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Summary
Background: To observe the short-term outcome of plasma
adsorption PA therapy in amyotrophic lateral sclerosis
(ALS). 
Methods: 28 cases of ALS patients were recruited in this
study, of which 20 were male and 8 were female with a
mean age of 53.21±9.07 years and the average course of
33±23.35 months. The clinical manifestations were limb
weakness (N=27), muscular atrophy (N=27), muscular
tremor (N=5), dysphagia (N=12) and dysarthria (N=12).
The clinical data of the patients recruited were graded by
Amyotrophic Lateral Sclerosis Functional Rating Scale
Revised (ALSFRSR) : <10 (N=1), 11–20 (N=4), 21–30
(N=6), 31–40 (N=12), >40 (N=5). All patients received
PA therapy once a week for three successive times after
examining the conditions of blood coagulation and virus
infection. PA therapy was supplemented with neurotrophic
therapy meanwhile. All patients’ clinical manifestations and
scores of ALSFRSR before treatment and one week after
treatment were evaluated and compared. The levels of
serum superoxide dismutase (SOD), interleukin-10 (IL-10),
serum creatine kinase (CK) and lactate dehydrogenase
(LDH) before and after treatment were compared. 
Results: After PA therapy, 14 patients have improved obvi-
ously in muscle strength, 4 patients in hypermyotonia
partially, 3 patients in muscular tremor, 5 patients in
dysarthria, 3 patients in salivation to some extent and 2

Kratak sadr`aj
Uvod: Cilj je bio da se   posmatra kratkoro~ni ishod terapije
adsorpcije plazme (PA) kod amiotrofi~ne lateralne skleroze
(ALS).
Metode: U ovoj studiji je regrutovano 28 slu~ajeva obolelih
od ALS, od kojih su 20 bili mu{karci i 8 `ene sa prose~nom
staro{}u od 53,21±9,07 godina i prose~nim tokom
33±23,35 meseci. Klini~ke manifestacije bile su slabost
udova (N=27), mi{i}na atrofija (N=27), mi{i}ni tremor
(N=5), disfagija (N=12) i dizartrija (N=12). Klini~ki podaci
regrutovanih pacijenata su ocenjeni revidiranom funkcional-
nom skalom amiotrofi~ne lateralne skleroze (ALSFRSR):
<10 (N=1), 11–20 (N=4), 21–30 (N=6), 31–40 (N=12),
>40 (N=5). Svi pacijenti su primali PA terapiju jednom
nedeljno tri puta uzastopno nakon ispitivanja stanja koagu-
lacije krvi i virusne infekcije. PA terapija je u me|uvremenu
dopunjena neurotrofnom terapijom. Procenjene su i upo re -
|ene klini~ke manifestacije svih pacijenata i rezultati ALS-
FRSR pre tretmana i nedelju dana nakon tretmana. Upo -
re|eni su nivoi serumske superoksid dismutaze (SOD),
interleukina-10 (IL-10), serumske kreatin kinaze (CK) i laktat
dehidrogenaze (LDH) pre i posle tretmana.
Rezultati: Nakon terapije PA, kod 14 pacijenata je do{lo do
o~iglednog pobolj{anja mi{i}ne snage, 4 pacijenta u deli-
mi~noj hipermiotoniji, 3 pacijenta u mi{i}nom tremoru, 5
pacijenata u dizartriji, 3 pacijenta u delimi~noj salivaciji i 2
pacijenta u funkciji gutanja. Skor ALSFRSR posle tretmana
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Introduction

Amyotrophic lateral sclerosis, also known as
gradually frozen people, is a kind of progressive
degenerative disease violating spinal cord, brain stem
and cortical motor neurons with unknown pathology.
The average survival from onset to death is 3–5 years.
The average age of onset of ALS patients is about 55
years with the incidence rate of 10/million-30/million
and prevalence rate of 40/million-60/million, mainly
in the middle-aged and the elderly people. It has the
tendency of familial heredity (5–20% of patents). The
etiology and pathogenesis of the disease are not fully
understood and there is no effective way to stop the
progression of the disease. Riluzole is approved by
FDA in clinical treatment of the disease, which can
extend the survival of patients to some extent, but no
reversal of the disease (1).

