
Therapeutic Plasma 

Exchange 

in Multiple Sclerosis 

Relapses

Mariusz Stasiołek
Neurology Department

Polish Mother’s Memorial Hospital – Research Institute, Lodz



• Multiple Sclerosis – differences in clinical manifestation and 

pathological findings

• NMO spectrum disorders

Unknown etiopathology: 

• autoaggression hypothesis?

• infection hypothesis?

• environmental factors?

• genetic predisposition?

MS heterogeneity



MS heterogeneity

Wingerchuk et al. Lancet Neurol. 2007:805-15.



Several patterns of CNS lesions in MS

Lucchinetti et al. Ann Neurol 2000, 47:707–717.

Pattern I - macrophage and T lymphocyte infiltration

Pattern II - immunoglobulin deposition and complement activation

Pattern III - inflammatory, characterized by a selective loss of

myelin-associated glycoprotein (MAG), reduction in

oligodendrocyte density, oligodendrocyte apoptosis, and minimal

remyelination

Pattern IV - nonapoptotic oligodendroglial death, possibly owing to

metabolic or toxic factors



MS etiopathology

Immune regulatory 

processes

Immune reaction

Stabilisation Relapse



IV glucocorticoid (GCS) therapy

(1g/ 5 days)

IV GCS therapy (2g/ 5days)

Clinical effect,

Improvement of 

neurological symptoms

No clinical effect

No clinical effect

???

MS – relapse treatment 



Hereditary GCS resistance

GCS-receptor (GR) mutations associated with impaired ligand binding,

lower GR expression or lower DNA binding activity. High serum

cortisol level without clinical features of hipercortisolim
Lamberts. Ann Endocrinol (Paris). 2001; 62:164-167.

Tissue and disease specific GCS resistance

Mainly inflammatory processes – no therapeutic effect but „normal”

side effects
Barnes & Adcock. Lancet. 2009; 373:1905-1917.

GCS resistance in diseases typically well responding to GCS

treatment
Chikanza IC. Ann N Y Acad Sci. 2002; 966:39-48.

Glucocorticoid (GCS) resistance



•Disbalanced GR-isoforms

structure (GRα, GRβ, GRγ)

•Structural changes of GR

molecule associated with

inflammatory factors

•GR interaction with other

inflammatory molecules (e.g.

transcriptional factors)

•Impairment of histon

acetylation and deacetylation.

Barnes & Adcock. Lancet. 2009; 373:1905-1917.

GCS resistance



Dysregulation of the hypothalamo-pituitary-adrenal axis

• Elevated serum levels of cortisol and ACTH
• Impaired functional tests
• Without clinical features of hipercortisolism

Then Bergh et al. Neurology. 1999; 53:772-777.

Impaired influence of GCS on immune cells

• T cells apoptosis (progressive MS forms)
• Cytokine secretion (IL1, Il-6, TNFα, IFNγ)
• Unspecific proliferation responses

van Winsen LM et al. Mult Scler. 2010; 16:500-502.

Decreased affinity of GR – ligand binding

Ysrraelit MC et al. Neurology. 2008; 71:1948-1954.

GCS resistance in MS



Therapeutic plasma exchange (TPE)
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Removal of multiple humoral factors from the systemic blood flow -

including various immune active substances 



Therapeutic plasma exchange (TPE)

Reeves and Winters, Br J Haematol 2014: 342-351.



Ann Neurol. 1999 Dec;46(6):878-86.

A randomized trial of plasma exchange in acute central nervous system 

inflammatory demyelinating disease.

Weinshenker BG, O'Brien PC, Petterson TM, Noseworthy JH, Lucchinetti CF, 

Dodick DW, Pineda AA, Stevens LN, Rodriguez M.

TPE – acute CNS demyelination

Randomized, sham-controlled, double-masked study of plasma

exchange without concomitant immunosuppressive treatment in

patients with recently acquired, severe neurological deficits resulting

from attacks of inflammatory demyelinating disease, who failed to

recover after treatment with intravenous corticosteroids.

