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Objective: Sleep disorders are common in voltage-gated potassium channel complex

antibody (VGKC-Ab) diseases. The aim was to investigate the sleep disturbances and

polysomnography (PSG) characteristics in patients with VGKC-Ab-associated diseases.

Methods: Twenty-seven patients with leucine-rich glioma-inactivated protein 1

antibody (LGI1-Ab) encephalitis, seven patients with contactin protein-like 2 antibody

(Caspr2-Ab)-associated diseases, and 14 healthy controls with at least one PSG or

actigraphy recording were recruited at Peking Union Medical College Hospital from

January 2014 to July 2019.

Results: Sleep disorders including insomnia, hypersomnia, rapid eye movement (REM)

sleep behavior disorder (RBD), periodic limb movements in sleep (PLMS), agrypnia

excitata, and obstructive sleep apnea syndrome were observed. Twenty-one PSG

recordings from patients with LGI1-Ab encephalitis demonstrated a decrease in total

sleep time (TST) (median 365.5, range 184.5–495.5min), sleep efficiency (70.0%,

47–92%), N3 sleep (9.7%, 0–32.9%), and REM sleep (9.9%, 0.4–27.9%). Of five patients

with Caspr2-Ab-associated diseases, TST was found to be 329.5 (167.0–377.5min),

and sleep efficiency was found to be 61.7% (34.6–71.7%). The percentage for N3 and

REM sleep was found to be 15.0% (0–34.6%) and 12.7% (0–22.2%), respectively. Both

RBD and PLMS were observed more frequently in patients with LGI1-Ab encephalitis.

We identified status dissociatus (SD) in five (23.8%) patients with LGI1-Ab encephalitis

and two (40%) patients with Caspr2-Ab diseases. The former is more likely to have

simple limb movements rather than complex movements, which mimic the contents

of their dreams. Continuous insomnia was more common in patients with Caspr2-Ab

diseases than patients with LGI1-Ab encephalitis. Patients reported clinical and PSG

improvements following immunotherapy.

Conclusion: Sleep disorders in patients with VGKC-Ab-associated diseases include

decreased TST and poor sleep efficiency. Our studies provide evidence of SD in patients

with LGI1-Ab encephalitis.

Keywords: sleep disorders, polysomnography, states dissociate, LGI1 antibody encephalitis, Caspr2

antibody-associated diseases
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INTRODUCTION

Voltage-gated potassium channels (VGKCs) are present on the
membrane of neurons. VGKC complex antibodies (VGKC-Abs)
were initially identified in patients with neuromyokymia (1–4)
and limbic encephalitis (5, 6). Themain target antigens of VGKC-
complex proteins are (i) leucine-rich glioma-inactivated protein
1 (LGI1), a secreted protein that expresses abundantly in the
hippocampus and the temporal cortex and binds to proteins
of the ADAM (a disintegrin and metalloproteinase) family (7,
8); (ii) contactin protein-like 2 (Caspr2) that expresses in the
juxtaparanodal region of myelinated axons in both brain and
peripheral nerve (8, 9).

LGI1 antibody (LGI1-Ab) is mainly associated with limbic
encephalitis and faciobrachial dystonic seizures (FBDSs). Caspr2
antibody (Caspr2-Ab) is associated with more diverse symptoms
including neuromyokymia, Morvan’s syndrome, and limbic
encephalitis (10). Sleep disorders are prominent manifestations
of Morvan’s syndrome and also commonly seen in LGI1-Ab
encephalitis. These clinical features include insomnia, rapid eye
movement (REM) sleep behavior disorder (RBD), periodic limb
movements in sleep (PLMS), hypersomnia, agrypnia excitata,
and obstructive sleep apnea syndrome (OSAS) (11–13). However,
the spectrum of sleep manifestations in LGI1-Ab and Caspr2-
Ab diseases has not been systematically studied. We conducted
a retrospective study to investigate sleep disturbance and
polysomnography (PSG) characteristics in patients with LGI1-Ab
encephalitis and Caspr2-Ab-associated diseases.

METHODS

Patients
The study enrolled 48 participants with at least one PSG or
actigraphy recording at the Peking Union Medical College
Hospital (PUMCH) from January 2014 to July 2019. Twenty-
seven subjects were diagnosed with LGI1-Ab encephalitis and
seven with Caspr2-Ab diseases. We included 14 age-matched
healthy controls who had no known history of sleep disorders
or neurological illness and no known factors that may affect
sleep such as shift work. All had a Pittsburgh sleep quality
index ≤5. The demographic information, clinical features, and
laboratory test data were reviewed. The diagnosis of autoimmune
limbic encephalitis was based on the criteria established by
Graus et al. (14): (i) subacute onset of memory deficits, seizures,
or psychiatric symptoms suggesting involvement of the limbic
system; (ii) T2-weighted hyperintensities of medial temporal
lobes; (iii) at least one of the following: cerebrospinal fluid
(CSF) pleocytosis, electroencephalogram (EEG) epileptic, or
slow-wave activity; (iv) exclusion of other causes. Morvan’s
syndrome was defined as a combination of cognitive symptoms
or seizures, peripheral nerve hyperexcitability, and dysautonomia
or insomnia (15).