PA is a new blood purification technology widely
used in the treatment of rheumatic diseases and
some neurological diseases, including myasthenia
gravis, multiple sclerosis diseases and so on (2, 3).
The purpose of this study is to observe the efficacy of
PA in the treatment of ALS and to explore its thera-
peutic mechanism.

Materials and Methods

Objects

This study involved 28 patients (20 male and 8
female) diagnosed with ALS between September
2017 and December 2017 in the Department of the
Third Affiliated Hospital of Southern Medical
University. The average age of the patients was 53.21
±9.07y (37–74y). The course of the disease was
33±23.35 months (10–108 m). All patients met the
diagnostic criteria of EI Escorial ALS (4). The clinical
manifestations of these patients were: limbs weakness
(N=27), muscular atrophy (N=27), muscular tremor
(N=5), dysphagia (N=12) and dysarthria (N=12).
After admission, all patients were scored according to
the Amyotrophic Lateral Sclerosis Functional Rating
Scale Revised (ALSFRS-R) (5) : <10 (N=1), 11–20
(N=4), 21–30 (N=6), 31–40 (N=12), >40 (N=5).

Treatment

This study was approved by the Ethics Com -
mittee of the third Affiliated Hospital of Southern
Medical University before practice. All participants
gave their informed consent before treatment. The
indicators of blood coagulation and virus infection of
all patients were normal before PA treatment.

Plasauto-IQ plasma purification machine (Asahi
Kasei Corporation, Japan), plasma separator OP-08W
and adsorber IMMUSORBA TR-350 (Asahi Kasei

patients in swallowing function. The score of ALSFRSR
after PA treatment (31.89±10.36) was remarkably higher
than that before PA treatment (30.68±10.52) (P<0.01).
The levels of SOD (155.10±21.87 IU/L) and IL-10
(138.06±185.88 pg/mL) after PA treatment were signifi-
cantly higher than the levels before PA treatment
(143.08.3±19.16 IU/L and 46.34±75.31 pg/mL,
respectively) (P<0.05). The levels of CK (168.86±113.50
IU/L) and LDH (152.07±32.65 IU/L) after PA treatment
were significantly lower than the levels before PA treatment
(356.68±250.30 IU/L and 181.36±33.74 IU/L respec-
tively) (P<0.01). At the end of follow-up period
(November, 2019), five patients died of respiratory failure
16–21 months after PA treatment and two patents died of
respiratory infection 15–20 months after PA treatment. 7
patients were still alive. The score of ALSFRS-R of these
patients who survived at the end of follow-up
(13.00±13.37) were significantly lower than before PA
treatment (36.71±8.56) (P<0.05) and after PA treatment
(38.14±8.82) (P<0.05). 
Conclusions: Plasma adsorption (PA) therapy has short-
term therapeutic effects on ALS. The effects might be
attributed to the anti-oxygen free radical effect by increas-
ing SOD level and the anti-inflammation effect by increas-
ing IL-10 level. As the efficacy of PA therapy was obtained
in a small sample size and short follow-up period, the long-
term observation of PA efficacy in treating ALS should be
further investigated.

