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Abstract

Objectives: Autoimmune encephalitis (AE) is increasingly recognized as an important cause of
subacute cognitive decline, seizures, and encephalopathy, with an ever-broadening clinical
phenotype. Sleep disturbances are reported in AE patients, including rapid eye movement sleep
behavior disorder, hypersomnia, fragmented sleep, and sleep-disordered breathing; however, the
prevalence of sleep disturbances and contributions to outcomes in AE patients remain unknown.
There is a need to determine the prevalence of sleep disturbances in AE patients, and to clarify the
relationship between specific autoantibodies and disruptions in sleep.

Methods: Clinical history, results of serum and cerebrospinal fluid testing,
electroencephalography, and neuroimaging were reviewed from 26 AE patients diagnosed and
managed at our tertiary care hospital. Polysomnography was performed in patients with clinical
indications, yielding data from 12 patients.

Results: The median age of AE patients was 53 years (range, 18-83). Autoantibodies against
intracellular antigens (including Ma and Hu autoantibodies) were identified in 6/26 (23%)
patients, while autoantibodies against cell-surface neuronal antigens (including NMDAR and
LGI1) were identified in 20/26 (77%) patients. New sleep complaints were reported by 19/26
(73%) AE patients, including gasping or snoring (9/19, 47%), dream enactment behavior (6/19,
32%), insomnia (5/19, 29%), hypersomnia (4/19, 21%), other parasomnias (4/19, 21%), and
dream-wake confusional states (2/19, 11%). Dream enactment behaviors were particularly
common in AE associated with LGI1 autoantibodies, reported in 4/7 (57%) patients.
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Polysomnography showed reduced total sleep time, stage 3 and rapid eye movement sleep, and
prominent sleep fragmentation.

Conclusion: Sleep disturbances are common in AE, warranting active surveillance in affected
patients. Improved identification and treatment of sleep disorders may reduce morbidity associated
with AE and improve long-term outcomes.
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autoimmune encephalitis; NMDAR encephalitis; LGI1 autoantibodies; REM-behavior disorder;
restless legs; sleep apnea; polysomnography

Introduction

Methods

Autoimmune encephalitis (AE) is an important cause of subacute cognitive decline, seizures,
and encephalopathy, with rising prevalence and a high potential for treatment-responsiveness
[9, 11, 16]. As understanding of the clinical phenotype has expanded [30], so too has
appreciation of the cognitive sequelae that persist in subsets of AE patients [12, 14, 18, 26,
37, 41]. The factors that contribute to persistent impairment are largely unknown,
challenging efforts to develop efficacious treatments that improve long-term outcomes.

A myriad of sleep disturbances are reported in AE patients, including rapid eye movement
(REM) sleep behavior disorder (in patients with antibodies against voltage-gated potassium
channel complex antigens—now classified as antibodies against leucine-rich glioma-
inactivated 1 [LGI1] or contactin-associated protein 2 [CASPR2] [6, 8, 19]), hypersomnia
and fragmented sleep (in patients with Ma autoantibodies [22]), insomnia and periodic limb
movements (in patients with dipeptidyl-peptidase-like protein-6 [DPPX] autoantibodies
[42]), and sleep-disordered breathing (in patients with IgLON5 autoantibodies [15]).
Although many sleep disorders manifest during the acute phase of the disease and resolve
with appropriate treatment, others may persist long after inflammation is appropriately
treated [4]. Whether persistent sleep disorders contribute to adverse outcomes following AE
is unknown.

There is a clear need to define the prevalence and subtypes of sleep disturbances in AE
patients, and to clarify the relationship between specific autoantibodies, sleep
symptomatology, and outcomes. Recognizing this, we considered the frequency and
subtypes of sleep disturbances in AE patients diagnosed and managed at our tertiary care
center.

