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Introduction
Multiple sclerosis (MS) is the leading cause of dis-
ability in young adults not attributable to trauma,1 
and has an unpredictable long-term prognosis.2 
MS can be classified into relapsing (RMS) and 
progressive forms (PMS). PMS can develop from 
an initial relapsing-remitting course (secondary 
PMS – SPMS) or persists from onset (primary 
PMS – PPMS). RMS accounts for up to 90% of 
newly diagnosed cases and is characterized by 
attacks (“relapses”) with new or deteriorating pre-
existing symptoms and subsequent complete or 
incomplete remission. Superimposed relapses 

may also occur in SPMS or even rarely in PPMS.3 
In contrast to the increasing armamentarium of 
disease-modifying therapies (DMT) in MS,4 the 
treatment of relapses itself remained unchanged over 
the last decades.5 Glucocorticosteroids (GCS) are still 
the mainstay in the treatment of MS relapses.6,7 
Current treatment guidelines recommend (i) high-
dose (500–1000 mg per day) intravenous methyl-
prednisolone (IVMP) for 3–5 days as a first-line 
treatment of MS relapses,5,8 (ii) a further high-
dose IVMP course (up to 2000 mg per day) for 
3–5 days in case of clinical non-responsiveness 
within 2 weeks after the first IVMP treatment,5,9 
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and (iii) therapeutic plasma exchange (TPE) or 
immunoadsorption as a therapeutic option for 
inadequate response to IVMP treatment.5,8,9

TPE has been used for decades in various immune-
mediated diseases,10 and was first established in 
acute inflammatory demyelinating disorders of the 
central nervous system (CNS) by Weinshenker 
et al. in 1999,11 when 42.1% of patients who did 
not respond to GCS during a relapse showed 
improvement after TPE. Plasma exchange 
removes autoantibodies and immune complexes 
from the plasma with effects on the humoral 
immune system, whereas effects on cell-mediated 
immunity are not obvious.10 Over the last dec-
ades, the importance of humoral immunity in the 
pathophysiology of MS has been increasingly rec-
ognized.12,13 Nevertheless, MS is a heterogeneous 
disorder both from a clinical and immunohisto-
pathological point of view.2,3,12 This is mirrored by 
the observation that not all patients benefit from 
TPE, and response rates range from 40% to 
90%.11,14–16 Among other factors, such as small 
sample sizes, and retrospective designs, results are 
inconsistent due to the inclusion of various inflam-
matory demyelinating diseases of the CNS, such 
as MS, but also neuromyelitis optica spectrum 
disorders and rare cases of concentric sclerosis.

In light of this, we aimed to investigate response 
rates to TPE in a large, two-center, well-charac-
terized study cohort of MS patients, and to iden-
tify possible predictive factors for a favorable 
response to TPE.

Patients and methods
For this retrospective study, all MS patients who 
received TPE between 2001 and 2015 at two ter-
tiary MS centers in Vienna, Austria, and Rostock, 
Germany, were enrolled. Inclusion criteria 
demanded for a definite diagnosis of MS according 
to the most recent diagnostic criteria, age >18 years, 
diagnosis of an acute relapse or worsening of pre-
existing symptoms lasting for more than 24 h, lack 
of or incomplete improvement of relapse symptoms 
following intravenous methylprednisolone pulse 
therapy.17 Patients who did not receive methylpred-
nisolone for the same relapse for which TPE was 
performed have been excluded to prevent treatment 
bias. Additionally, patients with insufficient clinical 
data available to assess outcome have been excluded. 
The decision to initiate TPE was based on the lack 
of or incomplete improvement or further clinical 

deterioration of symptoms and was made by the 
treating physician and the number of TPE cycles 
was based on continuous clinical evaluation. The 
analysis of patient documentation included demo-
graphic data, relapse rate within 12 months before 
TPE, magnetic resonance imaging (MRI) findings, 
the degree of disability according to the expanded 
disability status scale (EDSS) immediately before 
TPE initiation and at discharge after last TPE ses-
sion.18 In addition, control visits and relapses within 
6 months after TPE were recorded and assessed.

