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Abstract
Autoimmune neurology is a rapidly developing specialty driven by an increasing recognition of
autoimmunity as the cause for a broad set of neurologic disorders and ongoing discovery of new
neural autoantibodies associated with recognizable clinical syndromes. The diversity of clinical
presentations, unique pathophysiology, and the complexity of available treatments requires a
dedicated multidisciplinary team to diagnose and manage patients. In this article, we focus on
antibody-associated autoimmune encephalitis (AE) to illustrate broader themes applicable to
the specialty. We discuss common diagnostic challenges including the utilization of clinical
assessment tools along with the determination of the prognostic signiﬁcance of certain autoantibodies, with a focus on implications for long-term management. A growing body of literature demonstrates the long-term cognitive, behavioral, and physical sequelae of AE. Dedicated
resources are needed to eﬀectively manage these patients. These resources may be best provided by experienced neurology clinics in partnership with other neurologic subspecialists, as
well as psychiatrists, neuropsychologists, and physical medicine and rehabilitation providers.
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Glossary
AE = autoimmune encephalitis; AED = antiepileptic drug; CASE = Clinical Assessment Scale in Autoimmune Encephalitis; ICU =
intensive care unit; LGI-1 = leucine-rich, glioma-inactivated 1; mRS = modiﬁed Rankin Scale; NEOS = NMDAR Encephalitis
One-Year Functional Status; NMDAR = NMDA receptor.

Over the past 2 decades, there has been rapid growth in the
discovery of antibody-associated neurologic diseases. Autoantibodies that target neural antigens lead to a diverse phenotype
of neurologic diseases. Diagnosing and managing neurologic
autoantibody-associated disorders is challenging and requires a
thoughtful approach. The spectrum of symptoms associated
with these autoantibodies is vast—involving central, peripheral,
and autonomic nervous systems—with contributors to disease
encompassing paraneoplastic, parainfectious, immunotherapyinduced, and “unknown” (i.e., cryptogenic) causes.1-3
In this article, we not only explore common challenges in the
initial diagnosis but also discuss the importance of long-term,
comprehensive outpatient management of patients with
antibody-associated autoimmune encephalitis (AE). In the
acute setting, we focus on common challenges faced in the
hospital while oﬀering a perspective on potential prognostic
tools. A comprehensive approach to care is proposed, emphasizing the need for multidisciplinary care led by a neurologist with experience in managing autoimmune neurologic
disorders to mitigate the long-term physical and psychosocial
devastation associated with these illnesses.4-6 We focus on
adult-onset AE, as it is one of the most common antibodyassociated neurologic disorders and has a robust array of literature to oﬀer an evidence-based discussion. However, our
themes apply broadly to other autoimmune neurologic disorders, including those involving the peripheral and autonomic nervous systems.

Initial Diagnosis
AE can produce a diverse set of symptoms that usually
comprises both limbic and extralimbic dysfunction including
impaired cognition and short-term memory, psychiatric
symptoms, focal neurologic deﬁcits, and altered level of
consciousness. Patients may initially present to clinicians
outside of neurology, such as psychiatry or internal medicine,
which can delay prompt diagnosis and treatment.7,8 In 1
multisite study, AE was initially suspected in only 32% of
patients despite 80% of patients presenting with symptoms
and signs typical of an immune-mediated neurologic disorder.9 Even in tertiary care centers, there can be signiﬁcant
delays in diagnosis, contributing to delays in treatment and
prolongation of hospital stay.10
Recognition of characteristic clinical syndromes is critical
given the potential reversibility of these disorders. Clinical
consensus criteria for AE, published in 2016,11 can help with
this, oﬀering objective measures to anchor the AE diagnosis.
2