Standard Protocol Approvals, Registrations, Patient Consents

Clinical and diagnostic data, including serum and cerebrospinal fluid (CSF) test results,
electroencephalography (EEG), and brain magnetic resonance imaging (MRI), were
reviewed from 26 AE patients consecutively-encountered from July 2011 to May 2018 at
our tertiary care center (Barnes-Jewish Hospital; Washington University School of
Medicine; Saint Louis, Missouri). Patients were enrolled in prospective research studies,
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permitting continued collection and evaluation of active clinical symptoms and signs in
patients with new diagnoses of AE, and retrospective review of existing medical records
(including sleep symptomatology). Polysomnography (PSG) was performed in patients with
active sleep complaints and a clinical indication. Study protocols were approved by the
Washington University School of Medicine Human Research Protections Office. Written
informed consent was obtained from all patients or their delegates.

Clinical Evaluation

Patients were admitted under the neurology inpatient service and thoroughly evaluated by
experienced clinicians. Information concerning presentation and past history was obtained
via interview of a reliable collateral source for all patients. All patients met criteria for
probable or definite AE, including presentation with the subacute-onset of memory deficits,
mental status change, or psychiatric symptoms; with at least one of new focal central
nervous system findings, unexplained seizures, CSF pleocytosis, or MRI features suggestive
of encephalitis; reasonable exclusion of alternative causes; and identification of disease-
associated autoantibodies in CSF and/or serum [16]. Autoantibody testing was performed at
the Mayo Clinic Neuroimmunology Laboratory (Rochester, Minnesota) using the
proprietary Autoimmune or Paraneoplastic Autoantibody Evaluation panels. Both panels
include indirect immunofluorescence assays, and are performed by applying specimen to
frozen mouse composite tissue, washed and treated with fluorescein-conjugated 1gG.
Subsequent testing for specific disease-associated antibodies was performed when indicated
(e.g., cell binding assays, Western blot, radioimmune assays).1 Mal/Ma2 antibody testing
was performed at Athena Diagnostics (Marlborough, Massachusetts) using a semi-
quantitative automated nanoliter scale immunoassay.2 Investigations and treatments were
ordered by treating clinicians, following discussion with the patient and collateral source.

Sleep Assessment

All patients were specifically asked about sleep complaints and premorbid sleep diagnoses at
presentation. Collateral sources (bed partners when appropriate; otherwise family members)
were additionally queried concerning sleep symptoms, including restless sleep, snoring or
gasping, witnessed apneas; insomnia or hypersomnia; uncomfortable urge to move legs or
limb movements during sleep; and parasomnias, including somniloquy, somnambulism, and
dream enactment behavior. Hypersomnia was defined as excessive daytime sleepiness or
prolonged sleep duration (periods greater than 10 hours). Insomnia was characterized by
reported atypical or disruptive difficulty falling or staying asleep. Restless legs syndrome
(RLS) was clinically diagnosed using the International RLS Study Group criteria, requiring
an urge to move limbs usually associated with paresthesias or dysesthesias, symptoms that
start or worsen with rest, at least partial relief of symptoms with physical activity, and
worsening of symptoms in the evening or night [3]. Limb movements in sleep were frequent
stereotyped movements in sleep as described by a reliable bed partner. Parasomnias were
defined as complex behaviors in sleep, including talking, walking, goal-directed behaviors,

1Details available via the Mayo Clinic website:https://www.mayocliniclabs.com/test-catalog/Overview.
Details available via the Athena Diagnostics website: https://www.athenadiagnostics.com/view-full-catalog/r/recombx-trade;-mata-
autoantibody-test-(1)
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or clear dream enactment behavior with dream recall. In the subset of patients who
underwent PSG, a detailed sleep history was obtained by a board-certified sleep specialist.

