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Abstract

Background: Therapeutic plasma exchange (TPE) and immunoadsorption
(TIA) are first or second line treatment options in patients with neurological
autoimmune diseases, including multiple sclerosis, neuromyelitis optica
spectrum disorders (NMSOD), chronic inflammatory demyelinating poly-
neuropathy, acute inflammatory demyelinating polyradiculoneuropathy
(Guillain-Barré syndrome), and autoimmune encephalitis.

Methods: In this prospective randomized controlled monocentric study, we
assessed safety and efficacy of therapy with IA or TPE in patients with neuro-
logical autoimmune diseases. Treatment response was assessed using various
neurological scores as well by measuring immunoglobulin and cytokine con-
centrations. Clinical outcome was evaluated by application of specific scores
for the underlying diseases.

Results: A total of 32 patients were analyzed. Among these, 19 patients were
treated with TPE and 13 patients with TA. IA and TPE therapy showed a compara-
ble significant treatment response. In patients with MS and NMOSD, mean EDSS
before and after treatment showed a significant reduction after treatment with IA.
We observed a significant reduction of the pro-inflammatory cytokines IL-12,
IL-17, IL-6, INF-y, and tumor necrosis factor alpha during IA treatment,
whereas this reduction was not seen in patients treated with TPE.
Conclusions: In summary, both IA and TPE were effective and safe proce-
dures for treating neurological autoimmune diseases. However, there was a
trend towards longer therapy response in patients treated with IA compared to
TPE, possibly related to a reduction in plasma levels of pro-inflammatory cyto-
kines seen only in the IA-treated group.

Abbreviations: AQP-4 abs, aquaporin-4 autoantibodies; CIDP, chronic inflammatory demyelinating polyneuropathy; CSF, cerebrospinal fluid; EEG,
electroencephalography; GBS, Guillain-Barré syndrome; IA, immunoadsorption; MRI, magnet resonance imaging; MS, multiple sclerosis; NMDAR,

anti-N-methyl-p-aspartate receptor; NMOSD, neuromyelitis optica spectrum disorder; PE, plasma exchange.
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1 | INTRODUCTION

Therapeutic apheresis represents an established thera-
peutic option for the treatment of autoimmune diseases
in multiple medical disciplines. The therapeutic effect is
mainly based on the rapid extracorporeal elimination of
autoantibodies, or in the case of therapeutic plasma
exchange (TPE) inflammatory, cytokines, or other plas-
matic pathogens. Therefore, therapeutic apheresis is par-
ticularly used if an immediate response to therapy is
required." TPE has the disadvantage of discarding the
entire plasma, including valuable proteins, coagulation
factors, or hormones. Substitution of human fresh frozen
plasma or albumin is necessary, which is associated with
a relevant risk of allergic reactions or transmitting infec-
tious diseases.?™ In contrast, selective methods of thera-
peutic apheresis like immunoadsorption (IA) offer the
advantage of eliminating immunoglobulins and immune
complexes without the necessity of human plasma prod-
uct substitution.”> The American Society for Apheresis
(ASFA) has been updating and categorizing the indica-
tions of interdisciplinary use of therapeutic apheresis
through publishing guidelines since 1986, which received
worldwide attention. The eighth edition of the ASFA
guidelines issued in 2019 included recommendations for
the use of TPE or IA in several autoimmune-mediated
neurological diseases, for example, multiple sclerosis
(MS), neuromyelitis optica spectrum disorders (NMOSD),
chronic inflammatory demyelinating polyneuropathy
(CIDP), Guillain-Barré syndrome (GBS), and autoim-
mune encephalitis.” Guidelines of the German Society of
Neurology and the German Society for Nephrology are
largely concordant with the ASFA guidelines regarding
the above-mentioned neurological diseases.’

