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Abstract Patients suffering from multiple sclerosis (MS)

are treated with high-dose intravenous steroids during

acute relapses. In case of steroid refractory relapses,

patients are treated with plasmapheresis or immunoad-

sorption. Until now data concerning the efficacy of both

procedures are scarce. Visual evoked potentials (VEP),

visual acuity and degree of remission of deficits caused by

a relapse that had led to admission in MS patients (n = 48)

treated with PLEX, IA or both in a single university centre

setting were evaluated retrospectively. In a grouped anal-

ysis of patients treated with combined PLEX/IA, PLEX or

IA alone, patients in all groups profited as assessed by

VEP. Visual acuity also showed a trend towards a better

performance, but lacked significance. In a subgroup anal-

ysis only concerning patients with initially pathological

VEP there was a significant beneficial effect in the groups

treated with PLEX/IA as well as in the group summarizing

all patients. The combination of PLEX and IA provides a

valid treatment option in steroid-refractory MS-relapses,

and IA should be considered in acute relapses especially in

patients with side effect of PLEX.
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Introduction

Multiple sclerosis (MS) is a chronic-autoimmune CNS

disease comprising destruction of the myelin sheath with

axonal degeneration and neuronal cell death [1]. Despite a

number of effective disease modifying therapies, relapses

still occur. During acute relapses patients are commonly

treated with high dose intravenous corticosteroids. In some

patients, steroid refractory relapses occur and are therefore

treated with plasma exchange (PLEX) or immunoadsorp-

tion (IA). PLEX is used to remove pathogenic humoral

factors, among them suspected auto-antibodies directed

against the myelin sheath [2]. In a randomized, sham

controlled trial in 1999, 42.1 % of patients with steroid

refractory relapses responded to PLEX [3]. IA is consid-

ered to be associated with fewer side effects due to the

specific elimination of antibodies only and the sparing of

other plasma proteins with lower risk of allergic reactions

compared to PLEX [4]. Until now there have been six

studies addressing the efficacy of IA which have been

reviewed by Koziolek et al. [5]. In four studies positive

effects concerning clinical improvement could be shown.

So far, data about the efficacy of IA and PLEX in steroid

refractory MS relapses are scarce. Here, we present a case

series of 48 patients (one longitudinally with two treatment

time-points) treated with IA, PLEX or combined PLEX and

IA in a German university centre setting.

Patients and methods

Clinical and paraclinical data from patients with MS trea-

ted with PLEX/IA, PLEX or IA alone filed during hospital

treatment were assessed. Patients were included who had

been treated in the period between 01/2011 and 04/2015.
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Patient’s demographics are presented in Table 1. All

patients were treated at a single centre and were devoid of

acute infections as assessed clinically and with laboratory

tests (white blood cell counts and C-reactive protein). The

blood exchange was performed after written informed

consent of all patients and after placement of a Shaldon’s

catheter in the left or right jugular vein. Each exchange

session had a mean duration of approximately 2.0 h. PLEX

was performed in exchange with albumin (human albumin

20 % or Alburex, CSL Behring, Hattersheim am Main,

Germany). IA treatment was performed using the trypto-

phan-linked polyvinyl alcohol adsorber TR-350(L) after

membrane plasma separation with the polyethylene plasma

separator OP-05 W (Asahi Kasei Medical Tokyo, Japan) in

combination with the Octo Nova technology SW 4.30.5

(DIAMED Medizintechnik, Cologne, Germany). Plasma

volume was approximately 2.0 L per session. The patients

were evaluated clinically and with visual evoked potentials

(VEP) before and after the procedure. Please note that in

n = 6 patients the second VEP was conducted during the

blood exchange (mean 2.7 days before end of the proce-

dure). VEP were generated using the Keypoint software

(Medtronic, Meerbusch, Germany). Visual acuity was

evaluated with an eye chart placed approximately 35 cm in

front of the eyes of the patient. Retrospective evaluation of

the patients was permitted by Ruhr-University ethics

committee (No 15-5268).

Results

In a grouped analysis of all patients (n = 48, treated with

combined PLEX/IA, PLEX or IA only) patients profited as

assessed with P-100 latencies of VEP (Fig. 1) (left eye,

-10.2 ms, p\ 0.05, right eye -6.8 ms, ns). Visual acuity

also showed a trend towards a better performance, but

lacked significance (Fig. 1e, f). Analysing only patients

with pathological VEP (C121 ms) there was a significant

beneficial effect on both eyes (p\ 0.01 and p\ 0.05;

Fig. 1c, d). In a subgroup analysis (PLEX/IA; n = 26), the

P-100 latencies in VEP (left: mean -7.6 ms, right: mean

-8.0 ms) (Fig. 2) and the visual acuity showed a trend

towards improvement. The subgroup with pathological

VEPs profited significantly on both eyes (p\ 0.05; Fig. 2c,

d). In patients only treated with PLEX (n = 16) there was a

better performance of the VEP on the left eye (-13.0 ms,

ns) and no change on the right eye (-1.7 ms, ns) (Fig. 3).

Visual acuity, however, showed a trend towards improve-

ment on both eyes. As the number of patients only treated

with IA was too small (n = 6), the group is only reported

in the analysis of all patients. The correlation of all VEP

with visual acuity in all patients showed a trend towards

better visual acuity and lower P-100 latencies without

statistical significance (Fig. 4). The duration of symptom

onset to the initiation of therapy did not correlate with the

change of VEP latencies, either in all patients or regarding

only patients with initially pathological VEP (Fig. 5).

Having a look at the time difference between the conduct

of the baseline VEP to therapy start and the follow-up VEP

to therapy end, there was no correlation concerning the

outcome as assessed with the VEP difference (Supple-

mentary Fig. 1).