Polysomnography was completed in 13 patients with clinical indications (i.e., symptoms/
signs suggesting sleep related breathing disorders, or potentially injurious sleep-related
behaviors, such as dream enactment behavior). In one patient, only 5 minutes of sleep time
was recorded; data from this PSG was excluded from subsequent analyses. For the 12
remaining patients, PSG was performed a median of eight months following symptom onset
(range 1-67 months). Two PSGs were performed within a month of symptom onset. Prior to
PSG completion, all patients were screened for neurologically active medications known to
affect PSG results (Supplemental Table 1). PSG was recoded and scored by a board-certified
sleep medicine physician (GDB), in accordance with the American Academy of Sleep
Medicine (AASM) criteria for the scoring of sleep and associated events in place at the time
of scoring (Versions 2.0 to 2.3) [1, 2]. A desaturation threshold of 4% was used for scoring
hypopneas across all studies in accordance with acceptable parameters as outlined in
Chapter VIII, Part 1: Rules for Adults, Category D, Section 1B [1, 2]. Predetermined PSG
outcome measures included total sleep time, sleep efficiency, percentage of time in sleep
stages, periodic limb movement index, presence of REM without atonia (defined according
to visually scored AASM criteria using electromyography leads placed on the chin and the
lower extremities), and the presence and severity of sleep-disordered breathing. Observed
patient total sleep time was compared with normative data for the human sleep cycle,
measured in cognitively normal, healthy adults and published in aggregate [32].

Statistical analysis

Results

Clinical data were analyzed using SPSS Statistics (IBM Corp., Version 24.0. Armonk, NY).
Continuous and categorical measures were compared using the Mann-Whitney Utest, and
Fisher’s exact test, respectively. The relationship between the frequency of sleep
disturbances and age was evaluated using univariate linear regression. Statistical significance
was defined as p<0.05.

Participant Characteristics and Clinical Findings

Aggregate demographic details, clinical characteristics, and results of investigations are
presented in Table 1 for AE patients (see Supplemental Table 1 for case-by-case details).
Disease severity varied across patients; 10 patients (38%) required admission to an intensive
care unit, most often for management of respiratory failure (9/10, 90%). The median length
of hospital stay was 15 days (range, 3-87 days). Sixteen patients (16/26, 62%) required
readmission for resurgent or relapsing AE; of these, 12 were readmitted within 30 days of
initial discharge.

Disease-associated autoantibodies were detected in the CSF (52%), serum (24%), or CSF
and serum (24%) of 25 patients (25/26, 96%). Six patients (6/26, 23%) had antibodies to
intracellular antigens, including Mal/Ma2, Yo (Purkinje cell cytoplasmic antibody type 1),
Hu (type 1 anti-neuronal nuclear antibody), and CRMP5 (collapsin response-mediator
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protein-5). Autoantibodies against cell-surface antigens were identified in 20 patients (20/26,
77%), including LGI1 (leucine-rich glioma-inactivated protein 1), NMDAR (N-Methyl-D-
aspartate receptor), AMPA (alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid—
case details previously published [24]), and GABA (gamma-aminobutyric acid). One patient
had antibodies against intracellular (Hu and CRMP5) and cell-surface antigens (NMDAR)
[23]. Voltage-gated calcium channel antibodies were identified in the serum of one patient,
with unclear pathogenic relevance (0.60 nmol/L; brain MRI with bilateral temporal lobe T2
hyperintense lesions). The remaining patient presented with subacute cognitive decline,
seizures, and hallucinations (Case 26, Supplemental Table 1). Subsequent evaluation
revealed CSF leukocytosis and unilateral occipital T2 hyperintensities on brain MRI Deficits
resolved following treatment with steroids, with no alternative etiology identified, fulfilling
diagnostic criteria for definite AE [16].

Magnetic resonance neuroimaging and CSF analyses were performed in all patients over the
course of their admission. Brain MRI was abnormal in 18 patients (69%), with T2/FLAIR
hyperintensities predominating. Contrast-enhancing lesions were detected in three patients
(3/18, 17%). Other findings included diffusion restriction of the cortical ribbon (in one
patient with anti-NMDAR encephalitis), mild generalized atrophy (in one patient with LGI1
antibody-associated encephalitis), and cerebellar atrophy (in one patient with cerebellar
degeneration associated with Yo antibodies). Cerebrospinal fluid was abnormal in 21
patients (81%). Leukocytosis (>5 nucleated cells/HPF) was the most common finding.
Greater than four CSF-specific oligoclonal bands were observed in the CSF of 8/26 (31%)
patients.

Disease-associated malignancies were detected in seven patients (7/26, 27%), including
ovarian teratomas in two patients with anti-NMDAR encephalitis, renal cell carcinoma and a
regressed germ cell carcinoma in one patient each with encephalitis associated with Mal and
Maz2 antibodies, ovarian carcinoma in a patient with paraneoplastic cerebellar degeneration
(associated with Yo antibodies), and small cell lung cancer in two patients with
paraneoplastic encephalitis associated with Hu antibodies.

