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Abstract
Objective
Because there is no standard treatment to control dyskinesia in anti-
NMDA receptor (NMDAR) encephalitis, we analyzed the therapeutic
efficacy of high-dose diazepam in dyskinesia associated with NMDAR
encephalitis.

Methods
We reviewed patients with NMDAR encephalitis with dyskinesia
who were admitted to Seoul National University Hospital between
November 2012 and July 2018. High-dose diazepam was adminis-
tered orally or via a nasogastric tube 3–6 times a day. We assessed the
treatment effect by comparing dyskinesia severity between the first day of the highest dose of
diazepam and one week after the treatment.

Results
Among 68 patients with NMDAR encephalitis during the study period, 33 patients were treated
with enteral diazepam (ranging from 6 to 180 mg) to control dyskinesia, along with immuno-
therapy. The severity of dyskinesia improved from average grade 2.4 ± 0.6 to 1.1 ± 0.7 after 1 week
of the highest dose of diazepam (mean severity change−1.4 ± 0.6, 95% confidence interval −1.2 to
−1.6; p < 0.001). No patients had serious adverse events except for mild sedation.

Conclusions
Dyskinesia in NMDAR encephalitis improved after treatment with enteral diazepam without
significant side effects. This study suggests that enteral diazepam could be a treatment option
for control dyskinesia in NMDAR encephalitis.

Classification of Evidence
This study provides Class IV evidence that for patients with dyskinesias associated with
NMDAR encephalitis, enteral diazepam is effective and safe in dyskinesia control.

Anti-NMDA receptor (NMDAR) encephalitis is the most common autoimmune encephalitis
caused by immunoglobulin G (IgG) antibodies against the NR1 subunit of NMDARs.1–4

Although the majority of patients have good prognosis, approximately 20%–33% of them
remain disabled due to incomplete recovery or organ damage.4,5 Thus, more effective
treatments and various immune therapies are necessary.4,6–12
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Dyskinesia is one of the most troublesome symptoms of
NMDAR encephalitis.13–15 NMDARs have inhibitory effects
on dopaminergic neurons in the globus pallidus via the nucleus
accumbens and ventral tegmental area.16 In NMDAR en-
cephalitis, these inhibitory actions are decreased due to
downregulation of NMDARs, and dopaminergic overactivation
causes hyperkinetic movement disorders.16 Severe dyskinesia
causes self-injuries, falls, and sometimes rhabdomyolysis.17 It
also can cause acute renal failure due to rhabdomyolysis,18

requires anesthetics or neuromuscular blockers, and sometimes
contributes to mortality.17 However, there is no effective
treatment to control severe dyskinesia inNMDARencephalitis.

Diazepamhasmuscle relaxant properties19,20 and has been used
in some spasm-dominant disorders, such as neuroleptic ma-
lignant syndrome (NMS),21 stiff-person syndrome,22–24 and
tetanus.25 Except for its sedative effects, diazepam has tolerable
safety and broad therapeutic range.26,27 Based on several em-
pirical treatments, we initially thought that patients with
NMDAR encephalitis with dyskinesia seem to be responsive to
enteral diazepam. Thus, we aimed to know whether enteral
diazepam could control dyskinesia associated with NMDAR
encephalitis effectively without significant side effects.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
We performed a retrospective analysis of the NMDAR en-
cephalitis cohort from Seoul National University Hospital.
This study was approved by the Seoul National University
Hospital Institutional Review Board and followed the prin-
ciples of the Declaration of Helsinki. Approval from an eth-
ical standards committee to conduct this study was received.
The information of patients is sufficiently anonymized.

Patient Enrollment
We retrospectively reviewed all patients diagnosed with
NMDAR encephalitis who were admitted to Seoul National
University Hospital between November 2012 and July 2018
and selected the study patientswho had dyskinesia and received
enteral administration of diazepam for more than 1 week to
relieve the symptom.