Determination of Antibodies
We conducted a fixed cell-based indirect immunofluorescence
test (IIFT) for LGI1 and Caspr2 Abs using Biochips (Euroimmun
AG, Lübeck, Germany).

Sleep Assessments
Sleep was evaluated by video PSG and actigraphies. Overnight
video PSG monitoring was performed using the 76-channel
EEG/PSG recording system (Compumedics Grael series;
Australia), at the sleep laboratory of PUMCH. The minimal
recording time was 7 h. The following signals were recorded:
at least six EEG channels (two frontal, two occipital,
and two central), two electro-oculography channels, two
electromyography channels (mentalis/submentalis and tibialis),
nasal airflow, respiratory efforts (thoracic and abdominal), pulse
oximetry, body position, and a single-led electrocardiogram. The
results of PSGs were evaluated by experienced sleep specialists
blinded to clinical diagnosis, on the basis of standard scoring
practices (16). We analyzed the following sleep parameters:
total sleep time (TST), sleep onset latency, sleep efficiency,
the percentages of respective sleep stages, limb movement in
sleep (LMS) index, micro-arousal index, and apnea–hypopnea
index (AHI).

Sleep monitor by actigraphy was recorded using the
ActiGraph (Compumedics, Australia), placed on the non-
dominant wrist, for seven consecutive days at PUMCH. Data
were analyzed by experienced evaluators. For analysis of sleep–
wake differentiation, we used the ActiLife 6 software provided
by the manufacturer (Compumedics ActiGraph). The software
uses the algorithm by Cole et al., which was validated in an
adult population (17). The 24-h TST was measured. All sleep
assessments were performed during the acute phase of the
diseases. Most PSG and actigraphy recordings were performed
during treatment. All assessments were performed beforemarked
clinical improvements.

Before sleep assessments, patients and bed partners were
specifically asked about sleep complaints including insomnia,
excessive daytime sleepiness, limb movements, dream enactment
behavior, or snoring. Sleep specialists also evaluated the
symptoms by video during PSG monitoring.

Patients who had trouble staying awake while driving, eating,
or engaging in social activities were considered to have excessive
daytime sleepiness. Daytime sleepiness was assessed by free
interview. Dream enactment behavior was defined as nocturnal
vocalizations and limbs or trunkmovements with dream ideation
reported by a bed partner. Status dissociatus (SD) was reported
as a polysomnographic trait, which was characterized by (i)
lack of the conventional features of non-REM (NREM) sleep
with the disappearance of spindle and delta activities; and
(ii) unstable REM sleep appearing in short recurrent episodes,
isolated, or mixed with NREM potentials (18). The most
severe type of SD, associated with nearly continuous motor
overactivation and peculiar dream-like behavior, was known
as agrypnia excitata. Agrypnia excitata had been reported in
Morvan’s syndrome, familial insomnia, and alcohol withdrawal
syndrome (18, 19). Patients who had difficulty in initiating sleep,
difficulty maintaining sleep, waking up too early, or TST of
<360min resulting in daytime sleep impairment were considered
to have insomnia. Continuous insomnia was defined as no sleep
for more than 2 days. Clinical improvements were based on
patient subjective feelings, family observations, and neurological
examinations by clinicians.
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TABLE 1 | The clinical manifestations of patients with LGI1-antibody encephalitis

and Caspr2-antibody-associated diseases.

LGI1 (n = 27) Caspr2 (n = 7)

Gender, M:F 18:9 5:2

Age 63 (36–77) 59 (24–70)

Hospital days 21 (8–47) 29 (27–45)

Seizures 23 (85.2%) 2 (28.6%)

Psychiatric disorders 18 (66.7%) 4 (57.1%)

FBDSs 18 (66.7%) 0

Consciousness disorder 2 (7.4%) 1 (14.3%)

Myokymia 0 7 (100%)

Memory deterioration 26 (96.3%) 3 (42.9%)

Dysautonomia 14 (51.9%) 7 (100%)

Sleep disorders 27 7

Insomnia 15 (55.6%) 7 (100%)

Limb movement 18 (66.7%) 5 (71.4%)

Dream enactment behavior 5 (18.5%) 4 (57.1%)

Excessive daytime sleepiness 12 (44.4%) 3 (42.9%)

Sleep talking 3 (11.1%) 0

Snoring 1 (3.7%) 0

Ataxia 1 (3.7%) 2 (28.6%)

Hyponatremia 13 (48.1%) 4 (57.1%)

Abnormal PET/CT 14/17 (82.4%) 2/4 (50%)

Abnormal MRI 19 (70.4%) 0 (0/6)

Elevated CSF white cells 1 (3.7%) 2 (28.6%)

Elevated CSF proteins 5 (18.5%) 2 (28.6%)

Tumor 2 (7.4%) 0

LGI1, leucine-rich glioma-inactivated protein 1; Caspr2, contactin protein-like 2; FBDSs,

faciobrachial dystonic seizures; CSF, cerebrospinal fluid.