1.1 | Pathophysiological relevance
of autoantibodies in neurological
autoimmune diseases

MS is an autoimmune-mediated neuroinflammatory
disease of the central nervous system (CNS). It is associ-
ated with focal demyelination and progressive neu-
rodegeneration caused by the interplay of genetic and
environmental factors. Although the precise underlying
pathomechanisms still remain unclear, focal lesions are
thought to be caused by the infiltration of immune cells

including T cells, B cells, and myeloid cells into the CNS
parenchyma with associated neuronal injury. However, no
specific autoantibody target has been identified so far.>’
Lesions associated with immunoglobulin and complement
deposition along myelin sheaths suggest an antibody and
complement-mediated mechanism of action.® In contrast to
MS, NMOSD show a strong association with immunoglobu-
lin G (IgG) antibodies directed against aquaporin-4 (AQP-4
abs), a water channel expressed by CNS astrocytes.”'°

Polyneuropathies are common neurological disorders
that can be caused by immune responses against auto-
antigens of the peripheral nervous system. These immune-
mediated neuropathies can be subdivided into disorders with
an acute onset (eg, GBS) and chronic diseases (eg, CIDP).M
In GBS, specific autoantibodies against gangliosides can be
detected in only few patients,'* whereas antibodies against
GQ1b (a subtype of gangliosides) are common in patients
with Miller-Fisher syndrome, a GBS-related disorder, in
which the cranial nerves are predominantly affected. In
recent years, a set of autoantibodies against proteins located
at the node of Ranvier has been identified in some patients
with CIDP. These antibodies target neurofascin, contactinl,
or contactin-associated protein 1, and CIDP patients with
these antibodies were proposed as seropositive.'>'*

Autoimmune-mediated encephalitides comprise a
group of inflammatory brain disorders that are often
characterized by prominent neuropsychiatric symptoms.
Many of these are associated with IgG antibodies against
neuronal cell-surface proteins, ion channels, or receptors
such as N-methyl-p-aspartate receptors (NMDAR,
resulting in NMDAR-encephalitis).'”

It is well known that treatment with apheresis is a safe
and effective therapy for neurological autoimmune dis-
eases. In a prospective randomized controlled trial the
effect and safety of therapy with IA or TPE in patients with
above-mentioned neurological autoimmune diseases was
now investigated. This was assessed on the one hand by
the clinical response of the patients and on the other hand,
the efficacy of the treatment was measured by changes in
immunoglobulins and cytokines concentrations.

2 | METHODS

Patients with an autoimmune-mediated neurological dis-
ease, who were refractory to first line standard treatment
and therefore received either tryptophan IA or TPE, were
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enrolled in a prospective randomized controlled mono-
centric study between 2016 and 2019. This study was
approved by the ethics committee of the University Medical
Centre Mainz, Germany and the medical associations
Rhineland Palatinate and conformed to the standards of the
Declaration of Helsinki of the World Medical Association
(Approval No 2018-13039). Written consent was obtained
from all participating patients at the beginning of the study.

After study inclusion, 1:1 randomization was per-
formed. However, because of current ACE inhibitor medi-
cation, therapy with TPE had to be performed in four
cases, since the use of an ACE inhibitor is contraindicated
in IA. One study group arm received treatment with TPE,
the other group arm received treatment with IA. The goal
was for all patients to receive a total of five IA sessions or
five TPE sessions (days 1, 2, 3, 5, and 7).

For vascular access, double-lumen central venous
catheters were used in all patients. IA treatments were per-
formed using the single-use tryptophan adsorber TR-350
in combination with the OP-0.5 W plasma separator
(Asahi Kasei Medical, Tokyo, Japan) and the tubing sys-
tem PA-420 (combination of AV-210 and PA-220) together
with the Octo Nova Technology (DIAMED, Cologne,
Germany). The treated plasma volume per IA was
2000 mL. TPE treatments were performed using Plas-
maflow OP 0.5 W (L) and the tubing system AV-210 and
FS-250 together with the Octo Nova Technology
(DIAMED). The treated plasma volume exchange per TPE
was 3000 mL (in first PE: with 3000 mL 4% human albu-
min solution, PE Nr. 2-5. with 1500 mL FFPs and
1500 mL 4% human albumin solution). Anticoagulation in
IA or TPE was performed either with unfractionated hepa-
rin (bolus injection of 2500 IU of sodium heparin) and/or
citrate dextrose, formula A (ACD-A; Baxter, Munich,
Germany). To evaluate efficiency of TPE/IA procedures,
IgM, IgG levels, and IgG subclasses were determined
immediately before and after each TPE/IA treatment.