Response to TPE treatment was classified as 
marked, mild, or no improvement at discharge 
after TPE treatment. A marked response to ther-
apy was defined as improvement in EDSS ⩾ 1.0 (if 
baseline EDSS before TPE ⩽5.5) or ⩾0.5 (if 
baseline EDSS > 5.5). A mild response was 
defined as an improvement in EDSS of 0.5 (if 
baseline EDSS baseline ⩽5.5) or an improvement 
in at least one functional system, but with no cor-
responding overall change in EDSS (ΔEDSS).

The study was approved by the local ethics com-
mittees of the Medical University of Vienna (EC 
No. 1660/2014) and the University of Rostock 
(A2015-0065). STROBE guidelines were fol-
lowed for analysis and conduction of the study.

Statistics
Normal distribution of the data was tested with 
the Kolmogorov–Smirnov-test and could not be 
shown for any of the tested variables except age. 
The data are therefore reported as medians (md) 
and ranges or interquartile ranges (IQR) for con-
tinuous variables and as absolute numbers and 
percentages for categorical variables. Non-
parametric tests, that is, Mann–Whitney U test 
and Kruskal–Wallis test, were used to compare 
the continuous data between groups. The distri-
bution of nominal variables was analyzed using 
the chi-squared test. The correlations are pre-
sented as Kendall–Tau-b coefficients (τ).

To assess factors predicting response to TPE 
treatment, we performed multivariate multino-
mial logistic regression models with TPE response 
as the dependent variable and including all varia-
bles as covariates for which a univariate associa-
tion with a p value < 0.1 was found.

Missing values were handled by multiple (20 
times) imputation using the missing not at 
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random (MNAR) approach with pooling of esti-
mates according to Rubin’s rules.19

A two-sided p value < 0.05 was considered statis-
tically significant. All data analyses were per-
formed using IBM SPSS Statistic 24.0 (SPSS 
Inc, Chicago, IL, USA) and R statistical software 
(version 4.0.0).

Results
A total of 158 patients treated with TPE between 
2001 and 2015 have been retrospectively identi-
fied. Due to incomplete data, 25 had to be 
excluded from further analysis. In addition, 15 
patients did not receive IVMP before TPE, result-
ing in the inclusion of 118 patients in our study, 
see Figure 1.

A total of 76 patients were female (64.4%) and 
the median age was 37 years (IQR:15, min: 15, 
max: 73). RMS was diagnosed in 83.1% of the 
patients and 16.9% were classified as PMS with 
superimposed relapses. Of these 20 patients wiht 
PMS, five have been diagnosed with PPMS and 
15 with SPMS; two and six patients, respectively, 
showed Gd-enhancement on MRI. The median 
disease duration was 2 years (IQR:8, min: 0, max: 
24) and median EDSS was 3.5 (IQR: 3, min: 1, 
max: 8.5), see Table 1. Out of the 118 analyzed 
patients, 76 received a second course of IVMP 
treatment (64.4%), with a median dose of 15 g 
(IQR: 10). MRI was performed in 106 patients 
(89.8%), and, in 66 (62.2%) of these patients, 
gadolinium enhancement was detected.

Response to TPE and predictive factors
Overall, 93 (78.8%) of the analyzed patients 
showed clinical improvement after TPE; 51 
patients (43.2%) showed a marked improvement 
and 42 (35.6%) a mild improvement. In 25 
(21.2%) patients, no clinical benefit could be 
observed after TPE.

Compared with patients without improvement 
after TPE, median age was lower in patients with 
marked improvement after TPE (33 versus 
41 years, p = 0.024) and with mild improvement 
(37.5 versus 41 years, p = 0.06).

