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ABSTRACT

Over the past two decades, significant advances 
have been made in the characterisation of auto‑
immune encephalitis, its pathophysiology, and 
the associated autoantibodies. Given the lack 
of robust clinical trials, the choice of therapy 
is principally based on observational studies 
and expert consensus. Current management 
strategies include immunotherapy, removal 
of immunological triggers such as tumours 
when present, and symptomatic treatment of 
seizures and psychiatric manifestations. With 

an improved understanding of the underlying 
pathogenic mechanisms in this rapidly evolv‑
ing field, the pharmacological treatment of 
autoimmune encephalitis has evolved over the 
years, now encompassing various novel thera‑
peutic targets, particularly in the context of 
third-line immunotherapies. These modalities 
include B cell depletion, cytokine-targeted ther‑
apies, plasma cell-depleting agents, interven‑
tions aimed at intrathecal immune cells or their 
trafficking across the blood–brain barrier, and 
blockade of the neonatal Fc receptor. This article 
reviews both established and novel therapeutic 
approaches for autoimmune encephalitis, with 
a focus on disease associated with neural surface 
antibodies, covering immunotherapy and symp‑
tomatic management. Additionally, we discuss 
the unmet needs of patients and the burden of 
care within this population.
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Key Summary Points 

Autoimmune encephalitis (AE) management 
has progressed with better characterisation of 
disease mechanisms and antibodies, but treat‑
ment choices still rely mainly on observational 
data and expert consensus due to scarce robust 
trials.

Standard care combines immunotherapy, 
removal of triggers like tumours when pre‑
sent, and symptomatic control of seizures 
and psychiatric symptoms.

Emerging third-line therapies target mul‑
tiple immune pathways, including B cell 
depletion, cytokine blockade, plasma cell-
depleting agents, modulation of intrathecal 
immune cells or their trafficking, and neona‑
tal Fc receptor inhibition.

Major gaps persist around optimal immuno‑
suppression duration, relapse prevention, and 
validated biomarkers to personalise therapy and 
predict outcomes, compounded by the hetero‑
geneity of AE and trial recruitment challenges.

The enduring cognitive, behavioural, and 
psychiatric sequelae impose substantial bur‑
dens on patients and caregivers, highlighting 
the need for multidisciplinary, long-term 
support and education, with groups like 
Encephalitis International playing a key role.

INTRODUCTION

Encephalitis is a severe inflammatory disorder 
of the brain with many possible causes [1] and 
is the 10th leading neurological cause of disabil‑
ity-adjusted life years globally [2]. Since the first 
descriptions of autoimmune encephalitis (AE) by 
Corsellis and colleagues in 1968 [3], in which 
the host immune system targets self-antigens 

expressed in the central nervous system (CNS) 
[4], more than 20 types of AE, with correspond‑
ing syndromes and disease-associated antibod‑
ies, have been identified. This has made AE one 
of the leading differential diagnoses in patients 
presenting with rapidly progressive memory def‑
icits, altered mental status, with or without focal 
neurological signs, psychiatric symptoms or sei‑
zures [4]. With the increased availability of wide‑
spread antibody testing and improved clinician 
recognition, it has become clear that AE could be 
at least as prevalent as infectious encephalitis in 
high-income countries; however, this estimate 
varies depending on the inclusion of cases with 
unknown aetiology, which comprise a substan‑
tial proportion of encephalitis diagnoses [5]. It is 
also associated with substantial economic costs, 
estimated at approximately £48,000 per admis‑
sion [6], and frequently results in residual dis‑
ability despite optimal immunotherapy [7, 8].

This review outlines the key clinical features 
of the most common AEs associated with anti‑
bodies against neural surface antigens, and 
focuses on ongoing and novel therapeutic 
approaches, as well as unmet patient needs and 
burden of care in this cohort.

Ethical Approval

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.

CLASSIFICATION OF 
AUTOIMMUNE ENCEPHALITIS

The current diagnostic criteria for AE [1] combine 
clinical features and investigations to facilitate 
early recognition and support timely initiation 
of immunotherapy without waiting for antibody 
results [9]. Patients with possible AE must meet 
three minimum requirements [1]: first, a subacute 
onset (< 3 months) of memory deficits, altered 
mental status, or psychiatric symptoms; second, 
one or more new focal CNS findings, seizures, cer‑
ebrospinal fluid (CSF) pleocytosis, or MRI features 
suggestive of encephalitis; and third, reasonable 
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exclusion of alternative causes. Patients meeting 
these criteria are then assessed for distinct AE sub‑
types using an algorithm based on conventional 
clinical, radiological, and CSF studies [1]. Despite 
the low specificity (27%) of the criteria for pos‑
sible AE, which represent the minimal require‑
ments for entry into the diagnostic algorithm, 
their sensitivity is relatively high (83%), indicat‑
ing that most patients with AE can be identified 
using these criteria [10]. Once antibody results are 
available, specific antibody-associated syndromes 
are defined, each characterised by different clini‑
cal features, tumour associations, and treatment 
responses, enabling more tailored patient care.

AE can be associated with either (1) antibodies 
targeting neuronal or glial cell surface antigens, 
which are directly causative of clinical syndromes, 
or (2) antibodies against intracellular antigens, 
such as glutamic acid decarboxylase 65 (GAD65), 
glial fibrillary acidic protein (GFAP), or adenylate 
kinase 5 (AK5) [11]. The evidence suggests that 
T cell mechanisms are likely central in GAD anti‑
body-associated neurological syndromes, and 
that the antibodies themselves are not directly 
pathogenic but may instead serve as markers of 
immune activation [12, 13]. Additionally, a range 
of paraneoplastic (onconeural) antibodies target 
intracellular antigens and are predominantly 
mediated by cytotoxic T cell mechanisms (Fig. 1).

In this review, we focus on AE associated with 
antibodies against neuronal surface antigens, as 
these are generally more responsive to immuno‑
therapy than those associated with antibodies 
against intracellular antigens [14]. Paraneoplastic 
CNS syndromes, myelin oligodendrocyte glyco‑
protein antibody associated disease (MOGAD) and 
neuromyelitis optica spectrum disorder (NMOSD) 
with aquaporin-4 antibodies are reviewed exten‑
sively elsewhere [15–17].