The main outcome parameter for efficacy was change
of acute (relapse-related) disability. Clinical evaluation
was performed before the first and after the last treatment
of the treatment series and 90 days after the last apheresis
treatment. As patients with various neurological autoim-
mune diseases were included in the study, the overall
treatment response was reported descriptively.

Additionally, disability was assessed with the EDSS in
MS and NMOSD patients.'® Moderate improvement rep-
resented a definite change of the neurologic deficit
(decrease in EDSS by 0.5 steps in patients with initial
EDSS 1-3.5) Marked improvement was defined as clini-
cally significant improvement in function (decrease in
EDSS by >1 step in patients with an initial score 1-3.5;
decrease in EDSS by 0.5 steps in patients with an initial
score 4-10). No change in EDSS represented any change

in neurologic function whereas deterioration in neuro-
logic function was defined by an increase in EDSS.

Also, we used the Hughes functional grading scale
(HFGS) for GBS patients and the Inflammatory Neuropa-
thy Cause and Treatment (INCAT) disability score for
CIDP patients for the assessment of neurological symp-
toms at the beginning of therapy, after apheresis treat-
ment, and 90 days after therapy.”'® In order to
approximate the overall treatment response in our rather
heterogeneous cohort, we also assessed disability using
the modified Rankin-Scale (mRS) in al studied patients."®
Because the mRS is a relatively general measure of neu-
rological impairment, the scale can be used with regard
to the neurological symptoms of the neurological diseases
that were included in the study. An improvement in mRS
of one point was considered as treatment response.

In addition, serum was collected before and after each
IA/TPE. Freshly drawn blood samples were collected,
centrifuged, divided into aliquots, and stored at —80°C
before batch analysis.

We measured human cytokine levels in serum using
a human Duoset ELISA kit (IL-12, IL-17, IL-18, CSF-1,
IL-34, IL-6, tumor necrosis factor alpha [TNF-a], IL-28)
according to the manufacturer's instructions (R&D
Systems; McKinley Place, MN). Samples were thawed
and spun down and the supernatant fraction was used
for the ELISA. All measurements were made in dupli-
cate. The laboratory personnel was blinded to clinical
data (ClinicalTrials.gov NCT04687332).

3 | STATISTICS

Data represent the means + SEM prepared using GraphPad
Prism software, version 7.0. We used the nonparametric
Mann-Whitney U test to evaluate P values. For correla-
tion analysis, we used the Spearman correlation calcula-
tion. Multiple comparisons were analyzed using the
Kruskal-Wallis test.

4 | RESULTS

A total of 32 patients were included in this study. The
neurological underlying diseases were MS in 11 patients
(according to the revision of the McDonald criteria),*
NMOSD in six patients according to 2015 NMOSD
criteria’" (two of these were anti-AQP4-IgG positive, all
were negatively tested for anti-MOG antibodies), six
suffered from CIDP, six from GBS and three had autoim-
mune encephalitis. The mean age of patients during
treatment was 43 (SD 17.2) and median duration of dis-
ease before treatment was 3.2 years (SD 6.6). The
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majority of patients (n = 21) was presented with a first
episode of neurological symptoms at time point of study
enrollment. In one patient, who was included in the
study with suspected neuromyelitis optica, Leber's optic
atrophy (LHON) was confirmed by molecular genetics in
the further course of the study, so that this patient was
excluded from the results. Patient characteristics are
summarized in Table 1.