Sleep Disturbances

Nineteen patients or their collateral sources (73%) complained of new or worsened sleep
disturbances, most commonly gasping or snoring or witnessed apneas, followed by dream
enactment behavior (Table 2). Two patients had pre-existing diagnoses, including RLS (Case
8) and obstructive sleep apnea (OSA,; Case 7, Supplemental Table 1). Sleep disturbances
emerged concurrent with symptoms of AE in all patients. No association was detected
between the prevalence of new or worsened sleep disturbances and age (univariate linear
regression, OR=1.03, [95% ClI, 0.98-1.07], p=0.26), gender (female [8/12, 67%] vs. male
[11/14, 79%]; p=0.67), or antibody class (cell-surface [13/19, 68%] vs. intracellular
autoantibodies [5/6, 93%]; p=0.64). Table 3 summarizes new or worsened sleep symptoms,
stratified by disease-associated autoantibodies. Dream enactment behavior was particularly
common in AE associated with LGI1 autoantibodies, with complex nocturnal movements
reported in 4/7 (57%) patients.
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Polysomnography

Overnight PSG results are reported in Table 4 for the twelve AE patients who underwent
formal evaluation. Total recorded sleep time was highly variable, ranging from 78 to 395
minutes. Sleep fragmentation was frequently observed (Figure 1). Seven participants (7/12,
58%) had total sleep time below the range of values reported in age-matched healthy
sleepers [32]. Identifiable sleep architecture, including sleep spindles and K complexes, was
present in 11/12 patients (one patient clinically appeared to be sleeping). Stage | and 11 sleep
predominated in the majority of participants. Stage Il sleep was absent in 10/12 (83%)
patients, while REM sleep was absent in 4/12 (33%) patients (Supplemental Table 2). These
findings distinguished patients with AE from normal adults, in whom stage 111 and REM
sleep was absent in less than 5% of age-similar reference populations [32].

Other abnormal findings included OSA in five patients (5/12, 42%) and elevated periodic
limb movement index (>15/hour) in three patients (3/12, 25%), representing new diagnoses
in all cases. In patients with an elevated AHI, no seizure activity was detected on EEG leads
during PSG. Four of six patients with suspected dream enactment behaviors underwent PSG,
including 2/4 patients with LGI1 autoantibodies. PSG demonstrated REM without atonia in
three patients: two with LGI1 autoantibodies, and one with NMDAR autoantibodies,
establishing the diagnosis of REM sleep behavior disorder. Multiple sleep-onset latency
testing was consistent with narcolepsy in one patient with Mal/Ma2 antibodies (mean sleep
latency 3.74 minutes, sleep onset REM periods 2/5). Another patient with autoantibodies
against Hu, NMDAR, and CRMPS5 had a clinical presentation suggestive of agrypnia
excitata with absence of normal sleep architecture on PSG (previously reported [23]).

Patient Outcome

All patients were treated with immunomodulatory therapies, including steroids, 1V1g,
plasmapheresis, and/or rituximab. Four patients (4/19, 21%) died of complications of their
illness (median time from symptom onset to death, 5.5 months; range, 4-57), with three
patients undergoing post-mortem neuropathological assessment (Cases 4, 6, and 8;
Supplemental Table 2). Of the 15 surviving patients, 14 completed at least one outpatient
follow-up visit, providing an opportunity to assess outcomes (median duration of follow-up,
27 months; range 9-76). Sleep complaints completely resolved following treatment in 10/14
(71%) patients (Supplemental Table 2). Four of six (67%) patients with dream enactment
behavior reported improvement following treatment. Patients also reported improvement in
snoring or gasping and witness apneas (5/9, 56%), insomnia (3/5, 60%), restless sleep (3/5,
60%), hypersomnia (2/4, 50%), somniloquy or somnambulism (2/4, 50%), limb movements
during sleep (1/3, 33%), and dream-wake confusion (1/2, 50%). The remaining four patients
(29%) endorsed persistent sleep disturbances of varying intensity, including three patients
with excessive daytime sleepiness (of these, one patient with OSA was non-compliant with
recommendations for continuous positive airway pressure, and one patient was actively
receiving chemotherapy for the treatment of ovarian cancer).
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Discussion