Disease duration was significantly shorter 
(p = 0.033) in patients with marked improvement 
and non-significantly shorter (p = 0.089) in 

patients with mild improvement compared with 
those without improvement. Both age and disease 
duration correlated inversely with the improve-
ment of EDSS during TPE treatment (ΔEDSS) 
(age: τ = –0.182, p = 0.009, disease duration: 
τ = –0.167, p = 0.017). Patients with RMS had a 
higher proportion of TPE response than those 
with PMS (p = 0.014). Median duration from 
onset of relapse to start of TPE was significantly 

Figure 1.  Flow chart of patients screened for eligibility of analysis.

Table 1.  Baseline characteristics of final cohort.

MS RMS PMS

n (% female) 118 (64.4%) 98 (63.3%) 20 (70%)

Age (±SD) Years 37.4 ± 11 36.5 ± 9.7 44.9 ± 14

DD months (IQR) 33 (104) 9 (85) 132 (139)

EDSS (IQR) 3.5 (3) 3 (5) 6.5 (7)

DMT (in %) 60 (51.3%) 45 (46.4%) 15 (75%)

MRI prior to TPE (%) 106 (89.8%) 92 (93.9%) 14 (70%)

Gd+ Lesion (%) 66 (62.3%) 58 (63%) 8 (57.1%)

Age shown as mean (± SD), disease duration and EDSS pre TPE are shown as median 
(IQR), DMT as % of patients receiving disease-modifying therapy at the time of TPE.
DD, disease duration; DMT, disease-modifying therapy; Gd + Lesion, gadolinium-
enhancing lesions; IQR, interquartile range; MRI, magnetic resonance imaging; 
PMS, progressive MS; RMS, relapsing MS; SD, standard deviation; TPE, therapeutic 
plasma exchange.
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shorter in patients with marked response (39 days, 
IQR 36; min: 7, max: 154, p = 0.020) compared 
with the mild and no improvement groups 
(61 days, IQR: 37, min: 17, max: 152) and 61 days 
(IQR 63, min: 15 max: 163) days, respectively), 
see Table 2. Time from relapse to TPE correlated 
inversely with the improvement in EDSS score 
(τ = –0.239, p = 0.001).

Duration from relapse onset to start of IVMP 
treatment, cumulative doses of IVMP, as well as 
number of TPE sessions, body weight, relapse 
rate before TPE, and sex showed no association 
with response to TPE treatment (see Supplemental 
Table e-1), when analysed only for RMS patients, 
this trend was confirmed (see Supplemental 
Table e-2).

Sensitivity analyses showed no difference in TPE 
response between patients with one or two IVMP 
cycles or total doses of GCS prior to TPE, while 
the results were confirmed in terms of time to 
TPE and disease duration. Regarding the pres-
ence of gadolinium (Gd)-enhancing lesions in 
cerebral and/or spinal MRI before TPE, patients 
with improvement after TPE had a significantly 
higher proportion of Gd-enhancing lesions than 
the no improvement group. Investigating the 
effects of DMT on the outcome of TPE, we found 
that patients without DMT were more likely to 
benefit from TPE compared with patients with 
DMT, which might be explained by the fact that 

many patients were included with their first epi-
sode suggestive for MS.

In the multivariate regression model for predic-
tion of TPE response, diagnosis of RMS [odds 
ratio (OR): 2.2], Gd-enhancement on MRI (OR 
2.0) and age (OR 0.6 per 5 years older) were the 
only remaining significant predictors of mild 
improvement. Marked improvement was associ-
ated with a diagnosis of RMS (OR: 3.1), 
Gd-enhancement on MRI (OR 3.2) and age (OR 
0.5 per 5 years older) as well, but additionally 
with delay from relapse onset to TPE (OR 0.7 per 
7 days longer), see Table 3.

Side effects and tolerability
In all, 39 side effects of TPE treatment were 
reported. No specific side effects besides the 
expected ones, like hypotension, were observed. 
They had no effect on treatment response and 
were balanced across the groups that responded 
to treatment, see Supplemental Table e-3.

Follow-up period
To analyze whether the TPE had a prolonged 
effect on disease activity, follow-up examinations 
over the next 6 months were assessed. Of the 
patients analyzed, 100 (84.7%) had a follow up 
within 6 months after TPE. In 27 (27%) of them, 
a new relapse occurred during the follow-up 
period. Of the remaining 73 patients without 

Table 2.  Factors associated with response to TPE.