Statistical Analysis
Continuous non-normal distribution data, such as PSG data,
were described asmedians with range.Mann–WhitneyU test was
performed for comparisons between two groups. The frequency
data between two groups were compared by Fisher’s exact test.
All the tests were two-tailed, and statistical significance was set
at p= 0.05.

RESULTS

A total of 120 patients were diagnosed with LGI1-Ab encephalitis
at PUMCH. Fifty-one (42.5%) of these patients presented with
sleep disorders. Twenty-four patients were diagnosed with
Caspr2-Ab-associated diseases, of whom 11 (45.8%) patients had
sleep disturbances. Data from all participants with detailed sleep
assessments were reviewed as below.

LGI1 Antibody Encephalitis
Twenty-seven patients with LGI1-Ab encephalitis underwent
PSG or actigraphy recordings. All patients had positive
serum/CSF LGI1-Ab, but none had positive Caspr2-Ab in serum
or CSF. Eighteen (66.7%) patients were male. Their median
age was 63 years (range 36–77 years). All patients met the
criteria of limbic encephalitis. Almost all patients developed

TABLE 2 | PSG results of patients with LGI1-Ab encephalitis and healthy controls.

LGI1 Controls p

(n = 21) (n = 14)

Age 63 (36–74) 57.5 (48–67) 0.359

Gender (M:F) 14:7 9:5 1.000

Sleep onset latency

(min)

15 (0–74) 12.5 (0–38) 0.752

REM sleep latency (min) 69.5 (1.5–279) 86.5 (7.5–345) 0.164

Sleep period time (min) 522.0 (375–586.5) 534.7 (491–672.5) 0.077

Total sleep time (min) 365.5 (184.5–495.5) 430.0 (324–552.5) 0.018

Sleep efficiency (%) 70.0% (47–92%) 75.4% (61.5–93.5%) 0.040

REM (%) 9.9% (0.4–27.9%) 16.1% (5.8–23.8%) 0.044

N1 (%) 20.1% (4–86%) 12.1% (6.1–19.5%) 0.008

N2 (%) 51.0% (0.7–73.2%) 52.8% (42.8–58.5%) 0.654

N3 (%) 9.7% (0–32.9%) 19.5% (8.3–23.4%) 0.006

Total wake time (min) 118.0 (37–266) 107.7 (35–202.5) 0.210

Micro-arousal index 31.5 (6.8–59.4) 23.3 (0–52) 0.616

Limb movement in sleep

index

62.6 (0–320.8) 12.7 (0–49.5) 0.001

PSG, polysomnography; LGI1, leucine-rich glioma-inactivated protein 1; REM, rapid

eye movement.

memory deterioration (96.3%) and seizures (85.2%). Other
clinical symptoms included psychiatric disorders (66.7%), FBDSs
(66.7%), dysautonomia (51.9%), hyponatremia (48.1%), and
consciousness disorder (7.4%) (Table 1). CSF studies showed
mildly elevated protein in five patients (0.47–0.63 g/L) and
elevated white cells (8 cells/µl) in one case. One patient
had gastric cancer. One patient had a hyper-metabolism
mass between the left subscapularis and anterior serratus
muscles in PET/CT. This patient refused biopsy and was lost
to follow-up.

Nineteen (70.4%) participants showed abnormal brain MRI
finding. Eighteen cases had mesial temporal lobe lesions, and
two had basal ganglion lesions. 18F-FDG PET/CTs were available
for 17 patients. Among these, 82.4% patients demonstrated an
abnormal metabolic pattern involving medial temporal lobes (n
= 12), basal ganglia (n = 11), cortex (n = 2), and thalamus
(n = 1). Twenty patients completed EEG recordings. Among
these, 70% had abnormal patterns including 11 patients with
epileptiform discharge, seven with focal or multifocal slow waves,
and three with diffused slow waves.

All 27 patients developed new-onset or worsened sleep
disturbances during the acute phase of encephalitis. Abnormal
LMS presented in 18 (66.7%) patients. Five of these patients had
dream enactment behaviors. Other sleep disturbances include
insomnia (55.6%), excessive daytime sleepiness (44.4%), sleep
talking (11.1%), and snoring (3.7%) (Table 1).

Twenty-one patients underwent PSG recordings (Table 2).
The medium of TST was 365.5 (184.5–495.5) min, and sleep
efficiency was 70.0% (47–92%). The percentages of the respective
sleep stages were 20.1% for N1 (4–86%), 51.0 % for N2 (0.7–
73.2%), 9.7% for N3 (0–32.9%), and 9.9% for stage REM (0.4–
27.9%). The LMS index was 62.6/h (range 0–320.8/h).
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FIGURE 1 | Sleep histogram. (A) Sleep histogram in a patient with LGI1-antibody encephalitis revealed severe impaired sleep structure, short REM sleep episodes

mixed with NREM sleep, and no N3 sleep. (B) Follow-up PSG showed identified sleep architecture and stable REM sleep. (C) Sleep histogram in a Morvan’s

syndrome patient showed absence of REM sleep and frequent shifts between wake and NREM sleep. LGI1, leucine-rich glioma-inactivated protein 1; REM, rapid eye

movement; NREM, non-rapid eye movement; PSG, polysomnography.

