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Introduction
Plasmapheresis, also known as therapeutic plasma exchange 

(PLEX), is a procedure that separates the blood components, exchanging 
the plasma (typically with donor plasma or albumin), and returning the 
other components, primarily red blood cells, to the patient. PLEX has 
been proven to be effective in various autoimmune diseases, including 
neurological ones, such as Gulliain-Barre syndrome, idiopathic 
thrombocytopenic purpura and myasthenia gravis [1,2].

Since the late 1980s PLEX has been tried in several studies on MS 
patients, but with inconsistent effects. This may be related to: a. the 
small size of the studies, b. the lack of homogeneity in the treatment 
porotocols, c. the use of PLEX as an adjuvant therapy to other 
immunomodulatory modalities and d. the patient populations and 
type/course of MS, which greatly varied among these studies. 

In two initial small size studies in 1985 patients with chronic MS 
were treated with PLEX as an add-on therapy to cyclophosphamide, 
intramuscular immunoglobulins or steroids and azathioprine [3,4]. 
The first one showed that significantly more patients in the PLEX-
groups stabilized or improved at 5 months, as compared with the sham 
group. The second, (in which PLEX was applied with steroids and 
azathioprine) showed only a transient improvement in 7 out of the 10 
PLEX-treated patients.

A subsequent double blind study including 116 patients, compared 

the clinical efficacy of PLEX (11 courses in a period of 11 weeks) 
with that of sham treatment for acute attacks of MS, in combination 
with cyclophosphamide and ACTH [5]. A moderately enhanced 
improvement (not statistically significant) was observed in the PLEX-
group after 2 weeks. The improvement was mainly evident in the RRMS 
group and not in the progressive patients. 

In a larger and better organized trial, the Canadian Co-operative 
Study, 168 patients, who had deteriorated ≥ 1 degree on the EDSS scale 
during the previous year, were treated with iv cyclophosphamide and 
daily oral prednisone (n=55), or with alternate day oral prednisone 
and daily cyclophosphamide plus weekly PLEX for 20 weeks (n=57) 
56 untreated patients serving as the control group [6]. At 6 months, 
the percentage of treatment failure in each group was: 35% in the 
cyclophosphamide group, 32% in the PLEX group and 29% in the 
placebo group. These differences were not statistically significant.

Abstract
Background: Plasma-exchange/plasmapheresis (PLEX) is an efficient treatment for several immune mediated 

diseases. In addition to its known efficacy in myasthenia gravis and Gulliain Barre syndrome, it has been also shown to 
be effective in certain patients with MS and other CNS demyelinating disorders, during an acute/sub-acute deterioration 
of the disease.

Aims and methods: We report the results of an open prospective study with PLEX in 36 patients with progressive 
forms of multiple sclerosis (either secondary progressive or relapsing-progressive) and 12 patients with NMO-spectrum 
disease. All patients had experienced a significant clinical deterioration in the year prior to inclusion (0.5-1 degree or 
more, in the EDSS scale or a severe relapse from which they did not fully recover) and responded partially or not at 
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was 5.95 ± 1.3 and for the NMO subgroup, 5.6 ± 1.4. The mean duration of the disease was 11.4 ± 7.8 years (12 ± 
7.6 for the MS and 5.75 4.59 for the NMO). All patients were treated with 5 courses of PLEX in 2 weeks, followed by 
a monthly course for one year. 

Results: Twenty eight of the 48 patients (58.3 %) improved significantly in the EDSS score at year one post 
initiation of PLEX. The mean EDSS score declined from 5.91 ± 1.46 at inclusion, to 5.41 ± 1.8 at year one. This 
improvement was more pronounced in the NMO group: Ten out of twelve patients with NMO (83%) improved and their 
mean EDSS score was reduced from 5.6 ± 1.4 before the treatment to 4.7 ± 1.5 EDSS score post PLEX. In the whole 
group there were 16 patients with over imposed relapses (relapsing-progressive course) with a total of 26 relapses in 
the year prior to the inclusion; the number of relapses during the year following PLEX was reduced from 26 to 4. In 
general patients with prominent myelitic involvement had the most impressive response to the treatment. Five patients 
suffered from minor infections and one was admitted with sepsis. No other major side effects were observed.

Conclusion: PLEX may benefit some patients with progressive MS and NMO and thus may represent an 
alternative second line treatment modality for such patients with highly active disease, especially those with myelitic 
forms, and recent deterioration that did not respond to steroids. Larger, controlled studies are warranted to confirm the 
efficacy of PLEX in these subgroups of MS.
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In a more recent and randomized trial, which represented the 
“revival” of PLEX as a treatment modality for MS, PLEX (7 courses 
within 14 days) was for the first time checked as a single modality, 
in patients with various types of acute CNS demyelinating diseases 
(including ADEM and neuromyelitic types of MS, either chronic 
or relapsing) [7]. All included patients suffered acute episodes of 
neurological deterioration which did not improve with iv steroids. 
Clinical improvement was noted in 8/19 (42,1%) of the PLEX-treated 
patients compared with 1/17 (5.9%) in the sham group. When the 
patients were switched from PLEX to sham and from sham to PLEX, 
the clinical beneficial effects of PLEX noted in the first part of the trial, 
were strengthened, in favor of PLEX. 

