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Abstract Therapeutic apheresis has emerged as a major

treatment option for autoantibody-associated inflammatory

diseases of the nervous system. This includes patients with

autoimmune encephalitides caused by antibodies against

neuronal proteins. Plasma exchange (PE) and immunoad-

sorption (IA) constitute two possibilities to eliminate patho-

genic antibodies from patients’ plasma, but their efficacy and

safety has not been prospectively assessed in larger patient

groups of autoimmune encephalitides. In a prospective

observational case control study, we, therefore, investigated

the disease courses and treatment effects of 21 patients with

autoimmune encephalitis associated with NMDAR, LGI1,

CASPR2, GAD, mGluR5 and Hu antibodies. Patients were

randomly assigned to receive PE (n = 11) or IA (n = 10).

Symptoms were evaluated using the modified Rankin Scale

(mRS). Side effects or adverse events were recorded. Both

interventions, IA (p = 0.014) and PE (p = 0.01), resulted in

significant reductionof themedianmRS.With IA, 60 %of the

patients improved clinically by at least 1 mRS score, none

worsened. PE led to a comparable symptom reduction in 67 %

of the cases. During 83 PE sessions, three adverse eventswere

documented, while no side effects occurred under IA.

Symptom improvement was significantly associated with

younger age (r = -0.58), but not with disease duration.

Therapeutic apheresis wasmost effective for neuronal surface

antigens (83.3 %), followedby intracellular-synaptic antigens

(66.7 %). Both IA and PE resulted in moderate to marked

clinical improvement, with a low rate of adverse events.

Apheresis is well tolerated and effective also as first-line

therapy in autoimmune encephalitis, particularly in patients

with antibodies targeting neuronal surfaces.

Keywords Autoimmune encephalitis � Immunotherapy �
Autoimmunity � Plasma exchange � Immunoadsorption

Introduction

Over the past years, autoimmune encephalitides have

emerged as a distinct neuropathology and constitute a

heterogeneous group of inflammatory central nervous

system (CNS) diseases [1]. Antibodies target intracellular

antigens (such as Hu or Ma2) or proteins and receptors on

the cell surface and membrane (e.g. NMDAR, LGI1,

CASPR2). Following a subacute onset of disorientation

and memory deficits, symptoms often progress to seizures,

psychosis, sleep disorder and agitation, while the specific

disease course, symptomatology [2, 3] and neuroimaging

[4, 5] depend on the antibody type.

Case studies and retrospective analyses have established

a multimodal treatment protocol for autoimmune

encephalitides, comprising high-dose corticosteroids,

intravenous immunoglobulins (IVIG), and plasmapheresis

(PE) or immunoadsorption (IA) as first-line therapy.

Rituximab or cyclophosphamide may be added as second-

line treatment in patients without response to first-line

therapy or relapsing symptoms. Immunotherapy is most
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effective when administered early after symptom onset

[6, 7].

Several antibodies are pathogenic by disrupting the

structure and function of their antigens. In the case of anti-

NMDAR encephalitis, antibodies mediate internalization

of NMDAR clusters [8]. Since recovery and symptom

remission are accompanied by a decline in titres [9],

reducing the number of autoantibodies is a primary treat-

ment approach. PE and IA both provide an opportunity for

the extracorporeal elimination of circulating antibodies.

While the treated plasma volume is replaced by a human

albumin solution or fresh frozen plasma (FFP) in PE, IA

follows a more selective approach: the patients’ plasma is

passed to an adsorber column to remove immunoglobulins

and immune complexes and thereupon re-infused into the

blood circuit.

Therapeutic apheresis has been shown to result in

moderate to marked clinical improvement across several

inflammatory autoantibody associated diseases of the cen-

tral and peripheral nervous system, such as Guillain-Barré

syndrome [10] and multiple sclerosis [11, 12]. With regard

to autoimmune encephalitides, symptom remission fol-

lowing a treatment regimen that included PE has been

reported in patients with anti-NMDAR [6, 13, 14] and

voltage-gated potassium channel complex antibodies [15].

In a recent retrospective study in anti-NMDAR

encephalitis, the combined treatment with PE and intra-

venous steroids was found to be more effective than

intravenous steroids alone [16]. Likewise, immunoadsorp-

tion promoted recovery with no [17] or few adverse events

[18].