Moderate or greater improvement in neurological disability in 8 of 19

(42.1%) cases of active treatment compared with 1 of 17 (5.9%)

cases of sham treatment.

http://www.ncbi.nlm.nih.gov/pubmed/10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=Weinshenker BG[Author]&cauthor=true&cauthor_uid=10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=O'Brien PC[Author]&cauthor=true&cauthor_uid=10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=Petterson TM[Author]&cauthor=true&cauthor_uid=10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=Noseworthy JH[Author]&cauthor=true&cauthor_uid=10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=Lucchinetti CF[Author]&cauthor=true&cauthor_uid=10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=Dodick DW[Author]&cauthor=true&cauthor_uid=10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=Pineda AA[Author]&cauthor=true&cauthor_uid=10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=Stevens LN[Author]&cauthor=true&cauthor_uid=10589540
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodriguez M[Author]&cauthor=true&cauthor_uid=10589540


TPE – acute CNS demyelination

Efficacy proven in GCS refractory MS relapse as well as

in optic neuritis and clinically isolated syndrome

Clinical improvement observed in up to over 70% patients

with GCS refractory MS relapse

Beginning of symptoms’ resolution typically already after

2nd-3rd TPE

Rodriguez et al. 1993; Weinshenker et al.1999; Keegan et al. 2002;

Schilling et al. 2006; Ruprecht et al. 2004; Trebst et al. 2009; Roesner et al. 2011 

Therapeutic effect shown also in patients with GCS-

refractory superimposed relapses in secondary

progressive multiple sclerosis

Linker et al. J Neurol 2007, 284:1288-9



Neurology. 2002 Jan 8;58(1):143-6.

Plasma exchange for severe attacks of CNS demyelination: 

predictors of response.

Keegan M, Pineda AA, McClelland RL, Darby CH, Rodriguez M, 

Weinshenker BG.

59 patients (Mayo Clinic 1984 2000) treated with TPE for acute, severe

attacks of CNS demyelination

RR-MS (n = 22, 37.3%), NMO (n = 10, 16.9%), and acute disseminated

encephalomyelitis (n = 10, 16.9%)

TPE was followed by moderate or marked functional improvement in

44.1% of treated patients

Improvement was positively associated with:

• Male sex (p = 0.021)

• preserved reflexes (p = 0.019)

• early initiation of treatment (p = 0.009)

http://www.ncbi.nlm.nih.gov/pubmed?term=Keegan Pineda darby
http://www.ncbi.nlm.nih.gov/pubmed?term=Keegan M[Author]&cauthor=true&cauthor_uid=11781423
http://www.ncbi.nlm.nih.gov/pubmed?term=Pineda AA[Author]&cauthor=true&cauthor_uid=11781423
http://www.ncbi.nlm.nih.gov/pubmed?term=McClelland RL[Author]&cauthor=true&cauthor_uid=11781423
http://www.ncbi.nlm.nih.gov/pubmed?term=Darby CH[Author]&cauthor=true&cauthor_uid=11781423
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodriguez M[Author]&cauthor=true&cauthor_uid=11781423
http://www.ncbi.nlm.nih.gov/pubmed?term=Weinshenker BG[Author]&cauthor=true&cauthor_uid=11781423


Arch Neurol. 2011 Jul;68(7):870-8. 

Beneficial plasma exchange response in central nervous system inflammatory

demyelination.

Magaña SM, Keegan BM, Weinshenker BG, Erickson BJ, Pittock SJ, Lennon VA, 

Rodriguez M, Thomsen K, Weigand S, Mandrekar J, Linbo L, Lucchinetti CF.