Discussion

Patients with steroid refractory relapses, especially those

involving motor and visual function, bear a high risk of

suffering from long-term residual disability, i.e. visual

impairment and paresis. In these cases, PLEX or IA are

Table 1 Patient demographics
PLEX/IA PLEX IA

Number of patients n = 26 n = 16 n = 6

Age 33.4 (±8.4) 38.8 (±13.1) 38.8 (±8.4)

Gender 20 F (76.9 %) 12 F (75.0 %) 4 F (66.7 %)

Number of IA sessions 2.6 (±1.1) 0 5.3 (±1.0)

EDSS 4.3 (±1.9) 5.6 (±2.2) 4.3 (±1.8)

Number of values VEP Before After Before After Before After

Left 23 14 7 5 5 3

Number of values VEP Before After Before After Before After

Right 24 13 7 5 5 3

Number of values Visual acuity Before After Before After Before After

Left 9 9 10 10 2 2

Number of values Visual acuity Before After Before After Before After

Right 8 8 9 9 2 2

EDSS expanded disability status scale. EDSS and age (±SD)
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valid treatment options under these conditions, when per-

formed in a certain time frame of about 6 weeks after

relapse. To the best of our knowledge, there is no study

examining the combination of PLEX with IA. Here, we

present outcome data of patients treated with PLEX com-

bined with IA, PLEX or IA alone in a retrospective case

series. The combination of PLEX with IA or the group

summarizing all patient groups (PLEX/IA, PLEX or IA

alone) shows a better performance in P-100 latencies of

patients with acute steroid refractory MS relapses, i.e.

patients with initially pathological VEPs. Within the given

timeframe (35.4 ± 25.7 days) there was no correlation

between time-to-therapy after onset of relapse, and the

outcome as shown with a change in VEP latencies. Hence,

despite the limited number of patients outside the 6-weeks

window in our study, even these patients may benefit from

blood exchange therapy. A possible bias in this study was

the higher EDSS in patients in the PLEX only group, which

Fig. 1 P-100 latencies of visual evoked potentials of all patients on

the left (a, c) and right (b, d) side and visual acuity [%] (left e; right f)
are shown. On the left eye a patients profited from the procedures

(before 124.7 ms (±17.1 SD), after 114.5 ms (±11.8), p\ 0.05). On

the right side there was a trend towards better performance (b). In

patients with initial pathological VEP (C121 ms) there was a

significant improvement on both eyes [p\ 0.01 (c) and p\ 0.05

(d)]. Visual acuity showed a trend to a better performance on both

eyes (e, f)

1094 J Neurol (2016) 263:1092–1098

123



may have had a skewing effect on the overall therapy

response.

PLEX is an established therapeutic option for several

neuroinflammatory disorders such as neuromyelitis optica

spectrum disorder [6], chronic inflammatory demyelinating

polyneuropathy (CIDP) [7], Guillain-Barré-Syndrome, or

myasthenia gravis [8]. According to the AAN guidelines

there is class I evidence for efficacy of PLEX in GBS and

chronic inflammatory demyelinating polyneuropathy as

short-term treatment [9]. The use of PLEX as escalating

therapy in steroid refractory MS relapses is considered as

‘‘probably effective’’ (class I evidence) [9]. PLEX is fur-

ther used to eliminate natalizumab in patients with pro-

gressive multifocal leucoencephalopathy (PML) [10, 11].

There have been several studies showing the efficacy of IA

in MS [5]. In a study of n = 60 patients with steroid-re-

fractory MS relapse 88 % of the patients responded to IA

concerning the relapse symptoms [12]. The mechanisms of

Fig. 2 Subanalysis of Fig. 1: P-100 latencies of visual evoked

potentials of patients treated with PLEX/IA on the left (a, c) and

right (b, d) side and visual acuity [%] (left e; right f) are shown. There

was a trend towards better performance in P-100 latencies and visual

acuity. In patients with initial pathological VEP (C121 ms) there was

a significant improvement on both eyes (p\ 0.05; c, d)
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Fig. 3 Subanalysis of Fig. 1: P-100 latencies of visual evoked

potentials of patients treated with PLEX on the left (a) and right

(b) side and visual acuity [%] (left c; right d) are shown. There was a

trend towards better performance in P-100 latencies on the left and

similar performance on the right. Visual acuity showed a trend

towards better performance

Fig. 4 The correlation of VEP

to visual acuity showed a trend

towards better performance

after treatment (pooled analysis

of all patients)
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action of blood exchange therapies include the shift of

cytokine levels in the serum as shown in patients with

myasthenia gravis [13] and a shift of Th1/Th2 cells [14].

However, the exact therapeutic mechanism remains

unsolved. Limitations of our study include the small sam-

ple size in the subgroups PLEX or IA only. However, due

to the limited nature of blood exchange therapies this is the

largest cohort reported so far looking at the combination of

PLEX/IA. Additionally, the EDSS was not documented for

all patients in the course, therefore only the admission

EDSS could be shown. Optical coherence tomography as

additional outcome parameter is warranted in future

studies.

Summarizing, our study shows that the combination of

PLEX and IA could be a valid treatment option in patients

with steroid refractory relapses. In all three treatment

groups VEPs improved in patients with initially patholog-

ical VEP as well as in the group of patients treated with a

combination of PLEX/IA. A key message from our study is

that in MS patients with steroid refractory relapses—with

severe symptoms such as optic neuritis—blood exchange

may be a viable therapeutic option regardless of time after

symptom onset. Overall, IA is considered to be associated

with fewer side effects and has less contraindications, such

as allergic reactions to plasma proteins or religious reasons

concerning the application of blood products of other

patients, hence, it may constitute a potent alternative to

PLEX. Further prospective analysis in larger cohorts is

warranted in the future.
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