All patients were diagnosed as NMDAR encephalitis by di-
agnostic criteria of definite NMDAR encephalitis,28 which in-
cluded rapid onset (less than 3 months) of at least one of the
following major symptoms; psychiatric symptoms or cognitive
dysfunction, speech dysfunction, seizures, movement disorders,
decreased level of consciousness, and autonomic dysfunction or
central hypoventilation, confirmed by the presence of IgG anti-
GluN1 antibodies in CSF, and exclusion of other disorders.3,5,28

Autoantibodies were detected by immunostaining of rat brain
sections with patient serum (1:200) and CSF (1:20).3,29 The
presence of NMDAR antibody was confirmed by cell-based
immunocytochemistry (Euroimmun AG, Lübeck, Germany).

Immunotherapy and Patient Management
We reviewed immunotherapy before and during the admin-
istration of diazepam. Immunotherapy was classified into
first-line and second-line treatments. Traditional treatments,
such as corticosteroid, IVIg, and plasmapheresis, were
regarded as first-line immunotherapies, and other newer
treatments, such as rituximab,6,7 tocilizumab,8,9 cyclophos-
phamide, bortezomib,10,11 aldesleukin,12 and mycopheno-
late mofetil, were regarded as second-line immunotherapies.
All patients had systematic screening of cancer as anti-
NMDAR encephalitis is known to be related to
teratoma.1,3,30 Cancer screening was performed by chest CT,
abdomen and pelvis CT, pelvis MRI, or whole-body PET.

Protocol of Diazepam Treatment
All patients received diazepam for more than 1 week. Di-
azepam was administered orally or via a nasogastric tube 3–6
times a day. The initial dose was chosen by the physician;
then, the doses were slowly increased based on the physi-
cian’s decision until the dyskinesia was controlled. After
reaching the highest and effective dose, the dose was grad-
ually tapered according to their clinical course.

Analysis of Dyskinesia and Adverse Events
The degree of dyskinesia severity was evaluated on the first
day of diazepam at the highest dose, and after 1 week of the
treatment by retrospective review of the medical records. We
also assessed dyskinesia severity at 30 days after the diazepam
started to evaluate response rates at the predefined interval
after the initiation of diazepam and to know the character-
istics of late responders who had no improvement in dyski-
nesia at 30 days.

Two expert neurologists (H.-R.S. and S.-T.L.) reviewed and
graded the degree of dyskinesia. To evaluate the dyskinesia se-
verity more objectively, we used the rating system, which is used
in the Clinical Assessment Scale in Autoimmune Encephalitis
(CASE), a novel scale that represents overall clinical severity in
autoimmune encephalitis.31 In the CASE, the dyskinesia severity
is categorized into 3 grades: grade 1 for mild degree, which does
not affect daily activities, grade 2 for moderate degree, which
interferes with daily activities, and grade 3 for severe degree
causing secondarymedical conditions such as rhabdomyolysis or
self-injury.31 We additionally subclassified grade 3 patients who
needed IV infusion of anesthetics or neuromuscular blockers due
to severe dyskinesia as grade 3A. Rhabdomyolysis was defined as
damage of skeletal muscle with elevation of serum creatine ki-
nase (CK) above the normal range (>270 IU/L).

Clinical presentation of dyskinesia was classified into 4
groups as previous studies on movement disorders in
NMDAR encephalitis13,14: (1) oromandibular, (2) limb
dyskinesia (chorea/ballism), (3) catatonia/dystonia, and (4)
tremor/myoclonus. Combined encephalitis symptoms other
than dyskinesia were classified into another 6 groups: sei-
zure, memory loss, psychosis, decreased mentality,
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autonomic dysfunction, and central hypoventilation, as de-
scribed in previous studies.2,5,31

The treatment effect was assessed by comparing dyskinesia
severity between the first day of treatment with the highest
dose of diazepam and after 1 week of treatment. We also
assessed the overall clinical severity at the same time using a
modified Rankin Scale (mRS) score to compare change in
dyskinesia severity with overall disease improvement.

Adverse events were defined as unintended and unfavorable
events that developed during the diazepam treatment. Ad-
verse events were collected from both medical records and
laboratory tests and classified according to the Common
Terminology Criteria for Adverse Events (CTCAE) v.4.03.32

Respiratory depression was defined by any increased de-
mand of ventilator support in intubated patients.