CLINICAL PRESENTATION

AE results in a wide spectrum of symptoms, with 
most subtypes affecting memory, behaviour, and 
cognition, as autoantibodies directly target vari‑
ous neurotransmitter receptors, ion channels, and 
other regulatory cell surface proteins involved 
in these functions [18, 19]. Symptoms typically 

progress over a period of days to weeks, although 
some forms can have a more subacute onset (e.g. 
patients with LGI1-, CASPR2-, or DPPX-antibody 
encephalitis), which may not meet current diag‑
nostic criteria for AE [1, 20, 21]. Some autoantibod‑
ies result in predictable and highly characteristic 
syndromes (Table 1). Yet, around a third to a half 
of patients with AE do not have detectable anti‑
bodies against known neuronal antigens [9] and 
the diagnosis relies substantially on clinical and 
paraclinical findings.

TREATMENT OF AE

Current treatment of AE is based on a consensus 
statement [25], and includes immunotherapy as 
well as removal of the immunological trigger, 
such as a tumour, when applicable, as well as 
symptomatic treatment. As a result of improved 
understanding of the underlying pathogenic 
mechanisms and the substantial growth of sci‑
entific publications over the past two decades 
in this rapidly expanding field, the pharmaco‑
logical treatment of AE has evolved over the 
years. Various novel therapeutic targets are now 
coming into use or under investigation (Fig. 2), 
particularly in relation to third-line immuno‑
therapy. However, immunosuppression and 
infection risk remain major concerns.

Acute Immunotherapy

Retrospective studies indicate that early and 
aggressive immunotherapy improves outcomes 
in patients with AE [49, 58]. For instance, obser‑
vational data suggests early use of first-line 
immunotherapies in LGI1-antibody encepha‑
litis (Ab-E) can prevent cognitive impairment 
[21]. Additionally, there is evidence that initiat‑
ing immunotherapy within 30 days of disease 
onset is associated with a good functional out‑
come (modified Rankin Scale score, mRS < 3) in 
patients with NMDAR-Ab-E [49, 59]. Therefore, 
the 2016 AE clinical criteria highlight the impor‑
tance of starting immunotherapy as soon as AE 
is strongly suspected and infections are ruled 
out using CSF and other tests [1]. Meanwhile, 
further studies and detailed antibody tests are 
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conducted to confirm the diagnosis and guide 
ongoing treatment.

Given the lack of robust clinical trials, the 
choice of the therapy is principally based on 
observational studies and expert consensus [25], 
as shown in Fig. 3 and detailed below. Consen‑
sus [25] was informed by two complementary 

approaches: a review of the literature conducted 
by core authors from the Autoimmune Enceph‑
alitis Alliance Clinicians Network, and, where 
evidence was limited or controversial, an elec‑
tronic survey of 68 clinicians from 17 countries. 
While consensus was not achieved for most sur‑
vey questions, the results highlighted prevailing 

Fig. 1   Clinical features of AE related to  intracellular 
versus cell surface antigens [4, 11]. Created in BioRen-
der. Mulic, S (2025) https://​BioRe​nder.​com/​kv56p​
8d. NMDAR N-methyl-d-aspartate receptor, AMPAR 
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
receptor, GluK2R glutamate ionotropic receptor kainate 
type subunit 2, GABAaR gamma-aminobutyric acid type A 
receptor, GABAbR gamma-aminobutyric acid type  B 
receptor, mGluR1 metabotropic glutamate receptor  1, 
mGluR2 metabotropic glutamate receptor  2, mGluR5 
metabotropic glutamate receptor 5, D2R dopamine recep-
tor  D2, GlyR glycine receptor, LGI1 leucine-rich glioma-
inactivated  1, Caspr2 contactin-associated protein-like  2, 
DPPX dipeptidyl peptidase-like protein  6 (DPP6), Neu-
rexin 3α Neurexin 3 alpha isoform, IgLON5 immunoglob-

ulin-like cell adhesion molecule  5, Sez6L2 seizure-related 
6 homolog-like 2, Tr/DNER Delta and Notch-like epider-
mal growth factor-related receptor, MOG myelin oligoden-
drocyte glycoprotein, GAD65 glutamic acid decarboxy-
lase 65, GFAP glial fibrillary acidic protein, AK5 adenylate 
kinase  5, ANNA1 anti-neuronal nuclear antibody type  1, 
CRMP5 collapsin response mediator protein 5, SOX1 
SRY-box transcription factor  1, PCA1 Purkinje cell cyto-
plasmic antibody type  1, ANNA2 anti-neuronal nuclear 
antibody type  2 (anti-Ri), Ma/Ma2 Ma-related neuronal 
antigen/Ma2 isoform, KLHL11 Kelch-like protein  11, 
PCA2 Purkinje cell cytoplasmic antibody type 2, SPS stiff 
person syndrome, AE autoimmune encephalitis, CA cer-
ebellar ataxia

https://BioRender.com/kv56p8d
https://BioRender.com/kv56p8d
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practice patterns among clinicians and identified 
areas of greatest disagreement, underscoring the 
need for further research. Given the broad spec‑
trum of clinical phenotypes, patient demograph‑
ics, and comorbidities, it remains challenging to 
capture all possible clinical scenarios within a 
survey framework or to translate observed prac‑
tice patterns into definitive management recom‑
mendations. Consequently, clinicians must con‑
tinue to make individualised decisions tailored 
to each patient’s specific circumstances.

First‑Line Immunotherapies

The most common approach to achieve an ini‑
tial immunosuppressive and anti-inflammatory 
effect in patients with AE is the administration 
of high-dose corticosteroids [25]. Some patients 
show a dramatic response to this treatment; for 
example, the frequency of FBDS in patients with 
LGI1 antibodies reduces significantly after treat‑
ment initiation [21, 28, 60]. Corticosteroids are 
commonly used in the first months of the dis‑
ease, often as pulse therapy and oral tapers, but 
there is limited evidence to guide optimal dosing 
and duration [61]. Notably, adverse effects are 
frequent—up to 47% of patients with LGI1-Ab-E 
experience complications such as weight gain, 
behavioural changes, diabetes, and rashes [62]. 
While trials like the Optic Neuritis Treatment 
Trial support intravenous pulse steroids for acute 
optic neuritis [63], and reduced-dose regimens in 
anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis lower infection risk without 

compromising efficacy [64], further clinical trials 
are needed to optimise corticosteroid use and 
minimise adverse effects.