Keywords: amyotrophic lateral sclerosis, plasma adsorp-
tion, therapeutic effect

PA (31,89±10,36) bio je zna~ajno vi{i od onog pre tret-
mana PA (30,68±10,52) (P 0,01). Nivoi SOD
(155,10±21,87 IU/L) i IL-10 (138,06±185,88 pg/mL)
nakon tretmana PA su bili zna~ajno vi{i od nivoa pre tret-
mana PA (143,08,3±19,16 IU/L i 46,34±75.31 pg/mL,
respektivno) (P 0,05). Nivoi CK (168,86±113,50 IU/L) i
LDH (152,07±32,65 IU/L) nakon tretmana PA bili su
zna~ajno ni`i od nivoa pre tretmana PA (356,68±250,30
IU/L i 181,36±32,65 IU/L) respektivno. (P 0,01). Na kraju
perioda pra}enja (novembar 2019.), pet pacijenata je umrlo
od respiratorne insuficijencije 16–21 mesec nakon tretmana
PA, a dva pacijenta su umrla od respiratorne infekcije 15–20
meseci nakon tretmana PA. 7 pacijenata je jo{ uvek bilo `ivo.
Skor ALSFRS-R ovih pacijenata koji su pre`iveli na kraju
pra}enja (13,00±13,37) bio je zna~ajno ni`i nego pre tret-
mana PA (36,71±8,56) (P<0,05) i posle PA tretmana
(38,14±8,82) ( P<0,05).
Zaklju~ak: Terapija adsorpcijom plazme (PA) ima kratko -
ro~ne terapijske efekte na ALS. Efekti se mogu pripisati
dejstvu slobodnih radikala protiv kiseonika pove}anjem nivoa
SOD i anti-inflamatornom efektu pove}anjem nivoa IL-10.
Kako je efikasnost PA terapije dobijena u maloj veli~ini uzor-
ka i kratkom periodu pra}enja, dugotrajno posmatranje
efikasnosti PA u le~enju ALS-a treba dalje istra`iti.

Klju~ne re~i: amiotrofi~na lateralna skleroza, adsorpcija
plazme, terapeutski efekat
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Cor  poration, Japan) were used in this study. Blood
flow was 80–120 mL/min and the slurry velocity was
1.5 L/h. One and a half times of the Plasma volume
of a patient was purified for each treatment. 20 mg
dexamethasone and 25 mg phenergan were used to
prevent anaphylaxis before treatment. PA treatment
was conducted once a week in three consecutive
weeks, while supplemented with neurotrophic thera-
py. 4 weeks after PA treatment the clinical manifesta-
tions, ALSFRS scores of the patients were recorded
and the serum level of superoxide dismutase (SOD),
interleukin-10 (IL-10), creatine kinase (CK) and lac-
tate dehydrogenase (LDH) were tested.

Statistical Analysis

All analyses and calculations were performed by
using SPSS (version 17.0). Measurement data were
shown as mean ± standard deviation (SD). Paired t
tests were used to compare the changes before and
after treatment. A two-tailed P values <0.05 were
considered statistically significant.

Results

Changes of Clinical Manifestations of ALS
Patients after PA Treatment

14 patients have improved obviously in muscle
strength, 4 patients in hypermyotonia partially, 3
patients in muscular tremor, 5 patients in dysarthria,
3 patients in salivation and 2 patients in swallowing
function to some extent. 

Changes of ALSFRS-R of ALS Patients after PA
Treatment

After treatment, the average ALSFRS-R score
was significantly increased from 30.68±1.99 (before
treatment) to 31.89±1.96 (after treatment) (P<0.05).

Changes of Serum SOD and IL-10 after PA treat-
ment 

As is shown in Table I, serum SOD and IL-10
were significantly increased after PA treatment in ALS

patients compared with those before treatment (P
<0.05). 

Changes of Serum CK and LDH after PA
Treatment 

As is shown in Table II, serum CK and LDH were
significantly decreased after PA treatment in ALS
patients compared with those before treatment (P
<0.05). 

Follow-up results of ALS after PA treatment

At the end of follow-up (November, 2019), five
patients died of respiratory failure 16–21 months
after PA treatment and two patents died of respiratory
infection 15–20 months after PA treatment. 7
patients were still alive. The scores of ALSFRS-R of
these patients who survived at the end of follow-up
(13.00±13.37) were significantly lower than before
PA treatment (36.71±8.56) (P<0.05) and after PA
treatment (38.14±8.82) (P<0.05). The other
patients were lost follow-up. 