A follow up study by Keegan et al. [8] suggested that patients with 
myelitis and Pattern II immunopathogenesis (according to Luccineti et 
al., a predominantly antibody-mediated disease) had the best response 
to PLEX. None of the responders belonged to the type-I (classical MS) 
and type-III according to the histopathological classification of the 
disease [9]. Similar results were obtained in an additional small trial 
in patients with severe attacks of inflammatory demyelinating CNS 
diseases. The improvement was mainly evident during the treatment 
and faded off later. 

A more recent retrospective analysis of 153 patients treated with 
PLEX for a steroid-refractory CNS demyelinating episode, showed 
that 59% exhibited moderate to marked functional neurological 
improvement within 6 months following treatment. Plasma exchange 
was less effective for patients with multiple sclerosis who subsequently 
developed a progressive disease course. Radiographic features 
associated with a beneficial PLEX response were the presence of ring-
enhancing lesions and/or mass effect [10].

Logically, since in neuromyelitis optica (NMO) the 
immunopathology is closer to that of type-II histopathological 
phenotype of MS, NMO patients are expected to benefit from PLEX. 
Indeed two small open studies and a restrospective one in NMO patients 
during an acute attack of the disease, showed an early and significant 
improvement following PLEX in most of the treated patients [11-13]. 
An AAN task committee upon evaluating the neurological indications 
of PLEX gave a level B recommendation for its use as second-line 
treatment of steroid-resistant exacerbations in relapsing forms of MS 
and of NMO [14].

On the other hand, PLEX was rather ineffective in most of the 
studies in chronic progressive or secondary progressive MS [3,4]. 
In purely progressive MS, a study of combination treatment with 
azathioprine and PLEX in 8 patients with SPMS led to the conclusion 
that PLEX did not improve clinical outcomes or prevent the formation 
of Gd-EDPA enhancing lesins in MRI [15]. However, the total MS 
lesion load was significantly lower and central motor conduction times 
decreased significantly during PLEX treatment. 

We report here the results of an open prospective study with PLEX 
in 36 patients with progressive forms of multiple sclerosis (either 
secondary progressive - SPMS- or relapsing progressive – RPMS-) 
and 12 patients with NMO-spectrum disease, who all had a significant 
clinical deterioration in the year prior to inclusion (0.5-1 degree in the 
EDSS scale or a severe relapse from which they did not fully recover) 
and responded partially or not at all to intensive steroidal treatment. All 
patients were treated (induction) with 5 courses of PLEX in 2 weeks, 
followed by monthly sessions for one year. 

Methods
Thirty six patients with progressive forms of MS and 12 with NMO-

spectrum disease, all with significant clinical deterioration during the 
year prior to the inclusion, who did not respond (or responded only 
partially) to high dose steroidal treatment, were included in this open 
prospective study. 

Inclusion criteria

1.	 Definite diagnosis of MS according to Poser’s criteria or definite 
diagnosis of NMO

2.	 Secondary progressive or relapsing progressive course of disease

3.	 Deterioration of at least one degree in the EDSS scale (if EDSS 
lower than 5.5) or 0.5 degree in EDSS (when baseline EDSS>5.0) 
during the year preceding their inclusion to our study, or had at 
least one major relapse with incomplete recovery.

4.	 Deterioration despite the chronic use of at least one 
immunomodulatory treatment

5.	 Failure to respond (or partial response) to steroids during the 
recent clinical deterioration

Exclusion criteria

1.  The presence of other systemic autoimmune diseases, excluding 
thyroiditis

2.  The presence of significant other systemic diseases

3.  The presence of active infection

4.  History of thrombosis or hypercoagulable state

The mean age of the included patients was 42.2 ± 13.8, mean 
duration of the disease was 11.4 ± 7.8 years and the mean EDSS score at 
inclusion, 5.91 ± 1.46. The mean age for the subgroup of MS was 46.2 ± 
11.3 and for the subgroup of NMO 32.1 ± 11.2. The mean EDSS for the 
MS subgroup was 5.95 ± 1.3 and for the NMO subgroup was 5.6 ± 1.4. 
The mean duration of the disease was 11.4 ± 7.8 years. (12 ± 7.6 for the 
MS and 5.75 ± 4.59 for the NMO) (Table 1). Eight out of the 12 NMO-
spectrum patients were positive for serum anti aquaporin-4 antibodies. 