Therapeutic plasma exchange (PLEX) and/
or intravenous immunoglobulin (IVIg) is fre‑
quently used alongside corticosteroids or as 
alternatives when corticosteroids are contrain‑
dicated, either sequentially or in combination, 
particularly in more severe cases. Data from 
patients with NMDAR-Ab-E show a significant 
benefit in terms of favourable outcomes and a 
reduced recurrence rate when combining intra‑
venous methylprednisolone (IVMP) and IVIg as 
initial therapy, compared to monotherapy [65]. 
The choice of treatment depends on patient 
comorbidities and the potential risks associ‑
ated with each therapy, as outlined in Fig. 3 and 
Table 2. Notably, the use of IVIg in patients with 
LGI1 antibodies is the only intervention sup‑
ported by a randomised controlled trial [66]; 
however, corticosteroids remain the mainstay of 
therapy in these cases, as observational studies 
have shown greater efficacy with steroids than 
with IVIg in this patient cohort [60].

Second‑Line Immunotherapies

One of the greatest challenges is deciding when 
to escalate therapy. Expert consensus [25] rec‑
ommends second-line treatment for patients 
who show no clinical or radiological improve‑
ment after 2–4 weeks of optimised first-line 
therapy, especially in severe cases. The data 
from paediatric NMDAR-Ab-E show that the 
use of aggressive ‘multimodal’ therapies (three 
or more different immune therapies) at the 
first disease event leads to a reduction in the 
relapse rate [67]. Rituximab is generally pre‑
ferred over cyclophosphamide due to its lower 
toxicity and its targeted action on B cells, mak‑
ing it especially suitable for antibody-mediated 
AE. Data from the GENERATE Registry [26] 
indicate that early and short-term rituximab 
therapy may be an effective and safe treatment 
option for most patients with NMDAR-, LGI1-, 
and CASPR2-Ab-AE, showing a reduced rate 
of relapses in patients with NMDAR-Ab-E and 
LGI1-Ab-E and significantly better outcomes 
in patients with CASPR2-Ab-E [26]. Recent 

Fig. 2   Overview of targets of AE therapies. Targets at 
a different stages of B  cell differentiation and b in other 
cell types affected by drugs currently available or in devel-
opment are shown. Cell schematics were created using 
BioRender. Mulic, S (2025) https://​BioRe​nder.​com/​biur5​
th. BAFF-R B cell activating factor receptor, Plasmacytoid 
DC plasmacytoid dendritic cells, FcRn neonatal Fc recep-
tor, IL interleukin, IMPDH inosine monophosphate 
dehydrogenase, DNA deoxyribonucleic acid, JAK Janus 
kinase, NMDAR N-methyl-d-aspartate receptor, GABAAR 
gamma-aminobutyric acid type  A receptor, GABABR 
gamma-aminobutyric acid type  B receptor, LGI1 leucine-
rich glioma-inactivated 1, Caspr2 contactin-associated pro-
tein-like 2, GAD65 glutamic acid decarboxylase 65

◂

https://BioRender.com/biur5th
https://BioRender.com/biur5th
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studies further support that rituximab may be 
particularly effective at preventing relapses in 
patients with LGI1-Ab-E [28]. A single rituxi‑
mab course reduces relapse risk in NMDAR-Ab-
E, and redosing at 6 months in select patients 
can delay relapse by another 6 months, though 
this effect diminishes thereafter [26, 27]. Addi‑
tionally, meta-analyses have shown that rituxi‑
mab is an effective second-line treatment for 
AE, with notably higher efficacy in patients 
under 18 years of age or with disease dura‑
tion of 180 days or less [26], and a manageable 
toxicity profile. However, although the data 
indicate that rituximab is generally safe, it is 
important to remember that it can predispose 
patients to infections, which can sometimes be 

severe, especially in patients over 65 years [68]. 
Therefore, careful monitoring for infectious 
complications is essential during treatment.

In cases of cell-mediated inflammation, such 
as with antibodies against intracellular antigens, 
cyclophosphamide may be the preferred treat‑
ment. It is also considered an escalation therapy 
if the response to rituximab is inadequate. How‑
ever, caution is advised due to its potentially 
serious side effects (Table 2).

Recent data from a Chinese registry showed 
promising results with ofatumumab, a second-
generation anti-CD20 monoclonal antibody, as a 
novel second-line immunotherapy for NMDAR-
Ab-E [69]. Fifty-four out of 58 patients treated 
with ofatumumab demonstrated improvement 

Fig. 3   Therapeutic algorithm for autoimmune encephalitis. Modified from Abboud H, et al., J Neurol Neurosurg Psychiatry 
[25]. © 2021 BMJ Publishing Group, Ltd. Created in BioRender. Mulic, S (2025) https://​BioRe​nder.​com/​ijf05​qe

https://BioRender.com/ijf05qe
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in their mRS scores, with a median time to 
improvement of 14 days. Furthermore, 91.4% 
of patients achieved a favourable functional 
outcome at the last follow-up. The effects were 
particularly notable in patients who had failed 
first-line immunotherapy. No serious adverse 
events associated with ofatumumab treatment 
were reported.

The trial on ocrelizumab in AE was prema‑
turely terminated due to low recruitment [70]. 
Of the two patients in the ocrelizumab arm, one 
participant with NMDAR-Ab-E demonstrated 
marked improvement, while the second, with 
LGI1-Ab-E, remained clinically stable.