All patients were treated with either TPE or IA
between June 2016 and September 2019. In total,
13 patients were treated with IA and 19 patients with
TPE. Altogether, 63 cycles of IA and 93 cycles of TPE
were performed. IA patients received an average of 4.9
treatments and TPE patients received 4.7 treatments
(see Table 2). All patients received their treatment series
within 5 to 7 days.

In 24 of the 31 treated patients, the extracorporeal pro-
cedure was used due to a refractory disease to therapy or a
severe relapse of the disease despite immunosuppressive

« it o . ASEA — W LEY-L 7
therapy. Sixteen patients received IA or TPE because of a
steroid refractory disease or relapse. The steroid pulse ther-
apy was done with a median cumulative dose of 4 g (see
Table 2; see Table 1 of the supplement). Furthermore, a
patient with neuromyelitis optica under azathioprine had
a relapse event and a patient with CIDP under treatment
with rituximab. In addition, 6 patients received immuno-
globulins before the indication for IA/TPE was given.
These included three patients with CIDP, one patient with
a cerebellar syndrome with anti-GAD-abs. and two
patients with GBS. In seven patients, the therapy with
IA/TPE was applied as first-line therapy.

41 | Immunological effects of IA
and TPE

In 19 of the 31 patients, IgG, IgM levels, and IgA sub-
classes were measured to evaluate efficiency of IA/TPE

TABLE 1 Patient characteristics Diagnosis IA TPE total
MS 6 5 11
Neuromyelitis optica (antibody negative) 0 4(-1) 4(-1)
AQP4-1gG pos. NMOSD 1 1 2
GBS 2 4 6
CIDP 2 4 6
Autoimmune encephalitis (limbic encephalitis, 2 1 3

anti-NMDA-receptor encephalitis, cerebellar
syndrome with anti-GAD-antibodies)
= in total 13 18 32(-1)
Age at treatment
Mean age 38 46 43
Mean age—SD 15.8 17.8 17.2
Mean age—range 17-67 24-72 17-72
Abbreviations: CIDP, chronic inflammatory demyelinating polyneuropathy; GBS, Guillain-Barré syndrome;
IA, immunoadsorption; NMDAR, anti-N-methyl-p-aspartate receptor; NMOSD, neuromyelitis optica
spectrum disorders; TPE, therapeutic plasma exchange.

TABLE 2 Treatment characteristics IA TPE total
Number of treatments 63 93 156
Number of treatments per patients 4.9 4.7 4.9
Plasma volume per treatment mL, mean (SD) 2000 3000 —
Initial treatment with steroids

Yes 7 10 17
No 6 9 15
Cumulative dose g/mean, SD) 41(1.2) 3.7 (1.5) 4(1.3)

Abbreviations: IA, immunoadsorption; TPE, therapeutic plasma exchange.
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FIGURE 2 Treatment response measured with modified

Rankin-Scale (mRS) before and after treatment with therapeutic
plasma exchange (TPE)/immunoadsorption (IA), as well as after
90 days

procedures. A continuous decrease of immunoglobulin
concentration was observed during the series of five IA
treatments. As expected, the reduction of IgG was the
most efficient, followed by IgM and IgA (Figure 1). Exact
concentrations can be found in Table 2 of the supple-
ment. With regard to TPE, there was a clear drop in all
immunoglobulin classes after the first treatment, which
then, however, stabilized.