Statistical Analysis
All results are presented asmean ± SD, number with percentage,
or 95% confidence interval (CI). The paired-sample t test was
performed to compare the severity of dyskinesia andmRS scores
before and after treatment with diazepam, and a 2-tailed p value
<0.05 was considered to be statistically significant. The analysis
of variance was used to compare the highest dose of diazepam or
the diazepam titration time according to the changes in dyski-
nesia severity. SPSS 25 was used for all statistical analyses.

Methods/Primary Research Question
Did the enteral diazepam, along with immunotherapy, im-
proved dyskinesia associated with NMDAR encephalitis?
This study provides Class IV evidence that enteral diazepam
was effective and safe to control the dyskinesia of patients

with NMDAR encephalitis because of its retrospective un-
controlled design.

Data Availability
Data of this study are based from electronic medical records of
patients with autoimmune encephalitis in our institution.
Baseline data are available to qualified investigators on request
to the corresponding author.

Results
Clinical Characteristics of the Patients
and Dyskinesia
Among the 68 patients with NMDAR encephalitis admitted to
Seoul National University Hospital during the study period, 44
patients presented dyskinesia during their clinical course. Among
the 44 patients with NMDAR encephalitis with dyskinesia, 33
patients were treated with enteral diazepam to control dyskinesia
and were analyzed as the study population (figure 1, table 1, and
table e-1, links.lww.com/CPJ/A224). In these 33 study patients,
27 patients (81.8%) were female, and the mean age of the pa-
tients was 25.6 ± 10.8 years (ranging from 1 to 58 years).
Eighteen patients (54.5%) had teratomas: 17 had ovarian tera-
tomas and 1 had mediastinal teratoma. All patients who were
diagnosed with teratoma had tumor removal surgery. One pa-
tient was pregnant, and the pregnancy was terminated after the
diagnosis of NMDAR encephalitis.

All patients had immunotherapy along with diazepam treatment,
and all of them already had first-line immunotherapy when the
dose of diazepam reached their highest. The average time interval
from the initial NMDAR encephalitis symptom to immuno-
therapy was 16.2 ± 18.3 days (ranging from 4 to 70 days). Thirty

Figure 1 The Selection of Study Subjects Among the Patients With NMDAR Encephalitis

From patients with NMDAR encephalitis who were admitted
to Seoul National University Hospital between November
2012 and July 2018 (N = 68), 44 patients presented dyskinesia
during their clinical course. Among them, we reviewed 33
patients who had enteral diazepam to control dyskinesia.
NMDAR = NMDA receptor.
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patients (90.9%) also had second-line immunotherapy. In the
first week of the highest dose of diazepam, 24 patients (72.7%)
concomitantly received additional immunotherapy: 22 patients
(66.7%) had second-line immunotherapy, 2 patients (6.1%) had

high-dose IV steroid pulse, and 4 patients (12.1%) had IVIg.
Among 18 patients with teratoma, 10 patients (30.3%) un-
derwent teratoma removal surgery before the treatment with the
highest dose of diazepam, and 1 had surgery during treatment
with the highest dose of diazepam.

The interval from the initial NMDAR encephalitis symptom
onset to dyskinesia onset was mean 2.7 ± 3.3 weeks. The
patients had a variety of combined symptoms of NMDAR
encephalitis (table 1), including seizures, memory loss, psy-
chosis, decreased mentality, autonomic dysfunction, and
central hypoventilation. The clinical presentation of dyski-
nesia included all types: oromandibular dyskinesia, limb
dyskinesia (chorea/ballism), catatonia/dystonia, and tremor/
myoclonus.

The dyskinesia severity when the treatment with the highest
dose of diazepam started was in the range of dyskinesia grade
1 (mild) to grade 3 (severe or causing secondary medical
conditions). Three patients (9.1%) had IV infusion of an-
esthetics or neuromuscular blockers due to intractable dys-
kinesia and were classified as grade 3A. Nine patients
(27.3%) developed rhabdomyolysis, and the peak CK level
was mean 2159.8 ± 2564.7 IU/L (ranging from 374 to 6470
IU/L) among patients who had rhabdomyolysis. None of
them had NMS or status epilepticus, which could also cause
rhabdomyolysis.