Seventy-three percent of patients diagnosed with AE at our center endorsed new or
worsened sleep disturbances: most commonly gasping or snoring, dream enactment
behavior, and insomnia. This finding suggests that sleep disruptions are common in AE
patients. Dream enactment behaviors were especially common in patients with AE
associated with LGI1 autoantibodies, while narcolepsy was diagnosed in one patient with
Mal/Ma2 autoantibodies. Taken together with prior reports [10, 15, 19, 36], these findings
suggest that specific autoantibodies may connote increased risk of specific sleep
disturbances. If confirmed in larger cohorts, these observations would provide insight into
both the clinical manifestations of AE, and the neurological underpinnings that mediate
sleep function and dysfunction.

The importance of consolidated stage 111 sleep to memory and attentional function is well
recognized in animals [17, 33] and humans [5, 7, 39], with impaired stage 111 sleep
predicting impaired memory and attention. Additionally, emergent literature suggests that
sleep disruption may contribute to the clinical and pathological manifestations of
neurodegenerative diseases, including Alzheimer disease [20, 28, 34], Parkinson disease [13,
27], and human prionopathies [21]. Disruptions in sleep architecture were apparent in AE
patients who underwent PSG in our cohort, with prominent decreases in sleep efficiency,
loss of stage I11 and REM sleep, and sleep fragmentation compared to age-similar healthy
adults. This finding raises the possibility that sleep disturbances may contribute to the
impairments in memory and attention that are increasingly reported in recovering AE
patients [18, 26, 31, 41, 44].

In addition to abnormalities in sleep architecture, treatable sleep disorders were frequently
recognized in AE patients, including OSA and RLS. Beyond cognitive deficits seen in
untreated OSA [43], sleep disordered breathing adversely affects cardiac and respiratory
function [25, 29, 38]. Thus, untreated OSA could contribute to autonomic dysfunction that is
common in several subtypes of AE, complicating efforts to wean from cardiorespiratory
support in mechanically ventilated patients, prolonging requirement for sedating
medications and hospital stay, and exposing patients to additional risk. This cohort was not
large enough to compare the relative frequency of RLS and OSA with that expected in other
populations; thus, it is unknown whether RLS and OSA is more common in AE patients than
would be expected in cognitively normal healthy individuals, and patients with other
neurological disorders [40].

Six patients reported complex movements in sleep consistent with dream enactment. REM
behavior disorder typically occurs in older patients, and may herald the emergence of
neurodegenerative diseases associated with pathological aggregation of alpha synuclein (i.e.,
idiopathic Parkinson disease, Dementia with Lewy bodies, and multiple systems atrophy)
[35]. In our cohort, dream enactment behaviors were reported in patients across the age
spectrum (median 49.5 years; range 19-83), including three patients younger than 40 years.
Symptoms resolved in 4/6 of these patients following AE treatment (two patients with
persistent sleep disturbances following treatment had AE associated with LGI1
autoantibodies). Although the duration of follow-up was not sufficient to exclude the
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possibility that surviving patients may yet present with symptoms and signs characteristics
of disorders associated with aggregates of alpha synuclein, parkinsonian signs were not
detected at follow-up in any patient. Furthermore, no alpha-synuclein aggregates were
reported on post-mortem examination in the brains of any of the three AE patients who died
and underwent autopsy (including an 88-year-old patient with prior history of AE associated
with LGI1 autoantibodies and dream enactment behavior; Case 8, Supplemental Table 2).
These findings add to a growing literature suggesting that REM sleep behavior disorder may
arise as a consequence of AE [6, 8, 15, 19]. The mechanisms underlying this phenomenon
are poorly understood.

Taken together, these observations justify active screening for sleep symptoms in AE
patients, acknowledging that prompt recognition and treatment of sleep disturbances may
improve acute and long-term outcomes. In addition, the high prevalence of disruptions in
sleep architecture on PSG suggests that clinicians should maintain a low threshold for
requesting formal PSG, in the interest of better defining sleep disorders in patients
recovering from AE (including the prevalence of asymptomatic disruptions in sleep
architecture).