4.2 | Clinical efficacy of IA and TPE

A total of 32 of the heterogeneous patient collective
reported descriptively a reduction in symptoms during
treatment. In addition, 16 of the 31 patients received a
steroid pulse therapy, according to the guideline recom-
mendations for the particular disease, before treatment

T
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Immunoglobulin concentration before and after treatment with immunoadsorption (IA)/therapeutic plasma exchange (TPE)

with an extracorporeal procedure. The detailed clinical
manifestations of the individual patients can be seen in
Table 1 of the supplement. To objectivize the response to
therapy, the mRS was recorded in the entire patient col-
lective, as already mentioned. In this context, it should be
noted, that we were able to show a correlation between
the EDSS and the mRS in the subgroup analysis of MS
and NMOSD patients. Based on our internal validation,
we assume that we can assess treatment response using
the mRS in MS and NMOSD patients. Based on the small
number of patients, a correlation between the HFGS and
INCAT with mRS was not possible.

Both treatment groups (IA and TPE) showed a compa-
rable significant response (P = .05) to therapy immediately
after treatment with IA/TPE (see Figure 2). After 90 days,
the TPE study group showed stable symptoms. However,
patients treated with IA showed a further improvement
after 90 days, but which was not significant compared to
the mRS values after treatment with IA (P = .11).

In a subgroup analysis, we further collected the
corresponding scores for each of the studied disorders to
improve the characterization of neurological outcomes
(see Figure 3). Here, a response to therapy is shown in
the different patient collectives when the individual
courses are considered. As shown in Figure 3, the amelio-
ration of neurological symptoms was reflected by all
scores. However, due to the small sample sizes of the sub-
groups, it was not possible to compare treatment
responses using a statistical test.

This subgroup analysis of MS and NMOSD patients
showed that the clinical benefit of treatment with IA was
particularly encouraging. The evaluation of the EDSS
before and after treatment (see Figure 3A) showed that
four patients demonstrated no change in EDSS, four
patients showed a moderate response to therapy, and
nine patients improved noticeably.

When considering separately the response to therapy
in patients who were treated with TPE, a mean reduction
from 3.6 to 2.7 could be shown (P =.06). In patients
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treated with IA, a mean EDSS score of 3.6 could be
assessed, which decreased to 2.6 after treatment (*P < .05).
Accordingly, there was a significant reduction of —1 (see
Figure 3). After 90 days, there was again an increase in the
EDSS of 0.2 points in the group treated with TPE. In addi-
tion, the EDSS score in the patients who received IA treat-
ment remained stable after 90 days (—0.3 points)
compared to EDSS after treatment with IA.

A detailed description of the symptoms in MS and
NMOSD patients before and after treatment is given in
Table 3.

4.3 | Changes of circulating
inflammatory cytokines related to
TPE or IA treatment

Measurement of cytokines before and after the first and
last apheresis treatment was performed to further evalu-
ate possible underlying mechanisms of IA and TPE treat-
ment additional to reduction of pathogenic
autoantibodies (Figure 4). IL-12, 1L-17, IL-6, IL-10, TNF-

a, and interferon-gamma (INF-y) were measured. In the
course of treatment with IA, the majority of these evalu-
ated cytokines showed a significant decrease from base-
line. Especially, the cytokines IL-17 and IL-6 showed the
most significant reduction. Surprisingly, these results
were not found in patients treated with TPE. Even a
slight increase from baseline levels was observed. Only
IL-10 was neither affected by IA nor TPE.

44 | Safety of IA and PE

In total, 63 cycles of IA and 93 cycles of TPE were per-
formed in 31 patients with a mean of 4.9 IA treatments
and 4.7 TPE treatments, respectively, per patient. The
overall tolerability was good. One patient experienced an
allergic reaction to fresh frozen plasma during the first
TPE. The patient switched to IA for the following treat-
ments without any tolerability issue. Furthermore, two
patients developed symptomatic hypocalcaemia during
the citrate anticoagulation (one patient on TPE, one
patient on IA). This was treated by increased calcium
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FIGURE 4 Cytokine expression following first and last

immunoadsorption (IA) (before and after) vs therapeutic plasma
exchange (TPE) (before and after) treatment

substitution, so that the symptoms quickly subsided. One
patient experienced a light decrease of blood pressure
that resolved upon infusion of 1 L of saline solution.