These criteria prioritized ﬁndings on clinical history and examination, in combination with the results of commonly
available tests, with the goal of promoting early recognition
and treatment independent of autoantibody test results. Autoantibody testing should still be obtained, recognizing that
the identiﬁcation of speciﬁc disease–associated autoantibodies may establish the diagnosis of deﬁnite AE, dictate the
risk of underlying malignancy, guide treatment decisions, and
inform long-term prognosis, including the risk of relapse.
When possible, serum and CSF should be tested for autoantibodies because the sensitivity of commercially available antibody tests can be more sensitive in CSF (i.e., NMDA
receptor [NMDAR] encephalitis12) and serum for others
(i.e., leucine-rich, glioma-inactivated 1 [LGI-1] encephalitis13). Comprehensive but targeted autoantibody evaluations
are usually preferred over single, speciﬁc autoantibody tests
given the potential overlapping clinical syndromes, and the
clinical signiﬁcance assigned to the identiﬁcation of more than
1 antibody.14 Clinicians should also be aware that a low titer
result may also accompany other pathologically relevant results. In addition, the speciﬁcity and sensitivity can vary for
diﬀerent antibodies (table), so clinicians need to understand
the diagnostic limitations of some autoantibody panels.
Subtle or atypical presentations of AE may be more challenging to recognize, including LGI-1 antibody encephalitis,
which may manifest with subacute cognitive decline.15 Certain subpopulations such as pediatric or geriatric cohorts may
also pose challenges. Recent studies have shown that older
patients (usually deﬁned as 60 years or older) may have an
immune-mediated disorder without evidence for CNS inﬂammation.16 Evaluating for other systemic ﬁndings such as
gastrointestinal symptoms or progressive sleep dysfunction
may be the only diagnostic clue in patients presenting with
subacute cognitive decline.16 Subtle clues on diagnostic testing such as unique CSF oligoclonal bands may also be central
to the diagnosis.17 A comprehensive review of established
antibody-mediated disorders is beyond the scope of this article but well covered in other sources.7,18

Acute Prognosis and Treatment
Patients with AE need specialized care. Most cases are likely to
require advanced diagnostic imaging and treatment by specially
trained clinicians with AE experience. Complex patients may
require intensive care unit (ICU) management for complications including hypoventilation, bradycardia, severe blood
pressure changes, encephalopathy (with failure to protect the
airway), seizures (with or without status epilepticus), and
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Table Autoantibody Test Results That Need to Be Interpreted Cautiously

Autoantibodies

Likely clinically insignificant
Typical
Rare clinical
reference range for serum
demographics presentations antibodies

Current or previously published
clinical descriptions

Voltage-gated calcium
channel P/Q or N42,43

Lambert-Eaton myasthenic syndrome

Slight male
predominance
;60 y old

Nicotinic ganglionic
acetylcholine receptor44,45

Autoimmune autonomic ganglionopathy
or pandysautonomia

Female
predominance
30–50 y old

Voltage-gated potassium
channel46,47

Neuromyotonia
Morvan syndrome

Slight male
predominance
;50 y old

Thyroid peroxidase48,49

Hashimoto encephalopathy or SREAT

Female
predominance
;40 y old

Glutamic acid decarboxylase50-52

Stiff-person spectrum disorder
Cerebellar ataxia
Limbic encephalitis
Seizures

Slight female
predominance
;40 y old

Cunningham Panel (D1 and
D2, β-tubulin, lysoganglioside-GM1,
and calcium/calmodulin-dependent
kinase II activity)54

Pediatric acute-onset neuropsychiatric
syndrome
Pediatric autoimmune neuropsychiatric
disorders associated with streptococcal
infections

Pediatric
disorder

Cerebellar
ataxia

<0.09 nmol/L

<0.09 nmol/L

Limbic
encephalitis

No clear clinical correlation
in the absence of LGI1 and
Caspr2 antibodies
No clear clinical correlation

<2.0 nmol/L

<10,000 IU/mL for serum
(<100 IU/mL for CSF)53
<2.0 nmol/L

No clear clinical correlation

Abbreviations: Caspr2 = contactin-associated protein-like 2; D1/D2 = dopamine receptors; LGI1 = leucine-rich, glioma-inactivated 1; SREAT = steroid-responsive
encephalopathy associated with autoimmune thyroiditis.