Although sleep complaints were prevalent amongst AE patients, access to a relatively small
cohort limited our ability to consider the association between sleep disturbances and specific
autoantibodies. In addition, PSG was completed only in individuals with clinical indications,
and was performed a median of 8 months following diagnosis (range 1-67)— after initiation
of immunotherapy. As a result, our findings likely underestimated the prevalence of sleep
disruption in AE patients, particularly in the acute period. Immunotherapy itself may also
modify PSG findings. Finally, as clinically available antibody testing was completed in
patients, emergent antibodies, evaluated only in research settings, may have gone
undetected. The clinical expression of sleep disturbances are expected to vary with AE
subtype, with the frequency and type of sleep disturbance dictated by the specificity and
end-results of antibody-antigen interactions, and distribution of the antigenic target within
the central nervous system. Prospective studies enrolling larger cohorts of newly diagnosed
AE patients with active screening for sleep complaints and routine PSG are needed to clarify
the prevalence, spectrum of sleep dysfunction, association between specific sleep
disturbances and subtypes of AE, and indications for PSG in this unique patient population.
Additional studies should delineate the evolution of sleep disorders in this population over
time. Indeed longitudinal follow-up will be required to assess the effect of sleep dysfunction
on rates of recovery, and to evaluate the effects of treatment of associated sleep dysfunction
on meaningful longer-term outcomes in recovering AE patients.

Conclusions

Sleep disturbances were commonly encountered in AE patients assessed at our center,
including dream enactment behavior and poor sleep efficiency. These findings emphasize the
importance of screening for sleep disturbances in AE patients. Improved detection and
treatment of sleep disorders may reduce morbidity associated with AE, promoting better
long-term outcomes in recovering patients.
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Figure 1:

Sleep fragmentation in AE. Tracings of representative sleep stages from three AE patients.
A: 52 year-old woman with AE associated with NMDAR antibodies (Case 20), B: 66 year-
old man with Hu antibodies (Case 6), C: 83 year-old woman with LGI1 antibodies (Case 8).
The x-axis depicts sleep study duration (hours). The y~axis depicts sleep stages: movement
time (MT), wake (W), rapid eye movement sleep (R), stage | sleep (N1), stage 1l sleep (N2),
and stage 111 sleep (N3).
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Table 1:

Demographic features, clinical characteristics, and results of investigations in patients with autoimmune

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

encephalitis.

Participant characteristics (n=26) Finding
Demographic Features

Median age, y (range) 53 (18-83)

Female sex, n (%) 12 (46)

Education, y (range) 12 (10-16)

Race, n (%)

White, non-Hi spanic 21(81)

Back or African-American 4 (15)

Hispanic 1(4)
Clinical Findings, n (%)

Cognitive deficits (memory, confusion) 23 (88)

Psychosis, mood, or personality changes 17 (65)

Seizures 11 (42)

Ataxia 7(27)

Involuntary movements (dystonia, tremor, myoclonus) 6 (23)

Results of Investigations

Autoantibody detected, n (%) 25 (96)

Intracellular Mal/Ma2 2(8)
Yo 1(4)
Hu 3*%(12)
CRMP5 1%8)

Cell surface LGI1 7(27)
NMDAR 9*(35)
AMPAT 2(8)
GABA 1(4)
VGCC 1(4)

Cerebrospinal fluid findings
Median nucleated cells (range) 6.5 (0-619)
>5 nucleated cells, n (%) 13 (50)
Median protein mg/dl (range) 40 (17-484)
>4 CSF-specific oligoclonal bands, n (%) 8 (31)

Disease-associated tumor detected, n (%) 7(27)

T2 hyperintensities on MRI, n (%) 18 (69)
Temporal lobe/hippocampal, n (%) 7 (39)
Occipital lobe, n (%) 2(11)
Frontal lobe, n (%) 1(6)
Basal ganglia, n (%) 3(17)
Cerebellum, n (%) 2(11)
Brainstem, n (%) 2(11)
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Participant characteristics (n=26) Finding
Thalamus, n (%) 1(6)

*
One patient presented with AE associated with Hu, CRMP5, and NMDAR autoantibodies [23]

7LSee the following reference for a detailed description of these cases [24]

CSF= cerebrospinal fluid; MRI= magnetic resonance imaging.
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Table 2:

Reported new or worsened sleep symptoms in AE patients.

