain. Evidence shows that PE is
superior to PI in treating TTP [55]. Immunosuppressive
therapies such as glucocorticoids and rituximab are
cornerstone regimens for acquired TTP [56]. However,
repurposed drugs and novel agents are becoming new
options [57]. Caplacizumab is a novel agent applied to
TTP, which can effectively block the end organ damage
caused by TTP [58]. With the high efficiency of this
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agent, the treatment of acute TTP may enter an era
without obligatory PE [59].

Congenital TTP is rare and associated with somatic
mutations resulting in severe ADAMT13 deficiency, and
no ADAMT13 autoantibody inhibitors are involved in
congenital TTP [51]. PI alone is sufficient. The frequency
of PE depends on clinical symptoms and platelet counts
[60].

The application of IAS in TTP is extremely rare, and
only a few cases have been reported. In these cases,
patients had an initial response to intensive PE with
FFP, but the attempt to decrease the frequency of PE
resulted in decreased platelet counts, increased lactate
dehydrogenase (LDH), and neurological deterioration.
IAS was used in this situation and patients’ platelet
counts, LDH, and neurological states normalized [61,62].
IAS seems to be more effective than PE in patients with
TTP who have inhibitors of ADAMTS13.

In conclusion, once TTP is diagnosed, PE should be
initiated, which could significantly improve patients’
prognoses. For patients with refractory TTP, rituximab,
immunosuppressive agents, and novel agents can be
used. More prospective studies are needed to verify
whether IAS could be a treatment option.

Hemolytic uremic syndrome
Typical HUS is characterized by microangiopathic
hemolytic anemia, thrombocytopenia, and severe kid-
ney injury. The most common cause of HUS is infection
by shiga toxin-producing bacteria, mainly Escherichia
coli O157:H7 (STEC) [63]. Most infected children develop
renal insufficiency, and two-thirds of them need dialy-
sis. Thus, typical HUS is treated with supportive care,
including appropriate fluid, electrolyte management,
and hemodialysis when clinically indicated. In a pro-
spective study, 12 patients with STEC-HUS (O104:H4)
showed no response to PE or complement-blocking
antibodies (eculizumab) and developed severe neuro-
logical complications. IAS was then successfully used as
rescue therapy, with all 12 patients surviving, and 10 of
them achieving complete neurological and renal func-
tion recovery [64].

Atypical HUS (aHUS), also known as complement-
mediated TMA, is caused by dysregulation of the com-
plement system, leading to TMA and kidney injury [65].
Mutations in complement factor H (CFH), complement
factor I, complement 3, membrane cofactor protein,
and thrombomodulin are reported [65–67]. Moreover,
anti-CFH autoantibodies are detected in up to 70% of
patients with aHUS [68]. The complement system may
be activated by infection, pregnancy, autoimmune dis-
ease, transplantation, or drugs in the presence of these

mutations [69]. Eculizumab is an inhibitor to comple-
ment 5, blocking the activation of the complement sys-
tem; its efficacy and safety have been proven in a large
trial [70]. Historically, PE is recommended as the initial
treatment for acute HUS before aHUS is diagnosed.
Once other causes of TMA are excluded, eculizumab
should be used. The prognosis of PE alone is generally
poor. After long-term follow-up, up to 79% of patients
have permanently decreased kidney function or ESRD
[71]. In a retrospective study with 31 patients, patients
treated with eculizumab accompanied by PE/PI showed
better efficacy compared to those treated with PE/PI
alone [72]. PE or PI is still recommended as a supportive
and alternative therapy when eculizumab is
not available.

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a common auto-
immune disease, which can cause immune complex
deposition and inflammation of multiple organs.
Pathogenic autoantibodies, such as antinuclear anti-
body, anti-double stranded DNA antibody, and anti-
Smith antibody, play an important role in the patho-
genesis of SLE and indicate disease activity [73,74].
Inhibiting or reducing the production of these autoanti-
bodies can prevent severe organ damage. Lupus neph-
ritis (LN) is the most common serious organ
manifestation of SLE.

Glucocorticoids and immunosuppressive therapies
are the most traditional strategies for SLE. Moreover,
due to disease progression and the serious side effects
of the long-term use of glucocorticoids, the clinical
prognosis is not as good as expected [75]. Refractory
SLE is still a therapeutic challenge. Extracorporeal thera-
pies including PE and IAS have been used in refractory
cases or when conventional immunosuppressive proce-
dures are contraindicated.