severe movement disorders, including potential neuroleptic
malignant syndrome. Patients with NMDAR encephalitis are at
an especially high risk of autonomic dysfunction, requiring
close monitoring (ﬁgure 1). Patients with AE have also been
reported to have a higher rate of severe sepsis and shock when
compared with the general ICU population.19
Providers with experience in managing AE can oﬀer important guidance to avoid undertreatment or overtreatment,
thereby avoiding the risk for complications. For example,
diﬀerentiating seizure-related activity from dyskinetic or stereotypic movements is essential, as unnecessary administration of antiepileptic drugs (AEDs) could prolong recovery.
Likewise, an understanding of the time to eﬃcacy of commonly administered immunomodulatory treatments can
prevent side eﬀects associated with excessive immunosuppression. Recommendations governing the acute treatment in
AE are derived from expert opinion, case series, and case
reports. Current data suggest that early initiation of commonly available therapies—namely, high-dose steroids and IV
immunoglobulin or plasma exchange—and timely escalation
to second-line immunotherapy may lead to improved clinical
outcomes, although randomized controlled trials are needed
to inform optimal treatment approaches.4,20
Detailed knowledge of individual prognostic factors is essential to accurately inform decision making. Consultation
with a neurologist with experience in AE can help outline the
typical timeline and prognosis for recovery, which can provide
Neurology.org/NN

context for families and caregivers alike. A multicenter AE
ICU cohort study conducted in Germany illustrated that
despite the severity of the disease, the majority experienced
signiﬁcant recovery before discharge.21 Thus, it is imperative
that clinicians are patient in the course of AE recovery, as
improvement can be delayed and may not directly correlate
with laboratory or imaging ﬁndings.
The Clinical Assessment Scale in Autoimmune Encephalitis
(CASE) score was developed as a more specialized alternative
to the modiﬁed Rankin Scale (mRS), which has been historically used as an outcome measure in retrospective AE
studies. This score is based on 9 items—seizure, memory
dysfunction, psychiatric symptoms, consciousness, language
diﬃculties, dyskinesia/dystonia, gait instability and ataxia,
brainstem dysfunction, and motor weakness—with higher
scores corresponding to greater severity of illness. This scale
helps to overcome some of the current limitations in the initial
assessment of AE, but more studies are needed to determine
whether treatment decisions should be made in response to
scores and scores relate to long-term outcomes.22
Given the slow and variable trajectory in recovery, the
NMDAR Encephalitis One-Year Functional Status (NEOS)
score was created to predict functional status for patients
(ﬁgure 1). This 5-point score predicts an mRS at ≥3 at 1 year
based on ICU admission, treatment delay by >4 weeks, lack of
clinical improvement after 4 weeks of treatment, abnormal
brain MRI, and a signiﬁcant CSF pleocytosis (>20 cells/μL).

Neurology: Neuroimmunology & Neuroinflammation | Volume 8, Number 5 | September 2021

3

Figure 1 Typical Clinical Course Associated With Anti-NMDAR Encephalitis

ICU = intensive care unit; IVMP = IV methylprednisolone; mRS = modified Rankin Scale; NEOS = NMDAR Encephalitis One-Year Functional Status;
NMDAR = anti-NMDA receptor. Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography ©2021. All Rights Reserved.

This score could help identify patients who may beneﬁt from
more aggressive or longer duration immunotherapy or from
novel therapies. This study also reaﬃrmed that patients with a
high NEOS score can still achieve function independence
even 2 years after the initial diagnosis.5 Prospective validation
of both the CASE and NEOS in a variety of populations will
further strengthen conﬁdence in these encephalitis-speciﬁc
instruments and allow multidisciplinary teams to appropriately allocate resources after discharge to achieve optimal
outcomes.

Care Coordination and
Discharge Planning
Targeted interventions at the time of discharge can improve
patient outcomes, reduce burden on family members, and
decrease hospital readmissions. Ideally, interventions should
include adequate education for family members and caregivers. It is also vital to consider the perspective of caregivers,
recognizing the potential contributions of caregiver mental
and physical health, coping strategies, and access to resources
to patient outcomes. These individuals are integral players in
patients’ recovery but also have their own physical and psychological needs.23 A national survey through the Encephalitis
Society and the Autoimmune Encephalitis Alliance found
communication and expectations for caregivers to be
lacking—a ﬁnding that was associated with higher levels of
4