Maintenance Therapy and Relapse 
Management

Although early and adequate acute treatment is 
the priority over prolonged maintenance immu‑
nosuppression, some patients with a more severe 
disease course or persistent impairments may 
require maintenance therapy. While the role of 
maintenance treatment remains largely unex‑
plored, it is commonly used in clinical practice 
to maximise therapeutic benefit, achieve the 
highest possible functional status, and ensure 
complete remission without relapse. Mainte‑
nance agents include prolonged first-line thera‑
pies, rituximab, as well as steroid-sparing agents 
such as mycophenolate mofetil and azathio‑
prine, commonly used for maintenance therapy 
in autoimmune neurological disorders such as 
myasthenia gravis and NMOSD. The optimal 
duration of maintenance therapy is currently 
unknown, with treatment lasting from several 
months to years depending on the patient’s con‑
dition and the clinician’s judgement. In general, 
antibody titers do not correlate well with disease 
activity or relapse and may remain detectable 
after clinical recovery; therefore, they rarely 
help guide therapy. However, evidence sug‑
gests that patients with persistent cerebrospinal 
fluid NMDAR-Abs at 12 months are more likely 
to experience subsequent relapses and poorer 
long-term outcomes, and may therefore require 
prolonged immunotherapy [71]. In our clini‑
cal experience, maintenance therapy should be 

continued for at least 2 years after a relapse in 
autoimmune encephalitis.

Relapses often occur when immunotherapy is 
reduced or discontinued [72], and shorter dura‑
tions of corticosteroid treatment are frequently 
associated with relapse [73]. Data show that 
relapse is common in patients with LGI1-Ab-E 
(occurring in 15–25% of cases) [74], especially 
in those with cognitive impairment, and that 
the risk of relapse can be reduced by treatment 
with mycophenolate mofetil (MMF) for at least 
3 months within the first 12 months of disease 
onset [50]. Recent cohort studies report relapse 
rates of 9–25% in patients with NMDAR-Ab-E, 
reflecting variability across geographic regions 
and patient populations [75, 76]. The relapse 
rate in CASPR2-Ab-E, based on recent nation‑
wide data from the Netherlands, is much higher 
(60%) than previously reported (25–30%) [77]. 
The relapse rates of GABABR-Ab-E [76], AMPAR-
Ab-E [78] and DPPX-Ab-E [79] are 33.3%, 16% 
and 23%, respectively.

Management of relapse typically involves 
first-line immunotherapy, and if second-line 
immunotherapy was not used during the ini‑
tial episode, it should be strongly considered in 
relapses.

Third‑Line Immunotherapies

Treatments proposed for refractory AE include 
cytokine-based drugs, plasma cell-depleting 
agents, treatments targeting intrathecal immune 
cells or their trafficking through the blood–brain 
barrier, as well as neonatal Fc receptor antag‑
onists (Table 3) [84]. The efficacy evidence of 
these drugs is mostly based on case reports or 
small case series, with few reported controlled 
studies or systematic reviews.

Ongoing Trials

Designing and conducting clinical trials for 
patients with rare diseases such AE presents 
specific challenges, including [91]: (1) low 
recruitment rates leading to early termination; 
(2) suboptimal outcome measures, such as the 
use of the mRS, which was primarily developed 
for stroke-related disability, while the CASE is 
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still undergoing validation and is focussed on 
acute-phase symptoms; (3) balancing inclusiv‑
ity versus exclusivity of various disease subtypes, 
given the heterogeneity of AE and the rarity of 
individual subtypes; and (4) challenges related 
to trial design, including monotherapy versus 
add-on therapy and the use of placebo controls.

In animal models of NMDAR-Ab-E, infusion 
of Ephrin-B2, which physiologically stabilises 
NMDA receptors in postsynaptic clusters, pre‑
vents antibody-induced impairments in mem‑
ory, behaviour, cell-surface NMDAR levels, and 
synaptic plasticity [92]. This has yet to be trialled 
in human patients.

Preclinical data showed that novel 
approaches, such as chimeric antigen receptor 
(CAR)-T cell therapies, reduce NMDAR autoan‑
tibody levels in the serum and eliminate auto‑
reactive B cells in NMDAR-Ab-E [93]. Currently, 
a trial is underway evaluating the safety and 
efficacy of CT103A CAR-T cells, which target 
B cell maturation antigen, in various relapsed or 
refractory antibody-associated inflammatory dis‑
eases of the nervous system, including AE [94].

Furthermore, targeted antibody therapies, 
such as NMDAR Fc fusion proteins [95], have 
been developed and represent a promising strat‑
egy for the specific treatment of NMDAR-Ab-E, 
which could complement immunotherapy or 
help avoid untargeted immunosuppression.

Currently ongoing phase 2/3 clinical trials in 
adult AE are listed in the Table 4.

Clinical Vignette: Effect of Benzodiazepines 
in Autoimmune Neurology

Case 1

A 48-year-old man with a history of myocar‑
dial infarction and severe chronic insomnia 
presented with over the course of 1 year pro‑
gressive cognitive, behavioural, and neurologi‑
cal symptoms, including confusional episodes, 
memory loss, and bulbar dysfunction. Sleep 
clinic evaluation 1 year prior had revealed severe 
chronic insomnia with severe daytime sleepiness 
(Fatigue Severity Scale 6.1/7, Epworth Sleepiness 
Scale 17/24) and temporary confusional states at 
night (Fig. 4). During hospitalisation, the patient 

experienced acute respiratory deterioration fol‑
lowing administration of 1 mg of clonazepam 
for a presumed epileptic seizure. Shortly after 
receiving the benzodiazepine, he lost conscious‑
ness and developed severe hypoxemia (SpO2 
dropped to 25%), necessitating intubation and 
intensive care. Diagnosis was confirmed by high-
titer anti-IgLON5 antibodies in serum and CSF. 
The patient was treated with plasma exchange, 
high-dose methylprednisolone, and rituximab, 
resulting in significant clinical improvement. 
He was transferred to a rehabilitation centre 
with the warning never to administer respira‑
tory depressant drugs such as benzodiazepines, 
propofol, or opioids. At 3-year follow-up, most 
neurological and bulbar symptoms had resolved.

Comment

This case highlights the profound respira‑
tory depressant effect of benzodiazepines in 
patients with central hypoventilation, as seen 
in anti-IgLON5 disease and AE forms including 
NMDAR-Ab-E.