Since PE was first reported to be useful in SLE in
1976 [76], this therapy has been widely used. However,
in a large randomized controlled trial initiated in 1982,
PE combined with standard of care (SOC) showed no
difference in clinical outcomes compared to SOC alone
[77]. In addition, when combined with intravenous CYC,
the disease may get worse because of fatal bacterial
and viral infections [78]. PE is not mentioned as an
induction or maintenance therapy [79], but for SLE with
life-threatening situations (e.g., DAH, TMA, hyperviscos-
ity, cryoglobulinemia, antiphospholipid syndrome, preg-
nancy), rapidly removing autoantibodies and circulatory
immune complexes with PE may still be an important
therapy [80].
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At present, many researchers have applied IAS to
treat severe and refractory SLE and have achieved good
clinical results. Several studies showed that IAS with dif-
ferent columns significantly decreased disease activity,
and improved clinical outcomes [81]. Not surprisingly,
high-affinity columns like Ig-Therasorb column have
superior effects in removing antibodies [82,83].
Stummvoll et al. found that in 16 patients with severe
SLE and LN in whom CYC was contraindicated or failed
to prevent disease progression, IAS was found to signifi-
cantly reduce proteinuria, alleviate disease activity, and
lower glucocorticoid dosages within three months of
therapy [82,84]. Not only short-term efficacy but also
long-term efficacy is considered. Patients who had not
achieved remission with respect to proteinuria were
observed to further decline beyond the original decline
after the first-year follow-up [85]. In this 10-year study
with up to 324 IAS sessions per patient, IAS was safely
applied without infections, malignancies, or other
unwanted reactions. In a retrospective study, HA280
and DNA280 IAS columns were found to effectively
remove pathogenic factors, thus controlling the activ-
ities of severe SLE. The application of HA280 column is
a more cost-effective therapy for severe SLE than the
application of DNA280 column [86].

In conclusion, extracorporeal therapy is a reasonable
choice in patients with severe manifestations, especially
when conventional strategies fail or are contraindi-
cated. IAS is the preferred option compared to PE due
to the low frequency of side effects. However, the ideal
duration and the choice of columns used for treatment
have not been defined.

TA in kidney transplantation

Desensitization in ABO blood group incompatible
kidney transplantation

KT provides a substantial result in terms of survival and
quality of life compared to hemodialysis or peritoneal
dialysis for patients with ESRD, but the graft shortage
remains a problem [87,88]. ABO blood group incom-
patibility was once considered as an absolute contra-
indication to KT, using preconditioning therapy is a
viable option. The reduction of the concentration of
antibodies against A and B blood group antigens pre-
vents antibody-mediated rejection (ABMR) [89]. Beside
conventional immunosuppression, the current precon-
ditioning therapies are B-cell depleting therapies and
TA [90]. Splenectomy used to be the mandatory inter-
vention for ABO blood group incompatible kidney
transplantation (ABOi-KT), but it was recently replaced
by rituximab due to the surgical risk and increased risk

of sepsis [91,92]. ASFA guidelines strongly suggest PE
or IAS as desensitization protocols in ABOi-KT [1].

There is significant supportive evidence that PE can
facilitate ABOi-KT. Particularly, a study from Japan
(>2000 cases) has shown that five- and 10-year graft
survival was 95% and 90%, respectively [93]. ABOi-KT
achieved excellent long-term (>20 years) outcomes
[94]. There were no statistically significant differences in
graft survival rates between ABOi-KT after desensitiza-
tion and ABO blood group compatible KT [95].

The disadvantage of using PE is the loss of physio-
logical proteins with a treating dose limited to 1.0–1.5
times the TPV [1]. In a study of patients from Indian, the
treatment regimen was started with rituximab about
seven to 14 days before IAS, and the aim of the titer
level of antibodies was eight or lower given that high
titer levels are always accompanied by higher rates of
ABMR [96]. IAS successfully achieved the target ABO
antibody titer level in all patients, and kidney function
performed well after KT.

Most transplant centers use the same desensitization
strategies, regardless of the basal titers of the ABO
blood group antibodies. In a systematic review, PE and
IAS were used in an average of four sessions before KT
[97]. However, in a single-center study from the United
Kingdom, they assumed that a regimen could be tail-
ored according to the initial ABO blood group antibody
titers, with patients with lower titers requiring less
desensitization. In this study, DFPP was used in patients
with titer levels between 16 and 64, whereas antigen-
specific IAS (glycosorb-ABO IAS columns) was per-
formed in patients with titer levels >64 [98]. The reason
is that patients with higher titer levels need more cycles
of antibody removal, and IAS is more expensive and
has a lower bleeding risk than serial DFPP [99]. The
patients with initial antibody titer levels �8 who receive
no TA techniques pretransplant or posttransplant did
not undergo ABMR or graft loss. Although this study
included only a small group of patients, we consider it
is a feasible strategy to minimize desensitization to
avoid certain complications and reduce med-
ical expenses.