Discussion

ALS is a major type of motor neuron disease,
which selectively violates the anterior horn of spinal
cord, motor neurons of brain stem, pyramidal cells of
cortex and pyramidal tract. Clinically, the main mani-
festations are myasthenia, muscle atrophy, muscular
tremor, hypermyotonia and tendon hyperreflexia.
Sensory function and sphincter function are generally
not affected. Its pathogenesis is not yet clear but
there are several candidate theories including excita-
tory amino acid toxicity theory, gene mutation theory,
oxidative stress theory (6, 7), autoimmune theory (8),
etc. In excitatory amino acid toxicity theory, it is
accepted that there is a transport disorder of high-
affinity glutamic acid. Due to this disorder, the extra-
cellular glutamic acid can not be eliminated and sub-
sequently cause cell damages by increasing excitatory
toxicity. 

Oxidative stress theory refers to a pathological
state that free radicals and their products generating

Table I Changes of Serum SOD and IL-10 after PA
Treatment in ALS Patients.

Table II Changes of Serum CK and LDH after PA Treatment
in ALS Patients.

SOD (IU/L) IL-10 (pg/mL)

Before 
Treatment 143.08.3±19.16 46.34±75.31

After 
Treatment 155.10±21.87* 138.06±185.88*

CK (IU/L) LDH (IU/L)

Before 
Treatment 356.68±250.30 181.36±33.74

After 
Treatment 168.86±113.50D 152.07±32.65D

*: P <0.05

D: P <0.01



from metabolism of tissues exceed the antioxidative
defense of body leading to extensive oxidation of pro-
teins, DNAs and lipids which cause damages of bio-
logical membranes, and nucleic acid of neurons.
There were some evidences for oxidative damage of
proteins, lipids and nucleic acids, both in ALS patients
and cellular models (9, 10). Studies have found that
the concentration of DNA damage marker 8- hydroxy
2- acid, the content of malondialdehyde and other
content of lipid peroxidation products were increased
in ALS patients’ cerebrospinal fluid and cerebral cor-
tex (11). Based on the theory of oxidative stress,
antioxidants and free radical scavenging agents have
been used in the treatment of ALS, which yielded cer-
tain effects. Studies have shown that vitamin E, an
antioxidant and free radical scavenger, could slow
down the progression of the disease (12). Nagase et
al. (13) suggested that edaravone, as a free radical
scavenger, can prevent the development of ALS to
some extent.

In recent years, with the development of
immunology and molecular biology, the role of
immunological factors in the pathogenesis of ALS has
been widely recognized. The immune mechanism of
ALS is complex, including the deposition of
immunoglobulin and immune complex in nerve tis-
sues, anti-neuronal antibodies in blood and cellular
immunity (8, 14). Following studies supported
immune theory including the findings of anti-GM1-
IgM antibody and IgG antibody of L- type voltage
depending 1 subunit of calcium channel in the blood
of a small number of ALS patients as well as effective-
ness of immunosuppressant in some clinical trails
(15).

Large amounts of data indicate that the inflam-
matory reaction plays a certain role in the pathogen-
esis of ALS. Expression of inflammatory cytokines can
be detected in the brain tissue of ALS patients such as
interleukin -18, RIPK3 and NLRP3, etc (16).

There is no markedly effective therapy for this
disease so far. The main treatment method depends
on excitatory amino acid toxicity theory and oxidative
stress theory. As for excitatory amino acid toxicity the-
ory, the major medicines include glutamic acid sup-
pressants and glutamic acid modulators with an aim
of suppressing toxicity.