Healthy control and patients with LGI1-Ab encephalitis
showed no significant differences in age and gender (Table 2).
Patients with LGI1-Ab encephalitis had markedly decreased TST
(p = 0.018) and sleep efficiency (p = 0.040). We also found a
decrease in the percentage of REM sleep (p= 0.044) and N3 sleep
(p = 0.006) and an increase in the percentage of N1 sleep (p =

0.008) and LMS index (p= 0.001).
PSG demonstrated REM sleep without atonia (RWA) in eight

patients. Five of the patients had dream enactment behaviors and
were diagnosed with RBD. Other abnormal findings included
PLMS in 12 (57.1%) patients and OSAS (9.5%) in two patients
(AHI≥ 5/h) according to the International Classification of Sleep
Disorders (3rd edition). The frequencies of FBDSs, RWA, PLMS,
and epileptiform discharges were not significant based on PSG
parameters including sleep efficiency, TST, and the percentages
of the respective sleep stages (Supplement 1).

We found a complete breakdown of state-determining
boundaries and severe sleep fragmentation in five patients. Their
PSG results showed frequent shifts between wake, N1 and N2

sleep stages, and REMs frequently intermixed with slow eye
movements (Figures 1A, 2), which were consistent with the
features of SD. Three (60%) patients lacked N3 sleep with scanty
or absent sleep spindles. Four (80%) patients lacked stable REM
sleep. Of these five patients with SD, TST was 356.0 (267–495.5)
min, and sleep efficiency was 68% (50–91%). None had complex
movements mimicking the contents of their dreams. Instead, we
found markedly increased limb movements in three cases (LMS
index 241.6–320.8/h). Three patients had PLMS, two had RWA,
and four had epileptiform discharges. None had OSAS. Patients
with SD had a significant decrease of REM sleep (p = 0.011) and
an increase of N1 sleep (p = 0.032), than had patients without
SD (Table 3). We also observed a trend of N3 sleep decline
(p = 0.050). Other PSG parameters and frequencies of clinical
symptoms showed no significant differences.

Ten patients underwent actigraphy studies. Continuous
insomnia was observed in one patient (10%). A 24-h day–night
activity rhythmicity was observed in nine patients, including one
patient with SD (Figure 3A). Actigraphies detected a long time
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FIGURE 2 | Polygraphic recording in a patient with LGI1-antibody encephalitis who had status dissociatus showed dominated slow eye movements interspersed with

rapid eye movements. LGI1, leucine-rich glioma-inactivated protein 1.

sleeping (TST > 10 h) in one patient, with an average TST for 7
days of 1,025 min.

In conclusion, sleep disorders in LGI1-encephalitis
patients included insomnia, hypersomnia, RBD, PLMS,
and OSAS.

All 27 patients showed good responses to immunomodulatory
therapies including steroids, intravenous immunoglobulin
(IVIG), and/or immunosuppressants. Their average hospital
days stay was 21 (8–47) days. Two cases were followed up
on PSGs without relapses. One of the two patients had SD
during the acute phase. Her repeated PSG recording revealed
identified sleep architecture and stable REM sleep (Figure 1B).
She also had an increase of TST from 267 to 448.5min,
sleep efficiency from 49.8% to 56.9%, and REM sleep from
1.5 to 10.9%. An improvement in PSG recording was also
observed in the other patient (TST from 430 to 462.5min; sleep
efficiency from 80.3% to 84.8%; and REM sleep from 13.6%
to 15.0%).

CASPR2 Antibody Associated-Diseases
Seven patients with Caspr2-Ab diseases underwent detailed
sleep assessments. Four patients had co-occurrence of LGI1-Ab
at low titer. The sex ratio was 5:2 (male:female). The median
age was 59 years (range 24–70 years). All cases developed
neuromyokymia, dysautonomia, and sleep disturbances. Four
patients had cognitive impairment or seizures and fulfilled the
criteria of Morvan’s syndrome. Other presenting symptoms
were psychiatric disorders (57.1%), memory impairment
(42.9%), ataxia (28.6%), seizures (28.6%), hyponatremia
(57.1%), and consciousness disorders (14.3%) (Table 1). CSF
studies showed elevated protein in two patients (0.53–0.69 g/L)
and elevated white cells in two patients (10–17 cells/µl).

Cerebral MRIs were available in six patients with normal
finding. Of four patients who underwent PET/CTs, two
patients had abnormal metabolic patterns in the basal
ganglia and medial temporal lobe. Three patients had EEG
recordings. One was normal, one revealed epileptiform
discharge, one had mild excessive slow waves, and none
had tumors.

All seven (100%) patients had insomnia. Five patients had new
concerns of limb movements. Four of these patients had dream
enactment behavior during the acute phase. Excessive daytime
sleepiness was presented in three patients (Table 1).