Sleep disturbance (n=19) Frequency, n (%)
Gasping or snoring 9 (47)
Dream enactment 6 (32)
Insomnia 5 (26)
Restless sleep 5 (26)
Witnessed apnea 5 (26)
Hypersomnia 4(21)
Somnambulism, somnilogquy 4(21)
Limb movements during sleep 3(16)
Restless legs symptoms ™ 2 (11)
Dream-wake confusion 2(11)

*
serum ferritin 8 ng/ml for one patient and results unavailable for another
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Table 3:

Reported new or worsened sleep symptoms in AE patients, stratified by disease-associated autoantibody.

Autoantibody  Reported Sleep Symptom, n (%)
AMPA Any symptom, 2 (100)
Hypersomnia, 1 (50)
Insomnia, 1 (50)

Snoring or gasping, 1 (50)

CRMP5™* Any symptom, 1 (100)
Insomnia
GABA Any symptom, 1 (100)

Hypersomnia
Snoring or gasping, witnessed apnea
Hu™ Any symptom, 3 (100)
Insomnia, 1 (33)
Witnessed apnea, 2 (66)
LGI1 Any symptom, 6 (86)
Dream enactment 4 (57)
Restless sleep, 3 (43)
Somniloquy, 3 (43)
Snoring or gasping, 2 (29)
Insomnia, 2 (29)
Limb movements during sleep, 2 (29)
Somnambulism, 1 (14)
Dream-wake confusion, 1 (14)
Restless legs symptoms, 1 (14)
Vivid dreams, 1 (14)
Mal/Ma2 Any symptom, 1 (50)
Hypersomnia
Insomnia
Limb movements during sleep
Restless legs symptoms
Snoring or gasping
NMDAR ¥ Any symptom, 5 (56)
Dream enactment, 2 (22)
Insomnia, 2 (22)
Snoring or gasping, witnessed apnea 2 (22)
Dream-wake confusion, 1 (11)
Restless sleep, 1 (11)
Somniloquy, 1 (11)
VGCC Any symptom, 0
Yo Any symptom, 1 (100)

Hypersomnia
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*
One patient presented with AE associated with Hu, CRMP5, and NMDAR autoantibodies [23]
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Table 4:

Polysomnography in AE patients. Values are median and range of all available data.

PSG Findings, n=12 Median (range)
AE Cohort Healthy Sleepers
Median Total Sleep Time, minutes 223 (78-395) 403 (165-458)
Median % N1 sleep 3.85 (2-14.1) 9.7 (3.4-35.4)
Median % N2 sleep 44,95 (6.8-69.1) 45.5(17.7-59.3)
Median % N3 sleep 0(0-11.2) 17.4 (0-37.5)
Median % REM sleep 10.55 (0-25.1)  13.6 (1.0-25.6)
Median Sleep Efficiency % 60.7 (17.7-96.9)  83.7 (34.4-95.3)
Median Apnea-Hypopnea Index 3(0.2-41.6) 1.7 (0-25)

Frequency, n (%)
Elevated Apnea-Hypopnea Index 5(42)

Mild (AHI 5-15) 3(25)

Mod (AHI 15-30) 0

Severe (AHI >30) ™ 2(17)
REM without atonia 3(25)
Dream enactment behavior 2(17)

Periodic limb movement >15/hour 3 (25)

*
median body mass index (BMI) for patients with OSA 30.4 (range 26.7-39.9) and without OSA 33.9 (range 21.3-38.6)

AHI= apnea hypopnea index; N1=stage | sleep, N2=stage Il sleep, N3=stage Il sleep, and REM= rapid eye movement sleep. Normative values
from healthy sleepers as reported in Mitterling et al., (2014) [32].
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