Catheter associated complications occurred in three
patients. A catheter-associated thrombosis in the jugular
vein was discovered as an incidental finding in the com-
puted tomography (CT), which took place due to their
neurological diagnostic work-up. The patients were anti-
coagulated for 3 months.

5 | DISCUSSION

The prospective investigation of 32 patients with autoim-
mune neurological diseases demonstrated efficacy and
safety of IA and TPE as essential parts of treatment or
escalating treatment regimens. Clinical efficacy of TPE

and IA was essentially identical for treated diseases.
However, our study demonstrated a significant reduction
of the pro-inflammatory cytokines IL-12, 1L-17, IL-6,
INF-y, and TNF-a during IA treatment, which could not
be observed during the treatment with TPE.

Only a few studies have investigated differential effects of
the treatment with IA vs TPE in neurological autoimmune
diseases. In 2019, a two-center retrospective study investigat-
ing the efficacy and safety of treatment with IA vs TPE of
MS and NMO in steroid-refractory relapses reported a signifi-
cantly increased improvement with regard to clinical symp-
toms in MS patients treated with IA compared to TPE. The
MS functional composite index, a quantitative survey of find-
ings that applies the 7.6 m walk distance, the so-called nine-
hole pegboard test, and the PASAT3 test, a neurocognitive
test, to assess the functionality of MS patients, was used to
evaluate the response to therapy (MSFC IA: 0.385 vs PE:
0.265). The higher efficacy in IA-treated patients was
explained by a more significant reduction of IgG by IA than
by TPE.** The results of our study also point to a trend that
MS patients treated with IA may benefit more and we, too,
were able to clearly demonstrate a more clearer reduction of
IgG in our IA-treated patient collective over the entire treat-
ment period. In addition, this was also demonstrated for IgM
and IgA in our work. However, it must be stated that in our
case, foreign immunoglobulins were substituted through the
addition of FFPs to the exchange volume during therapy
with TPE. A relation to the effectiveness of the treatment
with TPE with regard to the reduction of immunoglobulins
is therefore difficult to examine. Furthermore, it should be
noted that the reduction of immunoglobulins during the first
treatment with IA or TPE was comparable. In this first treat-
ment, as explained in Section 2, plasma exchange took place
exclusively with human albumin, so that no foreign immu-
noglobulins were substituted here.

In a further study by Dorst et al, a prolonged
response to therapy in MS patients treated with IA com-
pared to treatment with TPE was shown.?® This trend for
a longer-lasting effect can also be seen in our entire
patient collective. Patients who had received therapy with
IA showed a further decrease in the mRS after 90 days.

On the other hand, in a few retrospective studies, no
significant difference of the efficacy of TPE and IA treat-
ment was observed in patients with MS, for example, in
the recently published study by Lipphardt et al.**?*%
However, a slight reduction of side effects in IA could be
shown in the study by Faissner et al. with comparable
efficacy.24 In the other studies mentioned, there was no
difference in terms of side effects.

In studies comparing IA vs TPE for other neurological
autoimmune diseases (myasthenia and CIDP), no signifi-
cant difference were seen either.>***” In the case of the
study comparing IA with TPE in CIDP, however, a
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tendency was found which, in contrast, showed a higher
efficiency of IA treatment.

A remarkable observation of our study is the signifi-
cant reduction of the pro-inflammatory cytokines IL-12,
1L-17, IL-6, INF-y, and TNF-a during IA treatment. This
is in contrast to the tendency of an increase of IL-12, 1L-
17, IL-6, and TNF-a under therapy with TPE. By changes
of the cytokine serum concentration, IA and TPE might
influence the cellular immunity. However, only little data
on immune modulation under treatment with IA or TPE
is currently available.