Ruluzole, as the first medicine which successful-
ly extended lifespan of ALS patients and the only
medicine affirmed by FDA as an effective drug for
ALS, can block excitatory amino acid toxicity by sup-
pressing release of glutamic acid at presynaptic sites
and interrupting the effect of excitatory amino acid at
postsynaptic sites. It can extend the survival time for
patients from 11.8 to 14.8 months (1), but still can-
not reverse the progression of the disease. The main
glutamic acid modulator is branched chain amino
acids which can improve muscle strength and walking
ability by activating glutamate dehydrogenase and

further modulate metabolism or delivery of gluta-
mate. As noted before that excitatory amino acid tox-
icity theory only suit for a minority of ASL patients,
these therapies just make effect in some of the
patients. Medicines, in Accordance with the oxidative
stress theory, are vitamin E and C, acetyl cysteine,
Edaravone, etc. Acetyl cysteine, serving as a scav-
enger of free radicals, is a precursor of glutathione
which is the main antioxidant system. Other treat-
ment methods include nerve nutrition therapy (17)
and stem cell transplantation (18), are still in pre-clin-
ical and early clinical research.

Plasmapheresis is group of new blood purifica-
tion methods. By plasmapheresis, pathogenic materi-
als can be eliminated throng a variety of measures
after plasma was separated. The therapeutic range of
plasmapheresis covers more than a hundred diseases.
The main aim is to eliminate pathogenic materials,
especially inflammatory factories and toxic materials
as well as immune factors (19).

There are amount of reports about plasma-
pheresis in the field of inflammatory and rheumatic
diseases. The strength and advantage of plasma-
pheresis is its rapid and effective elimination of path-
ogenic materials, and by this way interrupting inflam-
mation cascade or immune cascade. Plasmapheresis
may rapidly control disease condition. Pharmaco -
therapy, if combined with plasmapheresis, may
enhance its therapeutic effect and reduce side effects
as well as delay relapse. Recent studies have shown
that plasmapheresis may modulate immune system
and regain cell immunologic functions and phagocy-
tosis of reticuloendothelial cells (20).

Plasmapheresis include a variety of methods
such as plasma exchange (PE), double filtration
plasma pheresis (DFPP), Cryofiltration, Thermo -
filtration, Heparin extracorporal LDL precipition
(HELP) and Plasma adsorption (PA).

PA therapy is a type of blood purifications, which
is now used to remove pathogenic substances (path-
ogenic antibodies and inflammatory factors, etc) in
plasma separated from blood by an adsorber. PA
treatment is mainly used in renal diseases, rheumatic
diseases and nervous system diseases such as sys-
temic lupus erythematosus and lupus nephritis, myas-
thenia gravis and Guillain-Barre syndrome (3).
Different pathogenic substances can be adsorbed
depending on the different adsorbers. With alanine as
the ligand, immune complexes, anti DNA antibodies,
rheumatoid factors and other pathogenic substances
can be adsorbed. This adsorber can be used to treat
diffuse connective tissue disease. With tryptophan as
ligand, immune complexes, such as anti-acetyl-
choline receptor antibodies and other autoantibodies,
can be removed by selectively hydrophobic binding
and this is benefited to some nervous system dis-
eases. 
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Due to the relatively specific elimination of path-
ogenic materials and no need of blood transfusion,
the risk of blood transmitted diseases infection or ana-
phylactic reaction will be avoided as well as consump-
tion of blood. Moreover, because there is no contact
between absorbent and blood formed elements. The
blood cells would not be destroyed by the treatment.
Meanwhile, the efficacy of adsorption will be higher
because of little interference factors in plasmaphere-
sis. This kind of therapy represents the further direc-
tion of blood purification. In recent years, we have
successively treated many inflammatory and immu -
no logical diseases such as myasthenia gravis,
Guillain-Barre syndrome, multiple sclerosis, Chronic
inflammatory demyelinating sheath of nerve root
inflammation, severe lupus, severe dermatomyositis
and severe rheumatoid arthritis. We also made some
pilot studies in treating dilated cardiomyopathy, idio-
pathic pulmonary fibrosis, sclerosing cholangitis and
autoimmune hepatitis. These diseases have similar
inflammatory and autoimmune pathogenesis. We
have got encouraging results in dilated cardiomyopa-
thy and idiopathic pulmonary fibrosis. These results
have paved the way for treating ALS which is believed
to have pathogeneses of inflammatory and immuno-
logical reactions.