Therapeutic Effects of Diazepam on Dyskinesia
The detailed treatment information is described in table 1
and table e-1 (links.lww.com/CPJ/A224). The starting
dose of diazepam was mean 12.8 ± 7.8 mg/d, and the
highest dose was mean 38.1 ± 41.8 mg/d (ranging from 6 to
180 mg/d, in divided doses). The average time from dys-
kinesia onset to the initiation of diazepam was 31.7 ± 63.0
days, and the average time from dyskinesia onset to reach
the highest dose was 56.8 ± 118.8 days (ranging from 0 to
575 days). The average time to reach the highest dose from
the initiation of diazepam (titration duration) was 25.1 ±
79.1 days (ranging from 0 to 428 days). The majority of the
patients (25 patients, 75.8%) reached their highest dose
within 10 days.

The titration schedule to reach the highest dose was highly
variable and dependent on the clinical severity. In figure 2A, we
visualized the association among titration duration (days), the
highest dose of diazepam (mg), and the improvement of dys-
kinesia (severity change). For example, a 22-year-old woman
with refractory dyskinesia started to use diazepam 4mg 3 times
a day, which was doubled every day for 3 days to reach 16 mg 3
times a day. The dose was increased to 20 mg 6 times a day at
day 7 and finally reached the highest dose, 30 mg 6 times a day
at day 8, which controlled the dyskinesia. Meanwhile, in a 50-
year-old man, we started diazepam 5 mg once a day and in-
creased it to 4 mg 3 times a day on the next day. Then, it
reached the highest dose, 5 mg 3 times a day at day 5, which
controlled the dyskinesia.

Table 1 Clinical Characteristics of the Study Patients

Patient characteristicsa Total (n = 33)

Age, y 25.6 ± 10.8

Female sex 27 (81.8)

Teratoma 18 (54.5)

Clinical symptoms

Seizures 24 (72.7)

Memory loss 33 (100)

Psychosis 26 (78.8)

Decreased mentality 29 (87.9)

Autonomic dysfunction 18 (54.5)

Hypoventilation 12 (36.4)

Dyskinesia classification

Oromandibular dyskinesia 25 (75.8)

Limb dyskinesia (chorea/ballism) 18 (54.5)

Catatonia/dystonia 24 (72.7)

Tremor/myoclonus 11 (33.3)

Dyskinesia onset (from initial clinical
symptoms), wk

2 (0–14)

Rhabdomyolysis 9 (27.3)

Immunotherapy

First-line immunotherapy 33 (100.0)

Immunoglobulin 32 (97.0)

Steroid 31 (93.9)

Plasmapheresis 4 (12.1)

Second-line immunotherapy 30 (90.9)

Rituximab 30 (90.9)

Tocilizumab 15 (45.5)

Cyclophosphamide 3 (9.1)

Aldesleukin 3 (9.1)

Bortezomib 1 (3.0)

Mycophenolate mofetil 1 (3.0)

Dyskinesia treatment with diazepam

Time from the onset of dyskinesia to the
highest dose, d

56.8 ± 118.8

Time from the initiation of diazepam to
the highest dose, d

25.1 ± 79.1

a All results are presented as average ± SDs or n (%).
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When we analyzed whether the dose of diazepam determines
the improvement of dyskinesia, there was no difference in the
highest dose of diazepam among the groups (p = 0.360)
(figure 2B). The uptitration time to the highest dose was also
not varied among different dyskinesia severity groups at di-
azepam initiation (p = 0.232) (figure 2C).

Twenty-nine patients (87.9%) maintained the highest dose
of diazepam for more than a week, but 4 patients maintained
the highest dose for less than a week (1, 4, 4, and 5 days each).
Five patients (15.2%) also received additional drugs to con-
trol dyskinesia, such as trihexyphenidyl (anticholinergics)
and baclofen (muscle relaxant), during the administration of
high-dose diazepam. However, the dosage and regimen of
additional drugs were not changed.