Oncological Management

Although patients with paraneoplastic encepha‑
litis associated with neuronal cell surface anti‑
bodies can improve with intensive immuno‑
therapy [96], previous findings in NMDAR-Ab-E, 
which is known for its association with ovarian 
teratoma, suggest that tumour resection acceler‑
ates neurological improvement [97] and is asso‑
ciated with a reduced risk of relapse and a higher 
likelihood of complete recovery [98]. In patients 
with NMDAR-Ab-E who have no detectable 
tumours, it is hypothesised that a proportion 
of these cases may have microscopic germ cell 
tumours that are undetectable by imaging [99]. 
However, there is no evidence that complete 
bilateral oophorectomy or “blind” ovarian resec‑
tions in the absence of preoperative evidence of 
a teratoma are beneficial [100]. There are reports 
of ovarian teratomas being discovered years after 
the initial presentation of NMDAR-Ab-E symp‑
toms [99]. Therefore, comprehensive tumour 
screening should be performed in all patients 
at diagnosis and repeated in those who do not 
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Fig. 4   The hypnogram demonstrated a severely increased 
sleep latency of 200  min and a total sleep time of only 
28  min, with complete absence of N3 and REM sleep. 
Sleep efficiency was markedly reduced at 12%. The arousal 
index was elevated, with frequent brief awakenings. Cen-

tral sleep apnea was prominent, with an apnea–hypopnea 
index (AHI) of 40/h and bradypnea (4/min), resulting in 
an oxygen saturation nadir of 86%, though mean saturation 
remained at 95%. The heart rate trace showed no nocturnal 
dipping, remaining at 78 bpm throughout the night
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improve or who relapse, with particular empha‑
sis on post-pubertal females, for whom ongoing 
surveillance for ovarian teratoma is especially 
important [67]. The EFNS (European Federation 
of Neurological Societies) report on screening for 
tumours in paraneoplastic syndromes recom‑
mends a tailored approach based on the specific 
syndrome and autoantibodies [101].

Symptomatic Treatment

In addition to treating the underlying immu‑
nological process, it is also necessary to manage 
psychiatric symptoms, sleep disturbances, sei‑
zures, movement disorders, and pain.

Treatment of Psychiatric Symptoms

In some patients with AE, psychiatric manifes‑
tations improve rapidly once disease-modifying 
corticosteroid therapy are commenced [82]. 
Conversely, a lack of response to antipsychotic 
treatment may serve as a red flag for the pro‑
posed entity of autoimmune psychosis and is 
incorporated within the diagnostic framework 
outlined by the Pollak criteria [102]. Prompt rec‑
ognition of AE is essential, as early immunother‑
apy is clearly linked to better outcomes. How‑
ever, corticosteroids can provoke disinhibition, 
mood elevation and insomnia [103]. Although 
there are no exact data about the frequency of 
steroid-induced psychosis specifically in AE, 
some studies suggest that the incidence in hos‑
pitalised patients receiving corticosteroids is esti‑
mated to be about 5–18%, with the risk increas‑
ing at higher doses (particularly > 80 mg/day) 
[104]. When such effects arise, a change in the 
immunotherapy regimen and, where necessary, 
a brief course of sedating psychotropic agents 
may be required. Because controlled trial data 
are lacking, these symptomatic measures rest on 
clinical experience informed by an understand‑
ing of AE pathophysiology.

Table 5 summarises the psychiatric medica‑
tions most commonly used to treat specific 
symptom clusters in AE.

Because of prominent agitation and fre‑
quent catatonia, benzodiazepines are a rational 

choice [103]. Patients often require high doses 
of benzodiazepines, sometimes at doses much 
higher than those used in other neuropsychi‑
atric conditions [112]. However, caution is 
recommended due to the risk of respiratory 
depression caused by the sedating effects of 
benzodiazepines (see Case 1).

Antipsychotics demand particular cau‑
tion: they may worsen dyskinetic or dystonic 
movements and can precipitate neuroleptic 
malignant syndrome, most often with first-
generation agents [109]. Some patients with 
NMDAR-Ab-E, particularly those exhibiting 
prominent psychiatric symptoms and behav‑
ioural risk, may require general anaesthesia to 
manage their symptoms until immunotherapy 
or tumour-directed treatment takes effect.

Levetiracetam, a widely used antiseizure med‑
icine, can also provoke disinhibition or mood 
effects, a side effect that can be hard to distin‑
guish from the behavioural manifestations of 
acute AE [113]. In such cases, specialist review 
can help determine whether an alternative 
antiseizure medication should be substituted.

Once the autoimmune process is controlled 
and psychiatric symptoms have abated, antip‑
sychotics should be tapered gradually, over 
1–2 months if discontinuing from a maximal 
dose. As this is not a primary psychotic disor‑
der, the risk of symptom recurrence is low, and 
minimising drug exposure is a priority; however, 
tapering should be undertaken with suitable 
caution and robust clinical monitoring.

For the long-term psychiatric effects of 
encephalitis, such as mood disturbances and 
fatigue, there are no clearly established thera‑
peutic approaches or evidence-based guidelines 
supporting the use of pharmacological treat‑
ments, including stimulant and non-stimulant 
medications for fatigue and cognitive dysfunc‑
tion, or mood-stabilising agents for mood-
related symptoms.

Treatment of Seizures

The manifestations of seizures play a particu‑
lar role in the management of AE. Seizures that 
occur at the onset of the disease before diagnosis 
are commonly worked up and treated like any 
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Table 5   Treatment options for psychiatric symptoms in AE

ECT electroconvulsive therapy, ECG electrocardiogram, NMDAR N-methyl-d-aspartate receptor, LGI1 leucine-rich gli-
oma-inactivated 1, AE autoimmune encephalitis

Symptom (Refs.) First-line psychiatric drug(s) Key points and cautions in the context of AE

Agitation [20, 103, 105] Benzodiazepines (up to, and sometimes 
greater than, 4 mg lorazepam equivalent 
per 24 h)

Atypical antipsychotics (olanzapine, quetia-
pine) only if benzodiazepines are insuf-
ficient

Benzodiazepines have the added benefit of 
reducing seizures

Use atypical antipsychotics for calming effects, 
not for definitive antipsychotic effect

Baseline & serial ECGs are advisable owing to 
autonomic dysfunction in AE

Reports of aripiprazole efficacy in LGI1-Ab-
E; watch for impulse-control problems as a 
potential side effect

Catatonia [103, 106] Benzodiazepines
ECT if catatonia is refractory after maximal 

immunotherapy + benzodiazepines

High benzodiazepine doses may be required
Role of ECT is uncertain, with no convinc-

ing benefit yet demonstrated in NMDAR-
Ab-E; it should be considered only in truly 
refractory cases. Carefully monitor and 
manage seizure risk