As previously pointed out, IA may be of similar efficacy

and safety compared to the non-selective approach of PE.

Data comparing these two apheresis approaches are still

scarce in autoimmune encephalitis. In the present study,

we, therefore, prospectively analyzed the treatment courses

of 21 patients treated with PE or IA and provide infor-

mation on clinical features, symptom outcome, and safety.

Patients and methods

Patients

Twenty-one patients with autoimmune encephalitis and

indication for IA/PE were enrolled in the prospective

observational case control study at the Clinic of Neurology

at Charité University Hospital Berlin between 2013 and

2015. All patients had an established diagnosis of

autoimmune encephalitis based on the typical clinical

features, antibody detection, CSF findings, abnormalities in

magnetic resonance imaging and the exclusion of relevant

differential diagnoses. The study comprised 13 female and

8 male patients with an age range of 16–76 years

(mean = 49.0 years, SD = 16.0 years) with antibodies

against glutamic acid decarboxylase (GAD, n = 6), N-

methyl-D-aspartate receptors (NMDAR, n = 5), the leu-

cine-rich glioma inactivated 1 protein (LGI1, n = 4),

contactin-associated protein-like 2 (CASPR2, n = 2), and

metabotropic glutamate receptor 5 (mGluR5, n = 1).

Three patients had anti-Hu antibodies. Demographic and

clinical features of the patients were derived from the

review of medical records (Table 1).

Apheresis treatments

In the majority of patients, the decision for the treatment

with PE or IA was made after unsuccessful or incomplete

recovery from therapy with high-dose cortisone (3–5 days

à 1000 mg IV methylprednisolone) and intravenous

immunoglobulins (2 g/kg body weight over 5 days). Ele-

ven patients were randomly assigned to receive a series of

5–12 PE sessions (median: 7). Ten patients were treated

with IA (3–7 sessions, median: 5.5). All patients received a

central venous catheter placed in an internal jugular vein as

vascular access. IA treatments were performed using a

single-use TR-350 tryptophan adsorber (ASAHI Kasei

Medical Tokyo, Japan) and the tubing system PA-420

(Beldico, Belgium). Plasma was separated using a poly-

ethylene OP-05W plasma separator together with Octo

Nova SW430.2 technology (DIAMED, Cologne, Ger-

many). Angiotensin-converting enzyme inhibitors were

paused 48 h prior to IA to reduce the risk of IA-associated

bradykinin release syndrome. For each patient, plasma

volume was estimated according to Sprenger’s formula

[19]. A total of the 1.5-fold plasma volume was treated for

PE and 2000–2500 ml per treatment for IA. Treatment was

administered every other day. In PE, a 4 % human albumin

(HA) solution (diluted from a 5 % HA stock solution,

Albutein 5 % Grifols, Frankfurt, Germany) was used as a

replacement solution. FFP was used only in patients at risk

of bleeding. During treatment, patients were anticoagulated

with systemic unfractionated heparin and their vital signs

were monitored, including blood pressure, heart rate, and

body temperature.

Statistical analysis

Treatment efficacy was evaluated using the modified

Rankin Scale (mRS) score before and after the treatment

series. A reduction of one point was considered as clini-

cally relevant. The statistical significance of the treatment-

related mRS changes was determined using the Wilcoxon

signed-rank test for each treatment group. A p value\0.05

was considered significant. The effect size r was calculated

based on the z value using the formula r = z/HN.
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Differences between categorical variables were analyzed

using the v2 test, and the results of the Fisher’s exact test

are reported accordingly. Furthermore, we applied the

Mann–Whitney test as a non-parametric equivalent to the

independent samples t test. Spearman correlations were

calculated for non-parametric ranked data and reported

with 95 % confidence intervals (CI). Statistical analysis

was performed using IBM SPSS Statistics 22. All fig-

ures were created using SigmaPlot 11.0. Error bars show

the standard error of the mean.