Nineteen patients have been previously treated with interferon, 11 
with azathiorpine, 3 with Glatiramer acetate, 6 with mitoxantrone and 
10 with natalizumab, all with insufficient response to those treatments 
(the clinical deterioration occurred despite the chronic use of at least 
one of the above treatments, during the year preceding the inclusion). 
Patients were treated with 5 courses of PLEX within two weeks followed 
by monthly treatments for 12 months and neurological status (EDSS) 
and number of relapses were evaluated after one year.

Results
 Clinical effects

In total, 28 of the 48 patients (58%) improved significantly in the EDSS 
score. The mean EDSS score declined from 5.91 ± 1.46 to 5.41 ± 1.8. This 
improvement was more pronounced in the NMO group: Ten out of twelve 
patients with NMO (83%) improved and their mean EDSS score was reduced 
from 5.6 ± 1.4 before the treatment to 4.7 ± 1.5 (Table 2 and Figure 1). 

Total n=48 MS n=36 NMO n=12
Age 42.2 ± 13.7 46.2 ± 11.3 32.1 ± 11.2

Disease duration 11.4 ± 7.8 12 ± 7.6 5.75 ± 4.59
EDSS before PLEX 5.91 ± 1.46  5.95 ± 1.3 5.6 ± 1.4 

Predominant myelitic 
involvement  30 18 12

Table 1: Demographic data of our patients.
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In the whole group, 46 out of the 48 included patients (95.8%) 
remained progression free, during the year following PLEX; 58.3% 
improved in the EDSS score, 37.5% remained unchanged (but stopped 
progressing) and only 4.2% (2 patients) continued to deteriorate (Table 
2A). In the NMO group the percentages of improvement, stabilization 
and deterioration were even more significant: 83.3%, 16.7% and 0%, 
respectively); in the group of RP MS, the improvement rate was 71.4%. In 
the subgroup with secondary progressive form of MS, the improvement 
rate was lower (43.3%); the percentage of stabilized patients in this 
subgroup was 53.3%. These clinical effects are summarized in Table 2. 
In general patients with myelitis had the most significant response to 
the treatment. 

In the whole group there were 16 patients with (over imposed) 
relapses (relapsing-progressive course) with a total of 26 relapses (16 
in the RP group and 10 in the NMOS group) in the year prior to the 
inclusion; the number of relapses during the year following PLEX, was 

reduced from 26 to 4 (2 in the RP group and 2 in the NMOS group) 
(Figure 2).

Safety and adverse events

Five patients suffered from minor infections and one was admitted 
with sepsis. No other major side effects were observed. Minor adverse 
effects included fatigue on the day following PLEX, or local infections 
at the place of the administration of the iv catheter.

Discussion
In this open prospective study we evaluated the clinical efficacy of 

PLEX, given chronically for one year, in progressive forms of MS and 
in NMO. Our data show beneficial clinical effects of the treatment in 
this selected group of progressive patients with very active disease who 
deteriorated significantly during the year prior to the inclusion. The 
clinical benefits were more pronounced in the NMO subgroup and in 

26

16

10

4
2 2

0

5

10

15

20

25

30

Total MS NMO

Before PE

After PE

Figure 2: Number of relapses during the year before inclusion and in the year of treatment with PLEX.
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Figure 1: EDSS change in the year before inclusion vs. the year of treatment with PLEX.

EDSS at inclusion EDSS at one year post PLEX EDDS progression during the 
year before the inclusion DEDDS at one year post-PLEX

Total (n=48) 5.91 ± 1.46 5.41 ± 1.8 +1.2 ± 1.14 -0.6 ± 0.4
RP MS (n=18) 5.91 ± 1.2 5.79 ± 1.7 +1.15 ± 0.9 -0.45 ± 0.6
SP MS (n=18) 6.51 ± 0.9 6.16 ± 0.8 +0.8 ± 1.1 -0.35 ± 0.5
NMO (n=12) 5.6 ± 1.4 4.7 ± 1.5 +1.4 ± 1.3 -0.9 ± 0.7

Table 2A: Changes in the EDSS score in the subgroups of PLEX-treated patients.
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patients with myelitic involvement. 95% of the whole group of patients 
remained progression free during the year following PLEX and 85% 
were relapse-free (Figure 1). 

Previous clinical trials testing the efficacy of PLEX in MS have 
shown variable, though generally positive results and beneficial clinical 
effects [4,6,7,14,16-20]. The MS populations in these studies were not 
similar and the treatment protocols greatly varied. In many of these 
trials PLEX was not used as a sole treatment modality but as an add-on 
treatment, which complicates the interpretation of the results. 

In the trial from Mayo Clinic, the patients who mainly benefited 
from the treatment were those with myelitis in whom a predominantly 
humoral, antibody mediated mechanism seems to be involved in the 
pathogenesis of their CNS demyelinating disease [8]. 