Sleep dysfunction [103, 107] Sedating antihistamines (promethazine) Use for the shortest duration necessary; 
monitor for paradoxical agitation in 
dopamine-sensitive patients and for poten-
tial anticholinergic side effects

Sleep disorders in patients with LGI1-Ab-E 
improve with immunotherapy

Psychosis or severe behav-
ioural disturbance [103, 
108–110]

Atypical antipsychotics (quetiapine, olan-
zapine) if unavoidable

Atypical antipsychotics may be associated 
with less adverse effects than typical antip-
sychotics, but still monitor weight, glucose 
& lipids (steroids + olanzapine → marked 
metabolic risk)

Avoid conventional antipsychotics (halop-
eridol, chlorpromazine) due to the risk of 
extrapyramidal reactions and neuroleptic 
malignant syndrome-like presentations in 
AE

Anxiety and depression [111] No systematic studies in encephalitis Biopsychosocial approach as in other acquired 
brain injuries; usual treatments may have 
less predictable efficacy and side effects—use 
with caution
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other inaugural seizure. The common first-line 
antiseizure medications (ASMs) are used here, 
such as levetiracetam, lamotrigine, valproic acid 
(not in people of child-bearing potential), and 
lacosamide. Status epilepticus is treated with 
clonazepam, midazolam, levetiracetam, valp‑
roic acid and lacosamide, (fos)phenytoin, in 
accordance with current and local guidelines. 
Conversely, if seizures appear after the diagno‑
sis of AE, the specific characteristics of each AE 
can be considered.

Seizure intensity is different depending on 
the type of AE, with a main difference between 
surface antibody-mediated AE versus intracellu‑
lar antigen-associated AE. In surface antibody-
mediated AE, seizures occur most frequently in 
AE associated with LGI1 [114], NMDAR [49], 
GABAAR [115], GABABR [116], and CASPR2 
antibodies [117]. Previous studies have shown 
that in this patient cohort, seizure freedom is 
achieved more rapidly and more often follow‑
ing immunotherapy than after treatment with 
ASMs [48, 118]. This effect is particularly notable 
in patients with LGI1-Ab-E, where nearly half of 
the patients became seizure-free within a week 
of starting immunotherapy, despite having been 
refractory to ASM for extended periods [118]. 
There is no evidence that any particular ASM is 
significantly superior to the others, except for 
carbamazepine, which shows slight superiority 
in LGI1-Ab-E, although is associated with a rash 
[119]. We summarise the findings from studies 
investigating individual ASMs in Table 6.

Seizures occurring during the acute phase of 
AE associated with antibodies against neuronal 
cell surface antigens have recently been classi‑
fied as acute symptomatic seizures rather than 
unprovoked seizures that define epilepsy [124]. 
Figure  5 presents seizure freedom outcomes 
stratified by antibody type in AE, as reported 
five recent studies [125–129]. In a minority of 
patients with surface antibody-mediated AE, sei‑
zures persist even after AE has been adequately 
treated, possibly due to structural brain damage 
resulting from the prior immunological process 
or ongoing, chronic inflammatory activity [130]. 
The term “autoimmune encephalitis-associated 
epilepsy” (AEAE) was proposed for patients with 
previous diagnosis of AE due to surface antibod‑
ies (NMDAR, LGI1, CASPR2, GABABR), persisting 

seizures for at least 2 years after immunother‑
apy initiation and no signs of encephalitis on 
MRI, FDG-PET, CSF and substantial decrease of 
antibody titers [130]. The main difference of 
AE relapse is seizure-free interval prior to a new 
onset of seizures (previous studies required a lag 
of 2–3 months) [130], while patients with AEAE 
exhibited seizures that persisted unabated after 
the encephalitic phase with no latent period 
[131]. In general, ASM withdrawal is not recom‑
mended in AEAE of any type [131].

Although seizures are generally believed to 
respond well to immunosuppressive therapy in 
patients with LGI1-E and CASPR2-Ab-E, with 
a favourable long-term seizure outcome, there 
is evidence of seizure underreporting in this 
cohort. Baumgartner et  al. recorded seizures 
on 24–48 h video-EEG in 4 of 20 patients who 
had been subjectively seizure-free for at least 
3 months while still receiving ASM (2 patients 
with focal impaired-awareness seizures and 2 
patients with focal aware seizures) [121]. This 
finding underlines the potential utility of pro‑
longed video-EEG telemetry (e.g. ambulatory) 
in this population before considering ASM 
discontinuation.

Patients with seronegative AE, particularly 
those with antibody-negative but probable AE 
[128], are at a higher risk of developing post-
encephalitis epilepsy [132] and may require 
prolonged ASM. It is recommended to continue 
ASM for at least 2 years, followed by repeat brain 
MRI and EEG before considering withdrawal.

In a recent study, Rada et al. [129] reported 
that patients with NMDAR-E and LGI1-Ab-E 
have a seizure recurrence risk of < 20% within 
12 months following an initial 3 month seizure-
free period, supporting their eligibility for non-
commercial driving after this interval. Although 
the CASPR2 group’s estimated recurrence risk 
was below 20%, there was uncertainty due to 
a smaller sample size warranting caution in 
recommending driving eligibility. Conversely, 
patients with GABABR-Ab-E exhibited a recur‑
rence risk clearly above 20%, and thus driving 
after 3 months seizure-free is not advised for this 
group.

In intracellular antigens associated AE, par‑
ticularly in the temporal lobe epilepsy linked to 
GAD65 antibodies (GAD-TLE), responsiveness 
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to ASMs is notably poorer than in surface anti‑
body-mediated AE. Immunotherapy has shown 
only occasional and usually temporary clinical 
improvement [133], especially when initiated 
early in the disease course (within 3–10 months) 
[134]. Also, outcomes following temporal lobec‑
tomy for GAD-TLE are poor [135]. This could be 
due to a diagnostic delay as a result of the simi‑
larity of GAD-TLE to TLE of other origins—diag‑
nosis within 6 years and lobectomy after median 
disease duration of 9 years (range 3 weeks to 
60 years) [135]. However, recent promising data 
from a 2023 case series demonstrated significant 
reductions in seizure frequency with cenoba‑
mate alone (~ 92%) or combined cenobamate 
and clobazam treatment (~ 95%) in patients with 
GAD-TLE [136]. Additionally, most of the eight 
individuals treated with brain-responsive neu‑
rostimulation experienced a greater than 50% 
reduction in seizures [137–139].