Results

Symptom severity as baseline characteristic did not differ

between patients treated by IA versus patients treated by

PE (U = 81.0, p = 0.18, r = 0.36). The median disease

duration, defined as the time span between symptom onset

and IA/PE treatment, was 14.1 months for IA (range

1–98.6 months, CI [5.3, 48.6]) and 4.7 months for PE

(range 0.2–84.3 months, CI [1.7, 9.0]; U = 25.5,

p = 0.04, r = -0.45). Across both groups, patients with

and without previous IVIG/high-dose corticosteroids

benefitted from the treatment. Apathy (100 %), aphasia

(100 %), stupor (100 %), sleep disorder (88.9 %), agita-

tion (83.3 %), myoclonus/dystonia (80 %), sensory neu-

ropathy (75 %), apraxia (75 %), and seizures (71.4 %)

were the symptoms which responded best to therapeutic

apheresis in our sample (Fig. 1). Treatment-related

improvement was observed in 83.3 % of the patients with

neuronal cell surface antibodies (NMDAR, LGI1,

CASPR2, mGluR5), 66.7 % of the patients with intra-

cellular-synaptic (GAD) and none of the cases with

intracellular antigens (anti-Hu). The effect of antigen type

on treatment responsiveness was statistically significant

(p = 0.032, Fisher’s exact test). Post-hoc analyses

revealed a significant difference between the response

rates of cell surface and intracellular antigens (p = 0.022,

Fisher’s exact test). Furthermore, patients with a history

of tumour resection improved more often (75 %) than

patients with a non-paraneoplastic autoimmune

encephalitis (50 %; not significant: p = 0.659; Fisher’s

exact test). The magnitude of the mRS decrease was

significantly associated with age (rS = -0.58, p = 0.014,

CI [-0.81, -0.03]; Fig. 2a), but not with the duration of

the disease until the time point of treatment (rS = -0.31,

p = 0.17, CI [-0.70, 0.15]; Fig. 2b).

Immunoadsorption

Out of the ten patients treated with IA (Table 1), three had

received high-dose corticosteroids, one intravenous

immunoglobulins and two patients had been treated with both

prior to IA. In the four remaining patients, IA was the first

immunotherapy. The adsorption was well tolerated by all

patients, and relevant adverse events (beyond the common

transient symptoms of nausea, hypotension ormild hematoma

associated with the vascular access) were not observed during

the 55 performed sessions. Before IA, patients had a median

mRS score of 3 (range 1–4, CI [2.3, 3.2], mean = 2.8).

Clinically relevant improvement was observed in 60 % of the

patients (Fig. 3). All treatment-responding patients decreased

by one mRS point (median = 2, range 1–3, CI [1.8, 2.6],

mean = 2.1). None of the patients worsened. The symptom

improvement proved to be statistically significant

(T = -2.45, p = 0.014, r = -0.78).

Fig. 1 Frequent symptoms and

their responsiveness to

treatment

J Neurol

123



Plasma exchange

Eleven patients were treated with PE (Table 1). Five

patients received PE after incomplete or absent recovery

following both IVIG and high-dose corticosteroids.

Another two patients had received high-dose corticos-

teroids only, one patient had a previous treatment attempt

with IVIG only, and the remaining three patients had no

previous treatment. During the 83 administered PE ses-

sions, no adverse events occurred in the majority of the 11

patients. In one case, catheter-associated infection led to

the cessation of treatment. After management of infection

and interim IVIG, PE was resumed and she experienced

marked symptom improvement. Anaemia was documented

in one case. The completion of PE was feasible and the

patient improved clinically. A third patient showed a

marked fibrinogen decrease and changed from human

serum albumin to FFP. A subsequent allergic reaction

towards FFP and normalization of the fibrinogen level

prompted a return to human serum albumin. Clinical

improvement remained absent in this case. 67 % of the PE

patients showed a clinically relevant improvement. Four

patients decreased by one point on the mRS and five

patients, all cases of anti-NMDAR encephalitis, improved

substantially by two mRS points (Fig. 3). The median mRS

score decreased significantly from 3 (range 1–4, CI [2.5,

3.5], mean = 3.27) to 2 (range 1–4, CI [1.4, 2.6],

mean = 2.18; T = -2.59, p = 0.01, r = -0.75). Three

patients did not respond to the therapy, none of them

worsened.