More recently, additional open retrospective trials showed that 
plasma-exchange was effective is acute relapses of MS, in severe optic 
neuritis, in relapses of NMO, as rescue therapy in clinically isolated 
syndromes and acute worsening of MS and in pediatric demyelinating 
syndromes [21-25]. An MRI-based study showed that in patients with 
steroid-refractory deterioration of MS, plasma exchange induced a 
partial of complete resolution of the active lesions in the MRI in 80% of 
the treated patients [26].

The rationale behind the use of plasma exchange in MS comes 
from various recent data depicting the crucial role of B cells and auto-
antibodies in the pathogenesis of the disease and especially in its 
progression. B cells have traditionally been considered to play a secondary 
T-cell-dependent role, producing antibodies that may promote tissue 
destruction by recruiting macrophages and through activation of the 
complement pathway [27]. Additionally, activated B cells can act as 
antigen-specific APCs for T cells and produce costimulatory molecules 
that influence the differentiation of T cells from Th1 to Th2 cells [28]. 
Patients with MS have increased B-cell numbers in the CNS, mainly 
memory cells and short-lived plasmablasts [29]. Plasmablasts persist 
in the cerebrospinal fluid (CSF) throughout the course of MS, and 
the numbers of these cells correlate with intrathecal immunoglobulin 
G (IgG) synthesis (oligoclonal antibodies, one of the hallmarks of MS 
diagnosis) and with active inflammatory disease [29,30]. Moreover, B 
cells, plasma cells, autoantibodies, and complement have been detected 
in MS lesions [31,32], indicating their implication in demyelination. 
Additional indications for antibody-mediated mechanisms in MS come 
from the presence of ectopic lymphoid follicles in the CNS of patients 
with MS [29,33-35], especially those with progressive disease. It 
appears, therefore, that as the disease evolves into the progressive stage, 
the inflammation becomes compartmentalized and predominantly 
mediated by B cells. Such “slow” in situ inflammation can be detected 
even in the cortex and the deep grey matter and seems to correlate with 
the progression of disability [33,35-50].

However, one may logically question the mechanism of action 
of a treatment such as PLEX that acts peripherally and “filters” the 
antibodies from the blood, on such central mechanism of localized/
compartmentized inflammation in progressive MS, especially since 
antibodies are large molecules with limited trafficking through the 

blood brain barrier (BBB). However, although antibodies do not pass 
through an intact BBB, their trafficking may be possible when this 
barrier is inflamed and damaged as in the case of active CNS disease 
[51]. This may provide a possible explanation of the efficacy of PLEX 
in our study, which included patients with active disease and recent 
deterioration (ie with a compromised BBB). In support of this, data 
from trials with monoclonal antibodies that target B cells, such as 
Rituximab or Ocrelizumab showed that these medications may benefit 
even progressive MS and the theoretical explantation, could be related 
to effects on the B-cell mediated and compartmenized inflammation 
in the CNS [52-54]. Moreover, even when anti-CD20 monoclonal 
antibodies are injected intrathecally, they have a profound effect 
of peripheral B-cells [55], indicating that the BBB may be possibly 
passed easier from “inside-out” (ie from the CSF compartment to the 
blood). If indeed this is the case, then peripheral cleavage of antibodies 
by treatment modalities such as PLEX, may facilitate the efflux and 
clearance of the CNS antibodies, especially in patients with recent 
activity of MS and a compromised BBB.

The obvious drawback of our trial is that it is an open study without 
a control group. This was due to ethical issues imposed by the high 
activity of the disease and the fact that the patients did not respond 
to steroids and were not treated with any other immunomodulatory 
drug. The novelty of our trial is that PLEX was given as a chronic 
treatment (monthly courses following initial induction), for one 
year without the addition of other modalities, and that it showed 
significant clinical efficacy in active progressive MS. This selection of 
the patients (i.e., those with very active disease who were failures to 
steroids) may explain in part the more positive effects, detected in our 
trial as compared to previous ones. The recently revised criteria for the 
definition of progressive MS, which define the disease as either active or 
inactive, rather then progressive or relapsing [57,58], may support the 
possibility that progressive disease can be influenced equally efficiently 
to RRMS, when it is active. It is possible that the cohort of patients in 
previous negative reports of PLEX in progressive MS, included cases 
with less active disease.

In line with this, our data show that the beneficial effects of PLEX 
were more pronounced in progressive MS patients with overimposed 
relapses (relapsing-progressive disease). The higher efficacy of PLEX 
in patients with a prominent myelitic presentation, and those with 
NMO, may indicate a common pathogenetic mechanism in these two 
subgroups, involving predominently humoral immunity. This comes 
in agreement with the subgroup analysis from previous studies [8]. 
Additional, larger and controlled studies possibly involving progressive 
MS patients are warranted to confirrm our observations.
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