caregiver burden. In particular, poor transition from the inpatient to outpatient setting was a strong factor for higher
levels of burden and highlighted the need for a comprehensive
follow-up in a neurology clinic.23
It is important to identify patients in the hospital setting to
ensure proper follow-up. In our experience, specialty referrals
often occur late, including after hospital discharge. This potentially leaves patients undertreated while being sent home
or to a rehabilitation prematurely or without suﬃcient care
plans in place. Our proposed clinic model allows for timely
referrals especially as patients are transitioned from the inpatient service while also oﬀering treatment and surveillance
of suspected and conﬁrmed AE cases. We typically arrange for
close follow-up (e.g., every 3–4 months) at the time of diagnosis or hospital discharge. These follow-up appointments
can be extended if patients remain stable to every 6–12
months, although these decisions must be made in the context
of individual patients.

Multidisciplinary Follow-up
An ideal outpatient model consists of a multidisciplinary
clinical team led by a neurologist with experience in autoimmune neurologic disorders. As the team leader, these neurologists can leverage the expertise of other members to
address diagnostic uncertainty while providing anticipatory
guidance and a detailed care plan. It is also paramount to look
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Figure 2 Autoimmune Neurology Interdisciplinary Care Model

ADLs = activities of daily living; GI = gastroenterology; OT = occupational therapy; PM&R = physical medicine and rehabilitation; PT = physical therapy.
Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography ©2021. All Rights Reserved.

beyond the borders of neurology and to integrate other
medical disciplines in the disease management (ﬁgure 2),
similar to the approach taken for patients with other complicated neurologic disorders (e.g., amyotrophic lateral sclerosis). In this context, coordinated clinics have been shown to
improve patients’ care and quality of life while shifting care
away from hospital-based health services, resulting in a potential cost savings to patients and health care systems.24
We should note that all the specialists do not need to reside
within the same space, although a coordinated clinic can have
obvious beneﬁts for clinicians and providers alike. The
linchpin to deliver multidisciplinary care is strong communication. This approach may require ongoing reassessment of
interdepartmental workﬂows related to care delivery including coordinating appointment for patients. In addition,
although team members may vary from center to center, the
core principle remains the same: provide expert, holistic assessment, and treatment.
Neurologist With Experience in Treating
Autoimmune Disorders
These specialists have speciﬁc training and knowledge that
can promote early disease recognition. They also have
detailed knowledge of and access to the newest generation
of targeted IV monoclonal therapies while mitigating potential long-term complications from these therapies such
Neurology.org/NN