PSG recordings were available in five patients. Sleep onset
latency was 13 (3.5–41.5) min. TST was 329.5 (167–377.5)
min. Sleep efficiency was 61.7% (34.6–71.7%) of sleep period
time (median 478.5, range 438–570min). The percentages of
the respective sleep stages were 27.5% for N1 (8.3–60.2%),
51.0 % for N2 (0.7–73.2%), 15.0% for N3 (0–34.6%), and
12.7% for stage REM (0–22.2%). LMS index was 53.3/h
(range 41–120.5/h). LMS indexes were higher than the range
of values in age-matched healthy sleepers in four patients
(20). PSG results demonstrated PLMS in one patient and
epileptiform discharges in another patient. None had RWA/RBD
and OSAS.

PSG recording demonstrated SD in two patients (Figure 1C).
The range of TST was from 167 to 354min. The range of
sleep efficiency was from 34.6 to 71.7%. One patient lacked
typical REM sleep, whereas another patient had no N3 sleep.
Both cases were diagnosed with Morvan’s syndrome and had
increased LMS (114–120.5/h). Agrypnia excitata was identified
in one patient who had complex movements mimicking the
contents of dreams and severe insomnia. PLMS were detected in
the other patients.
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TABLE 3 | The clinical and PSG characteristics in LGI1-Ab encephalitis with

status dissociatus (SD) and without SD.

LGI1 with SD LGI1 without SD p

(n = 5) (n = 16)

Gender, M:F 3:2 11:5 1

Age 66 (55–68) 60.5 (36–74) 0.445

Hospital days 28 (16–36) 18 (8–47) 0.275

Seizures 5 (100%) 13 (81.3%) 0.549

Psychiatric disorders 3 (60%) 11 (68.8%) 1

FBDSs 4 (80%) 10 (62.5%) 0.624

Consciousness disorder 0 1 (6.3%) 1

Memory deterioration 4 (80%) 16 (100%) 0.238

Dysautonomia 2 (40%) 9 (56.3%) 1

Hyponatremia 3 (60%) 6 (37.5%) 0.611

Abnormal MRI 3 (60%) 11 (68.8%) 1

Sleep onset latency (min) 15.5 (3.0–74.0) 14.3 (0–29.5) 1

Total sleep time (min) 356.0 (267.0–495.5) 366.8 (184.5–467.5) 0.905

Sleep efficiency (%) 68% (50–91%) 71% (47–92%) 0.842

REM (%) 4.3% (0.4–13.8%) 12.9% (3.9–27.9%) 0.011

N1 (%) 48.9% (14–86%) 18.3% (4–42%) 0.032

N3 (%) 0 (0–21.9%) 10.9% (0.3–32.9%) 0.050

PLMS 4 (80%) 9 (56.3%) 0.606

LMS index 241.6 (0–320.8) 60.8 (0–280.9) 0.266

OSAS 0 2 (12.5%) 1

RWA 2 (40%) 7 (43.8%) 1

Epileptiform discharges 4 (80%) 6 (37.5%) 0.149

Micro-arousal index 21.3 (15.2–292) 33.6 (6.8–366) 0.866

PSG, polysomnography; LGI1, leucine-rich glioma-inactivated protein 1; FBDSs,

faciobrachial dystonic seizures; PLMS, periodic limb movements in sleep; LMS, limb

movement in sleep; OSAS, obstructive sleep apnea syndrome; RWA, rapid eyemovement

sleep without atonia.

Actigraphies were performed in five patients. Four (80%)
artigraphies displayed continuous insomnia with marked diurnal
and nocturnal motor activities (Figure 3B). None had a long
time sleeping.

All seven patients with Caspr2-Ab diseases had improvements
on immunotherapy. Their hospital days were 29 (27–45) days.
One patient died of pneumonia during relapse. None had
repeated PSG evaluations.

DISCUSSION

Sleep disorders are common in VGKC-Ab diseases presenting
in 20–65% patients with LGI1-Ab encephalitis (21–24) and
22–68% patients with Caspr2-Ab-associated diseases (15, 25).
In our study, nearly half of the patients had sleep disturbances,
which was consistent with previous studies. Different forms
of sleep disorders were observed in our study including
insomnia, hypersomnia, RBD, PLMS, agrypnia excitata,
and OSAS.

PSGs in patients with LGI1-Ab encephalitis demonstrated
a decrease in TST, sleep efficiency, and the percentages

of REM and N3 sleep stages but a marked increase in
LMS index. Consistent with previous reports (8, 11, 26),
we found that RBD and PLMS were more common in
LGI1-Ab encephalitis than in Caspr2-Ab diseases. LGI1-Ab
encephalitis is characterized by limbic system involvements.
Previous studies demonstrated that the limbic system is
related to dreams during REM sleep and that its connections
with the brainstem are responsible for REM sleep atonia.
The dysfunction of the limbic system could account for
RBD (26, 27). All patients with LGI1-Ab encephalitis had
limbic encephalitis.