Desensitization in HLA-incompatible kidney
transplantation

Patients’ sensitization to anti-human leukocyte antigen
(HLA) is another immunological barrier. Preexisting
donor-specific anti-HLA antibodies (DSA) come from
sensitizing exposures, such as transfusion, pregnancy,
or previous transplantation. About 30% of candidates
have detectable DSA, and half of them are sensitized to
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80% of potential donors [100]. In general, KT is best
performed in the absence of DSA, but for these
immunologically disadvantaged patients, desensitiza-
tion before KT is a relatively good option [101]. HLA
desensitization significantly improves access to KT by
eliminating or reducing HLA antibody levels to obtain a
negative cytotoxic crossmatch. Current desensitization
protocols include TA techniques (including PE, DFPP,
and IAS), IVIG, and B-cell-depleting agents [102].

In the early 1970s, PE was used to remove DSA in
acute humoral rejection [103]. PE achieved a negative
crossmatch in desensitization compared to IVIGs [104],
but evidence showed that DSA had rebounded when
PE was stopped [105]. It was a challenge to maintain
low or nonexistent anti-HLA antibody levels.

IAS was first successfully used for desensitization in
1989 [106]. In 2007, a study showed the efficacy of IAS
to eliminate DSA in active ABMR post KT [107]. Rapid
rebound of DSA soon after KT can be solved by
repeated IAS treatment. Besides, only a few studies
with small populations compared the efficacy of differ-
ent TA techniques in desensitization. Forty-five patients
who underwent TA for HLA-incompatible (HLAi) KT in a
single center were analyzed [108]. It was shown that TA
protocol with rituximab and a standard immunosup-
pressive regimen are effective for patients in the setting
of HLAi-KT. IAS is more effective to remove IgG and
anti-HLA antibodies, especially for class II DSA and has
better tolerance than DFPP.

Antibody-mediated allograft rejection

ABMR is widely recognized as the main reason for graft
loss after KT. ABMR is diagnosed by the reappearance
or increase of DSA in serum, combined with typical
histopathological signs in kidney biopsy [109]. The prin-
ciple of treatment is to eliminate existing antibodies
and prevent the production of new antibodies. KDIGO
guidelines suggest that using TA (PE, IAS) and IVIGs
combined with valid immunosuppression (corticoste-
roids, anti-CD20 antibodies, or lymphocyte-depleting
antibodies) could effectively treat ABMR [110].

According to the Banff 2019 Kidney Meeting Report,
ABMR has four diagnostic categories, including active
ABMR (aABMR), chronic active ABMR (cABMR), chronic
inactive ABMR, and C4d staining without evidence of
rejection [111]. Active ABMR is severe and results in
graft loss, but it is responsive to current treatments
[112]. Compared to PE alone or IVIGs alone, PE com-
bined with rituximab and IVIGs showed benefits for
aABMR [113]. IAS is also an add-on treatment for ABMR.
However, cABMR is the main cause of long-term graft

loss, and the treatment remains a challenge. Although
PE combined with rituximab and IVIGs has been used in
several cABMR cases, there is no clinical improvement
either in graft survival or renal functional tests to sup-
port the protocol [114,115]. There was no significant
difference in the graft survival of 23 patients who were
treated with PE and IVIGs combined with rituximab
compared to 39 patients who did not receive treat-
ment. The rate of severe infections was also higher in
the treated group [114]. Further prospective studies
with longer follow-up or innovative therapeutic
approaches are necessary.

ABMR is caused by direct and complement-mediated
effects of DSA on the allograft [116]. In a recent study
using nonantigen-specific IAS, graft survival was 83%,
with 100% patient survival after one year [117]. The
estimated glomerular filtration rate (eGFR) tended to
increase as in other trials [107], which indicated the
ability of IAS to delay kidney damage caused by
aABMR. For cABMR in this study, eGFR increased by
14.5mL/min per 1.73m2 after the therapy, which con-
tradicts other studies that reported a decrease in eGFR.
This indicates that nonantigen-specific IAS with antihu-
man Ig-column may have benefits for the treatment of
cABMR. No guidelines on the treatment of cABMR are
currently available.

A recent study presented that the addition of mem-
brane filtration (MF) in the treatment of patients with
severe C4dþhumoral rejection who do not respond to
IAS can further improve the efficacy of therapy [118]. It
can eliminate not only substantial IgG but also macro-
molecular effector components, such as IgM, C1q, and
mannose-binding lectin (MBL). This study suggested
that the combination of IAS and MF might be an effect-
ive therapy for refractory aABMR.

Recurrence of kidney diseases after
transplantation

Recurrent NS after transplantation is still a challenge;
type I membranoproliferative glomerulonephritis
(MPGN) and FSGS are the most easily recurrent glom-
erular diseases. FSGS recurred in more than 50% of
patients after KT [119]. PE or IAS is the first-line therapy
in patients with recurrent FSGS after KT and can lead to
partial or complete remission in over 50% of patients.