as osteoporosis, infections, and progressive multifocal
leukoencephalopathy.
These specialists can also oﬀer expertise in seronegative autoimmune neurologic cases, which are particularly challenging.
For example, a short immunotherapy trial may be pursued when
seronegative AE is suspected. There is limited evidence around
these trials, and we would caution clinicians to have objective
measures to determine the true eﬃcacy of treatment. These
measures may be framed around the most prominent or troublesome objective symptom, optimizing the ability to assess
response to therapy and avoiding the need to rely on subjective
perception of response, which is particularly susceptible to bias.
For example, clinicians can use the Scale for the Assessment and
Rating of Ataxia,25 the Symbol Digit Modalities Test, or the
Montreal Cognitive Assessment 26 for reliable scores to measure
the success of a trial. In addition to understanding the role of
empiric immunotherapy trials, neurologists should have the
experience and conﬁdence to consider discontinuation of these
trials based on objective ﬁndings or lack thereof.
Neurologic Subspecialities
Immune-mediated disorders may cause wide-ranging neurologic manifestations, necessitating broad consultation across
neurologic and non-neurologic subspecialties. This can include
cognitive and behavioral neurology (e.g., dementia), movement
disorders (e.g., chorea, myoclonus, and cerebellar syndrome),
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epilepsy (e.g., autoimmune-related seizures), neuro-oncology
(e.g., paraneoplastic disorders), sleep medicine (e.g., sleep apnea, narcolepsy, and disorders of arousal), and neuromuscular
disorders (e.g., hyperexcitability disorders).
An epileptologist with experience in treating AE is a particularly
important partner. Immune-mediated epileptogenesis is a distinct entity recognized by the International League Against
Epilepsy. Seizures are a common ﬁnding in AE and can be the
manifestation of neurologic dysfunction that prompts patients
to initially seek care. Even in the absence of overt seizures,
repeated assessment for seizures including EEG monitoring is
usually warranted.27 Clinical features that would support an
immune-mediated basis include acute/subacute onset of focal
seizures with an unusually high seizure frequency and a lack of
response to standard AEDs.28 Once an autoimmune disorder is
properly treated, AEDs may be tapered under the supervision
and follow-up of an epileptologist.29,30
Neuropsychology
Neuropsychologists play an important role in long-term followup, given the frequency and severity of cognitive impairment in
recovering patients. Cognitive impairment can negatively aﬀect
employment, social engagement, and treatment adherence.31
Given these eﬀects, appropriate identiﬁcation and treatment of
the speciﬁc domains aﬀected in a patient endorsing cognitive
dysfunction is especially warranted. Neuropsychologists can also
help elucidate underlying tangentially related or confounding
mood and/or behavioral symptoms.
Psychiatry
The recent focus on AE has further blurred the artiﬁcial distinction between neurology and psychiatry because most
patients develop neuropsychiatric symptoms. In the end,
collaboration between both disciplines is critical. Refractory
psychosis may require the use of high-potency antipsychotic
agents, which are associated with increased risks of extrapyramidal side eﬀects, seizures’ threshold, autonomic symptoms,
neuroleptic malignant syndrome (especially in NMDAR encephalitis), and sedation.32,33 In addition, the medication used
to treat AE can have a signiﬁcant burden of psychiatric side
eﬀects (e.g., corticosteroids causing agitation and AEDs
leading sedation). Many patients have persistent neuropsychiatric symptoms years out from their initial diagnosis.34 In
NMDAR encephalitis, many patients will be on long-term
psychotropic medication while also experiencing emotional
lability and impulse control problems.35 Psychiatrists, especially those with experience in treating AE, are vital members
of the treatment team. Collaboration between neurologists
and mental health clinicians during hospitalization, at discharge, and throughout outpatient treatment is fundamental
and can have a far-reaching eﬀect on outcomes in AE cohorts.8
Rehabilitation Services
Rehabilitation services are an integral part of the treatment
and can focus on both physical and emotional well-being. This
team encompasses physical medicine and rehabilitation
6

specialists, psychologists, physical therapists, occupational
therapists, social workers, and speech therapists. These services focus on a broad range of functions that can include
ability to perform activities of daily living, mobility, return to
work, and driving. The speciﬁc rehabilitation plan including
whether the inpatient or outpatient setting is most appropriate is jointly developed between members of the treatment
team. A medical social worker can also provide psychosocial
support and evaluate for ﬁnancial needs. They can connect
patients/caregivers to advocacy groups, which can play a
critical role in the recovery process and patient
empowerment.
Primary Care Clinicians
Primary care clinicians play an essential role in providing
support with ongoing health maintenance and managing
comorbidities. This can also include counseling on healthy
lifestyle measures that may promote recovery (e.g., smoking
cessation, regular exercise, and diet) while ensuring that ageappropriate screening measures are completed. Furthermore,
they can ensure that a patient’s vaccination schedule is up to
date because most of the immunotherapy used in the treatment of AE alter the immune response, which may be associated with an increased risk of infections and an impaired
ability to mount an immune response. Proactive management
through a partnership of patients, caregivers, and primary care
clinicians is vital for long-term AE care.