We found PSG parameters did not change with frequencies of
RWA/RBD, PLMS, FBDSs, or epileptiform discharges in patients
with LGI1-Ab encephalitis. We suggest that the declines of TST,
sleep efficiency, REM, and N3 sleep were caused by encephalitis
but no other sleep disorders.

SD was detected in VGKC-Ab diseases and was characterized
by sleep fragments and state-determining boundaries
breakdown. PSG showed frequent shifts between wake,
N1, and N2 sleep stages, and REMs intermixed with
slow eye movements. Agrypnia excitata was identified in
one patient with Morvan’s syndrome. We also provided
evidence for SD in LGI1-Ab encephalitis. Studies about SD
in LGI1-Ab encephalitis were very limited. Only one case
report described agrypnia excitata associated with LGI1-Ab
encephalitis (28). We found that 23.8% of patients with
LGI1-Ab encephalitis presented SD. These patients were
more likely to have simple limb movements rather than
complex movements. We also found decreased REM sleep,
increased N1 sleep, and a trend of N3 sleep decline in SD
patients. Other PSG data and clinical features did not change
with SD.

Actigraphies results revealed continuous insomnia in VGKC-
Ab-associated diseases. Animal experiments demonstrated that
VGKC complexes are related to sleep regulation. VGKC
dysfunction may be responsible for the increased motor
drive and reduction in sleep time (29, 30). We found that
continuous insomnia was more frequent in patients with
Caspr2-Ab-associated diseases than LGI1-Ab encephalitis, which
suggested that Caspr2-Ab cause more severe sleep disturbances.
Actigraphy is an alternative sleep assessment for patients who
could not complete PSG owing to severe insomnia. However,
actigraphy could not recognize the sleep stages or identify
sleep structure.

Hypersomnia was not rare in VGKC-Ab-associated diseases.
Long sleeping time was detected in actigraphy recordings.
The basal ganglia play an important role in sleep–wake
regulation. Bilateral lesions were made in the striatum,
which resulted in a significant reduction in time spent in
wakefulness (31). PET/CT revealed that basal ganglia were
commonly involved in patients with VGKC-Ab diseases.
Hypothalamus dysfunction, resulting in orexin-A reduction,
could also be a reason for hypersomnia and other sleep
disorders (32).

All patients showed improvements with immunotherapy.
Follow-up PSG evaluations demonstrated an increase in TST and
sleep efficiency and re-identified sleep structure.
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FIGURE 3 | Actigraphy reports. (A) Actigraphy in a patient with LGI1-antibody encephalitis who had status dissociatus showed 24-h day–night motor rhythmicity. (B)

Actigraphy in a patient with Caspr2-antibody-associated diseases showed continuous insomnia. LGI1, leucine-rich glioma-inactivated protein 1.

CONCLUSIONS

We found that sleep disorders including insomnia, hypersomnia,

RBD, PLMS, agrypnia excitata, and OSAS were commonly

encountered in VGKC-Ab diseases. A decrease in TST and

sleep efficiency and changes in the respective sleep stages were
observed. Evidence of SD in patients with LGI1-Ab encephalitis
showed that these patients are more likely to have simple limb
movements. However, the small sample size of patients with
LGI1-Ab encephalitis who had SD may have a bias on results of
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statistical analysis. Patients with Morvan’s syndrome who could
not complete PSG monitor due to severe insomnia were not
included. There is a need for more works to better understand
sleep disorders and SD in VGKC-Ab-associated diseases.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Peking Union Medical College
Hospital. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

ACKNOWLEDGMENTS

We are grateful to all the patients and their families who
participated in this study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2020.00696/full#supplementary-material

REFERENCES

1. Liguori R, Vincent A, Clover L, Avoni P, Plazzi G, Cortelli P, et al. Morvan’s

syndrome: peripheral and central nervous system and cardiac involvement

with antibodies to voltage-gated potassium channels. Brain. (2001) 124:2417–

26. doi: 10.1093/brain/124.12.2417

2. Barber PA, Anderson NE, Vincent A. Morvan’s syndrome associated

with voltage-gated K+ channel antibodies. Neurology. (2000) 54:771–

2. doi: 10.1212/WNL.54.3.771

3. Hart IK, Waters C, Vincent A, Newland C, Beeson D, Pongs O, et

al. Autoantibodies detected to expressed K+ channels are implicated in

neuromyotonia. Ann Neurol. (1997) 41:238–46. doi: 10.1002/ana.410410215

4. Shillito P, Molenaar PC, Vincent A, Leys K, Zheng W, van den Berg

RJ, et al. Acquired neuromyotonia: evidence for autoantibodies directed

against K+ channels of peripheral nerves. Ann Neurol. (1995) 38:714–

22. doi: 10.1002/ana.410380505

5. Buckley C, Oger J, Clover L, Tuzun E, Carpenter K, JacksonM, et al. Potassium

channel antibodies in two patients with reversible limbic encephalitis. Ann

Neuro. (2001) 50:73–8. doi: 10.1002/ana.1097

6. Thieben MJ, Lennon VA, Boeve BF, Aksamit AJ, Keegan M,

Vernino S. Potentially reversible autoimmune limbic encephalitis

with neuronal potassium channel antibody. Neurology. (2004)