Then, we compared the severity of dyskinesia between 2 time
points, at the initiation of treatment with the highest dose of
diazepam and at 1 week of the treatment (figure 3). The
mean severity of dyskinesia on the first day of the highest
dose of diazepam was grade 2.4 ± 0.6, and after the 1-week
treatment with the highest dose of diazepam, the severity
improved to grade 1.1 ± 0.7 (mean severity change −1.4 ±
0.6, 95% CI −1.2 to −1.6; p < 0.001). On the first day of the
highest dose of diazepam, 15 patients (45.5%) had moderate
dyskinesia (grade 2), and 16 patients (48.5%) had severe one

(grade 3). However, after the 1-week treatment with the
highest dose of diazepam, the numbers of patients with grade
2 and 3 dyskinesia decreased to 5 (15.2%) and 1 (3.0%),
respectively. The remaining 22 patients (66.7%) had only
mild dyskinesia (grade 1), and 5 patients (15.2%) had no
dyskinesia after the treatment. Although 1 patient still re-
quired anesthetics to control the dyskinesia (grade 3A) even
after the 1 week of highest-dose diazepam administration,
the dose of anesthesia required to control the dyskinesia was
decreased after the treatment.

Most patients (29 patients, 87.9%) had improvement in
dyskinesia severity (1 point or more) within 30 days after the
initiation of diazepam (30-day responder). They reached to
their highest dose of diazepam at average 25.1 ± 79.1 days.
The mean severity of dyskinesia at 30 days after the initiation
of diazepam was 0.9 ± 1.1, and 16 patients (48.5%) were free
of dyskinesia.

In contrast, 4 patients (12.1%) showed no improvement in the
dyskinesia severity in 30 days after the diazepam (30-day
nonresponder). All these were female, with ovarian teratoma
and with severe dyskinesia (grade 3). When we compared the
clinical characteristics between the 30-day responder and
nonresponder, there were no difference in the time interval
from the dyskinesia onset to the initiation of diazepam (30-day

Figure 2 Dyskinesia Response According to the Diazepam Titration Duration and the Highest Dose of Diazepam

(A) The scatter plot depicts the diazepam titration time, the highest dose of diazepam, and the change in dyskinesia severity. (B) We compared the highest
dose of diazepam between different groups of dyskinesia severity change, and it showed no significant difference (p = 0.360). (C) The diazepam titration time
to the highest dose was not varied between different dyskinesia severity groups at diazepam initiation (p = 0.890).
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responder = 18.5 ± 19.6 days, 30-day nonresponder = 127.5 ±
157.6 days, p = 0.261) or in the time interval from the
NMDAR encephalitis symptom onset to the immunotherapy
(30-day responder = 17.2 ± 19.3 days, 30-day nonresponder =
9.0 ± 4.2 days, p = 0.408). In addition, the highest dose of
diazepam was not different between the 2 groups (30-day
responder = 35.4 ± 42.7 mg/d, 30-day nonresponder = 57.5 ±
32.4 mg/d, p = 0.330).

However, the overall clinical severity of NMDAR encephalitis,
measured by the mRS, had no significant change after the 1-
week treatment with the highest dose of diazepam (mean mRS
change −0.1 ± 0.2, 95% CI −0.2 to 0.0; p = 0.160), suggesting
that the dyskinesia improvement cannot be explained by the
general clinical course improvement. The majority of patients
(26 patients, 78.8%) had the same mRS scores during the 1
week of treatment with the highest dose of diazepam along with
immunotherapy. After the long-term follow-up over a year, the
overall clinical outcome was good. Most of the patients (31
patients, 93.9%) improved their functional disability to less
than mRS score 3, and all patients recovered awareness and
cognition after the long-term follow-up.

Safety and Side Effects of Diazepam
During the treatment with enteral diazepam, 16 patients
(48.5%) had the side effect of sedation (CTCAE grades 1–2)
(table e-1, links.lww.com/CPJ/A224). However, there were no
severe adverse events (CTCAE grades 3–5), such as respiratory
depression, hepatotoxicity, and aggravation of other NMDAR
encephalitis symptoms even in very high doses (maximum 180
mg/d). After reaching their highest dose, diazepam was grad-
ually tapered, and the duration of maintenance ranged from 11
days to over 1 year. There were no significant side effects during
the maintenance period as well.