Our preliminary study showed that plasma
adsorption has a certain efficacy in the treatment of
rheumatic diseases and ALS. In this study, the thera-
peutic effects of PA in the 28 ALS patients have been
observed and the possible therapeutic mechanism
has been explored. This study shows that PA can
improve patient’s clinical symptoms to some extent.
After treatment, the ALSFRS-R score was
31.89±1.96, which was significantly increased com-
pared with the score 30.68±1.99 (before treatment)
(P<0.05). This research also indicates that after PA
treatment the serum SOD and IL-10 have significant-

ly increased than those before treatment (P<0.05),
suggesting that PA treatment may reduce oxidative
stress response and ameliorate the damage caused
by oxidative stress and inflammatory reaction. Other
studies have shown that anti-acetylcholine receptor
antibody presents in the sera of ALS patients (14),
and TR350 adsorption column can adsorb anti-
acetylcholine receptor antibody, suggesting that PA
treatment can achieve the goal of treatment through
the elimination of anti-acetylcholine receptor antibod-
ies and other pathogenic antibodies. In addition, this
study finds that after PA treatment the serum CK and
LDH have significantly decreased, indicating that PA
may improve the inflammatory state of skeletal mus-
cle in ALS patients.

In summary, this study shows that PA can
improve the symptoms and signs of ALS patients in a
short term, speculating its treatment mechanism may
relate to that PA can inhibit patients’ immune
response, eliminate patients’ autoantibodies and
other inflammatory factors, reduce oxidative stress
response and alleviate inflammation of skeletal mus-
cle. Due to the small sample size and short follow-up
period, this study may have some limitations. The
long-term curative effects of plasma adsorption need
to be further verified by large sample and long-term
observation in the future.

Financial Disclosure

The authors declared that this study has
received no financial support.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

J Med Biochem 2023; 42 (3) 405

References

1. Miller RG, Mitchell JD, Moore DH. Riluzole for amy-
otrophic lateral sclerosis (ALS)/motor neuron disease
(MND). Cochrane Database Syst Rev 2012; 3: D1447.

2. Yamada C, Pham HP, Wu Y, Cooling L, Kim HC, Morgan
S, et al. Report of the ASFA apheresis registry on muscle
specific kinase antibody positive myasthenia gravis. J Clin
Apher 2017; 32(1): 5–11.

3. Kaya E, Keklik M, Sencan M, Yilmaz M, Keskin A, Kiki I,
et al. Therapeutic plasma exchange in patients with neu-
rological diseases: multicenter retrospective analysis.
Transfus Apher Sci 2013; 48(3): 349–52.

4. Hardiman O, van den Berg LH, Kiernan MC. Clinical
diagnosis and management of amyotrophic lateral scle-
rosis. Nat Rev Neurol 2011; 7(11): 639–49.

5. Cedarbaum JM, Stambler N, Malta E, Fuller C, Hilt D,
Thurmond B, et al. The ALSFRS-R: a revised ALS func-

tional rating scale that incorporates assessments of respi-
ratory function. BDNF ALS Study Group (Phase III). J
Neurol Sci 1999; 169(1–2): 13–21.

6. Carri MT, Valle C, Bozzo F, Cozzolino M. Oxidative stress
and mitochondrial damage: importance in non-SOD1
ALS. Front Cell Neurosci 2015; 9: 41.