62:1177–82. doi: 10.1212/01.WNL.0000122648.19196.02

7. Lai M, Huijbers MG, Lancaster E, Graus F, Bataller L, Balice-Gordon R,

et al. Investigation of LGI1 as the antigen in limbic encephalitis previously

attributed to potassium channels: a case series. Lancet Neurol. (2010) 9:776–

85. doi: 10.1016/S1474-4422(10)70137-X

8. Irani SR, Alexander S, Waters P, Kleopa KA, Pettingill P, Zuliani L, et

al. Antibodies to Kv1 potassium channel-complex proteins leucine-rich,

glioma inactivated 1 protein and contactin-associated protein-2 in limbic

encephalitis, morvan’s syndrome and acquired neuromyotonia. Brain. (2010)

133:2734–48. doi: 10.1093/brain/awq213

9. Lancaster E, Huijbers MG, Bar V, Boronat A, Wong A, Martinez-Hernandez

E, et al. Investigations of caspr2, an autoantigen of encephalitis and

neuromyotonia. Ann Neurol. (2011) 69:303–11. doi: 10.1002/ana.22297

10. van Sonderen A, Schreurs MW, Wirtz PW, Sillevis Smitt PA,

Titulaer MJ. From VGKC to LGI1 and Caspr2 encephalitis: the

evolution of a disease entity over time. Autoimmun Rev. (2016)

15:970–4. doi: 10.1016/j.autrev.2016.07.018

11. BlattnerMS, de Bruin GS, Bucelli RC, DayGS. Sleep disturbances are common

in patients with autoimmune encephalitis. J Neurol. (2019) 266:1007–

15. doi: 10.1007/s00415-019-09230-2

12. Cornelius JR, Pittock SJ, McKeon A, Lennon VA, Aston

PA, Josephs KA, et al. Sleep manifestations of voltage-gated

potassium channel complex autoimmunity. Arch Neurol. (2011)

68:733–8. doi: 10.1001/archneurol.2011.106

13. Barone DA, Krieger AC. Sleep disturbances in voltage-gated

potassium channel antibody syndrome. Sleep Med. (2016)

21:171–3. doi: 10.1016/j.sleep.2015.11.012

14. Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical

approach to the diagnosis of autoimmune encephalitis. Lancet Neurol. (2016)

15:391–404. doi: 10.1016/S1474-4422(15)00401-9

15. van Sonderen A, Arino H, Petit-Pedrol M, Leypoldt F, Kortvelyessy

P, Wandinger KP, et al. The clinical spectrum of Caspr2 antibody-

associated disease. Neurology. (2016) 87:521–8. doi: 10.1212/WNL.00000

00000002917

16. Berry RB, Brooks R, Gamaldo CE, Harding SM, Lloyd RM, Marcus CL,

et al. The AASM Manual for the Scoring of Sleep and Associated Events:

Rules, Terminology, and Technical Specifications. Version 2.1. Westchester, IL:

American Academy of Sleep Medicine (2014).

17. Cole RJ, Kripke DF, Gruen W, Mullaney DJ, Gillin JC. Automatic

sleep/wake identification from wrist activity. Sleep. (1992)

15:461–9. doi: 10.1093/sleep/15.5.461

18. Antelmi E, Ferri R, Iranzo A, Arnulf I, Dauvilliers Y, Bhatia KP, et al.

From state dissociation to status dissociatus. Sleep Med Rev. (2016) 28:5–

17. doi: 10.1016/j.smrv.2015.07.003

19. Baldelli L, Provini F. Fatal familial insomnia and agrypnia excitata: autonomic

dysfunctions and pathophysiological implications. Auton Neurosci. (2019)

218:68–86. doi: 10.1016/j.autneu.2019.02.007

20. Frauscher B, Gabelia D, Mitterling T, Biermayr M, Bregler D, Ehrmann L, et

al. Motor events during healthy sleep: a quantitative polysomnographic study.

Sleep. (2014) 37:763-73:73A–B. doi: 10.5665/sleep.3586

21. Arino H, Armangue T, Petit-Pedrol M, Sabater L, Martinez-

Hernandez E, Hara M, et al. Anti-LGI1-associated cognitive

impairment: presentation and long-term outcome. Neurology. (2016)

87:759–65. doi: 10.1212/WNL.0000000000003009

22. van Sonderen A, Thijs RD, Coenders EC, Jiskoot LC, Sanchez E, de BruijnMA,

et al. Anti-LGI1 encephalitis: Clinical syndrome and long-term follow-up.