Results: 153 patients treated with TPE for a steroid-refractory CNS-IDD, of

whom 90 (59%) exhibited moderate to marked functional neurological

improvement within 6 months following treatment.

http://www.ncbi.nlm.nih.gov/pubmed/21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Maga%C3%B1a SM[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Keegan BM[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Weinshenker BG[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Erickson BJ[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Pittock SJ[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Lennon VA[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodriguez M[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Thomsen K[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Weigand S[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Mandrekar J[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Linbo L[Author]&cauthor=true&cauthor_uid=21403003
http://www.ncbi.nlm.nih.gov/pubmed?term=Lucchinetti CF[Author]&cauthor=true&cauthor_uid=21403003


Muhlhausen et al. Atherpsclerosis Supp 2015

TPE – CNS demyelination



Plasmapheresis as adjunctive therapy is probably effective for management of

exacerbations in relapsing forms of MS (…). plasmapheresis is possibly

effective for acute fulminant CNS demyelinating diseases (including MS,

ADEM, NMO, and TM) that fail to respond to high-dose corticosteroid treatment.

(…) For chronic progressive or secondary progressive MS, plasmapheresis is

established as ineffective based on consistent Class I evidence.

Recommendations.

• Plasmapheresis should be considered for the adjunctive treatment of

exacerbations in relapsing forms of MS (Level B).

• Plasmapheresis may be considered in the treatment of fulminant CNS

demyelinating diseases that fail to respond to high-dose corticosteroid

treatment (Level C).

• Plasmapheresis should not be offered for chronic progressive or secondary

progressive MS (Level A).







J Clin Apher. 2012; 27: 183-192

Maintenance plasma exchange therapy for steroid-refractory neuromyelitis optica.

Khatri BO, Kramer J, Dukic M, Palencia M, Verre W.

21 to 154 TPE over 2-16 years in 7 GCS-refractory NMO patients;

5/7 improved in EDSS; interruption resulted in clinical worsening

http://www.ncbi.nlm.nih.gov/pubmed?term=khatari kramer dukic verre
http://www.ncbi.nlm.nih.gov/pubmed?term=Khatri BO[Author]&cauthor=true&cauthor_uid=22488449
http://www.ncbi.nlm.nih.gov/pubmed?term=Kramer J[Author]&cauthor=true&cauthor_uid=22488449
http://www.ncbi.nlm.nih.gov/pubmed?term=Dukic M[Author]&cauthor=true&cauthor_uid=22488449
http://www.ncbi.nlm.nih.gov/pubmed?term=Palencia M[Author]&cauthor=true&cauthor_uid=22488449
http://www.ncbi.nlm.nih.gov/pubmed?term=Verre W[Author]&cauthor=true&cauthor_uid=22488449


Retrospective unblinded

analysis

• 271 + 42 patients

• TPE once weekly for 10 

weeks

• Maintenance therapy

• 8709 TPE procedures 

• No major adverse effects



Apheresis – adverse events

Diettrich-Riediger et al. Atherpsclerosis Supp 2015



MS – relapse treatment 

Bevan and Gelfand. 

Curr Treat Opt Neurol. 2015



Several patterns of CNS lesions in MS 

Lucchinetti et al. Ann Neurol 2000:707–717.

Pattern I - macrophage and T lymphocyte infiltration

Pattern II - immunoglobulin deposition and complement activation

Pattern III - inflammatory, characterized by a selective loss of

myelin-associated glycoprotein (MAG), reduction in

oligodendrocyte density, oligodendrocyte apoptosis, and minimal

remyelination

Pattern IV - nonapoptotic oligodendroglial death, possibly owing to

metabolic or toxic factors
Keegan,…, Lucchinetti. Lancet 2005:579–582.



Therapeutic plasma exchange (TPE)

Stasiolek, Folia Med. Lodz. 2011



TIME 

2 weeks?

MS – relapse treatment 

Bevan and Gelfand. 

Curr Treat Opt Neurol. 2015

DECISIONS!



Plasma Exchanges in Multiple Sclerosis (MS) Relapses

(PLASMASEP)

NCT01442233

Maintenance Plasma Exchange for Neuromyelitis Optica

(MultiPLEX)

NCT01500681
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