7. Drechsel DA, Estevez AG, Barbeito L, Beckman JS. Nitric
oxide-mediated oxidative damage and the progressive
demise of motor neurons in ALS. Neurotox Res 2012;
22(4): 251–64.

8. Tzartos JS, Zisimopoulou P, Rentzos M, Karandreas N,
Zouvelou V, Evangelakou P, et al. LRP4 antibodies in
serum and CSF from amyotrophic lateral sclerosis
patients. Ann Clin Transl Neurol 2014; 1(2): 80–7.

9. McLean JR, Smith GA, Rocha EM, Osborn TM, Dib S,
Hayes MA, et al. ALS-associated peripherin spliced tran-



scripts form distinct protein inclusions that are neuropro-
tective against oxidative stress. Exp Neurol 2014; 261:
217–29.

10. Svetoni F, Caporossi D, Paronetto MP. Oxidative stress
affects FET proteins localization and alternative pre-
mRNA processing in cellular models of ALS. Free Radic
Biol Med 2014; 75 Suppl 1: S51.

11. Shibata N, Nagai R, Miyata S, Jono T, Horiuchi S, Hirano
A, et al. Nonoxidative protein glycation is implicated in
familial amyotrophic lateral sclerosis with superoxide dis-
mutase-1 mutation. Acta Neuropathol 2000; 100(3):
275–84.

12. Michal FD, Kuncl RW, Weinstein SJ, Malila N, Virtamo J,
Albanes D. Vitamin E serum levels and controlled supple-
mentation and risk of amyotrophic lateral sclerosis.
Amyotroph Lateral Scler Frontotemporal Degener 2013;
14(4): 246–51.

13. Nagase M, Yamamoto Y, Miyazaki Y, Yoshino H.
Increased oxidative stress in patients with amyotrophic
lateral sclerosis and the effect of edaravone administra-
tion. Redox Rep 2016; 21(3): 104–12.

14. Mehanna R, Patton EJ, Phan CL, Harati Y. Amyotrophic
lateral sclerosis with positive anti-acetylcholine receptor
antibodies. Case report and review of the literature. J Clin
Neuromuscul Dis 2012; 14(2): 82–5.

15. Vlam L, Piepers S, Sutedja NA, Jacobs BC, Tio-Gillen AP,
Stam M, et al. Association of IgM monoclonal gam-

mopathy with progressive muscular atrophy and multifo-
cal motor neuropathy: a case-control study. J Neurol
2015; 262(3): 666–73.

16. Kadhim H, Deltenre P, Martin JJ, Sebire G. In-situ expres-
sion of Interleukin-18 and associated mediators in the
human brain  of sALS patients: Hypothesis for a role for
immune-inflammatory mechanisms. Med Hypotheses
2016; 86: 14–7.

17. Andersen PM, Abrahams S, Borasio GD, de Carvalho M,
Chio A, Van Damme P, et al. EFNS guidelines on the clin-
ical management of amyotrophic lateral sclerosis
(MALS)--revised report of an EFNS task force. Eur J
Neurol 2012; 19(3): 360–75.

18. Glass JD, Boulis NM, Johe K, Rutkove SB, Federici T,
Polak M, et al. Lumbar intraspinal injection of neural
stem cells in patients with amyotrophic lateral sclerosis:
results of a phase I trial in 12 patients. Stem Cells 2012;
30(6): 1144–51.

19. Winters JL. American Society for Apheresis guidelines on
the use of apheresis in clinical practice: practical, con-
cise, evidence-based recommendations for the apheresis
practitioner. J Clin Apher 2014; 29(4): 191–3.

20. Yokoyama H, Wada T, Furuichi K. Immunomodulation
effects and clinical evidence of apheresis in renal dis-
eases. Ther Apher Dial 2003; 7(6): 513–9.

406 Li et al.: Plasma adsorption therapy in amyotrophic lateral sclerosis

   Received: October 17, 2022
     Accepted: November 21, 2022