According to ASFA guidelines on the use of TA [1],
PE should be started once FSGS has recurred, which
can improve proteinuria by reducing the concentration
of circulatory permeability factors. The overall reported
remission rate is 50–70% [1]. In a large systematic
review, 71% of patients (n¼ 423) with recurrent FSGS
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after KT achieved complete or partial remission after
treatment with PE [120]. In addition, recurrent patients
treated with PE within two weeks had a higher remission
rate of proteinuria. Therefore, for transplant recipients
with previous diagnose of FSGS, detecting proteinuria
routinely after transplantation is important. Once pro-
teinuria reappears, it is recommended to start PE imme-
diately. A review summarized data from 23 studies and
found prophylactic PE did not show a reduction in recur-
rence of FSGS in two thirds of the studies [121].

Reports of using IAS in FSGS are rare. Unselective IAS
(mainly using ImmunoadsorbaVR or GlobaffinVR columns)
can be used to reduce the circulatory permeability fac-
tors. In a pediatric cohort, 12 children with recurrent
FSGS were treated with IAS along with other treat-
ments, including rituximab, abatacept, or galactose. Ten
patients responded to the treatment, with two achiev-
ing partial remission and eight achieving complete
remission [122]. This study has shown the benefit of IAS
in recurrent FSGS, but larger prospective, randomized
studies are still needed. A combination of IAS and rituxi-
mab has been mentioned as an effective treatment in
some case reports [123,124]. Thus, PE or IAS might be
beneficial for some patients with relapsed and/or refrac-
tory FSGS, especially after KT (Table 4). However, which
one is more efficacious is unclear, and evidence from
randomized controlled trials is still needed.

About 50% of recurrent cases cannot achieve com-
plete remission with PE; thus, additional treatment is
needed. In a recent study, seven children with recurrent
FSGS after transplantation were treated with LDL-A
coupled with methylprednisolone [125]. All patients
achieved partial or complete remission with the reduc-
tion of urinary protein to creatinine ratios. This novel
treatment for recurrent FSGS may be superior to PE,
and further randomized studies are needed (Table 4).

About 14–61% of MPGN recur after KT, which is asso-
ciated with graft loss rates ranging between 14% and
78% [126]. In one case, a 42-year-old woman with recur-
rent MPGN was treated with PE and showed a progres-
sive reduction in the serum creatinine and proteinuria

[127], whereas in another case, a 34-year-old man with
recurrent MPGN was treated with cyclophosphamide,
oral prednisolone, and PE. However, renal dysfunction
progressed, and hemodialysis was restarted. These
opposite results show that treatments of recurrent type
I MPGN need further investigation.

Conclusions

TA has been widely used for the treatment of primary
or secondary kidney diseases and KT. In LN and KT, IAS
seems to be a more favorable extracorporeal therapy
compared with PE, but in many other situations, the
use of IAS in the treatment of different kidney diseases
is still controversial due to the lack of randomized con-
trolled trials to prove the benefits of this method. PE is
still the leading extracorporeal therapy in these situa-
tions. In addition, PE not only can delete most plasma
proteins but also can substitute useful plasma compo-
nents as needed, such as in the cases of TTP and aHUS.
However, PE is increasingly being replaced by DFPP or
IAS, which are more selective. IAS provides a choice for
the treatment of diseases and reduces life-threatening
situations in severe conditions. In the future, IAS may
replace PE as the preferred extracorporeal treatment for
certain diseases because of its higher efficacy and fewer
side effects. For patients with KT or other potential con-
ditions for which long-term treatment is needed,
reusable technology may have some advantages
because multiple single-use treatments can also
increase treatment costs. But in most cases, the consid-
erable costs of IAS still limit the wide use of this tech-
nology. There are still many unanswered questions,
including optimal timing, dosage, duration of TA, and
choice of columns. Further studies to examine and
refine the optimal treatment protocols are required.
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Table 4. Therapeutic apheresis with immunosuppressive agents in recurrent post-transplant focal segmental glomerulosclerosis.
Therapeutic apheresis Drugs Subjects Results Author [Ref]

PE – 25 PR (n¼ 11) or CR (n¼ 7) Uffing A [128]
þCyclophosphamide 1 No remission
þRituximab 30 PR (n¼ 9) or CR (n¼ 5)

IAS þRituximab 12 Children PR (n¼ 2) or CR (n¼ 8)
Two maintained remission without IAS and eight
became IAS dependent after 3 months.

Allard L [122]

þRituximab 7 Patients PR (n¼ 6) or CR (n¼ 1)
12 months after IAS, allograft survival was 100%

Naciri Bennani H [129]

LDL-A þMethylprednisolone 7 Children PR (n¼ 3) or CR (n¼ 4) Shah L [125]

PE: Plasma exchange; IAS: immunoadsorption; LDL-A: low-density lipoprotein apheresis; PR: partial remission; CR: complete remission.
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