Neurology. (2016) 87:1449–56. doi: 10.1212/WNL.0000000000003173

23. Gao L, Liu A, Zhan S, Wang L, Li L, Guan L, et al. Clinical characterization of

autoimmune LGI1 antibody limbic encephalitis. Epilep behav. (2016) 56:165–

9. doi: 10.1016/j.yebeh.2015.12.041

24. Li W, Wu S, Meng Q, Zhang X, Guo Y, Cong L, et al. Clinical characteristics

and short-term prognosis of LGI1 antibody encephalitis: a retrospective case

study. BMC Neurol. (2018) 18:96. doi: 10.1186/s12883-018-1099-z

25. Joubert B, Saint-Martin M, Noraz N, Picard G, Rogemond V, Ducray F,

et al. Characterization of a subtype of autoimmune encephalitis with anti-

contactin-associated protein-like 2 antibodies in the cerebrospinal fluid,

prominent limbic symptoms, and seizures. JAMA Neurol. (2016) 73:1115–

24. doi: 10.1001/jamaneurol.2016.1585

26. Iranzo A, Graus F, Clover L, Morera J, Bruna J, Vilar C, et al.

Rapid eye movement sleep behavior disorder and potassium

Frontiers in Neurology | www.frontiersin.org 8 July 2020 | Volume 11 | Article 696

https://www.frontiersin.org/articles/10.3389/fneur.2020.00696/full#supplementary-material
https://doi.org/10.1093/brain/124.12.2417
https://doi.org/10.1212/WNL.54.3.771
https://doi.org/10.1002/ana.410410215
https://doi.org/10.1002/ana.410380505
https://doi.org/10.1002/ana.1097
https://doi.org/10.1212/01.WNL.0000122648.19196.02
https://doi.org/10.1016/S1474-4422(10)70137-X
https://doi.org/10.1093/brain/awq213
https://doi.org/10.1002/ana.22297
https://doi.org/10.1016/j.autrev.2016.07.018
https://doi.org/10.1007/s00415-019-09230-2
https://doi.org/10.1001/archneurol.2011.106
https://doi.org/10.1016/j.sleep.2015.11.012
https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1212/WNL.0000000000002917
https://doi.org/10.1093/sleep/15.5.461
https://doi.org/10.1016/j.smrv.2015.07.003
https://doi.org/10.1016/j.autneu.2019.02.007
https://doi.org/10.5665/sleep.3586
https://doi.org/10.1212/WNL.0000000000003009
https://doi.org/10.1212/WNL.0000000000003173
https://doi.org/10.1016/j.yebeh.2015.12.041
https://doi.org/10.1186/s12883-018-1099-z
https://doi.org/10.1001/jamaneurol.2016.1585
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Lin et al. SD in Patients With LGI1-Ab Encephalitis

channel antibody-associated limbic encephalitis. Ann Neurol. (2006)

59:178–81. doi: 10.1002/ana.20693

27. Maquet P, Peters J, Aerts J, Delfiore G, Degueldre C, Luxen A, et al. Functional

neuroanatomy of human rapid-eye-movement sleep and dreaming. Nature.

(1996) 383:163–6. doi: 10.1038/383163a0

28. Peter-Derex L, Devic P, Rogemond V, Rheims S, Mauguiere F, Honnorat

J. Full recovery of agrypnia associated with anti-Lgi1 antibodies

encephalitis under immunomodulatory treatment: a case report

with a sequential polysomnographic assessment. Sleep Med. (2012)

13:554–6. doi: 10.1016/j.sleep.2012.01.002

29. Cirelli C, Bushey D, Hill S, Huber R, Kreber R, Ganetzky B, et al.

Reduced sleep in drosophila shaker mutants. Nature. (2005) 434:1087–

92. doi: 10.1038/nature03486

30. Espinosa F, Marks G, Heintz N, Joho RH. Increased motor drive and sleep

loss in mice lacking Kv3-type potassium channels. Genes Brain Behav. (2004)

3:90–100. doi: 10.1046/j.1601-183x.2003.00054.x

31. Lazarus M, Chen JF, Urade Y, Huang ZL. Role of the

basal ganglia in the control of sleep and wakefulness. Curr

Opin Neurobiol. (2013) 23:780–5. doi: 10.1016/j.conb.2013.

02.001

32. Kucukali CI, Haytural H, Benbir G, Coban A, Ulusoy C, Giris M,

et al. Reduced serum orexin-A levels in autoimmune encephalitis and

neuromyelitis optica patients. Journal of the neurol Sci. (2014) 346:353–

5. doi: 10.1016/j.jns.2014.08.041

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Lin, Hao, Guan, Sun, Liu, Lu, Jin, Ren and Huang. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Neurology | www.frontiersin.org 9 July 2020 | Volume 11 | Article 696

https://doi.org/10.1002/ana.20693
https://doi.org/10.1038/383163a0
https://doi.org/10.1016/j.sleep.2012.01.002
https://doi.org/10.1038/nature03486
https://doi.org/10.1046/j.1601-183x.2003.00054.x
https://doi.org/10.1016/j.conb.2013.02.001
https://doi.org/10.1016/j.jns.2014.08.041~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Sleep Disorders in Leucine-Rich Glioma-Inactivated Protein 1 and Contactin Protein-Like 2 Antibody-Associated Diseases
	Introduction
	Methods
	Patients
	Determination of Antibodies
	Sleep Assessments
	Statistical Analysis

	Results
	LGI1 Antibody Encephalitis
	CASPR2 Antibody Associated-Diseases

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