For patients presenting with status epilep‑
ticus, standard protocol is followed, concur‑
rently with first-line immunotherapy (steroids, 
IVIg, PLEX). First-line immunotherapy should 
be started immediately because it controls sei‑
zures faster than ASMs. Enzyme-inducing ASMs 

(carbamazepine, phenytoin, cenobamate) 
should be avoided in patients on chemotherapy 
or rituximab, and levetiracetam in behaviour‑
ally disturbed patients (NMDAR-, CASPR2-Ab-E). 
Sodium levels should be monitored in patients 
under carbamazepine/oxcarbazepine, especially 
in LGI1-Ab-E. In most patients tapering can be 
started 9–12 months after immune control in 
chronic epilepsy; however, before doing so, an 
(overnight) EEG and interval MRI are warranted.

Treatment of Movement Disorders

Approximately half of patients with AE exhibit 
movement disorders [140]. The main move‑
ment disorders associated with each form are 
summarised in Supplementary Table 1. In our 
experience, which is supported by most stud‑
ies, timely initiation of immunotherapy leads 
to good outcomes in the majority of cases [141]. 
However, recent data from CASPR2 patients 
indicate that these patients show little improve‑
ment with immunotherapy but do improve over 
time with symptomatic treatment [142]. Drug 
selection is based on pharmacological action 
and guideline recommendations (summarised 

Fig. 5   Heatmap of seizure freedom in the four most com-
mon surface antibody types reported in five recent stud-
ies. Blank cells represent absent data. In Liu et  al., LGI1 
and CASPR2 seizure freedom rates were not reported 
separately. Months of follow-up is the median since dis-
ease onset for two studies (Smith et  al. and Liu et  al.), 

and a fixed time period of seizure freedom for the remain-
ing three. NMDAR N-methyl-d-aspartate receptor, LGI1 
leucine-rich glioma-inactivated  1, GABABR gamma-amin-
obutyric acid type B receptor, Caspr2 contactin-associated 
protein-like 2
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in Supplementary Table 1). Benzodiazepines, 
in addition to immunotherapies, are most fre‑
quently used for the movement disorder of 
NMDAR-Ab-E. Additionally, it is important to 
review the patient’s medication list to ensure 
they are not taking drugs that may cause move‑
ment disorders.

Neuropathic Pain

Neuropathic pain is present in 30–50% of 
patients with autoantibodies against CASPR2 
[142], and to a lesser extent in those with 
autoantibodies against LGI1. In cases of CASPR2-
associated neuropathic pain occurring in isola‑
tion, the evidence remains debated, and an 
individualised approach is recommended, 
weighing the severity of pain against the risks 
of immunotherapy for each patient. While 
pain in LGI1-antibody patients often responds 
rapidly to immunotherapy [143], a study of 75 
participants showed that neuropathic pain in 
CASPR2-antibody patients can persist in up to 
60% of cases even 4 years after onset, despite 
adequate immunotherapy [142]. By contrast, 
a recent literature review of 216 patients with 
CASPR2-associated neuropathic pain reported 
that immunotherapy, particularly second-line 
treatments, improved pain in 85.4% of cases, 
with complete remission in 38.2% [144]. Long-
term therapy was often required, and sympto‑
matic treatment helped 55.1% of patients, with 
complete response in 20.4% [144]. Medications 
such as carbamazepine, phenytoin, pregaba‑
lin, and gabapentin may be effective, and most 
patients require combination therapy [145].

AE Treatment During Pregnancy

Dono et al. [146] demonstrated in their review 
that AE during pregnancy occurs most fre‑
quently in the first and second trimester, with 
NMDAR-Ab-E being the most common subtype. 
Their analysis indicated that first-line immu‑
notherapy was generally effective, with only 
a few cases requiring second-line treatment. 
When combining the 11 patients with NMDAR 
encephalitis from the study by Joubert et al. with 
21 patients from previous reports [147], a total 

of 25 patients received one or more of the fol‑
lowing therapies: 21 received corticosteroids, 15 
IVIg, 10 PLEX, 4 rituximab (initiated in first or 
second trimester, at a median of 21 weeks’ ges‑
tation), and 1 cyclophosphamide (administered 
6 weeks before delivery). No adverse effects were 
reported in any of the mothers or their infants.

A review in NMDAR-Ab-E that combined 
data from 66 pregnancies found no evidence of 
a difference in maternal outcomes, including 
recovery and mortality, compared to the general 
population; however, higher-quality studies are 
needed to confirm these findings [148]. Notably, 
80% of pregnancies resulted in live births, with 
only one reported neonatal death. Current pub‑
lished data on children born to mothers with 
NMDAR-Ab-E, though limited by small sample 
sizes, modest follow-up periods, and incom‑
plete, non-standardised data, indicate that the 
incidence of developmental disorders in these 
children is comparable to that observed in the 
general population under 5 years of age (approx‑
imately 2%) [148]. It is also encouraging that the 
literature reports cases of successful pregnancies 
following resection of ovarian teratoma to treat 
acute NMDAR-Ab-E [148].

Studies in MS and NMOSD have not identi‑
fied major safety concerns about pregnancy out‑
comes with rituximab use within 6 months of 
conception [149, 150]. Available data also indi‑
cate reassuring child outcomes, with the primary 
adverse effect being transient low neonatal B cell 
counts observed in 39% of newborns, and no 
reported infectious complications or adverse 
reactions to vaccinations [149]. Additionally, the 
frequency of malformations or medical condi‑
tions (3 out of 67 newborns) was comparable 
to the general population rate in the USA (3%) 
[131].

Although azathioprine has been used suc‑
cessfully to treat AE during pregnancy with 
good maternal and fetal outcomes in some 
reports [145], one study suggested risks of atrial 
and ventricular septal defects, preterm birth, 
and low birth weight [151]. It remains unclear 
whether these outcomes are attributable to the 
medication or to the underlying autoimmune 
condition.

Mycophenolate mofetil is contraindicated 
in pregnancy due to its strong association with 
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major congenital malformations and pregnancy 
loss [152].