Marked improvement Mild improvement NO improvement

n (% female) 51 (60.8%) 42 (69%) 25 (64%)

RMS n = 98 (% column) 46 (90.2%) 36 (85.7%) 16 (64%)

Age (±SD) 36 +/–11.4 36.7 +/–10.5 41.6 +/–10.4

EDSS (IQR) 3.5 (3) 3.0 (2.5) 5.0 (3.8)

DD months (IQR) 8 (95) 37.5 (102) 68 (155)

DMT (in %) 22 (44) 22 (52.4) 16 (64)

Time to TPE in days (IQR) 39 (36) 61 (37) 61 (63)

Number of RMS patients in the various response group (% as proportion of RMS patients in the various response group), 
age shown as mean (± SD), DD and EDSS pre TPE are shown as median (IQR), DMT as % of patients receiving disease 
modifying therapy at the time of TPE.
DD, disease duration; DMT, disease-modifying therapy; EDSS, ; IQR, interquartile range; NON, non-improvement; PMS, 
progressive MS; RMS, relapsing MS; SD, standard deviation; TPE, therapeutic plasma exchange.
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relapse, 18 patients showed an EDSS improve-
ment after discharge, and 14 patients without 
relapse experienced an EDSS increase. Patients 
who continued to improve clinically during the 
follow-up period had a shorter disease duration 
[median 2.5 months (IQR: 79)] compared with 
those with clinical stability [median 8 months 
(IQR: 104)] and those with EDSS progression 
[median 78 months (IQR: 127)] (p = 0.02). The 
higher the EDSS after TPE, the more likely there 
was a further deterioration in disability at the fol-
low-up visit, while level of disability before TPE 
only showed a trend in this direction, see 
Supplemental Table e-4. In the follow-up period, 
33 patients (28%) started with a new DMT, 24 
(20.3%) continued to receive the same DMT, 26 
(22%) switched to another DMT, and 14 patients 
(11.9%) remained without DMT.

Discussion
In this retrospective study, we analyzed 118 MS 
patients who were treated with TPE after inade-
quate response to IVMP treatment due to an 
acute relapse. A vast majority showed a marked or 
at least mild improvement in response to TPE. 
Factors that made clinical improvement more 

likely were diagnosis of RMS (2- to 3-fold more 
likely), Gd-enhancement on MRI (2- to 3-fold 
more likely), younger age (1.6-to 2-times more 
likely per 5 years) and shorter delay from relapse 
onset to TPE (1.4-times more likely per 7 days). 
The number of TPE sessions as well as exchange 
volume had no influence on efficacy (see 
Supplemental Table e-3).

Our study population is one of the largest reported 
so far and includes patients comprising a wide 
spectrum of MS patients ranging from very short 
course of disease. For example, after the first clini-
cal event, to patients with a long disease duration 
and with a progressive disease course, but with the 
common denominator of an acute, steroid-unre-
sponsive relapse. Patients after the first clinical 
event showed a similar response to TPE as relaps-
ing patients, which is consistent with previous 
studies.20 In consistency with literature a younger 
age, RMS disease course and Gd-enhancement 
on MRI are characteristics associated with a 
patient population with a larger inflammatory 
pathophysiological component being more 
responsive to TPE. Older patients with progres-
sive MS, on the contrary, showed a comparatively 
limited response.16

Table 3.  Prognostic factors of improvement after TPE.