Long-term Prognosis
A growing body of literature demonstrates the long-term cognitive, psychiatric, and physical sequelae experienced by patients
with AE. In particular, nonmotor outcomes can be overlooked in
routine practice but are of increasing importance to recovering
patients and caregivers. In particular, cognitive impairment and
psychiatric/behavioral sequelae complicate recovery and contribute to morbidity.8,36 Evidence citing “good outcomes” in AE
is commonly deﬁned as an mRS score of ≤2, which oﬀers a very
broad range in recovery as the scale is heavily weighted toward
motor function. This measure neglects more meaningful outcomes such as resumption of gainful employment or schooling
and establishment of personal relationships.6 It is imperative to
consider these professional and social consequences because AE
usually strikes young adults.
Impairments relating to social behaviors can be slow to recovery and may limit functional independence. A group of
nearly 60 patients with NMDAR encephalitis surveyed years
out from their index diagnosis still identiﬁed factors foreshadowing a poor, long-term prognosis. Nearly one-third did
not resume their prior work or schooling after their illness,
whereas 20% of patients required special accommodations
because of persistent deﬁcits.8,37
Behavioral outcomes in broader cohorts (including antibodynegative AE patients) have shown similar results. In 1 study,
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only 50% of the patients had returned to work despite the fact
that 85% were employed before the onset of symptoms. Most
patients still required help with advanced activities of daily
living including medication management, transportation, or
managing household ﬁnances. When analyzing adaptive behaviors, patients scored lower on all measured domains. Of
interest, patients with NMDAR encephalitis appeared to have
better outcomes than did those with other forms of AE. This
may be related to the increased clinical awareness of this
disorder and oﬀer hope that prompt recognition of other AE
disorders can oﬀer long-term improvement in functional
domains.35 Other potential explanations may include the fact
that patients with NMDAR encephalitis are typically younger
with a greater potential for recovery,37 although there is evidence that patients on either age extreme (i.e., young children
and older adults) tend to have worse clinical outcomes.4
Detailed neuropsychological proﬁles have conﬁrmed executive dysfunction along with impairment in attention and
working/episodic memory in some individuals’ years after the
NMDAR encephalitis index admission. These deﬁcits are
concordant with advanced imaging analyses. Resting-state
functional MRI and diﬀusion tensor imaging have revealed
reduced hippocampal functional connectivity and atrophy in
patients with NMDAR encephalitis38 and LGI-1 antibody
encephalitis.34
Safe return to driving is integral to a patient’s independence,
autonomy, and work/school enrollment. A study conducted
at Washington University in St. Louis, Missouri, showed dynamic changes in the driving patterns of 5 recovering patients
with NMDAR or LGI-1 antibody-mediated encephalitis.
These patients took frequent, shorter trips earlier in their
recovery, which may reﬂect a type of “self-regulation.” With
time, these patients had normalization in their driving patterns, although there was a higher proportion of aggressive
driving actions in the AE cohort when compared with controls.39 This group did not investigate whether there was any
visual spatial dysfunction such as having trouble navigating
new routes or forgetting where they parked their car. In another longitudinal LGI-1 study, 11 patients with reportedly
good outcomes (i.e., mRS 0–2) showed inferior spatial recognition scores. This type of dysfunction can have pronounced impact on daily function and can be diﬃcult to
capture on our current outcome measures.13

Incorporating Research Into
Multidisciplinary Care
International, multicenter randomized controlled trials are
needed to guide treatment in AE and limit variability in treatment approaches.40 A number of oﬀ-label immunotherapies
have been proposed for AE, but there is no consensus on the
type, timing, dose, or route of delivery of these agents.41 Highquality evidence is needed to inform the selection of safe and
eﬃcacious therapies. One of the strengths of a dedicated
Neurology.org/NN

neurology clinic for autoimmune patients is the ability to oﬀer
unique opportunities for patients through clinical trial participation. These multidisciplinary autoimmune neurology clinics
would be ideally positioned to serve as a portal to these studies.
Research can span many relevant areas such as drug development, neuroimaging, genomics, quality of life, and behavioral studies including evaluation of neurocognitive outcomes.
Furthermore, a biospecimen repository may be eﬀectively used
in these clinics to facilitate future research projects.

Conclusion
Autoimmune neurology is a rapidly developing subspecialty.
Familiarity and awareness of diﬀerent antibody-associated
phenotypes can help to ensure prompt diagnosis and treatment. In cases that are less clear, a sound diagnostic approach
anchored on objective clinical ﬁndings is important for optimizing outcomes. Clinical monitoring and treatment must
expand beyond the acute care setting. A growing body of
literature illustrates prolonged periods of recovery complicated by behavioral dysfunction and neuropsychiatric symptoms in the months to years after the diagnosis. These ﬁndings
highlight the importance of comprehensive teams with expertise in autoimmune neurologic disorders. The ultimate
goal is to provide optimal, long-term outpatient care coordinated among clinicians while anticipating the needs of the
patients and caregivers.
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