Discussion
This study suggests enteral diazepam as a symptomatic treat-
ment of dyskinesia inNMDARencephalitis.Dyskinesia severity
was improved after treatment with enteral diazepam during
immunotherapy. In addition, enteral diazepam had no signifi-
cant side effect except mild sedation, even in very high doses.

Although themechanism of action of diazepam in the treatment
of dyskinesia induced by NMDAR encephalitis is unclear, it
might be related to gamma aminobutyric acid (GABA) systemic
modulation33 and muscle relaxation.19,20 GABAergic neurons
express high concentrations of NMDARs,16 and the clinical
presentation of NMDAR encephalitis, including dyskinesia,
might result from inactivation of GABAergic neurons sub-
sequent to depression of NMDARs.5,16 Benzodiazepines, in-
cluding diazepam, bind to GABAA receptors and enhance the
effect of GABAergic neurons.14,33 Diazepam might control
the clinical symptoms of NMDAR encephalitis–induced
dyskinesia by enhancing the effect of GABA. Among various
kinds of benzodiazepines, diazepam has a potential as muscle
relaxant19,20 and has been proven to be effective in other
diseases, which presents with muscle spasm, such as NMS,21

stiff-person syndrome,22–24 and tetanus.25 The muscle re-
laxant effect of diazepam might be another possible mecha-
nism of action in dyskinesia control.

High-dose enteral diazepam can be a symptomatic treatment
for dyskinesia in NMDAR encephalitis, along with immuno-
therapy. There have been no standard treatments or guidelines
to control dyskinesia in NMDAR encephalitis so far. Because
severe dyskinesia in NMDAR encephalitis causes secondary
medical problems such as self-injury and rhabdomyolysis,17

additional symptomatic treatments for dyskinesia are neces-
sary in addition to immunotherapy. Effective control of dys-
kinesia could reduce morbidity and mortality in patients with
NMDAR encephalitis. In our cohort, many patients had se-
vere and refractory NMDAR, having high mRS scores, and
intractable symptoms.

There are several limitations in this study. This is a single-
center retrospective study. The treatment protocol of enteral
diazepam was not controlled, and the dyskinesia severity was
graded by an unblinded reviewer. Because of the retrospective
design, the dose or titration duration might be affected by
confoundings, such as clinical severity, medical complications
other than dyskinesia, and physician’s preference or attention
to dyskinesia. Especially, the highest dose was determined by
the clinical responses, which might be the reason of the ex-
cellent response rate in all doses without dose-response re-
lationship. In addition, because doses and titration schedule
were highly variable, we could not confirm the dose-response
or the titration speed-response relationships. Also, because all
study patients received concomitant immunotherapy for
NMDAR encephalitis, it is difficult to know whether dyski-
nesia is improved by overall clinical improvement due to
immunotherapy.

Figure 3 Changes in Dyskinesia Severity After Diazepam
Treatment

Bar graphs show the dyskinesia severity at the first day of the highest dose
and at 1 week of maintenance treatment with the highest dose of diazepam.
The high-dose enteral diazepam treatment significantly improved the dys-
kinesia (mean severity change −1.4 ± 0.6, 95% confidence interval −1.2 to
−1.6; p < 0.001).
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However, after the 1-week treatment of highest dose of
diazepam, dyskinesias improved significantly, whereas the
mRS score, the overall clinical severity, did not change
during the period. The majority of the patients achieved
their highest dose within 10 days, suggesting that the effect
of immunotherapy is limited in the improvement. In
addition, we completely analyzed and selected patients
who were treated with enteral diazepam to control dyski-
nesia in NMDAR encephalitis by reviewing all records of
patients with autoimmune encephalitis in our institution.
Our institution is the referral medical center in the entire
national area to diagnose and treat autoimmune encepha-
litis. Because the relatively low prevalence of NMDAR
encephalitis among general populations and appropriate
treatment is crucial in the acute phase of this disease,
the prospective and randomized double-blinded trials are
difficult to conduct, even if it is necessary. Further
clinical trials are needed in diverse patient populations
before recommending diazepam for the management of
severe dyskinesias in NMDAR encephalitis. We suggest
that enteral diazepam could be an attractive option as a
symptomatic treatment for dyskinesia in NMDAR
encephalitis.
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