Discussion

In this prospective observational analysis, we evaluated the

treatment outcome under IA or PE in 21 patients with

autoimmune encephalitis. 60 % of the patients receiving IA

showed a clinically relevant improvement of at least one

mRS score. This outcome is comparable to previous find-

ings showing response rates ranging from 47 to 85 % in

recent studies of autoimmune encephalitis [17, 18] and an

earlier study of paraneoplastic neurological syndromes

[20]. Three principal mechanisms of action have been

proposed to underlie treatment effects in IA [21]:

Autoantibodies are instantly removed from the plasma,

their redistribution is induced and provokes succeeding

immunomodulatory changes. Out of the 11 patients treated

with PE in our study, 67 % showed moderate to marked

symptom regression. Case studies have reported successful

treatment with PE in autoimmune encephalitis [22, 23]. In

other neurological diseases, response rates to PE range

from 42 to 60 % in CNS inflammatory demyelinating

disease [11, 24] to symptom improvement in all patients in

Fig. 2 a Treatment-related decline of symptom severity (reduction in

points on the modified Rankin Scale, mRS) was significantly

associated with age at treatment onset (Spearman correlation with

95 % confidence intervals; rS = -0.52, p = 0.014). b In contrast,

treatment delay (time between the onset of first symptoms and

administration of IA/PE) was not significantly associated with a

worsened outcome (rS = -0.31, p = 0.17), indicating that therapeu-

tic apheresis can be useful for the management of a broader spectrum

of disease courses (ns not significant)

Fig. 3 Symptom severity assessment using the modified Rankin

Scale (mRS) before and after treatment. The two groups did not differ

in their symptom severity before treatment (p = 0.18, r = 0.36).

Both the immunoadsorption (IA, p = 0.014, r = -0.78) and the

plasma exchange patient group (PE, p = 0.01, r = -0.75) improved

significantly after treatment (Wilcoxon signed rank test)
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a study of myasthenia gravis and Guillain-Barré syndrome

[10].

We did not observe severe adverse events during IA. In

the course of the 83 PE treatments, a fibrinogen decrease

and allergic reaction to FFP were observed in one patient

during two sessions, another patient developed anaemia

and a catheter infection occurred in a further case. As no

allo-proteins are substituted in IA, our evaluation suggests

good tolerability by reducing the risk for allergic reactions.

Similarly, side effects were observed less frequently in IA

compared to PE in myasthenic crisis [25]. Beside the

potential adverse effects of substitution with foreign

plasma, IA precludes the—albeit extremely rare—risk of

pathogen transmission [26].

In this patient sample, both treatment options were

administered with a comparable number of sessions [me-

dian 7 (PE) vs. 5.5 (IA)] and lead to a clinically and sta-

tistically significant symptom amelioration. Since both

groups did not differ in their mRS scores before the

treatment, results of this pilot study suggest that IA and PE

constitute two treatment options of equivalent efficacy.

This equivalent efficacy was demonstrated despite the fact

that IA was performed less frequently and in patients with

longer disease duration.

Notably, clinical improvement following therapeutic

apheresis was achieved in all cases of anti-NMDAR,

mGluR5 and LGI1 encephalitis, and in one of two patients

with CASPR2 encephalitis. These findings are in line with

observations from a previous study in which 64 % of the

patients with cell surface antigens showed symptom

improvement [18]. No benefit was seen for intracellular

antigens (Fig. 4). Our findings suggest that therapeutic

apheresis is particularly effective in patients with anti-

bodies against proteins or receptors on the cell surface, and

should be considered as a treatment option in GAD

encephalitis. In the same way, the observed association

between better treatment outcomes and younger age may

be driven by the distinct patient characteristics of the

particular encephalitides: In our study, all patients with a

remarkable improvement of two mRS points suffered from

anti-NMDAR encephalitis, which is in turn predominantly

observed in younger women [6].

Moreover, it is currently unclear whether treatment

effects of therapeutic apheresis are limited to an early

treatment onset. As there was no association between

treatment delay and response in our patients, we propose

that therapeutic apheresis can be useful for the manage-

ment of a broader spectrum of patients. A later treatment

was previously not found to be a significant limitation for

treatment response in CNS inflammatory demyelination

[24, 27]. Nevertheless, early tumour removal in paraneo-

plastic encephalitides has an important impact on the

clinical outcome of the immunotherapy protocol [3].

Autoimmune encephalitides are relatively rare, and

severe courses with autonomic instability or poor patient

cooperation can potentially complicate a successful

administration of therapeutic apheresis. Nonetheless, future

prospective and randomized study designs can help to find

the ideal number of apheresis sessions and elaborate on

antibody titres, neuropsychological and clinical long-term

outcomes.
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