Cyclophosphamide exposure during the first 
trimester is associated with a risk of “cyclophos‑
phamide embryopathy,” characterised by mul‑
tiple malformations; however, its use in the sec‑
ond and third trimesters appears to carry a lower 
risk of foetal harm [153, 154].

Seizures in AE during pregnancy were gener‑
ally well controlled with monotherapy, most 
commonly with levetiracetam [146]. Current 
evidence supports avoiding ASM with known 
teratogenic risks, such as carbamazepine and 
valproate, in favour of agents with safer profiles 
during pregnancy, such as levetiracetam and 
lamotrigine.

Unmet Patient Needs

Making and Communicating an Early 
and Accurate Diagnosis

In recent years, there has been growing recogni‑
tion of AE, largely driven by the establishment 
of diagnostic criteria [1] and the identification 
of specific antibodies associated with the condi‑
tion. However, due to its novel and rare nature, 
diagnosing AE remains complex [9, 137]. Stud‑
ies have shown that most misdiagnoses can be 
prevented by strictly applying all three criteria 
for possible AE, with the exclusion of alterna‑
tive diagnoses being especially important [155]. 
However, possible AE should not be regarded as 
a definitive diagnosis and requires further ancil‑
lary testing. In contrast, the risk of false positives 
is very low among patients who meet the cri‑
teria for probable AE and definite autoimmune 
LE, due to the high specificity of these criteria 
(> 95%) [10].

Communication is another significant issue. 
Families often struggle to understand the acute 
illness due to medical jargon or language differ‑
ences, and there is frequently no single point 
of contact to coordinate information and sup‑
port [8]. Long-term uncertainties further com‑
pound the burden of disease [8]. Given the 
diverse nature of disease, questions regarding 
the duration of treatment, expectations after 
emerging from coma, and the management of 

behavioural, emotional, and mental health chal‑
lenges often remain difficult to address.

Neuropsychiatric and Social Challenges After 
Hospitalisation

The hospital environment itself may not fully 
reveal the extent of cognitive, behavioural, or 
psychiatric symptoms, which often become 
more apparent once patients return home [156]. 
Psychiatric symptoms such as depression and 
anxiety are common and contribute to long-
term morbidity [7], at times linked to the fear 
of relapse. In some patients with AE (NMDAR-E, 
CASPR2-E, LG1-Ab-E, seronegative AE), inappro‑
priate behaviours such as impulsivity, disinhibi‑
tion, and hypersexuality may persist for months 
or even years after the acute phase, requiring 
long-term follow-up and close supervision of 
patients to prevent incidents caused by inap‑
propriate behaviour [157, 158].

Disease burden extends beyond the symptoms 
into many domains of life. For example, only 
15% of individuals with LGI1-Ab-E were able 
to return to their previous work [7], and only 
64% of children with NMDAR-Ab-E returned 
consistently to their prior schooling [159], with 
significant declines in social quality of life [160]. 
Studies have shown that fatigue is a prominent 
symptom in patients with AE and is not fully 
explained by depression or sleep quality [7, 161]. 
As fatigue is not adequately captured by the 
mRS, researchers have identified a rapid method 
to assess quality of life in routine clinical and 
clinical trial settings [7].

In our cohort, only 15% of individuals with 
LGI1-antibody encephalitis were able to return 
to their premorbid level of employment.

Addressing these unmet needs requires a 
multidisciplinary approach, improved clinician 
education, better communication strategies, 
and comprehensive long-term support systems 
to improve outcomes for patients with AE and 
their families.

All patients diagnosed with AE and their car‑
egivers are encouraged to connect with Enceph‑
alitis International for comprehensive ongoing 
support and reliable information. Encephalitis 
International offers a dedicated helpline, peer 
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support groups, educational resources, and 
access to expert guidance to help patients and 
families navigate the challenges of AE through‑
out diagnosis, treatment, and recovery.

Burden of Care

With most AE studies focusing on clinician-
rated outcomes, the impact of AE on patient-
rated measures and carers’ quality of life remains 
underrecognised. Available data highlight the 
substantial burden placed on carers and spouses, 
with more than 50% reporting psychological 
distress and expressing the need for greater 
societal recognition, as well as increased practi‑
cal and emotional support and improved neu‑
rorehabilitation for this group [7]. The burden 
experienced by carers of individuals with AE is 
even greater than that reported in studies of car‑
ers for dementia, stroke, and Alzheimer’s disease 
[8]. Carers report a high level of dissatisfaction 
with the quality of care transitions from inpa‑
tient hospitalisation to outpatient management 
[8]. Difficulties in understanding or following 
intended management plans may contribute 
to poorer overall patient outcomes, as demon‑
strated in a study of carers for individuals with 
multiple sclerosis [162].

In summary, the challenges faced by carers 
of patients with AE highlight the urgent need 
for more comprehensive and accessible support 
systems. Examples of successful caregiver inter‑
ventions in other neurological disease, such as 
psychoeducational interventions in stroke car‑
egivers and educational sessions for dementia 
caregivers, could provide a model for potentially 
beneficial interventions for AE caregivers [163].

CONCLUSION

Despite increasing recognition of AE and 
advances in understanding its pathophysiology 
and clinical features, current treatment strate‑
gies remain largely based on expert opinion 
and extrapolation from other antibody-medi‑
ated neurological disorders. The complexity 
and variability of AE continue to pose signifi‑
cant challenges for both research and clinical 

management. Randomised controlled trials in 
AE are particularly difficult due to disease heter‑
ogeneity and recruitment challenges. Key ques‑
tions remain regarding the optimal duration of 
immunosuppression and its role in preventing 
relapses, as well as the identification of reliable 
biomarkers to guide therapy and predict out‑
comes. Moving forward, collaborative efforts 
and well-designed clinical trials are essential to 
establish more effective, evidence-based thera‑
pies. Moreover, the complex and persistent cog‑
nitive, behavioural, and psychiatric symptoms 
of AE, along with the significant burden on 
patients and their carers, underscore the urgent 
need for multidisciplinary, long-term support 
and education, with organisations like Enceph‑
alitis International playing a vital role in pro‑
viding comprehensive resources and guidance 
throughout the AE journey.
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