Probability of mild improvement Probability of marked improvement

  OR1 95% CI p value OR1 95% CI p value

Female sex 1.2 0.4–4.3 0.704 Female sex 1.5 0.4–5.5 0.504

Age at TPE (per 5 years) 0.6 0.3–0.9 0.042 Age at TPE (per 5 years) 0.5 0.3–0.8 0.022

Disease duration at TPE  
(per 5 years)

0.9 0.3–2.1 0.523 Disease duration at TPE 
(per 5 years)

0.7 0.4–1.7 0.489

RMS 2.2 1.5–3.7 <0.001 RMS 3.1 2.0–4.4 <0.001

EDSS pre TPE (per 1 point) 0.8 0.4–1.7 0.698 EDSS pre TPE (per 1 
point)

0.9 0.5–1.9 0.724

Delay from relapse onset to 
TPE (per 7 days)

0.9 0.7–1.1 0.239 Delay from relapse onset 
to TPE (per 7 days)

0.7 0.6–0.8 <0.001

Gadolinium-enhancement 
on MRI

2.0 1.3–2.8 <0.001 Gadolinium-enhancement 
on MRI

3.2 1.8–5.1 <0.001

DMT before TPE 0.9 0.4–2.3 0.712 DMT before TPE 1.0 0.4–2.5 0.838

1Higher values indicate higher probability of mild/marked improvement (reference category: no improvement). calculated by multinomial logistic 
multivariate regression models.
CI, confidence interval; DMT, disease-modifying treatment; EDSS, expanded disability status scale; MRI, magnetic resonance imaging; OR, odds 
ratio; RMS, relapsing multiple sclerosis; TPE, therapeutic plasma exchange.

https://journals.sagepub.com/home/tan


Therapeutic Advances in Neurological Disorders 14

6	 journals.sagepub.com/home/tan

The delay between the onset of relapse and the ini-
tiation of TPE was crucial for the clinical response 
to TPE in our population, with a 7-day delay 
reducing the probability of TPE response by more 
than 30%. Thus, a delay of TPE by 14 or 21 days, 
which is common in clinical routine, corresponds 
to a respective two- and threefold decrease of the 
chance for clinically relevant improvement.

We could also demonstrate that this delay is sig-
nificantly inversely correlated with the extent of 
clinical benefit expressed as the ΔEDSS. Hence, 
the shorter the delay of TPE, the more the patient 
will improve. The importance of early TPE initia-
tion has also been reported in the literature.16 In 
our cohort, we did not find evidence for the effec-
tiveness of a second IVMP cycle as opposed to 
only one cycle before TPE initiation. Only the 
delay until the start of TPE was the decisive fac-
tor. Whether a second administration of IVMP 
should be avoided and TPE should be initiated 
has to be discussed on the basis of our data.

Of the 100 patients with a follow up of at least 
6 months after TPE, 27% suffered a further 
relapse within this period. Interestingly, the pro-
portion of patients who received DMT was higher 
in those who relapsed compared with those who 
did not, maybe mirroring a more active patient 
cohort. In those patients who did not experience 
a relapse, the number of patients who improved 
or remained stable with respect to EDSS was pre-
dominant. The patients who worsened without 
relapse were older, had a higher EDSS and a pro-
gressive course. In our patients, no prolonged 
effects beyond the acute relapse treatment were 
observed in relation to TPE.

The range of DMTs used in the patients enrolled 
in the study varied widely, and due to the inclu-
sion of patients between 2001 and 2015, many of 
the now widely used DMTs were not available at 
that time, which precludes further conclusions 
regarding the role of DMTs in TPE treatment. 
The relatively large proportion of progressive 
patients with DMT may be due, on the one hand, 
to the small number of included patients with 
PMS, but on the other hand they are active and 
thus correspond to a specific patient cohort.

The retrospective design of the analysis is a limi-
tation. There were also no pre-standardized MRI 
protocols, and not all patients received an MRI. 
Furthermore, documentation of adverse events 

might be subject to reporting bias as no standard-
ized recording or grading was used. Lastly no 
immunology or quantitative imaging analysis was 
performed to explore as predictive factors in 
response to TPE. However, our study is one of 
the largest in the field of TPE and MS. Together 
with the careful characterization of our cohort, 
which covers the entire spectrum of MS, this 
strengthens the validity of this study.

In conclusion, predictors of favorable response to 
TPE are RMS, younger age, Gd-enhancement 
on MRI. Importantly, the period of time from 
relapse onset until TPE plays a significant role. 
TPE response will be more likely the earlier it is 
initiated.
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