To the best of our knowledge, Baggi et al. conducted
the first and only study to date, which investigated the
effect of IA on serum cytokines.”® This was done on
patients with myasthenia gravis (N = 6) and Lambert-
Eaton myasthenic syndrome (N = 3). In their study, a
reduction of the serum levels of IL-18, IL-17, and TGF-f
was reported. In contrast, they measured an increase in
IL-10 under IA treatment. The authors of that study spec-
ulated that the probably linked IgG resynthesis process
might underlie the observed increase of IL-10 under IA
therapy.”® In contrast, we observed no significant
changes in I1-10 concentrations upon IA treatment. The
connection between the resynthesis of IgG and IL-10
therefore also offers a possible explanation that in our
data IL-10 does not decrease as significantly as the pro-
inflammatory cytokines. On the other hand, IL-10 is the
most important anti-inflammatory cytokine, which sup-
presses the pro-inflammatory autoimmune response in
the context of autoimmunity. The change in ratio
between IL-10 and pro-inflammatory cytokines may favor
the clinical response to IA treatment.

In another study, elevated levels of pro-inflammatory
cytokines (IL-6, IL-8, and IL-1ra) were measured compared
to baseline after treatment with TPE in patients with
ANCA-positive vasculitis. This observation was related to
an activation of cytokine synthesis through the contact of
blood with the synthetic membrane.” However, this can-
not be an explanation with regard to our results, since
there was a significant decrease in pro-inflammatory cyto-
kines in patients treated with IA compared to treatment
with TPE, showing an increase. Moreover, IA-treated
patients received the same filter (plasma flow OP 0.5 W) to
separate the plasma from the cellular blood components as
TPE-treated patients in the first step of treatment. A possi-
ble explanation for the lack of reduction in cytokines dur-
ing treatment with TPE could be a possible activation of
cytokine production by the foreign fresh frozen plasma or
albumin. In vitro, Patlan et al. could demonstrate that
exposure to FFPs leads to an increased cytokine production
by monocyte activation.’® This activation of cytokine pro-
duction could thus lead to an activation of the immune sys-
tem by the application of foreign FFPs, which may explain

1 it o . ASEA — W LEY-L ”
why the clinical response to treatment may favor IA over
TPE and, in this context, also indicates a longer response to
therapy. Thus, if this hypothesis were to be confirmed, TA
would be given preference to TPE as a therapeutic method
for the treatment of neurological autoimmune diseases.

Our study is not without limitations. We acknowledge
that the heterogeneity of patient groups enrolled in this
study might threaten generalizability of our findings.
Furthermore, the lack of validated scores across disease
entities makes interpretation of clinical outcomes chal-
lenging. Therefore, larger studies addressing these limita-
tions are needed to confirm our hypothesis.

With regard to the side effects, a severe allergic reac-
tion to FFP during treatment with TPE was observed dur-
ing the course of the study. There was no serious side
effect with IA therapy. Furthermore, only mild side
effects were found with no difference seen between the
treatments IA or TPE. Thus, IA might be the treatment
option with a reduction in possible side effects, since no
substitution of fresh frozen plasma or albumin with the
risk of allergic reactions is necessary.

Another side effect of the therapy was, as already
mentioned, the catheter associated thrombosis. In rela-
tion to current data, this rate of catheter associated
complications of about 10% seems comparatively low.
Rather, in a review after evaluation of 25 studies, the
prevalence of catheter-associated symptomatic throm-
boses was detected in 41% of patients.’’ However, it
should be noted that not all patients received a CT and
all patients received thromboprophylaxis during
treatment.

In conclusion, both IA and TPE treatments are highly
effective and well tolerated. However, there was a ten-
dency for patients treated with IA to benefit longer after
treatment, and their clinical condition may continue to
improve after treatment. However, in our study treat-
ment with IA in patients with MS seems slightly superior
to treatment with TPE. A possible explanation could be
an apparent immune activation by the substitution of
FFPs or albumin during treatment with TPE with subse-
quent secretion of pro-inflammatory cytokines. However,
in order to strengthen this hypothesis, further studies
with a significantly higher number of patients are
necessary.
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